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SUMMARY

This study was undertaken to fulfill two major aims. Firstly to deter-
mine the validity of the Thurstonian model of intellectual structure

in the population of CSIR research scientists and secondly to determine
the construct validity of the Deductive Reasoning Test.

A battery of 14 ability tests selected as references for factors of
deduction, induction, spatial reasoning and verbal meaning was
compiled and administered to a representative sample of 160 CSIR
scientists. The results were analysed by means of factor analysis
and multi-dimensional scaling procedures. Partial support fcr the
Thurstonian model of diffzrentiated Primary Mental Abilities was
found. No deduction factor emerged. Deduction and induction tests
loaded on a single dimension. Separate factors of verbal meaning
and spatial reasoning were confirmed. The merging of deduction and
induction tests on a single dimension was partially attributed to the
low reliabilities of the reference tests and partially to the differentia-
tion-integration theory of mental abilities proposed by Lienert and
Crott (1964).

It was recommended that the Thurstonian model of intellect be used as
a theoretical guide -line in the development of a differential ability
selection battery for use in the CSIR.
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INTRODUCTION

Recent trends in psychological measurement at the NIPR point to

a growing faith in the theory of a differentiated profile of human
behaviour. The theory contends that, as the organism evelves,

a number of conceptually and behaviourally distinct constructs
emerge from the broad, underlying domains of personality, intelli-
gence and motivation. The theory is backed by an impressive
volume of psychometric research and lends itseif admirably to
psychemetric methodology. It also has a natural appeal to the
personnel psychologist since it agrees well with his conceptuali -
zation of multidimensional criteria. Conclusive evidence of the
validity of the theory is still forthcoming and it should be treated
with caution in the interim. An cverzealous interpretation of the
theory ¢>uld lead to an unwarranted proliferz.ion of trivial measures
and censequently to an artificially inflated tody of research in
support of an unrealistically atomistic conceptualization of human
behaviour. If properly interpreted, differentiation theory provides
a useful and valid way of thinking about behavicural constructe
provided that the ultimately glcbal, integrated nature of human

functioning 1s never loszst from sight.

In the present study an aittempt is made to find empirical juatifics -
tion for conceptualizing the human intellect in terms of g
differentiated profile of constituent abhilities. This view not
onlyreflectscurrent NIPR thought, but is in keegping with the weli -

known work of Thurstone .2

(1938, 1940) on the Primarv Menta’
Abilities of man. The basic theoretical rationale underiying this
view is that intelligent behavieur can be meaningfully classified
into a limited number of broad, operationally defired construsts.
Each of these is assumed to be amenable to independent reasure -
ment by means of an appropriate ability test. Each measurable

ability is regarded as a continuous psychological dimensicn



underlying reliable individual differences. The development of
abilities is ascribed to an ongoing interplay between genetically
determined attributes and environmental influences during the
growth of the organism. Hereditary factors as well as continuous
pressures from the environment are therefore responsible for the
patterning of abilities in an individual and for the structure of

intellect in a culture.

DESIGN OF THE STUDY

The study is undertaken in the population of graduate research
scientists at the CSIR. The individuals comprising this popula-
tion may be thought of as representing the upper end of the in-
telligence curve of the general population in the country. These
individuals are in the vanguard of the nation‘s scientific, indus-
trial and technolcgical endeavour. Among their ranks are the
scientific pioneers of to-day and the leaders of the industrial
community of tomorrow. They constitute an indispensibie factor
in the growth of the country's economy. The need to develop
accurate and reliable instruments for the identification of
individuals who potentially belong to this population cannot be
too greatly stressed. Yet to date little systematic research has
sought to clarify the nature of inteilectual finctioning and the
composition of intellectual structure of this highly sophisticated
sample. The present study constitutes an attempt to meet this

need.

The major aim underlying the study is to determine whether thre
Thurstonian theory of Primary Mental Abilities provides an
appropriate model for describing the intellectual structure of the
population of scientists at the CSIR, The study is, in this sense,
a test of the generality, and hence the validity of the Thurstonian

model. If the validity of the model can be demonstrated, the



Thurstonian theory will be adopted as a frame of reference for the
construction of a new differential ability test battery to be used

in the selection of applicants seeking scientific research posts

at the CSIR.

The study is conducted along the lines of traditional Thurstonian

3) 1947). A test battery

factor analytical methodology (Thurstone,
comprising reference tests for four postulated Thurstonian Primary
Mental Abilities considered of relevance to scientific research

work is compiled and administered to a representative sample of

CSIR scientists. The results are treated by means of factor analysis.
An inter-group factor analysis procedure is uised to compare the

factor structures obtained for separate English- and Afrikaans-

speaking samples.

The experimental aims and design of the study inzlude a simul-
taneous ewvaluation of the preliminary Deductive Reasoning Test
(D.R.T.) developed at the NIPR. Thkree preliminary versicns of the
test, designed according to an explicitly formulated conceptual
model of deductive processes, were prepared (Verster,,4) 1970).

A comprehensive analysis was made (Verster,,s) 1972) of the re-
spective contributicns of the parameters of the test model to item

difficulty and the results of the investigation were utilized in the

construction of a preliminary 45 item versicon of the test.

By including this test in the test battery in the present study, it
will be possible to determine the construct validity of the 45 item
D.R.T. This is the second major aim of the study and the tests
in the reference battery are selected with this consideration in

mind.

Selection of Reference Abilities

The question of which abilities to measure in the present study
was necessarily guided by practical considerations. While it is

of considerable scientific interest to test the invariance of the



Thurstonian model in a high level population such as that repre-
sented by CSIR research scientists, it should be borne in mind that
the major practical consideration underlying the investigation is

to uncover the nature of those mental abilities that are likely to

be of greatest relevance in the selection and assessment of research

scientists.

It was decided at the outset, therefcre, that it would be unecono-
mical to attempt to include reference tests for all of Thurstone's
identified Primary Mental Abilities (P.M.A.'s). The study indeed,
is essentially a test of the theoretical nature of Thurstone's
model; of his hypothesis that the abilities of man are few and
fundamental, susceptible to operational definition in behaviourally
relevant terms and that they may, at times, be partially correlated
with one another. The aim of the investization is not to demon-
strate the existence of each of the Primary Mental Abilities that
Thurstone postulates. Moreover, it should be remembered that
deductive reasoning ability, which is of central interest in the
present study, was not actually included amcng the fina! factor
abilities which Thurstone described as the Primary Mental
Abilities of man (Thurstone and Thurstone ,6) 1941). Apart from
deduction however, the remaining reference abilities in this

study are selected from among those described by Thurstone.
Their inclusicon in the reference battery was determined by con-
siderations of their relevance to scientific research activities.
The absence of any good validation studies in this respect
necessitated a subjective criterion evaluation. It is ceonsidered
unlikely though, that the relevance of the four selected abilities
to the intellectual demands cf a scientific research environment

will be disputed.

Apart from the interest in measuring an ability of deduction, con-
siderable effort was spent in finding suitable reference tests for

a factor of induction, for this ability is also of crucial interest



to the design of the project. It is of particular interest to see
whether separate factors for induction and deduction can be pro-
duced. The reasoning processes represented by these two in-
tellectual abilities are easy to distinguish conceptually. But
whether they remain operationally distinct and represent separate
psychological abilities is not so clear. The position adopted in
the present study is that the mental operations called for in de-
duction are slightly different from those required in induction and
that the two processes may well underlie separate abilities. It
is expected however, that these abilities will be highly related
and may even operate in conjunction with one another so that if
separate factors can be produced at all they will be highly
correlated. In addition the issue is likely to be confused further

by a lack of suitable tests.

In his original investigation Thurstone7) (1938) found encouraging
evidence for the existence of an independent induction ability.

His tests for this factor all required the use of a rational thinking
strategy to determine the rule which, from an implicitly provided
set of culling rules or principles, best succeeded in accounting for
the patterned organisation of data within each item. This type

of rule discovering or rule identifying behaviour is easy to dis-
tinguish conceptually from that required in the deductive tests

that Thurstone employed.

8)

Guilford * (1967) does not even presume the existence of an in-
duction ability as a separate factor. He prefers to regard in-
ductive variance as being rightfully shared out among sewveral of
his more specific factor abilities. French et al.g) (1963) view
induction as a complex second order factor ability underlying
several, as yet unidentified first order abilities. This view,

indeed, seems the one best supported in the literature on induc-

tion.



it is possible that the problematical nature of inductive reasoning
can be resolved by making a conceptual distinction between differ.
ent classes of induction. A useful distinction that has been
described more fully elsewhere by the author (Steyn and Verster, 10)
1972), is that suggested by Kneebonell) (1963, p. 366) between

conceptual induction and determinative induction. The former

relates to the type of thinking involved in the production of
scientific theories. The products of conceptual induction not

only add to the inass of available knowledge, but also make possible
a more adequate understanding of already recorded facts by changing
scientific perspective. Determinative induction, on the other
hand, makes an addition to the content of available knowledge but
leaves the form, or the scientific perspective, unchanged. Deter-
minative induction is dependent on a statistical principle of optimum
choice. TFrom a given range of specified possibilities the one

that is most appropriate in the light of available evidence is selec-
ted. Thisg is the kind of inductive reasoning that iz more commonly
encountered in scientific research and is considered worthy of
measurement. Conceptual induction, on the other hand, is not
believed to be amenable to measurement with the traditional type

of cognitive test. In a related NIPR project on which the author

is engaged, a test of determinative induction will be developed.

To date, however, no pure tests of this kind of reasoning are
available and the best of the available tests of complex induc-

tion will therefore, out of necessity, be used in the present study.

Attempts will also be made 10 measure a dimension of spatial
reasoning ability. Spatial reasoning or simply space was one

of the first abilities to be identified unambiguously in the P.M.A.
investigations. This factor, according to Thurstone1 2) (1941),
is found in tests that require the subject to manipulate objects

imaginally in two or three dimensions. It is quite distinct from

perceptual processes which only require the perception of detail in



a flat surface and which do not require the imaginal movement of
an object in two or three dimensions. Thurstone13) (1941) also
raised the important psychological question of whether the space
factor is somehow related to kinesthetic imagery. This point
however, has not yet been clarified. Neither has it been shown
that space perception enters into auditory material. As it stands

at present, the factor is characterised as facility in spatial and

visual imagery.

14)

French et al. (1963) also recognised a space factor called
Spatial Orientation, which is defined as "the ability to perceive
spatial problems or to maintain orientation with respect to objects
in space". Tests locading on spatial orientation seem to involve
perception of the position and configuration of objects in space.
Whether the material involved is presented in two dimensions or
three seems to have little effect on the nature of this factor.

It is thus essentially the same factor as Thurstone's space factor

S
and indeed, some of Thurstone's tests are used by French et alo1 )
(1963) to identify the factor.

. . , 16)
Following the distinction made by French et al. (1963) between

the psychological nature of spatial orientation and visualization,

the space factor in the present study will be denoted spatial reason-
ing. Tests loading on spatial orientation require a degree of
manipulative reasoning in response to the visual objects as a whole,
whereas in visualization tests the emphasis is on the perception

of visual detail without rescrting to an imaginal manipulation of

the material.

In addition to factors of induction, deduction and spatial reason-
ing, a factor of verbal meaning will be included in the present

study. Comprehension of verbal material is central to all fields
of scientific research endeavour. Thurstonel7) (1941) found a

distinction between two major kinds of verbal factors. One was
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a verbal meaning factor, the other a factor of verbal fluency. It

is the former of these that is important here. Although this scit

of factor is probably general to all language groups, its stability
depends on the familiarity of the population tested with the language
medium in the tests. In order to measure this factor in the CSIR
population it will consequently be necessary to use separate tests

for English- and Afrikaans-speaking subjects.

The four selected primaries, deduction, induction, spatial reasoning
and verbal meaning are considered the most central and relevant
abilities to scientific research work. Certain other Thurstonian
primaries such as verbal fluency, perceptual speed, memory eto. ,
are likely to be less generally employed in all branches of science.
The mathematician, for example, makes littie demand on verbal
fluency skills, whereas certain of the applied sciences, for
example, mechanical engineering, do not call for special abilities
in speed of perception. In addition, there is much cecntroversy
over the psychological nature of speed tests while many nsycholo-
gists would argue that fluency measures belong more properly in
the domain of creativity, or divergent production. It is possibly
true that a good memory is a useful asset to any researci: gcientist,
but a memory factor has been excluded from the piezent investiga-
tion for two reasons. Firstly, most factor analytical studies of
the cognitive domain have shown the memory factor to he relatively
uncorrelated with other abilities. This implies that efficient
intellectual functioning in other areas is not necessarily dependent
on a good memory. If an individual memory factor were to emerge
in yet another study little in the way of a new understanding of the
structure of intellect would follow from this finding. Secondly,

it is argued that there are few good tests of memory presently avail-
able. Most of the currently employed tests for thig factor rely on
rote memory or memory for meaningless material. It would be more

valuable to have a measure of memory for meaningful stimulus materiail.
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1.

The memory domain thus appears to warrant further independent irn-

vestigation along fresh avenues.

It is expected that the four abilities selected for this study will

be mutually intercorrelated since a common component of reasoning

is involved in each. Indeed, it is likely that a second-order analysis
would produce a single general factor identifiable as some form of
general reasoning ability. Nevertheless, it will be of considerable
interest to see whether separate first-order primary factors can be
produced in a battery of tests all of which require some form of

reasoning activity.

Compilation of a Reference Battery

Following accepted factor-analytical theory the battery contains
sufficient reference tests to allow at least three markers for each
expected factor. Four postulated tests for deduction and four for
induction are included in order to determine these factors more
clearly, if they emerge at all. Three tests for each of the remain-
ing factors are considered sufficient since the psychological nature

of these abilities is more clearly understood.

Reference Tests for Deduction

The anticipated difficulty in finding suitable reference tests for
deductive reasoning proved justified. The ambiguity surrounding

the nature of this factor has already been discussed elsewhere

18)

by the author (Verster , 1970). It was pointed out that tests

of syllogistic reasoning have consistently proved the most stable

measures of this ability to date. Furthermore, as mentioned

19)

previously (Verster , 1970), non-verbal tests of deduction have

been most difficult to locate. The writer was unsuccessful in ob-

taining a copy of Blakey'szo)

(1941) non-verbal test of Form
21
Reasoning which would have been useful. Canisia ) (1962)

also claims to have developed a non-verbal test of deduction, but
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this too could not be obtained. Other non-verbal tests involving

22)

deduction (Botzum, 1951) do not seem to be factorially stable

since they have at times shown substantial loadings on other factors

23)

(French et al. 1963).

The Figure Series Test of the Senior Aptitude Test Battery (Fouche

24)

and Alberts 1970) of the Human Sciences Research Council

(H.S.R.C.) was thus selected as a non-verbal reference test for
295)

deduction. The format of this test is similar to that of Blakey's

(1941) Form Reasoning.

Verbal references for this factor were somewhat less difficult to

find. Special care was taken not to include other tests of formal
syllogisms, since this would spuriously inflate correlations with
the D.R.T. but would contribute little to a fuller identification of

the factor.
The four postulated tests for deduction are the following:

Deductive Reasoning Test (D.R.T.)

Figure Series H.S.R.C. Senior
Aptitude Tests

Reasoning Ability NIPR General
Selection Battery

Inference E.T.S. French et al.
(196 3)

In Reasoning Ability the item format is in the form of a problem

followed by two statements of alleged fact having apparent
relevance to the problem. The subject is required to indicate
which of five possible combinations of the two fact statements,
that can be considered either independently or in conjunction
with one another, will provide a solution to the problem.

Actual answers to the problems are not required.

The item format in Inference requires the subject to indicate which
one of five possible conclusions follows logically from a given

statement.
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Reference Tests for Induction

26)

French et al. (1963) define induction as associated abilities
involved in the finding of general concepts that will fit sets of

data, the forming and trying out of hypotheses.

Although their definition is somewhat loose and vague, it is clear
that these writers view induction as a multi-dimensional construct.
In fact, they prefer to regard induction as a second-order factor
underlying several more distinct primary factors that have not

yet been clearly defined. They argue, however, that the three
reference tests suggested in their Kit (French et al. 27) 1863)
have been found tc correiate with each other and will define a
factor representing induction when it is desired to separate in.
ductive variance from factors in cther areas. Since this coin-
cides with the purpose in the present study their guide will be

followed in the absence of better informaticn about induction.

The three tests which they propose represent three content areas,
letters, patterns and numbers and, in Guilford's terminology,
two kinds of products, classes and systems.
To give more stability to the induction dimension, a fourth test

. 28
was added to the three suggested by French et al. ) {1963).

This is Pattern Completion, a test from the Senicr Aptitude Test

29)1970) . Itis

Battery of the H.S.R.C. {Fouche and Alberts,
a matrix test in which rules have to be inferred or induced from

the given elements of the matrix.

The four reference tests for inductive reasoning are:

Letter Sets E.T.S. French et al.
(1963)

Locations E.T.S. French et al.
(1963)

Figure Classification E.T.S. French et al.
(1963)

Pattern Completion H.S.R.C. Senior

Aptitude Tests
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3.

Letter sets was suggested by Thurstone's Letter Grouping. The
item format consists of five sets of four letters each. The task
is to find the rule that relates four of the sets to each other and

to mark the one which does not fit the rule.

Locations was suggested by Thurstone's Marks. In each item

five rows of places and gaps are given. In each of the first four

rows, one place in each is marked according to a rule. The sub-

ject is to discover the rule and to mark one of the five numbered

places in the fifth row accordingiy.

Figure Classification is adapted from Thurstone's test of the same

name. Each item presents twe or three groups each containing
three geometrical figures that are alike in accordance with some
rule. The second row of each item contains eight test figures.
The task is to discover the rule and assign each test tigure to
one of the groups. There are twenty-eight items with eight test

figures eacn, resulting in 224 possible responses tc score.

Reference Tests for Spatial Reasoning

In selecting reference tests for this factor the guide offered by
3

30
French et al. ™’ (1963) was again followed, but an NIPR test,
Blox, was substituted for the Spatial Orientation test of Guilford

which French et al. recommend.

The three tests for this factor are:

Card Rotation_ E.T.S. French et al.
(1963)

Cube Comparison E.T.S. French et al
(1963)

Blox NIPR Perceptual
Battery

Card Rotation was suggested by Thurstone's well-known Space

test Cards. In each item a drawing is given of a card cut intc an

[N
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irregular shape. To its right are six other drawings of the same
card sometimes merely rotated to different orientations and some -
times turned over onto the cther side. The subject is to indicate

which ones show the card not turned over.

Cube Compariscn was adapted from Thurstone's Cubes. In each

item a drawineg of a cube is presented. Assuming nc cube can have
two faces alike, the subject is to indicate which items present
drawings that can be of the same cube and which present drawings

that cannot be of the same cube.

Blox is a sub-test of the NIPR Percegtual Battery. On each page
five sets of blocks or three dimensicnal cubes are presented.

The number of blocks within each set varies between two and six
and these are arranged together to form varicus random patterns.

The subject has to analvse these patterns or geometric configura -
tions and identify tiiem when presented in different orientations

in the items below. There arae six items for each set of five stimulus

configuraticns on a page and a totzl of forty items in the test.

Reference Tcists for Verbal Meaning

A verbal meaning facter has been found in at least 70 published

31) ..

studies (French ct al. 1963). It seems likely that several
linearly independent sub-factors can be found in the verbal domain
if the specialized wvceabuiaries of certain professions, occupa -
tions or dialectical srouws are rasted. Reference tests of the
verbal factor consequently should be tests which sample features
-of a particular language very widely. According to French et al. 32)
(1963) vocabulary tests are usually more desirable than tests of
grammar and other language features because they are easier to
construct and administer. On the whcle their loadings on verbal
meaning are higher and they are less likely to have loadings on

33)

other factors. French et al. (1963) suggest five different vo-

cabulary tests as reference rmarkers for this factor.



14.

34)

Following Thurstone (1938) it was considered desirable to include
a test of reading comprehension as a marker for this factor although
reading comprehension has also been shown to contain general

reasoning.

A special problem regarding the measurement of verbal meaning

in the present study relates to the bilingual research population

at the CSIR. Clearly this ability should be measured in the home
language of the subject concerned. It was realized at the outset,
therefore, that separate tests for English- and Afrikaans-speaking
subjects would have to be used. For this reason, tests involving
grammar, analogies, synonyms and antonyms, etc., were avoided
as their inclusion could lead to insurmountable problems in
attempting to achieve comparability of difficulty, complexity and
construct validity across the two languages.

In the light of this problem, and in accordance with the recommenda -

-\
35) (1963) it was decided to use more than

tions of French et al.
one vocabulary test, since these are easiest to construct in the

different languages, together with a good test of reading compre -
hension which could be translated into both languages, as refer-

ences for verbal meaning.

The NIPR High Level Battery provided a suitabie test of Reading

Comprehension which is available in both languages and has been

used for many years in the selzsction of high level personnel.

Tests of English Vocabulary and Afrikaans Woorde skat were also

taken from this battery. A second test of English Advanced

Vocabulary was taken from among the tests recommended by French

36)

et al. (1963) but a suitable Afrikaans counterpart could not be

obtained. A new test of Gevorderde Woordeskat was therefore

specially prepared by the author for use in this project.

Very briefly, the test was constructed in the following way to

achieve relative comparability of difficulty and content with the



15.

E.T.S. Advanced Vocabulary test. The stimulus words frem the
latter test were classified into frequency categories according
to a recent English word count (Wright,37) 1965). It was found
that about 80% of these fell into the least common frequency
category. A comparative Afrikaans word count (Die Afrikaanse
Woord —telling38) - Opgestel deur die Nasionale Buro vir Opvoed-
kundige en Maatskaplike Navorsing, 1958) was obtained and 50
words were selected from the corresponding least common frequency
category. In selecting words, mainiy adjectives and adverbs

were chosen for each stimulus word. The preliminary Gevorderde

Woordeskattoets was used with the understanding that an item

analysis would be undertaken to purify the test of poor items before
using it in any correlational analyses. Hence on the expectation
that about 20 items might be dropped after the item analysis, the
test was made sufficiently long to ensure that at least 30 good
items remained in the final test. It will be seen from the analyses
in the following chapter that the final "purified" 30 item version

of the test had a reiiability coefficient in the vicinity of 0,9 so

that it seems this strategy prowved successful.

The final test battery, the test time limits, number of items per test
and predicted factor loadings are given in Table 1. It should be
pointed out that the prescribed procedure for administering the
E.T.S. reference tests was not followed. These tests are construc-
ted in the form of two short parallel halves each with a separate
time limit. But in view of the fact that the total test battery

was already time-consuming, it was decided to economise on

time by ignoring the break between the two halves in these tests.

Single time limits were imposed and these are reflected in Table 1.



TABLE 1

TEST BATTERY

Test Time No. of Factor Source
Items
LOCATIONS 14 28 I ETS
D.R.T. 40 45 D NIPR
CARD ROTATION 12 Z8 S ETS
H.L. VOCARBULARY 12 40 \Y NIPR
LETTER SETS 16 30 I ETS
INFERENCE 14 20 D ETS
CUBE COMPARISON 10 4z S ETS
H.L. READIN{ COMP. 20 20 \Y% NIPR
FIGURE CILASS. 18 224 1 ETS
BI.OX 30 45 S NIPR
REASOMNING ABILITY 30 30 D NIPR
PATTERN COMP. 10 30 I HSRC
FIGURE SERILS 10 3 D HSRC
ADV. VUOABUTARY/ 15,/ 30/ ETS/
GEV, WOORDESKAY 16 50 \Y NIPR

1 = Induction
0D = Deduction
S =  Spatiai Reasoning

V= Verbal Meaning
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The Sample_

The aim in drawing the sample was to obtain full representation

of the population of research personnel at the CSIR. The findings
that emerge from the analysis of the factor battery will determine
which abilities are included in a differential test battery to be
developed for use in the selection of CSIR research scientists.
Since this assessment battery is to be used widely in the selection
of applicants for every CSIR Institute and for all levels of status
rank, it is desirable that the experimental sample from which the
results are obtained should be as representative as possible of
the total CSIR research population. Rank and institute were
identified as the most relevant determining population variables
and the sampling method employed is consequently designed to
give proportionate representation acrcss these two criterion

variables.

Due te practical considerations, only 13 CSIR institutes situated
in Pretoria and Johannesburg were included in the target popula-
tion. Included among these are research institutes for physics,
chemistry, mathematics, electrical engineering, mechanical en-
gineering, building research, road research, water research,
telecommunications research and the institute for Information
and Research Services (IRS). The personnel research institute
(NIPR) in which the author is employed was excluded from the
sampling universe as many of the tests in the battery are known

to the staff members of this institute.

All technical and other non-research ranks were excluded from the
target population with the exception of certain graduated personnel
from IRS, who are engaged full-time on research, but who for
administrative reasons, are graded in the technical ranks. Only
three individuals with technical ranks were included in the final
sample. All other members of the sampling population come from

the ranks of Assistant Research Officer (ARO), Research Officer
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(RO), Senior Research Officer (SRO) and Chief Research Officer
(CRO). The most senior research rank grading, Senior Chief
Research Officer (SCRO), was excluded from the sample as many
of the senior executives holding this rank would not have been
available for testing had they been included. In addition, most
SCRO's are engaged in managerial capacities rather than being

actively involved in research.

The following characteristics define the population from which

the sample was drawn.

Age Range : 20 - 50 years

Sex : male and female

Education : Bachelors Degree (minimum)
Rank : ARO, RO, SRO, CRO

Institute : IRS, NPRL, NRIMS, TRU, NEERI,

NMERI, NBRI, NIWR, NITR,
NLRL, NIDR, NIRR, NFRI,

A pseudo-random sampling technique designed to give proportionate
representation across ranks and across institutes was employed.
Lists were obtained from each of the 13 participating institutes of
the names of staff members who complied with the above specifica-
tions. The total number of research staff in the population was
345. The sample was drawn by ordering the names alphabetically
within each institute's list according to rank and excluding every
third name that occurred. This gave a two-thirds sample cf 230
research workers with proportionate representation of rank and
institute. In preference to merely specifying the requisite number
of incumbents from each cell in the two-way rank by institute
sampling matrix, subjects included in the sample were specified
by name. This ensured greater randomness and hence better re -
presentation. If only the requisite number from each cell were
stated and the actual allocation of subjects to the sample was

left to the discretion of an institute director or divisional head,
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unwanted biases could enter the sample.

All individuals selected for the sample were provided with a circular
informing them of the broad aims of the project and their co-operation
was requested. Anonymity with regard to test results was guaranteed
and the voluntariness of participation was stressed. Only 30 of

the sampled subjects could or would not participate. The final

sample size was thus exactly 200.

Administration of the Te st Battery

Testing

For numerous practical reasons testing was arranged to occur in
several separate test sessions over an extended period of about
two months. A provisional testing time-table was prepared in
collaboration with the Directors of the 13 CSIR institutes con-
cerned and this was circulated to the subjects, who indicated
which cate would be most convenient for them to be tested.
Alternative venues were provided for each date. It was stressed
that an attempt would be made to test as many subjects as
possible from the same institute on a particular date in order to

cause least inconvenience to the institute concerned.

Actual group sizes tested on any particular date varied considerably
but were kept below a maximum of 30 and were usually around

10 - 12 for ease of administration. Test venues differed from

day to day depending on which venue was most convenient to

the subjects being tested. All testing venues were modern and
well-equipped and complied with the standard requirements for

adequate test administration.

The total test battery took about five and a half to six hours to
administer. Reasonable periods of rest between tests were allowed
during this time and two short breaks, one for tea and one for

lunch were provided.
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The tests were administered strictly in the order they appear in

Table 1 and the time limits were rigidly adhered to.

It will be seen that the D.R.T., which is the crucial test in the
battery, was administered second. This meant that subjects were
still fresh when doing this test while having had a chance to
accustom themselves to the atmosphere in the testing room on

the first test.

The Advanced Vocabulary test and the specially constructed Ge-
vorderde Woordeskattoets were administered last as these tests

had different time limits.

General

It was stressed from the outset that anonymity regarding the test
results would be preserved. Subjects were told that all tests
used were experimental and that no normative data for the evalua-
tion of individual test scores was available. Raw scores on tests
would consequently be meaningless and would under no circum-
stances be made available to subjects. It was furthermore ex-
plained that the test results would not be dealt with individually
in the analyses, but would be treated correlationally in an

attempt to determine the nature and order of the correlations among
tests. In an attempt to arouse good test taking attitudes and
strong motivation, it was stated that the mean differences between
institutes and between ranks would be examined. Each subject
was made to realise that he represented a limited group of subjects
comprising his particular cell in the rank by institute matrix and
that if he failed to take the tests seriously his poor performance
would be reflected in the lower test means of the cell to which he
belonged. This strategy proved successful in that it enabled
subjects to identify with the project more strongly, and their
motivation, in general, was extremely high throughout the lengthy

test battery.
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It was pointed out that, in view of the way the results were to be
treated, some consistent form of identification would be required
on each test cover. Since anonymity was to be preserved subjects
were asked to identify their tests by indicating staff numbers on
the covers. Subjects who refused to comply with this request
were permitted to use any random pseudonym they wished. On

the first test in the battery subjects were also asked to indicate
their rank, institute, highest educational degree, date of birth
(age), and branch of science in which they were currently working.
This information was used as a check on the sampling procedure

in order to detect whether any sampling biases were present.

RESULTS.

Preparation of the Data

The tests were scored manually and the raw scores cf the 200
subjects were recorded on a special data chart. The chart was
carefully scrutinized in an attempt to detect anomalies such as
missing information, or unusable test scores. It was discovered
that five of the subjects had failed to understand the instructions
in certain of the tests and their scores on thece tests were ccn-
sequently not valid. These subjects were rejected from the sample

since their results were not usable.

A more serious anomaly that was apparent even at a cursory visual
inspection of the test scores, was that a small number of subjects
consistently scored well below the sample means on all tests.

The discrepancies between the scores of these subjects and the
mean scores of the total sample were particularly evident in the
case of the verbal tests and especially on the two tests of vocabu-
lary. On investigation it was found that these subjects were all

foreigners, in the sense that their home language was given as
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neither English nor Afrikaans. It was found that subjects clacsi-
fied as foreign in terms of this criterion formed about 17% of the
total sample. This figure is an accurate reflection of the precpor-
tion of foreign research staff at the CSIR. It was considered
advisable to omit all foreigners from the sample before proceeding

with the analyses.

The total usable sample was thus reduced to 160. This number

was regarded as adequate for the purpose of the intended analyses.

The data from the reduced sample was accordingly loaded into the
computer and machine scored as a further precaution against

errors.

Test Characteristics

Before commencing with the analyses of the test battery it was
necessary to evaluate the item characteristics of certain individual
tests. Firstly, a detailed account of the 45 item versicn of the
preliminary D.R.T. will be given, followed by a description of the

final 36 item version of this test.

Consideration will also be given to the metric properties cf the
Gevorderde Woorde skattoets (G.W.S.) that was specially con-

structed by the author for this project.

An analysis of the items in the Reasoning Ability Test (R.A.T.)
was performed in an attempt to discover the cause of the test's
restricted variance and poor reliability. Poor items were elimina-
ted from the test in an effort to increase the reliability of the in-

strument before incorporating it in the analysis of the test kbattery.

Locations, which was administered as the first test in the
battery, proved to be too highly speeded for the CSIR sample.
Some attempt was therefore made to partial out the undesired effects

of speed on this test.
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3.2.1.1.

Test Characteristics of the Deductive Reasoning Test

Test Statistics

On the basis of the scores obtained by the total sample of 160

CSIR research scientists, the 45 item version of the D.R.T. was
found to have a mean of 31,75 and a standard deviation of 8,12.
Although the variance, and hence the discrimination power of

the test is good, it appears that the scores were slightly negatively
skewed in the sample tested. This could well be due to the fact
that the most difficult items in test X, Y and Z were not included

in this version of the test. It is possible that these items would
have had greater variances in the CSIR population. Nevertheless,
the spread of test scores was most satisfactory as evidenced by

the high observed reliability coefficients.

Four different estimates of reliability were calculated for the 45
item version of the D.R.T. These are shown in Table 2. It will
be seen that there is a high agreement among them. The respective
assumptions underlying each of the modifications of the original
Kuder-Richardson formula 20, and their implications in terms of
mental test theory, are outlined in an article by Coulter39) (In

Press).
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TABLE 2.

RELIABILITY ESTIMATES OF THE D.R.T.

KR21 * 0,93
KRZO (1) 0,91
KR20 (2) 0,89
KRZO (3) 0,90
KR21 * : KR __ with Tucker's correction for uniform
(0,1) distribution.
KR20 (1) : no response taken as omission.
KRZO (2) : cox"rected.for.omi.ssion ass'um.ing
uniform distribution of omissicns.
KRZO (3) : no response taken as wrong.

These very high internal consistency coefficients justify the pre-
diction of the Spearman-Brown extension formula that was aprlied
to the three experimental versions of the test (Verster,40) 1972).
It is indeed enccuraging to note that the test is capable of dis-
criminating with such a high degree of consistency among
research scientists. It will be seen later that apart from the
Gevorderde Woordeskattoets, none of the other tests in the
battery has the same discriminative power. Most of these tests

were developed for use in college student and high school

populations.

It was observed, on hand scoring the protocols of the D.R.T.

that many of the answer sheets were incomplete. It seemed
possible in view of this, that the test might be somewhat speeded
for the sample tested. This might account, at least in part, for
the high observed internal consistency coefficients. On further

inspection of the protocols it was found, in fact, that whereas



85% of the sample had completed the test up to item 36, only

60% managed to complete all 45 items.

In order to test whether this circumstance was responsible for
inflating the reliability estimates, an arbitrary cut-off was taken
at item 36 and separate scores were recorded for each subject

on the shortened 36 item version of the test. It was argued

that if the scores on the reduced (unspeeded) version of the test
correlated poorly with scores on the total test, a time considera-
tion could be interiering with the performance of certain subjects.
This would imply that a significant proportion of the reliable
variance of the test is due to a speed, rather than a power comgpo-
nent. Fortunately this did not prove to be the case. The two
versions of the test were in fact highly correlated (0,96) indicating
that the better subjects were consistently better and also
managed to complete more items in the allotted time. The re-
liability estimates can therefore be assumed to be realistic
assessments of the power component of the test. It seems
likely, considering that the items in the test were ordered em-
pirically ir: ascending order of difficulty, that the difficuity leels
of items beyond number 36 in the test were in excess of the latent
abilities of many subjects. In other words, subjects found each:
subsequent item a little more difficult than the immediately pre-
ceding one until, in the case of about 40% of the sample (i.e.
those subjects who did not complete the test), the items became
too difficult to solve. This impression was confirmed in an
examination of the error frequencies in the protocols of subjects
who failed to complete the test. The number of errors made on
attempted items increased progressively toward the end of the

test.

The attainment of this circumstance fulfils a major aim of the
study, namely to develop an instrument capable of measuring
deductive reasoning ability reliably in an intellectuaily scphisti-

cated population.



The monotonically increasing distribution of the difficulty values
can be seen in Table 3. The difficulty coefficient for each item
indicates the proportion of subjects that answered the item
correctly. The column pj in Table 3 denotes the difficulty values.
The column nj indicates the actual number of subjects attempting
each item. The item standard deviations (Sj) and item reliabilities

(rij,) are also shown in Table 3.

It will be seen from an inspection of the table that a number of
items at the beginning of the test proved too easy for the CSIR
sample in general. These items accordingly had negligible
variances and consequently contributed little toward the test
variance, and hence the reliability of the total test. Disregarding
these few items, however, it can be seen that the reliabilities

of individual items were generally good.

An Item Response Evaluation analysis was also performed. Since
the prcgram provides detailed information about the characteris-
tics of each individual item and of each distractor in each item,
the results are too bulky to tabulate or to present in a discussicn
of this nature. In summary of the findings from this analysis,
however, it may be reported that with the exception of those items
at the beginning of the test that proved too easy, all items func-
tioned extremely well. With few exceptions, the distracters
appeared to have been well-chosen and discriminated with
appreciable reliability among subjects. A comparison between
the item characteristics obtained in this analysis and those cb-
tained in the analysis of test X, Y and Z (Verster,4l) 1972) seems
to suggest that the difficulty level of the test and the complexity
of the task, were better suited to the slightly more advanced
CSIR research population. This is indeed fortunate since the

final selection instrument is to be used in this particular

population.



DIFPICULTIES, STAMDARD DEVIATIONS AMD RELIABILITIES OF 45 D.R.T. ITES

ITEM
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158
154
156
150
146
384
146
141
135
129
34l
130
197
e

147

i16
io3
125
133
128
125
129
135
118
131
89
117
105
89
92
91
112
90
103
82
69
100
81
99
7
68
79
51
49
93

P.
3

0,99
0,96
0,98
0,94
0,91
.90
0,51
0,58
0,84
0,81
0,88
o,81
0,87
0,81
0,92
0,73
0,64
0,78
0,83
0,80
0,78
0,74
0,84
0,7
0,82
0,56
0,73
6,86
0,56
0,58
0,57
0,70
0,56
0,64
0,51
0,43
0,63
0,51
0,62
0,46
0,43
0,49
0,32
0,31
0,58

35

0.1t
a,19
0,16
0,24
6,28
3,30
6,28
0,32
9,36
0,40
0,32
0,39
0,47
0,39
0,27
0,45
G,48
0,41
0,38
c,40
0,41
0,44
0,3
0,44
0,39
0,50
0,44
0,48
0,50
0,49
0,50
0,46
0,50
0,48
0.50
0,50
0,48
0,50
0,49
0,50
0,49
0,50
0,47
0,46
0,49

xjS;

-0,00
0,01
0,02
0,07
0,09
0,11
0,03
0,11
0.1
0,15
0,09
0,19
0,15
0,21
0,09
0,22
0,13
0,12
0,10
0,22
0,15
0,16
0,16
0,14
0,16
0,17
0,25
0,23
0,28
0,19
0,25
0,24
0,25
0,25
0,27
0,27
0,26
0,3%
0,31
0,24
0,32
0,32
0,26
0,19
0,28

*Le
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3.2.1.2. Construction of the final version of the Deductive Reasoning Test

Certain explicitly formulated criteria guided the selection of items
included in the final form of the Deductive Reasoning Test.
Firstly, as in the compilation of the 45 item version of the test,
an attempt was made to attain an empirically determined platykurtic
distribution of item difficulties. This type of difficulty distribu-
tion has the advantage of ensuring a maximum range of effective,
reliable discrimination among individual test scores. Examination
of the pj column in Table 3 reveals that, even if the first set of
six or seven very easy items is disregarded, the distribution of
difficulty values is still slightly skewed in the negative direction.
There is thus a slight overrepresentation of easy items in the
available item pool. In this regard, it should be borne in mind
that the observed difficulty value of an item is not a fixed pro-
perty of the item, but a function of the mean level of the experi-
mental population's latent ability to cope with the mental task

set by the item. It is likely therefore that when the final selec-
tion test is applied to the general population of CSIR applicants,
there will be a downward shift in the mean difficulty level of
items since the experimental sample represents a pre-selected
sample of successful candidates. If the success of an applicarnt
is partially dependent on his scores on the cognitive tests in the
selection battery, which is the case in the present situation,

then it can be argued that the mean ability of successful appli-
cants will be higher than the mean ability of the a priori popula-
tion. The expected general shift in item difficulties when the
final test is applied to the applicant population should cause

the slight skewness in the present difficulty distribution to dis-
appear altogether. But the relative difficulty values of items
should nevertheless remain more or less constant in the new
population since the items within the test are ordered according
to difficulty in terms of empirically derived values from separate

studies conducted in two different populations.
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For practical reasons, a test with a 40 minute time limit was
considered desirable. In terms of the average time per item
taken by the CSIR sample, this meant producing a final version

containing 36 items.

On the basis of the item reliabilities (erSj) in Table 3, 9 items
from the 45 item test were omitted. These chiefly constituted

very easy items from the beginning of the test.

The ordering of items in the final version of the Deductive Reasoning
Test is shown in Table 4. The difficulty values are provided in
the same table. The test has been made available in this form

for use in the selection of CSIR applicants.

It should be borne in mind that the 45 item version of the test
was used in all the analyses of the test battery that are discussed

later.

Te st Characteristics of the Gevorderde Woorde skattoets (G .W,S.}

The 50 item version of this test had a mean of 24,2 and a standard
deviation of 6,87. If anything, the test was slightly difficult

for the population tested. The reliability of the instrument for the
sample of 72 Afrikaans-speaking subjects, estimated with KRZO
was 0,82.

The results of an item analysis performed on the test are shown

in Table 5.

By an iterative procedure, successive items were omitted from the
test until the reliability of the reduced instrument reached a maxi-
mum of 0,90. At this point 30 items we:re left in the test. A
distractor analysis confirmed that these 30 items contained no
deficiencies in the distractors. The test was thus judged satis-
factory and the shortened 30 item version could be included in

the test battery for the purpose of further analyses.
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Table 4.
DEDUCTIVE REASONING TEST (36 ITEMS)
Item No. Origil}al Difficulty Dimensions
Position

1 6 0,900 C3 Fl Hz
2 8 0,881 02 Fl H6
3 9 0,844 C2 F3 H8
4 23 0,844 C2 Fl M7
5 25 0,819 ¢, F, M,
6 12 0,813 C1 F3 H2
7 14 0,813 C3 F3 Ks
8 10 0,806 C, F, Mg
9 20 0,800 C2 F2 H7
10 18 0,781 C3‘Pa HS
11 21 0,781 C, F, M4
12 22 0,744 C3 F3 H7
13 24 0,737 C1 F2 Hé
14 27 0,731 C2 Fj HS
13 16 0,725 C3 Fl M7
16 32 0,700 C1 Pb H5
17 13 0,669 C1 F3 Hs
18 28 0,656 C3 P3 HB
19 17 0,644 C3 F2 H4
20 34 0,644 C2 Fé HS
21 37 0,625 C, F, M
22 39 0,619 Cl F2 H7
23 45 0,581 C, F| H,
24 30 0,575 C, Py My
25 26 0,556 C2 F3 H2
26 33 0,563 C3 F3 Hl
27 31 0,569 C3 Fz H7
28 29 0,556 C1 F‘ HS
29 35 0,512 C3 Fz H7
30 40 0,462 C, Fy Mg

31 42 0,494 C, F,
32 38 0,506 Cl F‘ H7
33 36 0,431 02 F3 H6
34 41 0,425 Cl F3 H7
35 43 0,319 C3 F3 #6
36 44 0,306 C2 P3 Hl
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Problems with the Reasoning Ability Test (R.A.T.)

Due to a rather restricted test variance, the R,A.T. yielded a
reliability of 0,50 using KR20° The test was not considered

suitable for inclusion in the main analysis in this form. But
in preference to omitting one of the markers for the postulated

factor of deduction, an attempt was made to salvage the instrument.

An item analysis revealed that in addition to the test's poor dis-
criminative power, the low reliability estimate was caused by
certain items correlating pecorly, or not at all, with the total
test score. Since KR20 is essentially an estimate of internal
consistency, a deflated estimate of this coefficient could be
expected when dealing with a heterogeneous test. By rejecting
items with pcor item-test correlaticns, the reliability was in-
creased to 0,57 based on a sample cf 160 cases. Although a
coefficient of this magnitude would not justify the use of a test
for any predictive purpose, it was considered sufficiently high
to warrant the inclusion of the R.A,T. in the analysis of the
battery. The modified Reasoning Ability Test consisted of 18

items.

Problems with the Locations Test

In an earlier section it was observed that the Locations Test,
which consists of 28 items, proved to be too highly speeded
for the CSIR sample. Only 18% of the sample managed to com-
plete the test in the allocated time. This could, at least in
part, be attributed to the fact that the test was administered
first in the battery and many of the subjects were unaccustomed
to the speeded working conditions. It sheculd ke stressed, in
this regard, that the prescribed time limit for the test, as with
the other E.T.S. tests in the battery, was not adhered to. The

42)

time limits suggested by French et al. (1963) in their Kit were

considered too stringent for use in the slightly slower paced



Table 5.

DIFFICULTIES, STANDARD DEVIATIONS AND RELIABILITIES OF 50 GEVCRDERDE WOORDESKATTOETSITEMS

ITEN n ) Py 5; S
1 69 0,96 0,20 -0,05
2 28 0,39 0,49 0,09
3 10 0,14 0,35 0,06
3 66 0,92 - 0,28 0,09
S 48 0,67 0,67 0,16
6 16 0,22 0,42 0,23
7 3 0,47 0,50 0,14
8 67 0,93 0,25 0,06
9 3% 0,47 0,50 0,30
10 6 0,08 G,28 0,1¢
11 56 0,78 0,42 0,17
12 39 0,56 0,50 0,08
13 57 0, 0,41 0,02
146 14 0,19 C,40 0,24
15 an 0,43 0,50 0,30
16 69 €,96 0,20 0,01
17 20 c,28 0,45 0,20
18 59 0,82 0,39 0,09
19 6 0,08 0,28 0,07
20 17 0,34 0,43 0,15
21 68 6.9 0,23 0,03
22 7n c,99 0,12 0,01
23 52 0,72 0,45 0,22
2% 23 0,32 0,47 0,14
28 51 0,71 0,46 0,06
26 35 0,49 0,50 2,02
27 48 0,67 0,47 0,28
28 59 0,82 0,39 0,05
29 13 0,18 0,39 0,06
30 41 0,57 0,50 0,30
k) ? 0,10 0,30 0,08
32 67 0,93 0,25 0,10
33 56 0,78 0,42 0,17
3% 69 0,96 0,20 0,02
35 63 0,88 0,33 0,17
36 21 0,29 0,46 0,20
37 39 0,564 0,50 0,19
38 22 0,31 0,46 0,14
39 28 0,39 0,49 0,27
40 15 0,21 0,41 0,26
41 42 0,58 0,49 0,21
42 39 0,54 0,50 0,19
43 30 0,42 0,49 0,24
46 25 0,35 0,48 0,28
45 68 0,96 0,23 0,05
46 7 0,10 0,3 0,13
47 42 0,58 0,50 0,18
8 49 0,66 0,47 0,22
49 9 0,13 0,33 0,06
50 11 0,15 0,36 0,01

A%
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South African ciltural context. Extensions to the suggested time
limits were therefore permitted in order to exclude the possibility
of contaminating the desired sources of variance in the tests with

a speed component. Yet, despite this trecaution, Locations
proved too highly speecded. An attemnt to partial cut the undesired

speed variance in the te st was therefore indicated.

An examination of the test protocols revealed that about 80% of
the samgple managed to compiete the test up to and including

U
of the test. Yet, as

Fh

item 14. This rerresents the first hal
indicated akowve, only 18% completed tne entire test. The re-
liability of the whole test estimated with KR 0 was 0,54. This
coefficient was increased to 0,67 when only the first 14 items in

the test were considered. The difiererce between the two

estimates is attributed to the contarminating effects of a speed
component which placed a ceiling cn the spread of scores over

the whole test. The reliability based on tne first half of the

test, which was relatively unspeeded, is regarded as a close
approximaticn to the true internmal consistency of the test in

terms oif a power component. The Spearman Brown extension

formula indicates that the internal consistency would increase

to the crder of 0,8 if the number of items were doubled

(K = 28) , while the same average ilme ner iter is permitted.

In the light of this findirg it was ccnsidered gdwvizable to se

only the first hal? of the test in the analyses. The fact that a
correlation of 0,79 was cbtained hetween scores on the first 14

items and the full test, was taken as further iustification for
adopting this strategy. Tris coefficient was interpreted as im-
plying that it was unlikelv that a significant change in the rank

order of subjects, in terms of the pcwer compenent of the test,

would be brcught abcut. It is possible though, that by ignoring

the second half of the test, the rank ocrder of subjects, who attempted
more than 14 items, would be slightly altered in terms of a speed com-
ponent. The investigation, however, is concerned with the nature
and order of the inter-correiations between the power components

in the tests in the battery. None of the other tests in the battery
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appears to have been too greatly contaminated with speed variance.

TEST STATISTICS OF THE BATTERY

Before proceeding to a discussion of the correlational analyses
performed on the test battery, attention will be focussed on certain
pertinent descriptive statistics of the tests. Prior to calculating
these statistics, the sample was divided into separate English-
and Afrikaans-speaking sub-samples on the basis of home
language. The English sample comprised 88 subjects while the
Afrikaans sample size was 72. The author considered it necessary
to partition the sample in terms of home language in order to
satisfy the assumption that the two language groups were statisti-
cally representative of the same overall population in terms of
their test performance. 1If, for example, significant differences
between the sample means are found, it would have to be ccncluded
that the two language groups represent different populations.

In this event, further statistical treatment of the data based on

the assumption that the scores were obtained from a single, homo-
geneous population would be unjustified. From the results that
follow it was concluded unequivocally, that the differences in

test performance between the two samples indicate that they are
from different populations. Parallel analyses on the separate

samples were therefore performed.

The test means, standard deviations, coefficients of skewness
and kurtosis and reliabilities calculated separately for the two

language groups appear in Tables 6 and 7.

{\n examination of the means and skewnesses reveals that the

tests were generally of an appropriate level of difficulty in koth
samplies. In most cases the slight negative skewnesses are
sufficiently small to be discounted. Cube Compariscn and Advanced

Vocabulary were perhaps too easy in the English sample. Plots
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Care drawn of Lhe Ireguency distributions of all tests., These
conlirm the indices of skewness and kurtosis.  Only Cube
Comparison was found to have bi-modal distribution of scores
in the Afrikaans sample Nc acceptable explanation for this

unexpected distribution could be found.

An inspection cf the standard deviations suggests that a better
suread of test scores would have been desirable in several cases.
in particular, the ftests drawn {rom the E.T.S. reference kit appear
i have lacked discoriminative pewer. It should be borne in mind,
i evaluating these statistics, that both samples were relatively
small and very homogenaous. It is therefore not altogether sur-
crising that some of the tests failed to discriminate as well as
they might i1 & more heterogenecus population. Tt is gratifying
e note that both the Deductive Reasoning Test and the Gevorderde
Waoordeskatioets that were constructed specifically for use in
these populaticous, were akle to discriminatle well. In general
rhough , the mesckurtic frequency distributions have caused the

to be depressed.  Reliabilities were esti-

mated vy oa coovenient appreximation to Kuder-Richardson formula
20.  This formula has bzen shown to provide very close approxima -

dlons to KR"O . although if anything the estimates are usually
s
s 3)

smeallar,  (Cf. S:f:upe:a,4 1961). The formula is:

’h

where ¥ = number of items in the test

(}“j = variance of the test

tois interasiing to note the effect that test length has on the
retiakility esiimates.  For example Figure Classification, which
counsists of 224 items, yielded reliabilities of 0,95 and 0,96.
These are considered to be unrealistically high estimates. They

have probakly been inflated due to the large speed companent in
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WEANS, STANIDARI TION S ICIENTS OF SKEWMESS AND KURTOSIS AND
"..DIL FOURTEEN ARILITY TESTS
t Test NMean Stancdard Deviztion Skewness Kurtosis Reliability

1 Locoations 5,606 2,41 -G, 5% 0,70 0,54
2 D.R.T 23,18 6,14 0,76 -3,05 0,87
3 Card Rotaticn 21,14 4,53 -4 .58 0,40 0,74
4 H.L. Vccabulary 21,53 6,77 -0,18 G,43 0,83
5 Letter Sets 23,22 3,61 -0,28 -0.0 0,56
6 Inference i6,90G 2,79 -0,02 -0,92 0,51
7 Cube Comparison 33,6 , o1 -1,14 1.1 0,79

0,66
0,96
0,46
0,45
0,83
0,82
0,82

)



AYRIKAZNS SAMPLE N = 72

MEANS, STANDARD DEVIATIONS, COELFITOIENTS OF SKEWNESS AND KURTOSIS AND
REL:IAR L T:nS OCF FOURTEEN ABILITY TESTS

Test Mean Stancarc Deviation Skewness Kurtosis Reliability
1 Logsiions 7.75 2,29 -0,28 -9,07 0,57
2 D.R.T. 30,07 7L, A6 -0,44 -0,13 0,86
3 Card Rotaticn 20,28 4,91 -0,21 -5,14 0,68
4 H.L. Vocabulary 27,86 5,30 -G ,44 5,02 0,73
> Letter Sets 21,83 4,63 -0,87 3,16 0,73
6 Inference 12,158 2,85 -0,52 2,435 0,53
7 Cube Comparison 30,60 7,38 -3,6% G,37 0,85
& H.L. Reading Comp. 13,00 2,87 -0,38 0,92 0,64
9 Figure Class. 129 ,4S 30,10 0,39 -0,2¢ 0,95
0 Blox 34,06 5,09 -0,12 6,77 0,67
11 Reasoning Ability 11,50 ,01 -0,85 0,17 0,62

3
12 Pattern Comp. 17,46 6,26 -0,12 0,47 0,81
13 Figure Series 20,22 5,03 -0,40 -0,30 0,73
14 Adwv. Vocabulary 26,60 6,69 0,10 -0,55 0,87

A
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the test. Tests with relatively few items, on the other hand,
were found to yield low reliabilities. Although a number of the
reliability estimates are very low, notably in the case of
Reasoning Ability, Blox and Inference in the English sample and
Inference in the Afrikaans sample, it was decided to retain these

tests in the analyses.

It is contended that the low reliability indices reflect a restricted
range of test variance rather than a lack of internal consistency.
Despite the poor reliabilities that were obtained, the tests are
regarded as relatively "pure" ability measures, since they have
been shown to yield high internal consistency coefficients in
larger, more heterogeneous samples. The problem in the present
study appears to be that the tests were less suited to the task

of discriminating eiffectively in the very homogeneous, pre-
selected samples. Considerable caution should therefore be
exercised when evaluating the implications of these results.

It is contended that the poor reliability estimates will not greatly
affect the stability of the correlations between tests since few

of the tests are likely to be non-homogeneous. Moreover, it
should be observed that the correlation between two variables
cannot exceed the square root of the product of their reliabilities.
Despite this limitation placed on the possible magnitude of a
correlation, it is theoretically possible for a test with a reliability
of 0,50 to correlate in the order of 0,60 with a test having a
reliability of 0,80. In view of these considerations, it seemed
worthwhile to retain all the tests in the battery for the purpose

of the correlational analyses. The results obtained from these
analyses should, however, be interpreted with great caution.

The findings that emerge from the analyses to be described in the
following sections will be strengthened if they make good sense
on psychological grounds and can be reconciled with known

theory.
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A comparison between the test means in Tables 6 and 7 reveals
that, disregarding the language tests, the means of the remaining
11 tests are higher in the English sample. Since the three
language tests are not directly comparable across samples, these
should be ignored for the purpose of the present discussion.

The consistent trend in mean test score differences in favour of
the English-~-speaking sample was not entirely unexpected.
Differences in the same direction have been observed before in
unpublished NIPR studies. They are generally ascribed to a

cultural pre-selection in terms of occupational preferences.

In order to determine the statistical significance of the observed
cifferences, t-tests were ¢alculated. The results are

summarized in Table 8 on Page 41).

1t can he seen that 6 ot the 11 differences are significant at the
5% level of confidence or better. The other differences, although
not statistically significant, are without exception in the same

direction, thus giving strength to the general trend observed.

in terms of their mean performances on a wide variety of cogni-
tive tests, it can consequently be asserted that the two samples
concerned derive from two separate populations. This finding
ig congidered most interesting and valuable from a theoretical
noint of view, The practical implications for the immediate
study are that under no circumstances can the test scores of

the two groups be pcoled in subsequent analyses. Separate,

but parallel analyses will be undertaken.



TABLE 8

GOMPARISON BETWEEN THE ENGLISH AND AFRIKAANS

SAMPLE MEANS

40.

(P)

Test Difference t-value g
- Significance
1 Locations 0,91 2,33 *
2 D.R.T. 3,12 2,47 *
3 Card Rotation 0,86 1,14
4 Letter Sets 1,37 2,07 *
5 Irnference 4,71 11,94 *kk
6 Cube Comparison 3,06 2,78 * %
7 Figure Class. 11,06 2,19 *
|8 Blox 1,11 1,52
; 9 Reasoiing Ability 0,84 1,90
10 Pattern Comp. 1,19 1,24
11 Figure Series 1,45 1,73
d.f = 158
* = Significant at 5% level of confidence
*% == Significant at 1% level of confidence
*%k % =

Significant at 0,1% level of confidence
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It would be most tempting, at this point, to attempt an explana-
tion of the observed differences in mean performance between

the two samples. But in terms of the perticular experimental
design employed in the present study it is not possible to offer
sound explanation% for these differences. Without additional
evidence the results cannot be interpreted as demonstrating a
general intellectual superiority of one language group over the
other. 1Indeed, it seems very unlikely that this is the case.

The observed differences may simply be due to cultural differences
in test taking attitudes or to differences in cognitive style. A
host of cultural factors including informal differences in the way
the formal educational programs are dealt with in the two sub-
cultures could also lie at the root of the differences. It should
be borne in mind that this study was not undertaken with a view

to examining mean differences in test performance between the

two language groups and certain very important sampling variables
in this respect have consequently been left uncontrolled. For
example, it is possible that a greater number of Afrikaans-speaking
subjects received their formal schooling in the rural and country
districts, where the quality of teaching is often not as good as
that in the cities and urban areas. This factor alone, could be
responsible for the observed differences. In addition sampling
should have considered occupational preferences. An unpublished
study undertaken at the NIPR (Steyn, 1969) has shown that the

two language -cultural groups differ along important and highly
relevant personality dimensions such as rigidity (over regimen-
tation), which could account for differences in stylistic approach
to cognitive tests. Further research into this very interesting
problem, in the form of carefully controlled cross-cultural studies

is strongly recommended.
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INTERCORRELATIONS AND COVARIANCES

The separate intercorrelation matrices for the English- and
Afrikaans-speaking samples respectively are shown in Tables

9 and 10. Only the lower halves of the matrices are represented.
A visual comparison of these two tables is enough to demonstrate
how very different the intercorrelation patterns are in the two
groups. It seems that the average order of the intercorrelations
in the Afrikaans sample is greater than that in the English sample.
This suggests that the resultant factorial structure in the English
sample might point to a more clearly differentiated intellectual
structure. It will be seen presently whether this is, indeed,the

case.

The differences between individual correlations in the two samples
are at times striking and certainly difficult to account for. Con-
sider for example the intercorrelations between the D.R.T. and
the first test in the battery, Locations. In the English sample
these tests yield a Pearson product-moment correlation coefficient
of 0,29. 1In the Afrikaans sample the value is 0,56. Undoubted-
ly this difference would be statistically significant. Similarly
the two vocabulary tests intercorrelate in the order of 0,81 in

the English sample and 0,66 in the Afrikaans sample; again a

striking difference.

The picture is no less confusing when the intercorrelations are
weighted by the standard deviations in the form of covariances.
The covariance between two variables is given by the product

of their intercorrelation coefficient and their respective standard

deviations.

The covariance matrices obtained for the two samples are shown

in Tables 11 and 12.



ENGLISH

PN T
LABLE S

SAMPLE N =

88

INTERCORRELATION MATRIX

1 2 3 4 S 6 7 8 9 10 11 12 13 14
1 Locations 1,00
2 D.R.T. 0,29 1,00
3 Card Rotation 0,31 0,33 1,00
4 H.L. Vocabulary 0,28 0,25 -0,06 1,00
5 Letter Sets 0,32 0,40 0,37 0,13 1,00
6 Inference 0,24 0,21 0,11 6,31 0,26 1,00
7 Cube Comparison 0,19 0,26 0,45 -0,13 0,15 0,12 1,00
8 H.L. Reading Comp. {0,41 0,28 -0,01 0,40 0,10 0,27 -0,12 1,00
9 Figure Class. 0,21 0,5 0,40 0,21 0,37 0,15 0,39 0,14 1,00
10 Blox 0,28 0,34 0,44 0,06 0,42 0,02 0,43 0,09 0,46 1,00
11 Reasoning Ability 0,32 0,3 0,13 0,24 0,38 0,23 0,17 0,13 0,24 0,25 1,00
12 Pattern Comp. 0,41 0,30 0,30 -0,00 0,39 0,22 0,24 0,29 0,34 0,43 0,31 1,00
13 Figure Series 0,18 0,27 0,3 0,07 0,26 0,14 0,17 O0,13 0,36 0,30 0,04 0,56 1,00
14 Adv. Vocabulary 0,26 0,24 0,04 0,8 0,11 0,31 -0,13 0,39 0,19 0,04 0,22 -0,02 0,06 1,00

%



AFRIKAANS SAMPLE N = 72
INTERCORRELATI@ON MATRIX
1 2 3 4 S 6 7 8 9 10 11 12 13 14

1 Locations 1,00
2 D.R.T. 0,56 1,00
3 Card Rotation 0,50 0,39 1,00
4 H.L. Vocabulary 0,22 0,23 0,06 1,00
S Letter Sets 0,52 0,43 0,37 0,41 1,00
6 Inference 0,46 0,51 0,19 0,36 0,50 1,00
7 Cube Comparison 0,50 0,45 0,49 0,33 0,47 0,48 1,00
8 H.L. Reading Comp. {0,35 0,43 0,22 0,26 0,30 0,50 0,38 1,00
9 Figure Class. 0,62 0,48 0,26 0,12 0,54 0,35 0,46 0,34 1,00
10 Blox 0,49 0,31 0,55 0,28 0,41 0,28 0,50 0,25 0,31 1,00
11 Reasoning Ability 0,53 0,48 0,37 0,26 0,47 0,41 0,46 0,43 0,46 0,23 1,00
12 Pattern Comp. 0,43 0,43 90,39 0,22 0,55 0,49 0,55 0,46 0,54 0,56 0,51 1,00
13 Figure Series o,41 0,24 0,30 0,15 0,48 0,37 0,37 0,43 0,42 0,39 0,51 0,65 1,00
14 Adv. Vocabulary o,08 0,09 0,01 0,66 0,30 0,38 0,25 0,21 0,10 O,08 0,14 0,12 0,09 1,00

vy
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TABLE ]

ENGLISH

SAMPLE

N = 88

CONVARIANCE MATRIX

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 LOCATION 505,78 |
2 D.R.T. 501,80 5767,75

3 CARD ROTATION 293,09 1070,68 1782,37

4 H.L. VOCABULARY 395,02 1206,92 -153,41 3983,90

5 LETTER SETS 243,82 1015,19 531,27 283,32 1135,46

6 INFERENCE 99,93 298,74 87,23 360,81 160,05 336,08

7 CUBE COMPARISON 251,09 1132,19 1102,37 -462,91 285,31 132,73 3356,38

8 H.L. READING COMP. | 213,48 493,33 =5,59 580,86 79,68 115,95 -158,09 538,90

9 FIGURE CLASS. 1467,38 14172,80 5318,50 4214,38 3922,13 844,94 7124,50 1008,69 99064 ,00
10 BLOX 231,12 951,13 685,96 148,00 521,63 11,54 928,50 -77,24 5334,88 1382,50
11 REASONING ABILITY | 166,23 636,21 130,51 344,98 297,18 97,07 231,91 72,52 1764,69 211,89 537,77
12 PATTERN COMP. 502,43 1249,99 675,23 441,41 716,05 218,83 752,73 358,70 5831,94 855,29 390,57 2918,08
13 FIGURE SERIES 214,12 1063,61 768,96 225,49 462,59 134,04 509,46 154,26 5807,88 572,00 51,89 1574,79 2695,45
14 ADV. VOCABULARY 294,00 947,00 79,00 2614,00 186,00 290,00 -380,00 460,00 3027,00 71,00 262,00 =-58,00 156,00 2628,00

s

(]
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AFRIKAANS SAMFLE N = 88
COVARIANCE  MATRIX
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 LOCATIONS 439,50
2 D.R.T. 773,25 4322,66
3 CARD ROTATION 432,00 1048,61 1708,45
4 H.L. VOCABULARY 203,50 664,70 109,78 1994,61
5 LETTER SETS 421,25 1098,77 395,06 707,47 1521,32
6 INFERENCE 230,50 801,03 192,11 381,95 471,14 575,28
7 CUBE COMPARISON 651,75 1856,06 1268,06 925,97 1135,57 714,64 3877,33
8 H.L. READING COMP. | 150,00 583,00 188,00 235,00 242,00 247,00 481,00 424,00
9 FIGURE CLASS. 3310,75 7996,69 2771,31 1415,94 5372,38 2148,25 7207,25 1756,00 64337,00
10 BLOX 437,00 863,75 977,89 529,56 678,61 284,22 1324,63 222,00 3363,25 1841,81
‘11 REASONING ABILITY | 282,00 803,50 389,00 295,00 464,50 252,00 727,50 223,00 2960,50 255,00 644,00
12 PATTERN COMP. 477,25 1484,71 859,84 518,59 1138,04 614,59 1805,29 502,00 7198,00 1257,17 688,50 2785,88
13 FIGURE SERIES 363,00 677,89 527,56 291,22 786,45 375,89 988,45 377,00 4547,25 703,11 543,00 1454,67 179445
14 ADV. VOCABULARY 95,75 324,02 16,06 1650,97 654,57 518,64 887,32 241,00 1439,25 181,61 201,50 365,29 219,45 3177,32

Yy
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In order to confirm whether the covariance matrices obtained for

the two language groups were significantly different, a Box-Wilks
Test was performed. A lamda (\) coefficient of 147,709 was ob-
tained. With 105 degrees of freedom, this value is statistically

significant at the 99,9% level of confidence.

On the basis of these results the two samples indisputably re-
present different populations. Separate factor analyses as well
as separate multi-dimensional scaling analyses on the two sets

of data were therefore performed.

FACTOR ANALYSIS

The Criterion of Simple Structure

Thurstone44) (1947, p. 319) stated "the principles of simple
structure are fundamental in making factor analysis a scientific
method rather than merely a method of statistical condensation,
and it is therefore one of the central themes in factorial theory."
In its essence, the principle of simple structure assumes that,

in a given battery of tests to be factcred, the complexity of each
indepandent test is less than the complexity (r) of the battery

as a whole. 1If this is indeed the case, there will be cne or more
blank cells in each row of the factor pattern. The resultant factor
pattern is then considered as evidence of an underlying simple
structure in which not every mental process or parameter is in-
volved in every test measurement. The simple structure will be
orthogonal if the factors are uncorrelated in the experimental
population, while if they are correlated, it will be indicative of
an oblique simple structure. The principle of simple structure
does not leave the important question of where to locate the factor
reference axes to numerical chance. It implies that some degree
of rotation, either to an orthogonal, or to an oblique position is

necessary to attain the desired simple structure. By attaining
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a simple structure, the psychological meaningfulness of the factors
will be facilitated. In the analyses special statistical criteria
were used to indicate the degree of closeness to simple structure

that was obtained.

The decision rule that was followed in estimating the number of
factors to extract was Kaiser's45) (1970) Little Jiffy 2 criterion.
According to this criterion, the number of factors is equal to the
number of eigen values of the weighted correlation matrix greater
than or equal to the specified cut-off value proposed by the criter-
ion statistic. The number of factors for extraction was specified
as three in both the English and the Afrikaans samples. Since
four factors were expected to account for the intercorrelations

in the test battery in terms of the design of the experiment, it

was decided that separate analyses should be undertaken extract-
ing three and four factors alternatively. The program that was
used in the analyses made this step an easy one since rotaticns
can be repeated for a different number of factors without repeating
the entire factor analysis. Considerations of gsychological inter-
pretability would ultimately determine which solution to accept.

46)

Kaiser's (1965, p. 43) rescaled simplicity criterion was used
to indicate which solution resulted in the closest approximaticn
to simple structure in the case of the orthogonal (varimax) rota-
tions. In the case of the oblique (direct quartimin) rotations

47)

the rescaled criterion of Jerrich and Sampson

48)

(1966) was used.

A non -iterating J8reskog (1963) factor analysis procedure was
employed. In terms of this procedure, the factor that accounts
for the greatest proportion of variance is printed first. Success-
ively printed factors account for progressively less of the variance
in the test battery. The number of factors to be extracted was
specified as three and four alternatively in the case of both

language groups.

The four-factor solution, whether rotated to an orthogonal or to
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an oblique position, proved unsuccessful in both analyses.

In terms of the specified criteria the three factor solutions gave
better approximations to simple structure in both cases. It
appears that the rank of the intercorrelation matrices in both sets
of data is definitely less than four. The Kaiser "Little Jiffy

2" decision rule thus seems justified in suggesting the extrac-
tion of three factors in each sample. When more than three
factors are extracted, some form of factor fission appears to
take place causing a pair of variables that are highly correlated
with one another to split off and form a separate "artificial"

factor which defies meaningful interpretation.

Three factors were therefore specified for extraction in both the
English and Afrikaans data. The orthogonal rotations were
obtained by means of the Varimax procedure. The rotated,
orthogonal three factor solutions are presented in Tables 13

and 14.

The oblique solutions, using the direct quartimin method of
rotation, are given in Tables 15 and 17. The factor correla-

tion matrices are given in Tables 16 and 18 respectively.



TABLE 13

ENGLISH SAMFLE N = 88

THREE FACTORS (VARIMAX ROTATION)

50.

Test I I I h2
1 Locations 0,24 9,25 0,48 0,37
2 D.R.T. 0,54 0,30 J,24 0,44
3 Card Roetaticn 0,62 -0,u4 0,18 0,42
4 H.L. Veocabulary 0,02 9,87 0,04 0,75
5 Letter Sets 0,47 0,13 0,34 0,36
6 Inference 0,10 0,35 0,28 0,21
7 Cube Comparison 0,606 -0,15 0,04 0,39
8 H.L. Reading Comp. 0,13 D,45 0,47 0,44
§ Figure Class. 0,67 0,21 0,16 0,52
10 Blox 0,67 0,01 0,18 0,48
11 Reasoning Abiiity 0,34 0,26 0,25 0,22
12 Pattern Ccmp. 0,3 -0,04 0,71 0,63
13 Figure Series 0,34 0,01 3,48 0,34
14 Adv. Vocabulary 0,02 ¢, 86 0,02 0,74




TABLE 14

AFRIKAANS SAMPLE N =72

THREE FACTORS (VARIMAX ROTATION)

Test I II III h2
1 Locations 0,63 0,42 0,05 0,57
2 D.R.T. 0,61 0,23 0,11 0,44
3 Card Rotation 0,27 0,66 -0,04 0,51
4 H.L. Vocabulary 0,14 0,14 0,75 0,61
5 Letter Sets 0,56 0,33 0,32 0,53
6 Inference 0,59 0,11 0,41 0,53
7 Cube Comparison 0,47 0,48 0,27 0,53
8 H.L. Reading Comp. ()_LS_S~ 0,11 0,22 0,36
9 Figure Class. Q_ﬁ?_ 0,22 0,01 0,53
10 Blox 0,23 0,73 0,13 0,60
11 Reasoning Ability 0,66 0,20 0,12 0,49
12 Pattern Comp. 0,62 0,45 0,12 0,60
13 Figure Series 0,57 0,31 0,06 0,43
14

Adv. Vocabulary 0,09 -0,02 0,76 0,58

g
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TABLE
ENGLISH SAMPLE N = 88

THREE FACTORS (DIRECT QUARTIMIN ROTATION)

o

)

Test I II III h2
1 Locations 0,12 0,16 0,48 0,37
2 D.R.T. 0,52 0,26 0,12 0,44
3 Card Rotation 0,62 -0,06 0,06 0,42
4 H.L. Vocabulary 0,03 0,88 -0,03 0,75
5 Letter Sets 0,41 0,05 0,27 0,36
6 Inference 0,03 0,27 0,27 0,21
7 Cube Comparison 0,64 -0,14 -0,09 0,39
8 H.L. Reading Comp. -0,27 0,31 0,54 0,44
9 Figure Class. 0,68 -0,21 0,01 0,52
10 Blox 0,68 -0,01 0,04 0,48
11 Reasoning Ability 0,26 0,21 0,19 0,22
12 Pattern Comp. 0,16 -0,25 0,75 0,63
13 Figure Series 0,22 -0,13 0,48 0,34
14 Adv. Vocabulary 0,04 0,88 -0,06 0,74

TABLE 16

ENGLISH SAMPLE N = 88

FACTOR CORRELATION MATRIX

I II III

I 1,00 - -

II 0,03 1,00 -
III 0,44 0,35 1,00




TABLE 17
AFRIKAANS SAMPLE N =72

53.

THREE FACTORS (DIRECT QUARTIMIN ROTATION)
2
Test 1I 111 h
1 Locations 0,61 0,24 -0,08 0,57
2 D.R.T. 0,66 0,02 -0,02 0,44
3 Card Rotation 0,08 0,67 -0,08 0,51
4 H.L. Vocabulary 0,00 0,12 0,76 0,61
5 Letter Sets 0,52 0,17 0,22 0,53
6 Inference 0,62 -0,10 0,29 0,53
7 Cube Comparison 0,35 0,38 0,19 0,53
8 H.L. Reading Comp. 0,60 -0,09 0,11 0,36
9 Figure Class. 0,78 -0,02 -0,15 0,53
10 Blox -0,01 0,76 0,11 0,60
11 Reasoning Ability o,72z -0,02 -0,15 0.49
12 Pattern Comp. 0,58 0,28 -0,00 0,60
13 Figure Series 0,58 0,14 -0,06 0,43
14 Adv. Vocabulary 0,00 -0,05 0,76 0,58
TABLE 18
AFRIKAANS SAMPLE N =72
FACTOR CORRELATION MATRIX
I II III
I 1,00 - -
I 0,59 1,00 -
III 0,33 0,11 1,00
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Interpretation of Factors

It is interesting to note, that despite the differences between the
intercorrelation matrices obtained for the English- and Afrikaans-
speaking samples, the factor structures derived for these two
groups are fairly similar. Indeed, they lead to surprisingly
compatible factorial interpretations with only minor differences.
The differences that are found to exist, it will be argued later,
can be ascribed to differences in the problem-solving styles of
the two samples, rather than to differences in their actual

ability patterns.

But first iet us examine the factors themselves, and attempt to
give them psychological meaning. It will be seen by an inspec-
tion of Tables 13, 14, 15 and 17, that in the case of both language
groups, the oblique, direct quartimin rotations give clearer

simple structures. Interpretations of the factors will therefore

be based on the oblique solutions. Close examination of the
factor matrices will show, however, that the same interpretations
are applicakle to the uncorrelated factor solutions. The shifts

in factor loadings caused by allowing the reference axes to be-

come correlated, are in most cases small.

Considering the sample sizes used, a cut-off of 0,30 will be

taken as a minimum loading for factor interpretation. Factor
loadings falling just below this criterion will be considered only
where these make good sense on psychological grounds. All
lesser factor loadings will be treated as zero entries in the columns

of the factor matrices.

Regarding Table 15, which gives the factor matrix obtained by
direct quartimin rotation of the English sample factor matrix, the

interpretable factor loadings in the first column are the following:
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Figure Classification 0,68
Blox 0,68
Cube Comparison 0,64
Card Rotation 0,62
Deductive Reasoning 0,52
Letter Sets 0,41

Six tests have non-vanishing entries in this column. The item
content of the first four listed tests obviously requires the manipu-
lation of objects in space. Figure Classification was included

in the battery as a reference for an induction factor, but the pic-
torial presentation of this test clearly calls for an imaginal
manipulation of the stimulus materials. The interpretation of

this factor can therefore be given with reasonable confidence as
space. The appreciable loading of the D.R.T. on this factor

iz somewhat unexpected. A possible explanation could be that
many of the subjects resorted to the use of Venn diagrams to aid

in the solution of the syllocgisms. This would, in effect, lead

to a pictorial representation of the problems, which could then

pe solved spatially by an imaginal manipulation of the sets re-
presented in the Venn diagrams. Evidence that this strategy
was employed by many of the subjects was obtained by an in-
spection of the test booklets. Many of these were covered in

little Venn diagram representations cf the problems.

it will be seen shortly, that no evidence of a separate deduction
factor was produced in the study. Since ncne of the selected
marker tests for deduction appears to have been appropriate to
the measurement of this construct, the D.R.T. had a high propor-
tion of specific variance that could probably be attributed to the
deduction component of the test. The remainder of its reliable
variance was possibly due to a general reasoning component,

and for this reason the test had moderate loadings on the other
factors requiring reasoning. It should not, however, be con-

cluded that the D.R.T. does not measure deduction.



It can be seen in Tables 15 and 17 that the communality of this
test was only 0,44 in both language samples. If the test has

a reliability of 0,90 it follows that 0,46 of its reliable variance
is specific. This large specificity may well represent the deduc-
tive component of the test. But in view of the fact that none

of the postulated deduction reference tests fulfilled their purpose,
this variance could not be accounted for by a deduction factor.

It should ke borne in mind that the common and specific compo-
nents of a test's reliable variance are determined by the related-
ness of the instrument to other tests in the battery. They are

not fixed properties of the particular test concerned. Had there
been other good measures of deduction in the battery therefore,
the communality of the D.R.T. would probably have been greater.
The test could then have merged with the other deduction variables
in a single factor. It is nevertheless unfortunate that no deduc-

tion factor could be produced in the present study.

The relatively small loading of Letter Sets on the space factor

is not difficult to account for. It is possible to answer many

of the easier items in this test by resorting to a spatial scanning
of the material. The amount of inductive reasoning required in

these items is then reduced to a minimum.

The second column in Table 15 has only three non-vanishing en-

tries.

High Level Vocabulary 0,88

Advanced Vocabulary 0,88

High Level Reading

Comprehension 0,31
The interpretation of this factor as verbal meaning should pro-
voke little dispute. The three postulated reference markers for
this factor have emerged very clearly. It is interesting to note
that Reading Comprehension made a relatively minor contribution

to the interpretation of the factor. This is to be expected as
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Reading Comprehension tests have often been found to contain
a component of general reasoning. The multidimensionality
of the Reading Comprehension test can clearly be seen in the

factor matrix in Table 15.

The third column in Table 15 has four non-vanishing entries.

Pattern Completion 0,75
High Level Reading

Comprehension 0,54
Figure Series 0,48
Locations 0,48

The interpretation of this factor is less straightforward than

in the case of the previous two. Pattern Completion is a matrix
test, which presumably requires a combination of induction and
general reasoning. Reading Comprehension, as discussed
above, aimost certainly requires general reasoning. Figure
Series was included in the test battery as a postulated reference
marker for a factor of deduction. This choice however, was
made in the absence of any factorial evidence of the test's
psychological identity. The inclusion of this test as a measure
of deduction was, in fact, made on the basis of its structural
similarity to the Form Series Test of Blakey49) (1941). 1Itis
very likely, however, that the test also requires a good deal

of general reasoning as series tests have frequently been shown
to load on this dimension. Locations requires the discovery

of rules from an embedding context. This test can therefore

be regarded as a measure of induction. It is also possible that
a degree of general reasoning is required in the test. A tenta-
tive interpretation of this factor as some form of general reason-
ing is therefore offered. It should be recognised that a good
deal of induction variance is accounted for by the factor too, and
an alternative interpretation of the factor as induction should
not be discounted. It can now be appreciated that there is a

complete lack of evidence for a separate dimension of deduction.
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Even when four factors were extracted no evidence for a factor
of deduction was found. It should therefore be accepted that
the tests selected to measure this elusive dimension in the

present study, were not suitable.

To what extent is the factor structure obtained for the Afrikaans-

speaking sample compatible with that described above ?

Column 1 in Table 17 has no less than ten non-vanishing entries.

These are listed below according to the magnitude of their factor

loadings.
Figure Classification 0,78
Reasoning Ability 0,72
Deductive Reasoning 0,66
Inference 0,62
Location 0,61

High Level Reading

Comprehension 0,60
Pattern Completion 0,58
Figure Series 0,58
Letter Sets 0,52
Cube Comparison 0,35

In seeking an interpretation for this factor it is almest simpler
to begin with a consideration of those tests on which it does not
have substantial loadings. The essentially zero entries of the
two vocabulary tests, as well as the zero entries of the space
tests, Card Rotation and Blox, confirm that this factor is not
sufficiently broad to be denoted "g" or general intellectual
efficiency. Among the variables having highest loadings on

the factor are a mixture of hypothesized deduction and induction
measures. Reading Comprehension also has a considerable load-
ing on the factor. Cube Comparison, which, as mentioned
earlier, had a bi-model frequency distribution in the Afrikaans
sample, has shared its variance between this factor and the next

one, which is a clear space factor. The multi-dimensionality
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of this test suggests that it can be responded to in two distinct
stylistic fashions. It can either be approached perceptually,
by way of imaginal manipulation, or it can be approached as an

analytical reasoning task.

It seems that this very broad factor has its counterpart in the
narrower general reasoning factor that was found in the English
sample. An alternative label for the factor, as in the case of

its English counterpart, could be analytical reasoning. The
tests all require a careful analysis of the properties contained

in the items before an answer can be produced by reasoning.

This label suggests a stylistic contrast to traditional space tests,
which are responded to on a more global, perceptual level. The
question of different response styles, or problem-solving styles,

will be discussed in more detail in a later section.

The second column in Table 31 has three interpretable entries.

Blox 0,76
Card Rotation 0,67
Cube Comparison 0,38

This is an unambiguous space factor. It has its counterpart in
the English sample in the factor represented by the first column
in Table 15. It is interesting to note that Figure Classification
does not load on this factor in the Afrikaans sample whereas this
test had the highest loading on the English space factor. A
careful examination of the actual test protoccls provided a

valuable clue to explaining this otherwise curious result.

Figure Classification, it will be remembered, is a test consisting
of 224 items. This is a formidable test length for any subject

to be confronted with in an allotted time period of 18 minutes.
Indeed, despite the fact that the time limit allowed in the admini-
stration of the test was two minutes longer than that prescribed
in the E.T.S. test manual, most subjects were still unable to

complete many of the items. A tally of the actual number of
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items completed, revealed that on the average, subjects attempted
only 70% of the items in the test. But there were two distinct
trends discernable in the way the test was approached. In the
English-speaking sample, most subjects appear to have worked
through the test quickly, omitting items all along. 1In fact, it
seems they proceeded to work through the test attempting all

the easier items, which could be solved quickly in a perceptual
way. All the more difficult items, that required subjects to

pause and reason in an analytical fashion, were omitted.

The Afrikaans-speaking subjects on the other hand, appear to
have approached the test with a somewhat different strategy.
The general trend observed in the test protocols of these sub-
jects, suggests that they began at the first item and proceeded
to work systematically through the test, attempting every item
without regard to its difficulty. This resulted in their completing
fewer items than their English counterparts, since they had to
spend time lingering over difficult items. It also meant that
their test protocols were characterized by large numbers of un-
attempted items at the end of the test, rather than having ran-
domly interspersed omissions throughout the test. It seems
likely that the lower mean of the Afrikaans sample on this test
is due to the different stylistic approaches of the two groups.
It should perhaps be mentioned in this respect, that the items
in the test do not appear to be arranged in ascending order of

difficulty.

From the foregoing, it is concluded that the general trend amongst
the Afrikaans-speaking subjects was to approach Figure Classi-
fication as a test of analytical reasoning ability. This would
account for the loading of the test on the analytical reasoning
factor in this sample. The trend amongst the English-speaking
subjects, on the other hand, appears to have been to treat the
items in a global, perceptual way. This response style would

explain the high loading of the test on the space factor in the
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English sample. The apparent stylistic difference between the
approaches of the two samples in doing the test could be respon-
sible for the observed difference between the means of the two
populations on the test. The English subjects of the average,
were able to attempt more items in the test because they tended
not to waste time on difficult items. Hence they were able to
obtain higher scores. This is reflected in the higher mean score

of this group.

The hypothesized difference in the cognitive styles of the two
language groups, provides a possible explanation for all the
major discrepancies between factor loadings observed in the

two groups. It will be seen that those tests that have sub-
stantially different factor loadings in the two samples, viz.
those iests of which the factor loadings are not invariant across
the two populations, are pictorially or non-verbally presented
tests which require a combination of perceptual - spatial skills
and analytical-reasoning skills. In the English sample these
tests tended to load relatively heavily on the space dimension,
whereas in the Afrikaans sample they tended to have substantial
projections on the general/analytical reasoning dimension. The
third column in Table 17 has only two non-vanishing entries. A
third entry falls just short of the criterion and may ke considered
in the interpretation of this factor. The three tests marking this

dimension are presented with their respective factor loadings

below:
High Level Vocabulary 0,76
Advanced Vocabulary 0,76
Inference 0,29

This factor is essentially a vocabulary doublet. The lesser
entry of Inference suggests that the factor could be the broader
verbal meaning dimension, since Inference contains verbally
stated problems that require an understanding of the meaning

of the material before correct inferences can be drawn. Its



counterpart in the English sample is to be found in the second

column of the oblique factor matrix in Table 15. Surprisingly,
Reading Comprehension has no loading on this factor in the Afrikaans
sample. It seems that these subjects treated Reading Comprehension

purely as a test of general reasoning.

In summary of the above interpretations of the factors the4follow-

ing observations are relevant.

The expectation that a clearly defined factor of deduction would
emerge was not borne out in the analyses. It appears that the
selected reference markers for this factor were not appropriate
to the identification of this construct. This is not altogether
surprising. The basic assumption underlying the attempt to

0) 1972) proposes

develop a test of deductive reasoning (Verster,5
ithat it is tenable to postulate that a psychological dimension

in the form of deductive reasoning ability can be measured.

Yet to date no attempts at measuring this ability have been success-
ful. This is the situation with which the author (Versterisn 19772)
was confronted at the outset of the investigation. A major ex-
plicit aim of the study was to attempt to rectify the situation by
developing a useful, reliable and valid test of deductive reasoning.
An operational model of the dimension was conceptualized, and a
test with parameters based directly on the model was constructed.
An analysis of the item content of the test shows that on opera-
tional, as well as on introspective grounds, the test requires
reasoning of a nature commensurate with the definition of deduc-
tion. It seems probable therefore, that the high specific vari-
ance obtained for this test in the context of the present battery,
reflects variance attributable to deductive reasoning ability.

Since none of the other tests in the battery was capable of elicit-
ing wvariance that could be ascribed to this ability, the deductive
variance of the D.R.T. could not be accounted for by a deduction

dimension. It consequently remained specific to the test. It is

nevertheless of interest to note that the test appears to be multi-



b.:

63.

dimensional, sharing the remainder of its reliable variance be-
tween factors of spatial reasoning and general/analytical reason-
ing. The respective proportions of variance ascribed to these
factors appear to be a function of the particular style of respond-

ing to the test, favoured by the sample tested.

Clearly determined, unambiguous factors of verbal meaning and
spatial reasoning were found in both populations. A third factor
which has tentatively been labelled general/analytical reasoning
also appears to be common to both language groups. This factor
was more strongly overdetermined in the Afrikaans sample. This
is in contrast to the spatial reasoning factor which had a stronger
overdetermination in the English sample. The tendency for
certain pictorially or non-verbally presented reasoning tests to
shift their factor loadings between these two factors is regarded
as evidence oi a difference in cognitive and problem-solving
style between the two cultural groups. It is too early, at this
stage, to say what factors are responsible for the development

of different response styles in the two populations. Further
research into this extremely interesting problem is strcngly

recommended.

Inter-Group Factor Analysis

In order to contrast the factor structures of the two language
groups, an inter-.group factor analysis procedure was employed.
The method that was used in this analysis is an adaptation

of Meredith's inter-group procedure (Meredith,sz) 1964 (b)).

53)

A description by Browne (1969) of the mathematical formu-

lation of the model and the rationale of the technique is
given in Grant54) (1969). This procedure was used in pre-
ference to the method of congruent factors of CliffSS) (1966).
The former technique offers greater flexibility in that it

allows for within group differences in factor variances as

well as factor covariances.
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The assumption on which the inter-group procedure is based is
that a single factor matrix common to all groups can be found.
The observed differences between the factor matrices of the
separate groups are accounted for in terms of differences in
factor variances and covariances. The procedure can only be
used with justification if all the variables from which scores
are obtained are common to all groups. It was consequently
necessary to exclude the hypothesized verbal meaning measures
from the analysis since different tests were used to measure
this dimension in the two language samples. The exclusicn

of these variables shculd not, however, have an adverse effect
on the nature of the final structure that emerges. It will be
recalied that in the separate factor solutions obtained for each
language group (Tables 15 and 17), fairly neatly overdetermined
verbal meaning factors emerged. In both solutions this dimen-
sion was more or less uncorrelated with the other factors. It
can therefore be assumed with reasonable confidence that the
dimensions of verbal meaning obtained in the factor structures
of the two samples are congruent. The aggregate factor structure
of the total population should, as a result, contain a common
verbal meaning dimension. The exclusion of this dimension
from the analyses should therfore not affect the interpretation

of the aggregate factor structure to any great extent.

The variables that were excluded are the High Level Battery Reading
Comprehension and Vocabulary tests for English and Afrikaans

and the Advanced Vocabulary test with its counterpart, the Ge-
vorderde Woordeskattoets. The remaining eleven tests in the
battery are directly comparable in the two languages. Three

rows and three columns of the sample intercorrelation matrices
(Tables 9 and 10) corresponding to the excluded variables, were
deleted. The reduced sample intercorrelation matrices were used

in the inter-group factor analysis.
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56) 1956)

An iterative principle factor analysis procedure (Thomson
was used to obtain the separate factor matrices from the reduced
intercorrelation matrices. The number of factors to be iterated
on was specified by Kaiser's (1960, p. 146) criterion. This
decision rule called for the extraction of two factors in each
group. Squared multiple correlations were used for the initial
communality estimates. Iteration was continued until the
communalities converged within a tolerance of 0,0005. The
unrotated principle factor matrices together with the varimax
rotations, direct quartimin rotations and the communalities are
given in Tables 19 and 20. The factor correlation matrices de-

rived from the direct quartimin rotations are given in Tables 21

and 22.

The separate orthogonal factor matrices of the two groups served
as input to the inter-group procedure. In terms of the procedure,
the rotated orthogonal factor matrices of the separate grouss

were rescaled by means of the rescaled standard deviations

(Cf. Tables 5 and 6) in order to obtain comparability of factor
variances. An average factor matrix common to both groups

was derived from the separate rescaled orthogonal factor matrices
of each group. The method used to obtain the average matrix

is that described by Meredith57) (1964 (b)). The common factor

matrix was rotated to an oblique solution by means of the

quartimin procedure.

The obliquely rotated average factor matrix common to both grcups
appears in Table 23. The factor correlaticn matrix and the aver-

age factor covariance matrix appear in Tables 24 and 25 respectively.
The average factor matrix served as a target (model) in rotating the
separate factor matrices of the two groups to relative equivalence.
The factor variances of the two groups appear in Table 26. The
factors were correlated to a very similar degree in the two groups.

In the English group the value was 0,65 and in the Afrikaans group

it was 0,61. The factor pattern matrices of the two groups appear

in Table 27.
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UNROTATED FACTOR MATRLX, VARIMAX ROTATION . i GUATIMIN RCGTATION AND COMMUNALITIES : ENGLISH
SAMPLE N = &8

_ Test Unrotated Matrix Varimax Rotation Direct Quartimin Rotation hz
I 11 1 II I I
1 Locations 0,50 0,24 0,24 0,49 0,12 0,48 0,57
2 D.R.T. 0,62 0,06 0,44 0,44 0,34 0,35 0,44
3 Card Rotation 0,61 -0,27 0,64 0,17 0,68 -0,03 0,42
4 Letter Sets 0,62 0,21 0,35 0,55 0,23 -0,50 0,52
S Inference 0,30 0,30 0,04 0,42 -0,08 0,46 0,41
6 Cube Comparison 0,49 -0,30 0,57 0,07 0,62 -0,11 0,50
7 Figure Class. 0,67 -0,17 0,63 0,28 0,63 0,11 0,50
8 Blox 0,64 -0,23 0,65 0,22 0,67 0,03 0,82
9 Reasoning Ability 0,45 0,36 0,12 0.56 -0,03 0,59 0,51
10 Pattern Comp. 0,64 0,12 0,42 0,50 0,33 0,42 0,59
11 Figure Series 0,49 -0,09 0,44 0,24 0.43 0,12 0,38
TABLE 21

FACTOR CORRELATION MATRIX (DIRECT QUARTIMIN ROTATION) :
ENGLISH SAMPLE N = 88
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TABLE 20

UNROTATED FACTOR MATRIX, VARIMAX ROTATION , DIRECT QUARTIMIN ROTATION AND COMMUNALITIES :
AFRIKAANS SAMPLL N = 72

Test Unrotated Matrix Varimax Rotedion ~Direct Quartimin Rotation hz
I It 1 I I I
1 Locations 0,75 0,04 0,64 0.39 0,65 0,15 0,58
2 D.R.T. 0,64 0,17 0,62 0,23 0,67 -0,02 0,44
3 Card Rotation 0,58 -0,30 0,30 0,58 0,20 0,52 0,42
4 Letter Sets 0,71 0,11 0,65 0,31 0,68 0,06 0,52
5 Inference 0,61 0,21 0,62 0,17 0,69 -0,09 0,41
6 Cube Comparison 0,71 -0,08 0,54 0,47 0,51 0,29 0,50
7 Figure Class. 0,68 0,21 0,67 0,22 0,74 -0,06 0,50
8 Blox 0,65 -0,63 0,18 0,89 0,04 0,93 0,82
9 Reasoning Ability 0,67 0,24 0,69 0,19 0,76 -0,10 0,51
10 Pattern Comp. 0,77 -0,03 0,61 0,46 0,60 0,25 0,59
11 Figure Series 0,62 0,03 0,53 0,32 0,54 0,13 0,38
TABLE 22

FACTOR CORRELATION MATRIX (DIRECT QUARTIMIN ROTATION) AFRIKAANS SAMPLE N = 72

I 0,57 1,00
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TABLE 23

AVERAGE FACTOR MATRIX (DIRECT QUARTIMIN ROTATION)

Test I I
1 Locations 0,57 0,11
2 D.R.T. 0,52 0,16
3 Card Rotation 0,06 0,62
4 Letter Sets 0,61 0,11
5 Inference 0,62 -0,11
6 Cube Comparison 0,23 0,46
7 Figure Class. 0,42 0,30
8 Blox -0,07 0,84
9 Reasoning Ability 0,71 -0,10
10 Pattern Comp. 0,51 0,27
11  Figure Series 0,32 0,28
TABLE 24

FACTOR CORRELATION MATRIX (DIRECT QUARTIMIN
ROTATION)

II 0,62 1,00




TABLE 25 _

FACTOR COVARIANCE MATRIX

I II
I 1,00 -
II 0,62 1,00
TABLE 26

FACTOR VARIANCES

VARIANCES
FACTOR I FACTOR II
ENGLISH 0,65 0,86

AFRIKAANS 1,42 1,17

69 .



TABLE

27

RCTATED FACTOR PATIERN MATRICES

ENGLISH AFRIKAANS

§
.

e Resominy %% ponue  swes
1 Locations 0,69 -0.03 0,49 0,23
2 D.R.T. 0,56 0,26 0,51 0,05
3 Card Rotation 0,05 0,66 0,08 0,57
4 Letter Sets 0,67 0,05 0,58 0,16
5 Inference 0,54 -0,19 0,65 -0,01
6 Cube Comparison -0,07 0,60 0,38 0,38
7 Figure Class. 0,25 0,63 0,54 0,02
8 Blox 0,12 0,58 0,19 1,06
9 Reasoning Ability 0,77 -0,20 0,66 -0,02

10 Pattern Comp. 0,62 0,19 0,44 0,33
11 Figure Series 0,24 0,41 0,37 0,18

"04
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In order to determine the goodness of fit of the model the sguare
root of the average squared residual was calculated for each
group separately. For the English group this statistic yielded
a value of 0,092. For the Afrikaans group the value of this
statistic was 0,090. The square root of the average of all the
squared residuals was 0,091. From these statistics it would

seem that the model afforded an acceptable fit to the data.

Discussion_

In the following discussion attention will firstly be given to the
effects of excluding the variables measuring the verbal meaning
dimension. A comparison will be made between the three fac-
tor and two factor solutions for the separate groups. The two
factor solutions obtained in each group will also be compared
with one another. An attempt will be made to account for the
differences between the factor structures of the two groups. The
discussion will then proceed to a consideration of the average

factor matrix derived for the total CSIR population.

An examination of the direct quartimin rotations in Tables 19
and 20 reveals that reasonably compatible structures were obtained
tor the English and Afrikaans groups. Factor one in the English
sample is a clearly determined space factor. The second factor
has its highest loadings on the tests selected to measure both
deduction and induction. The factor can perhaps be labelled
deductive -inductive reasoning. A better description for this
factor though, would be general reasoning or analytical reason-
ing. The first oblique factor in the Afrikaans group (Cf. Table
20) also has its highest projections on a combination of hypo-
thesized deduction and induction measures. It is the same kind
of general/analytical reasoning factor as the second dimension
in the English group. The second factor in the Afrikaans group
is a neatly determined space factor corresponding to the first

factor in the English group. The relatively low loading of Cube
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Comparison on this dimension can probably be attributed to the
bi-modal nature of the frequency distribution of sceres cn this
test in the Afrikaans sample. There were clearly two styles

of responding to this test in the Afrikaans group, as ewvidenced

in the positive loadings of this test on both factors.

It is interesting to note that, whereas the space factor accounted
for the greatest proportion of the variance in the English sample
intercorrelation matrix, the general/analytical reasoning factor
accounted for the greatest amount of variance in the Afrikaans
data. This is an important observation, for it aprears tc throw
light on the nature of the preferred style of responding to ability
tests characterizing the two populations. This point will ke

discussed in greater detail at a later stage.

A comparison between the oblique factor solutions in Tables 19
and 15 and Tables 20 and 17 respectively, reveals some inter-
esting findings. In the English sample two-factor and three-
facter solutions (Cf. Tables 19 and 15) there is considerable cver-
lap. The Factors I and III in Table 15 are, with only mincr
differences in factor loadings, very similar to Factors I and II
respectively in Table 19, This impliesthat the exclusicon of the
three verbal meaning tests had little effect on the nature of the
factor structure in this sample. Their exclusion nhas merely
resulted in the loss of the verbal meaning factor, leaving the
nature of the remaining two factors unchanged. It is of interest
to observe, however, that the magnitude of the intercorrelaticns
between the two remaining factors is increased when the verbal
meaning dimension is not included in the analysis. The corre-
lation between space and general/analytical reasoning in the
three -factor solution is 0,44 (Cf. Table 16). These factors cor-
relate to the extent of 0,52 in the two-factor soluticn {(Cf. Table
21). Similar results can be observed in a comparison of the
two-factor and three-factor solutions for the Afrikaans data.

Factors I and II in Table 17 are very similar to Factors I and Ii



irnn Table 20. Again, the exclusion of the three verbal meaning
tests has merely resulted in the absence of a verbal meaning
dimension in the two-factor solution, without further affecting
the structure of the remaining factors. The intercorrelation be -
tween the space and general/analytical reasoning factors has
remained relatively constant in this case, despite the exclusion

of the verbal meaning dimension.

From the results it can be concluded that the intellectual structure
in the case of both populations is characterized by highly co-op-
erative factors of spatial reasoning and general/analytical reascn.
ing, together with a relatively independent dimension of verbal
meaning. It should be remembered in this regard, that other
factors are also likely to be found in the ability structures of the
tw) populations, but these were not produced in the present study
due to a limited sample of ability tests in the battery. It is
notable that even with the more refined principal factor analysis
2chnique used to obtain the two-factor solutions, the variance
ancounted for by the postulated measures of deduction and induc-
rion could not be separated. A number of alternative explana-
tione could account for this finding. It may simply be that the

12 3ts chosen to measure these dimensions were not appropriate

t> the task. It should be remembered, that with the exception

of the D.R.T., these tests were all constructed for use with

igh school and college student populations. The formats of
thece tests may not be suitable for eliciting separate sources

of variance in a more sophisticated population. It is also possikie
that the tests were too highly speeded for the general CSIR popu -
lation. If this is the case, the merging of deduction and induc-
tion into a common factor could be ascribed to a high percentage

of common speed variance in the tests.

Atiention will now be focussed on an examination of the differences
between the two-factor solutions obtained for the separate groups.
This will be accomplished by means of a comparison of the direct

quartimin rotations in Tables 19 and 20. In terms of the program



S

that was used to perform the analyses, the factor that accountis
for the greatest proportion of the variance in the intercorrelaticn
matrix is printed first. Each subsequent factor that is printed
accounts for progressively less variance. Inspection of Tabkles
19 and 20 reveals that the space factor accounted for the greatest
proportion of the variance in the English test battery while the
general/analytical reasoning factor accounted for most of the
variance in the Afrikaans test battery. As a result the space
factor "vas better determined in the English data and the general/
analyiical reasoning dimension was more strongly overdeter-
mined in the Afrikaans data. The hypothesis advanced in an
zarlier section, that the lack of factorial invariance of the test
loadings can be attributed to differences in the problem-sclving
styles of the respective populations, appears to be supported by
this finding. The major shifts in factor loadings across the two
populations occur in respect of Figure Classification, Cube Com-
narigon and Figure Series. These three tests are all presented
in 1 pictorial medium and require a combination of perceptual/
apatial skills and analytical reasoning skills. In the English
factor matrix these tests all had their highest loading on the
spaca dimension whereas in the Afrikaans matrix the highest
vadings of these tests were on the general/analytical reasoning
dimension. It would thus appear that the stimulus material in

ese tests permits the producticn of a solution to the items in

oy

rerms of two different cognitive styles. The cognitive style,

or problem-solving style adopted by the English-speaking subjects
in doing these tests, appears to be of a global, perceptual, nature.
The Afrikaans-speaking subjects on the other hand, tended to
favour a style characterized by systematic, analytical reasoning.
These broad stylistic preferences could explain the differential
amounts of variance accounted for by the two factors in each group.
It is also possible that the observed differences in the mean test
scores of the two populations are due to differences in the problem

solving styles of the two groups.



The average factor matrix common to both language groups will
now be examined. The average factor matrix, rotated to an
oblique position by the direct quartimin procedure, appears in
Table 23. An inspection of the factor loadings in the first
column of the matrix reveals that the highest loadings are on
Reasoning Ability, Inference, Locations and Deductive Reason-
ing (D.R.T.). Other tests with significant loadings on this
dimension are Pattern Completion, Figure Classification and
Figure Series. These tests were all chosen as references for
either deduction or induction. The tests with the highest sig-
nificant projections on the second factor are Blox, Card Rotaticn
and Cube Comparison. Figure Classification has a marginally
significant loading on this factor. It is a uniquely determined,
unambigucus space factor. It is interesting to note that Figure
Classification had a much higher loading on the space factor for

the English sample.

An unequivocal interpretation for the first factor is difficult to
find. Since the tests defining the factor call for both deductive
and inductive reasoning processes, it is likely that some form
of rational-analytical thinking ability is being measured. The
label that has been used to describe this factor in discussing
ihe factor matrices of the separate groups, namely general/
znalytical reasoning, is perhaps too broad. Traditionally,
factors of general reasoning are characterized by tests of
arithmetical and mathematical reasoning and figure analogies.
These tests require reasoning of a broader, more general nature
than the deductive and inductive tests in the battery. Since
these tests all call for a rational analysis of the material in the
items before inferences can be made, whether deductive or in-
ductive, a more descriptive name for the factor might be analy-
tical reasoning. It is not known to what extent the reasoning
required in these tests correspondes to the type of analytical

reasoning required in embedded figure tests. It seems likely
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that tests of the latter kind rely more heavily on skills in per-
ceptual analysis, while the tests of deduction and induction
rely on skills in rational analysis. Another plausible descrip-
tion for this factor might be inferential reasoning, since the
drawing of inferences is common to both inductive and deductive
reasoning processes. The term analytical reasoning however,
is preferred as it is considered to be more aptly descriptive.

In conclusion, it may be observed that the average factor struc-
ture representing the pattern of abilities of the total CSIR popu-
lation, bears a close resemblance to the factor matrices of the
separate language populations. The analysis was not able to
separate deductive and inductive variance, although a separate
dimension of spatial reasoning emerged very clearly. It should
be noted that the two factors that emerged were fairly highly
correlated (Cf. Table 24). This finding could imply that a
second-order analysis would produce a single general factor.
Nonetheless, the first-order factors that emerged are regarded
as being sufficiently neatly determined to warrant serious con-

sideration as primary factor abilities.

MULTIDIMENSIONAL SCALING

Description of the Procedure

A multidimensional scaling procedure in the form of a Principal
Co-ordinates analysis was undertaken with a view to examining
the pattern and location of the test vectors of the tests in the
battery in a multidimensional space. The procedure used in
the analysis was derived from the method of Gower58) (1967).
Separate analyses were performed on the English sample covari-
ance matrix (Cf. Table 11) and on the Afrikaans sample covari-

ance matrix (Cf. Table 12). All fourteen variables in the battery

are included in the analyses.

According to the Principal Co-ordinates procedure, the covariance
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matrix is rescaled by means cf the number of items in the tests.
This is necessary in order to weight the covariances in terms

of the number of items in each test, since a test with many items
is likely to have a greater standard dewiation than a test with
few items. The rescaled matrices are used as input to the pro-
gram. The matrices of principal components of the rescaled

input matrices are then obtained.

The first three columns of the obtained principal compcnent
matrices are shown in Tables 28 and 29 respectively. The first
principal component to be extracted in the analysis accounts
for the greatest proportion of the variance. Each successive
principal component accounts for progressively less variance.
An examination of the latent rects indicates the declining pro-
porition of variance accounted for by successive principal com-
ponents. The latent roots corresponding tc the two principal
component matrices appear in Tables 30 and 31. Only the first
three columns of the matrices are considered worthy of inter-

pretation.

Since a principal component matrix is difficult to interpret in
numerical form, the principal co-ordinates are presented in
graphical form. In the case of each matrix separate plots of

the first two columns, and of the first three columns respectively,

were made.

The two and three dimension plots from the English sample matrix
appear in Figures 1 and 2 respectively. The corresponding plats
for the Afrikaans sample matrix appear in Figures 3 and 4. The
pcints in the space representing the test vectors are indicated

by the identity numbers of the tests.

Discussion

The results of the analysis performed on the English sample re-
scaled covariance matrix will be discussed first. Regarding

the plot of the first two columns of the principal component



TABLE 28

ENGLISH SAMPLE

PRINCIPAL COMPONENTS MATRIX

8.

Principal Components

Test

I I IT1
1 Locations 0,11 0,31 0,88
2 D.R.T. -0,05 -0,47 -0,46
3 Card Rotation -0,60 -0,49 0,03
4 H.L. Vocabulary 1,23 0,16 -0,29
S5 Letter Sets -0,13 -0,10 0,13
o Inference 0,25 0,00 0,13
7 Cube Comparison -0,55 -0,70 0,23
8 H.L. Reading Comp. 0,46 0,37 0,17
9 Figure Class. -0,23 -0,472 -0,49
10 Blox -0.,20 -0,21 6,06
11 Reasoning Ability 0,17 -0,18 0,43
12 Pattern Comp. -0,82 0,90 0,23
13 Figure Series -0.72 0,78 -06,79
14 Adv. Vocabulary 1,09 0,07 -0,25




TABLE 29

AFRIKAANS SAMPLE N =72

PRINCIPAL COMPONENTS MATRIX

Principal Components

Test
I II 111
1 Locations -0,37 -0,51 -0,29
2 D.R.T. -0,15 -0,52 -0,62
3 Card Rotation -0,46 -0,65 0,74
4 H.L. Vocabulary 0,86 0,02 0,14
S5 Letter Sets 0,06 0,11 -0,03
6 Inference 0,30 0,08 -0,30
7 Cube Comparison -0,13 -0,18 0,30
8 H.L. Reading Comp. 0,21 0,13 -0,15
9 Figure Class. -0,14 -0,01 -0,29
10 Blox -0,01 -0,10 0,47
11 Reasoning Ability -0,22 0,07 -0,37
12 Pattern Comp. -0,66 0,77 0,13
13 Figure Series -0,32 0,71 0,10
14 Adv. Vocabulary 1,02 0,08 0,18




TABLE 30

ENGLISH SAMPLE N = 88

LATENT ROOTS

4,97
2,89
2,36
2,01
1,61
1,25
1,07
0,93
0,83
0,70
0,56
0.41
0,39
0.00

TABLE 31

AFRIKAANS SAMPLE N = 72

LATENT ROOTS

2,91
2,14
1,74
1,30
1,15
1,05
0,90
0,75
0,65
0,61
0,51
0,39
0,27
0,00

08
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matrix in Figure 1, two distinct vectors of points can be discerned.
All six points falling in the right half of the configuration repre-
sent tests administered by means of a verbal-medium. The re-
maining eight test vectors, represented by the points in the left
half of the configuration, are all non-verbally presented tests.
There is a distinct, non-overlapping dichotomy between the sets
of points. The same picture can be discerned when the points
of the test vectors are projected onto a three dimensional space.
Unfortunately, the representation of a three dimensional space
on two dimensional graph paper is not easy to attain. Nonethe-
less, it can still be observed that the points lying in the right
half of the configuration represent verbal medium tests, while
the points in the left half represent non-verbal or pictorial tests.
It is interesting to note that the two points lying in the extreme
right-hand corner of the configuration represent the two vocabulary
tests. These tests were identified in the factor analyses as

the purest measures of the verbal meaning dimension. The twe
pcints lving in the extreme left-hand corner of the configuration
represent Pattern Completion and Figure Series. The distance
between these two points and the points in the rest of the con-
figuration, indicates that the two tests share relatively little

in common with the rest of the battery. It seems likely that

these tests rely more heavily on purely perceptual skills.

An examination of the results obtained from the analysis of the
Afrikaans rescaled covariance matrix reveals a remarkably similar
picture. An inspection of the two and three dimensional plots

in Figures 3 and 4 respectively, reveals that once again the points
of the test vectors are grouped according to the medium of pre -
sentation employed in the tests. The right half of the configura-
tion constitutes the points representing verbally presented tests.
The left half is characterized by the points of the non-verbal and
pictorial test vectors. The dichotomy between the two sets of

points is not quite as apparent as in the case of the English data.
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One verbal-medium test, Reasoning Ability, falls in the left-haad
plane of the configuration. In addition, the visual representation
is rendered less clear due to the closeness of the points consti-
tuting the segments that fall towards the centre of the configu-

ration.

The overall picture attained is nonetheless convincing. It is
remarkably compatible with the picture represented by the configu-
ration of points of the English sample test vectors. Once again
the two vocabulary tests fall to the extreme right, while Pattern
Completion and Figure Series lie in the extreme left-hand plane

of the configuration.

It may be concluded in the light of these analyses, that perform-
ance on ability tests is directly affected by the medium in which
the test items are presented.  In the present study the tests were
found tc olisier in a multidimensional space according to the
medcium in which the items are cemmunicated. One cluster of
peints represented tests prasented by means of a verbal medium.
The other cluster represented tests in which the medium for pre-
senting items is either non-verbal or pictorial. These findings
will be discussed ni the following chapter in the light of

5¢
Guttman's" 9

(1969) facet model of ability tests. It should be
noted in the present context, that analyses using Guttman's
smallest space analysis technigque were also performed (Schlesinger
and Guttman ,60) 1969; Lingoes ,61) 1964). This is a non-metric
scaling procedure in which the assumptions are less stringent

than in the case of the principal co-ordinates analysis. Striking-
ly similar results were obtained. Indeed, the graphically repre -
sented pictures that emerged, were to all intents and purposes
ideniical to those discussed above. Since the results obtained

by means of the principal co-ordinates analysis are based on

more stringent statistical assumptions, only these results are

reported.



DISCUSSION

The Construct Validity of the Deductive Reasoning Test

A major objective of the study was to determine the construct
validity of the Deductive Reasoning Test by means of factor
analysis. It has been seen that the battery of selected tests
failed to produce a factor of deduction. All the postulated refer-
ence tests for deduction merged in a single factor with tests

of induction. The Deductive Reasoning Test was found to have
a moderately high loading on this dimension both in the separate
sample factor matrices and in the average factor matrix of the
total population. From this it would appear that the D.R.T.
shares some of its reliable variance with tests measuring both
inductive and deductive processes. The interpretation that was
offered for the induction-deduction dimension stressed that

rational analytical reasoning was required in both types of tests.

It appears then that this type of thinking is of importance in
maiing deductive inferences. It should also be remembered
that a considerable portion of the reliable variance in the D.R.T.
was found to be specific to the test in the context of the experi-
mental battery. This finding was taken to indicate that a sig-
nificant proportion of the test's reliable variance may be attri-
buted to deduction. This contention is founded in the strategy
that was followed in constructing the instrument. It has been
shown that the items in the test provide an operational defini-
tion of the conceptual model of deduction (Verster,62) 1972).

In order to arrive at the correct solution to any particular item

in the test it is necessary to reason within the framework of
deductive processes. Regarded in this light, it would be diffi-
cult to deny that the test contains a component of deductive
reasoning. Although the study was not conclusive in its attempt
to confirm the hypothesized factor structure of the test, it may

still be maintained that on operational grounds the test provides
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a measure of the intended construct.

It is possible that the factor study was obstructed in its initial
objective due to the poor discrimination power of some of the
reference variables. Many of the crucial tests were not success-
ful in measuring individual differences reliably. Their poor
reliabilities are ascribed to a restricted spread of test scores.
This in turn, may be attributed partly to the homogeneity of the
pre -selected samples. The test lengths and small sample sizes
are also likely to have had a significant effect in this respect.
The D.R.T. in contrast, proved most successful in measuring
individual differences in the highly sophisticated samples. It
may be concluded that the test is appropriately tailored to the
population for which it is intended. It should prove a valuable
assessment tool in a selection battery for use with a highly

homogeneous, intellectually sophisticated population.

The Validity of the Thurstonian Model in the CSIR Populaticn

The second broad aim of the study was to demonstrate the gener-
ality of the Thurstonian model cof intellect. This was to be
achieved by seeking evidence for its appropriateness to the in-
tellectual structure of the highly sophigticated CSIR population.
From the results that were discussed in the last chapter, it is
evident that there was at least partial support for Thurstone's
conceptualization of the structure of intellect. Two of the three
factors that emerged, could be identified with Thurstone's Primary
Mental Abilities. These were space and verbal meaning. The
third factor, that was tentatively interpreted as analytical reason-
ing, is of a much broader nature. It appears to cover general
competency over a wide range of structured reasoning tasks. It
is not known whether this factor is indicative of a real ability

in the intellectual structure of the CSIR population, or whether

it is merely an artifact produced by inadequate tests.

It should be remembered that it was stressed at the outset that
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the findings which emerge from the analyses could only ke treated
tentatively. It is possible that, had the reference tests been
more appropriate to the measurement of individual differences in
the experimental population, separate factors for deduction and
induction would have emerged. Ancther criticism that may be
justly levelled against the instruments in the study is that most
of the reference tests were too speeded. This was found tc be
the case even though the author tock the precaution of extending
the prescribed time limits. The generally high reiiabilities
claimed for these tests by their authors probably reflect a large
percentage of reliable speed variance. The presence of speed
variance in ability tests usually results in spuriously inflated
estimates of reliability. It would have been preferable tc have
had less speeded tests in the present study with higher reliabili-
ties. It would appear from the findings, that future research in
this domain would profit more if new and more appropriate tests

are developed.

The Relation of the Findings to other Research

It may be contended that certain extremely interesting issues
arose from the findings. The mean test score difference s found
between the English- and Afrikaans-speaking samples pose
stimulating questions for future research. The experimental
design in the present study does nct permit conclusive infer-
ences to be drawn in explanation of this result. But the
differences that were found between the factor structures cf the
two populations do suggest that stylistic preferences in
problem-solving behaviour might account for this observation.
The finding that stylistic differences produced differences in the
factur patterns of the two groups, is not entirely contrary to the
predictions of the Thurstonian model. Thurstone6 3 (1947) re -
cognised that the stability of a pattern of intercorrelations among
tests measuring higher mental processes is dependent on

sampling fluctuaticns. He stated that "factor loadings cannot



be expected to be invariant from one population to a different

population". (Thurstone,64) 1947, p. 360.)

65)

Balinsky (1941) demonstrated that large age differences will
bring about differences in the factor structure of tests. He
confirmed the classical example in which a test of addition is
shown to be a reasoning exercise to fourth graders while it is
a speed task to college students. Bloom and Broder66) (1950,
Ch. 3) and Lucas67) (1953) have shown that large age differences
are not the only considerations that affect the nature of the factor
being measured by a test. Some tests measuring higher mental
processes are solved in one way by some subjects and in a
different way by other subjects. This implies that the tests

may be measuring different abilities in the two groups of sub-
jects. It follows then that the intercorrelations between the
tests will be different for different groups of subjects. Since
factor loadings are dependent on correlations, they cannot be
expected to be invariant across different populations. A study

68)

was undertaken by French (1965) in an attempt to determine
the extent to which factor analysis is able to reflect qualita-
tive differences in reactions to tests as well as to differences
in the nature of the tests themselves. The study has a direct
bearing on the present investigation, as many of the fifteen
tests used by French have been included in the present study.
Since there is also considerable overlap between the findings

in the two studies, French's investigation will be discussed

in some detail.

French administered a battery of fifteen tests selected to measure
five important abilities, to a sample of 177 college students.

The abilities he was interested in measuring were verbal ccm -
prehension, general reasoning, space, induction and visualiza-
tion. One "pure" factor test was selected to represent each of
the five factors. The remainder of the battery comprised ten
tests selected to load these factors less purely, or to straddle

two or more of them.
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In order to determine what problem-seolving styles the subjects
used, they were asked to complete a questionnaire about their
background and their approach to test problems. They were
also interviewed while they solved sample items similar to the
ones they had attempted in the tests. A procedure was devised
whereby the interview and the gquestionnaire were quantified.
The intercorrelations between the interview, the questionnaire
and the test variables were then factor analysed. On the basis
of the results, subjects were grouped intoc 17 pairs of subsamples
repre senting different problem-sclving styles, or different back-
ground characteristics that might be expected to affect the way
in which a person solves problems. Separate factor analyses
of the same fifteen tests were then pglformed in respect of all
subrfamples in the 17 pairs and of the whole group. In each of
the 35 factor analvyses five factors were extracted and rotated.
Comparisons were raade between the facter loadings and facter

intercorrelations for the two subsamples in each pair.

The results showed clearly that many of the 17 subsample divi-

sions could be lacsely classified into a category called systema-
6%)
tizing or analysing vs. scanninyg. French (1965) considered

that there migiht be a relaticnship between these kroad classes
of problem-solving style and the ccgnitive style of focussing
vs. scanning that has been found to affect perception of size
and susceptikility to illusicns {Gardner et al. ,70) 1959). On
the basis of the findings regarding the problem-solving style
described as analytical, Frenchyl) (1965) concludes that the
concept of analvtical attitude or field independence described

by Witkin et al. 72),73)

(1954, 1962) relates to something quite
different. It was found that many of the subsamples resorting
to an analytical problenm-solving style in certain tests, nctably
Concealed Figures and Cubes, obtained lewer means than sub-
samples using a global-scanning style in these tests. Yet

studies have shown that field independence, or analytic attitude



correlates positively with general intelligence. It is interesting
to observe the close correspondence between French's findings
and those of the present study. In the present investigation
it was also found that the sample using an analytical approach
to Cube Comparison (Afrikaans sample) had a lower mean than
the (English) sample in which the approach was of a global-
scanning nature. French also found that in the analytic sub-
sample the loading of Cubes on a space-visualization factor
dropped from 0,52 to 0,07. IHe concludes that an analytic
approach toward Cubes "destroys the capacity of that test to
74) 1965, p. 22). This

measure spatial ability". (French,

observation appears to be borne out in the present study.

In summarizing the results from his investigation, French comes

to the conclusion that:

rtests, even simple "pure-factor" tests, do not measure the

same things for all pecople. The kind of behaviour most readily
observed in someone taking these tests was the use of some

kind of reasoned or systematic approach as contrasted to less
orderly scanning and visualizing, with reliance on commcn sense.
This overall difference in problem -solving styles is the cne em-

75
phasized by Bloom and Broder ) (1950), (see especially Appendix) ,

76)

and may be related to Gardner's (1959) Focussing vs. Scanning

or to Witkin' s77)

(1962) Analytic Attitude or Field Independence.
For some of the tests, differences of this kind in test taking
behaviour have no relation to the test's factorial content. For
a few tests, the principal loading was strengthened. Most
often, however, the use of a system in solving a test reduced
the usual factor loading of that test. This happened more
readily for spatial or visualization tests than for reasoning or

verbal tests." (French,78) 1965, pp. 26 - 27).

The appropriateness of French's conclusions to the findings in
the present study, provides decisive support for the hypothesis

that was offered earlier to account for the differences between
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4,

the factor structures of certain tests in the two language groups.

Conclusion_

From the foregoing discussion, it may be concluded that the
validity of the Thurstonian model with respect to the intellectu-
ally sophisticated CSIR population, was partially confirmed.

Of the four separate factors that were postulated, two emerged
clearly and may be identified with the well established primary
abilities of space and verbal meaning. The third broad factor
that emerged, suggests that deductive and inductive processes
are governed by a single ability in the form of analytical reason-
ing. The differentiation-integration thecry of the growth oif

79) (1964) may be able

abilities, proposed by Lienert and Crott
to account for this circumstance. These investigators propose
that, during the growth of the individual to mental maturity,
separate abilities develop differentially and each eventually
becomes crystallized at a relatively invariant level. Further
growth in the organism is brought about by the acquisition of
experience and knowledge in specific domains and this may re-
sult in certain separately formed abilities becoming integrated
in the form of single, broad competency factcrs. it is not
difficult to imagine that, in the present investigation, the
merging of deduction and induction tests in a single broad
factor, reflects a similar integration of separately formed
abilities. The heavy emphasis placed on both inductive and
deductive reasoning processes in most scientific subjects at the
universities, could perhaps be responsible for bringing about

an integration of these separate abilities in a single rational-

analvtical reasoning factor.

The differences in the factor loadings of certain tests in the
two groups formed on the basis of home language, may be re-
conciled in terms of differences in the problem-solving styles

adopted by the respective samples. Subjects in the English-
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speaking sample tended to favcur an apprecach characterized by
a global-scanning style. The Afrikaans-speaking subjects on
the other hand, showed a general preference for a systematic-
analytic problem-solving style. It is likely that differences
in the language-cultural back-grounds of the two populations
are responsible for fostering differences in problem-solving style.
An unpublished investigation conducted by Steyn in 1969 at the
NIPR may be able to throw some light cn this issue. Two large
samples of young matriculated males were selected at random
from a broad spectrum of socio-economic backgrounds in South
Africa. One sample comprised 486 English-.speaking subjects,
the other comprised 489 Afrikaans-speaking subjects. On the
basis of comprehensive biographical data, it was established
that the samples were well matched on a number of relevant cul-
tural and socio-economic parameters. Highly significant
difference s between the samples were found in respect of a
peersonality dimension de scribed as Over Regimentation. The
results indicated that the Afrikaans-speaking subjects were
more highly disciplined, systematic and regimented than their
Englishh counterparts. It is possible that these differences in
personality and cognitive style, reflect pervasive, cuiturally
determined differences which would account for the difierences
in problem-solving style that were found in the present study.
Further carefully planned cross cultural experimentation in this

field is strongly urged.

Finally, the results of the multidimensional scaling analysis
provide strong support for Guttman' s80) (1265) theocry of the

structure of inter-relations among intelligence tests. In re-

81)

analyses of the original data of Thurstone (1938) and

82)

(1941) using a smallest space

83) 1969),

Thurstone and Thurstone
analysis technique (Cf. Schlesinger and Guttman,
84)

Guttman (1965) was able to demonstrate a radex structure

aniong the 21 tests comprising the battery. The tests separated
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into three segments corresponding to the three languages of com -
munication used in the battery. These were verbal, numerical
and pictorial. He also found that the tests requiring analytical
skills were represented toward the centre of the configuration
while tests measuring achievement skills were represented to-
ward the periphery. In the present study tests of achievement
were not included in the battery, but two segments of points,
representing verbal and non-verbal (or pictorial) tests respec-
tively, were clearly identified. Thus it may be concluded, that
in addition to the formally identified mental processes required
by a test's items, some variance in test scores is attributable
to the medium in which the items are communicated. The impli-
cations of this finding should not be overlooked, when planning

correlational experiments with tests of mental abilities.

Recommendations

The results would appear to support the use of the Thurstonian
model of intellectual structure as a theoretical guide in develop-
ing a diffsrential ability test battery for selection purposes in
the CSIR. The Deductive Reasoning Test could be included with
confidence in a battery of this nature. Suggested abkilities to
be measured by the battery would also include spatial reasoning,
verbal meaning and induction. In constructing an instrument
to measure the latter ability, the model proposed by Steyn and

85)

Verster (1972) might prove a valuable point of departure.
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