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ABSTEACT

This  situdy examined the construct validaity ot
N ’
cognitive structures, detined as sets o telationships amony

vncepts.  The anvestigation proceeded by multiadimensional
scaling analysis ot concept similarity data obtained trom 7H
girade nine science and S4 grade 12 hi1ology students. Using o
set of 1% wyntdactical  concepts trem  the  domain  of  the
screntitic method (¢-y-., "ccnclusion™ or "hypothesis™),
- * .
subjects responded to three concept rating tests: a word
assoCclidation  test  (constrained to "scienfitic‘neanlnqs"), d
. -4:?‘.!&‘ ) . N
similarity ]udqmeq. st, and 4 semantic differential test.
: Al

Data were 1lso gathered om gis sutjects in the form ot tests
ot developmental | -level, tield 1ndependence-dependence

(Hidden Filgures Test), and cognmitive com;lexity.
Validity was investigatei through the scaling

£ .
technique  of Kruskal .applied to JLOuUp average data, and
: , , . 4 L
througn subgroup formation based upon individual ditferences
in similarity judgments ac revealed by Tucker -and Messick
¢ . ) o

pornts-ot-view analysiec and carroll and Chang individual
dirferences dnalvsis. The measure of convergence of scaling:

s

solutions was . pon-metric version of +he orthogonal

Ly
»

Procrustes rctaticn.
1t was hypothesized that individual differenc-s in
cognltive structures vuauld be linked to 1individual

difrerences in personality variahles. In addition to the

1



thiee tests ot fersonalaty  variables admanistered, other
vartables i-nvv::tithmi 1included aAqe, sSex, grade,
acChievement, 1.y., and  several Vallad]les relating to
personal consistency ot [esponse on the similatity measures
and tluéncy ot Lesponse on the word association teot.

L4 All contigurations reported are 1n three dimensions.
The Jqoodness-oft - t, tdken ac evidence ot convergent
validity, was quite high between the group average data ot
both yrades for the word Afs0Cc1at1on test and the similarity
Juigjment test (average r=0.90). Goodness-of-t1t  was
conslderably  lcower (average r=0.67) tor the semantic
ditterential data. Roth &he Tucker and Mescick technilque and
the Carroll d%d Chany. technique produced subgroups with
lnterpretatie Ccnffgurdticns, indicating evidence for the
construct wvalidity ot cogaitive structure. Measures of
guodnpss—ot—tit- betweeu these subgroup solutions vere
moderate (average r=0.¢67), ‘1ndiCdtinq some evidence for
1ndrvidual diff&r nces 1n cognitive structures. Subgroups
formed by the two SCaling techniques 55[8 no relationship to

pag
each other, but Subgroups torwed cn different similarity
Beasures using the Carroll and vcbang methed bore strony
reseeklances to each cther. Interpretability of subgroup
SN
configurations preduced by the Kruskal technique was low,
possibly iue to high error in the data. The Carroll and
Changy technique, howvever, produced iuterpretable- results,

and. thus was judged relatively rcbust with respect to error.

The study provided scme construct validit; for the

T e



anterpretation of contlquraticns  as cognltive structutes
ba:ed  uffon data obtained by woerd a v ccration and simitarity

judgment. Indivaidual difterences 1n cognitave structare were

found 1n the contiguration: ot the subyroups formed.
None ot the personality variables examined was

truitful i1n  1dentitying membters ot subgroups tormed. With

»

the .(xcogtlnn ot the ccynitive cemplexaty test,

telilabilities ot the Fersonality varlables were

satistactory, with estimates o, viarious methods ranging trom

-

0.50 to U!Ib There wdas scme  consistengy ot subgroup
meabersthip within the subgrcups termed by the Carroll ;nd
Chanyg analysis, but not amonyg those tormed by the Tucker and
Mess1Ck analysis on the ﬁiffe}ent data sets. 1£ 15 Squésted
that further progress in the tield depends wupon refilinement
ot the 1nput to the scaling techniques, rather than
refinement of the techniques themselves. Conceptual and

emrirical claritication of relevant personality variables 1is

alsoc a pricrity.

¢
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CHAPTER 1

INTRODUCT 10N

1.1 Introduction

Chapter 1 presents an outline of the study. It
includes a discussion of the purpose and significance of the
study, a statement of the specific problem to be addressed,

clarifications and definitions of terms, a brief summary of
Pl s

the procedure employed, and a statement of testable
L AN y

o
hypotheses.

1.2 Pur pose and Overview

The purpose of this investigation was to assess the
validity of three methods of uncovering cognitive structure
vhich may describe certain interrelavions among a set of
science concepts. Campbell and Fiske (1959) maintain that
evidence for construct validity of a method or instrument is
provided vhen different instruments presumed .to
independently ieasure the same conétruct converge to the’
same result (convergent validity), and "instruments
hypothesized ~to .be ' measuring differeﬁt constructs
Qiscfilinateuéetveen these constructs by yielding different
results (discriminant wvalidity). The  nature of the ters

independent will be discussed belbv. Converqenf'ialidity of



the instrument used to determine cognitive strucgures was
assessed through the sets of relationships perceived by the
same groups of people on different similarity rating tasks
analysed by the same method, and the sets of relationships
produced by the same groups of people on the same similarity
task analysed by different methods. Discriminant validity of
the cognitivp strﬁcturps uasrindirectly assessed through the
sets of relationships perceived by different qrodps of
peoplé using the same similarity rating tasks analysed by
the sanme nethbd. All comparisons of canitive structurés
vere done = through goodness-of-fit measures between
lultidi-ensiéﬁal' confiqurations of concepts hypotpesiied to
represent the cognitive lstrpéturés. Interpretations of
differences 1in the sets of relationships were atteampted by
relating differences among concept - perceptions to
differences among groups on the. personality ;atiables
studied. The construct validation may be. viewed as a two
step process. The first step validates the ~nethods of
gathéring similarity ratings. This may be attacked through
analysfs‘ af full group averaqé data across the different
similarity rating instruments. The second sStep is a
validation of the stfucture itself, in the sense of showving
that, in some sense, the reéoveted scaling solutiéns
represent soie psycholoqical»reality for the subject. This
problel\is attacked thrpuqh ‘analysis of the personality
variableév and the structures uncovered for subgroups of tﬁe

sample. These personality variables .include developmental



level, field independence, and cognitive complexity.
Cogqnitive structure is viewed as an organization
vithin a subiject's memory of a set of concepts. The
organization 1is gqgoverned by the perceived relationships
among the concepts. The existence of cognitive structure is
inferred from evidence gathered from the subiject concerning
his perceptions 6f the concepts and the relatironships anmong
them. This study focuses upon a set of 15 syntactical (as
opposed to substantive) concepts within the domain of thé
scientific method (for example, ‘"hypothesis" or "conclusion™
as opposed to "energy™ or "atoa"). ba*a on perceilved concept
relationships vere obtained from subjects by means of the
methods of constrained association (Garskof and Houston,
1963), similarity iudqlent (Torqerson, 1958) , and semantic
differential (Osgood et al, 1937). Information obtained from
subjects vas processed by multidimensional scaling
fec . 1ques (to be described in -detail below) *o yield
nrfiqurations of the éoncepts represented as points in
geo~etrical space, vith distances between points

cnrresponding to perceived d;ssililérities awong concepts.

Besides - + wvalidity of‘ cogﬁitive structures, this study
also addresse. 1lthough indirectly)  the validity - of
representing --<=e structures geometrically. Inferencessare
drawvn from = e imensional confiqurations 'to the
organization o ’.S #italn the subjeéts' mesories.
Similarity of cor .g. = obtained fr-om analyses of data

from the same s »j-= - “fer=-~+ - erimental techniques



H

1s taken as evidence that the tests ~are tapping the sama
7

intnrnai cognitive structure. Because of the nature of the
data, confiqurations based upon qroup averages rather ¢than
individual data must be calculated. Averaging is necessary
to allow random errors in individual data to cancel,

fyroducing data \?ith* less error and facilitating
5 )

4

interprptation of the derived confiqurations. Since
generalizagion to the perceptions of ihdividuals is desired,
the necessity of using grouped data imposes a 1inifation:to
the techniques used1 Only by. averaqing Qnd allowing some
ra;dOl error  to . cancel can the techniques produce
interpretable results.

The tern consfrainéd is used in several senses by
different authors vhose work is reported here. Vish
reference to word association tests, the term constrained
has been used to mean any of the following: "respond with
words you would use to define the stimulus vord";: "produce
exactly five responsesnms L "respond with physics words
only". In the present stu;;jQ;>§\£g;;/é3hstrained vas taken
}o @aean "respond wvhile thinking gfﬂthe scientific loaninq‘of
the stimulus wordn. /

The constrained association task Yielded a set of
felatedness indices that vere used as similarity measures
for further analysis. The ~similarity judgment technique
yielded a measure of similarity directly vith no additional
data wmanipulation. The semantic diff%gential results were .

analysed by first producing an intercorrelation Ratrix for



the ratings of the concepts based upon the patterns of
responses produced, and then using these intercorrelations
as measures of similarity.

Data gathered by the above methods were examined as
follows, FPirst, grouping the subjects by grade only (grades
9 and 12 were used), the qgroup average data for each grade
wvere subijected to multidimensional sgalinq analysis
(hereafter known as Kruskal scaling) (Kruskal, 196u5, 1964b)
to estimate the overall dimensionality of the cognitive
structure of the entire grade group. Second, baséd upon the
estimate of dimensionality obtained from the Kruskal
analysis, the similarity matrix data were subjected to both
points of view analysis (Tucker and Messick, 1963: Jackson
and Hesgick, 1963) and 1individual Jdifferences gnalysis
(Carroll and Chamg, 1970; Carroll, 1972). Thes~ iethods will
be referred to as Tucker scaling and Carroll scaling,
respectively. Kruskal analysis itself is not one of the
methods under 1investigation. Pfeliuinary investigation of
é;lensionality by this wmethod wvas done for ©purposes of
conpafison of the group average results on the several data
sets, and asL a co;puter ~ost reducing device, sinée
assessment of 'dimensionality by the Tucker or Carroll
techniques is very costly.

Kruskal scaling analysis has: - as itg' goal the.
uncovering of wunderlying dimensions that can be used to

express geometrically the relationships among the data

points under-investigatioﬁ. The Kruskal method is based upon



qroup or average data. The Tucker and Carroll analyses have
similar goals, with added facility to manipulate indiQidual
rat?or than group data. This facility allows the uncovering
.of differences among- subjects in their porceptiqns of the
relationships among the data points‘undnr investigation. The
Tucker method uses an obverse principal components analysis
of the silil;rity ratings py subjects wmatrix in order~ to
characterize subject types according to their loadings on
the factors produced. Kruskal aﬁalfgps of the data >prmduéed
by each of these types can then be compared. The Carroll
analysis operates on a three dimensional array consisting of
the similarity ratiﬁg matrices obtained for each subject to
proluce a wmapping of concepts into a geometrical space of

Ps

any chosen number of dimensions, along with a subjects by

dimensions set of weights that estimate the salience or

importance of each of these dimensions to each subject 1in
his individual estimates of concept similarity. |

The Tucker method and +the Carroll_nethod have as
their goal +the revealing of individual differences in
matrices of similarity data, If the data meet the
éssulptions underlying both techriques the resuits should be
comparable. Subqroupé of subjects can be formed on the basis
ot the results of either analysis. Commonality of subgroup
meabership based upon each analysis may be taken as evidence
of the applicability of ‘both techniques to the data.
However, lack of su;h *;onalityican;ot, vithin the limits

of +he analyses wundertaken herein, be used to show the
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inapplicability of either method to the data.

1.3 Statement of the Problen '

This study was an  invest igation of percei ved
similarities among a set of 15 syntactical concepts from the
domain of the scientific method. The same subjects were
asked +o respond in three different ﬁudqzknfal tasks to the
same  set of concepts. The questions add}essed by this study
are:

(1) Are there commonalities among the confiqurations
uncovered for entjire gqgroups of subjects by the three
techniques? . ’

(2) Are there differences among subgroups in the
configurations wuncovered by either of the techniques

,
which apply to individual data?
(3) Can theseldifferences be related in a peaningfual

manner to personality variable: measured independently

of the similarity rating tasks?

1.8 Significance of the Study

The present study ascer*ains the degree of
relationship among students' cognitive structures in the
domain of syntactical science concepPts as indicated by three
judgmental tasks. According to Campbell and Fiske (1959)
construct validrtl' of instruments must be demonstrated by
both convergent and discriminant validation proceéses.‘

Pirst, construct validity of a hypothetical construct in a
J



given domain (cognitive structure) J&ll be enhanced if the
construct can b& seasured by experimentally independent
means and if these independent measures of *he construct
correlate positively and siqgnificantly with each other.
Second, construct validity is further enhanced if the
measures of the construct corrgaafp relatively poorly with
seasures of other constructs. The arquaent for convergent
validity is straightforward, bu; that for discriminant
>validity i3 open to question.

With respect | to convergent validity, high
correlation between tests which purport to measure the same
construct mway be taken as evidence of cohstruct -validity
oni} if it can be established that the tests are independent
of. each other. That 1is, it must be established that the
correla tion between the tests is not an artifact of, for
exaaple, a common testing format, a common testing time, or
some other extraneous variable. The npaning of 1independent,
as .used by Canpbell\ and FPiske, must be made explicit.
Clearly, ¢two tesfs measuring in the same domain would have
enough in common that too stringent an interpretation of the
éerl independent would make convergent validity impossible.
It 1is difficult to ilag{ne tests aiming at the same
Construct but being completely unique in goals, methods, and
assumptions. In the present conééxt, the three tests used to
obtain similarity information may be arqued to be
3

independent in a manner appropriate to the Campbell a, i

Fiske usage. All three deal with syntactical concepts in the
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domain of science, and are thus related. However, only in
~

-
-

one\of the tests, the siailarity Judgment test, would a

Iy
“t

naive subject even be aware that similarity information was
. X

being elicited. Por the word association and sewmantic

differential tests, the subiject is asked to consider only

one of tﬁo 15 concepts at a time, Purther, in two of the
tests, the similarity judql;:?\snd semantic dittorontial;~
judgments are required, but in the case of the semantic
different ial, *he subject 1is asked to relate one concept

»

under study to adjectival pairs describing it, wvhile in the
si;ﬁlarify 1&&9!9“( test, he is asked fq relate tu;.of the
concepts under study. In the wvord association test,: the
subject 1s asked to associate to a cdncgpt vord. Tt is hoped
that the concepts presented will set the context enough that
the subject would be operating in ghe scientific context
rather than, for example, the legal (cf., "law" or
"evidgnce”) context. ¥ord asgociation tests come from a

psychoanalytic ¢tradition, similarity judgment from a

psychophysical tradition, and semantic differential from a

linguistic tradition. The three tests are -iwilar enough to

be within the same domain but different endugh to qualify as
independent fc: purposes of convergent valigity.

Campbell and Piske's arqument for discriminant
validity has. been criticised by Cronbach (1971). Cronbacg
maintained thaty it is not necessary for a pair of cousfructs
to have low cérrelations betveen them in order that each be

vorth support as a scientific explanatory device. He argued

.

LN
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1-00 is qufflcxh&i‘“‘_/////

to allow the possibility that hoth of two r«latpd conqtructs

that any correlation substantially below

iscussion of
i‘gtUGVNiﬂ S

not clear

may be scientifically useful. This
\ .
Y discriminant validit S not central to the MBrey
that, as will be discussed in detail belotf/{;}i

—

of cognitive structure.

The psychological significance| of the study lies in

its potential for establishing the clonstruct validity of a

view of <cognitive structure tas evidenced by a set of

interrelations among concepts mapped pnto a dJeometric space.

Such validity can only help to bring conceptual and
definitional clarity to the idea of cognitive structure,

vhich appeags in the literature in confusing and competing
-

et * Y
con: s (Ausubel, 1965; Bruner, 1960; Scheab, 197u.).

The educational significance of the study pertains

to the example conce?ts Chosen for study. The concepts are:

Conclusion Fact Law

Discoyer}’ HYpothesis Proof

Bvidence Imagination Puzzle

Experiment Interpretation Question

Expla;ation Investigation Theory
§

The particular concept domain investigated, that of |
syn*tactical concepts of the =<scientific .-t-od, has been

chosen because of: (a) its applicability across the grade

levels in question (grades 9 and 12), +thus allowing

—TT e TN
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Assessment ot some development gl aspects  of  cognitive
Structure; the ease with which dimensions ot the concept
domain may be interpreted relative to other concept domains
tha+t have bheen Investigated by similar methods (Kass, 1971;
Shavelson, 197?)} and (c), the intere:t that the structure
of scilient ity mothod ifsﬁlf‘ has  generateqd (Kuhn, 1962;
Braithwaite, 1973) .

The  cognitive structure of a  student regarding
sc1ientific met hod has potential as bo*h an independent and
dependent  variable in curriculum evaluation and design. Ig
Bay he possible +g judge ¢ he relationshin of specific
sfuiént Chardcterisfics, such as I.O.,*devolopnental level,

"ol tive style to the cognitive structure amongq tﬁp

above elements uncovered for +hat s+tudent. Although +he

s
{

©ducational import of this study lies principally in the
applica+tion of the rethodolngy to other, perhaps
educationally more central concepts, further research with
these concepts ®may reveal curricular consequences for the
teaching of science; It may be npossible +o enhance the
teaching of science by matching instruction to students?
perceptions of +he interfelationships among syntact*ical
>Jements of science. Suych a- Possibility is in line with
Hi: s {1971) recommendation to ;étch instruction to student
characieristics. Tt may fupther be possible to design
1ms*ruct+ion to eraan a student's perception of the
relationshins ABONg aspects of +he <scientific process.

Research investigating the relationships Aamong cognitive



structure, instruction, and achievement is re rted in
detail below (Johnson, 1964, 1965, 1967; Shavelson, 1972,
1973, 1974).  '_?

The study has psychometric consequences in that it
investigates a methodoloqgy torAQhe uncovering of cognitive
structure that has potential applicability to any set of
related ﬁoncopts, syntactical or substantive, within any
domalin of interest.

This study is limited in that, although there 1s no
logical reason for supposing a‘léck of connection between
cognitive structure and science achievément, the cognitive
structure among the particular concepts studied cannot o
prédictod vith any éonfldence to be a significant
intervening variable for achievement in any common high
school science course. Evidence has shown (Aikenhead, 1972;
Simpson et al, 1972; HacDonald,‘197u) lit+le relationship
between understanding the ©processes of science, howvever
defined, and Science achievement. Thus, unlike those studies
vhich dealt with %he structure within substan*i;e concépts
(Kass, 1971; shavelson, 1972), no direct link with subject
a3’ achievement can be expected from this study of
syntac*ical concepts. However, this limitation is balanced
by ﬂthé”’édvéntage that these concépts, since they are
directly bound wup in immediate classroos learning, may
exhibit more individual variation in perception than would
be expected from a set of concepts taken directly fron

recent or ongoing instruction. —
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.5 Claritications and Defini!ions‘

1.51 Concept

Carroll (1967{A\dof1n9° concepts as "properties
of...abqtrac%od and often cognitively s*ruc*ured classes of
'mental ' experience.n Experience in turn is defined as "any
internal or perceptual response to stimulation". The ternm
abstracted is the key to Carroll's definition of concept.
Concepts are abstracted from a set of experienced exemplars.
A necessary step in the formation of - concept 1is a
differentiation of a subset of experience {exemplars of the
concept) from the entire set of experience ’kboth exemplars
and non—exeﬁplars. of the concept). This generalization
producés a very limited concept. A concept is further
developed through its relations with other concepts. Por
example, the concepf "stool" may be Closely identified with
the concept' "chair™, with the exception of the relational
property "without a backﬁ. The concept "chair” in turn @may
be related to the more subsuming concept "furni*ure® by the
relational property "for sitting onn., The set of

relationships among  toncepts is defined as cognitive
structure. /

FPor purposes of this stady, a c%%cept vas delimited
in terms of an educational concept rather.than a laboratory

concept. For Carroll, such a distinction is betwveen a

student learning the cahcept longitude and the concept of



learning to associate the nonsense syllable "DAX" as *+he
name of a geometric shape of a certain colour. The concern

of this study is entirely with educational concepts.

1.52 The Nature of Structure
This section will address the problem of defining

the status of cognitive structure. The discussion will not
focus on "whether or not structure is best defined as
hypothesis, theory, or model. Such a discussion would not
pfove» vorth;hile in  that 1t would necessarily involve
senaﬁtic arguments concernihq the definifio&s of practically
all substantive terms introduced (Cf., Black, 1973).
Instead, the discussion will focus on the type of role
cognitive structure is likely to play in anv explanétion of
human ¢t hinking.

First, the notion of an internal structure ©places
the ’diséussion squarely in fhe cognitivist rather than the
behaviourist school of psychology. Cognitive structure has
been described (Morgan, 1972) as an intervening variable
vhich acts to fors an individual's response to his
en;ironment. Tt is ¢ sited to be a result of experience, and
to qro; in the «course of norsal human development in
orq;nization ~and differentiation. Experience  acts on
cognitive structure both to add to it (in the sense of
addinq new experlience) and to change it (in the sense of
changing perceptions of and 1interrelations among old
experiences). These two results of experience correspdnd

~tlosely to Piaget's (Inhelder and Piage*, 1958) assimilation
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and accoamodation. According to this line of reasoning,

role in determining response +to0 ¢the 'environnentu and
therefore differences in cognitive structure should evidence
thenselves in differences iniresponse to the environment.
The significance of A clear definition of éoqnitive
structure to the justification of the study rests on the
faqf that t%} apaly*ic fgchnique of mul*idinensional'scalhng
alvays produces a result. The problem of interpretinq this
result rests vith the (a+ least partly)‘ subjective
interpretive abilities of the 1nvest1qator Cognitive
‘structures vhich aré the result of such interpretations Bay
be more or less meaningless because of: (a) randon errdr;
" (b) 1nappropr1ateness of thp task to the age 1level Itested;
(c) 1nappropr1ateness of  the. assumptions 6f the analytic
techniques to the data; and (d), inappropriate ériteria for
judging the relidbility of the results. Any combination of.
the possibilities 17 sted could lead to misinterpretation of
vreqults. Becausé S f this pOssibility, the uncovefed‘
structures are bést’ interpreted as hypotheses. Such
Hypotheses Rust pass the test of lndependent corroboraflon.
This study has attempted to provide such corroboration, by
endeavoUring to relate differences in percep*1on of concept
relatlonshxps ARONg groups of subjects to dlfferences among’
groups on the bersonality variables. A major crltgrion for
the meaningfulness of the results of ‘tbe present study

‘involves relating, in a theoretlcally satlsfacfory manner,
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differences in subqroups! configurations to differences 1in

their personality variables.

1.53 Cognitive Structure

An  assumption must be made in order for research on
concepts to proceed. An experimenter does not have direct
access to concepts, in that concepts are not observable.
They iust be inferred on the basis of the obseryable
behaviour (either verbal or otherwise) of the subject. There
must be an assumption that the vordsifin verbal behaviour)
as used by one subject share soie presumably connot;tive
commonality of wmeaning with the sanme words as used bf
another subject. That is, tﬁo vord meanings, and therefore
the concepts, are shared. Such an assumption does not mean
that the neanidqs of terms as uséd by 1individuals iuét be
coextensive. If such were true, there would be no reason fo;
doing research on éoncepts. Introspection by the researcher
vould do as well as research. No coqlonalitf of word meaning
makes the research impossible; berfect commonality of word
‘meaning makes the résearch unnecessary. Kaplan (1968) points
out that ¢the peaning of theoretical ;xpressions is always
given in terms of a theory, that is, by’ using other
theoretiﬁel expressions. In the lanquage of this study, a
concépt %s defined in terms of other concepts within the
same cognitive strucfure. A shift in a subject's meaning for
a concepf imaplies a shift in the reia*ionships ~alonq
concepts, thatlis, a Ehangé Da,bhe;cognitive struéture. Oniy

some commonality of meaning (i.e., "ballp&Fk commonali tym)
| "
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is necessary for the research to proceed. From Kaplan's
point of view, what we are investigating when "we 1look at
cognitive structure are .fhe subtle shifts in meaning of
concepts as perceived by>different individuals.

1.54 Construct validity

'As ment 1oned above, the approéch taken in this ﬁtudy
fulfils one of the'requifénents for establishing construct
validity given by Campbell and Piske (1959) but not the
other. If sets of similarity data on the same concepts
édthered" from the same -subjects by gquite different methods
all indicate closely related results wvhen analysed, this is
| evidence that the methods of findinq:si-ilarity information
coﬁverqe on the same cognitive structure. Purther, if a set
of similarities when analyséd by two different scaling
techniques also converges on the same cognitive structure,
this is delonstration that the convergence is no£ a,functibn
of‘.the 'scaling method alone. 1In using both the above
procedures, this fesearch design conforas to the multimethod
part of the Campbell and FPiske reconiendations.

¥ith respect to distfilinant validity, thére does
not seem to be a clearcut method of establishing;validiiy

e
vhen the construct qnder investi fioﬁ is cogni tive
structure. Por example, it seems futile to collect data on 5
second set of concepts.IThere is né parallel'betveen showving
that, say, a test of~cdlpulsivenéss correlates poorly with a
test of anxiefy, and showing that a second set of coﬂcepts

do no: produce the same set of relationships among
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themselves as the set of céncepts under study. A possibly
fruitful approacﬁ to establishing discriminant vali.. v, and
the one used in this study, involves collecting simil. rity
data from differént groups of subjects' vho w®mignt be
hypothesizgd as having different cognitive structures :nd
showing that this is indeed the case.

Unfortunately, wiﬁh concepts. that are intended to
have some significance in the domain of public education,
such”™ as +the ones chosen for this study, the subjec* is not
totally freé to produce a completely unique set of .
similarities. Kass (1971) found a strong tendency on the
part of subjects to deviate very little from the group
average in perception of a set of heavily content oriented
mechanics concepts. 1 other words, the content structure
inherenfrin the concepts obliterated individual differences.
The subjects perceived that there were right answers.
Carpbll and Chénq (1970) , using political concepts for which
there were no correct ansvers found good variation in
percépfion. The concepts used in this study, vhile not as
bound to content as those used by Kass or Shavelsoﬁ (1972),
are not as free to be individual as those of Carroll and
Chang. Thus, pultitr;it validity can only be expected to
appear - as deviations\ from ' the nmright aﬂsver“ content
structure, rathgr than as a quite unique perspective on a
set 'of concepts. As will be seen below, the issue is even

more coemplicated due to the lack of a statistical «criterion

for the leasure-df-qoodness of fit between structures used ;

/
/
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tests wvwere a test of developmental level, a tes
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SN\
in this s+udy, namely, the non-metric version of the
orthogonal Procrustes rotation (Lingoes and Schonemann,

1974; Schonemmann and Carroll, 1970). This technique will ' be

referred to as the non-metric §it procedure.

1.6 Procedure
Six tests, three of concept similarity and three of

gggﬁonality'vafiables, vere adeinistered to 132 subjects in
. “'t

<

Qfade 9 (N=78) and grade 12 (N=S4). The concept similarity

tests have been briefly described above. The personality

’

" cogni ti ve comsplexity, and a test of field depend:s

rd

independence. The concept similarity tes+s were analysed
produce matrices of siniyé;;?T§§{ vhich were converted to
multidimensional ~confiqurations by the scaling techniques
outlined above.

Construgz/cgiiﬁity of the uncovered configqurations
vas established prilariiy by exanininq the correspondence of
the configurations to each other.'. The extent of
correspondence‘uasjﬁssessed by the - technique of nonmetric
orthogonal Procrhstes . rotation (the non-metric fit
procedure). Graphical techniques were used ¢to present a
Possible interpretation of this measure of fit.

The subjects were kassigned to groups éccording to
factor loadings obtained fran the Tucker analysis, and the
saliences on each dimersion for fhe Carroll analysis. These

subgroups iere compared among each other,add with the‘ full
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group for differences 1in cognitive structure, and for
differences 1in the personality variables. Personality
variables examined vere I.Q. (grade ninamqﬂly), achievemenf,
developmental level, analytic—;Yhthetic ognitive style
(Witkin, 1965), and cognitive complexity (Seaman and Koenig,
1974) as well as estimates of the subjecté' personal
consistencies on each awvasure, their total number of
Tesponses on the word association test, and an estimate of
the individual overall reliabilities on the three measures

for. a given subject.

1.7 Hypotheses
‘ The hypotheses of the study way bhe stated in summary
form as follows:

HO (1). There will be no significant differences among the

structural patterns reve2led by Kruskal analysis of data .

based upon constrained association, similarity judgment, and
semantic differential tests; K

HO (2) . There will be no significant difference betveen the

structural patterns uncovered within each grade among groups .

formed by the sequences of:

(a) constrained association  followed by Tucke

analysis; ‘ ~
(b) constrained association followed by Catroll%

analysis;

(c) similarity judgment followed by Tucker analysis;

-

5 '
(d) similarity judgment followed by Carroll analysis;

i
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(¢} semant ic differential followed by Tucker analysisf
(f) semantic differential followed by Carroll analysis;
Pending the results of HO(2), there is a further hypothesis;
H1(2). Differences 1in “structural pa*terns as found in the

groups as formed by the Tucker analysis, and again by the

/
Carroll analysis, will Lte related to persaonality ¥ariables

of the subjects. .

1.8 Summary ¢

.

This chapter has outlined the purpose and
h~]

significance of the study. Major terms have been clarified.

The problem to be addfeséed has been stated, a procedure for
doing so has been outlined, and the problenm ha; been put in
the form of testable hypotheses.

Chapter 2 of this report su-nérizes literathre
related to the étudy. Cbapter. 3 presents details of the
administration qf the study, the sqorinq,procedures, and the
analytic procedures. Chapter 4 contains rgsults and

discussion, while Chapter 5 summarizes and concludes the

report.



CHAPTER 2 -

RFEVIEW OF RELATED LITERATORE

\

2.1 Introduaction
' This ébapter is divided into four mainr sections.
Section 2.2vdiscusses research focused on measuring concept
relationships in an educational context, with particular
attention tg/ggiencp education. Section 2.3 .discusses the
rationale and sumptions of the three multidimensional
scaling procedures ed in the study. Examplesvof the uses
of th%sgdiechniques in the literature are briefly outlined.
The next section deals with the origins and uses of the
thréev siamillarity rating tasks. SgCtion 2.5 concerns the
three personality variables tasks, as wvell as a brief
‘ment ion of other .personality vari&bles generated during tgé
course of the analysis. Of necessity, the sections of this

chapter refer both back an fogth to each other to a

considerable extent.

2.2 Concept RelatiouShip Research

The purpose of this section 1is to trace the
development of attempts to Weasure concept relationships,
prilarily in science education research. Studies have been

conducted on the relationship of cognitive structure to

22



23

‘hievement, the usefulness of word association tests in the
uncovering of cognitive sfructurp: and the relationship of
cognitive strqcturp to subject matter structure. Some of the
research has used =scaling fechﬁ?ques, and some of the
research has atteapted to measure individual differences in
cognitive structu e, A1l of the research has suffered f}b-

conceptual flaws and/or unavailabili*y of appropriate

analytic tools.

Johnson _(1960f\ 1965 ; 1967) conducted a series of
studies showing the possibillhties for uncovefinq similarity
data from verbal association tests, for relating verbal
output on such tests to achievement, and for relating
similarity matrices produced by the above method to those
produced by similarity jﬁdqlent techniques. In the first
study (1964) he compared the strendths of associative
Beanings aubnq physics concepts for four groups of subjecfs
(50-70 per group) with varying degrees of invblvement with
physics. The qroup.’veré all grade 11 and 12 gqirls: (1)
having +akem physics; (2)‘takinq physics; (3) planning to
take physics; and (4) not flanning to take physics. Subijects=s
responded with one written free association to each of a
series of 18 concepts read aloud S seconds apart. The
frequencies with which the 18 concepts vere used as
responses to each concept were tabulated and converted to a
matrix of percentage siiilarity. Significant differences in
the average similarity among all four groups were found in

the order 2, 1, 3, 4. In the second study {1965), Johnson,



using 'as subjects 166 female high school seniors taking
physics, gave a written constrained version of the word
assoc{afion test along with a ten-problen physics test. Half
of the #anple to%k the tests in the reverse order from the
other half. Subjects were constrained +to write +the first
Physics word which occurred to them as a response. Responses
were cateqorized as  (a) vglds from the concept list, and (b)
"rpsponﬁes vhich occurred together with their respective
stimuli in a constraint necessaty for the solution of one of .
the ten problems.® Concepts were chosen so that, for all
cases, category w(b) vas included in category (a). Subjects
vho "had the problem test first produced significantly wmore
responses of both types (a) and (b). Subjects who had the
associatibn test first scored significantly higher on the
problem test. The correlation befueen number of (a)
responses and test achievement was 0. 3a (p<.05) for' the
group which had the association test first, but -0.03 for
the other group. Por type (b) responses, the correlation wvas
0.42 (p<.05) for the association test first group, and 0.19
for the';tber group. Jchnson also reported many resélts for *
the individual concepts. He concluded "language habits which
ave been " ~arned among words in physics are an in;eqtal
part of the conceptual framework a student utilizes in
deafﬁnq vith concepts in the subject mattern.
An important limitation to the work »>f Johnson up to
the time of his study vas the fact ¢that bis awmalytic

technique could not wmake use of responses cosmon to two

r



to 1ncrease the

th

stimuli but not on the list of concept
deqree of calculated association. Such a  problem is
circumvented by +he - Garskof and  Houston (1961) method,
ducribod in detaill below.

In a third . study, Johnson (1967) used the
calculation procedure o! ¢ Kot and Houston along with a
similarity judgment test on fourteen physics concepts using
a sample ot "4 high <school seniors (16 male, 8 female)

v

divided 1into 12 high and 12 low achievers. The concepts were
ranked according to tgoir occurrence in  subject matter
presentation (presumably by a textbook word count, but +his
15 not reported) and according to their frpauency of
occurrence as responses bv the +wo gqroups. Rank oruer
correlations between the order§ nproduce’ by each group and
that of the subject matter were 0.87 (p<.001) for the

gqroup and .52 (p>.05) for the low group. When the order of
occurrence for each concept response within the response
list produced was taken 1into account, the respective
correlations becamé 0.52 (p>.05) and -0.05 (p>.05). Johnson
defined a constrained association {({in a manner not to be
confused with the use of the term in this report) as a
relétion consffained by a 1av. of physics. FPor exasple,
"forcem, ‘"mass", and "acceleration” arc constrained
responses *o each other because of the physical law "fofce =
mass x acceleration®™. High achievers gave significantly more

const*trained associations than low achievers, both

considering and not considering ordsr of response. After
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caléuldtinq Garskof and Houston relatedness indices for bhath
groups, and similarity judgment indices based upon *that .ar*
of the experiment, Johnson reported a rank order correlation
between the two of 0.75 (p<.001) for the high gqroup and 0.65
(p<-001) for the group. The significance of Johnson's
vork for the present study lies in the estimation of the
maqgnitude of the correlation ivb@tueen the <imilarities
gathered by the two techniques.

In a follou up study, Johnson, Curran and Cox (1971)
gave a free association test, a constrained association
tesf, ‘and a similarity rating test to a qfoup of 49 male
physics majors who had completed at leas+ three years of
college. Thé nature of the constrai&t "n the constrained
assoclation test was +ha+ subjects were asked to 1lis+ the
;ords lhey would wuse in defining the stimulus word. The
authors report good correspondence for both the free and
constrained association tes*s with their hypothesized dégree
of relationship among the nine stimulus concepts. Of more
interest here are *he rank order correlations . among the
.indices of relationship produced by the three methods. These
are: free and constrained association, 0.90; free
association and siwmilarity judgment, 0.85; and constrained
association and similarity Jjudgment, 0.79. ®hese results
lend credence to the expectation that correspondence asong
the various methods should be expected in the present study.

Such correspondences probably should not be as large as

Johnson's results because of *he highly homogeneous nature
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of the subjects he used compared with those in thé présent
study.

Reporting further analysis of what appears to be the
same data, but using only six of the concepts, Johnson, Cox,
and Curran (1970) performed a Kruskal scaling on the  six
points wusing the free association data and *+he similarity
rating data. Reiafédness indices were calculated as in
Johnson's earlier work rather than by the Garskof and
Houston met hod. Despite -citing Rlahr's (19&§) Caution
against usiné sﬁch a small number of pofq&s\in a scaling
analysis, Johnson et al reported solutions in two and three
dimensions. Although they achieved zero stress in three
dimensions, they admit that there is a pos;ibility‘ of Sgcg
an ocCuigence by chance. Scalinq of sv°" a small number of
points eui%mrs to be a misuse of the Kruskal technique.

)

Fvanechko and Maguire (19~ have stuaied the
dinehsionality of .children's_ meaning space,‘Altbough this
study was not related to science education, i* is included
in  this review because of the comparability of both the
techniques and the ages of the subjects to the present
spudy. A Semantic Peatures Test was developed to investigate
the +types of definitions preferred by children. Evanechko
and Magquire produced a list of 24 vays of perceiving meaning
between words. Examples are; s}nonyi, attribute, vhole-éart,
generic defihitiSn, etc. Each of the 24 categories was used

to prepare 23 example pairs of the particular definitional

or meaning relationship. Por example, under "whole-partn



28

vere bird-wing, hand-finger, and 21 others. Using this
technique, it wvas possible to produce 276 possible pairs of
the 24 cateqories without répeatinq the actual examples. The
subjects were presented with the 276 pairs of pairs and
asked to decidevvhichkpair constituted the better definition
of the first word in each Pair by the second. The directions
‘given the subjects were to "think of thg kind Tof meaning
given for each word and.choose the one which is nearer to
vhat you think the word means in each pair of statements".
The sample cohsis*ed of 266 students in thev fifth
~and eighth grades. A . group average proportion of times one
neaﬁinq category was ‘refefreg/oyer another was calculated
for éhe pairs of céteqoriés; producing a 24 x 24 matrix of
proportions of prefg:ence. These values were deviated around
- 0.50, and the absolyte values taken to produce a mafrix of'
dissimilarities. This matrix vas scaled by the Kruskal
technique. Pour dimensional solutions for ~éach grade vere
reported, vith stress 1 (variance unaccounfed for) close to
16 percent in both cases. Por lpurposes of interpretation,
the 24 categories of meaning were qroﬁped into-five larger
categories, Reasonable uinferpretations . of the four
dimensions were given for both grade levels. An orthogonal
Procrusfés rotation (Schonemann, 1966) of the grade eight
solution to the grade five solution indicated a poor fit,
§ince t he nefric version of the rotation ’Qas used, the
conclusion présented by Evanechko and Maguire that +the two

solutions are substantially different ~"ust be doubted.
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Kruskal anali?is 1s a technique designed to apply to ordinal

data. The orthogonal Procrustes rotation, designed for at

least interval data, is not appropriate. It seems a rather
large leap .from the directions given to the subjects to the
reporting of the resylts in which ghe terms "meaning"™ and
"relationship” seem to bebalnostkéfhonylous. Further doubt
must be cast upon the results because of *he taking of the
ab;olute valuesv of the differences‘betveen the proportions
of préferénce and the wvalue' 0.50. By this w@method, the
proportions 0.30 and .0.70 become identical. While the
"dissiailarity"™ has been preservéd, the "preference" has
been 1lost. .The study provides useful information aboﬁt the
si-ilérity of the relationship categories as perceived by
the subjects,’ but no information about theif preferences.
The significance of tﬁe Evanechko and Maguire study is that
it demonstrates that, on group average data, and despite
serious cqnceptual flaws, subjects as young as grade five
will produce meaningful results on a task which is
comparable in difficulty to. the tasks in ppis study.

Kass (1971), using a sample of 353 grade 12 physics
students, oﬁtained siliiarity ratings on the 190 possibl;
p;irs of 20 mechanics concepts. Her concepts were ‘described
by short phrases and/or forasulae rather than merely being
~named. Pach subject was given the pairs 6f stimuli on 190
cards and told to rate ﬁbeir sinilar{ty in difficulty on a

'scale of 1 to 9. This technique corresponds aost closely

vith the similarity judgment technique -of- the present study,

-1
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except for the imposition of a definition of éimilari#y
terss of difficulty. Such an imposition may be expected t
distort the similarity judgments of the sub jects, fof it is
possible that a subiject might consider a pair of othervise
unreiated concepts as being quite similar in difficulty but
in no other aspects. Kass analysed t he resulting JQ&f}EJ/éf
similarities by the Tucker-Messick method, but found that
there - ‘were in;yfficient differences in individual
perceptions to warrant pursuit of the individual aspects 6f
the study. As gentioned above she suggested that the use of
heavily conteﬁt oriented concepts, taken directly from
course content may reflect mostly the structure of _the
discipliue, as viewed by subject matter exper%s, and very
little of the individual perceptions of the subijects. Usinq
group average data, three =stratified (by class)'randoi
-salpies of 60 subjects.each vere compared in group average
.cognitive structure; Using Kruskal's sfress 1 and
1nt9rpretab111ty of the loadings in teras of concept nean1ng
as criteria, the four and five dimensional solutions vere‘
judged most satisfactory. Stress 1 values vere between seven
and ten percent. Cdnparisons of the loadings was done by the
use of the Kaiser‘ (1960) factor match tesi, a metric
technigque. The non-metric version of %he orthéqonal
Procrustes technique wvas wunavailable 4t the. tile. No
goodness éf fit measure between thé structures produced'F by

the two groups is reported. In the cases of both the four

and five dimensional “solutions, Kass offered reasonable

-
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explanations of the loadings of the conceptks on the factors
in terms . of the concept meanings for three of the
dimensions.

Shavelsoﬁ has published a series of studies
investigating the relationship between content structure as
‘represented in instruction, and cognitive structure as
represented in student memory (Shavelson, 1972, 1973, 197u§
Shavelson and Stanton, 1975) In the first study, he employed
a coibination of grammatical analysis and diéraph theory
(Harary, ﬁornan, and Cartwright, 1§65) to recover a ‘matrix
of similafities alénq physics concepts from the students?
text..Digraph (directed graph) theory 1is a wmathematical
teéhnique Y in wvhich concepts are represented by points, and
the telatipnship§ among then by directed lines Jjoining the
points, ﬁarary, Norman, and Cartvriqﬂt-provide a discussion
of the abstract ptoperties of the netvorksvdraun, but do not
-concern themselves with the details of éorrelatinq
gramamatical ~analysis with their system. Shavelson (1972)
'gives some clues to the technique, using the text sehtehce
"Force is the product of mass and acceleration” go produce a
grgph linking the concepts "force®, "product", "mass", and
"acceleration® vith‘the relatibnal properties "is", "of",.
and "and". The technique is ﬁot completely clear fron one
example, and Shavelsoq refefs thg reader to Shavelson
(1970), which is not readily’availablé, for further details.
Soie further detail is provided‘by Shavelson and Geeslin

(1975), but not enough to allow replication of the ret hod.
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Harary, Norman, and Cartwright provide details of a method
for linking digraphs containing common elements to each
qother, and for converting this large digraph to a matrix of
dissimilarities. Shavelson analysed a physics é}ext, and
préduced a digraph for each sentence of the text which
’contained tvo or more of his List"of 14 mechanics concepts.
Since the distance between two points im a digraph is the
number of directed 1lines between the points, Shavelson
élilinated all‘ but tﬁose digraphs which produced the
shortest path betveen any~tvo  concepté.‘ He then <conbined
digraphs and - produced a matrix of subiject ﬁatter‘
dissimilarities. Shavelson 1interpreted .fhiS' matrix as
representing the content structure of the material.
Cognitive  structure in the 1972 study was estimated
by an unconstrained free association test using the fourteen
cbngepts as stimuli. Relatedness indices wvere calculated by
the Garskof and Houston method. Using a sample of UO'naive
-l
but interested high school age volunteers\.(28‘ experimental
and 12~ control), Shavelson measured changes in cognitive
strucfufe‘over five days of instruction based on ‘*he. text
which produced‘ thev content structure described above. A
significant qain;on an achievement test and an insignificant
increase over time in the total number of respon;es provided
by the shbjectS’to the association test are reported. In°
addition, subijects (in the experimental group had a median

relatedness index which incréased regularly across the six

administrations of. the test (an initial test and omne

~r
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following each day of instruction), wvhile that of the
cont. »l group 'reuainedv lov and stable. The control group
completed all the teéts of the experimental group, but spent
the rest of the treatment time participating in another
(unreported) study.

Shavelson produced a matrix of Ruclidean d1i stances
between all*pairs éf relatedness index matrices. This was _ a
six days by six days matrix of distances betveen‘relatedness‘
index matrices. The method involves (a) subtrécting the
corresponding values for all relatedness indices in the two
matrices, (b) squariﬁq and sumﬁiné these‘values, and (c);
dividing by the number of entries in a matrix and taking the
square root of the vresult.. For +he control group, the
average distances were uniform and small over the six days,
bat for the experimental group, the average distance vwvas
fairly régularly related to the separatibn in time of~th?
testing occasions. Shavelson ‘did similar calculatior
comparing the control qroﬁp and experimental group matrices
on thé séle day. Similar results alloved him to conclude
that the two groups started out with similar cognitive
structures, bv: that that of the expérinental group grew
away from that of the contto&_group.

These analyses were followed by con 'ntional Kruskal
scaling on the matrices produced by each group each day.
iUsing the tvwo dinensiohal sblutions, which produced stress 1
(presumably) less than 10 percenﬁ, Shavelson «could not

corroborate the conclusions based upon his average distance
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calculations, and had to resort to rather weak explanations
involving the control group having "prescientific"® leAninqs
for the concepts which correspondeé. quite cloéely to the
scientific meanings. Shavelson per formed  his averaée
distance colpariéon of the cognitive structure with the

content 'structure revealed by the digraph analysis. This

7]

calculafjon showed that the experimental group grew towards

contant structure, vhile the control group did not.

gain, Kry§skal analysis of these strugtures failed to
confirm the§e conclusions.

Shavalson (197?) has reported further results on the
Ssame ‘experimgnt. On the word association test, if only
responses from the original stiﬁulus list are counted
(constrained 'responses, ’in‘,Shavelson's:terninoloqy), then
'thefe is a significant relationship between nunbe; of
responses and achievement on the achievement test,
especiaﬁly vhen the constrained response occurred early in
‘the list of responses; Shavelson reports a significant but
small relationship betwveen achievement and the Hidden
Figures Test (French et al, 1965’, vhich is used in the
present study. Unfogtunately,»he does not report the'results
relating the APT to differences in cognitive structure. In a
longer article (1974) which lehtion§ the’ earlier results,
Shavelson lainfained that wmultidimensional scaling of a
matrix of felatednéss indices taps.cognitive structure. As
an alternative method of collecting information on cognitive

structure, Shdvelsdn suggested lexical graphing wmethods
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(Rdpoport et gl + 1966). This suggestion has not been used
in the present study because of the complexity of the
directions needed for a subject to \perforl“ a lexical
graphinq; The technique has possibilities, hovwever, for work
¥ith more mature subijects.
Shavelson's data raise a lot of questiohs. Preece
{1976c¢) has responded in .a note to Shavelson (1972, 1973,
1974) regarding the use of his average distance between
matrices calculation. Preece demonstrated by a neat example
that\{tho technique 1is inapprop:iate, in  that the value
depends as much onn the average absolute vajue of the
relatedness indices as uvon any éhanqe in their relative
sizes. On the basis of this criticisam, and his own scaling
results, Shavelson's data‘do not support his conciusion that
cogni£ive structure "grovs towards" content structure with
instruction.‘The idea is intﬁitively appealiné, however, and
it would be interesting to at tempt to use the goodness-of-
-fit measure bf the nonmetric orthogonal Procrustes rotation
45 a measure of growth on his data. It vquld be a reasonable
hypothesis that, as the experimental group Progressed
through instructioﬁ, their geometric Fepresentation of the
concepts, ar found by Kruskal ana'ysis, vou.d vield
successively better measures ot fit when rotated to the
con%ent} structure as revealed by digraph analyéis.
Convefs?ly, similar results for the control group should not
yield improving goodness-of-fit measures.

Shavelson and Sfanton {1975) seem to view the
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convergence ot ditferent methods of measuring cognitive
structure on the same similarity matrix a5 validation for
the construc& "cognitive sStructure™. The ‘-othods under
discussion vere: word association, card sorting, and lexical
graph building. This suggestion 1s ot relevance to the
current study because of the similarity in intent and
unduélying assumptions of the «card sort technique to the
similarity judygment technique (Torgerson, 19%8) as used 1in
the present study.

‘P[eece (1976a, 1976b) - has reported two studies of
lnterest. ln the first study, he measuréd the relationships
amonyg 15 mechanics copcepts using a sample of 28 vhysical
science student teachers, all with degrees in science.
S5ubjects were presented a written free associdtion‘test, a
controlled‘associaticn test, and a ‘ree construction test
similar to the leiical graph..y method of Rapoport et al
(1S66). In a tree construction task, subjects are presénted
with a list cf concepts and are asked to selec;,%he,tvo most
closely related. They write this pair io the centre of a
page and jcin thea by a line. They then chocse (7féoncept
from the remaiuing list that 1is most closely related to
either of the concepts already chosen and add it to the
page, joining it Lty a line to the concept 1t is most closely
related to. The dctual_ directions are more conplexk/but
essentially the subﬁéct continues in thils manner uatil } the

list ot concepts has been exhausted. The control in the

controlled association test asked subjects to list physics
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vords as responses, and asked for pxaurly.fivp responses.
Preece obtained what he described as very poor relationships
between the results of the association methods and the tree
method. This judqueniwby Preece of his own data seems barsh.
Preece produced six matrices c¢f similarity from the
responses of each Subjecf. Four of +these were based upon
association tests and two on tree construction tests. On
group average dgta, and wmultiplying by uinus one where
necessary to compare similarities and dissi-ilarities, the
lowest <correlation between any pair Qf tests was 0.8
(p<. 001). When compared Vlth his theoretical prediction, the
lqdést correlation found is 0.60 (p<.001).

The tree lethéam is considered appropriate when a
qeoietrical mode]l will not fit the data. Such a situation

L)

wvould occur if the concepts grouped themselves inta closely

’

‘related clusters separated by ‘relatively large distances.

Under such conditions, scaling techniques would produce a

degenerate solution, with large distances exaggerated and

.Small ones attenuated. Such conditions were not a'pfoblen in

either Preece's ¢« 1y cr %\e present one. It is important to

N~

note that the type ~ association test used in the present

study is closer in spirit to Preece's free association test
tﬁan to his controlled assgciation test. On the free
association, Preece reports one month test-retest
reliability of 0.86 using eighteen year old subject This

reliability appears to have been based on the second study

{Preece, 1976b), in wvhich he used the Carroll scaling’uethod
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on a sample of boys ages 11, 14, and 18 from a boy's grammar
school. The boys responded to the sanme concepts as the
student teachers. Details in this second report are sketchy.
There evidently were individual differences among Yjects,
but we are given no indicatio? of their magnitude or their
nature in teras of either the subjects or the concepts.

It appears that Preece misinterpgretad the plot of
Subjects in dimension space produced by the Carroll progranm.
He interpreted a subject's distance tro; the origin as a
reliability, in the sense that i+t Reasures conformity of the
subject's actual dissimilarities with t he subjectts
estimated distances. While +the Reasure does indeed giv; a
correlation between a/. subject's actual dafa énd his
estimat ed data, this correlation is not directly
interpretable as a reliability of either the subjéct's
re;ponses or of the technique as applied to his data. The
subject 's confdf.ity to the group averagé will -larqely
determine +he variance in his responses which can- be
accounted for by any veighted composite of the group average
perception space. Por interpretation of an individual's
loadings in a Carroll analysis, there are two "best fitw
steps. Ome involves fitting the group average similarity
data into concept space, and the second involves fitting the
individuals into subject wpace. The resulting distance of &
sabject from the oriéin of subject space depends upon the
error in the group'averaqe data, the goodness-of-fit of the

group average solutiaen, the ho-oqeneity“of the group, the



conformity of the =subject to the qroup average, and the
error 1n the subject's data. Diréct interpretation of this
distance from the origin is not recommended.

In summary, Johnson established the possibility of
using vord association tests to measure concept
relationships. He also 1linked achievement to responses on

sociation tests, and presented evidence of convergence
between association tests and similarity judgment tests.
Evanechko and Maguire showed that similarity judgment
methods would yield reliable results with subjects even
younger than those in the present study. Kass made the first
attempt at finding individual differences in cognitive
structure, but found that heavily content oriented concepts
yielded only swmall variation among subijects. Shavealson,
although he used @methods open to criticisa, attempted to
measure cognitive growth in terﬁs of changing «cogni tive
structurez. He showed gcod con&e%gence between similarity
judgment and word ASéociation methods. Preece presented
sketchy results on the use of the Carroll nqthod, but gave
highly encouraqging reliability estimates for the association
test,

None of the literature cited above report tﬁe use of

\\the non-metric leésure of goodness-of-fit used in the
present study. Purther, the use of the semantic differential
technique 1in <comparison wwith +the other twd nethods of
uncovering structure appears to be unique in science

education research to this study.
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2.3 Multidimensional Scaling

The purpose ot this 1S to outline the
differences in assumptions and applications of the three

types of  scaling procedures used in this Sstudy. These are:

M1tidimensicnal scaling (Kruskal, 1964a, 1964b; Kruskal and

‘Carlono, 1971) ; points of view analysis (Tucker and Nessick,
1963) . ard individual differences analysis (Carroll and
Chang, 1970). Subkoviak {1975) has produced a substantial
review of the wuse of these techniques in educational
research. -

Initiating the work later extended’ by Kruskal,

Shepard (1962a, 1962b)  devised  a technique to find the
minimum number . dimensions necessary in vhich to portray a-
set of n points such that the computed distances between all
possible pairg of roints are Ronotonically related to the
get of dissimilarities of the oriqiqal data. fhe usefulness
of this technique depends upon the assunption that nonotonicv
constraints ilposed in sufficient number on a set of points
¥ill approximate the inférpoint.distances to within a linear
transfokmation of the dissimilarities. |

Shepard has achieved qobd results with ¢this model.
In an artificial example, a set of 15 random points vere
generated in two d;nensions. A set of interpoint distances,
vere calculated, and these served as dissimilarities. Th~

actual coordinates of the points vere then ignored in t
ana’ Shépard produced a set of points in two dimensions

& to the origiral points.
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In a second experiment, using data qathored f;on
people, his subjects were asked *o rate the Jdegree of
similarity of facial expressiqns in a seriés qf photographs
of an actress. The actress had been given specific
instructions for each facial expression. The task %sked the
subjects to give numerical ratings to the diffe...nce .in
facial express;on for all pairs of photographs. These
ratings, however, were used only as rank orders, not as
interval data. The results of the Shepafd analysis yielded
tvo dimensions, a horizontal dinensioﬁ ofvpledsantness( and
a vertical dimension of degree of emotional arousal. The
results agree closely with the directions . given to the
actress and to.the results of an earlier analysis, done in a
dif ferent manner. This original analysis imposed wmuch
stricter assumptions on the data than those imposed by
Shepard.

In a third exanmple involving Sinilarity‘ratinqs of
colours ¢the analysis produced a tyb dimensional circular
battern corresponc g very closely to a circula; spectraunm,
vith the red and violet ends meeting.

Kruskal (1964a, 1964b), working with Shepard,
improved the model by producing a theoreticaliy more
rigourous method of computation and by providing a measure
of goodness-of-fit of the solution obtained to thé original

- N

data. His goodness-of-fit Reasure, stress, is "analogous to

.Square root of) -proportior of error variance in a

regression analysis. The computational algorithe seeks to

,".
>

3.
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miniaize stress. The stress can he interpreted roughly as
percentage disaqgreement between solution and data. The
stress supplies an obijective critérion for deciding when the
best solution has been reached. Stress is a value which
increases. as the relation between dissililaritieé and
.distances becomes poorer. One output of the Kruskal
procedure 1is a\plot of stress vs; the number of dilensions
for the best possible solution in that number of‘dinensions.

The ,stress increases as the number of dimensions goes down,

»

If inclusion of an extra dimension significantly decreases
the stress, then the dimension should be i -luded. If ndt,
then it should not. Kruskal gave verbal definitions of the
quality of ¢the results ranging fronm 20! ("poor") fo\2.51
("excellent™). The quality of.his. results was similar to

that of Shepard.

Jackson and Messick (1963) have criticized the
traditional sultidimensional scaling procedures for failure
to accdunt for varianceé among subjects in the manner in
vbich t hey perceive the stimuli wunder study. The Kruskal
model 1is able to work only upon the average perceptions of
the groﬁp of subjects. Jackson and Messick have arqued that
some subjects may be cognitively complex, and perceive fhe
stimuli as varying in many dimensions, wvhile c:her ubjects
may be cognitively simple, and view the _:me 35+ auli as
faryingAalonq relatively few dimensions. They put forwvard

the raticnale, and in a companion paper, Tucker and Messick

(1963) presented a mathematical method for accounting for
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the wvariatiom 1in individual responses to a set of stimuli.
Tucker and Messick proposed the use of principal components
analysis on the matrix of sums of squares and cross products
of a subjects by subjects matrix (formed from the subjects
by simblarities matrix of raw data) to attempt to describe
thé variaﬁce in the perception matrix hy a smaller nulber of
dinensioﬁs thah the original number of subjects. Principal
components analysis of the responseé of the n subjects is
carried out in order to represent the variation in thé
results in tefns of a smaller number of basic sub ject
"types". That is, if they had, for example, 50 subjects; the
variance in the scoresfof'fhe fifty subjects would yield;
say, four factors. This result is interpreted by assuming
that wmost of tﬁe fifty subjects fall into four types. After
the principal components analysis, four "ideal indi;iduals",
either composites put together from each of the four groups,
or four actual individuals who might be éaid' to personify
the types are identified. a Kruskal type scaling is then
carried out for ~ach of the ideal types. PRach of thése
;galing results would be pased upon a‘nuch nore honogeneoué
group of individuals than the»scaling proced ure applied to
all fifty subjects. In such models, q;tfgrent types of
idéalized individuals yield different §eo;etriéa1’Apattetns
of spi-ulus—point distances. Ideally, differences in
patterns can be. traced back to subject: characteristicé. It
may be possible to show tHat, for example, a two dimensional

pattern of distances can a ount for the responses of those
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vho have been charactertzed (by some independent measure) as
cognitively siample, while, for example, a four dimensional
pattern may be negessary for Fhe cognitively conplei.

Jackson and Messick réported a Tucker and Messick
study cdnducted earlier in which subjects vefe asked to rate
preceived siliiarities bet;een international political
figures of the‘ 1950's. The p;incipal component apnalysis
revealed the presence of three. ideal types. The scaling.
pattern results for the three types wvere qhite different..
One type had a one-dimensional pattern, with‘a heavy cold-
var evaluative emphasis. The second type fevealed a two
di-enéional pattern, interpreted as a Democratic-Republican
dimension and an.evaluative dimension. The fhird‘fype»had a
seven dimensional pattern: vhich | defied conplete.
’intérpretation; but that‘did reveal polifical nuances which
the . ther ideal types haad noi révealed. This third group was
regarded as the most cognitively complex. Tucker analysis
has also been used by Kas§ (1971), as described above.

| In the present study, the Tucker technique has the
potential to identify different types of individuals. In the
principal components analysis, those subjeéts vhose views of
the concepts are most similar should 1oad strongly on the
Same dimensions. . If those who 1oad‘ strongly on each
dilension(are taken as a group, it is possible to analyse
the perceptions of each of these groups in order to idenfify

" differences in perception of the concepts among the groups.

Further, it is also possible to analyse ' the personality.
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iariables of the‘lenbers of each of these groups in order to
identify differences amrong droups on the personality
variables. While the Tucker analysis cannot, by itself,
separate complex from simple patterns of perception,
subsequent Kruskal analysis of the perceptions within each
group can.

Carroll and Chang (1970) and Carroll (1972) have
" developed a scaling method based apon entirely different
assumptions from those of Tucker and Messick. Their method
assﬁles that the same dilensions exist in *psychological
Space" for all subjects, byt that fhe importance or
"salience" of these dimensions -can vary. The result of their
analysis produces a stimulus space plot and a dimension
space plot. The stimulus space plot is similar to the
results that one would obtain fro;‘ a FKruskal analysis of
é:oup data. The dimension .Space, however, represents the
subjeéts' positions with respect to thé ipportance ghich
they attach to the dimensions of the group anz ‘is. An
exélple vill clarify the nature of the Carroll and Chang
analysis. In_ a classic study, (see Fig. 1) subjects were
asked to rate the 51111ar1ty of a group of tventy countrles
Group ' analysis revealed‘ a dimension which could be
interpreted - as developed-underdeveloped; and  another
dimension which could be interpreted as Communist-Western.
" Subijects vere classified 1ndependently as doves and havks.
The dluen51on Space plot (upper right) shows that the hawks

gave nauch wmore salience to the political dimension, while
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the doves gave more salience to the economic dimension. As a
result, the shape of the plot of nations is stretched or
. A

a

shrunken‘alonq one dilensién or the other. As can be seen in
the? diagram, Cuba and Béazil vere rated as gquite similar,
because of the salience of the economic dimension, by the
doves, (bottom right) but gquite different, because of the
political‘dilension . by the hawks (bottom left).

In another example (see Pig. 2) }atinq. similarities
of colours, subjects rated as redfqreen colourblind .(bottonm)
"shrank™ the red—qreen_ dimension of the stimulaus space,
vhile thosé rated as yellow-blue colourblind (top) shrank
the yellow-blue dilenéion. The Carroll and Chang method is a
letric‘ scaling technique. As such, it is-open to criticisam
on the qroﬁnds fhatfit iiposeg too strong conditions on the
data. The eleqance of the ¢two examples quoted, hogever,
testifies to the robustness of the method with respect to
violation of the metric assumptions.

fn the present study, the Carroll method offers a
.technique for identifying individual differences in
perception based upon quite different assumptions than the
Tucker technique. The Carroll technique postulateg the same
common n-dimensional space for all subjects, but allows the
salience of the dimensions to. vary among subjects. Thus, the
technique can indicate direcély those who share a pérticular
viev of the cbncepts under study. Not only is it. possible,
as wvith the Tucker techniqué, to ident@fy those who share a

common view, but with the Carroll technique it is also



DiM 2

L1 L

"~
A4
~n
»
n
{ g ) GROUP STIMULLUS SPACE
DIM 2
—ow
-y
oy
-
)
l).‘
-
(oo 2® )
(o4} )
Otepy

(b} SUBJECT SPLCE

An 1Npsce. analysis of Helm's |
data on color perception produced the
group stimulus space” chown in (a) and
the subject space shown in (b). The di-
meansions are normalized so that the sum
of squared coordinates on each dimen-
sion = 1.00. The coding of the colors
in the group stimulus space is as follows:
R = red; Y = veliow; GY(1) == green
yellow; GY (2) = green yellow with more
green than GY (1), G = green; B = blue;
PB = purple blue; P(1) = purple;
P(2) = purple with more red than P(1);
RP = red purgic. In the subject space,
CDI1 through CD4 are four red-green
color-dcficient subjects (CDa and CD4b
are repiications for one subject), while
N1 through N10 are normal subjects
(N10a and N10b are replicaticns for one
subject). Diagrams (c) through (f) arc
the private percepteal spaces fer four
subjeccts.

DIM 2
.
o .
- L]
DML
~a
v
wn
-~
L]
{¢) SUJJUFCT H'Qa
OIM 2
.
- L]
oo '
‘ O1M )
mn
v
s
CIM 1 )
" N
(d) SUBJECT NT
DiM 2
LS
[4a2] L]
Lany 1 ]
DiM )
. no
"n
L4
.
(e) SUBJECT CD<a
DIM 2
o ¢ L]
srin re
oiM !
L1}
N a1
L4
2
(f) SUBJECT COY

(from Wish and Carroll, .97.

Colourblind Example
Fig. 2°

The



89

possible ' to ident:fy the dimensions of concept similarity

wvhich are used by the subjects in each group to produce
their s{lildrity data. Further analysis by the Kruskal
technique, accorainq to Carroll and Chang, is wunnecessary.
Such analysis, however, was undertaken as part of the
bresent study in order to validate. the <Carroll analysis
findings. As mentioned abowe (P.38), the dimensions assigned
to a subject by the Carroll technique may be conceived as

incorporating two b one  of the. solution to the

&

£ the ﬁpbqroup members on the group

| -

average C#rroll ;oiutidﬁ, or by returning to the original
data, forming a subgroup average matrix and éerforlinq a
Kruskal calculation. Since the second -=thod involves only
one best fit, and is thus less removed from the’data, it was

adopted for the present study.

The Carroll teéhnique imposes metric assumptions on .

the data, while the Tucker technique, if used as Ross (1966)

suggests (details given in Chapter 3), 1is  non-metric.
Convergent results based upon these two methods which differ
in assumptions, calcalational techniques, and natﬁré of
result are consistent with the Campbell and Fiske (1959)

multimethod validity as applied to this study.
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2.4 Similarity Rating Tests

The above discussion focused upon the. analytic
techniques‘usedvto analyse the similarity matrices obtained
from lthe concept sinilérity rating tests presented to the
subjects. This section concentrates on the methods by wi ch
the concept sinilarity~'ratinqs vere, gathered - frowm the
subjects. These methods éfe: vord association, similarity
judgment, and semantic differential techniques.

2.41 Constrained Assoc}étion Test

 The Constrained Association test 1is based upon a
method proposed by Garskof and Houston (1963). Repeated free
associatigns based upon a set of stimulus words vhiphﬂxgere

selected in pairs so that the pairs ranked along a contj

from "high related" to "low related" vere given to a gro
of twenty 'dnderqraduates. Subjects vere pfésentnd wit
s;inulus vords, onq to a page, sand instructe- .n the
continued free assoc'Ation technique. (The free associatio
technique; ;équirés the subject to respond with the first
vord which the stiuufis vord brings to his mind.) In the
Garskof and Houston

sethod, subjects were to vrite down Y

their responses. The fofmat was as follows:

x
\
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HOT ‘/ﬂ\\
hot--=-——c e
hot — == e e
hot—-—--- e

The lethoé is called a continueq aSsociatign method because
thé sub ject is to continue writing down all words which come
to wmind by association vith/}the original stimul us word
within a given tine‘interval. In tﬁe task, subjects had one
minute per page. Pégeg vere presented in randoa order.

Using the responses pEoduced, a relatedness index
vas calculated for each pair of stimulus vords. The index is
based upon the assumption that words - which produce common
rééponses are related to each 6ther.J Por ‘each pair of
stimulus Qords, the response list (including the stimulus
vord) is _ numbered according to ‘the following algorithn;
vhich vill be demonstrated by example. The longer 1list is
found. Responses in the longer list are numbered from the
bottom up as shown below. Starting with the highest number

in the longer list nuabering, the shorter list iS‘DUIbEIQd

downward.

—_——TN
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- /F:cc:/ (6) _ LUNCH (6)
eqgqg bacon (9) lunch supper (5)
eqq breakfast (4) lunch egg (4) ,
eqqg omelette (3) lunch breakfast {3)
eqq cheese (2) lunch cheese (2)
eqq f cod . (1) - lunch
eqq lunch

Matching responses in the two tg§ts are Aound. The numerator
of the RI (relatedness index) is fthe sum of the cross

products of the indices of all matches in the 1lists

(including the stimulus words). The denominator is one less

than the sum of all possible cross products ié the two lists
vere identical. 1In the example, there are matches between
egg-vord 6 and lunchwvord u, eqq—word 4 and lunch-vord 3, -
and eqgg~word 2 and 1unch—vgfd 2. Thus, ghe numerator of the
RY 1s thus (6 x &) ; (4 x 3) *”(2 X 2)f The denominator is
((6 x 6) + (5 x 55 teaweaf(l X 1)—1). That is, éhe sum of the
squares of the inteqéré from one to the end of the longer
list, less one. In the example above, the RT = 0.u484,

Proceeding in the above manner, a matrix of

nrelatédness indices is calculated for all possible pairs of

stimulus words. Garskqf and Houston reported two experiments
validating the technique. In the first experiment, 20
undergraduates asociated to each aember of 24 pairs of
nouns. The pairs of words had been chosen, eight in each .
group to be "high related™ (synonyas), "lediu;-related", and’
"low related®. A thesaurus vas used to pair the words. They

came from no particular concept domain. Subjects also rated

the similarity of each Oof ne, 2% pairs of words.
44 .
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\‘)
Correlations for individual subjec .., hetween reléfodnéss
indices and similarity ratings ranged froms 0.63 to 0.90. In
the second experiment, using the same subjects, Garskof gfd
Houston found one day test-retest results on the association
test ranging from 0.72 to 0.45. ¥hile it may be arqued that
the time between tests was too short to discount memory
¢ fects as a cause of stabiiity of the measure, such data
still speak ‘to the stability of the word association
technique.

Converging results betveen the word association
technique and sinilarity~rating techniques offer cqnvefqent
nultiuethod validity for *the methods of assessing cogni tive
sfructure. Word association testing is based‘upon the iew
of cognitive structure as a nomoloa 1 netwvork (cf.,
Torgerson, 1958) of | interrel. 1 concepts vhose
interrelationships help form v ¢ de‘initions of the
concepts, Concept dis;inilarity is v. - as the number of

cor s which must be "passed through™ in traversing the

‘nc - :cal netvork froa one concept to the other. Responses

to association tests are T"nearest neighbours® to the
stimulus in the network. Shavelson‘and Stanton (1975) expand
on this notion from an information processing perspectlve.
If cognltlve structure is a valid construct then a direct

rating of sililarity bf concepts from within that structure

ii;gﬂﬁuld correlate highly with the association technlque,

vhich takes as a nwmeasure of relatedness the ‘number and

. proximity of "nearest neighbours” in common, as oi.ered as
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responges to the stimulus concept.
2.42 Similarity Judgment Test
Similarity judgment tests involve subijects
responding to all possible paifs of ¢ et of stimulus words.
The items are hsually presented in +he following format:
EGG
LUNCH
Closely relatea T ! related

Subjects are asked to put a sark on the line according to
t heir judgnént »f the similarity of - the stimulus pair.
Neasures of d%ssinilarity are takeq by -éasurinq fron’ the
left hand odéé of the lipe in an ;rbitrary unit of measure.
In the present study, subjects -gave similarity
ratings to the 105 possible pairs of the 15 concepts uSder
examination. The format described wvas fo%’%ved. The data
formed input to the sgaling te hniques described in section
2.3. As noted 1in section .41, cqnveréent resu'ts between
o

association data and similarity judgment data are evidence

of the construct validity of cognitive structure as defined.

2.43 Semant -fferential Test

Semantic Differential technique (6Sqood‘g§ al, 1957)
i5 based upon the folloving three assumptions: '
(1) The process of description or judgment can be conceived
as the allocation of a concept to an experiential continuum.
(2) Many different experiential continua, or ways in which
meaning vary, >are. essentially eqdivalent and hence may be

represented in a single dimension. E
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(3) A limited number of such continua can be used to define
a semantic space within which the connotative meanings of
any concept can be specified.

In the technique, subjects are asked to respond to

stimulus words (usually nouns) in’ terms of seven point
bipolar scales demarcat: - . pair of antonymous
ad’" “tives. The format i "= itrated by the example helow.
_ HY. £SIS ' RPN
sharp *---—®-————#——— %% ——#____&—_—-* dul}

Examples of such pairs of adjectives are: good-bad, weak-
strong, hot-cold etc. The seven point.'scale is defined,
using the qood4b§d example, as (1) extremely good, (2) quite
good, (3) slightly good, (8) neutral betveen;good and bad,
(5) slightly b&d, (6) quite bad, and (7) extremely bad.
Osgood et gl have amassed a large body of eviéehce
'ibich demonstrates +hat a substantial proportion of the
variance of semantic differential judgments could \jbé
accounted - for by three *dimensions: evaluative (-~ 1., qoéd-
bad), potency (e.g., sérong-veak), and activity (e.g., fast-
slow 'he three will be referred to hélov as EPA. The
generality of the EPA dilénsions, as reported -by Wiggins and
FPishbein (1969), has since .been showvn to 'stand up across
concept domains, Fadgﬁaqes, and ~mmltures (Triandis and
Osgood, 1958; Tdnaka and Osgood, 1565: Jakobovits, 1966)
¥iggins and Pishbein (1969) used the Tucker analysis
on a set of semantic differential respoﬁses to 15

interpersonal concepts as rated by 97 subijects. initial

!

4

1
-

[

.
REIRY
"



56

analysis of group data revealed the usual EPA three factor
pattern, whtich accounted for 73 per cent of group variance.
Individual analysis, based upon ten "idealized individuals®,
revealed differences in dimensionality, differences in the
order of emergence of the factofs, and differences 1in the
factors on  which the scales loaded for different
individualé. Por individual responées, the percentage
variance accounted for by thQFRPA factors varied greatly.
For eianple: in one subject, 33 percent E, 31 percent P, and
two A factors{ 24 and 10 percent; 'ih‘ another sugﬁect, 50
percent E, 26 percent P, and no A factor; in another
subject, two E factois, 39 énd seven percent, 17 percent p,
and 32 percent A; and in another subject, 29 percent P, 18
percent P, and S6 percent A. ;

The large body of semantic differentiec: vork in' the

literature surveyed has not been related to other technigues

-for wuncovering semantic spa$9~ Convergence of semantic

differential data to th@{\\}roduced by the other two

techniques used in the . present study vould‘gabport the

- convergent validity of the constructs cognitive structure

and semantic -space. It is reasonabie to assume that these
tv; constructs overlap éonsiderably. Such convergence woulad
offer multimethod  validity, as semantic différential
research comes from a radidaliy‘different research tradition
and body of literature than either word association testing

or similarity judgment rating.
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2.5 Personality Variables

The underlying assumption of this study is that
knowledge of a student's coénitive sStructure may be a useful
tool in planning for and 1improving h{s education. The
personality .vériables used in this.investiqaﬁion have been
chosen because they have been shouﬁ in previous research to
have the potentidl to be of educational significance. (Bart,

1971; Messick, 1970) These measures will be used in

attempting a theoretically based explanation of the nature

of the subjects as related to their cognitive structure

et
results. Some correlates are obvious and traditional. These

. . ’ :
are age, grade, I. Q., sex, and science achievesment. These

A} . -
will nmot be discussed further at +this point. The personality
variables of major theoretical interest are developmental

level, analytic—synthetic‘ability, and cognitive complexity.

Developmental level 1is of theoretical interest for two

reasons. First, it has beem linked to achievement (Lawson ’

and Renner, 1974, 1975), and achievement in turn has been

linked to differences in cognitive structure (Johnson, 1965,

Shavelson, 1972). Second, devéloplental level has been

linked ¢to the understanding of analogies (Lunzer, 1962),

vhich in turn is an important aspect of the understanding of
the léaninq of concepts. Field dependence-independence is of
theoret ical interest in that it also has been linked ¢to
achievement (Hamemond, 1976).‘vThe_ notion of acuteness of
perception in a wisual context carrying over into acuteness

of perception of ’nganinq has béen investigated at length

L
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(See Hammond, 1975 and Messick, 1970). Cognitive conplexify
1s of theoretical interest iq that there is an intui tive
expectation that complexity of perception of interpersonal
relatioﬁships will transfer go cognitive situationsf

2.51 Developmental Level Test

Inhelder and Pijaget (1958) have‘ defined formal
operational ability as the abiljty to consider all the
possible relationships in a situation, ratherwthan rerely
the actual relationships. That 1is, a formal thinker can
think beyond thel perceived actualities of a situation and
consider hypothetical possibilities. éurther, he has the
ability to think in a hypothetico-deductive manner (Laﬁson,
1976) . According to Inhelder and Piaget {1958}, fgrnal
thought, beqin; to appear in adolescents at about the age of
11 or 12, and is.fully functional-by about the age of 56.
Res&arch done outside the Genevan school has tended to show
tbat‘Piaget's age estimates are optip%stic‘for more typical
populations. Such research baS'ﬁﬁgen quite thorodghly’
revievéd by Hobbs (1975), and need néi be reviewed in detail
here, However, a few cénlents quét. be -adg about the
fundamental inadequécies of this line of ‘research,
particularly as it atte;pts to uncover the factor structure
of developmental level. |

As a generalizatioh,’ Lawson and ‘Renner (13875)
estimated that 40 to 75 percent of secondary students have
failed to reach tie level ~of formal thought. In their

research, Lavson and Renner have shown the importance of
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fornai thinking ability in the high school science
curriculum. Using a panel of experts, concepts from the
biology, éheuisfry; and physics curricula were divided into
concrete and formal concepts. A sample of 51 biology, 150
chemistry, and 33 physic- senior high students vére
categorized by developmental level using four individually
administered tasks. Subjects were gréded on- a scale from one
vvo five on each task, and wvere then assigned to one of seven
q;oués rahging from early concrete to fully formal. These
groups were, in order: early, fransitional, late, and post
concrete; early‘ transitional, and late fornai. The subjects
vere administered tests ~of concrete and formal Subjéct
ratter concepts. The results wvere intecpreted by Lawson ‘and
‘Renner to show that concrete students could understand énly
.concrete concepts, while formal students  could understand
both formal and concrete.éoncepts. In a table of percentage

.correctly ansﬁered concrete | questions vsS. . level of'
development, there 1is a gradﬁal .locrease fron about 30
V petcent for transitional concrete fo 80 percent .for_ late
forlai. In a siailar table for the formal questions,
virtually no subjects below post-concrete had any questions
right, but beyond this»pbint, there vas a regular increase
frél 15 percent‘for post-concrete to 45 percent for late
formal. The saiple is, however, too small for the formation
of any firm qeneralizétions. Because of the connection
betwveen achievement and formal ﬁhinking ability, it is

important to look for a connection between formal thinking
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ébility and cognitive structure. Tf cognitive structure is
to bear any relﬁtionship to sutject matter achievement, it
appears reasonable to expect difterences in cognitive

d_structhre between concrete and formal thinkers.

e
S

It is not conmpletely clear from recent research
vhetﬂer formal ability 1is unifactor or not. Lawson and
Renner (1975) maintained that the conservation of volume
taski’ (Karplus and LaQetelli,'1969), the chemicals task and
the balance task (Irh-lder and Piaget, 1958) are essentially
neasuring.the same’ ability. Lawson and Renner used stepwise
multiple regression analysis to test the improvement on
prediction of achievement by one Piagetian task if further
tasks are includéd as predictors. Por tbéi% six achievement
tests (cpncrete and formal bioloqgy, physics, and chenisfry)
the addition ‘of a sécond predictor did not significantly
improve the squared multiple R. In three of the six casés,
the best predictor was the conservation of volume task, and
in the other three, the chemicals task. Only one of the six'
squared R's is 'reported, at 0.41. Principal cosponents
analysis of ‘their - data yielded a fizst factor ,bvhich
accounted for 62.2 percent'df the tot. variance. Thus, they
suggested that subjects can be satisfactﬁrily characterized
by only one task. / -

Bart gave the shadows task, the balance task, the
pendulum task, and the conservationm task (Inhelder and
Piaget,-1958) to a sample of 30 above average subjects fron

each of the age groups 13, 16, and 19 Years. Not enough
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detail is provided to calculate the percent trace, but
maximum 1likelihood fgctor analysis proﬁuced a first factor
on which the four tests 1loaded with coefficients ranging
from 0.62 to 0.88. Bart interpreted these data as indicating
the unif;ctor structure of the four tasks. Bart's subjects
also vrdtebthree subject matter tests 6f formal Aoperational
ability. When all seven tests and tasks uere.factor anal ysed
together, all seven loaded on the first factor with loadings
betveen 0.58 and 0.88. The tests loaded on the second factor.
(28 perceng as large as the first factor).vith coefficients
of 0-2“,>0.31, and 0.51. The tasks léaded on the second
factor with coefficients from -0.17 td -0.32. Bart
interpreted this to indicate that there vas a lérqe formal
opérational factor and a smaller test ‘writing factor in
operation. He did not mention the possibility that the st
factor was a general infelligenqg_factor.

Lawson and Nordland (1976) ad-inisgeréd ten tasks to

\32 grade seven subjects. In.a principal components analysis,

4

*% their first two factors, identified by them as concrete and
- early formal factors, accounted for 55 percent of the total
variance. T@e second factor was called "early" formal
because only three pefcent of their sample had reached the
early formal 1level of development, as judged by their
results. Ali of these studies used individually administerdd

tasks, scored on a scale of four or five points.
The need for efficiency of geéting in large scale

studies has led to the development of paper and pencil group
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tests in place of the individually administered tests of
formal operations. Raven and Polanski (1974) using Raven's
(1973) paper and pencil Tests of Logic.l Operatioﬁ; (RTLO) ,
a aixture of concrete and formal tasks, required five
factors to account (only partially Satisfactorily) for the
ability .measures.. These factors accounted for a total of 40
percent of the variance in the total test battery, which
included eight other tests as vell as the seven subtests of
the RTLO. O- > possible reason for the disparify between the
individually administered test results and those of Raven
and Polanski may be in the scoring system used. ‘The former
usually score subjects cn a restricted scoring scale (e.q.,
.1 to 4 for early and léte concrete, and early and late
formal) . The RTLO is not~restricted t¢ such a narrow range
of scores. The seven subtests.contain from eight to sixteen
items each. Although scoring procedures afe not provided in
sufficient detail in fhe report, it is poésible to picture
an implicit rule of thuab operatinq'of the nature: "If a
subject is not clearlf concrefe (2) or not <clearly formal
_(u), give him a '3'_" Such a procedure, a function of the
scoring system used and kot of the nature of the test (i.e.,
group or individual) coul” lead " to artificially high
.correlations among tests .This might account for the
unifactor structure found in the above re#earch. The RTLO,
on the 6ther hand, with more than one iten per conceptually
distinct ability, may be avodding tbe» potentiai problenm

caused by a restricted scoring system. It is difficult to

>
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dismiss the very high 1oad1ngs vhfgﬁ sonme of the subtests of

the RTLO have on spne of the factors found in Raven and

Polanski's study. Without better empirical evidence, the

factor structure of developmental level can be no more than
speculation.

The point of the speculation, however, is to cornent
on the state of the art in the Reasurement of developmental
lével. On the basis of the present evidence, the factor
structure of formal operations remains an ‘open question. The
intuitive éppeal of Lawson and Renner's subject
characterizétions, hovever,_give some measure of support to
the  wuse of restricted scoring systems for the purpose of

. w
classifylng‘subjects. It ceems reasonable to assume. that a
veighted ‘copposite of a representa: ‘v sample of :;:;\
Operational #tasks can pfoduce sensible subject
characterizations, despite the 1lack of consensus o3 the
factor‘structure of formal operétions. Some bf the problenm
cpncerning the structure of formal operations may rest with
the application of metric factor analytic techhiques to the

ordinal data produced by the restricted scoring systeas.

2.52 Field Dependence-Independence Test

Cognitive style. variables have attgacted attention
of researchers for some years (Messick, 1970). In general,
they are an attempt to account for components. of ability not
accounted for by intelligence. Anélytic-synthetic ability is
the general name for a large nusber of variables, including

cognitive control (Gardner, 1973; Gardner and Lohrenz,
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1969), scanning ({Holzmann, 1966) , flexibility of closure
(Field and Cropley, 1969), 1evelling-sharpeninq (Lohrenz and
Gardner, 1973), and, most important and longest ved, field
independence-dependence (Vitkin, 1950). Hammond (1976)/,n5§\\\\
provided a substantial and detailed review of the area which )'
need not be repeated. Theafield, according to Klein et al
(1967) suffers from an excess of conceptual and empirical
overlap éoupled wvith many competing definitions.

In an effort to brinq‘enpiriéal clarity to the area,
Heésick and'Frénch (1975) ~administered a battery of 34 tests
of speed and flexibility of visual, éelantic, a3 Terbal
closure to 541 naval cad;ts. Principal axis “wctor analy=is
producea .a fourteen ;actor solution, ¢ mtin-  fo 86
percent of the variance. The first tour tactors had
eigenvalues greater than one and accéunt@ﬂ tor 33 percent ¢
the vari- ce. These factOrs“vere labelled ideationql
fluency, flexibility of perceptual closure, “flexibility of
verbal closure, and fleiibility ‘02 se-a;¥ic“‘closure.

Intercorrelations among the first four factors jrﬁnq d fronm

0.10 to 0.25. Hine of the thirty-four ) tests 106

significantly on the second factor, whi is the one of most

.

interest in the present context. None of the 1loadings " was

higher than 0.62. The Hidden Piqures d in the

present study was not part of Messick and French's battery.
A factor solutioh such as that reported by Messick and

French is testimony tg a lack of adequate isolation of the

dimensions of cognitive and perceptual closure by available
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tests. Despite the difficulties involved in finding
relationships, educators have clung to an intritively 4eld
belief that the concept of field independence must  be

educationally important. This belief is not without

" empirical support. Satterly (1976) suggesSted that the reason

for this belief lies in assuming a link between *' ability
to perceive figure apart from ground-w.th ¢ - .lity to
"experience information a:< discrete frc the organized

context of which it is a part,” and the lack of this ability
as a parallel 1ack‘ of cognitive abilit;..Vernon (1972)
pointed . out thdat interest in this dimension froa an
educational pergpective is Jjustified only if analytic-

synthetic ability provides a dimension distinct from

intelligence.

ok 5 Based upon his review, Hammond (1976) concluded that

L 4

*

'fhere is enough evidence that the field independence
cognitive stylé variable is distinct from intelligence to
wvarrant forther research. \Usinq six classes of gradevlz
physics‘ stﬁdentS, Hammond found field independence, as
seasured by ¢the Hidden Pigures Test (French et al , 1965);
vhich is a group version éf the Embedded Pigures Test
(Vitkin, 1954) unrelated to verbal and lathelétical ability,
but related to physics achieveament.

| JUsing a sample d} 201 boys age 10 and 11, Satterly
(1976) found substantial overlap between intelligence and
field independence (r=0.41; p<.01), but significant residua.

correlation between field independence and both mathematics

T
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achievement and haptic percéption after intelligence wvas ;
partialled out.

Because of the significant but unilpréssive
correlations (generally 0.30 to 0.60) among various -easurés
of analytic-synthetic a.mension, Wachtel (1972) recommend-
the dse of scveral measures and a shared variance techniqu.

to asse field independence. Due to time and manpower

limitations, |this suggestion has n * been followed in the

present —s¥tudy. Pfield iwfependence~dependence will be
' assessed, as in the Hallonﬂ study, by the Aidden Piqures
.Test. It should be noted that the Hidden Pigures Test
correl?tes with the Embedded ﬁiqures Tegt, vhich may be
‘taken as at least having attained the dignity of age, at
r = 0.62 (Davis, 1972). This 1is one of the largest
correlations to be found in: this psyéhonetrically and
canceptqallf unsatisfactory area of research.

éésed upon the generality of perceptual skills
betueen' béth fhe visual and cognitive domains, if is
hypothesized that the meanings of concepts perceived by
those scoring high and low on the Hidden Pigr-os TYest will
differA from each other. It may be further } Jthesized that
these differences in perceptual pattérns iill be

interpretable in terms of the meanings of the concepts

rated., : ) _ i -
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+953 Cognitive Conplégggi Test

Cognitive complexity is a cognitive style wvariable
vhich deals with the deqgree of complexity with which a
subject views phenomena, that is, the nuaber of bases or
ainensions that a subject uses to make decisions. Of the
three main personality variables used in this study
cognitive complexity is in*uitively the one most likély to
be closely associated with cognitive structure. Subjects
with a many diuensio;ed cognitive structure would be
considored cogﬁitively complex, while tho#e vith a cognitive
structure of few dimensons would be considered cognitively
sinple Unfortunately, there seems to be llttle agreement in

the literature as to how to measure cognitive Conp1911ty.

As FKass has pointed out (1969) review of

.cognitive preference and codnitive comple cognitive

RV

complexity has ari§en from a tradition of per nality
-easure{;ent rather . than’- cognitiye ne'ésux;eie'ljﬁ;. The
complexity of Jjudgments ia social interaction rather than
éubject matter content»h&§‘been studied. Houever, it seems
reasonable» to expect a tranSfer of conplexlty, v1exed as a

E

nultlface*ed‘judgnental 35111*7, bet ween the tvo areas. This

expe\tatlon of transfer is pxallned in this st iy.

Klexn g; 2l ('967) has pointed out semantic and
concepntual overlap of thL. terms associated with the field.
TRey point out commonality among conceptual systenms (Harvey,

Al

Hunt, and Schroder, 1961), psychological differentiation

(¥itkin, 1962), conceptual differentiation (Gardner and
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Schoen, ;962), and cognitive couplexit} (Bieriet al, 1966).
In 'their‘ review, thej' conclude that there 1is little

correlation among «easupes of cognitive complexity.
In reaction to this state of affairs, Smith and
Leach (1972) have ;groposedy a new measure of cognitive
comglexity ba;gﬁ( upon the- Repertory‘ Grid System (Kelly,
1955 . Kelly‘ﬁ System _s adso the basis for the wmeasurc of

7 M.
Bieri et gi&ﬁl}&66), Smith and Leach, however, criticize
YB;eri's neasureiés a measure of differentiatioq rather than
complexitye. An example of the Bieri tecﬁnique’involves
havinq_sugiﬁéts generate a 1list of se;eral significant
people in their lives, and a list of&gopstructé on vhiéh to
,udge these people. Numerical judquent§§mape blaced in ‘a
1 T

people by constructs matrix. The test is écorgdap} counting
. . C:] .

the nuaber of times a person is ratwd the sané'On a pair of
. e

-~

rconstructs. The total matching. “score " for -all pairs of
constructs defines Bieri's measure of cognitive Corplexity.
1« subject with a high matching score tends to use all his’
. =0, §
. j‘:.) )

constructs in a similar manner, aod 43 is deemed cognitively
- ;\v,v,",

4

;sirg;e. Sili}arli},sdbjects vitﬂi%¥§? matching scores are
dieled cognitively complex. OQuoting .evidence based upon
;z;earch with schizophrenics, Swmith and Leach sudgested thap
-the Bieri measure confuses "complexity” vitﬁ;ﬂgohfﬁsion." To
remedy this, Saith ;nd Leach beqanhvitﬁ a .léfgg‘,fin this
exanpie, 13 .byv‘13) " matrix A6 of people ‘(£o be>r¢ted) by

concepts (oo which to rate them). With 'subjects supplying

both people to be rated and concepts, ratings vere solicited
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on a scale of +2 to -2. A 13 x 13 matrix of correlations
between consfructs vas produced from this data. Thus, a
correlation gave a measure of similarity of constructs as
used in the rating task. at this 'point in the anglysis,
Smith and Leach claimed that they bhad $Olethinq analogous to

Bieri's measure, that is, a measure of differentiation. They

hypothesized that ®the fine details of the construct %ystei

vill be more important for a complex subject than fdr a

simple subject, so that impoverishing the structure will
: % |

have a more dramatic effect on th¢ relationships between the

people for a wmoreé complex suggect" ‘To impoverish the

structure, all significant corqﬁ&atﬁaﬁs vere collapsed using

RSOV T IR

S. C. Johnson'sﬁ (1967) hierarchical .clustetlng. In one .

experluent (N = 27),; this measure vwas found to ‘correlate
‘1"‘-": i : .
0.710 Ulth- Bieri's measure of ‘Complexity. However, it vas
e . ,

tound‘to be significantly related, bfﬁythe 'Hann—ihf$ney g

2y
-

‘,/‘v

Test '(S1qel,‘ 1856) to  Harvey's (1967%# " TIB Test, a

PR ‘ W = N B . + .
projective, paragraﬁh'colpletlgn test vhich arose from the

¢

.

b

early Harvey, Hunt Jand Schroeder (1961) work. aierif§“*

-y

measure did not correlate uith‘thqﬁsﬁrvey test. Hoveveb\

a second gﬁrérilenéf (N = 42) the Smith and Leach leasure
vas oHund ;bt:%ovgeﬁéraliZe'across content domains, while
the Bieri measure did. fThe correlation'lbetveen,judging
people and other topics of interest (e.g., novels) was, by
the Bieri measure, 0.35. Thls finding has 51gn1f1cance for
the rresent study in that cognitive complexity, as mentioned

above, wmust gemeralize from interpersonal judgnénts to
124 . \ ' :

-

}
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subject matter judgments to be educationally relevant. In a
third experiment, (N = 15) Saith and Leach found one-veek

test-retest reli'bilities of 0.76 for their measire and 0.46

for the Bieri :asure.
2.6 Summary iR
. ; e Wt o
T chapter has revievid®\he literature concerned
. ) /
with con . Telationship research in science education.

Also, tue sca.ing techniques used in the present study vere
rediewed, together with literature on the Six tests used 1in
the presgnt study. ;

In summary, the present study has gathered cdncept
relationship‘judg-ents from Subjects by three different
methods. Fros these‘data, cognitive strpctuf;s, defined as

geometric representations of-relationship imong concepts,y,

vere produbed by ¢tvo multidimensional scaling techniqués

whic. are based upon different assumptions. Differences

among subjects in their perceptions of the cgﬁcepts studied
vere related to personglity data on the subjegts wvhich . was
vatnered by three independent tests}IsTbe next ;chapter
Dresgatﬁ details of the methods employed in carrying out the

stud-



CHAPTER 3

PROCFDURFE

3.1 Introdur m

This chapter outlines the actual procedures used in
the carryin, out of the study. The development of the
instrumefts used and tﬁe pilot work involved are discussed
ficst. The next section outlines the wmethods used to
estimate the reliability of the instruments, along with

: 4
reliability estimates found in other studies using the same
. . . ) &
or closely related lnstrunents;,The section which follows i’

.ﬁ}d&écusses the design of , the study and the sanpie used.
. [V ’ .
Section 2.5 presents the deffiﬁsdof the scoring “procedures,aﬂ, ﬁ&
. . B v %

and -gives justification for their use. Section 3.6 does tHe *

same for the analytic procedures.

3.2 Instrument Deveiopient

3.21 Constrained Assocjation Test

The set of concepts« chosen for this study . are

syntactical rather than substantive in nature. Because of

. . . //'<
this, they should be free of some of the subject matter

. ‘ ““—hs‘ -
constraints  [found- by" Kass {1971) vhen content oriented
I 2 .-
concepts were used. Although the concepts themselves are
interesting-as a subject of study, they serve primarily as a

71
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vehicle for the investigation of the methodology proposed in
this investigation.

" The study was begun by generating a list df concepts
associated with the scientific method. Some, such as
"evidence" and "conclusion™ were expected to be in common
use in science classrooms. The initial hypothesis in mina at
the time of concept -gelection was an hypothesis of two
dimensions of variation of‘the concepts, a tiame dilensiohf
and a certainty dimension.

The feasibility of the study vas_est%blished by
three pi}ot studies, two informal and one formal. The first

involved a bgronp of nine graduate ,students and faculty

meabers in a scgggce education graduate seminar group.- This

PR

group perforsed a modified version of. the Kelly test (Smith

and Leach, 1972). Fach member of the group ¥vas given seven

triplets of concept % hosen at random from the set of 15

used foor t é study?KFof ghch triplg&wyﬁﬁe subject vas\ggsked
to give a way in vhich one of thé;th%ee'differed from the
other two. An analysis by the ir ‘stigator of the dilensioné
of difference indicated by the subjects found the two wmain
clusters as hypothesized. A third, considerably smaller
Cluster, might have been labelled as .theoretical VS.

<

practical. These ¢three clusters accountegrkfor aﬁ‘ht 30
i .

percent of tKeJresponses to the test.
A second pilot study involved a group of °~ physical
science student teachers. All meabers of the group hkad at

>ast one deqgree in the physical sciences. Subjects wvere

A b
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asked to respond by word association to the 15 concepts used
in the study. Concepts were presented in a different randonm

order to each subject. Responses vwere in written fora.

Concepts appeared one to a r-ve, with a column of blank
spaces for responses ur - «~ac” Subjects responded to each
concept for one minute. "-e .brects were constrained to

o8

respond with *“scientific words"™. This constraint was later
modified to "think of theusgientific meaning of the word and
resagnd vith the first word vhich coses to mind". This study
focused on fluency of;response, and also produced pilot data
for use ip(testinq and debugqiné_conﬁutet'prograls yused in
the andlysis. As a result of ihis p;ldtvstudy, it'ias
é\tablishéd byvchi-squafe»test that there was no significant

3

rénce in nuaher of responses related to either stimulus

Y

™

‘ndepé or otﬁér of péesen;ation, Thete iere,i as would be
expected, -'significant ‘differences among subjects.»Kruskal
apalysis of tﬁe,qroup average relatedéess indices produced
by this group revealed ap easily interpreted spatial
representation in eithef two or three dileqsipns. It was

found, however, that tha hypothesized disensions of time and

certainty ver confounded. 1In retrospect, this seenms
/\‘ . ) .
entirely reasonable. As a scientific enterprise proceeds in
o -~
: P

time from, for example, "puzzle" to "lava or "conclusion",
the degree of certainty al.sc procresses.

Tﬁe third pilot teéting involved three grade 9
SCiehcg éné 'éhree qradqf?Q biology classes. Bach class in

each grade completed two of the six tests which vere
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adniﬁistered to the study <ample. This testing was useful in
establishing timing, chﬁininq directions, practising
protocols, and providing, in conjunction with a return viﬁbt
to the grade 9 cla#ses one nmonth ‘later, some te‘;sh—retesi~
data. These data vf&l be described below.

The final version of the constrained association
test was presented using the nodi*fgfed constraint' Just
described. That is, subjects were asked to "think of the
scientific meaning" of the’cbncept rather than to *"respond
with sciéhtific wdrds". There were fifteen different randonm
orders of pages, each beginning with a'.different .concept.
Then repeated pages were the first page and secénd last page
of the booklet. The first Page was wused 1in the primary

analysis. Appendix A presents tﬁe directions and a sample

page of the text. Hithyfgme minute per concept, and one

C g Y, P

concept repeated as a’® Ak‘on consistency, the test took 16

minutes. With time for distribhfion; bractice, and
collect ion, aduinistration time wvas aboﬁt 25 ninutés. - The
final test form wvas ﬁhoto—reduced by:half from the or}ginal
typevritten copy ou'16-pages of 8 1/2 by 5 1/2 inch paper.
There was no evidence of inability to read the reduced type
on the part of the subjects. i ? s

3.22 Similarity Judgment TeSt |

Thg&g,are 105 possiblé pairs of the 15 concepts of

interest. 1In pildt, wvork -with the student teacher group,

concept pairs were ptesented seven to the page, with twvo

pages for practice, for a total of 17 pages. The practice

oo
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paqeé came first and were the same as the second and fourth
last pages. All subjecfs had the same random order. Scaling
of group average results shoved a good comparison with the
wvord association data results. In the final study, a repeat
for consistency was incorporated. Concepts vere presented in
reduced type on half page$, using both sides of the page.
There were ten pairs per side, sggen pages, for a total of
140 judgments. Two randonm orders were used, one the éxact
reverse of the other. The first ten pairs were for praCtiée,
and vere not scored. The ‘last five were repeats introduce%ﬁ,
to fill an exact nunbér of pages, and've:e ignored. One of
the seven pages was a repeat, placed either immediately
after the practice paqe'or lgst in order to wmaximize its
separation from its duplicate. Thelpractice examples wvere
repeats from near the end of the tést, and the fillers vwere
repeats fronm near the beginning of the test. Because some
subjects repeated the page vith the practicef?exalples, and
some the page with ¢the fillers, there vere subjects who

repeated either 10, 15, or 20 pairs. In the pilot vork, a

~measuring devic- scoring the ratings on a scale of 25 points

vas used. Since it seemed to offer no improvement over a
scale of nine points, the scale with larger units was “ed.
0 k " N

Such a scale division size 1is in keeping with Miller's

(1956) recommendation. Appefdix A presents the directions

and a sample page bf the test.
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“ 3.23 Selant1c Differential Test

The pilot version of the semantic differential

instrument presented ?0 scales on whic¥ the subjects rated
N%S concepts. These w re chosen as folihys: four fromgeach of
v;.%i@e ‘'standard dimensions from a llstﬁff adjectival pairs and
th%:gslensions on which they load (0sgood and Suci, 1955),
'nd  eight from the descriptions produced by the graduate
student and faculty pilot gtudy group referreg to ‘above. The

intention vas to cover any dimensions expected from the FEPA

factors, and also to cover any dimensions unique to the

concepts chosen. Pilot work shoued%\hat subjects would not

be able to finish such a lengthy test in the time available,
so the test was shortened to only twelve adjectival pairs.
These were chgsen to give three fdr each of the EPA
dimensions, and three uniqup to the study. Accordin&»to
Osgood and Suci's (1955) rg!wlts, tb&ine scales choseu all
load kighly on one factor é “ three 66 each of the "ﬁpk
factors. According to Hagulte's recommendations (1973), 4all
subjects were presented with the adjec?ival pairs .in the
salé réndo- order. The concepts were also presonted in the
s;le random order for all subjects. Since both sides of the
page vere used, it wvas necessarj Fpﬁint:pggce a sixteenth
‘concept, "gemeralization"™, which vas ;gnoged in an%}ysiéb

Subjects responded to both sides of nine half pages,

-

allowing one repeat for a consistency check. The repeat was

placed first or last in order to maximize its distance from

its duplicate. Thaﬁfis, it was first if one of the last

*

Pl
t/
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pages was repeated, and last if one »f the first pages vas

repeated Examples of the instructions and a sample page can
IR

e roumﬂ in Appendix A.

3.24 Developmental Level Test

Desgpite the "blunt instrumentn 'néfure of written
Piagetian tasks using restricted scoring systeanms, they are a
necessity in this investigation due to time constraints and
Jample size. Since no conclusiens are to be drawn regarding
v faétorial structure of formal thought, this does not
impose any great limitation upon the results.

Despite Lawson and Renner's (1775) recommendation to
use only one task to characterize subjects, if vas decided

-

to use a coamposite score based upon four-tasks. If formal

tbouqht‘is, in fact, aultifactor, then a cdpposite score is

probably more approprlate &;?15 appearq reasbnable bo!!use,
in this study, one formal ability can not he, ma{d a;o be

inherent ly more isportant, or relevant, than- another.

The first test iteax (see Appendix A) is the’

conservation of volume task used by Karplus (K@@ﬁﬁus

Lavetelli, 1969). Departuros from the administration method

o
o

of Karplus were necessary 1n order to 'allow administration
of the -developuentaf*; test and ome of the concopt
Do - e ; B
o .
relationghip tests within S0 minutes, theV ime avallable fOt
testing 'in 03? junior high period. A modification ZEEJ/added
because of the group situation Rfd time constralnts.

According to Karplus, after subjects make and explain their

predlctlons, they are ‘shown the results of the demonstration
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.

and are alloved, if they were wrong, to ¢ ': ot themselves’

by explaining the discrepancy. Despite being told the test
did not count, the tendency to change responses seeled‘to
occur in a significant number of subjects. in pilot work.
Thus, subfects in the main study wvere not shown the results
of the demonstration until their response sheets .had ﬁeen
éoliected. There vas no  opportunity for a second
explapation. Thisﬂdeparture,fro- Karplus' method nay' cast
doubt on data based - upon this one iten only, but seemed
necessary in view of the circumstances.

The 'second item 1is a combinatorial task taken
directly from Hobbs (1975i. It is.a logical équivalent of
the Inhelder and Piaget (1958) cheuical%&;fask. Item . 3, a
controllinq' va;iableé task, is also from ﬁobbs,valthough he
used it for subject training rather “thin. testi“q. Ites u,

another variety,6 of controlling/ variables task,  uses a

diagranm fron’ﬂobbs, but the qﬁestions asked afe differfgﬁ:

oy

A
version of Karpius' "Mr. Tall and ﬁr. Short” task (Karﬁgus
and Laveteili, 1969; vas included in pilot work, but dropbéd
because of the time required for its ad-inistfastion. A

composite score, based upon the four items in the- final

version of the test vas used in the main study;'bétails of

scoring are presented below. The'four iteas were selected to

€
»

represent two of the principal types of reaéoning found
. .. .

. . poul .
indicative of formal reasoning (Inheld®r and Piaget, 1958),
} ..

that is, a consetvdtipn of volume task and a combining

variables task. These tasks are also Q&e tasks found‘to be
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“Widden Piqures Test (French ®t al, 1965) as a__measure of

79

the best single predictors of achievement by Lawson and
Renner (1975).

The conservation of volume task wvas administered
first, with all subjects watching the demonstration

together. After the first part of the demonstration,

.subjects vorked through the test booklet at their own pace.

Tasks were presented one to a page. There was no time linmit,

but all subjects finished within twenty-five minutes. After.

the booklets Hhad been éollected, the demonstration was

completed. The text of thé‘!gst appears in Appendix A.

Vaes

3.25¢Field Dependence-Independence Test

As was mentioned above, it was decided to use the

_fhis " wariable. The Hidden Pigures Test, q&onnerciélly
available from Bducational Testihq‘Service, is a timed ‘test
of thg ;bility‘to.findﬁsilple geometric patterns embedded in

: more complex patterns. The test is in tvo ten ai ‘e halves,.

@',

1)

with sixtega itews per hélg;’The-fornat is five-alternative,

aultiple bhpice. Thg‘ choices, vhich remain the same

throughout the test, are printed and labelled A to E at the

-

ktop of each page. Each half of the test occupies two pages,

Mhich can be viewed at the same time. A correction”for
A > o,

quessing is applied. With time for distribution, practice,

and collection, adlinistration time 1is about 25 to 30 -

_minutes. Because of the coamercial availability of. the tést,

is does not appear in the Appendix.

5
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3.26 Cognitive Complexity Test

Seaman and Xoenig (1974) produced a system by vhich‘
they comp:red several measures (that is, scoring systems) of
cognitive complexity using"the same response data. The
cognitivé complexity measure used in this investigation is
based directly upon one of their scorihg systeas, and ;ery
similar to that of ﬁieri. Subfects are presented vwith
ggneral descriptions of six significant individuals.

Examples of such individuals are "person of same sex you

feel uncomfortable with", "your favourite teacher from this

year or last", etc. The test presents a series of six
v TR ) . .
criteria (outgof%g~shy, decisive-indecisive, friendly-

,dnfriehdly, cﬁﬁ?rful—illhuiouced, dominant-submissive, and

considerate—incbnsiderate) with qbich.the subject is to rafe
the six individuals on a gcalé of onme to five. A SCOfg'of
cognitive §ilplicitj (tge iﬁverse of complexity) is found by
counting €;e ties in fhé'scores of eachuﬁindividual on éll
possible pairs of coatinua. This al§uhts to a.néasure.qf the

mhalo effect® in the subject's rating of the individaal. The

test was administered on ome page of paper, with directions

~on one side and the matrix on the other. Subjects were given

an example and allowed to practise.the task. The/privacy of

the pedple_ theylvere‘tating vas carefuily preserved by the

directions. Explanatién time for this test ., was about ten

1

. } : : /o b
minutes, with time ‘for completing it varying from ten to

-

twventy minutes. In every junior high class, ‘the investigator

vas asked‘ the ‘leaninq_ of the teras , "dominant"® and
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3.2 Generated Var iablex

Sect rons I to ¥. 06 deccribe  the percanality
o ot major theore: 11 I1Nteroat 1n the
Jatron, The following Lt 1on A1 sonssen other
o vhich vere  generyated o trom ‘hnldn*.\ dar g the

ot the stady, They can he Aivided tnto two
e, t hoae tealing with f(luency on *he  wor!?
t1on teat, and thoae dealing vith neorsonal

By on +the *hrm‘k:f\l&*itmrzhin testa, A Jool deal of
on 14 ohserved an the ability of subjects  to cope
he ooanstraine? 1ss50c1ation task., Aecause of this, the
ng variahles weroe  generated as hvin; pﬂ*nn*iafly
In the analysis: total nuaber of responces produced,
nrler of responses consisting ot original Xkeywords,
/
Aage of reeponses noing the orizinal keyworder, averaqge

ne s 11dex ranerated by the sabijoct, porsonal
enty scores (o he described in sect*ion 3.3} for each
on rach of the three concept relatedness measures,
crall  personal reliability (section 3.3). The firss,
and fourth >t thesn  have heenp inves*igate. . as
«d 1n section 2.2, hy Johnson (1964, 19665, 1967) and

i

on (1972, 1473, - .
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1.0 Inst*tament Relya cality

bo8r Conntrasned Association Test

Ao mentaoned above, Prooce (1976a) 1enorted g ot
I otaat reliabilivy Wy one month of 0.8~ for a4 vamnle ot
o1 thteer vear i 0 ohy Con statlent (numbeg 1n saaple not

repoarteddy | Bince the “tability Hf v qgroup average lepenpde

the  wample  17e, such g trgur e | - “ult to
1INt ep - ot Thoere 1 T1¢1n tvailabl e ' rAture.
reagrrding the reliabilivy of 10 Yividual \ { woyr
ASsocrYt1on te gt g, : «
The reliability ot the data hao beon oct pmysnd in
CVer s oways, 1, 1nvolving test-retost  ctahility.  Test-
ook 1340 aver m})v pont h tre yvyilabhle on o sample of
2inetoen arate nine subjects used in Fhe 91 st work This

Terlrata ity may he  rerorted in several waves firass, and

vielling *he lowe. "rvliabilify"'bﬁull be an A~ rrage |over
A1l b oot S O rrelations betweon relatedness 1ndices
profucel 0} ' e, on *he *wo nccasyoens; aecoand, 3
si1milar calealadrian: far Jroar Avaorage tata; thiri,
correla*tior:s between ¢« loadim - *heo concepts ac g
resuls ~f Fragokal analvei o ¢ she rr;un averige 1ta far

©ach orccasion; ant fourt;:. 1 qorinens of €1* meacure us1nag
s - mmer - ic {1+ test leccribend Annve for :rnﬁr 1virTage
Tty ~vor the tw occasi ons.

n *he maiin stadv each mabie Y recnnnded fyice 0

nne of tne concents. A relatednes inlox calculated het woen

o fe ap g Nnf roarctonses (adjusrod s compensate for +he



)

tact that the farragt vords  in the two 1 st are alsays

rdentarcal) Jirves a mea sy e o the cub ject vt g persony i
conststency on the one testing ocoycryon. Suc-h o measyr e 13
crude ¢ bhont and  certainly 15 1tself subject to

indn“vr‘i’fmi" o medAsuring ervyor. I'n retroaspect, 1+ wonld have

beon vorthwhile lengthening the terst by two minutes .
gaertan nlicate responses tor *+hree rather *han o v 1,
b Wwoeve "he calculation vhich was done ma have some

IoANINg A% a measure ot consistency,

3.32 Similarity Judgmen+t Test

-

The literature surveyed does not report data on fh#
reliability of similarity indgments. Johnson (1967) reported
correlitions between worl association data and similarity
juigment data ié the order of 02,700 A nossible way of
e=timating reliability wouldfbe to calculate the qoo?ness of
fit between inlividual wmatrices and the group average. Such
a procedure 1s rejected because, in 1ddition to edquat:>
COn{or;ity vith reliability, it would be cos*ly in terms of
computer *ime., The methoqd, lilited“houqh‘i4~§s, chosen for
.

this study is to report *he Pearson product-mor

correlation hftvpon t he ratigqs for each individual over the

- v
10, 15, or 20 Bﬁirs vhich he rated twice. Correlations wvere

A1justed by the Spearman-Brown foraula to give a consistency
pcasure  hased upon 20 repetitions. Vvhile 1t would be
rossible tec calculate the stepped-un correlation as if the
repe+ it ion were over all 105 pairs of concep*s, *this was not

considered warranted,
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N
d.41 Semantic pifterential Test
Divesta  and  Dick {(1966) and Norman (1959) have
investigated the stability of semantic Mifterential  scales.
Pivesta  and  bick  measur-d four- week test-retest stability
using 4 tetal score from the two scales which loaded highest
on each ot five factors. The <ample of 500 children, qra@os
* b T, tated 100 concepts on 27 scales. Stability nﬂfinato¥
averaqgedl  over the five !u~¥0r¥ ranged from 0.130 for qrade 2
to 0.9 for qrade 70 9 abilitiec for the BEPA factors in

ara e 1 owere: B, 0.7H; P, 0.5%; A, (.54,
Norman (1959) proposed  the use  of o stability

. . \

estimate which measares the actual size of shifte in the
AN

N

ratina < cach concept on each scale divided by the maximunm
Shift‘nossiblo. Using 30 adults rating 20 concep+s  on 20
scales ‘his  aeasnre produced less than 30% shift in all
cases. Pearson product nonpnf correlations on the saime data
dJave correlations of the ord;r of 0.661 Since the Pearson r
15 more oasilj interpreted, there seems to be no advantage
to using 3an's other stability measure. When Norman moved
from stability of scales to stability of factors, stability
of the PPA factors (using 8,3, and 3 scales) vere in “he
randqe of 0.75 to 0.79. When Norman computed correlations on
individual rather thén grounp test-retest data, the Thighest
correlation hp’fgund, oyt of 500 subiects, was 0. 37.

Heise (1969) investigated the assumptions brhind
dnalysis of semantic differential Adata. One assumption

ir »lves +he bipolarity of *he scaies. Most scales commonly



85

used are a pair of polar opposites. Assumptions made when
eaploying the semantic differential are that: (1) each
member of the polar opposite pair is the same Jistance froa
the ofiqin: sand (2), meabers of different polar opposite
pairs are at equal distances from the origin. According to
Heise, the assumptiom of  bipolarity of scales is hot
perfectly valid, but is élose enough for most purposer. A
second assumption involves the metric defined by the terms
"ﬁligh*lka, "quite®, und Mextremely". Heise quofed an
)
earlier study by .Messick (1957) in which the method of
successive intervals réQPalPd correlations of from 0.98 to
0.99 between actual and as$qned metrics over nine common
o N
bipolar scales This resoaréh vas cited in support of the

-

use of wmetric methods on qenan*ic.differential data. Based
upon the work of éiqqins and Pishﬁein, Norman, and Heise, it
seems reasonable to expect an accép’ahlﬂ level of stability
and internal con-istency on _ semantic differential
instruments wvhen useé vith the age groups 1in this study.
Howvever , interpretat.,on of factors . and generalization of
results should be undertaken only with caution. -

As meontioned above, subjects renmeated *wo pages of
the semantic differential test. Ccrrelations between their
responses on these occasions were reported, 1in. a manner

&

similar to *he similarity judgment consistency measures, as

semantic differential consistency measures.
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Suhjeéfs' data were organized to prod uce a

similarity matrix for each of the three concept relationship -

tasks. It 1is .possible to calculate an overall subiject

8

consistency estimate by assuming that these matrices are, in
4

fact, products of the sage cognitive structure .nd .should

ideally be identical. Three correlation coefficients were

produced for each subiect by taking the three tests in pairs
\

and correlating the vectors of the 105 similarities

produced. These three correlation coefficients were
convgrted to Pisher's 2 (Ferguson, 1971), averaged, and
converted back to correlatien coefficients. This variable is
erorfedL~§s one of *+he generated variables of interégt. It
way be interpreted as reflectinq both the attention vpaid to
*the tasks by the subject ana the nature of the cognitive
process es heinqg tapped. Correlations for all subjects were

low enough that the. udh\\gf Pisher's 72 to avoid ceiling

effect: in averaging was unnecessary.

-~

3.35 Developmental Level Test

There 1is considerable conceptual difficulty with the

‘problem of reliability of “developmental lewel ameasures.

Test-retest methods, because of the small number of tasks
involved, are subject to strshq memory effects. If a longer
tilé interval is uéed, there 1is the real possibilify of
cognitive growth confounding the reéults. Measures of
internal consistency, such as KR-20 and principal components

analysis, assume the uni factor structure of formal

4

<
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operations vhich is not a close! question. Nevertheless,
both these calculations are teported as egtimates of
reliability. . N

3.36 Field Dependence-Independence Test

Hammond (1976) reported correlations between the
Hidden Pigures Test and the more estahlished Pabedded
Fiqures Test (Hi;kin, 1950) in the order of 0.76 from
Witkin, and 0.45 from other workers. Jackson et al (1964),
in attempting fn.devolop qJroup  versions qf the FPabedded
quqrps Te o produced three versions of tests simil®r in

’

intent and content to the Hidden Figures Test. They reported

~correlations of about 0.60 between their tests and the

Embedded Piqures Test. While recognizing the inapplicability
of KR-214 calculations tc¢ speeded tests, they reported KR-
21's of the order of 0.75 for thgir various tests. Pleishman
and Dusek 11971), using a sample of A5 enlisted army males,
reported a test-retest coefficien*t over a few hours of 0.72.
Boersué (1968) , usinq a sample of 105 undexqraduatos,
reported a *?st—fetest coefficient ove. ten weeks of 0.63.
He also repogted KR—éb's on these two administrations of the
test at 0.79 and 0.87k' Reliability of the test for this
study will be estimated by spiit—half correlations betwveen
the 0od1 and even iteas over both hafves of the test.

3.37 Cognitive Complexity Tes*

Seaman and Koenig (1974) "presented a summary of the

problem= involved in achieving consistency of measureaent of

cognitive coaplexity. Por example, in the Bieri or similar



(o<
o]

’

Systeas, 1t dichotomous rather than Likert type. ccales for

rating by the subjects are used, the analysis produces more

. -

ties  and qgreatly affects the recylts. Tecte ot cogmi tive

complexity a5 for ratings on bhoth positive people (those to
vhom the =snbiject feels attracted), and negative people.
Seaman and  Koenig  compared  several rethods of measuring

Cognitive complexity. They compared scores  using Riepri's

g

tied rating aethods  for 1] people ~rated, for positive
people only, and for negative pooplﬂ.only, along with scores
proposed by Piedler (1967) . 1nvolving the highest Ta*ing
for a neqgative  person Qnd/or the Jlowest rating for a
positive person, anann informa*ion density model proposed
by ch}*—fﬁﬂgiTjA;Fg'Piedler ;eawurog fared quite poorly in
the comparison. Pactor analvsis showed that ¢the 5cott  and
Bieri methods loaded qui*te well on the same factor. A
variation of *he Jieri rethod, as used by Seaman and Koeniqg,
has been chosen over the Scott met hod for this

’

investigjation. Scoring details will be provided in section
3.6,

\ Fstimates of +he reliabili*y of +he cogni tive
complexity measure 4:-d in  this study have been obtaineqd

from test-retuost data over one mon*h from one of the gqrade 9

3.4 Sample and Desiqgn
Fach of the concept rtelationshin ‘*osts wid  paired

vith one of the personality variahble tasts for

I
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vdmintstration on the same toecae inﬁ OCCATon, Pairing WAt
don: an the  basis  of time oded tor adainistration, The
pairing: \u-rn:. the Hidden Piqures tose with. e cimilarity
judgmen t test; the developmental leevel tegt vi+}lh  the
constrained association test: and t he oqnitave  complexity
test  wvith +the  semantiv differential tear.  hae oraonality
toat ‘V\H always administered bofore the concept pe tionastap
toar,

The target popalation of the studv 15 the o nla*ion

\
'

A . .
ot high school saipnece studente. T+ ia +he intoen*tion of *hoe

i
Investiqgator to wksno-ral 1ze  to  individoals onlv. Since ne
. v N
Jeneraliza*ti1ons to clﬁhgqﬁ, qrades, or schools are propoced,
. \

the restriction of +he sasple +1 *wo gradec and four ~chool«

15 not viewed as a limitation of the <tndy. DBestrict ion of

the simple +o  one urban-suburban school system, howvever,

should bhe viewed as a limitation on the qeneralizability of
the reayltes,

¥i*h three *testing sessions needed per groun, i* was

nlanned to test 511 classes at each qarade level, qgrade 9 and

grade 12, each class receiving *he *testing sessions ir ane

of the s1x possible orders. Such 1 larqge sample  was  deemeq

necessary  because substantial sample attrition was experted

due_ta *he nuaber of. sescions needn! +n obtain com; iote

. ’ . ’ ’

Zlatar.  Sutjects were kept in the samnle only if they

comnleted all six tests, and if *their T.9. scoren {(for nrade

nine) and last year's achfevement score were available, The

particular grades used were chosen because *he ~chool board

f
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vdministercl cyarton uxgo 1.9. toat e in 'qrddo nine, and
because 4 maximur nonsgible “pread between the two halves ot
the - ample vy needod ¢ hnao nvestigate '1«-v-\1<)bnt'nt,\1
ALipict o f the Stuldy, Biology statent s weg o chousen hocayse
ﬂ?n-y At e usually moce typical af +hg high <i-hool populxt . Hn

than  eithor  chomiat: Y ot Physios st utontx’, Aw}\] 50, hiology
o - \

N \

' N )
Stulonta were easier to ohtain due to dlarder oWrolment g 1n
, | N

*

.
Aol ogy . A

g NS
A anticinated, *here was some ;Hf[fi('ulty obtai.ning
1 SARDL et ¢ he é‘\;ﬁy. Host Junior high =chool= in *he qrea

overate on 40 or 4% minute ner1oias. ond 1 few had t he 0
A Y

Finut periods  necessary. Further, the study was done in

N
-

April, and many grade twe]lyo - teachers were roluctant to
relinquish  three hours of ~lass time 5o clase to the and of
. } . PN . .
*he *erm. Six grade nine classed gere b*ained, four in one
school tnl two in another. Only five grade twelve (  ynaes
. . . -
vere obtained, threoeo in cne school 1nd *wn in another. The
sample  s1ze desired was not substantially affected, ac the
tvo classes obtained from one school vere team taught,
having Aouble the normal enrbleent, Por *he senior sample,
one of the six  possible orders of testing was randoaly
o

A1 scarded,

Testini ha! been planned <o that pach class woull he
visite! as+ *he <awe *ipe each veek, for *hreea weeks, with
211 administration done by the investigator. nuye to the
A1fficylties of Faster, tield +ripsg, Atc., this warc no+

possible. fans between testing seacions ranged fron four +o
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nine  lays, with afe gt foprtaen tays, Thirty of the tpjrty-
thioe oseions vefn \;ﬂ\lﬂifﬂ"“@" hy the inV“".fi(]dV()T/ and
the remaining three by the jnvestiqator's thesis super (§5or,

-

A ToREON  CoTipy VA follawed, and 111 questiony and
irrequl v thies regorgs, The  aecond tnvestigator obyptvad
the pri.21ipal 1nvgstiqAter (N two teAin; sessions to yhySsure
uniformity of adsjpin*rarion. Samole ;?'rifinn is summyvizeg
1n Tihle T. Mot of the subject O}rnrs inyylead
pisunderstanding tbe NCdpitive complexity *est or progbﬁinq
panges ot the SowANt e Il tferential test with no VArxmnrpp
The "ot her™ errors VAPZ gbtaad  evenly over *he remalfing
four tests. Tncludad  yn fpe “error"™ cateqory are MNoge
subject s who quite Shejoysly dere not  treating the hesgys
seriously. The v5laprgry gature At *he *ask combined divh
beantiful spring whatpery t9 sccount for the high ahsentAlisy
in *h\ grade 12 sanple, WhiJe it may be argued thar the
sample suffers frop Jifferential absenteeisw, this if pot
vieved as a seri:mﬁ Niwdrance t5 the generalizations fpich
it is possible 0 yaRA fromn the study. Ondoubtedly, the
average abili*y of tphyyS REYihq Arrnrs on +the test is [RZA AN
than +ha*t of *hefie Ror gaking errors. However, cincy ‘ha
personality var'’ jv QR fpe sample are reported, and yihoa
1+ is no* an 1% tiop gt  the stuly  *o qnnnraliyy *n
“tyvoical classes”, “hoRA ghoyld be no wmajor problenm luy  to

attrition.



TABLF I
SUNMARY OPF SAMPLE ATTRITION

D
Class -

1 2 i 4 5 8 7T 8 9 10 1 Tot yot
..................... - — . - e e e - e e L _
Grade 9 9 9 9 9 g 12012 12 12 12 9 12
Total .
Size » 31 26 25 26 26 26 38 21 19 34 26 160 134
Ahsenteelss 4 4 6 4 5 5 16 7 7 17 13 27 60
Incomplete y
Recordis b 2 3 3 ) 2 0 1 0 1 1 21 3
Errors
Cog. Comp. 3 3} 0 1 0 1 1 0 2 0 o0 8 3
ERRQRS .
COLLATION 0 0 T 0 0 0O 0 0 0 0O p) 0
No Variance
Sea. Diff. o 1 2 2 v 3 2 0 1 1 1 "8 5
Exrors _ )
Other 13 1 2 5 3 2 1 3 3 0 “15 9
Sample
Size 17 13 12 14 10 12 1312 6 12 11 78 54

.'/‘
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1 .
[ Seoring Proce gpes
3.51 Congtiained pAssociation Teo
. w
Responsieo:  to f\\p constraired 1sso 1ation te -+ vere
4

hantl szcynned, and the Haf;\clnnnni up for =achine scoring.

In *hi process, apellin, was corre *od, xtt aeous word=< 1n
“~

the responses, such  as  "ther and *of" .ere eliminated,

responses ot more than one word wvere linked 'ogether $o form

a long pseudn-word, and the qrammatical form of some

respon<es  was  changed (e.g., verbs  were put in p ~sent

—

tence). I+ was edpected fron pilot work that *here would be
many cases  of  responses ;hich vere different wvords, but
vhich came from *he same 1o0t, such as "conclude” and
mconclu<ion”. TIn order *o have these words contribute +o the
relatedness indices, only the first six Dletters were
compared hy the scoring program. This elimina*ed most cases,
except for "prove" and ™proof"™. In such cases, "prove" was
changed *to "proof"., It is arguned that such miffor changes in
the responses is in keeping wvwith the spirit of the
relatedness {ndex.

The technique wused in this study to calculate the
teiatedness indices differs from the Garskof and Houston
technique 1n three ways. First, the resnonse is constrained
by asking the subject to concentrate on the scientific
aeaning of *he keyword. The nature of "sclien*ific ieaninq"
is, of course, left for the subject to implicitly define €or

himself. Second, Garskof and Houst*ton *00k *he RI'c as the

-
i

results of their experiment. In this study, the RI matrix is

v



.

b1oeat o mly 1 the 1nput to the  woaling techknlgues
descrabed abovelr The indices have the tat . ot simirlartity

meacures, ta uce the scating *erminology.
.

The correctyon tactor ot milnu: are propoced by
Carskot and Houston 1o ne' ased in thic atudy. ar skot and
Hon ton 1easone d that, S1nee thoe firat words on v o two
Trat s could never bhe ¢ he Tame, Lo nlaox  could not eanal

.00 Ao thesretacal maximum. The orrect ion factor allows

the 21t S 1.00 1n a4 case whoro t e word: aliea v each
ot b tirst dnoresponses, and the 1ogt of the worde: op the
LR 11 2% = ire 1dent 1¢al 1 n niture and DOS1Y10n. Tht

correction factor has not heen used in this study hecause 1t
Allows  no 1svinction  between  short lists and long Tists
»hich are maxamally related. Using “he correc*ion factor, if
tvo words elicit each other, and then are follownd 1n the
response 115 by olther one or ton more id-on® ieq ! Teponses,

. - - )
*he PT will be 1.99. Ry not using the correction factor, the

lonqer 1Yentical lists will oro luoo ' highety RI. The

disadvantage of *his procedure = that +he thooret

maximum oOf the e ‘ness  index 15 now lrss than one.
Pnalysis cshows tor the usual rainge of va’® - - found,
the Aifforence i: : *inn makes no oract ica, rence.
For examnl-, 1n tkh 2le relatedness intex ~alcula‘ion of

Ssectinn .41, +he value i1s 5,444 yeip: the correctinn, and

C.U39 without 1t



LO2 semilacity Judgment rest

oyl the <imilarity judgmons .. e, Scciing was done
by laying a clear Plast 1¢ sheet with vertrcal  divicions  on
! ave thae Lespon se Dage <, It A b ject miasaedd oneao
jndgmens | the value ot "a1" gy yrhitrarialy nupnlyﬁd in order
not to loce the sub joct fﬁon the samplo hwcwuxv mf ) mall
Om1iilon. It he mic ed fu(w judgment <, hee was dropped from

the samplel Only three o of the 132 subjects have  had 1
response cupnlied In *his manner. I+ 1< doubtful *hat «uch
tamoering would chanage  even  individual results by  anv
notrcenble amount.,

3.51 Semantic Differential Test .

In the semantic difforential test, there ~eemed
consideratrle evidence  of subjects  refusing to  take  *he
reqnest ed judgment ©  seriously. This would 1ccount far +he
dozon suhject . who simply ran dow.  the paqges  markingy  the
same 091Nt on every  scale., Thece subjects  were casily
drtected when an 2tteant was  made  to form a  correlation
ma*rix of thelr scores. Such =subiect+s, 1< 1ndicated in

Table 7, were drorped from the sample.

58 Developmental Level Test

te

The develoomental level test was scored as fellows.,
Fach  1tem  was  wnrth  two points. Item one was the volumoe
disolacement *ax%, and vacs wnr*h ci*hor 0 0r 2 points. lnde-
the testin: condi*inn. for iton i, there. vas no opportunity
s 0 rwward  part scores. All other items were scored 3, 1, or

2.
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In 1tem two, the hamburgeg question, i a Jubject

profuced an incomplete and Unsystematic responce, he scorod
zetroo 1T he proiuced A partly  systoematic but incomplete
response, or 1t he ti1l1lsd 0 page producing permutations on
the or de 1 of 1 fow  of the  corpoct responses, or 1f he
happened upon 4 complete solution in what appeared to  he g
rantom minner, he  wcored  one. I'f he procecoded in  a
Systemaric manner, and showed evidence that he was aware of
forming combinations of more” than *wo tngredients at ime,
he  «cored two even though he may have missed nn# or two of
the fitteen combina*ions. As 4 point of interes+, only one
or twvo suhjects mentioned the bossibility of the sixteenth
himburge:, the plain aone,

Item three was the screws vrzzlel If A subject qot
non~ or one of the three rarts, he scored zero. For *wo
Torrect, ke sccred one, ana for all three, he. - scored two.
This orocedure assumes that getting only one o. the thiee
PAr*s 1s luck rather than skill.

Item four was the belts question. There were eight

-
™

par*s *o thic item, with sco-es ranging from zero *o eigh*.

RS

In the abse: o of any evidence on the behavinsur of this i{ten

vith respect to developmental level, a completely ad hoc

scoTinqg procedure ~was  devised. Since the rajority of
subjects founi the jitem very oasf, a method was - sired g
give a satisfactory Aistrihution between scores of zero,
one, and *wo. 0n +he “1ght poin* =c-ale. five or less

received zero, six received one, and seven or eight received

w



97

On the total developmental test, a subject could
scorestror zero to eight. This scale was divited into equal

thirdes. Scores  of zero,  one, or two were qgrouped  as
+
/

. {
concrete, six, seven, or eight as formal, and three, four,

'roti1ve as borderline. This system allowved a subject to miss
one  task completely or bhe horderline on two tasks and still
be qgrad. 1 a: tmal operational. At the other eond- —-af the

N

v r
5:('.11\: a4 subject could be horderline on two tasks, or ﬁnt

only ome completely correct and s+ill be classifipd

concrete.  The  system tended to err on the side of putting

~
a

sulnfwv(: in the middle group. This schene produced

TPasonable spread of develoomental level, which was roug ly

.., Lawson and Renner, 1974 ; 1975) . There was not,
however , as much difterence between the *+wo gradds as miqght
be exprcted.

3:.55 Field Dependence-1Independence Test

The Hidden Pigures tes* was scored hy the scoriwé
scheme supplied (Prench et al, 1965), both with and without
a correction for guessing.

3:56 Cognitive Complexity Test

The cognitive complexi*y test produced a six by six
matrix of ratings of icquain*ances on characteris*ics. The
scoring nrocedure looks for ties in th- ratings of the same
person on different characteristics. With S1x

characteristics, the nmaximum number of ties is fifteen per
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person, for a total of 90. Scores of complexity were the
number of ties subtracted from 90.

3.57 Expurgation of Data

ITn ctudies of vhooy 2 auti1on must be taken to
id- 1fy those subife- vho refuse to take the tests
seriously and produce meaningless or frivolous results. Hand
checking of the constrained association data uncovered two
suh%zrtg who ,vere obviously playing Jjokes. Random or
systematic pattern production, without reqard for the task
1n the semantic differential test resulted in  the Adropping
ot 13 subjpcts'from tbi_jﬂ?plg' ihy such subject remaining
would, on the individual scaling analyses, produce patterns
so  isolated and unique that their patterns would not be
taken as honestly .reporfpd cognitive structures. Such
patterns would almost certainly be interpreted as error in
the data. There is no evidence that those subjects who
remained in the sample did no' *rea* the tests 'seriously.

Tt is also important <o watch the individual
administrations of +he tests for variationi Certain
questions were expected fron pilot studies, and answvers were
scripted. Occasionally other questions arose and were dealt

with. None of +the administrations was substantiaily

different from the others.

3.6 Analytic Procedures

The following consider%fions apply *o the formation

of the sirilarity matrices. Responses to the constrained
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Adnsocidtion task were used to jroduce a4 set ot relatednesn
thdi1ces which were ured directly as cimilaritiec. A
calculated by carskot and Houston, RI's have a range of 0.00
to 1.00. The method of calculation used tn this  study  and
the maximum value are  slightly  difterent, a5 has been
discussoed 1 section 161, hespon sess to the similarity
tating rask produced o set of dissimilaritios rang 1ng from 1
(most similar) to ) (leas si1mllar)y. Thece values were
subtracted troom 10 t¢ produce o set ot similaritios. The
semantic  daitterential results were used to produce 4 se* of
cotrelations amony the patterns produced  for  each ot th.
convcepts  ratoed., ihe theoretical range ot the semantic
drtterential correlation: was =1.00 to 1.00.

The similarity judgment data  are  attected by (a)
Lesponse  sets, Jlrvibhyg vdrylug mean similarities produced by
ditterent subjects, and (b)), the tendency to  exaggerate ol
attenuate similarities, Froducing varying varidnces across
SUL jeCts. 51nCe these possibilities  had  the  potential  to

;

contounse tae analysis, and since tbey were act considered to
e ot heoretical ainterest,  the Simiiarity.judgmont data
wele standardized *o 4 woan of 10 and a stdnd;ri Jdeviation
oL £.UU within  -cach subjec. . Tue confounding thus avoided
would have allowed “hose subjects with the largest variances
1n similarity to deminate any yroup ;vordge of which they
weile a4 part.

The scwantic difterential data are diSO open to tne

possibrlity of correlaticns damcnyg concent response patterons
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being enlarqged due to response sets. For example, a subject
might tend to view wmost concepts presented as "good" or
"weak". His inability to make distinctions within each of
these dimensions would increase his averagqe correlation, and
allow him to dominate a group average. To avoid this
problem, the semantic differential corr-lation matrices vere
also reno-med to mean 10.0 and standard deviation 2.00.

In the constrained association test, the tendency
for a subject *o use a relatively small pool of vords from
vhich to draw his responses, especially to'use some of the
concepts as responses to- other of the concepts,‘vould
produce a large average relatedness index compared to that
of a suhjectAvho responded from a larger pool of words. This
tendency was judged to be of sufficieht theoretical interest
that the relatedness index matrices were analysed both as
Calculated énd as renormed to mean 10.0 and Stanaard
deviation 2.00. Thus, each subject produced a total of four
matrices for further analysis: relat@dness‘ indices scaled
ind unscaled, similarity judgment, and sémantic

e "lal. For brevity, the last two mentioned tests will
© ~"7ed *o as scaled, since they are never discussed

in : "sc Jes  orm. The matrices will be referred to below

. - "=t has heen carried oyt (Klahr,
1969; Wan ‘A .o 177 Isaac atd Ppoor, 1974 ;
Clark, 19- T fiean *he stress function for

interpre-at Xla '269) 4id a Monte Carlo



a “ ,. 101

'

study of the Ktuskal scallng technigue. His results  showed
ff\d t the method had the ablility to determine structure for
points when, 1n tact, no gsuch structure existed.  Since
. .

scaling  procedures always produce numbers, the experlmenter
must deci1de ;;ul)joct,fv<ggx the difterence between
interprotable  and uninterpretable results. Klahi's results
enphinsized t he danqger of ov'Ljntvarvtinq roshlts
particularly where  a swall number of data points are used.
To combat this-overinterpretation, he  suggested  that  thoe
Lange  of acceptable  stress  values should be conciderably
smaller than Kruskal had originally proposed. Klahr also
noted that the resulting geometrical wapping was unreliable
for fewer than ten pcints.

i tskal also projosed a sccond "5"  tunction, v o ch
he called Stress 2 (see Kruskal and Carmone, 1970). Kruskal
and Carmone have produced revised estigates ot what
constitutes "good" or "poor" stress for ditterent numbers of
data points and fer totnh Stress 1 and Stress 2. According to
Kruskal and Carmone, stress 2 values are generally about
twice the size of ﬁtress 1 values. The Montes Carlo studies
(Hagenaar and Paduwos, 1571; Isaac and Poor, 1974) reported
which 1nvestigate the effects c¢f errcr on stress all present
thelr results in terms of <tress 1. Since these studies  are
televant  *o 4 discussion of the error in the present data,
all stress values are reported a5 strecs 1. Using  the
Schoneranr and Carroll (1974) ncn-aetric rit procedure a

Ledasure oL congruence, scaling +he same data using stress 1



or 2 oproduces solatiens which cortelate at least 0.95.

Considerable wOr kK hag bhooen done on the
interHhretation of nultydiwensicual scalaing reculta. JWHajenaag
and Padmos (1971), lsaac and Poor (19 74y, and  Spence and
Gract (1974) have all carried cut donte Carlo studies on the
ottects of error on the interpretabality of scaling resulto,
The astudie:s all 1nvolve generating  results  tor severdal

ditferent numbers ot points 1o sceveral ditferent puabers  of

disensions  when  the true dimensionality ot the solution i1y

known. The similarities are then perturbed by several kuown
aaounts ol errcr, correspending to o sub ject SUror 1o
estimating the similarities. The  oftect Ot those  varlous

conditions on  the ctross values ot the tinal solutions c&n
then be observed.s Spence and Gracet have jroeduceld recsults for
contigurations ot 12, 18, 26, and ‘ polnts, but on.
present detailed results fer the J6o jolnt case. Wagendar and
Padanos  dealt wath 8, 10, and 12 point confiqurations. lsaac
and oo dealt with, amonyg others, contigurations oi 12 and
1o pdruots. On the basis ot Isaac and Pour'*s study, the data
of tne present study are best 1nterpreted as having a0 real
dimensionality ot Seree dimenclons, }nd ar contalning about
40 percent errov. The stress 2 values of abroat S50 percent
dre not unredsonable, and are well below the valueo reporcsted
for 1o randcm points. An attempt at extrapolation from the
nagoenaar and Padmnos daty wcould indicdate even less noise 1n

tne  dara ot thls study than that suggested Ly the [sdgac and

Poor results.



All three Monte Carlo stadies tndicate that an olbow
I the tpre pluJ 15 only caquifioant for the PANE SERTREE SRR
oo [ovaac  and  Poor 'y caloalatren of hruskal' metiao
det s minancy taoctron andicater that the Qo gnee:, prioo b ueed

-

by the Soalin srocedug e N t he pProecent oty Wl
! f

cotrelate abour O 7S wath the cruganal dincawmilatitien.

Colivn and Jones (1974) - porrted o Yante Carlo o tudy
10 which o parameter was rntroduced to Srtpalate g sub gect '
attentiron wandering  amonyg the  daimenzron..  of boerhaeptio

i

during a ratang testo Under conditions ol 1% point: o 1n thiee

dimensiony, with 50 vercent eriot 1o gudgoent and srmul gt

tandor attention to o only two o Ot the three dainmepsirons ot

Judgrent  at o any  one  tame, Cohenoari Jonen arailloacnioved
)

C.70 cortrelaticn betweon  egtinatod  and  actual  diot ancos.
They couciule, on thae  basic of other tosult., that othes
Yenty Caerlo studicos (eogoe, Wagonaar aod adwmon, 1971) haeve
uddﬂxvutimatnﬁ the vericusness  or "underiimeasioning™  a
colution., They 1ecommend that o dicension only be  diccar

11 the lnvestijator in certaln 1t contaln: only oritor. Th

pe

Tk no o mentlon i the  craterilon of  intersretabiiicy oo
decrding  the di1oensionality of the colu*lon. Althou;h fher.o
have heen no respenses fecurd 1 tihe literature to Conen 1l

Jonaos, Che lynoring of an "interpretabllityt Ccriterion foonc

4 soerious flaw i1n thelr conciuslone.
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CHAPTFR 4

HNESHLTS AND DISCUSSTON

.1 In*roduction

Thit chapter presenta the resnlte of the «<tuly
togethor with o discuzsion of thoir meaning a5 relateld to
the hypotheses of the study. Section 4. presents lats which
facilitater dnterpretation ot the non-metric orthoqonal
roat=ryan gqoondness-of-fit measure (Schonemann and Carroll,
197 I.in;o¢v: and  Schonemann, 1974 used 1n order to
estimate the  fit of one matrix of scaliny results  to
ano*her Tho' next secticen  reports lata per*aining to *he
reliability estimates of the instraments used in the study.
Sec*ion boy contains the results of Kruskal tcaling
vrocedyroes as applisd to *he group iverage data for «ach
qra-ie ohbtiined from @ach of the concent similarity
tnstrurents. Section 4.5 repor+*s *he Tucker scaling recults
for wesrh instruscut for each grate, the formatior of
subqrouns based upon  the Tucker results, anAd snyhsequent
Kruskal scaling nf the subaroup average 4ata. Section 4.6
dicen o5 ¢he  personality v, ._iables, and I1fferences in
these yariables among *he subgroups forme?l by *he Tucker
scaling process. Sections 4.7 and 4.8 parallel 4.5 N S

bu+ for +he cCarroll analysis. “~ction 4.9 summarizes *4e

1095
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chanter . Yor cowmpactpeas of hresentatyon, tho short forms
summar regt in Table II will be nsed as headings tor many of

the table:s helnw,

U The Soodness-of i Neasure
The purpose of this Section o o provide data whch
will bhelp the reader understand the meaning of the ghrodnesa-
af -ttt peasure usel fo AP ison of Scaling configqurations
in *he rrecent Study. The medsure will be related +0  the
RO e Tommon Pearson nrodact-woment correlation coefficiont.,
“honemann and Carroll (19 1N have precertel nonmn‘ri}

version of the arthogonal Pracrus*es rotatinan. The anodnoe ca-
of-f1it measure  which they produced was 1mpraved by Linqgoes
an! “chonsmann (1978), The Lingoes and Schoreaann measure of
. ]
1t has both a symmetric ¥ersion, in which the rotation of A
*o B omives *he same fit as the rotation of 3 *+o p, and a
non-symmerric  version, in which this is not the case. Roth
versions are houpded by 0.00 and .00,
Lingoes and Schonewann ar- "a* the non-symsmetric
ve-=ion, S, is thJ matrix an. * of a coefficient of
. . - ' . . . ‘~1 .\. -
allenation, 1.00 minugs a4 squared correlation coefficient. In
tavestigaring the interrretation of sheir gJoodness-of -fi+
measure, the following calculations were performed. Prom *+he
pool of data generated from the main ?RVgs*iaa?ion, PAlrs of
A !
. |

RAtTICH S vere ' selected  whage SymRetric Yjoodness-of-fit

Reasure s spanned the range  from 0.1° to 0.9, 111  the

— .

RALTICPR  were 15 by 3 mappinas of +he conCOh*i/ﬁthE;,,/'

7
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TABLE 11

SUNMARY OF SHORT FORMS USED IN TABLES
Constrained Association-Unscaled Grade 9 -«.CAD9
Constrained Association-Unscaled Grade 12 ..CAU2
Constrained Association-Scaled Grade 9 «<-..CAS9
Constrained Assocliation-j;caled Grade 12 ....CAS12
Similarity Judgment Grade 9 DS 30 ¢
Similarity Judgment Grade 12 ceeccteeceeaaSIT2

I ~

Semantic Differcatial crade 9 ...........%. .sp9

Semantic Differential Grade 12 c e e ene e «s+.5D12
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tnvest g gatron, Raced npon the value S, 2 va e 1 ¥
valoglate? uE g the tormuala supplae by Linagoes and
Schonemann. Yo each pai: ot mytrioes, A and B, A

cortelatien cootficiant wast ecaloulat et hoetwoen the values of

i

H, ind *he values ot BHAT, *he Hoo ' rotation of A to {1 R

This correlation coetficiont was calceul atod DYy 1etormint the
49 entriec o in o each martrix into g vectoar, and correlating the
values in *he vectora, As can he c-een from Table ri, the
correspondonea boetweoen the r deraived from o 10 the
correla*tion coefficient i viT*tually perfecs. 1+ shoul? b
noted thas, while these calcevlations ofter a benchmark by
vhich to interpret the goodness-of-fit measure, they 15 not
provi le anv criterion for Judging the =ta+y=tical
staqnificance of the 5 and r v11u0ﬂ; For the  convepience of
*he reader, bo*hk the svametric coefficient of 1l1enation, 58
ind the  Jerived r ovalue will he reported {or any -—atrices
compared gn the ramainder f this report.  The symmetric
coeftficient  of  alienation, 5SS, 15 *he square root nf +he
non-synretric vaersion, 3.

To 1ss15* fur*ther in interprotation of the S valanJ

g

e

cure 3 shows the rlots  for 5electedl dimensiors of two

¢

"
he

irs of matrices in three dir~nsions. The arrows go from
© ovnsition of each ooin* in matrix BHAT o the

cnriresponding position 1n  matrix 7, It can be seen frorp

v

Flgure 3 *ha* an S value of N.51 {(r=0.86) corresponds *o a
2217 of natrices w - - the 2ajority of points shif+ing onlvy a

small :mount, At ~ 5 level of shift, howevar, some Dossibly

~
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TABLE 111

RELATYICNSHIP BETWEEN GOCDNESS-OF-FIT FUNCT ION
AND CORRELATION COEFFICIENT

Trial 58 I From S Corr From
Matrices

1 0.17 0.99 0.99
2 0.38 0.92 0.92
3 0.51 0.86 U.86
4 0.62 0.78 0.78
5 0.77 0.6u J.64
6 0.85 0.53 0.52
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interpretable  trends, such as the shif+ in points in the
lower Teft hand quadrant, can he seen. FPurther, an SS of
0.96 (r=0.28) corresponds to large shifts in almost all
points. Such ubiquitous shifting would lead *o substantial
differences in interpretation of the meanings of the

dimension-=.

4.3 Reliability of Tnstruments

Reliability estimites for the instruments used 1in
the study are summarized in Table IV.

There are five estimates of rpliabiikty of the
constrained associa*icn test based upon the te<--retes* data
collected from a sample of grade nine subjects not parct  of
the main study. The first estima*e listed was obtained by

correlating the two vectors of 105 similarities produced by

each subject on the two occasions an? averaqging .the
individual c¢r-relations over the 18 subjects;4 Since
reliabilities or individuals are rarely reported in the
literature, the next ¢two estimates are reported for

comparison purposes. The similarities were averaged over the

subjects, andqd the two vectors of 105 averaged similarities

prodhced by the group on the two occasions were correlated.
This calculation was pefforled "en both the scaled and
unsgaled similarities. Since the norming wvas done %before
averaging, it is coincidence only that the correlation

obtained is exactly the same for the =<=caled and unscaled

data.



TABLE TV

SUMMARY OF RELTABILITY ESTINATES

Test -Retest (N=18)

Average Indiv. Corr. 0.33
Group Corr.-Unscaled 0.76
Group Corr.-Scaled 0.76
Kruskal Goodness-of-fit Scalnd 0.53
Kruskal Goodness-of-fit iInscaled 0.70
Personal Consistency
Grade 9(N=78) 0.u6
Grade 12 (N=54) 0.4?2

Simalarity Judgment
Personal Consistency
Grade 9 (N=78) 0
Grade 12(N=5u) 0.51
Semantic Differential
Personal Consistency
Grade 9 (N=78) 0.60
Grade 12 (N=54) 0.64
Similarity Measures
Average Consistency

Grade 9 (N=78) 0.20
Grade 12 (N=5u4) 0.16
Developmental Level Test
KR-20
Grade 9 (N=78) 0.45
Grade 12 (N=54) 0.50
Prin.Coap.-Variance on First Pactor
Grade 9 (N=78) 0. 38
Grade 12 (N=5u4) 0.43

Hidden Pigures Test
Split Halves-Correction for Guessing

Grade 9 (N=78) 0.77
Grade 12 (N=5u4) ‘ 0.78
Split Halves-No Correction
Grade 9 (N=78) 0.76
Grade 12 (N=54) 0.77
Cognitive Complexity ‘

Test -Retest -0. 11



The qgroup average data produced by the group on the
two occasions were analysed by Kruskal scaling, and rotated
to a best fit with each other. The SS values corresponding
to the r values in Table TV are 0.RS and 0.71 respectively.

possible explanation for these two reliability estimates
being so different might lie in the difference betwveen the
average number of responses and the average relatedness
indices produced on the two occasions. For the pretest,
these values were, respectively, 80.7 and 0.0%, while for
the posttest, they were 101 and 0.10. The effect of the
rescaling procedure would be different in the *wo cases,
adversely affecting the test-retest reliability.. Such an
increase in fluency on the retest might be attribuged to
familiarity with the instruneqf. The two testing, occasions
vere one month apart. The goodness-of~fit r for the unscaied
data can probably be taken as a better estimate of
rellability than can that for the gescaled data.

No similar test-retest daéa are available for the
older group. 'Since the reliabilities for other measures
reported in Table IV show no substantial differences hetween.
the two grade groups, it may be reasonably inferred that
'test-retest data for grade twvelve Subjécts,vif They’were
available, would not+ be substantially different from that of
the grade nine subdjects.

The persodal consistency. estimates for all three

s nilarity ‘rating tests were calculated as described in

Chapter 3. These personal consistency estimates are judged



to bhe satistactory.

The average consistency measure p. - ~ed by each
subject over the three similarity rating te produced
quite a low consistency estimate. As noted i chapter 13,
such an estimate assumes that the three tests ar tappiny
ident ical cognitive structures. Thus, the estimate 1s

confounded by having to make the same type of as—umption as
made for the estimates of reliability of the developmental
level test. That is, it is not clear whether the correlation
.COPfflflpnt is measuring convergent validity or consistoncy
reliability. Keeping this doubt in wmind, it may be
hypothesized that the consistency estimate is nnt out of
line with the only other individual reiiabilities reported,
those for the st-retest on the constrained association
test.

As expected, theh available methods of estimating
reliability of the developmental level test do not produce
very high reliability estimates. Possible reasons for these
results have been discussed in Chapter 3.

The Hidden Pigures Test produced reliability
estimates in .keepinq with expecta*tions= based upon values
repdrted in the literature. The cofrection for . quessing
seems to have no effect. As an aside, *he correlation
beotveen the corrected and uncorrected scores was 0.99.

The " reliability es+imate for the cogni tive
complexity test reveals it to have an unacceptable error of

measurement. This can possibly be explained by the size of
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the matrix used. Seaman and Koeniqg (1974) discussed larqer
matrices (8 by 8 and 13 by 13) than that of the present
study. Tt 1= pOSRi%lO that, with only =ix persons to rate,
‘
the measure was too dependent upon the nersons  chosen. For
the posttest, subjects were asked to rate the same persons
if thev could remember who they vérv, or to rate different
persons if they could not. Fourteen subjects reported that
i '

they used different people, three +hat they tried to

remember who the persons rated on the first test were, but

¥ere not* very confident that they had been succer v, and
only one su ject indicated that he was certain he ing
the same persdns. Considering the difficulty wh. o

nine subjects had with the directions and *he length o
needed to coamplete a six by six m trix, it i1s difficult
see how, given the time . constraints of ¢the study, the

judqgment matrix could have been enlarged. Given that the

Ve 1
L~

grade twelve subjects did not experience even a fraction of
the difficulty with *his test experienced by the grade nine
subjects, 1t might be hypothesized that a similar test-
retest for grade twely subjects would yield higher
reliability es ' ates in this part%cular test. It 1is
unfortunate that subjects were not available for =such a

testing.

4.4 Group Average “Sults
Rruskal scaling was performei on the group average

results. The stress values for solu*ions in fror six to +two



dimensions are reported  in Table V. For hrevity, the data
sets will be referred to hy number, as given in Table V. As
mentioned above, the purpose of reporting group average
solutions 15 to assess the overall dimensionality of the
cognitive <structures under investigation. Using the "elbow"
criterion as a rohqh 1de, data sets 3,5, and 8 (CAS9, s5J9,
and 5SD12) seem to require a three dimensional solution, Adata
sets 2, 4, and T (CAU12, CAS12, and SDI) seem to foquiro a
four dimensional solution, while Tthe decision in cases 1 and
6 (CAU9 and SJ12) is not as clear. As noted in chapter 13,
Wagenaar and Padmos (1971) maintain that the elbow criterion
is applicable only in cases of rror free Jata.

A decision -was taken to report only *hree
dimensional solutions in all Cases: for the following
reasons. First, the data are certainly no+‘ errorless, and
thus, according to the criteria of Isaacvanﬁ Poor (1974),
the stresc values. for the three dimensional, solutions are,
in all eigh* cases, acceptable for a situation in which the
data contain errors in the order of 80 percent of the
similarity values. TIn 1light of the consistency and test-
retest reliabhility es&imates reportpd for *he data in +the

previous section, the assumption of such an error level in

the data seems reasonable. Second, *he s+uldy 11 an
investiqagation of . 1individual differences 1in cognitive
structures. Tt subjects Tare regrouped accozding ‘o a

criterion of similarity, such as are oroduced by Tucker or

Carroll scaling, i* seems reasonable to expect a subgroup to
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RUSKAL

FULL
SOLUT

GROUP
1 ONS

Da*a set

1.Constrained Association
Tnscal ed Grade 9(N=TH)

5
2.Constrained Association
Unscaled Grade 12 (N=Su)

J.Constrained Association
Scaled Grade 9 (N=78)

U.Constrained Association
S5caled Grade 12(H - 54)

5.51milari*ty Judgaen*
Grade 9 (N=78)

6.%1milarity Judgment
Grade 12 (N=5u)

T.Semantic Different.
Grade 9 (N=78)

3.5emantic Differmsn+tial
srade 12(N=54)

5.1

12.7

14,0

15.8

14,1

15.5
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be more howoge * than the ¢! ample. A pos<able reason
tor requirting a four dimensionat solutron woull occeun na
Situation  an which  pars of the sample based judayment s on,
tor example, dimoenaions Te 2. and 3, while anot hor part ot
the sample hased fudgment s upon, say, dimensions 1, J,oand
U. Analysis of subgroups in ﬁUCh‘A Case wonld produce  *hree
dimensional solutions, Yith two of the dimensione similar,
but the third one Tifferent, Such an occurence  in the
present study  cannot  bhe ruled  agr. Third, based  yoon
expectations  from the pilot work, *hree dimensional
folutions would be  more readily  interpretable than four
dimensional solutions 1n thic Sstudy. Pourth, di*t: sete 2, 4,
o
b, anl 2 from Table V are qrade twelve data. Becanse of the
smaller sample size in grade fy01v0, these data asetg may hae
exr ~ted vYo contain  more “rror  of  measurement  +han the
laryer qrade nine sample data. As will bhe reported in detail
Irter, this point is supported by stress values for scaling
solutions of <small®r subgroups in  jeneral. This would
account for *he relatively high stress values found ip +he
CAU12, CAS12, and SJ12 data. Fif*h, and 1n par*tial
contradiction to the previous staitement, 1 Case can be made
for three dimensional solutjone based upon the reliability
measures of Tahle Iv. Based upon the personal consistency
B i=ures for the *hree tests, the grade nine =ample had s
error 1r the constrained association and similarity judqgment

tests, while the grade twelve sample had less error  in the

cemantic differential test. Alzhough the significance leve]
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‘ \. .
of *he cHnpwystency measure canno be estimyted trom the
N

/

/Aat.“ an i the IMference bhetween the grades i small, the

/// trend 1ndicated wvould vredict higher streass values tor casee

Je U, b, and 7, and Jower stress values for canes 1, i, 9,
and B, Sixt® as will be reportel in cection 4.7, one of the
resulss ot the cCarroll scaling analysis 15 a4 correlation

between the scaling solution and the 1 aw data input for each
subfect . The average correlation bhetweoen data  and solution
d1d not dimprove sutficiently when moving from three to four
dimensions *o warrant  reporting of four dimensional
solntigns for the Carroll scaling analysis.

- The dimensions revealed he  Xruskal analysic are
arbitrary, and therefore solutions for the Adifterent data
sPts  cannot he comparel  directly with each  other. The
solutions must be rotated to some  common tar get betore
comnarisnns  are  possible, Since  Carroll and Chang (1970)
®ain*ain *hat +the limensions fount in their analysis are
meaningful, one of the qroup Aaverage results from the
Carroll aralyses was arbitrarily chorsen as +the coamon *arget
to which to rotate the Kruskal results of the ei1ght data
sets. The sclution chosen was *he grade nine similarity
judjment solution. Table VI renorts the three Adimensional
Xruskal solu*ions for +he eight data sets ro*tated to a
common target. Again, bec:ouse of the arbitrary nature of the
arien*ai+ion, 1* should be nnted as an aside that no commen*
can be made concerning the relative importance of each

dimension based upon +the size of +he average loading on each
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drmension.

Tn chanter. 3, 1t vas  noted *hat *he : asions
Intervreted  as time  and certainty were confounded in the
Prlot work. This préblou, as expected, has  persisted  into
the  miin st Tn attempting to -label tto Adifferent
dimensions, relatively subtle differences in loadings of‘fho
contents  have  been  focused upon 1n  order to create
d1s*inquishable labels. For example, +the main distinjuishing
feature  af g &imﬁnsion labelled "temporal™ rather than
Cur‘4,1>?\7§“tﬁs presence of a high loading for +he concept
"conclusion®, S?ﬁ{tdrly, the disfinquishinq featnre of a
dimension labelled ”Xﬁr*ain*y" rather +han "Creativityn i
high 1oadings  for khe concopts‘ puzzlen >141 "question”

) N
Tather *han "imagination"™ and "hyr “hesis™. As will be seen,
these various dimensions are rarely clearcut. The terms
"law", "facen, "ovidencen, and "proot" tended ¢o cluster
gquite closely together nn zost Aimensions. Thus, *hey were
Myt useful for distincuishing dimens-ns. The concepts a1+
e
+he opposite ends of the continua from these ternms, e.g.,
those which were "less certain", M"earlier™, or ‘pore
creativen, 4o-- usually the best basis for labelling the
dimensions, The label "theoretical wvs. oprac+icaln® vas
employed on those oscasions wher "law™ or “theorv" -as close
to "hypothe=is™ and opposed to "conclusion", "fact+", or
"discoveryn. A suamary of interpretations given the Kruskal

con”  :rations 1s presented in Table VIT.

S

or the unscale’ grade nine constrained association

ray
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TABLE VII

SUMMARY OF DIMENSION INTERPRETATIONS FOR RRUSKAL
SOLUTIONS OF FULL GROUPR DATA

Data Set Dimension

1 2 3
CAUY 1 2 4
CAU12 1 J 0
CAS9 1 Z 3
CAS12 1 2 0
5J9 1 2 1
SJ12 1 2 3
5D9 1 2 0
SD12 1 3 0

No clear interpretation
Certainty

Creativity
Theoretical-practical
Temporal
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results (CAUQY), th first dimension  has  been labelled:
"certainty". The <concepts "puzzle®" and "question" are
opposel to the cluster be "law", "fact", "evidence™, and
"proof”". The concepts "conclusion™ and "explanation" do not
load highly on this dimension. Dimension two, which clusters
"hypothesia", imagination", and "interpretition™ opposite
"discovery", "law", and "proof" has heen labelled
"creativity" The third dimension  has  been labelled
"temporal®” bec.use of the high 1loading of the concept
"conclusion™, "Conclusion " has been.chosen as a relatively
clearly "temporal’ rather than "certainty" concept.

In *he second se+ of rpsdl*s, t+he- grade twelve
unscaled constrained association (CAU12), the first two
dimensions have been labelled "certainty" and "creativity",
but the +hird dimension has been lef* unlabelled because of
the puzzling coupling of "conclusion" with "imagination" and
"hypothesis" in opposition *+o "discovery", "evidence™, and
"explanation".

The effect of the rescaling of the grade nine data,
CAS9, 1s most noticeable in the third dimension, wh_ch has
been labelled "theoretical-practical® rather than
"temporali”. The first *wo dimension labels remain *he same
as for the CAU9 data. The third dimension of CAU9 was
labelled as it was because of +he ~oupling of "law" with
"theory". 1in oppositicn *o "discovery" and "conclusion".

The rescaling of the_qradp tuelve data (CAS12) had

no effect on the labels of *he firs* *wo dimensions, bu* the
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third dimension, although quite different from that of the
CAU12 data, still remains puzzling and unnamed.

The grade nine Similarity judgment dimensions were
la. "1led "certainty", "creativity", and "certainty",
respectively. Dimensions one and three are correlated 0.S54.
No other label was deemed appropriate for dimension three.
The corresnonding dimensions for the grade fvolvnfsamplo
(SJ12) were lahelled “"certainty", "creativity", and
"theoretical-practical".

The semantic differential data seemed to require
considerable stretching of the rules cstablished for
latelling the first six matrices reported. For example, in
the grade nine gata (SD9), the first diuension was labelled
certain+ty despite the fact tha* "guestion" did not occupy,
as in the first six data sets, 1ts usual positiqn quite
close to "puzzle™. Similarly, dimension two uas‘labelled
"creativity" despite *the absence of a high loading for
"imagination"., The third dimension vas not labelled. In the
grade twelve data (SD12), the first dimension wvas labelled

4
certainty, but the second dimension seemed closer to the

criteria for "tgeoretical-practical" than "creativity":
because of the large loading for "experiment®, Again, it was
not possible to na:% the third dimension.

In summary, a few limited generalizations about the
conqept ;ercebfions as indicated by the Kruskal solutions

~can be made. First, the dimensions of “certainty"™ and

_"creativity" (with one exception) seemed relatively stable



throughout the eight  sets  of data. The third dimension

varied enough that it seemed to require different labels for
the different sets of data. There are no obvious patterns
across eilther similarity measures or grades for the meanings

assigned to dimension 3. The concept "jimaginationm™ war KS

general, not as isolated for the grade twelve sample as it >

vas for the grade nine Ssample. Because of its relative
proximity +to "hypothesis; and "theory", *he concept
"imagination" could perhaps bhe viewed as more accepted as
part of the scientific reasoning process. This in turn could
reflect a more mature appreciation of btho role of
imagination in the work of the scientist. The concept
"discovery" appeared not to bhe Freated in the sense -of
discovery of a theory, but more in tﬁe sense of invention.
When it plaved a significant role in the defini+tion of a
dimension, it vas usuall? grouped with "™lawm- ang
‘"conclusion™ rather ‘than "theorym. .Finally, *be four
concepts "law", "fact", "rroof", and "evidence" were guite
consistently clustered together. A main purpose of this
study was go search for construct validity of cognitive
structure. Tt was hypothesized that such validity would be
achieved by production from , the data of scaling
configurations interpretable _in the contei* of the 15
example concepts cho§en for examination, and by cdnvergenco
of the;o configuraticns.produced from the da*a of different
simiiarify rating tests +to the same solution. The results

‘presented in Table VII and their discussion have provided

s
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the first part of this evidence for cgnsfruct validi*y: The
results presented next address the second half of the
construct validity of cognitive structure, discriminant
validity.

Further detailed analysis and reporting of the
cognitive structures of the various subqgroups formed in this
rsfudy could amount to information overload for the reader,
and because of the volume of data involved would Aistract
from discussion of the more importan} questions of
convergence and individual differences. PReporting of the
structures will be confined to the use of the goodness—of;
fit measure unles§, in a particular case, a point pertinent
to the main hypotheses (convergence and individual
differences) of tpis investigation can:be made by reference
to the concepts themselves. The example concepts chosen are
not themselves central to the hypotheses of the study.

Results pertaining to the convergent and
discriminant validity. of the three tests are summarized in
Table VIII. As stated above, "SS"™ is the symmetric goodness-
of-fit‘measure between the rotated matrix and the target
matrix, and "r" 1is the corresponding correlation (see Table
ITI). The top section‘of the table reports the effect of
rescaling the constrained association data té minimize
effects of differences in fluency of response. These data do
not directly address the issue of convergence, but are of
interest in terms of the behaviour of the constrained

association data. Although, as reported in the previous
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TABLE VIII

GOODNESS-0OF-FIT MEASURES FOR KRUSKAL SOLUTIONS
OF FULL GROUP AVERAGE DATA

Rotated Target sS r
Matrix Matrix
'ffect of Scaling
CAU9 CAS9 0.135 C.94
CAU12 CAS12 0.23 0.97
Converqgent Validity (Grade 9)
CAS9 SJ9 0.u2 0.91
CAsS9 SD9 0.78 0.62
SJ9 SD9 0.77 0.64
Convergent Validity (Grade-12)
CAS12 SJ12 0.85 0.89
CAS12 SN12 N.74 0.76
SJ12 5D12 0.64a 0.76
Grade Differences
CAS9 CAS12 0.63 0.78
SJ9 SJ12 0.38 0.92

Sn9 SD12 0.71 0.70



“tion, the labels for the dimensions wore not consistent
for fhn scaled and unscaled cases, the qoodness-of-fit
measures 1ndicate little d.fference in the ‘1trices. Tt can
be tentatively concluded that, for the full group average
data, rescaling has little offect.

PThe next fuo sections ot Table VIII summarize the
evidence for the convergent validity of the instruments. As
such, they address one of the major hypo*heso< of the s*tudy.
For both the grade nine and grade twelve data, there seeas
to he go0o0d convergence hetuween the constrained association
and the similarity judgment results, with substantially
poorer convergence for the semantic differential results
with *+he other instruments. The poorer convergence of the
grade nine somantic dAifferential results compared to that of
the grade twelve classes may be attributed tno the gre- -
difficulty experienced by the grade nine subjects
semantic differential test.

/~

The bottom section of Table VIII summarizes data—"~__
vhich indirectly aldresses the discriminant validity of the
instrumen’ 5. The as:umptior which must be made in
interpre*ing these goodness-o>f-fit m%asures a= discrit.nan#
validity.indiées 1s that the cocnitive ructures of érade
nine and *welve subiects are actually differ~n* with respect*
to the;é> con repts. According to Campbell and Fisie (1959),
the goodness- “-fi> neasures in the botton section of the
table should be substantially lower +han tnose in the middle

two sections in order to oprovide positive evidence for



construct validity. As can be seon, this is no* the case.
However, as  pointed oyt in chapter 3, we have no wvay of
. .
determining the exten*t to which +he cognitive structures of
grade  nine  and  twelve subjects  should differ. Recause
subijects separated by graile may not differ substantially 1in
cognitive Strucfhro does not rule Qy* the possibility +hat
there exist other variables along which subjects may be
grouped in order to isolate differing coqgniti ve Sffuc*urOS.

The individual scaling sections of this investigation are

addressed +o this issne.
7

. The convergence and di;crimina*ion among the scaling
configurations have addressed fhn hypothesis of construct
validity of cognitive structure, Convergence het ween
constrained association and  similarity judgment was aquite
high, with the semantic differential instrument yielding
solutions which did  not converge 1s well. It may be
hyper*hesized *hat *the semantic differential ins+trument did
not provide enough bipolar scales +0o cover all the
dimensions of semantic space along which subjects were
rating concep*s as revealed by the other *wo instruments.
Whether or not the ipstrumeqt could be modified to provide
better convergence with the other two Instrunents is a

patter for fur*her investigation.

4.5 Tucker Scalin Results-Cognitive Struc*ures

P

The Tucker scaling s-ocedur~ consis*s ~€ a DT17 tipal

components analy*tic ster, a _~cision on grouping of subiects



by the anvestigator, and a Kiu.kal sealing  step. Table [
resents the vpercentage variance accounted for by the litST
nine  factors  for each ot the  oi1qght data  sets taken
ceparately.  Since the last six data sete were all scaled *o
mean 10.0 and standard deviation 2.0, the firgt factor in
these carses 124 mean factor. I'n *hese cases, *+he first
factor wis not included in *he varimax rotation to simple
structure. All Subinf* loadings on this factor were, within

rovnding-error, equal, In the first 4wo da*ty sete the first

factor is prob:b.,; also bhest interpreted 1. a1 mean factor.
However, since the percentaqge variance ‘s subs*antially
lower in this case, and since subjec* loading: were not
~qual on 7 first factor, the tactor was retained  for the
first +two lata sets. Percentaqge variance fo- +he remaining
factors in the last six cases is oxpresse? as percentaqge
of variance vrexaining excluding *+he ficst fac*or. This
accounts for the fact that the percentage variance accounted
for i1in +the +:hle exceed:= 100 percent. For the unscaled data,
the first +two sets, the firs* factor was retained for
rotation. Scree tests perfomed orn the percentace variance
|uggest ‘n sone ca%é%;(e.q., da~* e 3) ho- v factors
shon:1i be retaiﬁ:%, but in mos ises the decision is not
clearcu*. Since the obiect of the rotation is *o forn grouns
of subjects, 1+ wvas arbi*rarily dec:iied +ha* Ffour arounps
would be a reascnable number *o attempt to f0-31 on the basis
of each data set. ¥ar +his reason, four fac*orc yere

retained for varimax rotation. For the first “v0o data  sets,

/



TABLFE TX

N TATED TIUCKER FACTORING~PERCENTAGE TOTAL VARIANCE
ACCOUNTFD FOR BY FIRST NINE PACTORS
FOR FACH DATA G5FET SFPARATELY

Factor s
1 2 } i4 5 f 7 S )

dTata set

1. CADQ 5.5 5.8 3.1 2.8 2.5 2.4 21 2.0 1.9
2.oCAn1L H2.7  S.1 3.3 2.4 2.y 2.2 1.9 1.6 1.5
3. CASO9 7.2 8.0 T.40 kL2 5.3 4.3 a7 u.3 0 3.9
4. CASTL 97.1 Q4.2 6.6 6.5 .9 S.8 5,3 4.6 4.2
5. sJa I7.3 7.9 k.1 S.2 4.4 4.0 .6 3.5 3.3
6. SJ12 S 7.6 5.5 5.4 5.0 4.5 4,2 3.8 3.7
7. sbAa 96.5 7.3 6.3 5.6 5.3 5.1 4,5 6.2 3.9
. 5D12 96.6 9.3 8.8 T.L 5.7 S.5 4,9 4.6 4.2

Data sets 1 and 2, percentages calculated including first

de<Q£;\t"‘,
Data geFrs 3 +o 8, percentages calculated ¢ . cluding first

factor.

~



factora et o tour wepe used, while tor the remaining data
sets, factors two  to fyve vera nse i, Loadings  of  the
V:U)\jc’é’~i (Tuckerts v - loading ot people  on principal
vectorsy on the untotated a4 -t opea are  nresented in  Tables
XX\II to XXX in Avrendix B,

e loadinas ot Tables vy Y111 to XXX were rotated +.
simple structyre by the wvarimax rtotation. Rexuits gre
reported 1n  Tables XXXI  *o XXXVII] 1n  Appendix  R. Anp
objective method of leciding group mombnrﬁhip on  the  basig
ot these  loadings  sas  deviacd accordiing to +ha following
scheme., Tt a sabject loaded greater *han 1.90 on nmore +han
one  fa ctor. he  was not placed in a aroun. If a subject's
highes* loading was less than one and one-half +imes as
larte  as his second highest loading, he was not nlaced in a
aroup. If a subject loaded 1ess than 0.50 on all four

factors he WA s no* placed 1n a4 groun. Subiec*t +n t hese
’ by ' J

rules, suybiect*s were grouped according *o *their hig: =+
loaiiny, By this amethod, mutually exclusive hyt phe

exhaustive ~~vups were formed. Group membershio i Dresenfod
in Table X 2r-11, 61 percent of Subjec's were assigned to
groups. I* is oprobable +hat those excluiel from agrouns
produced da*ta which differed substantially ern the group
average. 5uch subjects may  have contributed g relatively
l2c3e  oropor+ion of what vis labelled ~rror in ‘e data. As
could be predicted from the size of the goodness-of -fit
Teasures between instruments, there Are no consistencies of

grour membership acroscs the fouyr grourings a* each grade
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TARLF X

SUMMARY 00 GROUD MEMRERSHT P

BRY TNOCKRR SCTALING

Group N Subject ID's
CATR Grp U200 2,111,119, 35, 16, 57,56,98,61,62,6U,65,66,67,68
69,73,76,77,7A
28 1,16,20, 28, 19,40, 5%, 59
Vo132, 36,37, 19,42,43,86,U8,50,53,63
O, 9,13,23,28,38, 07, 5y
CAYZ Gop Y 6 11,20,23,39,41, 47
2 R 3, A,14,22,25%,30,18,50
Y5 16,27,24,44, 09
YT L T, 9, 12,03,17,08, 26,27, 08,31, 34, 6 00, u;p
4R, 3
CASY Grp 109 2, 5,26,04,06,49,60,63,70
2 10 17,18,19,22,30,67,71,73,75,78
39 1. 11,23,28,36,56,57,58, b4
4 169, by 16,25,29,36,37,39,80,42,43,149,62,74
CASTZ Gro 1 10 4, 5,10,14,18,27,28,31, 34,44
29 1, 8,13,16,21,25,35,36,50
38 6o 9,20,23,26,080,52,53
G oY 3,11,24,39,43,46,49,54
509 Grp 141 1, 84,15,33,43,47,49,51,56,69,78
2 10 18,27,28,29,42,54,55,58,68,70
112 i, 6, 9,21,30,41,45,46,73,74,75,76
41t 8,13,19,213,32,34,35,39,50,53,67
5112 Ghen 17 &, 7, 9,18,26,4%,54
2 7 B,14,16,24,43,47,52
1Y 0 2,15,20,22,25,28,31,32,34,38, 44
b 8 b, 11,12,17,27,49,51,53
5D9 Srp 115 2, 8,11,20,36,47,52,5,57,60,63,64,69,77,77
29 3,12,:1,27,29,37,48%,50,71
313 5, 6,22,26,38,54,55,58,59,62,65,67,7°
U 9 lu,IR,19,30,31,35‘u9,51,7u
................... T
ID1Z Gro 1 10 4, 7,11,18,20,26,30,087,51,57
2 106 5, 9,15,21,29,40,42,484,50,5y
3 d 2y 3, 6,13,20,27,39,46,09
4y 8 Ty 8,16,23,25,28,31,41

- v.v.....,-f4~w-........_..-‘..__..—_~,.._.~....___-_-_._..__.____-..____-_A_._

(&
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Tovel, Such froupings ol suhtect s taorvget o bhasod wpon
CImILarity ot responses within more than on.s Soae wvonld have
oftore’ Stiong svideneca for converqgent v,xi 1d1ty of t he
instrument oo
Group avercge  similarity  matvrices were formed for
“ach ot t hoe subgrouns repoxted 1n Table Y. Frunskal scaling
o the 32 average matiices was performed. Stresgs values for
thece Kruskal solations tor from =ix *hrough two dimensions
are repoarted 1o Table XI. The increrse in stress valuyes from
the large  aroun  average “caling (e Table V) to the
subgrour sealing pust be  attrihu* ed t9o  a  correspond 7
.
lncreas  in error  in  the  da*a. Thie 1s despite the fact
tﬂdf, Onothe average, only 51 percent of the sub Gec* o nassed
‘*he Tequlowxents for group membership based npon -he Tucker
scaling results. “ven though, presurabl y, the most stabhle 61
persoat of  the lata were retained, the smaller size of the
subiaroups comrared to the full arcurs  aust  have 1increased
the. wampling  errecr of  the average similarity ratinas. A
larger grouop whose c.milari*ics vere being averaged would
allow the «~rrors of azeasurement i1n individual similarities
to "smooth out™. The patterns of stress values in Table XI
zay be in*terpreted on *the basis of Wagenaar and Padmos’
results  1971) as indicating a h1gh percentage of error in
the da*a. W¥aile some ~f +he stregs values 3.« somewhat
Sigher c©-  lower than cthers for thé s5ame number of

dimensions  [e.g., constrained association unscale? grade

twelve aroup 4 +hree and foar dimensions; semantic



STRESS
OF TUOCKFR

CApQ Group
2
3
u

CAIY2 Group
2
3
u
CAS9 Group
2
3
4

SURGROUP

SCALING
MATRICES

21.8  30.1
20.0  2R.7
8.8 29,0
20.8  30.2
20 29.0
16. 27.3

17.4  27.0
18.3 26.1
17.4 28.7
20.1 27.3
17.9 271
2.2 27.3

219 31.0
21.4 29,6
22.5 3001
21.9  30.9

19.6  29.6
22.3  31.1
21.0 30.5
23.0 31.0
21.2  28.5
20.5 3106
19.1 26.6
21.5 30.7
20.6 30.°
2001 30.
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differential grade nine gqroup 2, three and four dimensions)
there secrn y:ng;iiﬁ‘substdnfial reasons for reporting fou,
dimensional solutions instead of t hree dimoﬁ?iqnal
solutions. Therefore, the *hree dimensional Kruskal scaling
results for the 32 subgroups are reported in Tahle XXXTX 1in
Aprendix B. These solutions have been rotate. ro the best
fit with their respective group averages.

These Kruskal scalin results were rotated by the
nonmetric orthogonal Procrustes rotation +o each other 1n
all possible conbinations of the larqge qroup average and the
four subgroup averages within each of +the eight data Sets;
The resulting goodness-of-fit measures are oresented 1n
Table XTI. In this and similar subsequent *ables, "group O
refofs to the full group of grade nine (N=78) or grade
twelve (N=54) subjects. From the goodness-of-fit measures 1t
can be secn +hat in general the Tucker <scaliny method hés
ijer:ified Adifferent patterns of responses to the concept
relationship tasks. The subgroup patterns *end *to Dhear

little resembirunce to each other, §hd almost no resemblance
*o0 ~he *o*al group average results. Note that+ the “value r
based upon. SS, the symmetric coefficient of alienaticn,
cannot be negative. Detailed discussion of *he dif€ferences
in srceptual patterns will no* be entered into until the
personality variables of the subqroup members are discussed
in +he nex* section. Anralysis of the s*ructural patterns of

the 32 subgroups witho! reference to the personality

var. .bles woul”? not a’lress +he. hypo*theses of this
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TABLE XTI

GOODNESS-OF~FIT AMONG TUCKFR SUBGROUP SOLUTIONS AND WITH
PESPRFCTIVE FULL GROUP SOLUTIONS

Grade 9 Groups Grade 12 Groups
0 ] 2 3 4 0 1 2 3 u

CAU” »

Grp 0 ) 18 15 14 15 28 29 28 17
2 38 su uq 51 a6 33 31 37
7 39 90 57 52 96 9u 38 a0
3 99 87 87 57 96 95 5 45
u qq R6 85 82 98 93 92 90

CAS

Gcp 0 12 22 22 12 25 %ﬁ 15 26
1 aq 41 31 48 97 9 56 49
2 ag 91 35 41 98 972 49 49
3 SF) 99 93 41 99 83 A6 55
] 99 85 93 91 6 87 37 Bu

SJ ,

Grp 0 26 10 17 22 19 17 10 16
1 97 4?2 36 3% 98 38 58 62
2 99 91 37 61 99 92 29 34
3 99 93 93 u8 99 82 96 53
4 98 93 80 88 99 79 94 85

SD

Grp 0 23 32 23 38 , 22 13 19 29
1 a7 56 33 46 - 98 27 4?2 35
2 95 83 4s 51 99 < 57 53
3 97 Q5 89 3r 98 1 ; 46
4 92 89 86 93 96 y 89

Below diagonal - SS; above diagonal - r
Decimals omit+ted :
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itnvestigation. At this point in the discussion, it 15
possible +o conclude that the technique of Tucker subqroup
formation has 1solated subgroups wvhose Kruskal
confiqurations have very poor fits with each other and with
*he full group confiquration. Generalization from these data
to i,yividual differences in cognitive structure as
hyﬁnfhosized will be 1lef+ until the discussion of +he

personality variables of the subgroups which follows next.

4.6 Tucker Scaling Results-Personali y Variables

The proper procedure to‘follow 1in searching among
the subgroup members for difference§ in the personality
variabl es uould; be a multivariate a;alysis of variance
procedure. This procedure was attempted, but the inverses of
the matrices of personality variables could not be
calculated because of high correlations amonaq the
personality variables. That 1is, +he determinant of the

matrix approached zero. The problem can be avoided by

dele+ti1on of one o0 the redundant variables. Since in the

present data the correlations under consideration veré not
exact*ly equal to . 1.00, it would make a difference which
variable were discarded. Ra*her than risk deletion of an
important variable, one way analysis of variance was chosen
as *he anaiyfic technique. Because of +he danger of finding
a siqnificént difference by chance aloné, all tests of
significance vere at +he 0;01 level. A summary of analysis

of varilance fresults 1is reported in Table YIII. The first
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TABLE XIII
ANALYSIS OF VARLANCE-PERSONALITY
VARTABLES AMONG TUCKER SUBGROUPS

Ago 0.5 .68 1.1 .38 0.0 .60 0.2 .92
Hex 0.2 - a3 .0Y 0.1 .96 0.6 .63
1.0, 0.7 .56 0.1 oo "lw 17 1.3 .31
Achievenmeont 0.4 278 1.4 .27 Too .20 .8 .53
Hidden Figuregs 1.8 .16 0.3 .86 on T4 0.5 .71
Developmental Lovel 1.9 14 u.6 .ol .4 .77 1.0 .41
Cogynitive Couplexity 0.3 .85 2.5 .07 1.1 .38 O.4 .78
consistency-SJ U-1 .97 0.3 .46 0.2 .88 0.3 .45
Conslistency-SD 2.2 10 0.8 .»0 0.0 .99 0.1 .96
Consisténcy-Ca .4 J27 1.2 .4 U.9 .4y 1.4 .26
Total response.. -JA 5.2 0040 1.0 .39 V.3 .84 0.1 .94
Internal responses-CA 0.7 001 4.4 010 1.8 .16 1.8 .15
Fraction internal-CA 4.5 L0068 3.9 Lule 2.3 10 1.9 .15
Avy.relatedness index 16.6 <.001 5.2 .04 1.1 .36 1.0 .41
Personal Consistency 1o .37 U+ /Y O.b .64 0.8 .49
Grade 12
Aye 1.7 .20 1.9 .10 1.2 .31 1.6 .20
5ex 0.1 .98 1.2 .33 0.9 .45 1.8 .17
AChievenment 2.7 .o 0.2 .33 0.8 .53 1.9 .14
Hiddien Figures 1.3 .30 C.3 .36 2.9 .14 0.2 .88
Developuental Level Job .74 1.4 .27 2.5 .08 Jod .74
Cognitave Complexity 1.5 .25 1.5 .25 0.1 .95 2.1 .12
Consistency-sJd 1.2 .33 9.4 .79 2-3 .10 1.8 .16
Consistency-S$D ‘ 2.5 .07 w.l .93 0.9 .48 0.5 .72
conslistency-Ca 1.3 .26 1. .30 2.1 .13 0.3 b
lIotal responses 1.2 .34 0.7 .59 0.8 .49 0.7 .57
Internal responses-CA 18.2 <.0C1 2.0 .13 0.6 .o4 0.3 .31
Fraction internal-Ca 10.4 <.007 2.1 .1« 0.3 .51 0.1 .96
Avg.relatedness index 12.9 <.001 2.1 .12 0.6 .62 0.3 .31
Personal Consistency 1.7 .18 2.5 .08 0.9 .43 0.2 .38

1. Three decimals reported tor significant or
near siygnificant differences only.
2. dr - groups = 3 for all data sets

3. dt - error
Cau9 - 43 CAU1Z2 - 32
CAas9 - 38 CAS12 - 11
5t 49 SJ12 - U9
SDY 42 5012 - 33



142

four variables in the table are self éxp]andtory. The next
three were discussed in section 2.5. The four consistency
measures  were  discussed i, sestions 3.2 and 3.3, The
remaining variables pertaiﬁ to fluency on the constrained
association tes+. "Total responses" is the total number of
rospénses produced by the subject. "Internal responses" is
the +otal number of responses consisting of words from the

original list of 15 stimulus concepts. "Praction internaln®

—

1s  ™internal respon " divided by s¥o¥3T re sponses".
Average rolatadness 1~dex mwaqures§> the deqgree of
SN :

cohesiveness of *he rool from thch responses are drawn. The
finding of significant differences in personality variables
among  cubgroups would indicate that the subqroup: vho have
already given evidence of 1ifferences in cognitive structure
also 4iffer on personality variables. Tt ¥YAas a hypothesis
tha+ differehces in cognitive structure could be related to
differences in personality variables. The onl- sigpificant
differences “ound vere on ‘those varia. . generated
internally by the constraineq association test among the
groups formed from the unscaled constrained association
data. Such a difference, while » interesting and not
unexpected, is not of Bajor theoretical importance. It is of
interest, however that the differehces in fluency variables
found for the unscaled constrained asspciation data did not
persist to the scaled éata. I't may be concluded a*t ¢this
point that the rescaiing of relatedness indices, although it

does not. aca: ding to the results reported in Table VITY,
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make any appreciable difference to the full qroup average
K1 usk, results, does avoid *ho'formdfion of subgroups based
primarily  on fluency. Whether or not such formation i
desired is a matter for judgment in the context of the
particular investigation under consideration. Systematic
checking of about one-third of the 96 dimensions of +he 12
scaling solutions re?ealed only the occasional interpretable
dimonsion.

T he lack of significant differences among the
}heoreti?ally iupsftgnt personality variables and the  lack
of suiltable interpretations for *+he scaling solutions can be
«raced to several possible reasons. First, error in the
concept relationship data error of' wmeasurement 1in the
personality variable measures, and high stress for the
scaliné solutions may have combined . to obscure any
potentially significapt results. Second, the pefsonality
variables may not be related ¢+o differences in cognitive
structur~e. Thus, wmembers of the subgroups may have widely
different cognitive structures, with khe resultant 'average
being wuninterpretable. Third, if the perceptions of the
subjects were constrained by the‘"riqht answers", as. t+hey
possibly might have been the Kass (1971) study, then the
Tucker scaling may have loaded *hose sub jects close +to the
group averaqge in perception to approximately the same ex*tent
on all dimensions. Thus, according to the criteria for
subgroup formation such subjects would no+ bhe included 1in

any of the subgroups. As a result, the Tucker process may be
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Isolating only those subjects wno  deviate  tiom  the Jroup
Average substantaally. The data ot subjects who deviate A[Qm
the group average a great deal may be largely random error.

The lack ot interpretability o1 the  Kruskal
solutions for the Tucker SUDJLCURS Sugjests that the Krusikal
technigue nas not tunctioned troductively  1n the SUDYLoup
data analysas. Since  the  Kruoskal technigue did function
cuccenstully on the large Jroup ddata, 1t ceems reasonible to
conclude that, with a swaller vample s1ze in the subgyrouyps,
the  sampling  ryor uas(reldtivcly‘ldrgex, and th.e pe?cent
Crror 1n the data became too  larje  ror  the revealing  or
medanin.gtul dimonsions.‘ If this s the <case, then thegse
results suggyest tnat, 1n ract, the Wugenddar ani  Padnos
criteria for daccaertable stress may be too lenilent.

Doubt thas bLeen cast up@n the operation or *he Tucker
tncnnigge tor the iformation ot subyroupvs, and upoa the
Rruskal technique c¢n éubqrcup dveraye Jdata. It was 4
hypothesis of +his study that ditterences in codnitive

structur« would be connected tc difterences 1n  fpersonality

¢

viriables. EBasel wupon the results reported thus'far,.it
w:1ld dppgdf that 1t will not Le fpossible tc addross this
hypothesis in the tresent study. It has not been established
“hat  the Tucker technigue is forminyg subgrodps on :n- basis
of meaninqgful individual difterences. 1t not, then the
FOss1b1llty has nct Leen ruled ou* tha* a "yood" ‘separation
into  subgroups  weuld yield inﬁividual difterences 1a

taeoretically important personality variables. Suachn a
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conclusion would be iR keeping with *he suggestion that the
Kruskal solutions of the Tucker subgroups$ are
uninterpretable because the data of the subgroup members i
essentially meaningless. If however, the Tucker technique 1s
opera*ing axs  desired, then *he lack of vindividuyal
differences in  personality variables must he  traced to
1nappropriate selection or unreliab e measurerent  of *he
personality variables. The lack of interpretability of the
Kruskal Sol&rionc of the Tucker suhgroups, then, . must be
traced not to meaninglessness of the similarityvdafa, but to
the lack of robus*ness of *he Kru=akal technique with respect
to sampling error in small samples. .Rased wpon rpsults
reported in section 4.8, it was decided +o analyse the
Tucker . subgroup data by Carroll analysis. Such results are
reported in section 4.8, and shed light on the hypothesis

under discussion.

4.7 Carroll Scaling Results-Cognitive sStructures

Carroll scaling ¥as rerformed on the eight se+s of
data. In order to check f;r local minima, the analysis was
performed twice, wusing first a random number startinc
configuration, ani second the group average Kruskal resul*s
as s*arting configuration. Table XIV presents the goodness -
of-fit relationships amoné the two Carroll solutions; the
Kruskal solutions, and the data. Pron Table;XIV, it can be
seen that there ig ligtle to choose hetween the "randon

1

mymber”™ start and +he "Kruskal" s<+ar+ croll scaling



TABLE .1V

RELATIONSHIPS AMONG CARROLL SOLUTIONS, KRUSKAL
SOLUTIONS, AND DATA FOR FOLL GRrROIPS

Data wots 1 2 3 4 ' [ 7 9
CAUD D00 1,00 0061 0279 .62 0,79 0.60 0.60
cauty D14 0,99 066 02759 0,63 0.77 0.58 0.58
CASQ D251 0.8 0.52 Y85 0.60 0.60
CAS 12 0.67 0.74 0.65 0.76 1.58 0.58
509 - 0.31 0.95 0.3% 0.95 0.6y 0.60
AR, LG .48 0.AR 0.48 0. 88 N.59 0.60
50 e 1.00 0.59 0.R1 0.59 0.21 0.50 0.50
SD12 0.7 1.00 0.34 0.94 .34 0.94 0.51 . 51

t. Fit of "random start®™ 4ndg "Kruskal start" Carroll

results +o eacliother - S$s

"i* of "random starpen apd "Kruskal s*ar+" carroll

results to each other - r

3. ®1t of "random star#w Carroll results *o Kruskal

JIoup average results - S5

1t of "randopr start" Carroll resul*s *o Kruskal

Jroup average results - r

5 it f "Kruskal start®™ carroll results +o Xruskal
Jroup average results - SS ‘

6. Fit of "Kruskal star+" Carroll resul*s to Kruskal
JLoup average resuilts.

7. Average correlation of "ranconm start”™ results +o data

8. Average correlation of "Kruskal =tart" results to data

146
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tesults. Thear fits  to eaych other atre almost pertect, and
their  fits o the XKruskal qgroup averaae results are
virtual iy 1dentical. Perfect fit to  the Xruskal group
averaqge results was not oxpectred, ITn the Kruskal * “hnique,
all  subject ratings are divnn‘“qu41 verght by the averaqging
process. In ghv Carroll tachniaue, Von t he .ofhpr hand,
subject = closer to the group averdage are  more heavily
weighted, sSince there was no criterion by which  *o  choose
betveen +the two Carroll arilyses, *he "random numher' start
results were arbitrarily chosen for suﬁqroup formation and
further reporting.

Unlike the Tucker scaling te_ hnique, the aumber of
dimensions on which subjects are separated and +the number of

dimensions on which concepts are rated are the same. In the

Tucker analysis, it was prssible *o use fou' ¢ jensions of

the princip.l components analysis in order *o form subgroups

and still report three dimensional cogqnitive structures for
t+hose subqroups. In the Carroll technigue, subiect space and

stimulus space must be of the same dimensionality. The

Carroll analysis was carried out in four dimensions as well

as in  three. Over all eight da*a sets, *he avéraqe
correlation between the data and the Carroll solutions was
0.62 for four dinmensiongs cempared with 0.58 for three
dimensions. The slight increase in this ‘value, vhick is
analogous to a goodness-of~fit measure, was not considered

wor*h *he sacrifice of lnterpretability which +the addition

of a f- -th dimension would entail. The three dimensional
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So0lnrions are reported, and wvere used +o forn subqgroups.
The Carroll resnlts can produce  cubqgroup cognitive

“tructures diroctly by calculation of welghted composites of

the  loadings  of concepts  on each dimension. Saliences of
dimen sy one for  subijectrs  are  the wvolghts gysed iﬁ this
procoss, This  wax the  procedure by which the elegant
solutions of the "tating of nations"  or  the "colourblind”®
examples  were ol o iped., I'n the pregen+ Ssituation, the
average  correlation of the resylte with the Adata is

relatively  low, Rather +han ont for the veighted composite
~rocojuare, 1t va§ decided to use the ¥oights of sub ,ects  on
dimensions  +o  orodyce subjroups in a4 manner analogous to
that used with the ucker resylts. That 15, subjects wvere
grouped according to their sallences on dinensions, but
thelr raw data were then.ugod for averaging to produce 3
subqroun‘ similarity matrix for Xruskal scaling. As noted
above [P.UB8), thisg procedure is one less hest fj+ step
removed from the raw data *han the procedure recommended by
Carroll. .

The criteria intfoJuce /r?%%<i?ubqroup merbershinp
vere, of necessity, different fron those emploved with the

3

Tucker results. Tr *he Tucker sciling technique, *he
dimensions proiucel in  tha principal‘components analysis
appeared to bear no direct relationskip to the dizensions
along which subjects rated concepts. Loadings on dimensi~ns
indicate only similarities and Aifferences in the raw

similarity judgments. Thus, a Ssubjec*t who loaded highly on,
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tor example, bhoth dime=sions two and t hr e could fustifiably
be considered not to be {y\ the same subgroup as thoase  who
loaded  highly only on HHmension tvo or only on timensioon
three, on the ot her hand, the ccarroll analysis  produces
subject loadings  wh:ich 1ndicate directly the 1mportance ot
~ach of ¢he underlying dimensions ot judgment to  the
sub ject . If we are attempting to icolite *hosge subjects for
vhom, tor example, dimension two wis  importan*t in *helr
ratings of concepts, then a high  Joading on another
dimension 1s no* sufficient grecunds for «xcluding a sub e+
ftoﬁ the "iimen:ion two" group. The criteria for subgroup
formation bhased upon the Carroll Nnalyses were: for each
dinonsion,' take the ten highest (q@fde nine, N=78) or eight
highoc*ﬁ(qradp twelve, N=54) loadings on each of *he " *three
dimensions as indicating gqrou: sembership. Such a procedure
appe “s.reasonable because 1t groups U1 per~ent of subjects
1n  *hree qroups ccmpared +o 61 perc-ent v four arouns for
~

the Tucker qrouping. Since, *herefore, +he Average subgroup’
1s apppoxinately the same siz> in both the Tucker and
Carroll#qroupinqs, homogeneity and sampoling error shoul? be
conparéble.. Three qgroups . re formed from each data set

Jiving 24 groups in *o*al. Ynlike +the Tucker groups, ‘these
groups were a0t mutually exclusive. Subject loadings on
dimensions for *he Carroll analyses are oresented in Tables

XL to XLVIT in Apperdix R=. Group membership is presented _n

Table X¥.

Substantial comr~-al ty’ of Jr¢ 's  membershios was



CARROLL

TABLYE XV

“Sub

SUBGROUP MEMRBRERSHIP

jeot 1 nta

CAU9  Grou
LTeap

Grouap

PO, 25,35, 30, 61,42,61,62, 60

!
2, 9,13,17,
2

2T, U0, 06,54,57,60
9,33,37,43,49,53,63

Group
Groun

17, 20,27,
LU0,8U,47, 49

i 17,726, 31
13,110,119

J4,39,49,54

,24,29,45,50

Group
Sroup

y
» ¢
~r g

8, 9,12,37,43,49,53,63

2,10,25,35,38,41,42,61,62, 64

2,0
~r

11,17,24,27

Group
Grouvp
Group

1M,12,1°
q bl -

R'

2, 12t
21, 3

4,16, ./, 21
5,19,22,25

1, 2, 8,12,

, 34,139,049, 54
,26,31,47,48
,24,29,85,50

f31,34,49,54
¢29,36,044,45
15,19,32,44

13,17,27,40,44,54,57,p0

.33,u1,u9,57
.25,32,u0,uu,
49,59,65,69,71,76

~3,78
61,62

B,24,26,81,085,55,59,65,66,76
3,12,15,18,27,238,49,67,72,75
7,14,15,17,29,51,61,64,71,7"

Sroup

11,21,22,38
6,10,17,28

,40,081,42,54
;45,6 ,57,50
1,15,20,21,26,31,36,52,
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found. With the oxception o two pairs of subjects, -ina
in the constrained as:ociation tes* groun: for the scaled
and unscaled Tata dro,idohtical fAar both grales. For gqgrade
nine, constrained association unscaled group one and
similarity judgment group three have <ix members in common.
Group two of the similarity judgment gra4o nine has four

’

members in common with each of the first =« ups of the

constraine! associration data. Also for grade nine, semantic

different1al ;rour one has four mé@bers. in  conmon wivh

similﬁrity judgment group three. In fhe grade twelve
monbornh;bﬁ, Consfrained associa*tion unscaled gqroup one has
four members in ~ommon with similarity judgment group one,
and cons*rained assoclation-scaled group three h 5 three
members in common with similarity judgment group two. These
commonalities are in moTK: con*rast +o the qroubinqs based
upon the Tucker scaling .esults. While *he g' 'uping criteria
in the Tucker technique prevented the subiject from geinq
placed in more than one group within a data set, there is no
such restricti plied to the subjects with whom he is
grouped across data sets. The cétmonalities between the
scaled and unscaled versions of the constrained association
data are predictabl~ on the .basis of the s*rong fit+ between
‘*he Kruskal group average reﬁults for these four data sets.
These commonali*ies, and even =more so *“he Commonalitie.
acroscs different similarity rating insfrumeﬁfs are strong

evidence both for the construct vzlidity of the cognitive

struc*tures uncovered, and for the powvwer of +he Carroll
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scaiing technigue. The fact that, responding to different

similarity instruments, cubjects were grouped together in

the same qgroups  on  the basis  of respon=-> similarity
indicates 1 high consistency of response ACross instruments.
This is deemed to be o~iden. or the construct validity of

cognitive structure

The subgrou aqe matrices were analysed ly the

~ /"‘-_"'A',~

Kruskal technique in order to seek ovidence for differencec
amonqg  subgroups 1in  cognitive structure. Stress values for
five, four, and three dimensions are presented in.Table XVI.
As with the Tucker results, the <stress values are quite
high. Again, this may b¢ -raced to the small 1roup size.
There are no *rends in stress evident either within Table

¥VI, ~or from comparing +his table with *+he correcpnorfging

.able (Table iI} tor the Tucker groups. Kruskal solutions

for each of the 24 subgroups were rotiﬁed vithin each data
set by the nonmetric orthogonal Procrustes rotation.
Measures of fit are summarized in Table ¥VII. > cc° :rison

~“ this table with the correspondinqs‘able for +he ‘Tucker
-p rotations (Table XIT) shows measuresbof fit qflthe
same order of wmagnitude for bhot*h supqgroup results. The
Carroll subgroup peéults fit -acn other and the full group
results slightly better than the ,ucker subgroup results.
e average correlations with the whole group average and
anong thke sibgroups are, for *“he Tucker results, 0.20 and

0.44 respectively, while the corzespondinag values for the

Cerroll results are 12.24 and 0.48., The Kruskal scaling

£r

N



TABLE XVI

STRESS 1 VALUES FOR KRUSKAIL SOLUTIONS OF
CARROLL SUBGROUP AVFRAGE MATRICES
Data sets Dimensions
) q 3

CAU9 Group 1 11.8 15.u 21.4
Group 2 13.9 17.6 23.4
Group 3 12.0 16.0 21.7

CAU12 Group 1 13.9 16.2 21.7
Group 2  11.9 15.2 20.9
Group 3 11.9 19.5 21.1

CA9 Groun & 13.1 17.0 22.6
Group 2 10.8 14,8 20.8
Gioup 3 13.6 16.9 21.14

CAS12 Groun 1 12.7 16.7  22.5
Group 2 10.9 13.9 19.7
Group 3 11.5 15.2 20.8

SJ9 Group 1 13.6 17.3 22.4
Group 2 13.1 16.0 21.3
Group 3 13.0 15.4 20.7

SJ12 Groun 1 13.1 16.9 22.7
Group 2 12.2 14.6 20.4
Group 3 11.0 14,1 18.7 e

P A<

SD12 Group 1 12.7 17.1 21.6
Group 2 13.9 16.8 22.6



GOODNESS-OF-FIT AMONG CARROLL
KRUSKAL SOLUTIONS AND WITH RESPECTIVF

TABLE XVIT

SUBGROUP

154

FULL GROUP KRUSKAL SOLUTIOQNS
Grade 9 Grade 12
0 1 2 i 0 1 ? 3
CAI} Grp O A3 17 18 25 33 25
1 97 43 50 97 47 a1
2 98 90 49 95 88 36
3 98 87 87 97 91 93
CAS Grp O 27 25 15 19 30 20
- 1 96 52 56 98 50 61
2 97 Bé 43 95 87 50
3 99 83 90 98 79 86
5d Grp O 26 20 16 25 12 Tt
1 96 47 35 97 47 35
2 98 RA8 63 99 88 77
3 99 94 78 98 34 64
SH Grp O 29 2u 22 25 38 - 36
1 96 51 41 97 31 46
2 1 97 86 49 92 95 4s
3, 98 91 87 93 89 30
BPelow diagonal - SS; above diagonal - r

Decimpals omitted



solutions for the 24 subgroups are reported in Table XLVIIIT
in Appendix B. Pur*her discussion of the interpretation of
these scaling results will be left until section .8, which
will prewent the differences in personality variables among

the subgroups.

n.8 carroi! Scaling Results-Personality Variables

As with the examination of the personality variables
of the Tucker subgroups, *his part of the analysis was
carried out by one +vay analysis of variance, using a
criterion of 0.01 for statistical significance. Because of
the somp;%at dubious appropriateness of using one way
analysis\‘éf variance, ‘there is a danger of Type 1 error in
searching for differences in personality variables among the
suogroups. In order to minimize this danger, the stringent
cri-=rion of 0.01 has - been used. A summary of the
significance levels of differgﬂgos in _the variables is
presented 1in Table XViII. The ;;L 1ts are siiilar to those
for the Tucker qroups. Significant=diffe:ences in tvo cases
for one of the internally generated variables were found,
and a séx iifferencg emerged in another two cases. Rotations
of these s' :group solutions to a best fit with the
appropriate Kruskal group average solution revealed a
general tack of interpretability of the solutions. Tﬁe
situation is similar to that involving the Tucker solutions,
~xcept that 1n the Carroll case, a néasure of correlation of

the solution with the data is available. As reportéd above,
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TABLFE

Xvirnl

ANALYSLS OF VARTANCE-FERSONALIIY

1H6

VARTABLES
Grade Y
Age
S X
I.0.
Acnlievement
Hidden Figures

Developmental Level
cognitive Complexity
Consistency- 54
Consistency-5D
Consistency-CaA

fotal responses-Ca
Internal responses-ca
Fraction internal
Avj.relatedness indey
Personal Consistercy

Age
S5ex

Achievement

Eidden Filgures
Developrental Level
Cognitive Complexity
Consistency-5J
Consistency-spD
Consistency~CA

Total responses-ca
Internal responses-ca
Fraction 17" ernal-CcAh
Avg.related. :ss inde g
Personal Consistency

Notes:
1. Three decimals

near significant differences
groups = 2 for all data sets
<] tor jrade $ and 21

df -
df -

Za

3. Qrror =

-

AMONG

CAD
13 p
1.3 .3
b.7 .V
0.6 .59
oo 7
0.2 .8
Ut .5
1.4 2
1.0 .4
0.6 .5
0.2 .8
o.u4 L7
1.3 .2
3a2 L0
0.9 .4
1.4 .2
1.4 .2
1.3 .3
o2 .7
Va1 .9
3.0 .0
2.3 .1
0.0 .9
1.0 .4
0.5 .6
0.4 .6
0.8 .4
0.7 .5
1.3 .2
4.7 .0

CARRCLL SUBGROU, ;
CAS 5J
I 9 F D
0 1.3 .30 0.5 .64
Ju b.3 00U 0.4 .6¢
6 0.7 .50 0.0 .99
3 J.u .96 3.6 .0U
6 0.2 .84 0.3 .74
6 0.3 .75 0.2 .83
7 1.3 .30 1.0 .o
0 0.5 bl 1.1 .«
7 1.4 .30 1.1 .34
0 C.1 .93 0.1 .90
1 J.7 .50 0.7 .51
& 1.9 .18 0.5 .64
6 5.0 2014 ULT7 L5 1
7 1.2 .31 0.2 .79
6 2.2 .13 1.3 .30
7 1.9 .13 1.1 .36
0 1.3 .30 1.4 .27
9 0.5 .62 0.9 .41
0 C.0 .9w 1.2 .31
7 3.0 .07 0.4 .45
2 2.0 .17 1.9 .18
8 0.6 .55 3.1 .07
0 0.9 .uy 0.2 .85
C 0.5 .63 1.4 .28
6 1.0 .33 1.2 .31
7 1.6 .22 0.1 .93
3 1.0 .38 0.4 .65
3 2.3 .12 0.1 .91
Z 3.3 .Ul 1.1 .35

Leported fcr significant or
only.

tor ygrade

12

F p
1.2 .31
1.2 .32
1.1 .34
v.3 ..75
0.1 .92
2.1 .14
242 .13
Jad .85
0.3 .76
0.9 .43
0.5 .61
1.3 .30
1.3 .29
2.0 .16
1.4 .27
1.7 .21
0.6 .55
0.7 .53
Z.595 o1
2.2 .13
0.0 .36
O.c¢ .47
1.3 .29
U.6 .58
0.8 .48
1.7 .21
2.4 .12
3.7 .04
2.4 .12
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the avefaqe correlation of the Carroll solutions for all
subjects over all data sets was 0.58. However, for those -
subjects who met the criteria for subgro - membership, this
average correlation was 0.68. This substantial difference
prompted the’investiqafor to perform Carroll scaling on the
subgroups iﬁ order o achieve solutions which vould not
require rotation to meaningfulness. Similar analysis, as
~mentioned above, was performed on *he Tucker subgroups. The
Carroll solutiau. of the Carroll subgroups are reported in
Table XLTX, and those fof the Tucker subhgroups in Table L,
both in Appendix«B. The interpretations of the dimensions
uncovered are summarized in Table XIY for the Carroll
subgroups, and in Table YX tor the Tucker subgroups. As can
be seen from Table XIX, B0 peécent of the dimensions for the
Carroll subgroups can be assigned meaning on the basis of
the criteria used in +he analysis of the large group
solutions. As can be seeﬁ from Table XX, about 70 percent

the dimensions are interpretable for the Tucker subgroaps.
Substantial individual difference; among the solurtions can
be seen. The fits of these Carroll solutions to the
corresponding subgroup average X~ (al solutions are also
included in Tablés XIX and XX. Since it was not possible to
identify +he nwmembers of the subgroups, 1little ¥ill Dbe
achieved by a Jetailed discﬁssion in terms of the concept
meanings of the manner in which +*he cognitive sfructures
differed. However, fhe meaningfulness of the solutions

%
sugges®s that, in fact, the Tucker scaling technique is not
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TARBLE

INTERPRETATIONS OF DIMENSIONS TN

XTX

CARROLL

SOLUTTONS

OF TUCKER SUBGROUPS AND FIT WITH XRUSKAL SOLUTIONS

0.28
0.08
0.21

Data set
CAU9 Grp 1 1
2 S
3 L
u 1
CAUI2 Gro 1 2
2 1
3 1
4 1
CAS9 “rp 1 1
2 1
3 1
4 4
CAS12 Grp 1 0
2 1
3 2
q 4
5$J9 Gro 1 4
2 2
3 1
4 4
3J12 Grp 1 4
2 1
3 4
4 1
SU? Grp 1 1
2 1
3 2
4 4
M2 G: 1 0
2 1
3 4
4 1

No c_ear interpretation
Certain+y

Creativity
Theoretical-practical
Tamporal

158
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TABLE XX

INTERPRETATIONS OF DIMENSTONS TN CARROLIL SOLUTTONS
CARRCLL SURGROUPS AND FIT WITH RRUSEKAL SOLUTIONS

Q____..____~-__.___.._.__v..._...._...,.w.-..__‘..--._......‘.--.,.-.......u...,...._...

Data set Dim.1 Din.2 Dim.3 85 r
______________________________ "‘::ic'”.'..~,~.._....w....‘.~.;.ﬂ.._.~
CAU9 Grp 1 1 J 2 0.98 0.18
2 1 u 3 0.98 0.20
3 1 y 3 0.96 0.27
CAU12 Grp 1 4 0 3 0.99 0.17
0 3 0 0.97 0. 24
3 1 0 0.99 0,10
CAS9 Grp 1 1 4 2 0.95 0.30
1 3 2 .98 0.17
3 1 u 3 0.95 0.19
CAS12 Grp 1 1 3 0.98 0.1R
2 E 4 0.99 0.1
3 ; 1 ] 0.99 2.1
519 G6rp 1 4 1 0 0.99 0. 10
2 1 3 u 0.99 0. 14
3 4 3 1 0.99 0.1%
SJ12 Grr 1 a4 1 3 0,494 La32
Z 1 3 0.99 .13
3 1 0 0 0.99. G.12
D9 Grp 1 3 0 0 0.95% 0.30
2 2 0 1 0.98 0.21
3 1 1 2 0.99 .15
SD12 Grp 1 1 2 1 0.99 011
2 3 4 0.9" 0.13
3 1 0 0.99 0.17

40 clear interpretation
Certainty

Crrativity
Theoretical-prac-ical
Temporal

\‘:j.

QF
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.
oper ting solely  on chance Fluctuations, but on ome real

but unidentitied individual drffeconces,

I't should be noted that - he assignment of lahels  to
dimensions is g very subjective process on the par* of the
investigator. The Jdimension labels usnd . have enoungh
concep*tual overlanp to render admost  impo  ible the

\
replication by another judge of the labhels iassi1qgned. RBecause
of this difficulty, it has been @ 1v1 nat t0o precee?  ywith
2
attempts to link differences 1n r ‘nitive s‘ructure with
d1fferences in personality variabi.., for the fex casc
¥here such differences were found. Such linking would 1ljvel

ancunt to overinterpretation of Lhe data.

The goodness-of-fit me ~rea Among the Carroll
. ) : y
solutions for full qroaps and Ca subaroups ééﬁﬂpnported

in Te‘lgfxrr, and among thgqfull qroups and Tucker subgroups
in Table XXII.t The . Joodness-of-fi+ mea . Jdres are
substantially hiqher, both imong the subgroups and with the
full qréups, “han the corresponding measures for +he Xruskal
solutions (see Tables XIT aﬁd XVIf)~ Thermaqnitudes of  the
values in Tables XXI and XXTT in‘icate a reasonable balance
between no individual differences {as would be indicated by
55 values of 0.00) and individual differences so eigr@me (3s
vould be evidenced by Ta®les YII and X¥II, assuming that the
Kruskal subgroup solutions had bheen clearly interpretable)
that 1ittle comnonality_of narception among subgroups could
be imputed. rpor the purposes of addressing +he hybofheses of

this study, even ‘though. the dimension interpretations
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TABLE XXI

GOOl "ESS-OF-FIT MEASURES AMONG THE CARROLL SOLOT. /NS
OF FULL GROUPS AND CARROLL SURGROUPS

Data Grade 9 Groups Grade 12 Groups
Sets
0 1 2 3 0 1 2 3
CAU Grp 0O 90 80 79 38 86 75
1 a5 9 66 un TR 70
2 ) 12 TH 50 h2 55
3 62 75 66 66 72 g4
CAS Grp 0 90 89 ' Ag 4 75
1 3 80 75 12 70
2 45 51 69 ) i 67
3 60 68 72 ) - )
J Grp 0 90 91 Ay 8 95 73
1 44 78 b 53 813 &
2 41 £ 2 34 30 55 72
3 595 65 55 68 77 70
sD Gop O 79 71 90 ) 76 73 79
’ 1 61 52 64 65 50 6u
2 71 85 68 68 86 59
3 43 77 73 N 62 76 81

Below 71ragonal - ST; abowve diragonal - r
Decimais omitted

..

N
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TABLE XXTI

GOODNFSS-0OF-FIT MEASURES AMONG THE CARROLL SOLUTIONS
OF FULYL GROUPS AND TUCKER SUBGROUPS

NData setg Grade 9 Groups Gr 1 12 Groups
0 1 2 3. 0 , 3 4
CAU Grp 0 76 3 qn T4y 6 H5 84 91
1 65 /2 70 61 26 80 65
2 69 70 71 T0 53 78 73 76
3 35 72 71 10 54 60 69 77
4 61 79 71 60 41 76 656U P
CAS Grp Q Q2 83 85 91 T4 75 98 Tu
1 40 77 76 19 67 67 70 7u
2 55 64 B3 78 66 T4 T3 62
3 Sz 6z 55 78 u7 72 69 © 73
4 41 61 63 63 67 68 78 o8
SJ G-p N 81 92 94 g5 77 B81 90 72
1 59 80 71 82 64 32 36 82
318 6L 83 89 58 95 72 76
Y3 15 70 56 CL) 44 94 69 70
4 32 57 46 =& 59 95 65 72
SD Grp O 75 75 74 81 79 717 61 82
1 67 53 64 .54 62 56 50 62
2 66 85 61 78 63 83 59 61
3 67 76 80 52 80 86 81 61
4 59 B84 62 86 586 79 79 79
Below diagonal - SS;: above diagon=1 - r

Decimals omitted
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themsel ves are no longer of intereat wi*hout identifiable
differences among  subgro up  memhey:;, the  fact that surh
Tabellilnqg 1 pnqsihin, and the  fact that individual
difforences in ¢ “figuration were  found 15 evider vt
indavida ) ditfnronces in coqnitive structure are rele

n omajor hypothesis of the study was that indivic. 1
Jifferences  could be found in coaqnitive structures relating
*he 15 concents unler investigat: . Such ditferences were

1 .

found by both the TuckfPr and Carroall techniques of subqgroup
[rrmation. The subgroups formel hy ‘*the *wo  ‘*echniques,
however, bhore no relationship to each other. The personality
variablos  usel for subject identiiication in the study were

not useful as desc iptors of subgroup meshers.

.9 Summary

The hvpotheses of this study sough* evidence for
convergent walility ¢t cogri*ive struc*ures through analysis
of similarity Aata obtained through three different
lnstruments from *he seme cubjec*s, and indire * evidence
for discriminant wvalidity of coaniti ‘tructures through
identification by independent wean: of subgroups which
differed - in cognitive structure. Convergent validityv was to
e enhanced by applying two :calinéy*wchnlqueb to the data.
These ‘techniyues differed in assumpotions and‘computé:ional
methods. NDiscrisioant val:idity was to hévo been enhanced by
explanatinn of diffarences in cogni*ive <structure by

differences in independent nerson:ility wariables.

[ ’ —
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Barod upon  the group average data (soe HO(Y ,
section 1.7y, «<convergent validity between the constrained
assoclation data and the similarity indgment data was judged
satisfactory. The fi+ of the semantic Jitferential  resual:
to tholuthor tvo was considerably lower. Ising the grade of
subject s as an independent variable, it was not possible to
produce  tto low goodness-of-fi! measures hetween qrqdeg
¥hich would have been positive evidence of qond discrimincat
validity. Since it ‘s not&clpar on theoretical grounis that
grade <hould be a discriminating variable, it is Aifficult
to assess the importance of this la-~k of “iscriminant
ovalidity.

For H0{2) and H1(2) (section 1 the measures Qf
two of the personality variables, the iental level
test and *he Hidden Figures Test , judged to be
sufficiently reliable for their intendeq puEpose jof subject
idegptification. The coqéitive éomplpxi*ymtésk,df ™Mo, pr&ve
to have sufficient tedt-retest feliability. None of the
independent varidble§<éﬁﬁsen for - study  had a;y value in

identifying subgroup amembers. Thus, 1* was not possible to
B . .
o . - GO . . . .
link differences in cognitive structure w- 1iffeérences i
3 ' ’
pe~=onality variables.

The Tuck . =1 Carroll’ technigues both appeared to
operate successfully in serarating the subjécfs into gfoups
with ﬂiffe?ing cognitive structures, Thesg separations,
hovaver, bore no felationship o each other. Since no

consistencies of group menbership were found between the

i
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&
Tucker subgioups awd the Carroll subgroups, tﬁv approach to
convergent valility which used similar results based upon

tvo different analytic techniques prov~d fruitless.  There

was  evidence that the c:ror level of subqgroup data was too

"high tor the Kruskal ‘technique to uncover meaningfutl

*“ r
qunitivn<ﬂﬁppcturos. ¥f this is the case, thep Wag-naar an”

o, /.’ ‘ ‘ »
Padmos (*45;3 may have underesti-ated 'he offect of error on

i

stress for the Kruskal ‘technique. According to their

Cfl*bﬁ?@, the stress or the solutons of the subgroups was

- N
»

not high enough to indicate that 'the nroportion error in the

data would render interpretation»gganinqless.

Using ¢the Carroll techniqﬁg oM the subqrdup‘dafa,

‘uoaninéful and different cognitive strﬁqtureg ve ~ recovered
for the subqroups; In fi&ding meahindful individual
differences 1in cognitive sfrdcture;>{he stady A4S achieved
some degree of success. Dinénéions »iabelledz “certainty",
"éreativityU, ;temporal";” and’{mhgoretical—prac~ical" vere

'

identified in various combinafions ' as being. reasonable’

TN "7‘«-"; 4

}vinrerpreﬁatiqhs- of subjec{;fScaling resul+t dimensions. In

linking these differences to 1independent wvariahkles, the
etudy has not been successful. The next chapter5vill discuss

the educational implications of this line of research, will

suggest possible improvements to this study, and will make

Kl

recommendations for furtheér research.



CHAPTER 5

SUMMARY, TMPLICATIONS, AND.RFCOHHENDATIONS

5.7 Introduction ' v

This chapter will proceed in three main sections.

c

The next section vill swmmmarize the study. Section 5.3 will

discnss  the educational implications of the study. Section

5.4 will sugagest how thi study cquld  hav.: been: improved
. _ ~$$ W . "
upon while maintaining essaﬁf#"&y<{§g same format, and will

~

discuss~fur?her suggested research which may add *u'+he bo&y

. of knowledge concerning cognitive structure.

P
L sy
- vy

5.2 Summary of Study 'y
& - P

oo
This . study examined the cons*ruct validety of

cognitive structures, defined as sets of relatiohships‘angﬁb .

N
~
v

concepts. Construct validity ¥agy assessed primarily by

converqenﬁ valiq}ty (Canpbe ~__and Fiske, - 1959) ang

[

direct by discrimingn* validity. The investigation

~

proéeeded by nmultidimensional scaling énalysisqof concept

- .

similarity data obtained fro? 78 qrade nine science andg Su
grade 12 biology studeénts. Using a set of 15 syntactical
concepts from the domain of the scientific nethod"Subject?
responded to three concept rating tests: a constrained

asgdciation test {Garskof and’Houston, 1963), a similarity

166
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judgment test (Torgecrson, 195870 and a semant ic difforential
teat (Os goo i, 1957y . Personatity data vore also gathered

from the jects in the  form  of tests o, developmental

level ¢t helder and Piraget, 1958 ; Hobh«, 1979) , fireld

indeper Fce—dependence (Prench o+ a1, 1965), anl coygni*ive
! s 4 _
w;f"\ .
Comp ty (Seaman and KOﬁnﬁh.-‘ 4y . . ,
Validity URES investigated *hrough *+he scaling
toc que o Kruskal (1964a; 19e4b) ipnlied vy group average

da*a, and through <subgroup formation based upon individual
differences in similarity Judcuents as revealed by Tucker
and Messick (1963; nolnts-of-view analysis aml  Carroll  anid
Jhang (1970) individual differences analysis. The measure of
convergence of scalinj solutions was 4 non-metric version of
the orthogonal Procrustes rota‘ioékgﬁ ynemann and Carroll,

+

19795 Lingoes an. Schonemann, 1374). )
Tt was hypo+thesized that individual ‘ifferences in
cognitive s*ructures woulil be linked to individual

di fferences in personality -‘ariables. 1In 1ddition to the

, . R
three cests  of  personalit*vy varigbles administéred, o*her
variables investigated included age, sex, arade,
achireveme | I.Q., and several variables rela*ing -o

pe¥sonal consistency of response on +the similari+y measures

and fluency of response »n *the word association test.

-
o « All configurations reported are in *hree dimenc’ ons.
The geoodness-of-fit, taken as evidence of con'vergen+

)

validity, was quite high Ftetween the qroup averaqé data of

bo*h arades lor the word association test and the similarity

o
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Judgment Cbonnt {average r=0.490) . Goodness-of-f it W

consideratbly lower (average  r=0.67) tor the s oantic
dotferentiral datas Poth the Tucker and Messick techn que and
the 21 oll ani Chanag technique produce?! subgroups with
interpretable confiqurations, indicating ovidence for the
construct valiitty of corntive structure. Measures  of
oodnes:« “1*  hetweon  these  subgroup anlutions were
neither hign nor 1 ow (average r=0.67), inticating < ae
evilence for i1ntividual differences in cognitive structu:res.

N

Suhqﬁ&umn “ormed by the  +wo  scaling  *echnique=s  bore  no
relationship to each other, hut subgrouns formed on
di1frerent simillarity measures using *he Carroll ind Chang
ﬁ@thoﬂ hore strong rescmblances to cach other.
Internretanility of subgrote confiqurations rroduced by +he
Kruskal technique was 1ov} rpossibly due *o high ~rror in *he
; o w .
data™> The Carroll and <Chanc technique, however, prodsqe
fnforprptatl( resui-s, and *hus‘ﬁac judqged relatively ;ob}
with resoect to crror.

The study provided some cons*ruct validi*y fer the

irterpretation »f configurations as cognitive structures

based upon .ata ob*tained by word associa*ion and =imilarvity

-
judament. Individual differences in cognitive structure were

found in *he configurations of *he subqroups formed.

1 3
None o0of the personality variables examined were

) . e e —

.
fr:i+ful 1in jdentifyipg members of subaroupns formed. With
+the exception of the cognitive complexity test,

reliablli‘ies 0f the persona ity variabtes vere

4
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csatiafactory, with o stismates by various me*rhods ranging from
D.50  to  D.T76. There was  sone consistency  of  subgroup
nembershin within the subgroups formed by  +he rarroll and
Chang analysis, but not among those formed by the Tuck: ¢ angd

Mescrck analysis on the different Aita seto,

5.3 Fducational Taplications
Tt has  been sugqgested (ihavelson, 1974) that, over

the cours » of instruction, the cognitive etryctures of

student = snould be altered in the direction of that of the

Instructor. While a  similarity djudament test cannot  oe

1magl.ed w1 useful  pesttest arading device, 1t harc
2 , '

L

potential application as pretesting device, The particular

cet of concerts chosen for this study have limited

g

education:l imggﬁ}. It 1s of interest, however, that
4@?

2clen** fic m t hod 1c perceived by subjects as varying along

at least thron}' énd possibi} ‘four dimensions. Tentativ.
labels for some of the =1t ‘'t  Bercep*tior dimensions were
certainty, creativity, tewzvoral, and theoretical-practical.
It 1s possible that those subjects who parceived a
creativi+ty dimension to the scientific method may bhe more
he
aware of science as the product of human imaqi‘}fi 2 than
. N
*hose who 3id not. Tg;f"¥heoretical—practi" " dimension may
he related to subjects' percepntion of the arence between
science  and *echnoloav, a differencé vhich 1s nn* always

clear in .the minis of the public. Similarlv, the percention

of a Mcertaintyn limension, ‘vhile almos+ universal among the

s
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or who have énmpa?iblq styles of thought. Hunt also suggests

170

subgroups, conlt be r1elated t9 the view of science as an

explainer rather than a producer of goods. This disrinction

15 closely reld I to the cience-technoloay distinction.
However, f - ’ ot mor« substant ive scilence

concept s, 1% may e le +to dﬁCprfdih alonqg which

dimensions | of Cagri. «Tucture a4 subject was similar to

the inctructor (or +o the "+arqge+"), and along which he was

dJifferent,  Sucht  a finding could hav~ implications for the

Adesign of individualized instruction. tiunt (1971 has

suggest ed  +hat 1% may be possible to des:gn ins*ruction to
E : o b

fit a stulent's coquit: s style, or rreferred WAy of

- - "
learning. . It 'may alsc he possible: +0 ma*ch s+tudent an!f

teachers w!o have the same perceptions of a concent domatn,

that verhaps we should be "mismatching" students with
*eachers  1n order to  iatroduce -students to different
*hinking patterns and iucreaze their cognitive flexibili+y.
In »1ther case, cogaitive structure nay be an educat ionally
important variable for the Adesign of individualized
- (X v
1nstruc*ionn,

Ry ~xtension of the technigue, it may be possible to

.develop pos*testina~devices. Consiler a situa*ion where the

-

instructors have id?ﬁ}i‘ied the dimensions along wvhich they
{ .

N

: \ ’
wish subjac+s"*to he anle & dis+tinguish «~nong a set  of

concepnts. | A possible posttest could he levised  which
: S y
ir“nlved rank order:ng concep*s along severai cor‘inu I+

is Adifficult to see anv immediate adivantages of such a
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testing method over more traditional testing method:, but

the notion shohuldl  not ho 1qgno-ed hecanse 1ts  diprect

Apnl1cai Lon cannol bo foreseen gt proesont . Attempts  have
n !

cedqinn (Shavel®an and Geen) L, 1979y +o apnly +the technigues

of scaling *heory and graphi thoory  to the recovery  of
structnral informition from textoal mate 1al, Undoubhtedly,
_ ¢.
the sanm 17 poss ble for interactional analysis data. The
techniqusr  has the notential to Hocame an impnrfdnfvinnlytic
ool tor the analysis of  nuances  of qeaning - aveyed by
teachere and  students  in claca-aam 1iseanr oo, Ac no+ed by
Yartnett an?'?uanx {1973y, the mathematical an&lysis of
classroom : *eraction data is in i*s infancy.
Perhaps the most fxuitful applicitions of +he
techniague will be ruticed after the hiqh orror levels in *he

dat a1 have Leen rd&’ﬁ

in oA relatively shor? period of time ta bhe more consistent

.. It may be possible *o train subijects

in  *helr reponses. Since +his 3tudy has *ouched upon only

three of “ane many possible methods of gatherira similarity

data, rerhaps  3nother method of da*a collectior will prove

20ore error-free.

Assuming *ha+ the error inshe data can be reduced
o s

subtstantially, further research in the arec will rewwal

“+her vpossihili*ies for +he applica*inn of coanitive

s

3 A . ) :
s}ructurﬂ. In theory, all the educational advaurtages of the
e N
prec~ise measurenent of ° .dividual differences apnly to the

recovery of structural information frorx student Aata. There

1s considerable error in *he data ob*ained from subjects in



thre  aruady, T+ 15 no* clear whether *his orror 10 due to
Timitations ot the technijques or to lack of stabilaty  in
percention or lack of a0 ura o intraapective Abrlivy on +he

part ot t o cubijects, The  caonversion oof worl association

Liae. o relatedaess Antices  Toves g Jrea: deal of

It

tnfor 1 tion !}':)ll? subject st vercontyons. The fiilure of many
&
subijet s +*o confine *homaelyves bty o+ e constraints of the
worl aosociation test was surely a confounding factor in the
analvysy oo Tur+sher moditicaticen  af +he directions qi ven to
‘ _ i
the =ubjects iy leggon t hese rroblem:, %o Attempt was  made
in *he  stady *0 ue o redun?lar o inforaation supplied by the
similarity  judgment +est recpopca-  ro estimate  subject
respnanse  stability.  tow  this Shoulé he Aon-~ is not :lear,
’ L4
bu* retundarcy of inforaation  should wot be 1gnored  in
attompts  *o 1-srave the accyracy f the s1.ilarity matrices
produced from snbject responaes. The se®antic different+tijial
test 111 not  correlate as well as michs he hoped with the
orher two similarity ra*ing teses. Antlysis of *he da*ta of
this to- by aore  traditional senantic differential
*echnigques miqght shed lioh* on  the usefulness onf the

barticular bivolar scales chosen for the o ots  anAd

ubhiect 19es s*+vdied, This was a *echniguer of . strumen+
4 7 M

n

refinement not used in‘fhn stady,
ihn

3

There 1s considerable varia*ion in -he literature in
"~ nature of the Airections given for the constrained
ar v tlon *est_ s balanceé must be s*ruckx between focusing

5 on the concept domain of interest and stifling
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thear tlaency of respense. For examnle, it is nossihle  +hat

the Ieagal  conantstions of  "l.&"  and "evilonece™ may have
interferad wite  abject reeponse . © ) these concepts in the
,n

sclentifaie contmxt of this inves®i1gation. Instruc-tions which
ack S hject o oy list words they woul @ nse in oxplaining or
detining the  concepts,  despite  the nredictoed  effect  on
fluency of rocnonse, may Drove +o he wmore gsafgl - thating
In an o~ lucational context.,

The porsonality v(a*i‘dhle‘?' measyred i‘n this astuly did
not Droave fruittul 1n the analv is of infividual
1 fferences. The developaental level teast  conceatra*ed  on
tho ahnlirvi;} comuine and control variibles at the expense
of o*her ispect s of forwal thought, such as propo~+tional
ahility, fecause of  this  limita*ion, and hocausé of the

. ‘
concentual Aiff tul*y‘;involvo‘i &c:*imdfinq the o flability
of the measyre, the m{ﬁéﬁr@ in retrospect seens 1nadequate
for *he  +task. The coéni‘iva complexi*y tes* wac even less
reliable thar rrevious instru~-~ *s reported in the
literature ¥hich have a**empted *o measure *this variable. T+

s
1s not clear ‘how reliability of the instrument could be
imgroved wi*hin “he *ipe constra}pfg of this study. Assuming

“he cons*ruct 15 educationallv useful, «hich is. not

&
»5t1blished, then pore testing time should have been Arvoted
! .

to  1i+*s peasaragent., Since 1% would have been nex+ +o
impossible to 1Sk for a fourth class period, perhaps a
bet+er approdch woulil have heen +o -  no+t adiminister +he

semantic differential instrument and concentrate on a longer
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and bessor onegmat e of cognitive comploxity.

Th seating techniques psed did nor overate hqul}‘y
eiticiently on *he lata provided. The Tucker techniagne must
be Sulged anfeorior *o the Carroll tochnique because  of  the
ot g

-

Lack of  consistency in group menbership across data
]

The Kruskal  tochnique failled to proviie meaningfui

tatormtion when overating on the subgroup da*a, oresumably

ferryuse of the nigh nolse ratio ia the dfata. Recause  of

this, 14 accuracy for *he  ful' group data must 2155 be

quaestioned. Perhaps use of the ¢ rroll technigue in a manner

valcl nt1lized +the saliences of the dimensions would have

heen more anformative., Tho reoversion t.+ the Kruskal analytic

*ochniitue for the subagroup “on f#qurations was, in
ratrospaect, unwise, ¥
S ' v
Because of the érror in *he datd, ono Ahrempt was
) B ‘.
nade to Iistingur sh subjects who wfre -using a two'

~dimensional peronective f-om those who were using a three or

four dl'mensional dne. The auestion o€ "t_ye® dimensionality
. 2 A

ot  *he solutions has *o some extent, and ofﬁhéc%ssi*y, been
avoidei. Until pore is known atout *he-bhohaviour of X.ruskal
and Carrnltl scdlﬁpqitechniques under conditions of varying
error and dimensionali’'y, the ﬁfohﬁﬁx‘éf Airensionality o
x ‘

subjec*s' cognitive structures will renain an oven ‘jyestion.

bnﬂ sugjestion which “1s tried and proved fryitless
involves formation of subgroups bhased 5irpcfly on

personality variables. Subgrouvs were formed consisting of

those one s*a2andard dZdeviation above and one s*tandard



devistion  2elow the mean on oach vari Kruskal ana]&sis
of subyg-cup average data oroduced dimensions nninterpretable
by the anvestigator. Carroll anilysis of this data  was  not
attempt eod.,
Teturnin g to the anestion o f the educational
aplications ot the field cf ceqni*ive structure, 1% is n;t
clear, despite the marv unf(ind and suggested nossibilities,
that +he construst  has any potential importance beyond
fHGOFOfiFd] interest. Tt is Aifficult to wax <onthusiastic

B . " .
about the practical conseque s for cducational practice.
q p

This comment should not e construed as 1 sugqgestion that

*he field te apandoned, hu* only that the conceptual issues
and ins*‘ruc*ional consequences be addressed a* grea*er dep*h

than has been ;lone in the present study.
\

5.4 Recomnendations ‘or Further Ressarch

This study has heen exrloratory in pature gand  its

v

te-mination occurred at a somrwhat arbitrary point. Af?ﬁaggh

-
.

the aues*ions posed have been addressed, +the many frui+ful
avenues for da*a manivculation have not bheen explored. The

study has shown that the recovervy of individual differences

.

1n cogni*i-» s*ructire among subjects as young as the ninth
gradle 1s possible with relatively simple (for the subject)

tes*s, Tc Yegin, *echniques are needed for estimating the
2 @ :
amount of error 1in the data. The Monte Carlo studies of
, ‘

Wagenaar and Padmos (1971) and Isaac and Poor {1974 have

begun this work. The following studies are sugqesgpd:
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1. ¥Fxtension  of the  Monte Carlo studies to investigate
situations where *he +trge dimvnnionali‘} 15 not exactly two
or three dimensions,  but perhaps an average of a true two
dimensional and a true three dimensicaal pa*ttern.

2. Assessment of the various methods of antroducing  randomn
error into Monte Carlo stadies ip order to investigate which
15 mos® samylar  to  the  type of error produced Yy human
subject s,

3. Monte Carlo stuticgcomvaring *he accuracy of +he ¥ruskal

-~

techniqpp operating on an averadged solution with the Cirroll

technique operating over a set of indivilnaX Ma*rices.

Further analysis may reveal whether
subject: who failed +«5 load hiqghly on thasdimens

Carroll analysis wvwere opepswt.ng froa unique perspectives or

o) vl e
Pn confusion and ~rror. Tt is sugiested that:

Subjects who failed to anaiyse in*. 1hgroups on the

Carroik\analysis be regfﬁuped and analysed again.
B ‘i ‘
! Ce s 1
The method used for subgroup formation may no+ ‘e

2]

the nost approonriate. It is sugqgested that:
S. Alternative methods of suigroup formation, perhaps partly
subjective, be exclored in order %o produce subgraups with

identifiable differences in both cognitive structure and

personality variables.

h. Technigues of multiple regression and discriminant
analysis be atteapted 1in order to 1dentify linear
combinations af personality variables which will

characterize subgroup members.

~w



Purthe. wse of the semantic difterential technt que
1n the manner of 14 Lhve: * 1gation requires explori*ion of
1

the relationst op between this use of the techn;que and  more

traditional  uses, The  orobability oxists that the scales

provide ' for gubjects 1o e the concapt:s A1l no+r  exhaust
theé  Jdimensions of  semantic ace nsed by thoe subijects in
thoelr views ot the conceptse Futher use  of  the  comanti

differential 12 ctudies of  *his gt o ie of thenretical
1nter: miv, as  the constiuct validity of  cognitive
tructnre .oas  been’ establiched by *he convergence of the

constraine dagsoci ttion and similari*v judgment tes s.  For
w

explora*ign  of the :cemantic differential, it i sngqgested

that:

7.. Tke data from the prPsnn{ studv. - pe faoor analysed by
nethods comnon *o semantic d1if rential rese:cch rethodology
to asiess the alequacy of th . ini*fumonf from the point of
view of the semantic Aitferen+tiil tradi*tion. 4

8. That: the numbor of bivolar scales be increased in an
a*tomor ‘fo produce ! tteos Meguer g )T the rele 1t
dimencions of sepantic Space,

While 1t seems quite reasonable to exten? the use of
the constrained association fos* *c twen*y or more concents,
a conmplete simiYarity judgment test fo;,such a larage number
of Dairs of concepts would he a prohibitive *a:k for a'-high
sch»ool age volunteer subiject. Resaarch is needed on mo?héds
of deletion of pairs of concepts *+o shot*en the ‘*est with

sinimal loss of information. Tt remains to be established

R
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whaet her o ¢ . hod ot direcar Yrnag tata haged 1

relatave G1Te s ar the disaimilaritae s 1% motre ofttiocrent an

torm ot oantoroataion ret ati1on than 1 rantom tr<oarding
“heme, Such 1 non-t1andom pet hol would He bayased apon the

f ¢t *hat more intor~aytron 15 nee - dod yhont the reelaatyve
12 ot cimailarities of pernt “lovver v gether thoo ot

pornt tars her part. Tt e suagages ot haes

dLo stulaes ach o those undertayen by spence oand T ymapey

(12 7ny, which 1nveast1gate = the ot ot ot 1nomoplete

crmilar ity mattrices o Kruskal solutions he oxpanded, There
oo neel o *tho pnvestijition of the relytaive effecta of
candom ve, aystematic drscariung ot o davay,

LRSS STER I} anch e t hoce scutlined hy Tor o1 son (1958}
involving  the ase of cubcamples of the similarity matrvix *o
coorimat o conasistency of response be cairriedl cat.

T+ =“epoems qulrte clear that +thorn 1T AT aepect lves

tyam  4h1.n ¢ view the concerts unler ~*uly which cannot

eca1silvy he oexplained by an outside y3ult ohserver. Si1ven that

et inlished +hat *thece perspec*ives 1re Lod merTely

—
>
i
e
-

ranlem —rior, methods 1re needel for reveslini *he nature of

the 1ntividual views nf *he concept~s, Ma o sqamolina lar 1e

ceale stagdies wi 1] vrobtably not he effective for such a
rurooce . T+ 1o more likely *that 1 comhina*tinn of ». “ten
Sy (perhans pAraranh ~omplet 1on) tests and npersonal
itn*erviews  will  shed "Wt on  *+hi« 17TeAL Perhans  *+he
*rd‘::‘:'l": ot subh dect in*rocrective fochniques woulid bhe

unet gl hero, Thao followinag cxnlaratorv stuitres ire
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o commen el
1.« onton SR SR {(“havel ion g Geealin, 19 74) Ot
b ject traovdipeed Patagraphe cxplaining s ho Concept g ¢
Intopest,
e Traad Gt by, ch s those naedl in dovelopment o the
tactrarent s ot *hayo “tudy. Sub ject o world he  anked o
PO e iy Wt . pos ity Mmeent in g
Prar Tt er el fram o the o hoo twor,
N

VAo Txoloration of tho Porsahs Yt peer ot : Sjects g
tochntages doayrgnel ta reduce orror 1n ciTilaryty
Tulyment o,

The wlnqulry ot Toames T mo e} o Caan fyve
Y tare it o not estahlishe . Soame work %135 heaenp tone an

nan-oeoroby j - rolols “uch ac Yierirchica) clustoring (5,0,

Johr gor 1Ty L b pan construction (Chavelaon 0 1a7uy . ind
Textoal iravh: g (¥apopart ot gl 196kK) . While theoae
technianes noem requlre extencive cahjecs ‘riining, 1nd
pechans N A "D older snhiocrs, v ajs -n may be
necessary Ta e where there . 4 topndenc mothe part o f
rul*ti1dimensyicnal T1Iinc fechnigqiuec f 5 praigee fecenerato
soli*1nn, 15 5u 7705t nd thyt -

1. Techniau. he exclore ™ far atking +ha > tho” o f troe

N

ruction clear *a high o schonl e sabject s,

2
=

v

ina the ahave, CrTmelyrionn Dot woon treo
Tonstroction and similarity -6 nn testnigues ised in e N

st1lv chould  Fe  establiche The o investitation mav  ne

extended 0 gitua s oens vhere oot ooy ] moiels Tav he

/
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ecxpected to degenerate,

Woxler tnd Romney (1972) have devised o methodoloqgy
tor tYentatying andividual d1tteence o, on the [ e ot
suhject responses,  they  calculated  similarities  bhetwoen
cubject o Krnskal sealaing of the cubject  <amilyritiec  then
produced a map of subjecta in geomettical sprce. Becance of
the 101l lack o suecess of  the mve st 1gat oo 10
app St e 1ienti1fi1cation ot oindivi lual difterences among

subject -, +the ipproachk ot Wexlor yn:d Pomney  may  prove

valuable 1n mare specrfic 1dentaficat 1 on Ot cubject
charact er 1ot 10a with indivilual A1 fterencos 1 n Sognil t1ve
Structures, Perhaps Joclness-ot-fi1t ReASHres on scalilng

soluri1on= of individuals differentiated on several 1ifferent
criteria, such @5 responses, Ftoaraphical data, eto, may
provi ie 1n=1:.7ht In*o *he *ype nf variables hoe*}gﬁrnciafod
vith 1ndividual 3ifferences in coqni*ivq\nfrucrurv. However,
fuch *echniaues, exotic and Interesting 18 f;hy ire, "t Ay
rrove  no o more  effective thain conven*ional methods. T* is
recommended that:

16. A =ubject=s by subjects correlation ma+t-ix be forme Tom
the vectors of similarity ratings osroinced by the subiects.
Thi=~ correla*tion ma*rix should *+hen be <scaled hy *+he Xruskal
technigque, and  1nalings on limencicns correlated  with
persontlitv variables. Perhaps 1 Aiscriminant function coulAd
be apbnli ~ +n ‘h; lata +o 1den*ify linear coabina*ions of

personality  variables useful in 11fferentiating amonqg thnse

vith diftering nercep*inns nf *+he concerte. This Tuygestion
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amounts to 3 ponmetric version of the T.oker method,
The relative robuctness of the Carroll techniqgue

with the type of data used 1n the present stuly may make gt

the | preterred analytic technique tor the further
investigation of coqnitive  structare, This nse  of the
Car:roll technigque has  corjous consequences concerning the
cost oot such stalies, although no  cugqgestions  for further

research  can be pat torwytloat *this time. Tf multiple
regqression - echnique te bt he ysed for the identification
Ve individnagl M fferernces, then sample 1zes considerably
arier *han *hose in *he precent study  will be  pecessary.
The  compnter  costs of  the Carroll analysis vary lirectly
vith 1. o size (and number of 1terations). A run  of the
or1jinal INDSCAL  obprogram (Chana and Carroll, 1970) on 78
'
subjects reauired, Hn the Mniversity of Alberta's Amdahl
460767  computer, ahout ccven minutes of arn time. Using the
imprroved version, which became available ne. *he eond of the
investigition, SINDSCAIL (Pruzansky, 1975), this cost was cut
in half.
,

lLarge scale data manioulatinng studies mAVv ao* ho +he
post efficient method of answering the aquestions which ~an
be raised abouy+ cognitive structures, More varied
experimental techniques are needed.

In conclusinn, *here is +he possibili*y *ha*t the
matheaatical +*echniques ot *he scaling analyses have becoae

overly sophisticated in relation *o the type of input which

in  presently be provided. T+ is expected *ha* future
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rogiress in the elucidation of coaqnitive structures will
p J ’s

»me 9dnly after considerable vork has been done on reducing

error an the data and on claritying and measuring relevant

personality variables,
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FPARL Y XXT11

UNSYOTATED LOADINGS OF SUBI%CTS ON PRINCIPAL VECTOD,
PO THCKER TOLUTTIONS ~ Al

SARIIS AT NIMENSTON

I 1 2 } U

1 0.50 -0, 1.0 ). u
’ 1..20 0. 1% RS IR -1 2
3 0. 313 (O .37 . 38
4 1.47 - 1.7 =L 56 -4
5 -0 253 - 1.0 . 6HO ., Yt
f -0, 37 1.4 NI AN 0, 3
i -1.u9 .49 TR RN
! -1.02 .13 -Z2.11 -0.63 '
a RENTURES 161 ~1.a7 1. 16 :
19 0.9 0.uh : 1.6
M -1, -, -1 .3
1o U. 19 0. 14 -0 -85
13 0. 27 S Y -1.67 .13
14 -0.3u -0.99) J.uu 0.0 -~
‘) 0. 83 -0.71 .29 ~7.33
16 .09 -1.12 1.30 .2
17 v. 01 -0.5) .06 .54
14 -0. 16 -0.N> D210 ~0. 17
14 ~0.h0 -C.un -0.75 -1.002
Y 0. 3IRr -1.21 D.bA -0.R3
-0.50 -0.54 .51 .76
o7 -0. 33 -1.14 I R -0, u5
/ (Y. un -C.h2 -5 .hU ERNEE RS
2u -0.30 -0.5 V.65 Dohe
25 - 0.5 - 0. 3u y.1a .09
Ras ~0.49 -0.17 J.6h7 0.5
27 -0.10 -2.17 -0, 32 -2.09
)= 0. 24 -0.51 -0.00 -9.97
‘ - J.51 -1.07 0. 3U -0.41
n -, 2h -0.25 IR 0. 44
11 -1.11 -1.07 H.74 1.57
32 -0.°5 J.46 <5 -0.hb
313 -0. 11 -0.5n ). 35 -1.49
4 - =0.36 V.74 Y. 26 -0.58
I -J).60 -0.64A Y. 12 N.496
16 -1.52 -0.659 Y.10 0.2
37 -0.64 1.35 ). LA -1.74
13 T.a2 -0. 4 -0.71 -0, 3u
39 O.6C 1,04 ). 36 1.52
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TABLE XXT11 TONT L)

ANVOTATED LOADINGS OF SURJFCTS N PRI NCTPAL VECTORS
FOR TUCKER SOLUTIONS - CAUY

yngReT NDIMENSTON

Ih. 1 R ] U

41 RS N -0.020 -0.77 0.ty
4 -1.18 1.0 -0 Uy Nab7
03 - Y j.07 D78 -0.ut
gy -0.37 -0.5 SO0 - 1.08
a5 0.u7 0. uq -1.76 -0, 31
e -0, IR .10 1.8 - 1. 44
477 .97 - 1.4 -1.03 -N.17
44 -0 24 0. 80 .2y -0.19
0uQ S B .20 -1.7¢ -0, 7%
50 -0, 27 1.39 -0 .59 .76
57 n, 29 .82 B SR RS
52 - 1. 138 -, 34 .18 -0.28
53 -0.61 1. 38 D62 ~1.65%
Su d. 32 -0.85 -1.60 1.872
56 O.up -(.34 ). an -0..9
5h -1.40 0.Q4 J. 1.46
57 -1.91 -0.14 -2.01 1.30
HH ~-1.8Y 0.0u ~.49 1.09
59 ~{.uq -0.27 0,79 0. 18
6 () -0.86 -0.88 N.65 0. 31
A1 -2.04 -0.33 0.20 1.63
67 -1.11 .25 -0.59 ~-0.60
t 3 -0.50 1.12 h,2u -1. 1319
64 - 1. 4n -0.5 ~0.62 0.94
65 -1.56 -0.73 0.RS H.96
6t -0.93 -0.48 0.51 0.135
67 -0.66 -Cab62 ~0.43 -0.b66
63 -1.04 -0.47 ~-N.08 0.59
“ -0.80 -0.56h 3.05 0.58
; -1.06 -1.10 D.43 -0.81
71 -0.60 1.454 b.u46 -1.12
72 0.80 0.136 0.131 0.70
73 -0.73 -1.15 -0.17 -0.52
T4 0.39 v.76 -0.36 0.25
75 -d.4u Cc.1u .78 0.53
76 -J.66k -0.59 -0.11 0.29
77 -0.79 0.093 J.09 -0.63

74 -0.67 ~0.1) -0.15 -0. 131
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TABLE XX1V

UNHOTATRD LOADINGS OF SUBJFCTS ON PRINCIPAL VECTORY
FOR THOCKEK SOLUTIONS - CAUTL

SUBRJFCT DIMENSTON
In. 1 2 3 4
1 0. 16 0013 .20 -0.22
2 0.6 0. 84 -0.50 0.00
} 0.12 0.64 -0.0? -0.33
4 n.9 0-30 0.02 0.73
) -0.30 0.u9 -0.66 0.9
6 .29 -0.05% 0.10 0. 01
.69 0.u1 -0.08 0,31
; 0,133 0.79 -0.00 0.50
a 1.53 .36 -1.22 -0.38
10 0.130 n.17 -0.25% 0. 14
B! 1.90 -1.16 1.57 1. 58
W) 0.94 0.19 -0.17 0.05
R 0.97 - 0.20 H.24 1. 88
14 -0.09% 1.0 0. 86 -2.09
15 0.66 -0.02 -1.02 -0. )09
16 0.33 -0.49 -0.98 “0.5H
17 1.83 0.uu .65  -g.8%
14 0.95 0.24 J. 41 n. 11
19 -0.33 267 -1.99 2.19
20 0.4 -0.42 n.95 -0.%872
21 ~-0.02 -1.5. ~0.96 ~0. 16
20 n.77 1. 76 1,44 -2.67
213 0.17 -1.03 1.12 1. 14
Ju -0.69 -1.63 -1. 14 H.u2
- -0.61 1.61 0.67 1.49
L 1.02 0.09 -0.21 -0.37
27 1.99 -0.20 -0.7R 0. 3R
23 .65 0.13 ~0.07 0.61
29 }.84 0.2u G.45 -1.05
30 21,37 2.72 -0.29 -0.92
31 1.29 0. 04 .08 -0. 39 .. -
32 -1.16 0.76 3.0h 0.62
33 ~2.5%  -1.10 0.19 N.66
3u 1.40 .86 -0.71 1.82
35 0.22 Lo -0.26 -0.73
EE) .74 0.77 .07 -0.10
37 -1.60 ~0.09 1.77 -0.89
3 -0.17 0.25 D.17 -0.17
39 1.09 -2.41 1.8 J.52

40 1.94 0.58 -0.61 0.06
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TABLE XX1v (CONT.)

INROTATED LOADINGS OF SUBIERCTS ON PPTNCIPAL VFECTORS
FOR THCKER SOLUTIONs - CAN12

SURBJRCT DIMENSION

1D. 1 2 3 i

u 0. 35 0.5 1.08 -1.16

Uy 1.70 0. 11 0. 43 -0.78

u 3 0.22 1.13 -0.61  -0.55

uu -0.71 ~0.10 ~2.38 ~2.06

ne 0.64% -0, 44 -0.18 ~0.70

U6 1.10 -1.20 -0.7n ~0.01
«ouv 1.20 .25 1.90 0.59

WA 0.74 0. 16 -0.93 ~0.89

un - 0.80 -2..27 -1.50 0.61

50 J.29 1. 4y 0.70 0.69 ©

41 0.00 -1.09 H.u3 -2.49

50 0. 15 0.29 n.9 0.32

5 3 0.62 0.19 0. 28 -0.36

-1.02

54 1.29 -0.8u




TABLF XYV

UNKOTATED LOADINGS OF SUBJECTS ON PRINCIPAL VECTORS
FOR_TUCKER SOLUTTONS - CAS9
For

SUBJECT DIMENSTON
In. 1 2 3 u
1 .00 ~0.87  =0_.62  -0.57
2 1.00 0.06 0.61 -0.06
} 100 -0.71 -0.24 -0.77
u 0.99 -2.10 -0.76 0.72
& 1.00 0.67  -2.47  -0.13
N 1.00 0.20 1.15 0.0
7 1.00 0.61 .11 -0.24
3 1.00 0.0u 0.96 -0.90
9 100 ~0.78%  -0.63  -0.54
10 .00 -0.05  -0.40  -1.15
11 1.01 2.03 0.41 0.91
2 1.00  -0.54 0.89  -0.80
134 1.00  -0.63 0.21  -0.03
14 .00 -0.18 V.22 0. 36
15 S 1,00 -0.96 -0.03  -0.2%
16 100 -1.02 -1.83  —1.5%
17 1.00 . 0.10  -0.46  -0.72
13 0.99  -C.36 -+ 0.03 1.00
19 .00 -1.23 0.68 1.11
20 .00 -1.R2  -1.28  -0.0u
21 1.60 .07 -1.12 -0.42
22 1.00  ~C.76  -1.25 2.10.
23 0.99  -2.69  -0.26 0.19
2u 1.00 0.51 1083\ -1.73
25 .00 -0.15  -1.01  -0.28
26 1.00 €.20 -0.37 0.02
27 1.00 -2.10  -0.77 1.26
2R 1.00 -1.6R  -0.33 0.20
2 .00 -0.31  -0.46 0.08
30 1.00 0.21 -1.09  -2.53
31 1.00 .41  -0.94 0.02
32 1.00 -0.17  -0.13  -1.28
313 1.0 -1.04  -0.36  -1.20
3u 1.00  -¢.09 1.42  -0.12
35 1.00 0.63 -1.31 -1.27
36 1.01 .32 -0.18 0.50
317 1.00 -0.24 1.20 -0.92
33 1.00  -C.98 0.15 0.02
39 1.00 0.46 0.97 0.23

49 1.00 ~-0.03 -0.75 -0.03
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TABLE XXV (CONT.)

UNBOTATED LOADINGS OF SUBJECTS ON PRINC VECTORS
FOR TUCKE® SOLUTIONS - CASAa

SUBJECT DIMENSTION
ID. 1 p; ) 4
41 1.00 -0.06 0.05 0.0
4 1.00 0.51 0.95 0.2
43 1.00 0.4 .73 —0.64
uy 1.00 -0.81 .67 -0.03
45 1.00 -0.53 .49 1.75
ué 1.00 -C.us5 1.32 ~0.08
47 1.00 -1.3% -1.uy 1.951
4R 1.00 -0.23 1.78 -0.40
) 1.00 -0.05 2.135 -0.17
50 1.00 0.37 1.00 -N. 15
5 0.9y -1.14 -N_73 -2.12
52 1.01 0. 8u H.u1 1.11
53 1.00 -0. 11 1.64 -0.78
54 1.00 .11 0.06 -0.7%

5 1.0 . -0.88 .21 -0.82
56 1.00 2.05 0.69 0.39
57 1.00 1.45 0.78 n.35
"3 1.01 2.03 0.52 0.32

; 1.00 n.33 0.63 -0.20
60 1.00 1.18 -2.12 0.20
61 1.01 2.25 -0.49 -0.90
62 1.01 C.u> 1.26 0.3u
63 1.00 -0.u>2 2.30 -0.23
6u 1.00 1.21 V.20 -0.63
65 1.00 1.99 -1.48 ~0.133
66 1.00 1.05 ~0.85 1.04
67 1.00 ~ -0.58 -0.32 2.52
60 1.00 1.69 -1.00 0.69
69 1.C0 0.53 - 0.35 0.80
70 1.00 -0.07 -1.21 1.27
71 1.00 -0.12 0.19 ~1.35
72 0.99 -0.84 0.79 -0.30
73 1.00 -0.13?2 -0.19 2.49
74 1.00 0.20 0.5 .41
75 1.00 0.54 -0.27 -0.79
76 1.0C0 0.83 -0.77 2.51
77 1.00 -0.12 1.15 . 0.63



TABLF YXVI

HNBOTATED LOADINGS OF SURJRCTS ON PRINCIPAL VFCTODRS
FOR TUCKEP SOLUTIONS - CAS12

SURJRCT DTHMENSTON
In. 1 2 3 i
1 1,00 ~0. 34 .11 0.97
2 1. 00 .62 1.24 1.76
3 1.00 1. 34 .39 -0.30
4 1.00 -0.30 1.4k ~0.uu
5 1.00 1.4 -0.4y 1.97
6 1. 00 .35 -1.03 -1.06
7 1.00 ~0.02 1.37 -1.42
] 1.00 1.28 0.70 -0.10
9 1.00 -1.2) 0.59 1.62
10 1.00 -0.0#k 0.96 -1.64
11 1.00 -0.61 0,27 -0.87
12 1.00 0.21 -0.01 -2.05
13 1.00 0.24 D62 -0.51
10 1.00 1.30 -0.97 0.81
15 1.00 -1.27 0.21 1. 14
16 1.00 -0.72 -0.50 0.u?
17 1.01 -0.94 N.4u ~0.58
18 1.00 -0.25 0.62 -1.98
19 1.00 1. 24 1.15 0.77
20 1.00 0.59 -2.u2 -1.04
21 1.C0 -1.29 -0.68 -0.22
22 1.C0 1.03 -0.31 0.15
23 1.00 0.01 -0.57 -0.51
24 1.00 -0,29 -.55 -0.25 "
25 1.00 1.67 1.18 0.24
26 1.01 . -1.56 0.67 0.60
27 1.00 -1.34 1.05 -0.27
29 1.00 ~0.53 .82 -0.97
29 1.00 -0.15 -N0.83 0.65
30 1.00C 1.93 0.86 1.61
31 1.00 -1.29 0.59- -0.92
12 1.00 1.77 -0.38 -0.02
33 1.00 1.52 -0.90 0.27
3y 1.60 -0.2?2 1.77 -0.76
315 1.00 -0.03 -.5u 1,44
36 1.00 0.16 1.U46 0.0z
37 1.00 1.28 -1.22 -G.4¢
38 1.00 0.55% 0.23 .18
39 1.00 -0.76 -2.09 -).38

uo 1.01  -1.21 0.9 1.05



R RY)

TABLF XXVI (CONTL)

UNPROTATED LOADINGS OF SUHJIFCTS ON PRINCIPAL VRCTORS
FOR TUHCKER SOLUTIONS - CAS12

SHBIECT DIMENSTON
In. 1 Py i 1
41 1.00 0.12 = 1.56 ~0.50
4 1.00 - 0.8% 0.2k -0. 01
43 1.00 1. 13 1.00 -.07
i 1.00 0. 14 -0.60 1.78
'\ 1.00 ~0.57 =026 -1.23
46 1.00 -1.81 = .95 .31
u7 1.00 N.2n ~0.713 -0.66
un 1.00 -0.56 ~-0.27 1.48
4 1.00 -1.54 -0, 16 -0.22
50 1.00 G.9u 0.80 -0.54
51 1.00 -0.06 ~31.08 .52
57 1.00 1.55 -0.55 -1.74
53 1.00 ~-0.87 0.59 1.69
Su 1.00 -1.52 ~0.u9 0. 14



ANFOTATED 1

12

OADINGS OF
OR TUCKER

TADBL Y XYy

SOBIRCTS
SOLUTTIONS

1

N

S0

PRINCTIDAL VICTORY

n

16

- 1

_(). (){)
-1.00
-1.00
-1.00

-1.00

-1.00

1.00
-1.00
-1.00
-1.00

1.00
-1.00
-1.00
-1.00
-1.00
~-1.00
-1.00
-1.00
-1.00
~-1.00
~1.00
-1.00
-1.00
~1.00
-1.00
-1.00
.."‘_(}()
-1.02
-1.00
-1.09
~1.00
-1.00
-1.01
-1.G0
-1.0u
-1.G2
-1.00C
-1.00
-1.00
-1.00

-0.29
0.13n
0. 959

-C.96
1.93

-1.00

-0.54
.06
1.8
C.9
1.53
0.0
.41
.21
J.77

-0.61
1.65
C.65%

- 1.4

-1.13
0.30

-C.7)

~-0.64

-0.14
0.22

-C.02

~-0.50

-0.4R

0.7%
-1 .08
~0.00

0.46

0.54

.42
-7 .44
~0.79
-0.80

N.990

7.06

1.40

0.17
-0.219
~1.10

0.53
~0.23

U.99

D.70
-J.4u
-1.85
-0.40

.65
~0.R2
-1.1¢4
~-1.30
-0.62

D.32



Jh

TAPLE Y X7 CTONT L)

ANFOTATED LOADING: v SURIJSCTS ON PRINCIDAL vECTOS

FOR TOCKFR SOLUOTIONSG - 309
SUBIECT DIMWNSTON

o, 1 n 3 "
41 -1.00 C.u4 = {y.n N.hHa
42 -1.00 =115 -0 N T.u1
43 ~-1.00 1.1 1.0 (S I
sy -1.00 0. 1 PLd) - 0. i
05 ~1.00 -6, 1.0R N, N
6 -1.00 O. 1 -i.74 (DI I
w7 -0.99 J.0 1.an .86
44 ~1.00 -0, -1, 0.74q
49 -1.01 -C.77 -0.60 -0, 64
50 -1. 00 0O.67 N.25 1.76
51 -1.00 0.74 0.98 DL
H 2 -1.C0 N.11 J.94 0,25
53 -1.60 ~ (.01 0.0 1..19
54 -1.00 ~-0.u4u -0.05 D.35
59 -1.00 -0.83u ~0.64 0.0
56 -1.¢00 1.96 .49 0.45
577 -1.00 -1.53 -0.57 .70
S -1.00 0.89 1.30 .14
9 -1.00 =0.6hU J.03 -0.94
6O =1.0¢0 0.33 1.05 B S
61 -1.0¢0 1.31 ~D. 27 «U.“/’f?
62 -1.00 0.69 -3.50 ~0.60
6 3 -1.00 -1.9% -d.2u J. 86
64 -1.00 -0.75 J.56A ~1.36
65 -1.090 1. ~0.01 -0w 30
b6 -1.00 ~-0.13 ~-1.0R ~-1.29
HT -1.00 - (.3 J.hU Lo U2
o2 -1.00 0.40 |, -0.213 ~0.496
Ha -1.00 1.3 ~J.0°0 1.01
70 -1.00 1.05 N.94 ~Galud
71 -1.00 ~0.29 -1.467 ~0.75
7. -1.090 0.50 -1.51 1.52
73 -1.00 (.96 -1.27 0 - =0, 26
74 -1.00 0. 32 -2.37 -0, 15
75 -1.00 -0.41 1.24 s U3
7 A -1.00 J.44 -2.27 Ve 22
77 -1.C0 -1.32 J.R7 ~0.67

73 -.00 -".92 -0.01 -0.,22



TARYLE YXVIT]

ONBOTATED LOADINGS O SURJecpe oy
FOR THCREY SOLNTTONS

SURTFCT
9.

19
"

11
14

16
17
14
19
20

PRINCTPAL

e

] WRNST
1 R

1.00 1.4865 ~
1.00 Jah
1.00 G
1.00 ~-0. 10
1.00 - .
1.00 -~ 1044
1.00 0.1y -
1.00 D by -
1.00 - 00590
1.0 . T3 -

- .”]\{‘ -
1.00 1.1+
1.00 ~1.07 ~
1.00 -0 34
1.00 1.14%
.00 ~0. 23
1.00 -1.87
1.00 1. 89
1..0 -0.49 ~
1.C¢C S
1.0¢ -1, 2 -
1.006 AR
1.00 LT -
1.00 - 2. 27
1.00 ~0,.07 -
1.00 0,79 ~
1. 07 .90 -
1.95 1.39
1.00 ~0.23 ~
1.00 -0, 47 -~

N
}

T.HY
.03
N.T74
.93
N.91
S.05
0. 09
PR
.89
aLu
.97
J. 15

J. 25
Dau7
1.0u
1.15
.03
1.13
0,03
3. 99
2.59

VESTORS

o7

’/‘lr ‘H
§ W
P

P



UNROTATHED LaADT

TABLEF XXVIT]I

NGO OF SRR e TS

POE THCKYE SOLOTIONS

SHRIECT
o,

[
4
TN}
4
4%
4
u7
42
a4

N

‘ )
1.00 -1l 5
1.00 0. 09
1.920 0. 13
1.09 0.5
1.00 -C.u5
.99 D56
1.00 R
1.00 0. 20
1.00 ~2.14h
1.09 N, 20
1.060 0.7%
1.00 -0.ul
1.00 C.u
1.40 - 0. 14

(v

N

ONT L)

PRINCIPAL VRCTORS

J10

3 7
0L 90 0.50
1.99 .94
-, a O.6 3
1.01 N0
[V -0
-1l 046 -2.
Y_ou BEANED T
-0L Ry 1.50
}.oa9n h.u
- uS 1.54
J.uy .-t
-a.78 0,39
-Gy 0.4 3
-1.14 D.hY

A
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TABLE (XIY (CONT L)

NNBOTATED LOADINGS OF SURJIFCTS ON PEINCIPAL VEL

FOR THCKEP SOLITTIONS - $D9
AUBITCT DIMNMWNSTON
1 0. 1 2 ] il
41 ~1.09 1.56 -N.H 0.2
., -1.00 0.3 .90 0070
4 -1.00 0.77 -2 -0, 0
nu 1.00 - (. 1Q 1.451 0.1/
45 - 1.00 Ha.Zn -l 1,497
4t - 1.00 -0.49 [OIPAR] 0. HAa
a7 -0.99 - 2.19 -1.52 1. 148
an -1.00 - .7 a,u, =077
4 -1.00 -1.47 2.9 1.27
0 -1.040 -0.7n .an -0. 36k
01 -3.00 1.7 1.9 -1.07
e ~1.00 1.317 1.03 -0, 14
RIS -1.990 0,80 A J. 10
G -1.040 O.73 -0, 9% 0.0
Y -1.00 1.40 -1.207 1.01
£ -1.090) -1.76 - .17 0. 39
i -1.00 .38 C. 34 -
HR -1.00 -0.65 Uehn RN
LG -1.0¢ a2 -0 _8R1 1.74
£y -1.00 -1.73 .o -0 35
A1 -1.99 1.628 P -1.35
o) -1.00 .24 .3 -1.96
¢ -1.00 2053 IV -0.1¢0
AU -3.09 1.30 0.67 0.35
BN - 005 .15 -N.u49 1.2
H 6 -1.00 g.un ). 32 1.06
~7 -1.0° -0.u47 1. -1.0R
53 -1.CQ -1.04 -0.4 i.7U
n 3 -1.00 -0.32 -0.8 -0.47
70 -1.30 -1.07 1.34 .51
71 -1.01 1.55 D24 DeRb
/ -1.70 -1.495 - .64 Q.50
h -1.00 1.02 0.4 T h
~1.00 .92 -0.R1 -1.69
7S =200 0.23 1.°2 -1.16
75 -1.00 1.75 y .04 0.65
77 -1.9 -1. A -0.09 .2
14 -1.00 -0.66k ). 27 -0G.5+



INFOTATED LOADINGS OF

Fav TiC

SURJFCT

K

TABLF Y Y

SURJILCTS
SOLUTTIONG

ON

AR Y

S 13
-).92
-1.2¢a
-0.135
1.04
-0.40
0.87
0.55
-.08
-0.91
-0.480
0.3%8
-0.95
~0.47
J.29
D.83
0.4?2
-1.06
-0.71
-1.17
1.16
1.9R8
1.15
0.50
-0.8R7

PRINCIPAL VECTORY

-1.08
-1.74
- 1,45
~0.1312
-0.10
T.53
-0.01
-0.85
-0.69
-1.09
.01
J.n 0
VR
-0.17
0. 15
-N.41
-0.53
-1. 34
1.32
~0.47
-2.19
-0.11
.51
-0.383
2.0¢
0.45
-0. 41
0.77
1.76
0.62
0.06
0.69
0.a
.14
0.53
-0.32
-1.561
0.01

In. 1 )
1 -1.0Mm -4
K -1.00 -0.90
} -1.00 n.72
i -1.00 1,848
) -1, -0.71
f -1.00 -1.1%
7T 2100 0.75
1 -1.00 1.AR
g -1.00 0.74

10 -1.00 -1.93

11 -1.01 -0.81

BRI -1.00 -0

13 -1.00 ~0.09

14 -1.00 1.07
‘ -1.00 0.5

14 -1.00 n.ac

17 -1.00 -0.53

1 ~1.00 -1.12

7 -1.00 0.9

20 1.00 '

21 -1.00 - .

22 T -1.00 1,30

23 -1.00 2.11

Ju -1.00 - (.83

25 -1.09 2.63

oh -1.00 0.113

27 -1.00 ~0.31

2R -1.00 0.96

29 -1.00 -0.23

30 . =1.00 1.41

2 -1.00 -0.94

3. -1.00 .38

37 -1.00 0.84

3u -1.00 -1.902

15 -1.0p -0.46

36 T -1.00 6. 03

37 -1.00 . -0.96

34 -1.00 1.73

39 -1.00 -0.43

U -1.00 €.18

~0.06

221



TABLE XXX (CONT.)

INROTATED LOADINGS OF SHBJECTS ON PRINCIPAL VECTORS

FOR THCKER SOLUTTONS - 5n12
SUBJFECT DIMENSTON
AN 1 D } 4
1 -1.00 .71 -0.88 -0. 32
uy “1.60 -0. 20 -0.76 0. 60
43 ~1.00 1.19 1.26 0.41
nu -1.00 ~0.09 -1.00 0.16
TEN 1.0 -1.32 - 0.3 0.9
uh -1.00 ~0.00 1.6 0.59
47 -1.00 -0.69 -0.79 -1.08
g 1.0 =¢.u7 0.7 -0.52
9 -1.90 -0.00 -1.31 0.6
50 -1.00 ~0.2u ~0. 42 0.1
o -1.00 -0.08 0.91 1.56
) -1.00 0.42 0.9u 1.99
3 ©-1.00 -0.784 1.46 -1.75
o5y -1.00 0.130 -0.96 0.14

DS

-~ 3



TARLF XXXI

VART MA X FOTATICNS OF LOADINGS OF SUBJECTYS ON TRINCTPATL,

VECTORS rOR THCKEP SOLUTTONS Al

SUBIECT DIMENSTION
Tn. 1 2 3
1 -0.13 1. 59 0h.0u
\ 1.43 0.09 N.6Y
3 -0.21 .50 0.6H
O e 0. 94 -0.78
5 0.93 1.15 -0.3R
H 0.57 -2.91 1.8
7 1. 39 0.31 1.09 -
4 1.16 -1.96 1.40
9 0.57 0.19 -0.3u
10 -0.61 2.07 1.61 -
11 1. 85 -0.02 0.3 oy
10 0.21 0.31 1.27
13 0.69 -0.32 ~0.20
14 0.77 1.10 n.19
5 -0.21 1.20 .43
16 -0.53 2.14 5.20
17 0.37 0.6 3 0.35
1R 0.16 0.10 d.na -
19 0,77 Q.01 -0.09
20 0.07 1. 36 -0.137
27 0.71 9,71 -0.01 -
22 0.72 0.76 -0.47
23 ~0.10 -0.11 -0.u6
24 N.4p 0.R3 -0.10 -
25 .83 0.63 -0.27
26 n.49 0.67 0.27 -
27 0.9 .95 -1.22
23 0.07 .46 n.nn
29 .97 .90 ~0.25
30 .29 0.63 .10 -
37 1,43 1.22 -0.0%F
30 0.52 0.43 1.12
33 0.38 0.7% N.22
3 0.28 0.10 1.23
35 0. 34 0.u9 -0.08
15 1.66 0.33 D.06 -
37 2.32 -0.06 1.72 -0
38 -1.11 D.46 0.75
349 -0.7¢ 0.30 1.61

9

XY



)")11

TARLF XXUI (CONT.)

VARIMAX POTATIONS OF LOADINGS OF SUBJECTS ON PRINCIPAL
VECTORS FOR TUCKER SOLUTIONS - CAU9

SUBJECT NDITMFNSION
ID. 1 2 3 i
4 0.59 -0.u 0.18 .8
T 0.95 -0.81 1.50 -0.04
u3 0.03 ~0.54 326 -1.12
B4 0.79 0.16 0.26 105
a5 -0.74 -1.30 .63 1.60
U6 0.11 0.92 1.89 -0.51
u7 0.03 0.u9 -1.08 2.2
4R 0.16 0.13 1.130 0.10
49 ~0. 49 2.4 3.08 0.87
50 0.21 ~0.74 1.83 0.61
51 -3.75% 1.43 1.82 2.7
52 1.46 0.130 0.26 -0.10
53 0.26 0.0 1.68 -0.60
54 J.52 -0.35 0.11 2.42
55 -0.08 1.4 0.7% 0.74
56 1.37 0.05 0.50 -0.25
57 2.26 -1.49 0.30 1.09
54 1.90 -0.44 n.48 -0.08
59 0.5%9 C.93 0.u46 ~0.02
60 1.05 0.9u -0.23 -2.10
61 2.10 0.29 0.u4 -0.26
62 1.13 -0.57 0.53 0.17
63 0.30 -0.10 1.52 -0.12
/ 64 1.73 -0.21 0.12 0.49
65 1.65 1.00 0.10 -0.41
b6 1.02 0.66 0.10 -0.15
67 0.93 -0.02 -0.23 0.u8
68 1. 18 0.13 -0.04 0.07
69 1.00 0.35 -0.02 0.23
70 1.35 0.94 -0.29 0.173
71 -0.13 3.32 2.85 -2.22
72 -0.91 0.10 1.12 0.21
73 1.16 0.59 -0.43 0.66
T4 -0.26 ~0.20 1.29 0.92
75 0.u9 .85 .97 0.08
76 0.82 0.14 -0.18 0.17
77 0.79 0.08 O.u48 -0.0u



TABLF XXXIT

VARIMAX POTATIONS OF LOADINGS OF SUBJECTS ON PRINCTIPAL
VECTORS FOP TUCKER SOLUTTONS - CA12

SURJIPCT DIMENSION
Tn. 1 2 3 u
1 ~0.10 0.10 0.13 0.48
2 -0.58 N.64 -0.00 0.70
3 -0.21 1.58  -0.19 0.29
4 0.21 0.28 ~0.0% 1,01
.5 ~0_6U 0.60 .53 0.13
¢ 0.23 0.02 0.04 0.28
7 0.0U 0.40 0.01 0.85
8 -0. 14 0.78 -0.14 0.57
9 -0.62 0.01 0.50 1.95
10 -0.19 0.03 0.02 n.39
11 2.5¢ -C.22 0.21 1.47
12 0.13 0.1% 0.09 1.06
13 0.u5 0.23 -1 0.98
14 0.4y 1.48 -0.138 0. 14
15 -0.62 -0.31 0.05 0.90
16 -0.23 -0.15 1.22 0.75
17 0.86 0.27 -0.67 1.70
18 0.52 0.20 ~0.15 n.as
19 -2.45 2,42 0.68 1.06
20 1.4 -0.00 -7.13 0.16
21 0.16 -0.73 1.83 0.21
22 n.87 '2.06 -1.00 .93
23 1.80 " 0.25 .84 0.05
24 0.27 0.02 3.0 -0.01
25 0.22 2.51 0.23 0.03
26 0.10 -0.05 0.02 1.08
27 nN.1s -0.30 .59 2.22
28 9.17 0.13 0.01 0.71
29 0.58 0.35 -0.21 0.82
30 -1.18 3. 35 N.U0 . -0.20
11 0.uu ~-0.00 -0. 1 1.27
2 .35 2.6L7 -0.48 T-1.28
33 0.82 1.33 2.74 -1.91
34 -0.43 0.56 0.11 1.82
35 -0.10 0.20 N.29 0.39
36 -0.03 0.54% -0.3% 0.88R
37 1.70 1.89 0.91 -1.u1
3u 0.2°¢ 0.78 0.43 0.03
319 3.12 - (.95 0.921 0.40

40 -0.17 0.1 - -0.19 2.17



226

TABLF XXYI1 (CONT.)

VARIMAX ROTATIONS OF LOADINGS OF SUBJECTS 9N PRINCIPAL
VECTORS FOR TUCKER SOLUTIONS - CAUYL

SUBJECT DIMENSTON
Th. 1 2 y u
TR 1. 36 0.10 0.06 0.10
42 0.85 0.11  -0.25 1.62
3 -0.77 1.03 0.15 0.75
tu ~1.49 n. 66 2.62 0.4y
us 0.35  -0.21 0.51 0.74

a6 0.31  -0.99 1.09 1,14
u7 1.95 0.89  -0.70 0.90
4R -0.45  n.1% 0.68 1.13
ua 0.37  -0.28 3.77  -0.05
50) 0.30 .74 -0.4n 0.61
51 1.09  -c.19 0.92  -0.07
52 0.78 0.59  -0.41 0.03
53 ~0.07 0.13 0.13 0.77
S 4 0.27  -0.63 1.02 1.45



TABLE XXXITI

VARTMAX ROTATIONS OF LOADINGS OF SUBJECTS ON PRINCTDPAL
VECTORS FOR TUCXER SOLUTTONS - CAS9

SURJECT DTMENSION
In. 1 2 3 4
1 0.48 -0.39 ~0.61 -1.139
2 0. 79 0.02 0.3 —0.06
J -0.15 -0.62 -0.96 0.12
u 0.4 1.9 -1.59 -1.63
-2.85 -0.548 -0.22 -0.33
b 0.53 ~-0.06 0.15 1.17
7 1.01 -0.21 0. 86 0.38
8 0.66 ~0.82 -0.09 0.89
9 -0.10 -0.43 -0.85 -0.63
10 -0.90 -1.25 ~0.75 0.3u
11 0. 14 0.61 .40 -0.15
b 12 0.62 -0.673 -0.57 0.25
13 0.96 0.18 -0.20 -0.43
10 1. 44 £.55 H.AA -1.66
15 0.60 -0.04  -0.75 -0.61
16 H.u2 -1.36 -0.80 -2.143
17 -0.23 -0.76 -0.05 -0.133
18 -0.17 1.03 -0.26 0.16
19 0.89 1..40 -0.76 -0.04
20 0. 15 0.25 -1.50 -1.35
21 -0.61 -0.60 1.06 -1.19
22 -1.24 2.06 -0.67 -0.6U
23 0.6 0.613 ~2.43 -0.75
2 -1.¢87 -2.03 -0.uQ -0.24
25 -0.39 -0.31  -0.15 -1.07
26 ~-0.56 -C. 1 9.01 7 0.10
27 0.4y 1,62 -1.50 -1.68
2R -0.12 1. U5 -1.75 -0.05
29 N6 J.20 1.20 -1.60
30 -1.19 -2.69 -0.62 -0.39
31 -0.58  -9.27 v 1,50 =111
3 -0.63 ~T.32 T -gLa 0.96
33 .17 -1.07 -1 -0.35
3u 0.7u - 0.0 - 1.6
35 -1.17 -1.50 N1 -0.47
36 -0.43 D.2% 1.36 -0. 11
27 0.59 -0.81 -0.56 1.56
3 0.67 .25 -0.71 -0.u7
30 0.32 0.20 0.45 1.03
L -0.07 -0.03 0015 -1.15



ad

STABLE XXXTITI (CONT.)

VART A X P()':"A'I‘I()N.‘?'\,()I" LOADINGS OF SUBJFCTS ON PRINCIPAL
VECTORS FOR TUCKER SOLUTIONS - ¢Aasn

SURJECT NTMENSTON
1D, 1 2 3 7
4 -0,k 0.13 -0. 44 1.2
u .14 - 0.3 0.8 1. 3u
3 0. 66 -0.672 0.16 2,03
uu 1.06 0.01 -0.51 -0.18
4 -1.23 1.69 -1.04 2028
S 1.4 -0.7 -0.17 0.uu
uy -1.50 1.53 -1.5% -0.136
4y 1. 81U -0.13 G.13 0.98
44 0.87 -0.05% -.32 2.79
51) 0.81 -C.31 .49 .55
51 -0.81 ~-2.02 =2.05 ©  0.59
52 -0.,060 0.97 1.06 0.27
573 1.2% -0.54 -0. 41 1.28
54 0.80 -C.h7 .39 ~0.A7
55 1.4¢6 -0.51 -N0.136 -1.30
56 0.21 C.10 2.30 ~0.02
57 0.64 0.19 1. 81 D03
58 ‘ 0.10 c.02 2.1a 0. 21
59 1.50 -0.07 1.00 -1.05
60 ~2.36 -0.27 J.61 ~0. 610
61 -0.79 -1.34 1.93 -0.05
b2 0.60 .35 0.50 1. 11
&3 2.4y 0.14 T.21 0.hy
6Uu 0.81 ~0.72 1.59 -0.92
69 -1.97 -0.88 1.39 -0.14
fr 6 -1.03 0.75 1,05 -0, 45
£ 7 -0.95 2. 4R - 50 0.40
£ A ~1.67 H.22 RRY 0,10
5 0.62 0.73 1.08 -. 5%
70 -1.63 1.04 -9, 36 -0.02
71 0. 31 -1.2- -9.34 1.9
7. -0.03 ~0.17 . - .29 1.7¢
73 -0.3/7 2.4 9.13 -0.133
T4 ~0.61 0.3 ~.23 1.55
75 -0.50 -0.9373 .18 0.23
74 -1.57 2,117 .82 0.7
77 .74 0. 74 Y.10 N. A

74 -0.59 1,87 0.29 0.139



TABRLY XYXiv

VARTMAY ROTATIONS OF LOADINGS GF SUBJISCTS ON PRINCTIDAS

YECTORS FOP TUCK®RER SOLOTIONS - A1
SURJECT DIMENSGT N
In. 1 2 x G
1 0.04 .70 0L 6HR 0. 94
' 0.5 -0.38 1.77 .21
? ~0. 24 0. a1 0. T7R PR E!
n 1. 0. 61 0.57 0.2
g 1.90 0.24 0.8 1.08
£ 0.20 -0.11 -1.45 0.
7 ~1.64 -1.0 0.7 0.0
o 0.32 -2.25 0.09 .17
¢ ND.22 0.13 2. 06 -0.77
10 ~-1.89 0,63 -0.a0 (.29
11 -0, 11 0,37 -0, 30 .
1 -1.25 -0, 08 -1.70 .10
13 0. 18 -2.19 0.1% -0, 95
14 1.76 -0.54 -0, 08 n. 31
15 0. 15 1. 34 1.0 -0. 14
1t L0 1,920 0.10 n.25
17 -.97 0. 0" SRR A A
15 ~1.74 - (.30 ~1.12 -0.00
19 0. 38 - 1. 3R DR 1,11
20 1,17 0, Lk ~2.29 -0.79
21 ~0. K3 2. 31 - .13 -0.05
22 .43 -0.R0 -3, 33 0.29
23 0. 05 0. 14 ~7.70 -0.26h
24 G.1u 04 R -0.64
25 H.n -2.10 0. 38 0.93
D E -0.nS 0.13 1.490 -0.92
27 -1.50 0.61 ).75 ~5.24
21 ~-1.57 O. 7% - . 29 0.956
29 1. 14 -0.79 N. 32 -1.30
30 .11 - 0. uu .93 2.28
311 -1.57 L.50 1. 00 0T
30 0.3 -0 ). 39 .
33 1.22 N.3 7.99 1..22
Ju ~1.61 -1.0u N.50 9. 19
39 0.213 1.78 1,53 1.93
36 ~0.7 -1.29 ). A3 ). 27
37 1..° -0.93 -1.28 -7, 13
38 ~0.17 1.14 Sy 1. 60
39 1.05 C.03 -0.9% -2.19
40 -0.29 -0 3u 1.84 -8R



230

TASBLE XXxIvVv (CUINT &)

VARTMAX OTATTONS OF LOADINGS DF LUBJLE CTS ON ORINCTIBAL

VECTORS FOR TUCKER SOLUTTIONS — CASLY

SUBJECT DIMENS [ ON
. 1 2 3 a
41 0.H3 0.12 “1420 ~0 85
b ~0W 24 Oe HA3 Oel3 ~0 &S5
43 V.44 Oe 16 —0 05 Taan
44 1.4 0.1 Oe93 e 39
45 105 109 ~1.03 Qw03
a6 0«13 0e 24 Naal} ~1.34
a7 “0el ~0.4% —0Ne59 ~04 25
a8 Qe 97 -0. 0% 1«31 —0e75
4 —0e55 0«24 037 ~1 a4
“0 —0e 2 -1450 I G I I) Jedal
“1 2631 1.14 —1e19 -1 30
N7 —0e05 — Qe 22 —2e15 Ny 7



VAK. MAX

TABLE X3 ¥

FOTATIONS OF LOADINGS OF SUBJECTS ON PJINCIPAL
VECTORS FOR TUCKER SQOLOTIONS - 5J9

SURJECT DIMENSTON

10, 1 ’ ] 4

1 P.U4Q 1.1 0.44 -0. 3¢t
. -0 12 1,30 1.4 -0.75
3 -0.00 {.uw 1.30 -0U. 31
B -U.18 ~ . .80 -1.106
‘ -0.04 - 1. 10 -1.133 - 1. 34
t -0.59 ~LLOH 2,12 -0. 10
7 -1.04 C.L7 1.04 -0.041
ot -1.48 VIR 0.05 0O.77
J. Ui JL20 2.h8 -).00
1u -1.0H4 ~LadD U.22 -1.72
L Uo9l -1, 11 0.07 J.01
1. ~u. 3y ~1.34 1.06Y ~0.83
13 0.4930 Co 12 Ua 34 -1.33
14 V.04 -C.14 -0 42 .12
15 -1.bb .67 Ja 71 -U. 21
16 1.60 -1.06 -(.68 1.15
17 V.39 1.3 J.39 -V 34
13 U. 5% 1.07 g.51 —Qus
19 -—U. 2% S -0.36 .06
20 v. 07 -~ 1.64 -1.51 .49
21 .c3 “C.lU5 ~1.13 ~0. 14
Zc C. uH -<.02 0.07 -1.51
3 -0.15 ~GL by 0.10 1,90
o4 1.9¢C Ua 39 0.78 1.29
25 . 10 ~T.LhH -0.139 -1. 3¢
b -0.03 ~L.B83 -J.59 G.b6-
2F 0.81 .64 ~-y.89 Lo
28 Ueu ~J.1u -0.28 Oarci
29 - oLl ~Ya 29 -0.41 0.53
-U. 25 C.7C 1.57 0.20

31 -1.15 ~0.5¢t 1.35 G.o
2 U.28 Gadd ~-J.b1 -1.70
ij -1.75 CatS -1.10 -0 48
Ju -0.62 (.64 J.01 —-1.7u
35 -0.32 ~-C.63 0.71 -1.06
306 -1.18 -1.14 -~J..45 -0.U9
17 .o =Ce2 .98 -1.04 -0. %4
i3 -0.03 1.85 -1.006 - v
39 -0. 38 0,50 -0.27 1490

40 -0.28 ~U. 26 1. 01 -1.05



TABLE XXXV (CONT.)

VARIMAX HOTALIONS OF LUADLINGS UOF SUBJECTS ON PRINCIPAL
VECTORS FOR TUCKER SOLUTIONS - NI A

SUBJECT DIMENSION

ID. 1 py 3 1]

41 O. 34 G.uy -1.08 0.4
4 ) U0k <o Ub Jao 22 0.98
43 -1.9 V.52 -0.73 0.59
uy U.87 0.63 0.17 -U.91
4k U.tb C.u2 1.55 0. 34
46 -0.33 -C.1° -1.98 U. 4y
47 . 14 -C.53 0.30 0.05
us -U.58 1.72 -1.2u U.5u
44 -T.6 4 -C.u4 v.u7 0. 14
90 U. 36 -C.8b -U. 10 1.9
51 1.73 J. 238 0.7 -J.29
Y2 —U.22 -1.25% Jo 87 0.09
53 V.23 C.16 ~0.02 1.17
Hy 0.51 1.17 U.u6 .47
5% -0.17 1.4 ~0.21 ~-0.26
56 4.2 -0. 38 -0.79 -0.13
57 -1.07 1.5 {35 1.92
HH 0. 37 -1.487 U.78 1.64
59 0.50 1.54 J.19 -1.54
60 0.98 ~-U.19 0.61 0.65
61 0. 39 ~C.94 -0.39 ~-0.77
b« "o -0.33 -C.69 . -u0.66 -0.40
o3 -1.1b 1.28 0.83 0.99
bu -0.97 -0.53 1:01 -0.99
65 1.46 -C.38 -1.02 -1.2¢6
6o -1.0¢ VR -0.738 -1.12
o7 0.c¢ C.b9 3.95 2.39
5 A -U.72 -1.12 -0.25 -0.54
nG 1.50 -0.00 -v.83 0.59
70 U.uct -1.64 J.38 -0.17
71 -u.61 1.15 -1.32 ~-0.94
72 -0.62 -0.29 -1.47 1.33
73 U. 16 C.10 -i.04 ~J.43
74 -U. 84 (.58 -2.17 -U. 14
75 -J. 15 -0.7» 1.306 0.76
76 -U+87 Uolid ~2.13 J. 35
77 -J. 10 {.67 1.37 - ..88

73 -1.27 -(.3C V.62 U. 25



VART MAX

ROTATTI: 0 OF LG
VECTORS FoR T

I, 1
1 [
v)." ;
§ S I
[ 007
' “uLt ]
¢ ~uLte
Yo u.
H -—u. 1
g 1. 4.
14U Ga b+
11 -da 19
1. o'
13 Ua ot
Ta U. L.
i RV AR
16 .38
17 V.07
14 VN
1 —U.o
2 Vel
2 ~—u.b/
‘. -—U.de
23 RN
o .U
K L. Jb
26 -1.53
27 -J. 37
P ~-U. 17
PR J.02Z
1N U. 25
33 UoHb
1 U. 20
§ J. 1%
i -..9¢
35 .84
in -1.12
37 1.63
3 Co v

TABRL P XXXV]

ADINGS
CKER

b

.07/
-v. 9y
R VISR VAN
S Y
1.74
G.da
1.54
BRI R}
RV !

1

- 1,05

Jaud
. 14
.14
Lo 32
-l 3u

-l.08

a7
Ua37
Lol
e 33
O.87
Lo 32
-0.13
-C.0b
- 1,19
_C”].
-(.79
C.un
Ga52
.93
C.5¢
1. 23
-1.24
-1.449
.11
-0.37
C.16

L

SUBTECTS ON

CUMENSTON

TUTTON

J.b
0.5y

J.54
=1.17
Uv.59Y
1.56
~U.36
-J. '8
-J. 9
1.0C8
- 1.4
-U.u7
1.44U

-1.1¢

U.05
1.1

R

e e o

PRINCIPAL



YARI MAX

FABLE XXXVI

HOTATIONS OF LOADINGS QF
VECTORYS FOk TUCKER S5OLUT

SUBJECT DI MEN
10, 1 <
4 0.57 1.64d
1 ~0.7G C.2u
44 1./0 2. U7
4u —0.H2 -0.02
DR ~U. 44 -0.00
L -0.906 -1.93
4/ -0.5b 1.6 1
g 1.69 -0.39
4y -0.8U .77
50 1.51 -1.30
51 .16 -0.5u
2 U.79 -1.71
B -0.27 C.2D

54 1.20 C.ub

(CONT.)

SUBJECTS ON PHINCIPAL
TONS - SJ1e

ST N

3 y
-1.44 U. 14
1.26 1.67
-0.28 0.0
O.94 0. 37
0. 39 0.07
-0.94 -2.15
J.26 -0..20
0.07 N.62
-1.19 .77
J.09 .19
-0.37 .42
-U.96 0.65
J-J5 -1. 11

-0.48 -0.19

234



FABLE XXXVII

VARI MAXx ROTATICNS OF LOADLINGS OF HUBJECTS ON PRINCIPAL

VECTORS Foul TUCKER SOLUTIONS - 5D

SURJECT DIMENSION
. 1 2 3

] 0. 17 -1.20 -0.87 ~U.bl

o 2 0.74 -0.23 -0.36 0.04

! 3 0.36 1.89 0.07 V.20

o -1.19 -1.59 -J.75 0. 44

G -0.02 .12 -1.38 0. 18

o -0.41 ~0.51 1.24 0.4

7 -g.u? 1.01 1.48 =1.21

3 0.87 ~C.l5 J. 16 0.20

4 ~1.60 -(.56 -1.67 -1.38

10 ~0.93 -0.53 1.4b -1.83

11 1.46 0.10 -0.26 -0.01

12 C. 24 1.56 V.43 0.7

13 1.2¢ -C.6U U.u7 141

L 0.89 -0.08 1.13 -2.49

- 15 1.08 1.65 -1.56 -0.61

;o 1t -0.93 -C.49 -1.01 ~-1.23

17 C.8¢C .77 -0.0u 0.30

15 -0.82 0.51 0.37 1.33

19 ~-1.12 -(Q.ub -0.50U -1.81

20 -2.05 .17 -0.59 -0.09

21 -C. 0 1.33 -0, 39 J.o03

P -0.08 0.33 -1.51 -0.50

23 1.12 0. u4 0.28 1.369

4 0,42 .07 J.71 -0.53

75 -0.87 .55 U.75 0. 39

~-0.09 0.72 1.69 0.59

21 -0.48 1.69 -0.63 .37

28 ’-\\\2;17 2.05  -0.86  -0.62

29 39 .27 -1.08 -1.06

30 -0.19 ©0.05 0.56 1.27

31 -(.68 -0.31 V.06 ~1.3u

32 -1.60 -0.87 -0.17 ~0.53

33 1.31 -1.82 U.0u 1.54

34 0.12 -1.09 0.29 1.25

35. 0.64 -1.39 0.0 2.11

36 -0.36 -0.33 -0.3% 0.01

37 -C.94 2.78 0.67 -0.19

33 0.70 .99 -2.28 -0.19

39 -1.18 -0.55 0.19 -0.99

49 -1.4° -1.47 -0.16 ~0.27



230

TABLE XXXVI1I (CONTL)

VARIHAX ROTATIONS OF LUADINMGS UF SUBJECTS UN PRINCIPAL

"ECTORS FCR TUCKER SOLUTIONS - 5DY
SUBJECT DIMENSION

Ir. 1 2 3 i

4 .45 -¢.u8 104 -1.27
42 .03 -1.16  -0.48 0.16
u 103 —1.u9 V.69  -0.79
44 0.54  -0.99  -0.26 1. 35
4 -0.30 1.14 1.64 0.50b
4o ~0.56 -1.00 0.64 O.bl
4 2.73  -0.02 1.0 0.16
4o 0.04  -2.10  ~0.24 U. 13
4y ~0. 40 €.03  -0.3b 2.95
5 -0.25  -1.57 0.06 0.10
51 0.97  -0.47 V.67  -2.69
5 2 1. 31 ¢.d2  -C 6 0. 37
5 3 0.23 (.97 0.21  -0.68
54 0.44  -0.53 1.79  -0.60
55 0.80 0.04 1.95  -0.96
5o -2.02  ~-0.54 0.53  -0.13
57 G.52  =-¢.Cb  =-U.lb 0.04
58 ~0.16  -0.5, =2.10  -0.24
59 -0.05 0. 20 2.09 U.01
50 -1.46 -GC.32  -0.88 0. 60
61 1.95  -1.22  ~0.25 -1.14
62 -0. 11 1.32 =-2.36  -0.96
63 0.63 0.05  -0.07 0.02
64 1.46 C.21° 0.37 0.27
65 ~0.19 C.u2 1.13 0.13
bo 0.4 3 C.54  0.78 0.63
67 0.80 -0.19 -1.98 1.18
0d -1.71 1.73 0.66 1.01
69 -1.14 C-C5  -0.37  -0.59
70 -0.04  -1.50 0.17 1.62
71 0.95 2.17 0.25 0.17
72 -1.95 .39 0.01 0.35
73 0.92 C.71 1.42 0.83
74 0.54 -0.0U8  -0.87 -1.30
75 0.88 .54 -2.1° 90
76 1.68 0.0 1. 26
77 -1.18  -(.55 0. = 9

74 -0. 31 -G.67 -0. 4



VARI MAX

TABLE XXXVIII

ROTATIONS OF LOADINGs OF SUBJECTS UN PRINCIPAL
VECTORS FOR TUCKER SOLUTIONS - SD1J4

SURJECT DIMENSION
ID. 1 2 3 u
1 1.0u 1.32 0.31 -2.32
2 -1.00 C.91 2.02 -1.07
3 -0.9u -0.63 1.91 0.81
y -2.06 -0.03 0.28 -1.18
5 -0.7< -2.03 -1.00 -0.19
6 -0.93 -0.29 -1.95 -0.32
7 1.82 -0.74 0.29 -0.1b
3 0.63 -0.43 -0.20 .67
9 -0.24 -2.09 U.90 0.78
10 -1. 34 -1.51 -0.62 -0.91
11 -1.34 -0.25 -0.01 -0.25
1/ ~0.49 -1.02 0.02 -1.29
13 0.63 C.0u 2.03 -1.14
14 -0.16 €. 99 1.04 1.05
15 U.10  -1.45 0.07 .51
1o 0. 3¢ C.27 -0.69 1.0u
17 -~ (. 8% C.u48 -1.18 U. 14
14 -1.03 -0.12 ~0.42 -0.65
19 ~1.33 -1.27 1.20 -0.64
29 1. 84 €.01 -0.77 d.09
21 -0.53 1.26 0.80 -J.57
22 ~1.24 0. 12 1.49 1.74
23 €.86 -¢.93 0.47 1.87
24 -0.11 .58 -1.20 -0.5¢&
25 0.38 -C.0u 0.50 2.71
26 1.9 0.13 -0.26 -0.74
27 0.09 -0.06 -1.09 -0.11
23 -0.20 C.27 - ~-0.18 0. 81
29 0.68 -1.62 -0.00 -0.62
30 2. 34 -C.64 0.56 0.26
31 0.18 L.y -0.03 -1.17
32 -0.01 1.15 -0.93 0.70
33 0.85 ~-(.01 -0.08 0.72
34 0.07 1.85 -1.63 -0.77
35 1.01 -0.29 0.61 -1.23
36 0.81 1.27 1.65 ~0.83
37 -0.49 -C.14 0.94 -1.1
38 -0.56 0.71 1.36 1.93
39 ~-0.36 .37 -0.91 ~0.06

40 -0.21 1.72 -0.86 0.55



238

TABLE XXXVIII (CONT.)

VARIMAX ROTATICNS OF LUADINGS OF SUBJECTS ON PRINCIPAL
VECTORS FOR TUCKER SOLUTIONS - sD12

SUBJECT | OIMENSION

ID. o 2 3 4

41 0.29 C.86 -0.32 1.93
42 -0.89 1.59 -0.57 0.35
43 1.13 -0.19 1.31 0.43
44 -0.03 -1.62 -0.97 0.17
4h 0.12 -0.97 -1.79 1.25
4o 0.23 -0.22 —1.b(l J. 33
477 -1.40 0.66 -0.48 06
43 -0.66 0.84 U.20 -0.26
4 -0.4u8 ¢.01 -1.13 U.55
50 -0.01 -1.93 -d.35 -0.18
51 1.47 0.80 0.31 -0.94
52 <.10 C.12 0. 34 -0.69
53 -1.63 C.42 1.70 -0.52
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TABLF XXXTIX
KPUSKAL SOLOTLIONS 9F TOCKER S1uGRoOnp DATA
CAIT9 GROUPS 1,2,3,4; CAIY GROUPS 1,2

DTMENSTON

CONCEPT 1 2 } 1 ? 3
CONC -0.02 -0.16 -0.06 0,01 -0.13 0,02
DISC =0.0R  0.13 0.0u ~0.08 -0.08 -0.08
EVID 0.01 -0.16" 0n.o08 -0.01 0.20 0.0
EXP¥ 0.19 -0.07 -0.02 0.02 v.06 -0.17
FXPI. 0.17 0.13 -n.ny : 0.10 0.08 -0.00
FACT 0.09  0.10 n.14 0.04 -0.07 -0.09
HY PO -0.06  0.18 -0.09 G.17 -0.08 -0.04
TMAG 0.00 0.0u 0.08 0.017 0.03 ~0.01
INTFE 0.09 -0.06 0.15 0.01 -0.04 0.0a
INVE -0.0¢ 00 -0.20 0.06  0.07 0.1
LAW 0.0t (.02 -0.12 -0.06 0.03 0.01
PROO 018 oLy gL 2 O0.0R -0.11 0.11
pnzy 0.08 -0.04 ~-0.10 -0.N02  0.06 -0.07
QIIES -0.11 -0.01 0.16 -0.08 -0.02 0.16
THEO 0,17 -0.06 -0.02 0023 0,02 -0.04
JONC -0.09 -0.11 -0.01 .03 -0.04 0.n9
NISC -0.00 -0.C0 -0. 11 0.05 0.00 ~0.06
EVID 0.07 0.10 0.09 -0.13 -0.07 -0.09
EXPE -0.78 0,03 0.13 -0.01 -0.18  0U.00
FXPL 0.07 -0.09 0.1 -0.15  0.08 0.o0u4
FACT 0.04 -0.1~ -0.00D -0.12 -0.07 o0.07
HY PO .01 0.031 .08 0.06 0.03 09.1%
TMAG 001 -0.06 -0, 09 -0.04 -0.03 09.09
INTF 0.15 -0.01 0.02 —0.04  0.02 -9.12
Inve 0.12  0.00 -0.11 -0.0u4 17 0.06
AW -0.02 0.0 -0.03 0.1 37 0.03
PROO -0.12 0.0~ -0.11 0.11 100 0,02
FUZ2Z -0.10 -0.00 0.00 0.12 0.03 -0.05
NUFS 0.04 0.12 -p.0u .06 -0.11 -0.16
THEO -0.07 0.13 0.04 -0.01 0.12 -0.07
CONC 0.19 0.08 ¢.22 06.07 -0.24 0.1
DI SC -0.14 -0.03 0.0u4 0.02 0.046 -9.31
EVID -0027 -0.09 -0. 14 -0.16 0.22 -0.2
EXPFE 0.92 0.14 -0.29 -0.08 -0.01 0.31
EXPL ~0.03 0.29 -0.06 -0.28 0.09 0.0%
FACT -CLNU -0.27  0.05 ~0.27 -0.20 0.06
Hype 0.34  0.08 -90. 10 0.25 -0.14 ~-0.09
IMAG -0.15 0.¢9 90.10 -0.16 -0.03 -n.13
INTT =-0.04 -0.11 -0. 14 -0.01 0.25 0.17
INVE .12 -0.15 -0.29 -0.06 -0.21 -0.16
LAW 0,19 9,21 -0, 01 0.19 -0.21 -0.06
PROO -0.15 -0.09 0.26 0.26 0.02 0.23
IS A 205 n.21 0. 11 -0.02 -0.01 0.06
AMALES 1.15 -L.24  0.03 0.26  0.16 -0.11

T 0.12 -0.12 0.22 0.07 0.27 0.03
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TABLE XXXIX (CONT.)
KRUSKAT SOLUTIONS OF TUCKER SUBGROUP DATA
CABT2 GROTIPS 3,45 CAS9 GROUDS 1,2, 3,4

DTMRNSTON

CONCEpPT 1 2 ] 1 b 3
CONC 0,08 -0.20 -0.15 ~0.03 —0.05 0.6
DISC -0.17 -0.18 -0, 046 “0.12  0.01 -0. 14U
“VID -0.06 -0.05 -0.29 -0.15 =013 N0y
FYXDF -0.17  0.23  9.13 0.08 0.19 0.03
FXPL -0.24 0 0,07 -0.11 N.08 0,11 -0.17
FACT D.13 .06 -0.12 0.08 -0.11 -0.0u
HY PO D34 -0.06 0.03 -0.10 -0_.14 -0. 14
TMAG -0.10 -0.02 9.1u 0.0 0.06 =0.00
INTFE 0.0 0.24 0.0 0.07 0.03 0.16
INVE 011 -0.17 0.1k 0.22 -0.05 =0.02
LAW -0.11 -0.00 0.20 0.0% 0.09 9.00
PROO .12 0.09 0.23 ~0.10 0,10 ~0.03
P77 0.19 0.05 -0.14 0.05 -0.07 -0.06
HAS -0.14 0.30 -0.14 -0.13 0,11 0.10
THED -0.08 -0.1317 0.08 0.07 -0.14 D.12
CONC 0.03 ~-0.12 -0.03 -0.04 -0_11 -0.19
NISC -0.08 ~0.031--0.03 0.1% -0.07 0.01
EVID 0.37 -0.05 0.10 0.02 0.22 -0.01
EXPF 0.03 0.07 ~.o0e -0.12 -0.03  0.18
=X PL 0.05 V.14 -0.03 0.13 -0.09 0.20
FACT -0.10 0.03 0.7 -0.03 -0.21 0.07
HYEO -0.08 0.10 -0.05 011 9.1% 0.19
TMAG -0.05 -0.05 =0.02 ~0.12 =000 -0.02
INT® 0.12 -0.06 -0.01 0.05 -0.22 -0.06
INVF 0.04 -0.C3 -0.10 -0.0) 0016 -0.17
LAW .97 0.05 -0.01 -0.01 0.00 0.04
PROO -0.07 0.00 -0.14° -0.20  0.01 -0.n08
PHUZ7Z 0.C8 0.03 -0.03 J0.03 -0.04 -0.14
NUZ5 -0.08 0.01 0.11 -0.19  0.13 0.08
THFO -0.01 ~0.10 0.09 . 0.22 0.08 -0.11
CONC 0.00 -0.20 9.07 0.07 -0.11 -0.03
DISC N.09 -0.06 -0.15 -0.06 0.03 -9.11
EVID 0,04 0.25 0.04 0.01 -0.11 n.08
EXPF -0.09 -0.10 0.21 0.1  0.05 -0.00
TXPL -0.10 0.02 -~ 21 0.08 0.01 0.1?2
FACT -0.20 -0.09 bR 0.05 -0.01 -0.11
HY FO 0.23 -0.13  _..06 -0.01 =0.10 ~0.07
TMAG 0.06 -0.04 -0.09 0-02 -0.04 0.0u4
INTE N.09 0.06 0.13 -0.03 0,14 0.06
INVE -0.06 0.20 -0.12 -0.06 0.02 0.11
LAW 0.12 0.02 0.M 0.02 0.05 0.02
FROO -0.07 -0.21 =0.11 -0.14 -0.01 0.00
PUZZ -0.15 02,06 0.073 nN.0S  0.05 -0.0u4
2UFS 0.24  0.12 -0.09 -0.08 -0.07 ~0.0u
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TABLY XXXTX (CONT
FRUSKAT SOLUTIONS OF TUCKFP SUBGROUP DATA
CASI2 GROUPS 1,2,3,0; SJ9 sroups 1,

DTMENSTON

CONCEDPT 1 . 3 1 4\ R 3
CONC 0.20 -0.18  0.06 -0y -0.08 0.0
DI SC .04 0.10 -0.23 0.02 0.16 0.01
EVID -0.20  0.05% 0. 16 -0.10 -0.17 0.07
EXPF 0,15 0222 0.11 0.09% 0.01 0.1
FY P, -0.25  0.12 -0.06 -0 0,06 0011
FACT 0.1 -0.12 -0.15 0.11 =016 0._09

THYPO -0.21-0.06 -0.23 0.1 -0.01 -n.00
TMAG 0.01 0.11 -0.02 0.01 0.0u4 0.07
INTE 0.0%  0.05 0.1 - D.08  0.0% -9.16
INY® ~0.21 -0.16  0.09 i 0.08 -0.10 -0.19
AW “dL92 =0.21 -0.02 ' 0.10° 0.09 0.06
PROO 0,01 0.23 -0.03 =016 0209 -0.05
ruze -0.D1 ~0.00 -0. 10 0.02 -0.06 -0.01
JUES D007 0,05 -0.03 -0.01 0.9 -u. 1
THRO 0.00 -0.14 1,23 -0.15 -0.09 -9.1
CONC 0.97 -0.08 1.0 0.19 -0.02 -0.12
DI SC —0.7%0 ~0.08 -0, 06 -0.07 0.23 -0.13
EVIN -0.01  0.14  0.09 -0.21 0.13 0.0?2
FYPFE ~0.03 -0.17 0. 06 0.12 -0.2% 0.12
nYPL -0.08 0.01 0. 14 -0.20 -0.19 0.0y
FAC™ -0.0¢ -0.09 -0.1 0.09 -0.18 =0.18
HYPO 0,15  0.04 -n.0Y -N.18  0.08  0.26
IMAG N.02 0.05 0.02 0.09 0D.00 9.15
INTE 0.07 -0.10 -0.07 0.07 0.21 n.13
INVE .10 0,03 0.1 -0.23 -0.13 -0.0u
LAWK -0.11 -0.03  0.05 0.07 -0.09. 0.11
PRO( -N.01 0.11 -0.1u’ 0.14  0.08 0.20
Pz -0.0R  0.11 0.00 0.11 -0.14 -0_14
NIES U100 0.00 —-0.1u N.17  0.26 -0.13
THFO C.13 0,11 0.07 -0.11  0.00 -0.27
COMNC -0.03 -0.20 0.16 -0.09 0.04 0.0%
DISC 0.03 =0.18 -p.19 0.04 -0.06 -0.0R
AVID -0.09 0.02 -0.27 N.08 -0.05 9.10
EXpE® =0020 -0.21 0 0.00 . -0.04  0.10 -9.03
EXPL -0.13 0.24 -0.1y4 0.11% 0.04 0.00
FACT 0.21 -0.23 0.05 -0.07 % 0.02 -0.03
HYPO 011 -0.01 0.22 -0.03 -0.11 -0.02
TMAG ~0.06 ~0.08 ~0.03 0.Cu  0.06 -0_14
ITNTF 0.27 0.00 0.03 -0.03 -0.05 Aa.n°
INVE D.17  5.22 -0.09 0.06 ~0.07 0.01
LAW -0.24 0.04  0.02 -0.10 -0.04 n.01
PROG - J.08 0.8 .20 0.06 0.03 -0.07
Fzz -0.0% 0.12 0.02 -0.07 -0.01 =0.04
DIFES J.14 =0.01 -0.16 - 0.03 0.04 G.09
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TABLFE XYXIX (CONT.)
KROSKATD SOLUTIONS ODFUCKET? SUBGROUP DATA

SJ% GROUPS 3, G312 oRubPs 1,2, 3,4

DIMENSTON

COCNCFEDPT 1 ? 3 1 N !
CONC J.05  0.00 -0.15 Doth =001 =0 1n
N1 SC 0.15% ~0.08 -0, Qu ~0.13 -0.1% -0.01
EVID “0.17 -0.03 =0.08 0.2% D.03 0.05
mYDR 0.10 0131 0.1 0.02 018 -0.13
RY P -0.08 -0.17 -0.0u4’ S0L01T =016 D216
FACT ~0.08 0,10 0,12 ~0.217  0.0U -0.13
CHY DO -0.02  0.06 -0, 15 AINEVIR I A B D A4
ITMAG 0. 06 ~0.00 0.0° R R I 0. U .03
INTE D. 01 -0.02 0.7 D.09 L2 0.20
TNVE -0.11 0,13 -0.07 ~0.01  0.0u 0,23
LAW 0.02 0.13. 0,01 0.00 0,17 -0.05
pROy N1 0,12 -0.0, -0.19 0.0% 0.0
PULY -0.03Y -0.10 -0. 11 a.1h  D.0H -0.05
AN .04 0,13 011 ~0.10  0.06  0.18
THED ~0.19 C 0,06 0.09 N.12 -0.19  D.04
CONC J.14 -0.19 =2.03 d.06 0 0,12 N.02
NISC =0.18 -0.08  0.05 -0.12 ~0.00 =000
VI -N0.02 0025 -0.02 d.13 QL0 -0.L 08
BXPE -0.02 -0.20 -0. 8 ~0.10 0 0212 =901
FYTL 0.12 -0.06 .13 L1 -0.00 0 0.05
TACT ~0.16 -0.03 -0.13 ~0.04 0,13 0.09
HYFO N.14 -0.00 -0.03 0.0% ~0.07 D.12
THAG -9.00 -0.01 9. n -0L03 0,09 0,07
INTE =2.00  0.0R -0.0% -0.16 -0.00 .01
INVE N.01Y 0.08% =0.22 -0.07 -0.0% 0,19
LAW ~-0.908 -0.16 0.12 .01 <001 -0, 11
PPOO 0.20 0.14  0.0u -0.13 =010 0,05
P77 7.03 -0.03 -0.10 N.04 -0.07 -92.08
TTFES 0.05 0.08 0,17 D.02  0.07 -0.15
TH®N -0.12 0.13 0.09 0.05% -0.131 0.03
CONC D.08 -0.09 0.00 0.11 -0.09 -0.09
N1 SsC ~0.07 -0.07 0.072 -0.18 0.08 -0.01
EVID ~0.02 0.11 -0.0u4 -0.0% 0.05 -9,17
EXPE ~0.0R 0.03 0.09 -0.02 -0.19 0,01
FYPL .05 0.01 0.1 -0.12 -0.09 -N.09
FACT -0.08 -0.03 -0.07 0.0 -0.05 0,15
Hvreo o 0.00 -0.10 -0.01 .11 0.02 Y.
I%AG -0.90  0.00 -0.071 0.06 -0.01 =012
INTE .04 0.10 0.01 -0.05 0.10 .12
INVE 0.11 0.06 -0.C1 0.11 H.17  0.01
LAW -0.01 -0.03 0.08 C.1d =n.06  0.07
PROG 0.06 -0.04 -0.10 0.06 0.09 -0.10
PUZZ 0.21 0.01 0.03 0.05 -0.07 -0.01
DUES J.N0  0.01 -0.C9. -0.00 0.10 92.03

THFO -0.17C 0.05 -0.03 . -0.14 -0.05  "7.9A



TABLE

SOLUTTONS

)
1,72,

FRUGKAL
S S Rubps

XXX1Y (CONT )
OF TUCKRER SURGROUP DA TA
P,up SN2 Gaoups b, 0
DIMFNSGT ON
CONCEPT 1 / ? 1 2 |
CONC 0,19 -0_.04 .04 OO0 1 =0, 21 0.2
DT S¢ 0.21  0.02 -0.16 0.1, =017 -0.10
SV 1D S0L18 0,09 0.8 13 -00 06 0L 0
Py P E ~0L00 ~0.1R -0 10 S0.09 =019 0. 20
CX Pl o3 0010 0. —0.1Y 0,08 =0.2Y
CACT 0.10  0.12 0.14 -0.0% L2917
HY DO DL 009 0.2 D18 0.28 =0.013
IMA -0 D.07 0.1+ S0L0% 0,29 -0.17
INTF SN0 -0L15 —nL 17 N0 0030 D03
INVE 0.0R 0,21 0.01 D.16 0,06 .21
LAW 0 l) LS I DA B 0L 0007 ~0.09
07 0.0 H.22 =0.03 =0.132
01 0.0R 0.27 1,03 -0.01
20 -0.01 -0.12 1211 0.18
20 0.hy S0L2% =021 0.06
11 -0.00 -0.12 -0.03  D.136
‘¥ 0.9 ~0.19 0 0.05 -0.33
19 -1.12 =0.10 =030 =027
26 0.3 Cu28 0,02 -0.32
12 V.04 N8 =010 -0.13
18 0.12 -0,02 0 0.02 .02
00 -0, " -0.30 0,24 -0.18
P2 -0, H.13 0.34 -0.13
0 09 0.2, D013 =041 0,10
oK .09 -0, 06 0015 0239 9,17
LAW 0. 02 0.20 -9.01 R LY D R R W B
PROO D415 0.13 -0.17 G117 0.2 D.0R
rn7y, -0.9% 0,01 -9, 00 N.00 -0.15 -0.05
VIFES -0.719  0.02 0.12 0,13 0209 0.35
TaRQ 7.15 011 9.0 D.2% -0D.08 0.1
CONC N.98 =0.J8 ). 0% 0.13 0.03 0.10
“TSC 0.21 -0.02 D.19 C.07 .11 -0.06
FVID 0.7 0.14 - 0.01 -0.10 -0.05  9.03
FXPF ~0.7, =0.05  0.00 -0.08 0.11 -0.0a
TYX Pl -7.01 -0.21 o, 0.01 C.05 =9.10
PACT ~0.18 0 Co1 -0.23 -0.03 0.0 £.13
HY PO 0.19 0.02 -0.06 D.08 D.uC 0,02
IMAG ~0.07 0.06 0.19 0.73 -0.05 -0.n0
INTE =0.04 -n.19 -9 02 ~0L% =0.01 -0.01
INVE D.17 -0.16 -, 1 £.12 -0.07 -0.03
TAW 9.12  2.10 =0, -0.07 -0.C4 -0.13
PROO -0.30 ~uL00 -y -0.02 -0.14  0.01
Fl1z7 =J.1%Y 0.0 0.01 0.0 -0.04  0.10
JUES ~-9.05 0.12 -0.05 -0.G2 9,11 0.06
THFO -0.01 0.14 0,11 -0.12 -0.01 =0, 0

Suy
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TAHLE XXXT¥ (CONT.)
KRUSKAL SOLUTTIONS OF TUHCKER SHRGPOHE DATA

ST cRaips 3,0

DITMWNSTON

TONCEDT 1 2 ! ] ) }
Cone S0.07 =020 0.07 0.27 0.12 -0. 0w
X IRTE 0.04 ~0.20 -0.CR8 0.2 010 v 6
EVID 0.01  0.1% V.15 .03 =002 .03
BY DR 0.10 -0.06 0.1 0.02 0.7 -0.03
FY DL “O0.11 0.0 U .04 S0L1H 0. 06 0 0.8
SACT 0,15 0,03 -0.05 0.0 =015 -0 26
HY 1 .18 0. 06 -0.06 0.03  0.09 -0.2h
I™AG 0.1 0.1 =007 0.02 -0.3% 9.0
INT® .04 -0.08  0.15 011 =0.20 0.4
Ny -0 1 —0.09 <0 .068 .31 -0.01 V.06
AW .01 0,19 =Y. 03 S0L06 0019 =002
PROO SCL07 S0L 000 .20 U.0U 0.00 0.0
RtV AVA . 0/ 0N.0u .1 0.6 -0.08 ~0.18
DURS “0. 1L —0.02  0.0R —0.722 0.2 0.0

TH =0 0.01 0. 11 9.5 Q.04 0.5 0D.22
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TABLE XL

LOADINGS OF SUBJECTS ON DIMENSLONS FOR CARKROLL
SOLUTICNS OF FPULL GROUPS -~ CAUY

SUBJECT DINMENSTON
1D. 1 2 3
1 0. 33 R 0. 27
' 0.18 0.y 0.49
} 0.51 0.22 0. 26
i JalH .20 0. 18
) 0.29 0. 36 0.23
t Nn.24 0. 38 0.49
] 0. 22 0.40 0.4y
1 0.30 0.20 V.66
9 0. 1¢ 0.42 d. 44
10U 0.47 0.33 0.23
11 0.45 0.29 0.33
12 0L ug .15 0.45
13 0. 35 0.50 0.26
T4 0.33 0.25 0. 27
15 0.39 0.3% 0.33
16 .27 .33 U. 17
17 0.18 .61 1206
13 .26 0.22 30U
19 J. 35 0.31 0. 3.
20 U. 18 U.36 U.16
21 0.2 0.38 .22
2 0.33 D.17 U.25
‘3 .20 J. 21 0. 30
Al 0. 0.39 V. 24
25 0.47 0.24 0.25
26 J. 36 0.2% 0.2u
2 .19 0.42 9. 31
25 0.27 .22 0.28
29 (.38 0.34 0.28
30 U.28 G. 36 0.24
31 J. 3¢ 031 0.12
37 G.cE U.40 0.37
33 .26 0. 36 O.47
ju C.Luy O. 34 0.37
35 S.47 V.37 0.20
ib U.ue U.35 0.3
37 S I 0. 36 0.51
33 Uou7 U.ub 0.31
33 .23 0.27 0. 20



TABLE X1 (CONT.)

LOADI MG OF SUBJIFECTS ON DINENSTONS FOR CARKOLL
SOLUTICNS CF FUOLL GROUPS - CAU

SUBJECT DIMENSTON
il 1 2 ]
4 Do Wy Je 31 0.2/
uyg U. 4 CuLut O. 34
i3 Gusd el 0.4
uy UadH .u9 0. 34
bty Ue 8 U. 1 0. 37
bt .41 U. 29 0. 39
Wy Dadd Ce2u 0.25
e 0. .24 .47 0. 35
o O 7 [ Nt U.67
PR ol Jao 15 0. 34
971 Uw 4 0. 24 0. 19
Y ¢ J. 45 .39 . 3b
P Oa &t N. 29 J.50b
54 Jo 19 O+ bty L0217
55 .35 0.24 . U0
56 .37 U.38 0.23
54 Je 30 Jedb 0.33
9 J. b Ua 29 . .35
Sa U. 34 U. 349 .25
{5 U. 36 Ua b, .23
o] O.u47 040 Ja 32
t O HT 0. 37 J-usS
63 Us dd J. 30 J. 56
o U Q.51 Ja i J. 32
oY Q. 4y J. 36 J. 2
[°X9) Ja B0 O. 28 J. 23
o Ua. 35 0. 21 0.33
thH UJa b1 J. 34 J. 24
w9 U. 39 0. 35 J.19
T70 0.4z . 0.3z J.26
71 0.2 0.21 : J. 45
] 0.2¢ a2 e i &
73 Ve 34 0.39 .16
Tl Ja27 U.37 0.2
15 .39 J.38 Je 37
7o Je 33 Jadd Ue 2U
77 (.34 0. 34 0.4¢C
78 Ve d £ O.33 0.3
"
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A

l.t)/\l)lm;n))f' SUBJECTS ON DIMENSTONS FOR CARROLL
SOLUTICONS OoF FOLL GROUDS CAlEY

SUBJFC - DIMENSTON
10. 1 2 : |
1 0. 27 0.5 0. 30
) 0. 3¢ U. U . 3u
i SIRAFE 0. 2u D2y
4 UL .3 0.2/
5 e U. 16 .29
- . 0 Goou .37 D.24d
) Iy 0.2 0. 31
5 .28 0o 35 0. 49
4 S U. 3 0. 32 -
10 D a9 : .28 0,20
11 SR D41 015
i G.26 0.55 0. 23
13 0. 35 U. 34 0.4
14 0,33 0. 1o U.uu
15 b 0. 30 Je 30
1 IR SR RY U. 20
17 Ul 4 0. 30
i 14 O.u U.29
17 C. 10 0. 68 R
o U. 32 0. 34
2 O. /3 . 0.4
o J- 39 0.3Y.
<3 C. 39 27 0.17
o C.56 .26 0.37
R J. 38 0. 30 0. 36
ot Louy J. 4y 0.24
L7 .54 0.31 ‘ 0.1¢
) L C. o3¢0 U..23 V.27
' - U. 385 5.2 0.40
i, L. 3k .13 0.26
13 L3 L.db . 14
$e (VIS J.25 /-25
i3 Oa o 4 0.19 J. 18
ju {.u9 0.27 .36
5 Lald3 0.39 0-13
36 U. 41 ¢ .35 0. 3¢
37 0. 19 ! 0. 14
38 0.4 0.19 0.12
""" 3y .57 U.28 C.
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TAGLE X1I (CONT.)

LOADINGS OF SUBJECTS ON DIMENSTONS FPOR CARROLL
SOLUTICN: CF FULL GROUPS - Ayl

SUBRJPRCT DTMENSLION

ID. 1 < 3

2 0. 39 0. 30 0.20
42 0.42 0.5 0. 26
43 0. 34 0.20 U. 30
Ly 0.35 0.4z 0.22
4 0.33 0. 32 Y39
46 0.u5 0.29 .34
47 0.21 0.52 J. 34
4y J. 30 0.45 0.30
4 D.uy 0. 37 U. 24
S50 U. 27 .28 0.41
< 0. 35 0.38 ' 0.19
b4 0. 33 0.25 0. 32
53 J. 41 Ja. 26 0.25
Su J.us 0. 34 0.19



TABLY XLII

LOADINGS OF SUBJECTS ON

SOTODTICNS

DIMENSLONS

OF FULL “ROUPS

FOR
CASY9

CARROLL

1D.

- 19

0. 26
0.36
0. 36
0. 39
0.2¢6
U. 4
0. 33
0. 20
0. 14
0.ug9g
G. 2"
0.35
t.33
J.b1
.23
0. 31
0.35
J.37
0.17
0.21
N 39
ve 23
O.24
0.4,
0.22
0.33
J9.36
0. 30
0. 80
0.35
0. 34
0.36
0.35
0.36
0.2°5
0. 206

249

.
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TABLEF XLII (CONT.)

LUPBLINGS OF SUBJECTS ON DIMENSIONS FOR CARKOLL
SOLUTICNS OF FULL GROUPS — CASY

SUBJECT DIMENSION
ID. 1 P 3
a1 U.d3 0.50 0.31
iy U. 384 0.49 0. 40
4 3 0.57 0.21 0.23
gu 0.y 0. 38 0.49
45 0.37 0.28 0-31
b6 040 0.38 0. 30
u7 0.2¢% 0.25 0.19
4y V- 36 0.23 0.36
ug U. 68 U. 26 V.13
50 U. 40 O- 041 0. 14 g
51 0.19 U. 04 0.28
52 V. 37 U.ly 0.135
3 U.56 0. 30 i. 29
Sy R Y ). 10 0.63
59 U.41 0.3~ 0.27
56 0.23 0.37 0.37
57 - 0. 3L 0.37 0.4y
55 0.3¢6 0.45 0.29
59 0.25 0.33 0.39
LU 0.23 0.37 0.41
o1 0.33 .47 0.39
&2 0.45% 0.46 0.37
b i U.57 0.20 0.30
b4 0.34 0.51 0.31
65 0.28 0.4 0.35
66 .23 0.41 0. 37
67 0.34 0.35 0.2
b5 0. 24 0-41 20 33
66 V.20 0.39 0.34
70 0.2b6 0.33 0.32
71 ‘ 0. uu 0.1 : 0.21

2 0.22 0 0.20
73 0.17 0.34 0.39
T4 0.27 0.27 0.38
75 0.32 0.39 0.37
76 0.21 0.33 0.23
77 0.40 0.33 0. 35

78 . 0.33 0.21 0.33



TABLE XLITI

LOADI NGS OF SUBJECTS ON DIMENSLIONS FOK CARROLL
SOLUTICNS OF FULL GROUPS - CAS12

U U S U U S U

SUBJECT DIMENSION
1D. 1 2 A 3
1 .2y V.24 0. 30
2 0.31 0.29 j. 34
3 0.27 0.20 0.25
4 0.4z 0.37 0.21
5 V.21 0.17 0.30
b 0.25 0.37 ). 28
7 042 0.23 0.30
R 0.29 0.35 0.48
) 0.6% 0.32 0.31
10 0.30 0.27 0.26
M 0.56 S 0.40 0.13
2 0.29 0.54 0.22
13 0.36 0.3u 0.39
14 0.3¢ 0.16 045
15 0.27 0.30 0.30
16 0.29 0.38 0.20
17 V.49 0.42 0.31
18 0.u42 0.40 0.2¢
19 0.10 0.17 0.68
20 0.31 0.31 0.34
21 0.25 0.29 0.13
<2 C.38 0.36 0.34
23 G.3u4 0.29 0.16
24 0.55 0. 2¢t 0.38
25 0.39 0.29 0.37
26 0.4y 0.40 0.25
27 G.56 0.28 0.15
28 0.31 0.23 0.27
29 U.38 0.28 0.41
30 C.3b 0.13 0.0
3 0.39 0.45 U.20
32 0.21 0.26 0.23
33 C.28 U.2¢ 0.18
34 0.51 0.25 0.35
35 0.24 0.38 0.13
3o 0-43 0 13 0.30
37 .17 0.24 0.17
38 C.40 0.20 0.13
36 0.57 0.28 0.25
40 0.41 0.40 0.3u

e e e . e e e e ———— ———— o —— — —



TABLE XII1II (CONT.)

LOADINGS OF SUBJECTS ON LIMENSIONS FOR CARROLL
SOLUTICNS OF rULL GROUPS - CAS12

SUBJECT DIMENSION

1D. 1 2 3

41 0.40 0.36 0.20
4 0-41 0.37 0. 26
43 O.34 0.19 0. 30
ay 0.35 0.40 0.23
45 0.32 0.31 .40
4o 0.47 0.28 0.-33
u7y 0.22 0.53 0.33
3 0. 31 0.42 0.32
49 0.5¢ 0.36 0.27
50 0.26 0. 28 0. a2
51 0.34 0.39 0.15
52 0.13 0.25 0.32
53 0.42 0.25 0.26
54 0.49 0. 34 0.19

Ede
R 2o



TABLE XLIV
'«
LOADINGS OF SUBJECTS ON DIMENSIONS FOR CARKOLL
: SOLUTICNS OF FULL GROUPS - 5J9

SUBJECT DIMENSION
ID. . 2 3
1 0.12 0.24 0.17
2 0.52 0.47 0.23
3 0.51 O.46 0.22
4 0.37 0.33 0.27
9 0.20 0.37 U.21
b 0.56 0.38 0.21
7 0.56 0.39 0.28
8 0.67 0.17 0.18
9 U.60 0.40 0.17
10 0.51 0.26 0.26
1 0.25 0.33 0.18
1. 0.46 0.4/ 0.17
13 0.35 0.52 0.29
14 0. 30 0.27 0.23
15 0.62 0.38 0.10
16 0.19 0.32 0.19
17 0.51 0.31 0.30
13 0.37 0.21 0.28
19 0.47 0.16 0.28
20 0.20 0.23 0.24
Z1 0.35 0.20 0. 42
22 0.25 0.30 0.26
23 0.461 0.37 0.09
24 0.34 0.17 0.19
25 0.26 0.42 0.21
26 0.43 0.22 0.24
27 0.37 0.13 0.45
28 0.32 0.31 0.25
29 0.u42 0.30 0.22
30 0.43 0.38 0.29
31 0.66 U.30 0.20
32 0.26 0.44 0.34
33 0.67 0.26 0.26
34 ol 2 0.39 0.37
35 02 U5 0.32 0.33
16 J. 46 0.38 0.21
37 0.43 0.27 0.25
33 0.3Z 0. 24 0.52
39 0.26 0.26 0.40



TABLE XLIV (CONT.)

LOADINGS OF SUBJECTS ON DIMENSIONS FOR CARKOLL

SOTUTICNS GF PUTT SROUPS -~ SJ9
SUBJECT DIMENSTON

ID. 1 2 3
u 0. 36 0.24 0.19
42 0.45 0.33 0.32
u3 'L70 0.17 0.21
by J. 31 0.l 0.16
45 0.3¢ 0. 38 0.31
4o 0. 33 0.32 0.17
u7 0.08 0.02 0.03
e 0.5¢0 0.24 0.37
4 0.61 0.26 0. 38
50 0. 46 0.26 -0.0Y
51 0.30 0.26 0.20
52 0.u8 0.22 0.25
53 U. 34 0.17 0. 31
54 0.35 0.39 0.36
55 0.51 0.26 0.33
56 0.13 o 0.37 0.21
57 0.6b6 0.29 0.21
58 0.37 0.1 0.28
59 0.37 0. 40 0.45
60 0.42 0.25 0.18
61 0.28 0.42 0.24
62 V.19 0.u4b 0.31
63 0.68 0.20 0.29
b U 0.57 0.29 0.21
65 0.12 U.32 0.38
66 0.47 0.22 0.39
67 .51 0.18 0-.16
68 0.43 0.33 0. 3¢
69 0.33 0.17 Uan 5
70 0. 34 0.23 0.09
71 0.48 0.19 0.u7
72 0.45 0.15 0.24
73 .24 e T4 0.42
74 0.37 J.23 0.26
75 0.49 U. 38 0. 16
76 0.50 0.10 0.4
77 J.51 .38 0. 31
74 0.57 0.37 0.13

254



TABLEF XLV

LOADINGS OF SUBJECTS ON DIMENSTONS FOUR CARKOLL

SOLUTICNS OF FULL GHROUPs - 5J12
SUBRJECT DIMENSION
1r. 1 2 3
1 0. 24 0.28 0.4
> 0.17 0.31 0.41
! (.26 0.17 0.20
4 0.51 0. 34 0. 1¢
5 .24 0.54 V.07
6 0.4 0.25 0.3%5
7 0.30 0.31 0.19
19 (.32 0.27 0. 48
9 U.35 .32 0.18
10 0.43 0.22 ’ 0.15
11 U. e 0.32 0.23
12 0.36 0.28 0.4y
13 .U 0.38 0.22
14 0. Uy 0.29 0.15
15 0.5 0.26 0. 42
1o 0.49 0.32 0.01
17 U.56 0.28 U. 2
13 0. 26 0.21 0.27
15 0.17 0.39 0.5
20 C.uuy 0.19 0. 2¢
21 0.54 U.35 U.17
22 0.27 0.45 0.36
23 U.38 0.32 0.25
24 .37 0.35 0.14
Z5 Jobl 0.4y 0.21
26 0.29 0.31 0.31
27 .44 0.29 0.08
28 0.22 0.20 0.36
29 0.33 041 0.18
30 .41 0.18 0.28
31 .61 0.32 O.14
32 .07 0.20 0.42
33 0.36 0.38 0.15
34 0.6 0.35 0.16
35 U.50 0.17 0.19
16 0.12 0. 39 0.20
‘7 0.22 0.24 0.29
38 0.2z 0.27 0.40
39 0.31 0.26 0.4

2t

[ S ¢
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LOADINGS OF SUBJECTS ON DTMENSTIONS FOR CARFOLL
SOIUTICNS OF FULL sROUPS - 012

SUBJECT DIMENSION

ID. 1 2 3

U 0. 46 U.20 0. 21
4/ 0. 34 0.3 0.25
43 C.Zb 0.33 V.23
4y 0.29 0.4 0.9
45 0.35 U.49 0. 23
U6 0.05 Q.15 ~ 0.2
47 0.0y 0.2b 0.14
44 0.32 0.4 U. 13
4y 0.548 0.27 0.1
50 0.306 0.24 0.25
51 .40 0.29 022
52 0.32 0.21 0. 23
54 0.27 U.27 0. 24
Sy 0.9 0..25 0. 30

-



AN

LUADI N s 0F fillti.l'rl(ﬁ"l’i)' ON DIMENSTONS #OR CARKULL

o0

SURJECT DIMENSION
10, 1 2 3

1 0.00 0.03 0.18
2 .40 0.22 0.0"%
| 0.13 0.59 0.24
Y -0.03 0.19 L.07
S 0.32 0.09 0.08
6 0.41 /'"" A 0.0
7 0.18 .22 o3
5 0.57 J.2t 0.10
9 -0.03 e V.08
10 0.07 U. ud 0.106
11 0. 44 ; 0. 14 0-43
12 0.4 0.6b 0.21
13 0.22 0.u8 0.14
14 0.1 « 0.08 0.78
15 .02 0.56 0.43
16 0.CE& SR 1 .04

17 0. 39 " 0.y ™o

T v.0U 5 ().g;/‘
15 0.Cu v. 16 C. 24
e C.1¢ U-12 U. 1.
2t .3 0.30 0.1
22 0.08 0.31 -0.0.
‘2 0.3¢ 0.33 0. 40
4 U.S2 -0.0u 0.30
Lo 0.38 0.16 0.05
26 .76 0.06 0.00
27 0.21- : 0.57 0.27
8 0.27 0.25 0.32
24 0.21 0cc. 0.44
30 0.38 2.18 0.13
© 3 -0.01 0.27 0.17
3z 0. 11 0.04 - ~0.01
33 0.35 0.32 0.-10
34 .12 0.41 0.Q2
35 L0437 0.41 -0.02
36 0.1 J.19 0.01
17 0.29 0.23 0.38
38 .09 0.u8 0.22
39 0.17 -0.07 0. 26
NV 0.13 0.12 0.0u
e e

LY
ty

IUTICNS OF FULL GROUPS -~ SDY
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PABLE XLV (CONT.)

LOADI MGS OF SUBLECTS ON DIMENSTONS FOR CARKOLL
SOLUTICNS CF FULL GROUPS - ;

SUBJECT DIMENSION
1D. 1 2 3
41 0. b 0. o 0.0Y
u 0. 30 O. 2l 0.28
43 0.18 0. 11 0.23
uy U. 31 .41 -0.06
45 0.71 0. 04 0.25
4t O, 43 .ooU. 20 0.20
47 9. 11 Y0207 0.04
U U. 13 0.27 .05
4 - O. <Y Oe 68 0.02
a0 0. 36 .12 V.12
5 Ua. Ot -0.07 .79
He .4 .45 o
53 O. 44 V. 13
H4 Uudt U. 03 oo
54 0.73 0.0 ‘ 21
56 V.3 U. H-
57 0. 11 . .
58 U.0Y - V.11
59 .69 ’ 0.21
60 G.06 . 0.05
61 U.04 . : 0.46
62 U. 11 0.19 .27
63 -0.01 0.4u 0.34
b U 0.39 0.16 0.56
69 0.50 0.14 . 0. 14
b6 0.57 0.37 ~0.09
u7 0.0 .69 -0.03
by U.25 0,62 0.06
69 0.1y 0.0d 0.21
70 .1 0.15 ~0.02
71 0.37 0.4, 0.45
72 U.01 (.a9 0.00
73 0. 44 a2 0.18
74 V.06 0. 10 0.57
75 0.14 0.5¢ 0.10
76 U.54 T 0.4 0.17
77 0.22 0.02 0. 14
78 0. 13 0.26 -0.05



30

TABLF XLVII

LOADI Lol OF SUBJECTS ON DIMENSIONS FOR CARROWL

SOLUTICNS OF FUIT GROUPS - . 1.2
SUBJECT DIMENSION
1n. 1 2 j
1 0.00U 0. 26 .39
2 0.03 0.17 13
3 0-04 0at 07
4 0.8 0.31 QU
5 LK 0.37 v.0u8
t U.35 0.6- -0.04
7 0.14 0.03 0.006
-3 0.3t 0.20 ' V.09
9 0.14 J. 18 0.06
10 U. v A 0.04
"M 0.52 u.35 0.07
1.2 i 0.27 v.30 0.33
13 0.10 .07 0.1Y9
14 0.29 0.03 0.08
15 0.11 0.11 0. 480
16 0. 24 0.39 0-31
7 0.4de 0.46 0.09
18 0.14 0. 30 0.17
19 0.24 0.13 0.07
< 0. 08 ' 0.17 V.65
21 0.5u -0.03 0.46
27 0.73 -0.04 0.05
23 0.24 0.19 0-13
2u 0.368 0.35 0.17
25 0.50 0.01 0.05
26 0.0% -0 02 U-85
27 0. 3¢ 0. 0o 0.07
28 -0.01 V.43 0.09
29 J. 01 0.18 0.08
30 0.03 0.06 U.21
31 0.15 0. 14 0.44
32 {. 28 0.27 0.34
33 0. 31 0.GC8 0.23
34 0.40 0.35 U.40
35 0.07 0.19 0.1«
je 0.29 0.08 0.27
3 0. 12 0.32 0.26
38 G. 71 -0.05 ¢ 07
R .49 J. 34 .19

4u V.61 0.05 0.1

259
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TABLE XLVLI (CONT.)

LOADINGSH OF SUBJECTS ON DIMENSIONS  Fobk CARROLL
SOLUTICNS CF FOLL S ROUPS - 5SD1.2

SUBJF T DINENSION

1D. 1 2 . ]

41 0. 64 0. 06 0. 13
42 0.60 0.05 U.0u
43 0. 03 0. 15 0.2°
ua 0.28 .32 0.25
45 -0.01 070 0. 32
S V.23 V.56 0. 10
u 0.25 0.l 0. 13
4 bu.29 -0 00 .14
49 0.39 0.40 U. 16
50 0.13 U.l3 U.26
51 0.13 U.03 0.25
52 0.11 0. 0 _ 0. 04U
53 0. 37 0. U 0.06
54 0.55 0.13 u.27



TAHIL LTLVITI
RBUOGKAL SOLUTTONS OF CAPROLL SORGROIP S
CATY L mPs 1,0, CAUYY Gupy 1,
DIMENSTON
CONCEoT 1 i 1
CON 0.1 =017 -0, 11 (.05
RN -0. D.19  0.09 0.02
VD 0L -0.02 -0..02 S Y
rxX P -0.25 -0.06 (IR 0. N
YD -3.19 .07 -0.1¢6 -0.06
FACT .02 -0, 1 0. 18 -0.08%
SRAUY D19 0.1 -0l ~0.17
TMAG ~-0.03 .04 O. 11 0.0
ITNTPE D.13. 0. 17 16 [AN
INVYW 0,20 0.0 0.1 0.0
T.A Y J_ 0 0. 19 .04 -0,
Praoe 02T 0.1 -0 L 05 -0, a8
DT .76 =0.11  N0.0Y A
BRSNS -9.00 0. 14 - .10 -{. 15
THEO -N.08 -0.21 0.n n.i5
CTONC -J. 00 d.08 0.0 .19
nY G0 “0.07 =013 ~0.10 —). 10
TV -0.12  0.11 -0.0Rw n
eXpE N.0G2 -0.03 -0. 12 {
XL 0. 11 0,10 -0.12 -
FM’.T .08 ~~'{). AR OB |
HY PO -0.01 -0.1% J. 06 0.
I¥AG —0.13 0.06 0 D.L0S 0. 15
IuTE N1 =0 03 =D)L 0k 0. 17
TNV DL1h =000 L2 NAR
LAW D.0S 0.7 0. -0.0%
PRGN 0,12 —0.10 0 0y -0.23
pnzy 0.08 G.13 0.0R 0.13
SES 0014 Q.03 —0013 0.05
THEU T 5 B IR -0.15
O N 0.02 0,14 0.1k oL0y
DI SC -0.23 .06 -7, N DL 0R
EVID ~0.06 0,41 0401 -0
EXpPE ~0.27  C.lh o 0.17 -0,
FX M, -).1R 0012 -0, 29 -0
FACT —C.0T -0L2 . 0.0 0,20
HY PO 0. 07 -0.38° J.1w
IMAC 0. 5 -0.00 0.06
INT® 0.7 -0.iY 2.1 -0.07
TNVE 0.16 -0.32 -0, (.17
LAW -0.07 -0.30 ~-2.07 -.03
PROO 0.32 -0.10 -0.19 ~0.10
DiZZ 0.2 0.11 .05 -0.16
NUES 0.0  0.15 -9.15 0.19
THFO -0:07 -C.0R 0.3 -0.02

3

L4

)

-0, 14
0. 11
-0.01

001

.02

-0.16
-0.nq
0.1
S0y
1,06
-0, 01
9.17
-NL 10
O 0
0.

3
_().(\A\
=0k
-0.13
-0, 15
-0.16

.09
~.0?
-0.06%

0,03

dJ.17
0.1
0.09
0.12
-0.05
0.0N5

“0.02
0.6
-0. 11
R
)
4

=17

~0. 08

0.
0.2
=91
0.1
0.02
-0.722
~0.14

-0.08
-0.00
~(. 05
-0.7%
-0.18
-N.24
.19
0.03
0.12

o Ao

-0.09
-0.12
.15
-0. 06
0.02
-0.25
D.23
0.14
0.10
0.0
D. 2
.10
-0.15
-0.15%
-0.

0.
~0.22
=0, 15

0.16

.13

.16
-7.14

0. 16
-0.25
-1.05

.04
-0.12
-1.07

.04

AR
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i TARL® XLVITI (('(H‘\;\'T'.)
KRUTCYAL SOLUTIONS OF CARPOLL §Yncroupsy

CAHP BIPRS00 GRS GRes 1,2, 3

: DINMENSTON
CONCEDPT 1 ! } 1 ? 3

CONC -D-02 -0 0. 06 S0L06 0014 -0. 19
DISC =003 =001 0.0 0,03 0,13 0.9
PVID T0L21 0 0005 -0. 21 0.1% -0.04 -0.pn

- I-,‘XI",‘. 0.10 -0.21 -0.17 -0.15 =D, 20 0.0
EX Pt 008 -0.07 0.0 0.07 =0.22 -0.07

14 70 L.06 «0.15 0.4 —0L2R 0001 S0 06
r‘%b“; =0.21 0,08 -0.06 O =003 -0. 00

7 0,02 -0.1R 0.1 -0 11 0.12 7. 13

rgéy 0.10 0..1 0..0 0.20 0.1 .06
Ny S0.06 0 02260 .12 0.02 0,17 -u.17
LAW 016 0.93 0. 20 -C.05% .18 0.1
e PROO 0230 v.10 -0, C6 0.10 =018 0. 21
. oz 0.20  0.20 .03 0.00 0.18 -0.11
SAURS 0215 -0.20 -0.10. 0.0R -0.14  0.16
THEQ N.01  0.20 -0.1% ~0.24 -0.01 -0.07
------------------------ T T T T T e e e
CONC 107 =002 0010 7 ~013 —oL04 0,01
DI SC 0.07 -0.068 -0, 06 '.’f;,_' ()-a).() 0.01 -0.16
ZVIN =0.07 -0.14 Q.08 e 0.06 0,15 -0. 13
EXPF -0.06  0.12 0.09 =0:05.~0. ) -0.01
vXPL 0.03 -1, 14 -9.08 20005 -0.12 0.14
FACT =0.17 -0.02 0.0} -0.14  0.1u -0.05
HYPO 0.10 0.10 0%06 . 0.73_ 0.13 -0, 0>
INAG 0.031 V.02 -0.05 T0.11 %<0 g g1y
INTFE -0.07 -0.07 -0.0u4 0203 UL =012
INVE =0.07 -0.03 -0.18 S =0.01.7 18 0.06
LAW =0.05 0.1t 0.01 0.11 -0.°7 0.07
PROO 0.15 0.09 -0.07, 0.07 0.(" 0.17
PUZT 20.05 -0.03 033, " 0.16 ~0.04 -0_09
DUES ~0.04 0,12 -9t 0,17 0.04  0.13
THEO 0,14 -0.08 0,05 -0.16 -0.05 -0.13

2 e AT T T s e Tommmom e
CON( 0-19 0.07 "0.179 ~0.08  0.08 0,18
DI S¢ -0.21 -0.09 -3.09 -0.11  0.00 -0.19
o EVID 0.29 0.16 -0.0u4 0011 =011 2. 17
EXPR -0.07 0.21 0.23 -0.00 . 0.23 0.03
X PL -0.19  0.20 -9.27 ~0.06. 0.1 -0, 11
FACT -0.29 0.04 0.16 0.01 -0.12 0.18
4Y PO ).03  0.07 -0.3u =0.09 -0.14 -0.11
INAG 0.929 0.17 0.04 -0.04 0.03 0.14
INTE .18 -0.2 D.1u D.19 -0.13 0.03
INV? . 0.01 -0.30 -0.15 -0.00 -0.20 0.04
LAW -=0.23 -0.12 -0.07 ~0.19  0.05 -0.01
PROO 0.18 -0.14 -0, 22 0.12 0.11 -9.07
Pu77 0.04 -0.17 o0.14 0.11  0.05 -0.12
cuzs 0.02 0.27 -0.02 -0.16 -0.08 0.07
THEO -0.08 -0.13 .25 0.16. 0.0 0.11



3

TABLE XLVITI  (CONT )
KRUSKAL SOLUTIONS OF CAFROLI stpGcrougps
SJ9 GRPS 1,72,3; SJ1. GEPY 1,2,3
DITYENSTON
CONCEPT 1 2 3 1 ' ]
CONG ~0.0% -0.13 -0, 20 ~0.12 =006 0.0
DI St 0.13 -0.23 0. ~0. 03 =0.07 -0.20
“YID 0L1R 0.2 -0. 04 0,00 -0./1 0.4
EXPE V.24 -0.04 -0.1. -0.21 -0.10 -0.05
FX Pl D.10 0 0,15 0. 2% 0.09 -0.19 -9.07
FACT .09 0.09 -0.27 -0.01 0. 1s 0.01
HY PO 0016 -0.08 0.1 0.1 018 0207
[ MAG J.18 -0.02 0.06 ~0.00 -0.03 G013
INTF 0.99 -0.10 0.22 0.22 =0.02 0.01
THVE -0.27 0.06 -0.03 0.12 0.02 0.20
LAW 0.1 0.07  0.19 -0.13 -0.02 -0.09
FROC -0.18 -2 26 N_06 0.11 0.11 -0.14
P77 -0.03  0.21 Ly 0.02 -0-.04 -0.11
SHEE -0.048 =014 =017 0.16  0.12 -0.072
THFO ROt 0021 =01 S0.07  0.17  0.13
CONC 0.1 -0l 7 & 1i‘ﬁ CL.-0.06 0016 0.6
DI SC 0. 16 0.05 s3, 3o . -0.22 -0.05 -0.14
EVID -0.04 0.:9 -0.06 s 0.09 0.25 0.09
EX P -3.03 -0.16 0.03 ~0.11  0.09  0n.25
EX Pl V.08 0.10 J.1 -0.1%  0.18 0.00
PACT -0.06 -0, -0.11 0.19 -0.06 0.06
HY PO 0.07 -0.11 ~U=.06 0.02 -0.22 0.03
PAG -0.03 -4.02 0.07 .16 0.06 0.0u
INTF <0203 0003 =014 Y —0.25 -0.0% 0.07
INVF S0-09 0 0,07 -0, -0.05 0.04 -0.29
LAW £0.14 -0.05 -0.0u4 M6 -0.00 ~0.15
PROO 0211 =001 0012 ~0.01 -0.23 -0,12
pu7? “No12 0 0.01,_-0.03 +0.17 -0.09 -0.12 -
ONES ~0.10  0.08  0.09 -0.02 _0.23 -0.12 .
THEO 0203 0.11 0.0 0.12 0.00 0.2§
_—'_"“/' ‘‘‘‘‘‘‘‘‘‘‘‘ ‘Sﬁ '''''' o T === T s = ;‘
CONC  © =0.92 -0.13 04 3 N.06 -0.20 0.02
DI sc 0,11 0.03 o0.0X 0.03 -0.05 0.16
ggin 7709 0.06 -0.11 ~0.04 0.18 -0.10
% -0.02 0.06 0.14 -0.1% -0.05 0.09
Y Pl -0.08 0.06 -0.0R8 -0.09 '0.13 0.06
FACT 0.11 -0.04  0.07 -0.07 =-0.15 -0.06
HYPO -0.09 -0.06 -0.03 0.06 0.12 0.15
IMAG -0.00 0.05 0.0 -0.02 0.03 9.0°
INTE 0.02 -0.03 -0.06 -0.14 -0.00 -).07
INVE 0.03 013 0.02 -0.05 0.02 -0.21
LAW -0.08 -0.03 0.09 -2.06 -0.06 0.10
PPNO -0.09 -0.07 -0.11 0.13  ".13 -0.02
PUZT 0.03 -0.03 -0.0R 0.0% G.01 -17.07
QUES 0.06 -0.07 0.0 0.1 =0.08  0_.06
THFO 0.10 0.07 -0.02 0.15 -0.06 -0.12
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TABLE XLVTITI (CONT.)
KRUSKAL SOLUTTONS OF CARPOLL SUBGRODPS
509 GPPS 1,2,4:; 12 GRPSG 1,2,.3

DIMENSTON

ONC 1 J 3 ] ) }
Co 0,00 0027 0. 16 ~0.10  0.01 0.25
p : 0.1) 0.09 0.2 DL -0.10  0.01
YD D.00  0.30 .00 -0.20 -0.07  0.05%
3 n.23% 0.0 ; 0.1 -0.05 -0. 11

. PL 0.12 -0.29 =0.09 -0,318 -0, 21
ACT -0.26 -0.17 ~0.12 0.1 0.10
PO -0.11 0.6 008 0.22 0.03
AAG 0.17 0.19 0.00 0.05 -0.22
oy D14 -0.09% -0 2% ©=0.0% ~0.26 -0.01
TN -0.28 0 0,131 0.1 0,12 2,12 0.07
FAw =021 =022 -0.19 -0.21 .02 =0.08
PROO -0.25 0.07 -0.15 0.31 0,02 -0.03
P77 0.9 0.1 -0.24 D.05 0.23 -0.13
DUFS 0.725 -0.05 (.14 0.08 -0.02 0.18
THED -0.92 -0.01 0. 31 0.05% -0.22 0.13
CONC -0.20 -0.18 -0.97 019 0.21 -0.07
DISC 0.02 0.18 -0.14 0.06 -0.12 -0.15
BVID 0.03 -0.06 -0.24 -0.07 0.04 -0.20
EXPE 0.02 -0.19 -0.01 0,13 0.03 -0.16
2XPI. 0.22 ~0.13 0.09 Q& CL12 -0.18 ).03
FACT 0010 -0.07 w22 .11 0028 0.10
HY EO D06 0213 oo 0.16 2.07 0.1%
“IMAG -0.te 0,03 -1 0.07 -0.28 0.01
INTE 0.16 0.11 -0.09 0.25 -0.10 0.92
INVF T.15 0.07 0.9 ~0.15 -0.07 Q.10
LAW -vL19 0 0016 -, 01 -0.20 -0.12 -0.15
DROO 0.09 0.13 (.22 “0.05 -0.10 9.26
PUZ7 D04 -0.08 -0 10 -0.08 0.10 -0.17
DUFES -0.13 0,01 u.07 0.00 0.12 0.13
THEO -0.85  J.17 0.06 . -0023 0 0.07 0.02
CONC -0.34  0.07 0.26 -0.08 -0.12 -0.05
NISC -0.22 -0.28 0.17 -0.18 ~o.16 -0.32
PVID 0.01 -0.36 -0.20 -0.15 0.21 0.27
Y -0.28 -0.07 -0.27 0208 0.12 -0.25
%X b . -0.35 0.17 -0.06 -0.03 -0.45 o0.1"
SACT 0.36 -0.19 -0.10 0.27 0.41 -0.05
HYTO 0.09 -0.27 0.09 0.06 ~0.00 0.31
IMaG 0.25 0.31 -0.10 0.22 -0.10 -0.26
I g™F -0.12 -0.17 -0.19 0.346 -0.0% 0.07
“INVE 0.11 0.1C -0.uo0 : 0715 0,27 -n.07
LAW 0.0 0.35 "0.24 “D.42 .06 -0.,11
PEOO o 0.12 -0.06  0.32 -0.32. -0.19 0.26
PUZZ 0.35 0.08 0.05 0.22 2.13.0.20
DUES -0.10 0.34 -0.14 -0.16 0.21 .92

TS EO 0.07 -0.01 0. 33 -0.01 0.24 -0.14



N TABL® XLTY
CAVROLL SO LUTTONS OF CARROLL SURGROUPS
CAUIY GRPS 1,2, 3:; CAUT2 GuPS 1,2,

|

DIMENSTION

CONCEDPT g 2 3 1 2 3
CONC 0.0% -0.u3 0.05 -0. 11 0. 3u .28
DISC S0.15 —0.14 0. 30 C.L240 0020 0,13
FVIh 0.40 0.243 0.10 0. 35 0.27 -0.07
EXPE 0015 0024 0.09 0.15 -0.27 0.132
AR -0.70 0,30 0.0H -0.33 0 0.27  0.17
- 0.40  0.20 0.05 0.200 0,30 -0.11
S0 =0.23 - 0.0 -0.up ~0.26 -0, -0.15
IMAG =216 0.24 -0. 43 =0.29 -0.10 -0.37
TR 0.0 =QL3T —02 16 0.9 =00 23 9Ly
T 0,01 -0.19 0. 26 . 0.2% =0.32 0.3
LA W 0.33 0.22 0.04 0.26 0.16 -0.25
DO 0.46  "U2% D.oq D044 0,032 -0.03
IS -0. 31 0.45 0.20 =0.24 -0.26 0.17
OUFs, -0.32 0.98. 0.0 -0.29 -0.11  0.24
THEO -0.16 -0.13 -0.5u 0017 -0.25 -0, 3
CONC D219 0,20 -0.12 0.3 =0.23 -0 17
DISC -0.22  0.39 -0.20 0,04 =0.30 0.01
SVID CL290 00320 0.0 0.249 0.41 0.06
FXPE =7.21 S0. 07, 0036 0.00 -0.37" 0.30
RYPL N.2R 0.07 -0.14 0.02 -0.10 -0.u45
FACT 0.28. O.33 0.0% 0.37 2.40 0.01
HY PO -0, 14 —O*%Q -Q.27 -0.24_~0.16
TMAG -0.%1 -0 08 -0.34 -0.36 0,11
INTE 0.1 =0.32 -0.17- 0,14 -0.01
INVE =0.2% -0.19  0.%1 -0.00 -0.3u
LAW 0.25 0.1% .06 .27 0.17 -0.05
FROO .33 0.26 0.0R 0,37 0.40 0.10
PIZT -0.31 -0.24 0.3 -0.35 0,17 0.31
OUES -0.32 -0.20 .11 -0.25 -0.07 0.27
THFC  0.06 -C.33 -0.38 =0.31 =0.0R -n_ 22
_________________________________________________ -
CONC -0.13 -0.28  0.03 0.19 -0.15 -0.38
DISC ~0.24 -0.01 0.15 0.03 -0.20 -0.17 P
EVID 0.39 0.18 0.36 0.35 -0.15 0.15 7
EXTE ). 05 -0.0m% -0.37 0.02 -0.29 -0.u1
FXPL -0.06 -0.31 -0.09 ©0.07 0.45 -0.08R
FACT 0.32 ,0.11 0.45 .- 0.3 0.14 0.29
HY P20 0.01 -9.39 -0.26 L<0.26 -0.28 -0.12
IMAG -0.34  0.01%0.21 -0.46 0.07 0.19
INTE =0.23 -0.27 -0.04 .« ~—y_ 17 0.38 -0.13 Y
INVE " 0.21 0.37 -0.39 0.09 -0.30 -n.1 ‘ i
LAW ¢ 0227 #0.18 -0. 02 0-19 -0.03 0.39 .
PROO 0.40 0.16 0.38 0.38 ~0.11 G.24
PIZZ ~0.39 0.35 0.01 -0.39 0.28 -0.06
DUFS -0.240 0.31 -0.19 -0.20 0.4 -0_.17 5

THFuU -0.02 -0.37 -9.23 -0.19 -0.21 0.9y Q'
4



TABLE XLIX (CONTL)
CARRULL SOLUTTONS OF CARROLL SURGROUDS
CAS9 aaps 1,2,3; CAs12 Gres 1,2,3

DTYMENSTON

CONCEPT 1 2 3 1 2 3
CONC 0.22 0.17  0.11 0.0 -0.u3  H.0u
N1 G -0.32  0.14 0.4 ~0.15 =014 0,30
FVID 0.26 0.23 0.3 0.40  0.28 0.0
FXPE -0.31 -0.26 0.1% ~0.15 <0224 0,09
PX DI, 0.08  0.31  0.07 ~0.10 =030 0.0R
EACT 0.39 ,0.10 0.27 0.0 0.20 0.05
HY PO ~0.22. 0.0 -0.u1 ~0.23 0.00 -0.4p
IMAG -0.01 =013 -0. 139 ~0.1h gL 24 -0.ur
INTH ~0.21  0.25 -0.14 S0.04 ~00 31 =0L 16
INVE -0.25 -0.135% -0.04 S0.00 ~0.20  0.25
LAH 0.42  0.04  0.00 0.32 0,22 9.0u
PRO 0.37 0,12 0.7 0.U6 0.2k 0.009
PUZZ ~0.15 -0.46 -J.13 S -0.31 0.08  0.20
CUES “0.19 =047 -90. 12 -0.32  0.08 0.130
THEO -0.12  0.27 -0.40 -0.16 -0.13 -0.5u
CONC -0.11%  0.34 0,28 0.30 -0.23 -0.17
SISC L DL200 0,200 013 . 0.04 -0.30.9.01

S EVID 0.3% 0.27 =0.07 , 0.28  0.41 .06
EXPE 0.15 =0.27 0.31> 0.00 -0.317 0.30
FXPL ~0.33 0.27 0.17 D.02 -0.10 ~0.45
FACT Ds28  0.30 -0. 11 0.37 0.40 0.01
HY PO -0.26 -0.37 -0.15 ~0.24 -0.16 0.15
TRA( RFH-0.10 -0. 137 -0.3  0.11 -0.18
INTF Q.23 =0. 42 -0.14 =0.01 -0.50
INVE “0.32 0.38 . -0.00 -0.34  0O.37
Law 0.16. -0. 79" 0.27 0.17 =0.05
PROO 0.32 -0.03 0.37 0.40 0.10
P17 -0.26 0.17 -0.3% 0.17 0.3
QUES -0.11 )8 -0.25 -0.07 N.27
THPO -0.25 - p) -Q.31 -0.08 -0.22
CONC 0.05 0.06 -0.47 .19 -0.15 -0. 37
DISC -0.21 0.15 -0.06 0.03 -0.20 -0.17
IVID 0.U4 Q.26 0.18 0.35 -0.1% 0.15
EX PF -0.34  0.23 0.04 0.02 -0.29 -0.41
EXPL -0.04 -0.08 -0.53 Q.07 0.45 -0,08

. FACT 0.41 0.25 0.12 .33 0.14 0.9

" HY PO -0.15.-0.31 -0.07 -0.2% -0.28 =0.12
TMAG 0.0%--0.48 .0.25 -0.46 N.07 0.19
INTE -0.01 -0.30 -0.37 R B 18 -0. 13
INVF -0.30 0.31 0.12 0.0 30 -0.19
LAW 0.22 0.08 0.08 0.1% -..03 0.39
PROO 0.43 0.27 0.23 0.38 -0.11 0.24
PyZ7 -0.18 -0.u3 0.32 -0.39 0.28 -0.0f
NUES -0.29 0.02 0.2u -0.20 0.40 =0.17

THFO -0.05 -0.84 -0.07 -0.19 -0.21 0.4t

______________________ et e . e —————
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CONCE

CONC
DT SC
FVID
EXDPE
FXPL
FACT

CAR

PT

HY PO -

IMAG
INTE
INVF
LAW

FLOO
RSV

QUES

-J.
-0.
0.
~-0.1
-0."
0.05
~0.12
~-0.1
V.32
-0.05%
-0. 18
0. uu
.42

TABL
ROLL SOLUTTIQONS OF CARROLL

509 GRPS 1,2

<y

—U.
-0.49
0.32
0. 05
0.2n
0.18
-0.27
-J.24
-0.19

FoOXLTX

(CONT.)

DIMENSTON

SUBGROUPS
GRPS 1,0,

.27
-0.30
-9.10
-0.4%
-0.09

0.2

0. 33
-0.14
-0.26
-0.19

-0.138
-0.31
-0.30

-0.00
0.34
-0. 311
-0.131
-0.22
-0.09
0.57
0.16
0.09
0.20

-0.12
-0.00
-0.135
0.22
0,12
0.12
0. 16
0.139
-0.139
0.22
0.06
-0.135
-C.u6

PROO
P77
CITES
THFO

0.20
-0.02
0.4
0.23
-0.139
-0.131
0.19
—-0.01
0.05
0.25
-0.34
-0.30
-0.383

0.25
-0.23
-0.00

T T T T N T T e e e e e e e e —— e . -

0.19
0.05,
-0.13"
J-09
0.C9
~0.53
¢ 00
0.04
0.06
0.24
-039
*0.47
0.20

-0.12
-0.25
0.05
-0.31
0.28
-0.30
0.17
0.28
-0.03
0.37
0. 9

-0.33.
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RETES
TABLE Y LIX (CONT.)
CARROLL SOTUTICNS OF CANN0LL SUBGROUPS
5D GEE 1,2, 5D12 GRPG 1, 2,00

DIMENSTON

CONCEPT : X 1 1 P s
CONC  =0.200 9.04 0.2 O.08  0.19 —n_27
DISC B g5, 0L -0, 07 0.23 =0.14 -0.93
VD J. 06 0.31 .16 O.un Do 06 .02
=wxpw 0. 13 0.19 —-9. 10 ~0.07 -0.23 -0.07
EXPL -0. 16 J. 01 0.1 0.1 .36 -).0u
PACT D24 .24 0.3, . [RI 0.4 =0.27
HY PO —oLw o —0Lue .07 & “0.20 -0.35  0.2n
. MAG ~0.23 =0.u44 A2 N0.06 -0.16 0.15
INTE ~0.29 -0.25 0O.1% ~0.05 -0. 18 0.27
INVF 0.33 -0..23 -0.26 ~0.81 -0.06  0.13
LAW 011 -0.07 -0.18 C0.06 0 0.208 -0,29
FROU 0.31 0.31 0.1 0.38 0. . -0.76
PUZZ 0.05 0030 -y, 5w ~0.23 0222 0.3
CUFrS ~0.3Y 002 -0L 0 Sy 0.05 .25
THFO -0.2% -0.11 0.15 -0.24 =00 3¢ .27 ,
CON<( .14 0.1 -0,05
DISC 0.14  0.05 0.03
EVID 0.3 0,08 0.4
EXpr ~0.14  0.14 0.
EXPL 0.03  0.37 -0.41
FACT 0.26  0.27 0.34
HY PO ~0.03 =0.48 -0.20
IMAG -0.21 -0.130 -0.25
INTF ~-0.07 0.12 -0.0u
INVE 0.297 0.24 .40 -0.09 -0.03 0.20
LAW 0.32  0.09 -9.12 0.03 -=0.00 0.12
PROO 0.2 0.08 -0.25 0.46  0.25 n.28
DifTL -0.23 -0.73  0.32 -0.084 -0.40 -0.19
cuU=s -0.28 -0.37 0.51 -0.54 -0.07 -0.27
THEO -0.25 0.19 0.2n 0.07 -0.38 -0.30
CONC 0.22 -0.15 0.33 -0.41 0.10 -0.59
DISC 0.05 0.27 0.20 0.22 0.20 0.20
EVID 0.37 0.10 0.1 0.11 0.14  0.32
EXPF 0.04 0.35 0,07 =* 0.31 0.19 0.43
EXPL -0.06 0.26 0.11 . -0.27 0.09 -3.07
FACT . 0.33 0.07 -0.11 -0.14 . 0.23 -0.01
HY FO -0.44 -0,35 -0.40 - -0.10 -0.49 -9_.23
TMAG -2.01 -6.10 -0.21 -0.02 -0.35 0.26

SEINTE -0.33 -9.55 -0.06 -0.07 -0.92 -0.09
INVE -0.06 0.10 -0.13 0.32 06.36 0.02
LAW V.18 0.22 0.08 0.11 -0.01 -0.04
PROO 0.37 0.J6 0.27 -0.16 0.26- 0.16
PUZZ -0.19 0.24 0.42 0.45 0.04 0.12
QUES -0.03 -0.30 -0. 34 0.11 -0.43 -0.36
THEO -0.43 -0.22 -0.40 -0.46 -0.29 -0.1u



209

TABLF L
CAPROLY SOLUTIONS OF TUOCKER SURGROUPS
CAUS GrOUPs 1,2, 3,0; CADYY cpours 1,0

YIMENSLON

GRoTEDT 1 2 3 1 p) 3
COUNC ~0.21 0.21 0. 1% O.12  0.20 0.12
DI SC -0.13 L0018 -0.19 -0.03 O.2¢6 -0.43
“VIp 0. 53 0.21 .09 .20 -0.06 -0, 28
Fxpw -3.07 =0.04 =)L h .19 0.29 =-0.20
FYPL -0.26  0.30 04?, 0.02 0_.11 0.29
FACT 0,43 0,19 .11 0.27 —0.u8 -0.19
HY 7O ~0.09 =0.49 0.7 -0.11  0.24  0.28
[MAG -0.09 ~0.20 0. 11 -0.6U0 -0.19 -0.01
INT “0.13 =022 0.05% -0.52  ©.01 -0.0U4
NV ~0.0 DLt -0. kD 0,15 0.20 -0. 1N
LAW D.14 =0.11  0.006 005 —von8 o gk
PROO 0.48  0.26  0.07 N.25 -0.36 -0.27
Pz 0021 0,09 DL 14 0.12 -0.07 0.46
OUFS -0.26 1.16 0.2 0. 1R 0.23 .36
THEO -0.04 -0.55 0. 14 -N0.12  0.07 0.13
CONC ~0.32 -0.18 -0.10 - -0.02 -0.395 -0.40
DIS ~0.11 -0.06 -0.u8 0.40  0.16 -0.58
EVID -0.25 0.38 N.12 "o -0.29  0.03
BXPE 0.17 =0.06 -0.652 212002320 0.17
EXPL -0.30 -0.07 0.07 ~0.2« =0.07" 0.17
FACT -0.21 0.38 Q.17 Co12 —G.u5 0020
HYFO 0.10 -0.39  0.22 -0.29 0.27 0.10
IMAG 0.25 -0.28 0.2 -®.31 0.05 -0.08
INTE -0.25% -0.30 0.11 -0.30 0.08 -0.33
INVE 0.26  0.02 -0.50 C.25  0.20 0.3u
LAW 0.07 0.45 0.17 0.26 -0.21 0.17
PROO -0.22 0.34 0.15 0.30 -0.37 -0.16
P 0.46 -0.10 . 0.16 -0.25 0.19 0.21
0T 0.84 -G. 14  0.11 -0.24 0,18 0.2u
TH ¥ -0.08 ©.0 J.11 -0.18 0.30 -0.08
CONC 0.11 ~0.39  H_2n% -0.25 -0.26 -0.27 -
DISC 0.05 -0.10 -0.45 0.07 0. 0.25
FVID 0.24 -0,15 0.23 0.35 -0. V.17
FYPF 0.21 0.32 -0.17 -0.09 -0.09 .42
TXPL -0.10 -0.25 -0.37 -0.17 -0.17  0.26
FACT 0.20 -0.28 0.43 0.35 -0.18 0.01
HY PO -0.09""§.30 -0.cn -0.27 -0.20 -0.26
I%AG -).88 0.1t 0015 -0.26 0. 083G 20
INT? -0.46 ~-0.13 -0. 11 -0.26 -0.19 0.17
INVFE 0.23 0.38 -0.12 0.06 0.49 -0. 36
LAW 9.10 -0.27 0.38 S 0.40 -0.05 0.2¢8
PROO De26 -0.23 0,34 0.28 =0.19 -0.10
PUZZ 9.10 0.32 0.04 -0.19 0.54 0.40
QUES 0.11 0.32 -0.1M -0.29 0.16 9.25
THFO -0.48 0.07 0.07 0.27 -0.13 2.19



TABLE 1. {CONT.)
CAHKOLL SOLUT:UNS OF THCKER SUBGROUPS
CAUT2 GROUPS 3,45 CASO GROUPS 1,2, 4,0

DIMPISTON

CONCRPY 1 ) ] ; ) }
CONC S0L1h S0 - L 2un ~0.03 =023 -0.03
DI 5sC SO =002 0L 4n ~0.17 0.3 -0 14
FVID L3N 0019 -0. 13 0,85  0.26 0,12
EXPY 1.0 =028 0,00 015 0015 0252
PP 0.03 ~0.10 -0_u D.06 -0.53 0.11
FACT -0.35 0.36  0.05 O.49 0.13 0.08
Y Po 0.18 -0.28 -0.07 S04 ~0.17 -0.0uH
TYAG 0.43  D.54 -0.16 0,219 S5.01 .21
INTE 0.21 =0.05 -0. 31 -0.09% -0.50  0.20
Ny -0.05% 0.13 0.139 =0.22  0.31 -0.0%

T LAW -0. 33 0.28 0 0.06 -0.01 0.2 0.2
PROO =000 D217 -0.17 D51 0.26 0,10
A A O.37 -0.00  p_oun -0.25  9.18  0.30
DUES 0.19 -0.10 0. -0.25%  0.11 0,76
THEO N.27 -0l24 -0. M ~0.0h -0, 21 =937
CONC ~0.01 =016 0.5 -0.19  0.03 -0.20
DT SC ~0.23 -0.39 -0.0% -0.20 0036 0.02
FyIn -0.31 0 0.31 0 0.3 -0.h 0 0,27 0.u6
EXPE -0.07 -0.50 0.1} -0.32 -0.14 -0.13
EXPL -U.10 0.0 =9.09 0.10 0.32 -0.18
FACT -0.30  0.28 0.17 -2.11 0 0.23 0,20
HYPO D300 A1 -0 Gk o310 0017 0417
IMAG L1205 —'0.2'& 0.36 0021 5.y
INTF 0.06 R4 ~0.27 0.15 0.20 -0.1%
INVE ~J.01 -4u48. 0,10 “UL 21 ~0.24 =640
LAW -0.20 9%y ole3 H.09 -0.40 0. 32
FRo0 -0.22 0.2 0.38 -0.32 0.34 Boy3
il A4 0.54  0.02 0.18 0.29 -0.30 0.09
DUES 0.51 -0.04 0.15 N.18 -0.17 -0.19
THEN -~ -0.07 0.13 -0.54 0.3 0.26 -0.02
CONC -5.10 0 0.12 0.218 -0.27 -0.34 -0.19
DISC 0.15 0.30 -0.13 -0.04 -0.07 -0.21
EVID 0 U2 -0.30 -0.18 -0.26 0.39 -0.09
mXPE 0.09 0.42 -0.29,_ Q.22 -0.02 -0.24
FEPL -0.18  0.08 0.ui - S-0.28 50031 0011
FACT Z0.40 -0.34 0.09 -0.27 0.41 -0.04
HY PO -0.24 0,01 y.22 0.06 -0. 28 0.U2
IMAG -0.33 -0.16 -0.5? 0.30 -0.04 0.45
INT® © =D.19 0.09 0.15 -0.13 -0.27 -0.12
INVE " 92.19 0.39 -0.17 .29 -0.05 -0.22
LAW )12 -0.28 0.02 -0.17  9.30 (.28
PROO .39 -0.40 0.03 -0.28 0.43 -0.09
POZZ  ~0.36 -0.14 -0.37 0.4 0.04 -0.1u
QUES  =N0.21. 0.16 0.14 . 0.40 -0.03 -0.22

THFO -0.16 0.09 o0.2% -0.21.-0.20 0.50
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CONC
DY SC
“VID
EXPE
EXPL
FACT
WY PO
IMAn
INTE
INVFE
LAMW

PROC
PUZZ
DUES

THRO

1

T

{CONT.)
NCKAR SORGROGDPS
5J9 Sroups 1,

DIMENSTON

}

0.0 -0, 11
N.23 ~0.05H
-0, 085 0,27
0.19 -0.15
~0.0% -0.27
~-0.u7 D22
0. 2u 0.09
0.5 H.10
~0. 12 -0, 53¢
0. 31 0.4
Ja. b 0. 41
~0.44 0. 3?2
-0. 08 -0. 36
0.18 -0.27
0.27 0.2

0.19
0. 29

-0. 16

] ‘)
.25 ~0. 21
0.072 -0.29

0,43 ~0.04
0.17 -0.un
.03 0. U

Yo I8 0.11
0.2 =00 34
0. 36 0. 33
0. 13 9. 31

-0,12 -0.24
~0. 29 0. 14
~D 2R -0.09
.29 H.19
NML120 0016
0. 07 .15

!
-0 .00
N.06
. Ju
0. 0u
-0, u3
0.08
n.,n
0.28
). 19
N.073
H. 01
0. ¢
0.4
-0.28
-0.u5

0.02 -0.18
-0.36 0,211
.40 0.09

~0.26 0.13
“D.04 0.00
~0.32 -0.00

.06 -0.138
-0.01 0.u1

-0.29
-0.4%5

N.27
-0. 31
~-0.3u

036 0.05W0.38

LT N I

~0.07

IR S [
S99 0.ud%-0.02

0.05 -0.47
~0.28  0.08
~D.42 -0.00

.31 -0.25

.22 :% 4
i ..\ﬁ

-0.06
0.27

N.22.

0. M
-0.16
0.32

0.4%1 0.08
0.50 -0.1u4
~0.13 -0.10
-0.04  0.30
~0.30 -0.06
~0.25 -0.16

0.20 0.u48

0.22 0.44

0.32 %@ g
CN.30 -0, 30
“0.23 -0.08

0.26  0.26

. 0.18 -0.31

i 0.04 -0.03
he? 0.23 0.36
-0.37 =0.15

~-0.44 -0.01
-0.14 -0, 31
0.12 -0.30
N.12 0.u8
0.28 0.36
-0.35 -0.09
-0.36 0.12
-0.03 0.04

~0.29
0.01
-0.09
0. 31
-0. 31
-0.13
0.05
-5.13
-0. 30
0.33
-0.15
-0.01
0.52
0.38
-0.09
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TABLE 1. (CONT.)
CARROLL SOLUTITONS OF TUCKFE®R TRGROUCS
WJAGROUPS 3,0 5012 arogp 3.
DIMENST
CONCEDT 1 ? 1 1 ? 3
CONC -0.18 0.23 .0 -0.30 1, 1# 0,10
DISC -0.16 0015 -0. 1) 0038 -0.15 -0.00
FVTD -0.31 0,195 -0.0% -0 1] 0,30 ~-0.14
EXDPE 0.1% -0.00 -0. 36 N.0T7 0033 -0 26
=X PL ~0.26 0 014 0.0% -0.22 =0.00  0.09
FACT -0.38 0 0.05 0.0 -0.21 0.30 -0.27
HY PO 0.31 =0 11 0.4 N.23 0.2 0.7
IMAG 0,22 =0.54  D.u3y 035 =0.17 9.4
INT¥® 0. 34 0. 31 .70 -0.07 0.7u 0.55
INVE 0.11 0.02 -0.45 0.0 =0.21 -0.219
LAW -0.260 0.12 0.2 Vo0 Bl -0, 0D
FRCO . -0.30 0.8 -0.0v ~0.0 0.27 =018
PUZZ 021 ~0.596 -0.21 L3R 0037 -0 17
QUES 0.30 -0.28 -0. 34 0.33 0,20 =n_12
THFO 0.22 0.08 0.35 0.3 0,18 0,20
CONC H.29 -0.03 -0. 1 -0.15 .24 -0, 26
DISC -0.06 -0.06 -0.22 ~0.18  0.43 -0.0S
FVID 0.2 " 0.12 0.05 w. —0.35 =0.07 <0.02
FXPF. -N0.15  0.32  0.139 v 0.20 0.13 -0.09
FYPL J.16 0 0.20 -0.31 -0.11 -0.10 -0.20
FACT N.32 0.12 -0.18 ~0.3% -0.39 -0.13
HYPO -0.31 0.52 -0.10 . 0.7 9.15 0.1
IMAG - .48 -0.17 -0.138 0.45 0.07 0.32
INTE 0.01 -0.15 -0.29 0.10 9.71 -0.33
INVF -3.01 =0.15 0.50 -018  0.3u 0,23
LAW 0.36€ -0.01 0.1u —0.20 -0.5% 50.00
PRCC 0.23 0.06  0.07 -0.25 =0.29 <0
PUZZ -0.37 -0.39 0.18 C.23 0.06 02.55 %
QUFS ~0.14 -0.27 0.1 0.10 -0.05 0.37
THFO -0.14  0.28 -0.0Chk 0.00 +~0.26 -0.28
CONC -0.240  ©.20 0.0R ~0.20  0.27 -0.16
DTS 0.0 =0.13 0.26 -0.09 -0.01 -0.17
PVID -0.1% 0011 0. 31 -0.20 0 0.15 =D, 14
EXPP - 0.15 -0.04 D.02 0.19 0.01 0.06
RYPI -0.17 0.08 -0.0u -0.08 0.31 0.07
FACT -0.36  0.1D 0.23 ~-0.46 0.16 ~0.13
HY PO 0.22 0.19 -0.23 0.04 -0.59 -0.15
T¥AG 0. 18 -0.53 -0.50 0.32 -0.27 0.11
INTYF -0.26 ~0.03 -0.40 0.33  0.30 -0.24
INVE 0.31 0.18 0.26 . N.217 0.11 -0.06
LA% -0.25 -0.01 0.2u v ~0.43  0.13 0.20
FROO -0.2%- 0.10 0.27 -0.27 0.22 -0.16
PUZZ 0.44 -0.66 -0.0R 0.27 -0.29 0.u45
2UFS 5.38 0.08 -0.13 0.16 -0.25 0.65

0 EO 0.03 0.34 -0.29 0.22 -0.29 -9.33
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0.00
-0, 25
-0 .06

0. 38
-0. 23
0. 26

0.u5
-0.12

9. 51
L 0.0
LR
-0.02
-0.15
-0.05

0.19

0.19
0.26

TALFE L (CONT.LY
CARPROLT SOLUTIONS OF TIHCOKER SUBGPOHYS
LN GROUPS 1,2, 3,45 SD12 sROUPS 1,0
NT%FNSTON
CONCEPT 1 ’ 3 1 S
CONC -0.17 iy 0.1 0.00 -0.18
DT 5¢ SO 0,30 =01 10 0.07 =0.90
BV “0.260 0220 019 n.56 -0.07
pY S0L0G 0031 9. ub 0.n7 n.0n
FXPI -5.05 -0.18 -0.01 0.6 -0.01
FACT S0 2P 0.8 —0.00 0.29 -0.33
HY PO EUR. (VORI DA KSRGS -0.19 0.3}
1Mn .10 0,02 -D.uD 0.1 0.1
INTE D.13 —0.27 -0.29 0,18 0.2
INVF 0.10  0.20  ).uu S0.05  0.08
LAY ~0.3% 0.19 0.8 0.05 -0. 30
PROO S0, 27~ Dl 0.2 0.41 -0. )
P22 0.32 029 -0 “0.23 0 0. 31
S5 .30 ~0260 0.4 —n.u7 0220
T80 0.8 =0.17 -0.37 -0.726  0.29
CONC 0,30 -0.13 ~0. 24 -0, =-0.213
DT SC “0.37 -0.26 0. 34 ~0.16 -0.10
EVID 0.20 70,25  0.05 -0.21 -0.12
EXDT “0.32 0.9 -0.06 . ~0.16  0.00b
FYDL Y17 -0.31 -0.12 0. 04 -0, 27
FACT -0, 17 =0.19 -0.:5 -0.10 =0.137
HYPO .39 0.22 -0.14 0.14  0.42
IMAG, 0.37 -0.12 -0.08 0.19 0.11
INTE .32 0.07 -0.09 ~0.11  0.31
. INVF -0.11 0.51 0.4 -0.14  0.03
\ LAW 0.06 -0.03 0.ub ~0.16 .20
‘RRCOT . =0.37 0.8 -0.01 ~0.11 -0.36
M7z 7 -0.22 0.17 0.02 0.77  0.13
NUES 0.21 .38 0.27 0.38 0.07
THREO .13 0.29 -0.3° S -0.10  0.u7
CONC -0.45 -0.13  0.u3 —0.20 -0.03
DIS 0.21 -0.25 0.07 0.09 0.22
Sy ID 0.35 -0.31 =0.25 -0.30 0.21
2YPE J.33 -0.16 -0.51 0.00 0.28
FYDL -0.20 -0.18  0.24 ~0.33 -0.33%
FACT -N,05 -0.14 0.05 -0.32  0.33
HY PO -0.20 .54 0.19 .39 -0.03
IMAG 0.08 0.06 -0.3u n.31 -0.133
INTF -n.05 0.33 -0.29 -0.23 -0.31
INVT 0.24 -0.05 0.25 0.02 0.21
LAW 0.03 -0.16 0.03 C.01 0.19
PROO -0.CA =0.25 0.07 -0.27 0.28
PUZT 0.346 0,45  0.20 0.36 -0.02
OGUES -0.12 0.21 0.19 0.27 -0.20
THEO -L.86 0.05 -0.25 n.26 -0.41
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TAALY L (COoNTL)
CRPEROLL SOLUTTONS "OF TUCKED ©ORGRO0S
e SD10 SE0rps 4, u
,\__/r'/

//.

S .

Vs DIMENGTON

U ONCEDT ) J } 1 K 3
CONC S0L26 0 1T 0L ~0.0%  0.u0 0. 16
S ENE S0.11 0 9.1 =04y 0.01 0.2 =0, 3
EVID ~0.32 0.2 —g.Qa B.65 016 0 )9
X PR ~0L07 0.3 0.3y N.12 L1 ~0. 08
SX DL 0,07  a.2h .00 014 0011 0L
FACT “0.33 0,29 -0l 13 0.2 =9.20 =018
HY PO 0.4l =0, 34 -+ 1. £ -0.27 ~hLau 0.4
IMAG D 1T =016 =000 16 -0 11 0. 13
INTE 0.32 -0.17  0.00 0219 -0L13 =0, 073
FNVE D.11 9,32 0.0 V0D =012 —0L 35
LAW —0.200 .05 —0.00 002 0015 0.0
I R00) ). 4P 0.0 7,05 O.a7 .20 -0. 18
PUZT 0.03 -0.43 -0_19 =L 26 0036 -0.33
oy e N.9% ~-0.17 ). T4 -0.17 -0.32 n.17
THEO O.4h -0_.30 0. 0u 0.8 =0Su1 0. 09
T ".5",%;—' -_—_—'-——————-—_ﬁ__-_ﬁ‘—_; ''''' T -
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