
PERS. 187 

-� I 
· o 

0) 
THE INTELLECTUAL STRUCTURE OF CoSoLR. SCIENTISTS 

-
"T . , 

C.S.I.R. SPECIAL REPORT NO. PERS. 187 
. U . D. C • 5 • 0 0 7 + 6 . 0 0 7: 15 9 • 9 2 8 • 2 2 . 0 7 �: 5 7 2 • 9 . 0 2 � ( 6 8 O) 

Johannesburg, South Africa. 
February, 19 7 3. 



THE INTELLECTUAL STRUCTURE OF C. S.L R. SCIENTISTS 

by 

J.M. VERSTER 

PSYCHOMETRIC DIVISION 

NATIONAL INSTITUTE FOR PERSONNEL RESEARCH 

COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH 

JOHANNESBURG 

FEBRUARY, 1973 

* P B 9 6 5 2 3 * 



ISBN O 7988 0307 X CSIR Special Report PERS 18 7 

Published by 
National Institute for Personnel Research, 
South African Institute for Scientific and 

Industrial Re search, 
P . 0 . Box 10 319 , 
Johannesburg, Republic of South Africa. 

February 1973 

Printed in the Republic of South Africa by 
National Institute for Personnel Re search. 



ACKNOWLEDGEMENTS 

This project was directed by Mr D.J.M. Vorster, Director of the National 
Institute for Personnel Research. The research was carried out as part 
of the activities of the Psychometrics Division, under guidance of 
Mr D.W. Steyn. 

It. forms part of the following projects: 

4384 

4386 

4374 

Compilation of a high level differential test battery. 

Development of a high level logical reasoning test. 

Construction of a high ievel inductive reasoning test. 

Permission to test a sample of C. S. I. R. re search staff was granted by 
the President, Dr C. van der Merwe Brink. 

The willing co-operation of Institute Directors, Divisional Heads and 
scientific re search sL.:1tf at the C. S. I. R. is gratefully acknowledged. 

The research discussed jn this report formed part of a thesis submitted 
to the University of South Africa in fuifilrnent of the requirements for 
the degree of Master of Arts in Psychology. 



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 re search 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 re pre sentati ve sample of 160 CSIR 
scientists. The results were analysed by means of factor analysis 
and multi-dimensional scaling procedures. Partial support for the 
Thurstonian model of diff:;renUated 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 (19 64). 

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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L INT RO DU CTION 

Recent trend s  in p sychological  me a surement at the NIP R poir:_t to 

a growing fa ith in the theory of a differentiated profile of t�uman 

behaviour . The theory contend s that i a s  the  organi sm e volve s r 

1, 
J • 

a number of conceptual ly and beha vioura l l y  d ist inct con struct :> 

emerge from the broad , underlying dom a in s  of person2 1 ity , inte l l i 

gence and motivation . The theory i s  backed by an impre s s ive 

volume of p sychometric re se arch and le nd s it se l f  admirabl y  to 

p sychometric methodology .  It a l  so ha s a natura l appea l  to the 

personne l p sycholog ist s ince it agree s well w ith h i s  conceptuali � 

zation of multidimen s ional criteria . Conclu s ive e vidence of the 

val idity of the theory i s  stil l forthcom ing and it should be treated 

w ith caution in the interim . An overzea lou s interpretation of the 

theory c, :-;uld lead to an unw arranted proliferei �ion of trivial mea sure s 

and C1.;'n sequently to an  artificia l ly  inflat8d bcdy of re search in 

support of an unreali sticall y atom i st ic  conceptual izatw!1  of human  

beha viour o If  properly  interpreted ! differentiation theory p:ovj de s 

a u seful  a nd val id way of think ing about beha vioural con stn ; r , + 

provided that the ultimately global § integrated nature of human 

functioning i s  never lost from sight o 

In the pre sent stu dy a n  atterr.pt i s  made to em pir:ca I j st cc � 

tion for conceptualizing the human inte lle ct in term s of a 

differentiated profile of con stitue:1t ahi l itie s "  Thi s view nc;t 

only refle ct s  current NIPR thought 8 but i s  in keepln J  w l th the we  

known work of  Thurstone
1
) 0 2) ( 19 38 8 19 4 0 ) on the P rimary M e ::1 ta : 

Abilitie s of man o The b a s ic  theoretica l rat ionale underl t l 1 �  �, 

view i s  that intelligent beha viour can be meaningful l "'.i c� a s sifkd 

into a limited number of broad c operational!  y defined con stn 1 .: t ,s 

E a ch of the se i s  a s sumed to be  amenable to independent :cr; ea sure -

ment by  mea n s  of a n  a ppropriate abil ity te st o Ea ch mea surable 

ability is  regarded as a continuou s p sychological dimen s ion 



underlying reliable indi victual differences o The development of 

abilities is a scribed to an ongoing interplay between genetically 

determined attributes and environmental influences during the 

growth of the organi sm. Hereditary factors a s  well as  continuou s 

pres sure s from the environment are therefore respon sible for the 

patterning of abilities in an indi victual and for the stru cture of 

intellect in a culture o 

DE SIGN OF THE STUDY 

The study is  undertaken in the population of graduate re search 

s cientists at the CSIR. The individual s  compri sing thi s popula -

tion may be thought of a s  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 c s scientific, indus 

trial and technological endeavour . Among their rank s are the 

s cientific pioneers of to -day and the leader s of the inda strial 

community of tomorrow . They con stitute an indi spen sible factor 

in the growth of the country ' s  economy o The need to develop 

accurate and reliable instruments for the identification of 

individual s who potentially belong to this population cannot be 

too greatly stres sed. Yet to date little sy stematic re search ha s 

sought to clarify the nature of intellectual functioning and the 

compo sition of inte lle ctual structure of thi s highly sophi sticated 

sample . The pre sent study con stitute s an attempt to meet thi s 

need o 

The major aim underlying the study is  to determine whether the 

Thurstonian theory of Primary Mental Abilitie s provides an 

appropriate model for de s cribing the intellectual structure of the 

population of s cientists at the CSIR O The study is , in thi s sen se 0 

a te st 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 a s  a frame of reference for the 
con struction of a new differential ability te st battery to be u sed 

in the selection of applicants seeking scientific re search po st s 

at the CSIR " 

The study is  conducted along the line s of traditional Thurstonian 
. � factor anal yt1cal methodology (Thur stone i l 9 4 7) . A te st battery 

comprising reference te sts for four postulated Thurstonian Primary 

Mental Abilitie s con sidered of relevance to scientific re search 

work is compiled and administered to a repre sentative sample of 

3 

CSIR scientist s .  The re sults  are treated by mean s of factor analysis . 

An inter -group factor analysis procedure is  u sed to compare the 

factor structure s obtained for separate English = and Afrikaan s =  

speaking samples . 

The experimenta l aim s and design of the study include a simul � 

taneou s evaluation of the preliminary Deductive Rea soning Te st 

(D o R o T o ) developed at the NIPR . Three preliminary version s of the 

te st , designed according to an explicitly formulated conce ptual 

model of dedt:ctive proce s se s  O were prepared (Verster u 4) 1 9 7 0) . 

A comprehen sive analysi s wa s made (Verster O S) 1 9 7 2) of the re = 

specti ve contribution s of the parameter s of the te :st model to item 

difficulty and the re suH s of the inve stigation were utiliz ed in the 

con struction of a preliminary 4 5  item version of the te st . 

By  including thi s te st in the te st battery in the pre sent study u it 

will be po s sible to determine the con struct validity of the 4 5  item 

D . R .  T .  This is  the second maj or aim of the study and the te st s 

in the reference battery are selected with this con sideration in 

mind . 

2 .  1 .  Selection of Reference Abilitie s 

The quest ion of which abilitie s to mea sure in the pre sent study 

wa s nece s sarily guided by practical con siderations .  While it is  

of con siderable scientific interest to te st the .in  variance of the 



Thurstonian model in a high level population such as that re pre -

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 

4 .  

be of greate st relevance in the selection and a ssessment of research 

scientists .  

It was decided at the outset J therefore 0 that it wo uld be unecono 

mical to attempt to include reference tests for all of Thurstone 1 s 

identified Primary Mental AbiHtie s (P O M O A o  O s) . The study indeed, 

is essentially a test of the theoretical nature of Thurstone ' s 

model ; of hi s hypothe si s that the abilities of man are few and 

fundamental, susceptible to operational definition in behaviourally 

relevant terms and that they may , at times O be partially correlated 

with one another . Tr.e a im of the investigation i s  not to demon 

strate the existence of each of the Primary Mental Abilities that 

Thurstone postulates .  Moreover O it should be remembered that 

deductive reasoning abil ity i which i s  of central interest in the 

pre sent study J was not actually included among the final factor 

abiliUe s which Thurstone de scribed as  the Primary M ental 

Abilities of man (Thur stone and Thurstone u 
6) 

1 9  4 1) . Apart from 

deduction however O the remaining reference abilities in this 

study are selected from among those des cribed by Thurstone o 

Their inclu sion in the reference battery was determined by con = 

s iderations of their relevance to s cientific re search activitie s "  

The absence of any good validation studie s in thi s respect 

necessitated a subjective criterion evaluation . It i s  considered 

unlikely though, that the re levance of the four selected abiliUe s 

to the intellectual demands of a scientific re search environment 

will be disputed. 

Apart from the interest in measuring an ability of deduction O con -

siderable effort was spent in finding suitable reference te sts for 

a factor of induction, for this ability i s  al so 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 rea saning processes represented by these two in 

tellectual abilities are easy to distingui sh conceptually .  But 

whether they remain operationally distinct and represent separate 

psychological abilities is not so clear. The position adopted in 

the pre sent 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 w ill 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 Thurstone 7) ( 1 9  3 8) found encouraging 

evidence for the existence of an independent induction ability . 

5 .  

His tests for this factor all required the use of a rational thinking 

strategy to determine the rule which O from an implicitly provided 

set of culling rules or principles , be st succeeded in accounting for 

the patterned organisation of data within each item . This type 

of rule discovering or rule identifying behaviour i s  easy to dis

tinguish conceptually from that required in the dedt:ctive te sts 

that Thurstone employed . 

Guilford8 ) ( 1 9 6 7) 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 several of 

his more specific factor abilities. French et al . 9 ) ( 1 9 6 3) view 

induction as a complex second order factor ability underlying 

several , as yet unidentified first order abilities . This view , 

indeed , seems the one be st supported in the literature on induc 

tion. 



It  i s  po s sible that the problematical nature of inductive rea soning 

ca.n be re solved by making a conceptual di stinction between differ

ent cla s se s  of induction . A u seful di stinction that ha s been 

de scribed more ful ly e l sewhere by the author ( Ste yn and Verster , l O) 

1 9 7 2) , i s  that sugge sted by Kneebone 1 1 ) ( 1 9 6 3 , p .  3 6 6) between 

conceptua l  induction_ and determinative induction . The former 

relates to the type of thinking in valved in the production of 

scientific theorie s .  The product s of conceptual  induction not 

only add to the ma s s  of available knowledge , but a l so make po s sible 

a more adequate understanding of a lready recorded fa ct s  by changing 

scientific perspe ctive . Determinative induction , on the other 

hand , make s an addition to the content of ava ilable knowledge but 

leave s  the form , or the s cientific perspective , unchanged . Deter

minative induction i s  dependent on a stati stical principle of optimum 

choice . Fw m a given range of specified po s sibilitie s the one 

that is mo st appropriate in the light of a vailable e vidence i s  sele c =  

ted . Thi s :U;:; the k ind of inductive rea soning that i s  more commonly 

encountered in sci8n t ific re search and is con sidered worthy of 

mea surement . Conceptual  induction , on the other hand 1 i s  not 

believed to be amenable to mea surement with the traditional type 

of cognitive tc� st .  In a related NIPR pro ject on which the author 

i s  enga9ed , a te st of determinative induction will  be de veloped . 

To date , however , no pure te st s  of thi s kind of rea soning are 

ava ilable and the be st of the available te st s of complex indu c -

tion will  therefore , out o f  ne ce s sity , b e  u sed i n  the pre sent study . 

Attempt s  will al so be m ade to me a sure a dimen sion of spatial 

rea soning ability . Spatial rea soning or simply space wa s one 

of the first abil itie s to be identified unambiguou sly in the P C M .  A .  

inve stigation s .  Thi s  factor , according to Thurstone l Z) ( 1 9 4 1 ) , 

i s  found in te st s  that require the sub ject to manipulate object s  

irnaginal ly i n  two o r  three dimen sion s .  It i s  quite di stinct from 

perceptual  proce s se s  which only require the perception of detail in 



a flat surface and which do not require the imaginal movement of 
1 3) an object in two or three dimensions. Thurstone (19 41) 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 pre sent , the factor is characterised as facility in spatial and 

visual imagery . 

1 4) French et al. ( 19 6 3) also recognised a space factor called 

Spatial Orientation , which is defined as " the ability to perce ive 

spatial problems or to maintain orientation with respect to objects 

in space 1 1 • Tests loading 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 . 

7 .  

It is thus es sentially the same factor as Thurstone ' s space factor 

and indeed ,  some of Thurstone ' s  tests are used by French et aL I S) 

{19 6 3) to identify the fa ctor . 

Following the distinction made by French et al O 

16 ) (19 6 3) between  

the psychological nature of spatial orientation and visualization , 

the space factor in the pre sent study will be denoted spatial reason

ing . Tests loading on spatial orientation require a degree of 

manipulative reasoning in response to the vi sual objects as a whole , 

whereas in visualization tests the emphasis is  on the perception 

of visual detail without re sorting 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 pre sent 

study. Comprehension of verbal material is central to all fields 

of scientific research endeavour .  Thurstone l ?) (194 1) found a 

distinction between two major kinds of verbal factors . One was 



a verbal meaning factor , the other a factor of verbal fluency o It 

is the former of these that is important here . Although thi s sort 

8 "  

of factor is probably general to all language group s , 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 C SIR 

population it  will  consequently be necessary to use separate tests 

for English - and Afrikaans -speaking subj ect s .  

The four selected primarie s ,  deduction , induction , spatial  re a soning 

and verbal meaning are considered the most central and rele vant 

abilities to scientific re search work. Certain other Thurstonian 

primaries such as verbal fluency , perceptual speed , memory etc . , 

are likely to be less generall y  employed in all branche s of s cience . 

The mathematician , for example , makes little demand on verbal  

fluency skills , whereas certain of the applied science s I for 

example , mechanical engineering , do not call for spe cial abilitie s 

in speed of perception . In  addition ! there i s  much controversy 

over the psychological nature of speed test s while many p sycholo 

gists would argue that fluency mea sure s  belong more properly in 

the domain of creativity , or divergent prode ction o It i s  po s �; ibl y 

true that a good memory is a useful a sset to any re searc): 1  scient.Lrt 6 

but a memory factor ha s been excluded from the r::re ,::;ent in ve sti9 a -

tion for two reasons . Firstly ,  most factor analytical studie s of 

the cognitive domain have shown the memory factor to relatively 

uncorrelated with other abilities . This implies  that efficient 

intellectual functioning in other area s is not nece ssarily 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 t he 

structure of intellect would follow from this finding . Secondly , 

it is argued that there are few good tests of memory pre sently a vail 

able . Most of the currently employed tests for thi s factor rely  on 

rote memory or memory for meaningless material . It would be more 

valuable to have a measure of memory for meaningful stimulu s m aterial . 



2 .  2 .  

2 .  2 . 1 .  

The memory domain thus appears to warrant further independent in = 

ve stigation along fresh avenues . 

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

be mutually intercorrelated since a common component of rea soning 

9 

is involved in each . Indeed, it is likely that a second -order analysi s 

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 contain s 

sufficient reference tests to allow at lea st 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 o 

Reference Tests for Deduction 

The anticipated difficulty in finding suitable reference test s for 

deductive reasoning proved justified . The ambiguity surrounding 

the nature of this factor has already been discussed elsewhere 
18) by the author (Verster , 1 970). It was pointed out that tests 

of syllogistic reasoning have consistently proved the most stable 

measures of this ability to date . Furthermore , as mentioned 

previously (Verster1 9 ) , 1 9 7 0 ) , non -verbal tests of deduction have 

been most difficult to locate. The writer was unsucces sful in ob 

taining a copy of Blakey' s ZO ) (1 94 1 ) non -verbal test of Form 

Reasoning which would have been useful . Cani sia 2 1) (19 6 2) 

al so claims to have developed a non-verbal test of deduction , but 



this too could not be obtained . Other non -verbal tests involving 

deduction (Botz um , 2 Z) 19 51) do not seem to be fa ctorial l  y stable 

since they have at times shown substantial loadings on other factors 

(Fre nch et a 1 . 
2 3) 19 6 3) . 

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

and Alberts 24) 1970) of the Human Sciences Research Council 

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

deduction . The format of this test is similar to that of Blakey 1 s 25) 

( 19 41) Form Reasoning- . 

Verbal references for this factor were somewhat le s s  difficult to 

find . Spe cial care was taken not to include other te sts 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 Rea saning Te st 

Figure Series 

Re asoning Ability 

Inference 

H .  S o  R o  C .  Se nior 
Aptitude Tests 

NIPR General 
Se le ction Battery 

E . T . S .  Fre nch et al . 
(19 6 3 )  

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

followed by two statements of alleged fact having apparent 

rele vance to the problem. The sub ject is required to indicate 

which of five pos sible combinations of the two fact stateme nts 1 

that can be considered e ither inde pendently or in conj unction 

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 subj ect to indicate which 

one of five possible conclusions follows lo9icall y from a given 

statement . 



Reference Tests for Induction ·- "' -

2 6 ) French et al. ( 1 963) define induction as as sociated abilities 

involved in the finding of general concepts that will fit set s  of 

data , the forming and trying out of hypotheses . 

l L  

Although their definition is somewhat loose and vague , it is clear 

that these writers vie w induction as a multi-dimensional construct .  

In fact , they prefer to regard induction a s  a second -order factor 

underlying seve ral more di stinct primary factors that ha ve not 

yet been clearly defined . They argue , however , that the three 

reference tests suggE:-) sted in their Kit (French et al . 2 l) 1 9  6 3) 
have been found to correlate with ea ch other and will define a 

factor representing induction w hen it is de sire d to separate in = 

ductive variance from factors in other areas . Since thi s coin

cides with the purpo se in the present study their guide will be 

followed in the� absence of better information about induction . 

The thn:�e te .st s which they propo se  re pre sent three content area s 1 

le tters , pattern s and numbers and , in Guilford' s terminology 1 

two kinds of product s ,  clas ses and system s .  

To give more stability to the induction dimension , a fourth te st 

was added to the three suggested by French et aL ZS)  O 9 6 3) o 

This  is P attern c�.ompletion ,  a test  from the Senicr Aptitude Test 

Battery of the H . S . R . C &  (Pouche and Alberts , 29
\ 97 0 ) " It i s  

a matrix test in which mle s ha �1e t o  b e  inferred  or induced  from 

the given elements of the matrix , 

The four reference tests for inductive reasoning are � 

Letter Sets 

Locations 

Figure Clas sification 

Pattern Completion 

E . T .  S .  French et al . 
( 1 9  6 3) 

E . T .  S .  French et al " 
( 1 9  6 3) 

E . T . S O French et al  o 

(19 6 3) 

H . S .  R .  C .  Senior 
Aptitude Tests 
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Letter set s wa s sugge sted by Thurstone ' s Letter  Grouping . The 

item format con si st s  of five sets of four letter s each . The ta sk 

is to find the rule that relate s  four of the set s  to each other and 

to mark the one which doe s  not fit the rule . 

Location s was sugge sted by Thurstone'  s Mark s . In each item 

five row s of place s  and gap s are given . In each of the first four 

row s , one place in ea ch is  marked according to a rule . The sub = 

j ect i s  to discover the rule and to mark one of the five numbered 

place s in the fifth row accordingly . 

Figure Cla s sification is adapted from Thurstone I s te st of the same 

name. Each item pre sent s two or  three group s eacb containincJ 

three geometrical figure s that are alike in  accordance w ith some 

rule . The se cond row of ea ch item contain s eight te st figure s .  

The ta sk i s  to di scover the rule and a s  s ign each te st figure to 

one of the group s .  There are twenty -eight ite m s w ith eight te st 

figure s ea ch , re sulting in 2 24 po s sible re spon se s to score . 

Reference Te st s for Spatial Rea saning 

In selecting reference te sts for thi s factor the guide offered by 

French et  al. 30) ( 1 9 6 3) was again followed 1 but an  NIP R te st 1 

Blox , wa s substituted for the Spatial Orientation te st c; f Guilford 

whi ch French et al . recommend . 

The three te st s for th i s  factor a.rei 

Card Rotation 

Cube Compari son 

Blox 

E o T o S .  French et al " 
( 1 9  6 3) 

E . T .  S .  French et al o 

( 1 9  6 3) 

NIP R Perceptual 
Battery 

Card Rotation wa s sugge sted by Thurstone '  s w ell -known Spa ce 

te st Card s . In each item a drawing i s  g iven of a card cut into an 

1 2  



2 . 2 . 4 .  

ir.cegular shape O To it s riqht i:�r2 six other drawings of the same 

card sometime s rnernly  rota ted to different orientations and some -

times turned over onto the ether �dde o The subject is to indicate 

which ones show the card not turned o ver o 

Cube Comparison was adapted from Thurstone 1 s Cubes . In each 

item a drawing of a cube i s  pre sented . Assuming no cube can have 

two faces alike , the sub ject is to indicate which items pre sent 

drawings that can be of the s2une cube and which present drawings 

that cannot be of the same cube o 

Blox is a sub -te st of the NIPR Perceptual Battery . On each page 

five sets of blo ck s er fn ree dimen sional cubes are presented . 

The number of block s within e a ch set varies between two and six 

and these are 2xranged tog ether to form variou s random patterns . 

The subje ct ha s to analyse the se pattern s or geometric configura �. 

tions and ich:: nHfy them whe n pre sented in different orientations 

in the item s below o There d rf2' six items  for each set of five stimulu s 

configuration s on a paqE: nn.d a tot.:::l of forty items in the test . 

Reference Tc .:;t s. for ,/erl)flLMed.niny 

A verbal meaning factor ha s been fcrund in at lea st 70 published 

studies (French et al . 3 1 } 1 9 6 3) , It seer:u:; l ike ly  thd.t se veral 

linearly inde pende nt L,fc� ctors can be found in the verbal domain 

if the specialized vccabularie 3 of c:ertain profo s sion s I occupa -

tions or dialectica l ,;ro1.n:-; arn tf� �;ted o Reference tests of the 

verbal factor com;e queml y should'. be te st s w h ich sample features 

·of a particular langua9f� very widely , A ccording to French et al . 3 2) 

(19 63) vocabulary te st s arn u sually more desirable than tests of 

grammar and other languaqe fe ature s  because they are easier to 

construct and administer . On  the whole their loadings on verbal 

meaning are higher and they are less likely to have loadings on 

other fa ct ors . French et al o 

3 3) (19 6 3) sugge st five different vo � 

cabulary te st s a s  reference markers for thi s fa ctor . 
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Following Thurstone 3 4) ( 19 38) it w a s  con sidered de sirable to include 

a te st of reading comprehen sion a s  a marker for this fa ctor a lthough 

reading com pre hen sion ha s al  so been shown to contain general 

rea soning. 

A special problem regarding the mea surement of verbal  meaning 

in the pre sent study relate s to the bilingual re search population 

at the CSIR . Clearly thi s ability should be mea sured in tre home 

language of the subje ct concerned. It wa s rea lized at the out set , 

therefore , that separate te st s for Engli sh - and Afrikaan s - speaking 

sub ject s  would have to be u sed . For this rea son , te st s involving 

grammar , analogie s ,  synonym s and antonym s , etc . , were avoided 

a s  the ir inclu sion could lead to in surmountable problem s in 

attempting to a chieve comparability  of difficulty , complexity and 

con struct va lidity acro s s  the two language s .  

In the light of thi s problem , and in a ccordance with the recommenda 

tion s of French et aL 
3 5) ( 1 9 6 3) it wa s de cided to u se more than 

one vocabulary te st , since the se are ea s ie st to con struct in the 

different language s ,  together with a qood te st of reading compre = 

hen sion w hich could be tran slated into both language s u a s  refer=  

ence s for verbal meaning . 

The NIPR H igh Leve l  Battery provided a suitable te st of Reading__ 

Comprehension which is a va ilable in both language s and has  been  

u sed for many years in the se lection of  high le ve l  personnel . 

Te st s of E ngli sh Vocabulary and Afrikaans  Woorde skat were al so 

taken from thi s  battery. A se cond te st of "Engli sh Advanced 

Vocabulary wa s taken from among the te st s re commended by French 

et al . 
3 6) ( 19 6 3) but a suitable Afrikaans  counterpart could not be 

obtained . A new te st of Gevorderde Woorde skat wa s therefore 

specia lly prepared by the author for u se in thi s pro ject . 

Very briefly , the te st wa s con structed in the fol lowing way to 

a chie ve relative comparability of difficulty and content with the 



E . T .  S .  Advance d Vocabulary te st . The stimulu s w ord s  from the 

latter te st were cla s sified into frequency categorie s a ccording 

1 5 . 

to a re cent Engli sh word count (Wright , 3
7) 19 65 ) . It w a s  found 

that about 8 0% of the se fell into the lea st common frequency 

category . A comparative Afrikaan s word count (Die Afrikaan se 

Woord -te lling 3 8) _ Opge ste l deur die N a sionale Buro vir Opvoed 

kundige e n  M aat skaplike Na vorsing , 19 5 8 ) wa s obtained and 5 0  

words were sele cted from the corre sponding lea st common frequency 

category . In  sele cting word s , m ainly adj ective s and adverb s 

were cho sen for ea ch stimulu s  word . The pre liminary Ge vorderde 

Woorde skattoet s w a s  u se d  with the understanding that an  item 

analysis  w ould be undertake n to purify the te st of poor ite m s  before 

u sing it in any correlational analyse s .  Hence on the expectation 

that about 20 items  might be dropped after the item analysis  I the 

te st w a s made suffi.ciently long to en sure that at lea st 3 0 good 

item s rema ined in the final te st . It w ill be seen from the analyse s 

in the fol low ing chapter tha t the final " purified "  3 0 item version 

of the te st had a re liab ility coefficient in the vicinity of O g 9 so 

that it seem s thi s strategy  proved succe s sful o 

The final te st battery , the te st time limit s , number of item s per te st 

and predicted fa ctor loading s are given in Table l o  It should be 

pointed out that the pre scribed procedure for admini stering the 

E . T .  S .  reference te st s  w a s  not followed . The se te st s are con stru c 

ted in the form o f  two short para l lel halve s  e a ch w ith a separate 

time limit . But in view of the fact that the total te st battery 

wa s a lre ady time - con suming , it wa s de cided to e conomi se on 

time by ignoring the break between the two ha lve s  in the se te st s . 

Single time l imit s were impo sed and the se are refle cted in Table 1 .  



TABLE l ------, .... -�� 

TEST BATTERY 

--·--· ---·--�-· ------�·------------------, 
Te st 

LO CATION S  

D . R . T .  

CARD ROTATION 

IL L . VO CAB ULARY 

LETTER SET S 

INFERENCE 

CUBE COMPARISON 

H . L . READING COMP . 

FIGURE CJ.AS�> . 

BLOX 

REA SO:NING ABILITY 

PATTBRN COlVI P . 

I'IGU RE SERU� 3  

ADV . VU (�AB fl J ARY/ 
GEV . WOO RDESKAT 

.t 

D 

s 
V 

-� 

-

·-

-

Time 

1 4  

40 

1 2  

1 2  

1 6  

1 4  

1 0  

20  

1 8  

3 0  

30 

1 0  

1 0  

1 0/ 
1 6  

No .  of 
Items 

28 

4 5  

28 

40 

30 

20 

4 2  

20 

2 24 

4 5  

30 

30  

30  

30/ 
5 0  

Indu ction 

Deduction 

Spati a l  Re a soning 

Verbal lVloaning 

Factor Source 

I ETS 

D NIPR 

s ETS 

V NIPR 

I ETS 

D ETS 

s ETS 

V NIPR 

I ETS 

s NIPR 

D NIPR 

I HSRC 

D HSRC 

ETS/ 
V NIPR 

1 6  
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The Sample 

The aim in drawing the sample wa s to obtain full repre sentation 

of t he population of re search personnel at the CSIR o The finding s 

that emerge from the analysis  of the fa ctor battery will determine 

which abilitie s are included in a differential te st battery to be 

developed for use in the selection of CSIR re search s cienti st s o 

Since thi s a s se s sment battery i s  to be used widely in the selection 

of applicant s for every CSIR In stitute and for all level s of statu s 

rank , it i s  desirable that the experimental sample from which the 

re sult s are obtained s hould be a s  repre sentative a s  po s sible of 

t he total CSIR re search population o Rank and institute were 

identified a s  the most releva nt determining population variable s 

and the sampling method employed i s  consequently de signed to 

give proportionate repre sentation aero s s the se two criterion 

variable s . 

Due to pra ctical considerations , only 1 3  CSIR institute s situated 

in Pretoria and Johanne sburg were included in the target popula 

tion. Included among the se are re search institute s for physic s ,  

chemi stry , mathemati c s, electrical engineering , mechanical en -, 

gineering, building re search , road re search , water re search c 

telecommunicat ion s re search and the institute for Information 

and Re search Service s (IRS) . The personnel re search in stitute 

(NIPR) in which the author i s  employed wa s excluded from the 

sampling univer se a s  many of the te st s in the battery are known 

to the staff members of thi s in stitute , 

All technical and other non --re search rank s were excluded from the 

target population with the exception of certain graduated personnel 

from IRS , who are engaged full -time on re search , but who for 

admini strative rea son s , are graded in the technical rank s . Only 

three individual s with technical rank s were included in the final 

sample . All other members of the sampling population come from 

the rank s of A s s i stant Re search Officer (ARO) , Re search Officer 



(RO) , Senior Re search Officer (SRO) and Chief Re search Officer 

(CRO) . The mo st senior re search rank grading , Senior Chief 

Research Officer (SCRO) , was excluded from the sample as many 

of the senior exe cutives holding this rank would not have been 

available for te sting 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 

Sex 

Education 

Rank 

Institute 

2 0 - 5 0 years 

male and female 

Bachelors Degree (minimum) 

ARO , RO , SRO , CRO 

IRS I NPRL ; NRIMS I TRU D NEE RI D 
NMERI / NBRI I NIWR I NITR I 

NLRL / NIDR / NIRR q NFR! O 

A pseudo - random sampling te chnique designed to give proportionate 

representation acro ss ranks and across institutes was employed . 

Lists were obtained from each of the 13 participating institutes of 

the names of staff members who complied w ith the above spe cifica = 

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 e very 

third name that occurred . This gave a two -thirds sample of 230 
research workers with proportionate representation of rank and 

institute. In preference to merely spe cifying the requisite number 

of incumbents from each cell in the two -way rank by institute 

sampling matrix , subj e cts included in the sample were spe cified 

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 subj e cts to the sample was 

left to the discretion of an institute dire ctor or divisional head , 
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unwanted b ia se s could enter the sample . 

All individual s  sele cted for the sample were provided with a circular 

informing them of the broa d aim s  of the proje ct and their co -operation 

wa s reque sted . Anonymity with regard to te st re sult s wa s guaranteed 

and the voluntarine s s  of  participation wa s stre s sed . Only 30 of 

the sampled sub ject s  could or would not participate . The final 

sample size wa s thu s exactly 2 0 0 . 

Admini stration of the Te st Battery 

Te sting 

For numerou s pra ctica l  rea son s te sting wa s arranged to occur in 

several separate te st se s sion s over an extended period of about 

two month s .  A provi sional te sting time -table w a s  prepared in 

collaboration with the Dire ctors of the 1 3  C SIR  in stitute s con 

cerned and thi s wa s circulated to the sub ject s , w ho indicated 

which date would be most convenient for them to be te sted . 

Alternative venue s were provided for each date . It wa s stre s sed 

that an attempt would be made to  te st as  many sub ject s  a s  

po s sib le from the same in stitute on a particular date in order to 

cau se lea st inconvenience to the in stitute concerned . 

Actual group size s te sted on any particular date varied con siderably 

but were kept below a maximum of 30  and were u sually around 

1 0  - 1 2  for ea se of admini stration . Te st venue s differed from 

day to day depending on which venue wa s most convenient to 

the subje ct s  being te sted . All  te sting venue s were modern and 

well -equipped and complied with the standard requirement s for 

adequate te st administration . 

The total te st battery took about five and a half to six hours to 

admini ster . Re a sonable periods of re st between te st s were a llowed 

during thi s time and two short break s ,  one for tea and one for 

lunch were provided .  
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The te st s were admini stered strictly in the order they appear in 

Table 1 and the time limit s were rigidly adhered to . 

20 . 

It  will be seen that the D . R .  T .  , which i s  the crucial te st in the 

battery , wa s administered second . Thi s meant that sub ject s  were 

still fre sh when doing thi s te st while having had a chance to 

accu stom them selve s  to the atmosphere in the te sting room on 

the first te st . 

The Advanced Vocabulary te st and the specially  con structed Ge 

vorderde Woorde skattoet s were administered la st a s  the se te st s 

had different time limit s . 

General 

It w a s  stre s sed from the out set that anonymity regarding the te st 

re sult s would be pre served . Sub ject s  were told that all  te st s 

u sed were experimental and that no normative data for the evalua -

tion of individual te st score s w a s  a va ilable . Raw score s on te st s 

would con sequently be meaningle s s  and would under  no circum 

stance s be made ava ilable to sub ject s . It w a s  furthermore ex

plained that the te st re sult s would not be dealt with individually 

in the ana lyse s ,  but would be treated corre lationally in an 

attempt to determine the nature and order of the corre lation s among 

te st s . In  an attempt to arou se good te st taking attitude s and 

strong motivation , it wa s stated that the mean difference s between 
in stitute s and between rank s would be examined . Each subj ect 

wa s made to realise that he repre sented a limited group of subj e ct s  

compri sing his particular ce ll i n  the rank by  in stitute matrix and 

that if he failed to take the te st s seriou sly hi s poor performance 

would be refle cted in the lower te st means  of the cell  to which he 

belonged . Thi s strategy proved succe s sful in that it enabled 

sub ject s  to identify with the proje ct more strongly , and the ir 

motivation ,  in general , wa s extremely high throughout the lengthy 

te st 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 subj ect s 

were asked to identify their tests by indicating staff numbers on 

the covers . Subj ects who refused to comply with this request 

were permitted to use any random pseudonym they wished. On 

the first test in the battery subj ects were al so asked to indicate 

their rank , institute , highest educational degree 1 date of birth 

(age) , and branch of science in w hich they were currentl y work lny o 

This information was used as a check on the sampling procedure 

in order to detect whether any sampling biase s were presenL 

3 .  RESULTS 

3. 1. Preparati.on of the Data 

The te sts were scored manually and the raw scores of the 20 0 

subj ects were recorded on a special data chart . The chart was 

carefully scrutinized in an attempt to detect anomalies such a s  

missing information 1 or unusable test score s. It was discovered 

that five of the subject s  had failed to understand the in struction s  

in certain of the te sts and their scores on the se te st s were ccn = 

sequently not valid . These subj ects were rej ected from the sample 

since their results were not u sable . 

A more serious anomaly that was apparent even a.t a cursory vi sual 

inspection of the te:st score s , was that a small number of subj e ct s  

consistently scored well below the sample means on all te sts o 

The discrepancies between the scores of these subj ect s 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 subj ects were all 

foreigners , in the sen se that their home language was given as 



neither English nor Afrikaans . It was found that subject s  cla s s i �  

fied as foreign in terms of this criterion formed about 17% of the 

total sample . This figure is an accurate reflection of the propor = 

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 again st 

errors . 

3 .  2 .  Test Characteristics 

Before commencing with the analyses of the test battery it was 

necessary to evaluate the item characteristics of certain individual  

tests . Fir stly , a detailed account of the 45 item version of  the 

preliminary D .  R O T .  will be given , followed by a de script.ion of the 

final 3 6 item version of this test . 

Consideration will also be given to the metric propertie s of 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 Te st (R o A o T J 

was performed in an attempt to discover the cau se of the te st ' s 

restricted variance and poor rel iability . P oor items were eHmina = 

ted from the test in an effort to in ere a se the reliability of the in -

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

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 effe ct s 

of speed on this test . 



Te st Characteri stic s of the Deductive Rea soning Te st 

3 .  2 . 1 .  1 .  Te st Stati stics 

On the ba si s of the score s obta ined by the total  sample of 1 6 0 

CSIR re search scienti st s , the 4 5  item version of the D .  R o T .  wa s 

found to have a mean of 3 1 , 7 5  and a standard deviation of 8 ,  1 2  o 

Although the variance , and hence the di scrimination power of 

the te st i s  good , it appears that the score s were slightly neg ati vel y 

skewed in the sample te sted . Thi s could well  be due to the fact 

that the most difficult ite m s  in te st X ,  Y and Z were not included 

in thi s version of the te st . It i s  po s sible that the se item s would 

have had greater variance s in the CSIR population . Neverthele s s , 

the spread  of te st score s wa s most sati sfactory a s  e videnced by 

the high ob served reliability coefficient s .  

Four different e stimate s of reliability were calculated for the 4 5  

item version of the D . R . T .  The se are shown in Table 2 .  It w iE 

be seen that there i s  a high agreement among them . The re spe ctive 

a s sumptions  underlying each of the modification s of the orig inal 

Kuder-Richardson formula 2 0 , and their implication s in term s of 

mental te st theory , are outl ined in an article by Coulter 39 ) (In 

Pre s s) 



KR 2 1  
* 

KR 2 0  ( 1 ) 

KR20 
( 2) 

KR ( 3) 20 

TABLE 2 

RELIABILITY ESTIMATES OF THE D . R .  T .  

KR21 * 
KR20 ( 1 ) 

KR 20 
( 2) 

L�
o 

( 3) 

0 ,  9 3 

0 , 9 1  

0 , 8 9 

0 , 9 0  

KR with Tucker' s  correction for uniform 
21 ( 0 ,  1) distribution . 

no response taken as omission . 

corrected for omission assuming 
uniform distribution of omi ssion s  o 

no response taken as wrong . 

These very high internal consistency coefficients j ustify the pre = 

diction of the Spearman-Brown extension formula that was applied 

to the three experimental versions of the test (Verster , 4 0 ) 1 9  7 2) , 

It is indeed encouraging to note that the test is capable of dis = 

criminating with such a high degree of consistency among 

re search scientists . It will be  seen later that apart from the 

Gevorderde Vvoorde skattoet s , none of the other tests in the 

battery has the same discriminative power . Most of the se te sts 

were developed for use in college student and high school 

populations . 

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

that many of the answer sheets were incomplete . It seemed 

possible in view of this , that the test might be  somewhat spee ded 

for the sample tested o This might account , at lea st in part , for 

the high ob served internal consistency coefficients . On further 

inspection of the protocols it was found , in fact , that wherea s 



85% of the sample had completed the test up to item 3 6  1 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 ta.ken 

at item 3 6  and separate scores were recorded for each subject 

on the shortened 3 6  item version of the test. It was argued 

2 5 , 

that if the scores on the reduced (unspeeded) version of the test 

correlated poorly with scores on the total test , a time con sidera -, 

tion could be interfering with the performance of certain subje ct s . 

This would imply that a significant proportion of the reliable 

variance of the test is due to a speed, rather than a power cor1po 

nent . Fortunately this did not prove to be the case . The two 

versions of the test were in fa ct highly correlated ( 0 ., 9 6) indicati ng 

that the better subjects were consistently better and a l so 

managed to complete more items in the allotted time . The re = 

liability e stimates can therefore be assumed to be realistic  

as sessment s of the power component of the test o It seem s 

likely, con sidering that the items in the test were ordered em = 

pirically in ascending order of difficulty , that the difficulty le/e l s  

of items beyond number 3 6  in the · test were in excess of the late nt 

abilities of many subjects . In other words, subjects found eacl-J 

subsequent item a little more difficult than the immediate ly pre = 

ceding one until, in the case of about 4 0 %  of the sample (L e 0 

tho se sub j ect s  who did not complete the te st) , the item s be came 

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 intellectually scphi sti = 

cated population . 



The monotonically in ere a sing distribution of the difficulty value s 

can be seen in Table 3 . The difficulty coefficient for each item 

indicates the proportion of subj ects that answered the item 

correctly. The column p .  in Table 3 denotes the difficulty values .  

The column n . indicates the actual number of subj ects attempting 
J 

each item. The item standard deviations (S .) and item reliabilitie s 
J 

(r . S .) are also shown in Ta ble 3 . 
XJ J 

It w ill be seen from an inspection of the table that a number of 

items at the beg inning of the te st proved too easy for the CSIR 

sample in general . These items accordingly had negligible 

variances and consequently contributed little toward the te st 

variance , and hence the reliability of the total test . Disregardi ng 

these few item s , however , it can be seen that the rel iabil itie s 

of individual items were generally good . 

An Item Response E valuation analysis was also performed o Since 

the program pro,,ide s detailed information about the characteris = 

tics of e a ch individual item and of each distractor in each item v 

the results are too bulky to tabulate or to present in a discus s io n  

of this nature . In summary of the findings from this analysis v 

how ever , it may be reported that w ith the exception of those item s 

at the beg inning of the test that proved too easy , all item s func.>, 

tioned extremely well . With few exception s ,  the distractors 

appeared to have been well-chosen and discriminated w ith 

appreciable re liability among subj ects . A comparison between 

the item characteristics obtained in this analysis and those ob = 

tained in the analysis of test X ,  Y and Z (Verster , 4 1) 19 72) 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 re search population . This is indeed fortunate since the 

final selection instrument is to be used in this particular 

population . 
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TAB LE 3 .  

DIFFICULTIES. STAIIDAIID DIWIATIOE All> ULlilILITIIS or 4S D.a.T,  11'Df 

Dj p ,  s
j J 

1S8 n.,99 O,H 

U4 0,96 0 , 1!1 

U6 o,98 0 , 16 

Uo 0,94 0,24 

Uli 0,91 0.21 

l44 C,90 0,30 

146 0,91 0,2a 

141 O,M 0 , 32 

US 0,84 f 0,36 

129 0,81 0,40 

141 o.u 0 , 32 

130 0.11 0,39 

107 0,67 0,47 

l.30 0,81 0,39 

. 147 0,92 0,21 

116 0 , 73 0,45 

103 0,64 C,48 

12.5 0 , 78 0,41 

UJ 0,83 0,38 

128 0 , 80  0 ,40 

12.5 0 , 76 0,41 

119 0,74 0,44 

us 0,84 0,36 

118 0, 74 0,44 

131 0 , 82 0 , 39 

89 O,S6 0,.50 

117 0 , 73 0,44 

lOS 0,66 0,48 

89 0,56 

I 
0,50 

92 O,S8 1),49 

91 O , S7 o,so 

1 12 0 , 70 0,46 

90 O , S6 0,50 

103 0,64 0,48 

82 O,Sl 0,50 

69 0 , 43 o,so 
100 0,63 0,48 

81 O,Sl 0,50 

99 0 ,62 0,49 
74 0,46 0,50 
68 0,43 0 ,49 

79 o.49 0,50 
51 .o , 32 0,47 
49 0 , 31 0,46 
93 0 , 5 8  0,49 

rxjSj 

-0,00 

0,01 

0,02 

0,07 

0,09 
0, 11  

0,03 

O,ll 

0,11 

0,15 

0,09 
0 , 19 

0 , 15 

0,21 

0,09 

0,22 

0 , 1 3  

0 , 12 

0 , 10 

0 ,22 

0 , 15 

0 , 16 

0 , 16 

0, 14 

0,16 

0,17  

0,2S 

0,24 

0,28 

0 , 19 

0,2S 

0,24 

0,25 

0 , 25 

0,27 

0,27 

0,26 

0, 30  

0 ,31 

0,24 

0,32 

0 , 32 

0 , 26 

0 , 1, 

0 , 28 

N � 



3 .  2 .  l .  2 .  _Con struction of the final version of the Deductive Rea soning Te L::;_! 

28 " 

Certain explicitly formulated criteria guided the sele ction of item s 

included in the final form of the Deductive Rea soning Te st " 

Firstly , a s  in the compilation of the 45  item version of the te st , 

an  attempt wa s made to atta in an  empirically determined platykurtic 

di stribution of item difficultie s .  Thi s type of difficulty di stribu -

tion ha s the advantage of en suring a maximum range of effective , 

re liable discrimination among individual  te st score s . Examination 

of the p .  column in Table 3 re veal s that , e ven if the first set of 

six or seven very ea sy item s is di sre garded , the di stribution of 

difficulty va lue s i s  still slightly skewed in the negative direction o 

There i s  thu s a slight overrepre sentation of ea sy item s in the 

a va Hable item pool . In thi s regard , it should be borne in r:1ind 

that the ob served  difficulty value of an item is not a fixed pro 

perty of the item , but a function of the mean le vel  of the experi 

mental populati.on '  s latent ability to cope with the mental ta sk 

set by the item . It is likely  therefore that when the fina l selec 

tion te st  i s  a pplied to the genera l  population of CSIR applicant s " 

there will be a downward shi ft in the mean difficulty le vel  of 

item s since the experimenta l sample re pre sent s a pre = selected 

sample of succe s sful candidate s .  If the succe s s  of a n  applica nt 

i s partia l ly dependent on hi s s core s on the cognitive te st s in the 

selection battery , which i s  the ca se in the pre sent situation j 

then it ca n be argued that the mean ability of succe s sful appli 

cant s wil l  be higher than the mean ability of the a priori popula = 

tion . The expe cted genera l shift in item difficultie s when the 

final te st is applied to the a pplica nt population should cau se 

the slight skewne s s  in the pre sent difficulty di stribution to di s =  

appear altogether . But the relative difficulty va lue s of item s 

should ne verthele s s  remain more or le s s  con stant in the new 

population since the item s w ithin the te st are ordered a ccording 

to difficulty in term s of empirica lly derived va lue s from separate 

studie s conducted in two different populations  o 
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For practical reasons , a test with a 40 minute time l imit wa s 

considered desirable . In terms of the a verage time per item 

taken by the CSIR sample , this meant producing a final version 

containing 36 items . 

On the basis of the item reliabilities (r , S J  in Table 3 ,  9 item s 
XJ J 

from the 4 5 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 Rea saning 

Test is shown i.n Table 4 "  The difficulty values are provided in 

the same table o The test has been made a vailable in this form 

for use in the selection of CSIR  applicants o 

It should be borne in mind that the 4 5  item version of the test 

was used in all the analyses of the test battery that are discu s sed 

later 

Test Characteristics of the Gevorderde Woordeskattoets (G 0� 

The 50 item version of this test had a mean of 24 , 2 and a standa rd 

deviation of 6 , 8 7 " If anything , the test was slightly diffi cult 

for the population tested . The reli.ability of the instrument for the 

sample of 7 2  Afrikaans -speaking subj ects J estimated  w it h  KR 0 
was O ,  8 2 . 

The results of  an item analysis performed on the test are showr: 

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 O ,  9 0 .  At this point 30 items we:e 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 C 
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Table 4 .  

DEDUCTIVE REASONING TEST (36 ITEMS) 

Item No . Original 
Difficulty Dimensions Position 

1 6 0 , 900 C3 Fl H2 

2 8 0 , 881 C2 Fl H6 

3 9 0 ,844 C2 F3 Ha 
4 23 0,844 C2 Fl H7 

5 25 0 , 819  C2 F2 H4 

6 12  0 ,813  Cl  F3 M2 
7 

14 0 ,813 c3 F3 K5 

8 10 0 , 806 C2 F2 M6 

9 20 0 , 800 C2 F2 M7 

10 18 0 , 781  C3 14 HS 

11  21 0 , 781 C2 F4 Ml 

12 22 0 , 744 C3 F3 H7 

13 24 0 , 737  Cl F2 M4 

14 27 
o, 731 c2 r3 K

5 

15  16  0 , 725 C3 Fl H7 

16 32 0 , 700 cl F4 "s 

1 7  13 0 , 669 cl F3 "s 

18 28 0 , 656 C3 F3 Ha 
19 1 7 0, 644 C3 F2 H4 
20 34 0 ,644 c2 F4 Ms 

21 37 0 , 625 C2 F4 M5 
22 39 0 , 619 Cl F2 � 
23 45 0 , 581 C2 Fl M2 
24 30 0 , 575 C2 F4 Ml 

25 26 0 , 556 C2 Fl H2 

26 33· 0 , 563 C3 F3 Ml 

27 31 o . 569 C3 F2 M7 

28 29 0 ,556 cl F4 Ms 

29 35 0, 512 C3 F2 H 7  

30 40 0 ,462 C2 F3 M6 
31 42 0 , 494 Cl F2 H7 

32 38 0 , 506 Cl F4 K7 

33 36 0 , 431 C2 F3 K6 
34 41 0 ,425 Cl F3 K7 

35 43 0 , 319 Cl F3 �6 
36 44 0 ,306 C2 F3 Kl 
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Problems with the Rea soning Ability Te st (R .A . T o )  

Due to a rather restricted test variance u the R o A o T o  yielded a 

reliability of O ,50 using KR 20 o The test was not considered 

suitable for inclusion in the main analysis in this form . But 

3 1 . 

in preference to omitting one of the markers for the postulated 

factor of deduction u an attempt wa s made to salvage the instrument . 

An item analysis revealed that in addition to the test ' s  poor dis 

criminative power , the low reliability e stimate was caused by 

certain items correlating poorly u or not at an I with the total 

test score . Since KR
2 0  

is essentially an estimate of internal 

consistency u a deflated e stimate of this coefficient could be 

expe cted when dealing with a heterogeneou s tesL By re je cting 

items with poor ite m -test correlation s u the reliability was in 

creased to O u 5 7 based on a sample of 160 case s .  Although a 

coefficient of this magnitude would not j ustify the use of a test 

for any predictive purpose , it wa s considered sufficiently high 

to warrant the inclusion of the R o A  O T O in the analysis of the 

battery o The modified Reasoning Ability Te st consisted of 1 8  

item s .  

Problem s  with the Locations Te st 

In an earlier se ction it was observed that the Locations Test , 

which con sists of 28 items ! proved to be too highly speeded 

for the CSIR sample o Only 1 8% of the sample managed to com 

plete the test in the allocated time . Thi s could I at lea st in 

part , be attributed to the fa ct that the te st was administered 

first in the battery and many of the subj e ct s  were unaccustomed 

to the speeded working conditions. It should be stre ssed , in 

this regard , that the prescribed time limit for the te st u as with 

the other E . T .  S O tests in the battery , wa s not adhered to O The 

time limits suggested by French et al o 

4 2) ( 1 9  6 3) in their Kit were 

considered too stringent for u se in the slightly slower paced 
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Table 5 .  

�IFFicULnES , STANDARD DEVIATIONS AND llELUBILITIES OF .50 GEVOIU>ERDE WOORDESICATTOETSITEMS 

n .  P j  sj J 

69 0,96 0,20 

28 o . 39 0,49 

10 0 , 14 0,35 

66 0,92 0,28 

48 o,67 0,47 

16 0.22 0,42 

34 0,47 o,so 

67 0,93 0,25 

34 0,47 0,50 

6 o,08 0,28 

56 0 , 78 0,42 

39 0 , 54 0,50 

57 o, :j 0,41 

14 O,U 0,40 

31 0,43 0,50 

69 (i,96 0,20 

20 0,28 0,45 

59 0,82 0,39 

6 0 ,08 0,28 

17  o.:4 0,43 

68 o.94 0,23 

71 0,99 0,12  

S2  o. n 0,45 

23 0 , 32 0,47 

5 1  0 , 7 1  0,46 

35 0,49 o.so 

48 0,67 0,41 

59 0,82 0 , 39 

13 0 , 18 0 , 39 

41 0,57 0,50 

7 0 , 10 0,30 
67 0,93 0 , 25 
56 0 , 78 0,42 
69 0,96 0 , 20 
63 0,88 0,33 

i1 0 , 29 0,46 
39 0 , 54 0,50 

22 0 , 31 0,46 

28 0,39 0,49 

15 0,21  0,41 

42 o , 58 0,49 

39 0 , 54 0 , 50 

30 0,42 0,49 

25 0 , 35 0,48 

68 0, 94 0 , 23 

7 0, 10 0 , 30  

42 0 , 5 8  0,50 

49 0,66  0,47  

9 O, U o,33  

1 1  0 , 1 5  0,36 

-

rxj• j 

-0 ,05 

0 ,09 

0,06 

0 ,09 

0, 16 

0 , 23 

0 , 14 

0 ,04 

0 , 30  

0 , 10 

0 , 17 

0 ,08 

0,02 

0,24 

0, 30 

0,01 

0 , 20 

0,09 

0,07 

0 , 15 

0,03 

0,01 

0 , 22 

0 , 14 

0,06 

0,02 

0 , 28 

0 ,05 

0 ,06 

0 , 30  

0,08 

0, 10 

0 , 1 7  

0,02 

0 , 17 

0 , 20 

0 , 19 

0 , 14 

0,27  

0,24 

0,21 

0 , 19 

0,24 

0,28 

0,05 

0 , 1 3  

0,  1 8  

0 , 22 

0,06 

0 ,01 

w 
N 
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South African ct». ltura l  context . Exten sion s  to the sugge sted time 

l imit s were theirefore permitte d in order to exclude the po s sibility 

of contaminating the de s ired source s of variance in the te st s with 

a spe ed compone nt . Yet , de spite thl s �:Te caution , Location s 

prove d too highly  speeded . An attempt to partial out the unde sired 

speed variance in the te: st wa s therefore 

An examination of the te st protocc"' s re vealed that about 8 0% of 

the sample managed to complete thE-;; te st up to including 

item 1 4  o Thi s re pre ;s;ent s the !1alf  the te st . Yet u a s  

indicated abo "ve , only 1 8% entire tf: st . The re � 

liability of the whole te st e stimated with KR w a s  O 1 5 4 . Thi s 

coefficient wa s increa sed to O u 67  whe n  only the 1 4  item s in 

the te st were con sidered . Tb.e differer _ce between the two 

e stimate s i s  attributed to the conta:r:,. inating effe ct s of a speed 

component which pla ced a ce on the spread  of score s over 

the w hole te st . The :reUab11ity ba  Se;d on the first half of the 

te st , w tJch w a s  relatively un speeded u i s  regarded a s  a clo se 

approximation to the tn�e internal con si  of the te st in  

term s of a power component o The Spe,arman Rrown exten sion 

formula indicate .s that con s j  stency would in ere a se 

to the order of O , 8 if of 1tem s were dm1bled 

(K = 28 )  u w the sarr: e  a ,erage: th:_e per iterr: per::nitted , 

In the light of s findir:q it wa s ccn side red a able to O se 

only the first haE the te :st in the ana lyse s ,  The fact a 

corre lation of O u 7 9  w a s obtained bGtween score s on tt�e first 1 4  

item s and the tE; st u wa s taken a s  stification for 

adopting thi s strategy  o TtL s  coefficient vva s interpreted a s  im -

plying that it w a s  y that a sigr:.ificant in the rank 

order of subj e ct s  u in term s  of the power component of the te st u 

w ould be brcught about o i s  po s sible thougr:. J that by  ignoring 

the second half of the te st J the rank order of subj e ct s  O w ho attempted 

more than 1 4  item s u would be slightly altered  in term s of a speed com � 

pone nt . The inve stigation J how e ver , i s  concerned w ith the nature 

and order of the inter= correlation s betwe e n  the power components 

in the te st s in the battery o None of the other te st s 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 a na lyses 

performed on the test battery, attention will be focussed on certain 

pertinent descriptive statistics of the tests. Prior to ca lculating 

these statistics, the sample was divided into separate English ..: 

a.nd Afrikaans -speaking sub -· samples on the ba sis of home 

language . The English sample comprised 8 8  subjects while the 

Afrikaa ns sample size was 7 2 .  T he author con sidered it nece ssary 

to partition the sample in terms of home language in order to 

satisfy the a ssumption that the two language groups were stati sti 

cally repre sentative of the same overall population in term s of 

their test performance . If, for example , significant difference s 

between the sample means are found, it would have to be concluded 

that the two language groups represent different populations . 

In this e vent , further statistica l treatment of the data based on 

the a s sumption that the scores were obtained from a single , homo -

geneou s population would be unjustified. From the result s that 

follow it was concluded unequivocally, that the difference s in 

test performance between the two samples indi cate 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 ca lculated separately for the two 

langua ge groups appear in Tables 6 and 7 o 

An examination of the means a nd skewnesses reveals that the 

tests were general ly of an a ppropriate level of difficulty in both 

samples. In  most cases the slight negative skewnesses are 

sufficiently sma ll to be discounted . Cube Compari son and Adva nced 

Vocabulary were perhaps too easy in the English sample o P lot s 



(.iI'a \I\� I}  Lhe frequency cU s t�ibut:ic>n s of a ll te st s . The se 

the-=: s of skew ne s s  a nd kurto si s . Only Cubt=:� 

Compari son wa s found to ha ve bi -modal di stribution of s core s 

in the Afrikaans  sample . No a cceptable expla nation for thi s 

une:::xpE::� ctf·) d cU stribution could be found . 

3 S . 

An j n spe ction  cf the standard de viation s  sugge st s that  a bettc�r  

,:;pread of te st score s would ha ve been de sirab le in  se veral ca se s , 

J n  p.::1rtic1 1 l2r ,. the te st s drawn from the E O T . S .  reference kit appear 

V) ha VE! la. <.::Ke ri sctlminati ve power . It should be borne in mind 1 

i.n. e valuating the se stati stic s , that both sample s were re latively 

sr:1 all  a,nd ver/ hrnnugenoou s .  I t  i s  therefore not a lto9ether sur .,. 

the tE� s t s  fa 1 led to d iscrim inate a b  we l l  a s  

y mj 9ln: in a. HtU2\� heteroqeneou s pupula tion . It  h; qrati. fyinq 

t u  cote that t :1.e De:c1uc�ti vo Rea son.1 rig Te st and the: Ge vorderdrJ 

'J\lf':,orde ska ttoet :3 tl1at wen:.: con struct(: d  spe cifica l ly for u .se in 

the SC 

t hou 

dtions  1 Viere able to di scriminate wel l . In genera l  

,. ,.k u ,�ti c frt�quency di stributJ on s ha ve cau sed  the 

s t; be d0; prc-:: s sad . Re l iabilitie s w ere e sti ·-

::0u:itUJ · a. i�;c r: ,-c :: 1 ie:nt appn:�ximdt.ion to Kuder -Richard son formula 

n .  Thi s  torm1 t la ha. s  been shov,m to prc wide very clo se approxhna 

.: V:-n s i.: :_, K t( __ ,
0 

e a lthoilg11 .if anythin9 the e stimate s are u sua ll y 

::m1al ler " (C�f . Saupe , 43) 1 96 1 ) . The formula i s : 

1 t J. s inl.fn\:. s i  

f' l 
t ':  

. .  O J 1 9K . 
:a 

Ci 

\\.' K number of ite m s  in the te st 

o 2 
.:::: variant:e of thE-; te st 

tu note the effe ct that te st length ha s on the 

! iat :dH, 1  e �; 1. ;  '.·,. ·: at�J s .  For exa.rn ple Figurn Cla s sification u which 

c:un. :, i s ts  of 2 24 itt:rn s , yie lded reliabilitie s of O 1 95  a nd U , 9 6 .  

The se are con s idered to  be  unreali stica lly high e stimate s .  The y  

ha ".-e orobably been inflated  due to the large speed component in 
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2 , 8 7  - 0 / 39 0 , 9 2  0 , 64 

3 0  I l 0 0 I 39 -0 , 20 0 , 95  

5 , 0 9  -0 , 1 2  0 , 7 7  0 , 6 7 

3 , 0 1  -0 , 85 0 , 1 7  0 , 62 

6 , 2 6 -0 , 1 2 0 , 47 0 , 81 

5 , 0 3  -0 , 40 -0 , 30 0 , 73 

6 , 69  0 , 10 -0 , 55 0 , 87 

w 
""-J 



the test . Tests with relatively few items , on the other hand , 

were found to yield low reliabilitie s .  Although a number of the 

reliability estimate s are very low , notably in the case of 

Rea soning 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 te st variance rather than a lack of internal consistency . 

De spite the poor reliabilities that were obtained , the te sts are 

regarded as relatively " pure " ability measures , since they have 

been show n to yield high internal con si stency coefficient s in 

larger , more heterogeneou s  sample s . The problem in the present 

study appears to be that the tests were le s s  suited to the task 

of di scrimin0ting effectively in the very homogeneous , pre 

selected sarnples . Considerable caution should therefore be 

exerci sed when evaluating the implication s  of these results o 

It i s  contended that the poor reliability estimates will not greatly 

affect the stability of the correlations between test s since few 

38 . 

of the te st s are l ikely to be non -homogeneous. Moreover , it 

should be ob served that the correlation between two variable s 

cannot exceed the square root of the product of their reliabilitie s . 

De spite this  limitation placed on the po ssible magnitude of a 

correlation , it is theoretically possible for a test with a reliability 

of O ,  5 0 to correlate in the order of O , 60 with a te st having a 

reliability of O ,  80 . In view of the se con siderations , it seemed 

worthwhile to retain all the te sts in the battery for the purpose 

of the correlational analyse s .  The results obtained from these 

analyses should , however , be interpreted with great caution . 

The finding s that emerge from the analyses to be described in the 

follov.' ing sections will be strengthened if they make good sense 

on psychological grounds and can be reconciled with known 

theory . 
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A compari son between the te st  mean s in Table s 6 and 7 reveals 

that , di sregarding the l a nguage te sts , the means of the remaining 

1 1  te sts are higher in the English sample . Since the three 

language te st s are not dire ctly comparable acro s s  sample s ,  the se 

should be ignored for the purpo se of the pre sent di scus sion.  

The consistent trend in mean te st score difference s in favour of 

the English- speaking sample wa s not entirely unexpected . 

Difference s in the same dire ction have been ob served before in 

unpublished NIPR studie s .  They are generally a scribed to a 

cultural pre - sele ction in terms of o ccupational preference s �  

In order to determine the statistical significance of the ob served 

difference s ,  t .. te st s w ere calculated .  The re sults are 

summarized in Table 8 on Page 4 0 . 

H can be seen that 6 ot the 1 1  difference s are significant at the 

5 %  levc::1 of confidence or better. The other d ifference s ,  although 

nut stati sti cally significant , are without exception in the same 

cHrl� ction , thu s 9iving strength to the general trend ob served . 

In term s of their mean performance s on a wide variety of cogni 

tive te st s , it can con sequent! y be a s serted that the two sample s 

con c(::;med derive frorn two separate populations .  Thi s finding 

i s  con stdered mo st i ntere sting and valuable from a theoretical 

noint of view . The practical Jmplications for the immediate 

study are that under no circurn stance s can the te st score s of 

the two groups be pool8d in sub sequent analyse s . Separate , 

but parallel analyse s will be undertaken. 



TABLE 8 

COMPARI SON BETWEEN THE ENGLISH AND AFRIKAANS 
SAMPLE MEANS 

r-;:st ----- Difference t - value 
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1

� 

2

1
, 

Location s 

D . R . T .  

(P) 
Significance ---- · ·--------=---------1 

3 Card Rotation 

4 Letter Set s 

5 Inference 

6 Cube Compari son 

1 F igure Cla s s . 

8 B lox 

9 Rea soning Ability  

JO P attern Comp . 

0 , 9 1  

3 I 12 

0 , 86  

1 , 37 

4 , 7 1  

3 , 06  

1 1 , 06  

l ,  11  

0 , 8 4  

1 , 19 

1 , 45 

2 , 3 3  

2 , 47 

l ,  14 

2 , 07 

11  , 9 4 

2 , 78 

2 , 19 

1 , 52 

1 , 90  

1 , 24 

1 , 7 3  

* 
* 

* 
***  

** 
* 

I 1 1  Figure Serie s 
·------·------------··----------------------------' 

d . f  

* 
** 
** * 

-

-

--

= 

158 

Significant at 5% level of confidence 

Significant at 1 % leve l  of confidence 

Significant at O , l % le vel of confidence 



It would be mo st tempting , at this point , to attempt an explana -

tion of the ob served differences in mean performance between 

the two samples . But in terms of the perticular experimental 

de sign employed in the pre sent study it is not possible to offer 

sound explanation�, for these differences . Without additional 
't'  

evidence the results cannot be interpreted as demonstrating a 

general intellectual superiority of one language group over the 

other . Indeed , it seems very unlikely that this is the case. 

41 . 

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 program s are dealt w ith in the two sub

cultures could al so lie at the root of the differences . It should 

be borne in mind that this study was not undertaken w ith 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 th.at a greater number of Afrikaans -speaking 

subj ects received their formal schooling in the mral 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 (Ste yn , 19 6 9 )  has shown that the 

two language -cultural g-roups differ along important and highly 

relevant personality dimensions such as rigidity (over regimen 

tation) , w hich 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 

i s  strongly recommended . 



INTERCO RRELATIONS AND COVARIANCE S 

The separate intercorrelation matrices for the English - and 

Afrikaans -speaking samples respectively are shown in Tables 

4 2 . 

9 and 1 0 . 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 a verage 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 1 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 O and 

the first test in the battery , Locations. In the E nglish sample 

these tests yield a Pearson product -moment correlation coefficient 

of O ,  29.  In the Afrikaans sample the value is O ,  56. Undoubted -

1 y this difference would be statistically significant. Similarly 

the two vocabulary tests intercorrelate in the order of O ,  81 in 

the Eng'l ish sample and O ,  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 1 1  and 1 2 . 



r.L /i.BLE S ---------

ENGLISH SAtv1 PLE N = 88 

INTERCORRELATION MATRIX ------

1 2 3 4 5 6 7 ---
l Location s 1 1 , 0 0 

2 D . R . T . I o . 29 1 , 0 0  

3 Card Rotati-:m 0 , 33 1 , 0 0 0 , 3 1  

4 H .  L O Vocabulary 0 , 28 0 , 25 - 0 , 06 1 , 0 0 

5 Letter Set s  0 , 3 2  0 , 40 0 , 37 0 , 13 1 , 0 0 

6 Inference I 0 , 24 0 , 2 1 0 , 1 1 0 t 31 0 , 26 1 , 0 0  

7 Cube Compari son 1 0 , 19 0 , 26 0 , 45 - 0 , 1 3 0 , 15 0 I l 2 1 , 0 0  

8 H o L .  Reading Com p . 0 , 41 0 , 28 - 0 , 0 1  0 , 40 0 , 1 0  0 , 27 - 0 , 12 

9 Figure Cla s s . 0 , 2 1 0 , 59 0 , 40 0 , 2 1 0 , 37 0 , 1 5 0 I 39 

1 0  B lox 0 , 28 0 ,  34 0 , 44 0 , 06 0 , 42 0 , 0 2  0 , 43 

1 1  Rea soning Abil ity 
1
0 , 3 2  0 , 3 6  0 , 13 0 , 24 0 I 38 0 , 2 3  0 ,  1 7 

1 2  Pattern Comp o 0 , 41 0 I 30 0 , 30  - 0 , 0 0  0 / 39 0 , 2 2 0 I 24 

1 3 Figure Serie s 1 0  ' 1 8  0 , 2 7 0 i 35 0 , 07 0 , 26 0 , 1 4 0 , 17 

1 4  Adv . Vocabulary 0 , 24 0 8 0 4  0 , 81 0 ,  1 1  0 , 3 1  - 0 , 1 3 , o  t 26 

8 9 1 0  

1 , 0 0 

0 , 14 1 , 0 0  

0 , 09 0 , 46 1 , 00 

0 , 13 0 , 24 0 , 25 

0 , 29 0 , 34 0 , 43 

0 , 13 0 , 36 0 ,  30 

0 I 39 0 , 19 0 , 04 

1 1  12  

1 , 0 0 

0 / 31 1 , 0 0 

0 , 04 0 , 56 

0 , 2 2 - 0 , 0 2 

1 3 

1 , 0 0 

0 , 06 

14 

1 , 0 0  

.t:,. 
w 



l 

l Locations 1 , 0 0 

2 D . R . T . 0 , 56 

3 Card Rotation 0 , 50 

4 H . L . Vocabulary 0 , 22 

5 Letter Set s 0 , 52 

6 Inference 0 , 46 

7 Cube Compari son 0 , 50 

8 H o L. Reading Comp . I O , 35 

9 F igure Cla s s . 0 , 62 

1 0  B lox 0 , 49 

1 1  Rea soning Ability 0 , 53 

12 Pattern Comp G 0 , 43 

13 Figure Serie s 0 , 4 1  

14 Adv . Vocabulary 0 , 0 8  

TJ\BLE 1 0  ---·---

AFRIKAANS SAMPLE N -" ; 2 -----·-

II\JTE�CORREiATION MATRIX 

2 3 4 5 6 

1 , 0 0 

0 , 39 1 , 0 0 

0 , 2 3  0 , 06  1 , 0 0  

0 , 4  3 0 , 37 0 , 4 1  1 , 0 0  

0 , 5 1  0 , 19 0 , 36 0 , 50 1 , 0 0 

0 , 45 0 , 49 0 , 33 0 , 4 7  0, 48 

0 , 43 0 , 22 0 , 26 0 , 3 0  0 , 50 

0 ! 4 8  0 , 26 0 / 1 2  0 , 54 0 ; 35 

0 , 3 1  0 , 55 0 ,  28 0 , 4 1  0 I 28 

0 , 4 8  0 , 37 0 , 2 6 0 , 47 0 , 4 1  

0 , 43 0 I 39 0 , 22 0 , 55 0 , 49 

0 , 24 0 , 30 0 , 15 0 , 4 8  0 , 37 

0 , 09 0 , 01 0 , 66 0 , 3 0  0 I 38 

7 8 9 1 0  

1 , 0 0  

0 , 38  l , 0 0  

0 , 46 0 I 34 1 , 0 0 

0 , 50 0 , 25 0 , 3 1  1 , 0 0 

0 , 46 0 , 43 0 , 46 0 , 23 

0 , 55 0 , 46 0 , 54 0 , 56 

0 , 37 0 , 43  0 , 42 0 I 39 

0 , 25 0 , 2 1  0 , 1 0 0 , 0 8 

1 1  12 

1 , 0 0  

0 , 51  1 , 0 0 

0 , 51 0 , 65 

0 , 14 0 , 1 2 

13 

1 , 0 0  

0 , 09 

1 4 

1 , 0 0  

..i::,. 
� 



1 LOCATION 

2 D . R . T . 

3 CARD ROTATION 

4 H . L .  VOCABULARY 

5 LETTER SETS 

6 INFERENCE 

7 CUBE COMPARI SON 

8 H . L .  READING COMP . 

9 FIGURE CLASS .  

10  BLOX 

1 1  REASONING ABILITY 

1 2  PATTERN COMP . 

13  FIGURE SERIES 

14  ADV . VOCABULARY 

1 

505 , 78 

501 , 80 

2 9 3 , 09 

395 , 02 

243 , 8 2 

9 9 , 93 

2 5 1 , 09 

2 1 3 , 4 8  

2 3 4 

5 7 6 7 , 75 

1070 , 68 1 7 82 , 3 7  

1 206 , 92 - 1 5 3 , 41 3983 , 90 

TABLE 1 1  

ENGLISH SAMPLE N = 88 

CONVARIANCE MATRIX 

5 6 7 

1015 , 1 9 531 , 27 283 , 3 2  1 1 35 , 46 

298 , 74 8 7 , 23 3 60 , 81 160 , 05 336 , 08 

1 1 32 , 1 9 1 102 , 3 7 -46 2 , 9 1  285 , 3 1  1 3 2 , 7 3 3 356 , 38 

493 , 3 3 -:-5 , 5 9  580 , 86 79 , 6 8  1 1 5 , 95 -158 , 09 

8 9 10 11  1 2  1 3  1 4  

53 8 , 90 

1 46 7 , 38 1 4 1 7 2 , 80 5 3 1 8 , 50 4 2 1 4 , 3 8 3 9 2 2 , 13 844 , 94 7 1 24 , 50 1008 , 6 9 9906 4 , 00 

2 3 1 , 12 951 , 13 685 , 96 1 4 8 , 00 5 2 1 , 63 1 1 , 54 9 2 8 , 50 -7 7 ,  24  5334 , 88 1 382 , 50  

1 6 6 , 23 6 36 , 2 1 1 30 ,  9 1  3 44 , 98 2 9 7 , 1 8 9 7 , 0 7  23 1 , 9 1  7 2 , 5 2  1 7 6 4 , 69 2 1 1 , 8 9  5 3 7 , 7 7  

502 , 43 1249 , 9 9 675 , 23 -441 , 4 1 7 1 6 , 05 2 18 , 83 7 5 2 , 7 3 358 , 70 583 1 , 94 855 , 29 390 , 5 7  2 9 18 , 08 

2 14 , 1 2 1063 , 61 768 , 96 225 , 49 46 2 , 59  134  , 04 509 , 46 154 , 26 5807 , 8 8 5 7 2  , 00 5 1 , 89 15 74 , 7 9  2695 , 45 

294 , 00 94 7 , 00 7 9 , 00 2 6 1 4 , 00 186 , 00 2 90 , 00 -380 , 00 460 , 00 3027 , 00 7 1 , 00 262 , 00 -58 , 00 156 , 00 2628 : 00 

;...;.� 
(Fl 



1 LOCATIONS  

2 D . R . T .  

3 CARD ROTATION 

4 H . L .  VOCABULARY 

5 LETTER SETS 

6 INFERENCE 

7 CUBE COMPARISON 

8 H . L .  READING COMP . 

9 FIGURE CLASS . 

1 0  BLOX 

1 1  REASONING ABILITY 

1 2  PATTERN COMP . 

1 3  FIGURE SERIES 

14  ADV . VOCABULARY 

1 2 3 4 

4 3 9 , 50 

7 7 3 , 25 4322 , 66 

432 , 00 1048 , 61 1 708 , 4 5  

TABLE 1 2  

AFRIKAANS SAMPLE N = 88 

COVARIANCE MATRIX 

5 6 7 

203 , 50 664 , 70 1 09 , 78 1 994 , 61 

4 2 1 , 25 1098 , 7 7  395 , 06 707 , 4 7  1 5 2 1 , 3 2 

230 , 50 801 , 03 1 9 2 , 1 1 381 , 95 4 7 1 , 14 5 7 5 , 28 

6 5 1 , 75 1856 , 06 1 2 68 , 06 9 2 .5 , 9 7 1 1 35 , 5 7  7 1 4 , 64 3 8 7 7  , 3 3 

1 50 , 00 583 , 00 188 , 00 235 , 00 242 , 00 247 , 00 481 , 00 

8 9 10  1 1  1 2  13  14  

424 , 00 

3 3 1 0 , 75 7996 , 6 9  27 7 1 , 3 1 1 4 1 5 , 94 5 3 7 2 , 38 2 1 48 , 25 7 207 , 25 1 756 , 00 6 433 7 , 00 

4 3 7 , 00 863 , 75 9 7 7 ,  89 5 29
)
56  6 7 8 , 6 1  284 , 2 2 1 3 24 , 6 3 2 2 2 , 00 3363 , 25 1 84 1 , 8 1 

282 , 00 803 , 50 389 , 00 295 , 00 464 , 50 252 , 00 7 2  7 ,  50 223 , 00 2 9 60 , 50 2 55 , 00 6 44 , 00 

4 7 7 , 25 1 484 , 7 1 859 , 84 5 18 , 59 1 1 38 , 04 6 1 4 , 5 9  1 805 , 29 502 , 00 7 1 9 8 , 00 1 25 7 , 1 7 688 , 50 2 785 , 88 

3 6 3 , 00 6 7 7  , 8 9 5 2 7 , 56 2 9 1 , 2 2 7 86 , 4 5 3 75 , 89 9 88 , 45 3 7 7  , 00 4 5 4 7 , 25 703 , 1 1 543 , 00 1 454 , 6 7  1 7 94 , 45 

95 , 75 324 , 02 16 , 06 1 650 , 9 7 654 , 5 7  5 1 8 , 64 88 7 , 3 2  24 1 , 00 1 43 9 , 25 1 8 1 , 61 201 , 50 3 65 , 29 2 1 9 , 45 3 1 7 7 , 3 2  

� 
:7) 
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In order to confirm whether the covariance matrices obtained for 

the two language groups were significantly different I a Box-Wilk s 

Test was performed. A lamda (11.) coefficient of 14 7 , 709 was ob 

tained .  With 10 5 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 

pre sent different populations . Separate factor analyses as well 

as separate multi -dimensional scaling analyses on the two sets 

of data were therefore performed .  

6 .  FACTOR ANALYSIS 

6 .  1 . The Criterion of Simple Structure 

44 )  Thur stone ( 19 4 7 , p. 319) stated " the principles of simple 

structure are fu ndamental in making factor analysis a scientific 

method rather than merely a method of statistical condensation 1 

and it is therefore one of the central themes in factorial theory . " 

In its essence , the principle of simple structure a ssumes that u 

in a given battery of tests to be factored , the complexity of each 

independent test is less than the complexity (r) of the battery 

as  a whole . If this is indeed the case , there will be one or more 

blank cells in each row of the factor pattern . The re sultant factor 

pattern is then considered as e vidence of an underlying simple 

stru cture in which not every mental proce s s  or parameter i s  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 implie s 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 ' s  45) ( 19 7 0) 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 propose d 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 intercorrelation s 

in the test battery in terms of the de sign of the experiment u it 

was decided that separate analyses should be undertaken extract = 

ing three and four factors alternatively . The program that was 

u sed in the analyses made this step an ea sy one since rotation s 

can be repeated for a different number of factors without repeating 

the entire factor analysis . Considerations of p sychological inter = 

pretability would ultimately determine which solution to accept . 

Kaiser ' s  46) (1965 , p .  4 3) rescaled simplicity criterion wa s u sed 

to indicate which solution resulted in the close st approximation 

to simple structure in the case of the orthogonal ( varimax) rota =· 

tions. In the case of the oblique (direct quartimin) rotations 

the re scaled criterion of Jerrich and Samp son 4 7) (19 6 6) wa s used . 

A non -iterating J�reskog 4 8) (196 3) factor analysis procedure wa s 

employed. In terms of this procedure O the factor that accounts 

for the greatest proportion of variance is printed firsL 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 " L ittle Jiffy 

2 1 1  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 II artificial 1 1  

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, 

orthogona l three factor solutions are presented in Tables 1 3  

and 1 4 . 

The oblique solutions, using the direct quartimin method of 

rotation , are given in Tables 1 5  and 1 7. The factor correla -

tion matrices are given in Tables 1 6  and 1 8  respectively. 
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TABLE 1 3  

ENGLI SH SAMPLE N = 88 

TH REE FACTORS (VA_RIMAX ROTATION} 

Te st I HI h 2 

1 Locations  O u 24.  D J  0 4 4 8  O u 37 

2 D o R o T o 0 ,z S 1 �30_ O u 24 O u 44 

3 Card Rotation O D 6 2  = 0  /04 O u l 8  0 g 4 2 

4 H o L o  \lccabulary 0 J 
') Q J 8 7 0 3 04  0 0 7 5 "'"' 

5 Letter Set s  O .u 4 7 0 2 l :3 O u 34 0 , 36 

6 Inference 0 " 1 0  0 J 35  O J 28 O u 21 

7 Cube Comparison 0 ,7 6 0  = 0 0 1 5  O J 04 0 u 39 

8 H ,r 
0 j_g 0 Reading Comp c O J 1 3  h45 0 7 47 O u 44 

9 Figure Cla s s  O u 6 7  O u 2 l  O u l 6  O u 5 2  

10 Blox 0 J _§.Z O u O l  0 8 18 0 9 48 

1 1  Reasoning Ability -0 , 3Q O u 2 6  0 , 25 O u 2 2  
12 Pattern Comp o .�3 S = 0 J 0 4  0 0 7 1  0 9 6 3  

13 Figure Serie s 0 3 3 4  O u O l  Y e 48 0 , 34 

14 Adv o Vocabt:lary 0 J O £; ,o _ _J ,�_§_ O J 0 2  O u 74 
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TABLE 1 4  

AFRIKAANS SAMPLE N = 7 2 

THREE FACTORS (VARIMAX ROTATION) 

Te st I II III h 2 

1 Location s  0 , 6 3  0 , 42 0 , 05 0 , 57 

2 D. R . T . 0 , 6 1  0 , 2 3 0 , 1 1  0 , 44 

3 Card Rotation 0 , 27 0 , 66 - 0 , 04 0 , 51  

4 H . L . Vocabulary 0 , 1 4 0 , 1 4 0 1 7 5 0 , 6 1  

5 Letter Set s  0 , 56 0 , 3 3 0 , 3 2 0 , 53 

6 Inference 0 , 59 0 , 1 1  0 , 4 1 0 , 53  

7 Cube Comparison 0 , 47 0 , 48 0 , 27 0 ,  5 3 

8 H .  L . Reading Comp . 0 , 55 0 ,  1 1  0 , 2 2  0 , 36 

9 Figure Cla s s. 0 , 69 0 , 2 2  0 , 0 1 0 , 53 

1 0  B lox 0 , 2 3 0 , 7 3  0 , 1 3  0 , 60  

1 1  Rea soning Ability 0 , 66 0 , 20 0 , 1 2 0 , 49 

1 2  P attern Comp . 0 , 6 2 0 , 45 0 , 1 2 0 , 6 0  

1 3  Figure Serie s 0 , 57 � 0 , 06 0 , 43  

1 4  Adv. Vocabulary 0 , 09 - 0 , 0 2 0 , 76 0 ., 58 



1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

12 

1 3  

14 

TABLE 15 

ENGLISH SAMPLE N = 8 8  

THREE FACTORS (DIRECT QUARTIMIN ROTATION) 

Te st I II III 

Location s 0 , 1 2 0 , 16 0 , 48  

D . R . T .  0 ,  5 2 0 , 2 6 0 ,  1 2 

Card Rotation 0 , 6 2 - 0 , 0 6  0 , 0 6  

H .  L .  Vocabulary 0 , 0 3  0 , 8 8  - 0 , 0 3 

Letter Set s  Q.dl 0 , 05 0 , 2 7 

Interence 0 , 0 3  0 , 2 7 0 , 2 7 

Cube Compari son 0 , 6 4 - 0 , 14 - 0 , 09 

H .  L. Reading Comp . - 0 , 27 Q.d1 0 , 54 

Figure Cla s s . 0 , 6 8 - 0 , 2 1 0 , 0 1  

B lox 0 , 68 - 0 , 0 1 0 , 04 

Rea soning Ability 0 , 2 6 0 , 2 1 0 , 19 

P attem Comp . 0 , 16 - 0 , 25 0 , 75 

Figure Serie s 0 , 2 2  - 0 , 1 3  0 , 4 8  

Adv. Vocabulary 0 , 04 0 £ 8 8  - 0 , 0 6 

TABLE 16  

ENGLISH SAMPLE N = 88  

FACTOR CORRELATION MATRIX 

I II III 

I 1 , 0 0  - -

II 0 , 0 3  1 , 0 0 -

III 0 , 44  0 I 35 1 , 0 0 

h 2 

0 , 3 7 

0 , 44  

0 , 4 2 

O u 75 

0 , 3 6 

0 , 2 1 

0 I 39 
0 , 44  

0 , 52 

0 , 48  

0 , 2 2 

0 , 6 3 

0 , 34 

0 , 74 

5 2 . 



TABLE 17 

AFRIKAANS SAMPLE N = 7 2 

THREE FACTORS (DIRE CT QUARTIMIN ROTATION) 

Te st I II III h 2 

1 Location s � 0 , 24 - 0 , 08 0 , 57 

2 D . R . T .  0 , 66 0 , 02 - 0 , 0 2 0 , 44 

3 Card Rotation 0 , 08 0 , 67 - 0 , 08 0 , 51 

4 H . L . Vocabulary 0 , 0 0 0 I 1 2  O J6 0 , 6 1  

s Letter Set s Q_, 5 2 0 ,  17 0 7 22 O v 5 3 

6 Inference 0 , 62 - 0 , 10 0 ! 29 0 , 5 3  

7 Cube Compari son 0 / 35 0 , 38 0 , 19 0 , 53 

8 H .  L . Reading Comp . 0 , 6 0  - 0 , 09 0 , 1 1 0 , 36 

9 Figure Cla s s . 0 / 7 � - 0 , 0 2 - 0 , 15 0 , 53 

1 0  B lox - 0 , 0 1 0 , 76 0 / 1 1  0 , 60  

11  Rea saning Ability _O , 7 2 - 0 , 0 2 - 0 , 15 0 , 49 

12 P attern Comp " 0 , 58 0 , 28 - 0 , 0 0 0 , 6 0 

1 3  Figure Serie s 0 , 58 0 ,  14 - O u 06 0 , 43 

14 Adv . Vocabulary 0 , 0 0 - 0 , 0 5 .Q2.§_ 0 , 58 
-----.. -� 

TABL� 

AFRIKAANS SAMPLE N = 7 2 

FACTOR CORRELATION MATRIX 

I II III 
-

I 1 , 0 0 - -

II 0 , 59 1 , 0 0  -

III 0 , 3 3 0 t 1 1  1 , 0 0  



6 .  2 .  Interpretation of Fa ctors 

54 . 

It i s  intere sting to note , that de spite the difference s  between the 

intercorre lation matrice s obtained for the E ngli sh - and Afrikaan s 

speakin9 sample s ,  the factor structure s derived for the se two 

group s are fairly similar . Indeed , they lea d  to surpri singly 

compatible factorial interpretation s with only minor difference s .  

The difference s that are found to exi st , it will  be argued later , 

can be a scribed to difference s in the problem - solving style s of 

the two sample s , rather than to difference s in their actual 

ability pattern s . 

But first let u s  examine the factors them selve s , and attempt to 

give them psychological meaning . It w ill  be seen by an in spe c 

tion of Table s 1 3 ,  1 4 , 1 5  and 1 7 ,  that in the ca se of both language 

group s ,  the oblique , direct quartimin rotation s  give clearer 

simple structure s .  Interpretation s of the factors wil l  therefore 

be ba sed on the oblique solution s . Clo se examination of the 

factor matrice s wil l  show , however , that the same interpretation s 

are a pplicable to the uncorrelated factor solution s .  The shift s 

in factor loading s cau sed by  a llow ing the reference axe s to be -

come con-elated ,  are in most ca se s small . 

Con sidering the sample size s u sed , a cut -off of O , 3 0  wil l  be 

taken as a minimum loading for factor interpretation . Factor 

loading s falling ju st below thi s criterion wil l  be con sidered only 

where the se make good sen se on p sychologica l  ground s .  All 

le s ser factor loading s will be treated a s  zero entrie s in the column s 

of the factor matrice s .  

Regarding· Table 1 5 , w hich give s the fa ctor matrix obtained by  

direct quartimin rotation of  the Engli sh sample factor matrix , the 

interpretable factor loading s in the first column are the following� 



Figure Cla s sification 

B lox 

Cube Compari son 

Card Rotation 

Deductive Rea soning

Letter Sets 

0 , 6 8  

0 , 6 8  

0 , 64  

0 , 62 

0 , 52  

0 , 41 

5 5 . 

Six tests have non -vani shing entrie s in thi s column . The item 

content of the first four li sted tests obviou sly require s the manipu 

lation of obj ects in space . Figure Cla s sification was included 

in the battery a s  a reference for an induction fa ctor , but the pic 

torial pre sentation of thi s te st clearly call s for an imaginal 

manipulation of the stimulu s materials .  The interpretation of 

thi s factor can therefore be given with rea sonable confidence a s  

SI?_ace . The appre ciable loading of the D . R .  T .  on thi s  factor 

i s  somewhat l.me;xpe ctecL A po s sible explanation could be that 

many of the sub j e c t s  resorted to the u se of Venn diagrams to aid 

in the solution of the syllogi sms .. Thi s would , in effect 2 lead 

to a pictorial re pre sentation of the problem s , w hich could then 

be sc:,lved spi:1tially by an imaginal manipulation of the set s  re 

pre sented in the Venn diagra m s . E vidence that thi s strategy 

wa s em.ploye d  by many of the subj ect s w a s  obtained by an in � 

spe ctJ on of  the te st booklet s .  Many of the se w ere covered in 

l ittle Venn diagram re pre sentation s of the problem s .  

It w ill be seen shortly ,  that no e vidence of a se parate deduction 

factor wa s produced in the study . Since none of the selected 

marker te sts for deduction appears to have been appropriate to 

the mea surernern of thi s con stmct , the D . R .  T .  had a high propor 

tion of spe cific ·variance that could probably be attributed to the 

deduction component of the test . The remainder of its reliable 

variance wa s po s sibly due to a general rea soning component , 

and for thi s  rea son the te st had moderate loading s on the other 

factors re quirinq rea soning . It s hould not , however , be con 

cluded that the D . R .  T .  doe s not mea sure deduction . 



It can be seen in Table s 1 5  and 1 7  that the communality of thi s 

te st w a s  only O ,  44  in both language sample s .  If the te st ha s 

a reliabil ity of O ,  9 0 it follow s that O ,  4 6  of it s reliable variance 

i s  spe cific . Thi s large spe cificity may well  repre sent the dedu c 

tive component of the te st . But in view of the fa ct that none 

of the po stulated deduction reference te st s fulfilled their purpo se , 

thi s variance could not be a ccounted for by  a deduction factor . 

It should be borne in mind that the common and spe cific compo 

nent s of a te st ' s reliable variance are determined by  the related 

ne s s  of the in strument to other te st s in the battery . They are 

not fixed propertie s of the particular te st concerned .  Had there 

been other good mea sure s of deduction in the battery therefore , 

the communality of the D . R .  T . would probably ha ve been greater . 

The te st could then have merged with the other deduction variable s 

in a single factor . It  i s  ne verthe le s s  unfortunate that no deduc 

tion fa ctor could be produce d in the pre sent study . 

The relatively  small loading of Letter Set s on the space fa ctor 

is not difficult to a ccount for . It is po s sible to a n swer many 

of the ea sier item s in thi s te st by re sorting to a spatial scanning 

of the material . The amount of inductive rea soning required in 

the se item s i s  then reduced to a minimum . 

The se cond column in Table 1 5  ha s only three non - va ni shing e n 

trie s .  

High Le vel Vocabulary 

Advanced  Vocabulary 

H igh Level Reading 
Comprehen sion 

0 , 8 8 

0 , 8 8 

0 , 3 1 

The interpretation of thi s fa ctor a s  verbal  meaning should pro 

voke little di spute . The three po stulated reference markers for 

thi s fa ctor ha ve emerged very clearly . It i s  intere sting to note 

that Reading Comprehen sion made a relatively minor contribution 

to the interpretation of the factor . Thi s i s  to be expected a s  



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 1 5  . 

The third column in Table 1 5  has four non -vanishing entries. 

Pattern Completion 

H igh Level Reading 
Comprehension 

Figure Series 

Locations 

0 , 75  

0 , 54 

0 , 48 

0 , 48 

The interpretation of this factor is less straightforward than 

5 7 0 

in the case of the previous two. Pattern Completion is a matrix 

test , which presumably requires a combination of induction and 

genera l  re a soning. Reading Comprehension , as discussed 

abo vc: , alma st 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 w as ,  in fact , made on the basis of its structural 

similarity to the Form Series Test of Blakey 49) 
( 1 941 ) o It is 

very likely , however , that the test al so requires a good deal 

of general reasoning as series tests have frequently been shown 

to load on this dimension. Locations requires the discovery 

of rule s 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 ten ta -

tive interpretation of this factor as some form of general reason 

ing i s  therefore offered. It should be recognised that a good 

dea J, 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 . 



E ven  w he n  four factors were extra cted  no e vidence for a fa ctor 

of deduction w a s found . It should therefore be a ccepted that 

the te st s selected to mea sure thi s e lu sive dimen sion in the 

pre sent study , were not suitable . 

To w hat exte nt i s  the factor structure obtained for the Afrikaan s 

speaking sample compatible with that de s cribed above ? 

58 . 

Column 1 in Table 1 7 ha s no le s s  than ten non - vani shing e ntrie s .  

The se are li sted below a ccording to the magnitude of their factor 

loading s .  

Fi9ure Cla s sification 0 , 78 

Rea soning Ability 0 , 72 

Deductive Rea soning 0 , 66 

Inference 0 , 6 2  

Lo cation 0 , 6 1  

H igh Le ve l  Reading 
Comprehen sion 0 , 6 0  

P attern Completion 0, 5 8  

Figure Serie s 0 , 5 8 

Letter Set s 0 , 5 2  

Cube Compari son 0 , 3 5  

In seeking an  interpretation for thi s fa ctor it i s  a lmo st simpler 

to begin w ith a con sideration of tho se te st s on which it doe s not 

have sub stantial loading s .  The e s sentially zero entrie s of the 

two vocabulary te st s , a s  wel l  a s  the zero entrie s of the spa ce 

te st s , Card Rotation and B lox , confirm that thi s factor i s  not 

sufficiently broad to be denoted I I g n or genera l intellectual 

efficie ncy . Among- the variable s ha ving highe st loading s on 

the factor are a mixture of hypothe sized deduction and induction 

mea sure s . Rea ding Comprehens ion a l so ha s a con siderable loa d 

ing o n  the fa ctor . Cube Compari son , which , a s  mentioned 

earl ier , had a bi -model frequency di stribution in the Afrikaans  

sample , ha s sha red  it s variance between thi s factor and  the next 

one , w hich i s  a clear space fa ctor . The multi -dimen sionality 



of thi s te st sugge st s that it can be re sponded to in two di stinct 

styli stic fa shion s . It can e ither be approached perceptually ,  

by  way  of imaginal manipulation , or it can be approached a s  an  

analytica l  rea soning ta sk . 

It seem s that thi s very broad fa ctor ha s it s count erpart in the 

narrower genera l rea soning factor that  wa s found in the English 

sample . An a lternative label for the factor , a s  in the ca se of 

it s Engli sh  counterpart , could be a nalytical rea soning . The 

te st s all  require a careful analysi s of the propertie s contained 

in the ite m s  before an an swer can be produced by  rea soning . 

5 9 c 

Thi s labe l sugge st s a styli stic contra st to traditional space te st s , 

which are re sponded to on a more global , perceptual level . The 

que stion of different re spon se style s ,  or proble m - solving style s ,  

will  be di scu s sed in more detail in a later section . 

The se cond column in Table 3 1  ha s three interpretable entrie s .  

B lox 

Card Rotation 

Cube Compari son 

0 , 7 6  

0 , 67 

0 I 38 

Thi s is an unambiguou s spa ce factor . It ha s it s counterpart in 

the Engli sh sample in the fa ctor repre sented by the first column 

in Table 1 5 . It is intere sting to note that Figure Cla s sification 

doe s not load on thi s  factor in the Afrikaan s sample wherea s thi s 

te st had the highe st loading on the Engli sh space factor . A 

careful examination of the a ctual  te st protocol s provided a 

valuable clue to explaining thi s otherw i se curiou s re sult . 

Figure Cla s sification , it will  be remembered , i s  a te st con si sting 

of 2 24 ite m s . Thi s i s  a formidable te st length for any subj ect 

to be confronted w ith in an allotted time period of 1 8  minute s .  

Indeed , de spite the fact that the time limit allowed in the admini 

stration of the te st wa s two m inute s longer than that pre scribed 

in the E . T .  S .  te st manua l , mo st subject s  were still unable to 

complete many of the item s .  A tally of the a ctual number of 
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items completed , revealed that on the a verage , subj ects attempted 

only 7 0% 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 subj ects appear to have worked 

through the test quickly , omitting items all along . In 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 subj ects to 

pause and reason in an analytical fashion , were omitted . 

The Afrikaans -speaking subj ects 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 

j ects , 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 

spe nd 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 te st 

i s  due to the different stylistic approaches of the two groups . 

It should perhaps be mentioned in this respe ct , 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 among st 

the Afrikaans -speaking subj ects 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 th:is 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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Engli sh sample . The apparent styli stic difference between the 

approa che s of the two sample s in doing the te st could be re spon � 

sib le for the ob served difference between the means  of the two 

populations  on the te st . The Engl i sh sub ject s  of the average , 

were able to attempt more item s in the te st be cau se they tended 

not to wa ste time on difficult item s .  Hence they were able to 

obtain higher score s .  Thi s i s  refle cted in the higher mean s core 

of thi s group . 

The hypothe sized difference in the cognitive style s of the two 

language group s , provide s a po s sible explanation for all  the 

maj or di s crepancie s between fa ctor loading s ob served in the 

two group s . It will be seen that tho se te sts that have sub 

stantially different fa ctor loading s in the two sample s ,  viz . 

tho se te st s of which the factor loading s are not invariant aero ss  

the: two population s 1 are pictorially or  non -verbally pre sented 

te st s which require a combination of perceptual - spatial skill s 

and analytical -rea soning skill s .  In the Engli sh sample the se 

te s t s  te':"lded to load relatively  heavily on the space dimen sion u 

wherea s in the Afrikaans  sample they tended to have sub stantial 

pro jection s on the general/analytical rea soning dimen sion . The 

third column in Table 1 7  ha s only two non - vani shing entrie s .  A 

third entry fal ls  j u st short of the criterion and may be con sidered  

in  the interpretation of thi s  factor . The three te st s marking thi s 

dimen sion are pre sented with the ir re spe ctive factor loading s 

below :  

H igh Leve l  Vocabulary 

Adva nced Vocabulary 

Inference 

O J 6 

0 , 7 6  

0 / 29 

Thi s factor i s  e s sentially a vocabulary doublet . The le s ser 

entry of Inference sugge sts  that the factor could be the broader 

verbal me aning dimen sion , since Inference contain s verbally 

stated problem s that require an understanding of the meaning 

of the material before corre ct inference s can be drawn . It s 
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counterpart in the English sample is to be found in the se cond 

column of the oblique factor matrix in Table 15. Surprising'ly , 

Reading Comprehension has no loading on this factor in the Afrikaan s 

sample. It seems that these subj ects treated Reading Comprehension 

pure ly as a test of general reasoning. 

In summary of the above interpretations of the factors the follow 

ing observations are rele vant. 

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  fa ctor were not appropriate 

to the identification of this construct . This is not altogether 

surpr1s1ng . The basic assumption underlying the attempt to 

develop a test of deductive reasoning (Verster , 5 O ) 1 9  7 2) proposes 

that it i s  tenable to postulate that a psychological dimension 

in the form of deductive reasoning ability can be mea sured . 

·:b::t to date no attempts at measuring this ability have been succe s s 

ful. Thi s i s  the situation w ith which the author (Verster i S l ) 1 9  7 2) 

vva  s confronted at the outset of the in vestigation . A major ex 

plicit a im of the study was to attempt to rectify the situation by 

de veloping a useful , reliable and valid test of deductive reasoning . 

An operational model  of the dimension was conceptualized , and a 

te st with parameters ba sed directly on the model wa s con structed o 

An ana l ysis 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 dedu c 

tion . It seems probable therefore , that the high specific vari -

ance obtained for this test in the context of the pre sent battery , 

refle cts variance attributable to deductive reasoning ability . 

Since none of the other tests in the battery was capable of elicit 

in9 '1ariance 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 -
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dimensional , sharing the remainder of its reliable variance be 
tween factors of spatial reasoning and general/analytical  rea san 
ing. The respective proportions of variance ascribed to these 
fa ctors appear to be a function of the particular style of respond 
ing to the test , favoured by the sample teste d . 

Clearly determined , unambiguous fa ctors of verbal meaning and 
spatial reasoning were found in both populations . A third fa ctor 
which has ten ta ti vel y been labelled general/analytical rea saning 
also appears to be common to boih language groups .  Thi s factor 
was more strongly overdeterrnined in the Afrikaan s sample . Thi s 
is in contra st to the spatial reasoning factor which had a stronger 
overdetermination in the Eng"li sh sample . The tendency for 
certa in pictorially or non - verbally presented rea soning tests to 
shift their factor loadings between these two fa ctors is regarded  
as  e vidence of  a difference in  cognitive and problem -sol ving 
style between the two cultural groups . It is too early ,  at thi s 
stage , to say what factors are responsible for the development 
of different response styles in the two population s .  Further 
re search into this extremely interesting problem is strongly 
re commended .  

6 . 3 ,.  !nter -Group _Factor Analysis 

In order to contra st the fa ctor structure s of the two language 
group s ,  an inter-group factor analysis procedure was employed . 
The method that was used in this analysis is an adaptation 
of M eredith ' s  inter-group procedure (Meredith , 5 2 ) 1 9 64  (b ) ) o 

A description by Browne 5 3) ( 1 9  69 ) of the mathematical forrnu -

lation of the model and the rationale of the te chnique is 
given in Grant 5 4) ( 1 9 69 ). This procedure was used in pre 
ference to the method of congruent factors of CliffS S) ( 19 6 6)  o 
The fonner te chnique offers greater flexibility in that it 
allow s for within group dHferences in factor variance s as 
well  as factor covariances . 



The a s sumption on which the inter-group procedure i s  ba sed i s  

that a s ingle fa ctor matrix common to  a l l  group s can be found . 

The ob served difference s between the factor matrice s of the 

separate group s are a ccounted for in term s of difference s in 

factor variance s  and covariance s . The procedure can only be 

u se d  with j u stification if all the variable s from which· score s 

64 

are obtained are common to all  group s  o It wa s con sequently 

nece s sary to exclude the hypothe sized verbal meaning mea sure s 

from the a nalysis  s ince different te st s were u sed to mea sure 

this dimen sion in the two language sample s .  The exclu sion 

of the se variable s should not , however , have an adverse effe ct 

on the nature of the final structure that emerge s .  It will be 

recalled that in the separate fa ctor solutions obtained for each 

language group (Table s 1 5  and 1 7 ) , fairly neatly overdetermined 

verbal meaning factors emerged . In both solutions thi s dimen 

sion w a s  more or le s s  uncorrelated with the other factors . It 

can therefore be a s sumed w ith rea sonable confidence that the 

dimens ion s of verbal  meaning obtained in the fa ctor structure s 

of the two sample s are congruent . The aggregate fa ctor structure 

of the total  population should , a s  a re suit , contain a common 

verbal me aning dimen sion . The exclu sion of thi s dimen sion 

from the a na lyse s should therfore not affe ct the interpretation 

of the aggregate fa ctor structure to any great extent . 

The varlable s that were excluded are the High Level  Battery Reading 

Comprehe n sion and Vocabulary te st s for Engli sh and Afrikaan s 

and the Advanced Vocabulary te st with it s counterpart , the Ge -

vorderde Woorde skattoet s .  The remaining ele ven te st s in the 

battery are directly comparable in the two language s o Three 

row s and three column s of the sample intercorrelation matrice s 

(Table s 9 and l O) corre sponding to the excluded variable s 8 were 

deleted . The reduced sample intercorrelation matrice s were u sed  

in  the inter-group factor analysi s . 
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An iterative principle factor analysis procedure (Thom son 5 6) 19 5 6) 

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 o  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 

communalitie s converged within a tolerance of O , 0005 o The 

unrotated principle factor matrices together with the varimax 

rotations , direct quartimin rotations and the communalities are 

given in Tables 1 9  and 20 . The factor correlation matrices de -

rived from the direct quartimin rotat ions are given in Table s 21 

and 2 2 . 

The separate orthogonal factor matrices of the two groups served 

as input to the i:1.ter -group procedure . In terms of the procedure u 

the rotated orthog onal factor matrices of the separate group s 

w ere rescaled by means of the rescaled standard deviation s 

(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 re scaled orthogonal factor matrices 

of each group . The method used to obtain the average matrix 

is that described by iv1 eredith5 7 ) (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 group s 

appears in Table 23 . The fa ctor correlation matrix and the aver -

age factor covariance matrix appear in Tables 24 and 2 5 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 o The 

factors were correlated to a very similar degree in the two group s .  

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

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

in Table 2 7 . 
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UNROTATED FA CTOR IvlATRIX I VARHAAX ROTATIOI< _ .  __ :i.Jii�L C':: . .  ()t}A : ·�TnjI IN ROTATXON AND COM M UNALITIE S : E N GLI SH 
SA1V1PLE N ==� 8 8 

' 
f-

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

-� .... ·-------

Test Unrotated Matrix Varimax Rotation I?�rect Quartimin Rotation ---·-· 
I II I II I II 

Location s 0 , 50 0, 2 4  0 , 24  0 49 -� 0 , 1 2  0 , 48 

D c R . T . 0 , 5 2  0 , 06 0, 4 4  0 , 44 0 1 34 0 , 35 

Card Rotation 0 , 6 1  - 0 , 2 7 0 , 64 0 ,  1 7  0, 68 -0 , 03 

Letter Sets 0 , 6 2 0 , 2 1  0 I 35 0 1 5 5 0 , 2 3  -0 , 50 

Inference 0, 30 0 , 30 0 , 04 0 , 4 2 -0, 08 0 , 4 6  

Cube Compari son 0 , 49 -0, 30 .9 / 5 7 0 , 07 0, 6 2  - 0 , 1 1  

Figure Class . 0, 6 7  -0 , 1 7  0 , 6 3  0 , 28 0 , 6 3  0 ,  1 1  

Blox 0 , 6 4  -0 , 2 3  0 , 65 0 , 2 2  0 1 6 7  0 , 03 

Reasoning Abilit y 0 , 4 5 0, 36 0, 1 2  0 . 5 6  -0, 03 0 , 5 9  

Pattern Comp . 0 , 64  0 ,  1 2  0 , 4 2  0, 50 0, 33 0, 4 2  

Figure Series 0 , 49 -0 , 09 0 , 4 4 0, 2 4  0 , 4 3  0, 1 2  
--

TABLE 2 1  

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

I II I 
I 1 , 00 -

TT .� l o ,  .s 2 1 , 0 0  

h 2 

0, 5 7  
0, 4 4  

0 , 4 2  

0 , 5 2  

0 , 4 1  

0 , 50 

0, 50 

0 , 82 

0, 5 1  

0 , 5 9 

0 t 38 

0) 

0) 



TABLE 20 

UNROTATE D FACTOR MATRIX , VARIMAX ROTATIO� DIRE CT QUARTIMIN _ROTATIO N AND COMM UNALITIE S : 
AFRIKAANS SAMPLC N = 7 2  

Test Unrotated Matr!� _________ yarimax Rot1:-±Ll c �1 _  .. ________ · -· D.irec-t: Quartimin Rotation h 2 

I II I II I II 
-------_ .. _________ , _____ , 

1 Locations O , 7 5  0 ,  04 0 , 6'!_ .2.c 39 _Q_,_§l O , 15 0 ,  5 8  

2 D . R o T Q  0 , 64 0 , 1 7  .Q_,£� 0 , 2 3 0 , 6 7  -0 , 02 0 , 44 
3 Card Rotation 0 , 5 8 - 0 , 30 0 , 30 0 , 5 8 0 , 20 0 , 5 2  0 , 42 

4 Letter Sets O , 7 1  0 ,  11 0 ,  6 5  0 ,  31 0 ,  6 8  0 ,  06 0 ,  5 2 
5 Inference 0 , 61 0 , 21 _Q ,6 2  0 , 17 0 , 69 -0 , 09 0 , 41 

6 Cube Comparison O , 71  -0 ,  08 0 ,  54 0 ,  4 7 0 ,  5 1  0 ,  29 0 ,  5 0  
7 Figure Class . 0 , 6 8  0 , 21 0 ,6 7  0 , 2 2  0 , 74 -0 , 06 0 , 5 0  

8 Blox 0 , 6 5  - 0 , 6 3 0 , 18 0 , 89 0 , 04 0 , 93 0 , 8 2  

9 Reasoning Ability O , 6 7 0 ,  24 0 ,  69 0 ,  19 0 ,  7 6 -0 , 10 0 ,  5 1  

10 Pattern Comp . 0 , 7 7  -0 , 03 0 ,61  0 , 46 0 , 60 0 , 2 5 0 , 5 9 

11 Figure Serie s O , 6 2 0 , 0 3 � 0 , 3 2 0 , 5 4 0 , 13 0 , 38 

TABLE 2 2  

FACTOR CORRELATION MATRIX ( DIRECT QUARTIMIN ROTATION} AFRIKAANS SAMPLE N = 7 2  

I II 

I l , 00 = 

II O u 5 7 1 , 00 
0) 
s...J 



TABLE 2 3  

AVERAGE FACTOR MATRIX (DIRECT QUARTIMIN ROTATION) 

Test I II 

1 Locations 0 , 5 7  0 , 1 1 

2 D . R . T .  0 , 5 2 0 1 16  

3 Card Rotation 0 , 0 6 0 , 6 2 

4 Letter Sets 0 , 6 1 0 ,  1 1  

5 Inference 0 , 6 2 - 0 , l l  

6 Cube Comparison 0 , 2 3 0 , 4 6  

7 Figure Class . 0 , 4 2  0 , 30 

8 Blox - 0 , 07 0 , 84 

9 Reasoning Ability 0 , 7 1  - 0 , 10 

1 0  Pattern Comp o 0 , 5 1  0 ., 27 

I
l l  Figure Series 0 , 3 2 0 3 28  

TA BLE 24  

FA CTOR CORRELATION MATRIX (DIRECT QUARTIMIN 

ROTATION) 

I II 

I 1 , 0 0  -

II 0 , 6 2 1 , 0 0 

68 . 
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TABLE 25  

FACTOR COVARIANCE MATRIX 

I II 

I 1 , 0 0  -

II 0 , 62 1 , 0 0  

TABLE 2 6  

FACTOR VARIANCES 

VARIANCES 

FACTOR I FACTOR II 

ENGLI SH 0 , 65 0 , 86 

! 

I AFRIKAANS 1 , 4 2 l ,  1 7 



TABLE 2 7  

ROTATED f'A CTO R PAT.CERN MATRICE S _,_ - ----

,-- ·-··--·· ·- ··--·---·- --,.---·-·-· ···-· ---· . -·· ·--------·-----·-·· 
ENGLISH AFRIKAANS 

�-
-

.,. ___ _J_ _______ 
Test AnalyUcal 

Reasonina Space Analyttcal  
Reasoning 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

L ocations 

D o R o T o  

Card Rotation 

Letter Set s 

Inference 

Cube Comparison 

Figure Clas s .  

Blox 

Reasoning Ability 

Pattern Comp o 

Figure Serie s  

O u 69 - 0 , 0 3 0 , 49 

0 I .s 6 0 , 26 0 , 5 1  

0 , 0 5 0 , 6 6  0 , 0 8 

0 , 6 7  0 , 0 5  0 , 5 8  

0 , 5 4  - 0 , 19 0 , 6 5  

- 0 , 07 0 , 60  0 ,  38  

0 , 25 0 , 6 3  0 , 54 

0 , 12 0 , 5 8  0 , 19 

0 , 7 7  - 0 , 20 O u 66 

0 ; 62  0 , 19 0 , 44 

O i 24  O u 4l  0 6 3 7 

Space 

0 , 23  

0 , 0 5  

0 , 57 

0 I l 6 

- 0 , 0 1  

0 , 38 

0 , 02 

1 , 06  

- 0 , 02 

0 , 3 3 

0 , 18 

� 
0 
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In order to determine the goodness of fit of the model the square 

root of the average squared residual was calculated for ea ch 

group separately. For the English group this statistic yielded 

a value of O, 09 2. For the Afrikaans group the value of this 

statistic was O ,  09 0 .  The square root of the average of all the 

squared residuals was O ,  09 1 .  From these statistics it would 

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

6. 4 .  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 

fa ctor solutions obtained in each group w ill also be compared 

with one another. An attempt will be made to account for the 

d ifferences between the factor structures of the two groups o The 

discussion w ill 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 

for the English and Afrikaans groups . Factor one in the Engli sh 

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 rea saning . A better description for this 

factor though , would be general rea sonin.g 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 



Compari son on thi s dimen sion can probably be attributed to 

bi -modal nature of the frequency di stribution of score s on t'.'1_ r n  

te st in the Afrikaan s  sample . There were clearly two style s 

of re sponding to thi s te st in the Afrikaan s  group 1 a s  e videnced 

in the po s itive loadings  of  thi s te st on both factors o 

7 2 0  

It i s  intere sting to note that , wherea s the spa ce factor a ccounted 

for the greate st proportion of the variance in the Engli sh sample 

intercorrelation matrix , the general/analytical rea soning factor 
a ccounted for the greate st amount of variance in the Afrikaan s 

data . Thi s i s  an important ob servation , for it appears to throw 

light on the nature of the preferred style of re sponding to ability  

te st s chara cteriz ing the two population s o Thi s point will be 

d.i s cu s sed in greater detail at a later stage . 

A compari son between the oblique factor solution s in Table s 1 9  

and 1 5  and Table s 2 0  and 1 7  re spe ctively , re veal s some inter =  

e sting finding s .  I n  the English sample two =factor and three -

fa ctor solution s (Cf . Table s 1 9  and 1 5 ) there i s  con siderable over=  

lap  o The Fa ctors I and III in Table 1 5  are , with only miner 

difference s in factor loading s ,  very similar to Factors  I and II 

re spectively  in Table 1 9  o Thi s implie s that the exclu sion of the 

three verbal  meaning te st s had little effect on the nature of the 

factor structure in thi s sample o Their exclu sion ha �, merely 

re sulted in the lo s s  of the verbal meaning factor j lea ving the 

nature of the remaining two factors unchanged . It i s  of intere st 

to ob serve , however , that the magnitude of the intercorrelation s 

between the two remaining factors i s  increa sed  when the verbal 

meaning dimens ion is not included in the analysi s o The corre 

lation between space and general/analytical rea soning in the 

three .- factor solution i. s O , 4 4 (Cf . Table 1 6 ) . The se factors cor = 

relate to the extent of O , 5 2 in the two =fa ctor solution (( CL Table 

2 1 ) o Similar re sult s can be ob served in a compari son of the 

two -fa ctor a nd three -factor solutions for the Afrikaan s data o 

Factors I and II in Table 1 7  are very similar to Factors I and 



1 n. Tab le 2 0 . Aga in , the exclu sion of the three verbal  meaning 

te st s ha s merely re sulted in the ab sence of a verbal  meaning 

dimen sion in the two -fa ctor solution , w ithout further affe cting 

the structure of the remaining factors . The intercorrelation be -

tween the spa ce and general/ana lytical rea soning factors ha s 

rema ined re latively con stant in thi s ca se , de spite the exclu sion 

of  the verbal  meaning dimen sion . 

J .  

From the re sult s it can be concluded that the inte llectual structure 

in the ca se of both populations  i s  chara cterized by highly co -op = 

ernt.ive fa ctors of spatial rea soning a nd genera l/analyti ca l  rea son . 

ing , together with a re lative ly  independent dimension of verbal  

meanin g . It should be remembered in thi s regard , that other 

fa ctors a.re a l so l ikely to be found in the ability structure s of the 

t \l-' O population s ,  but the se were not produced in the pre sent study 

d 1.1e to a l imited sample of ability te st s in the battery . It i s  

n0t :=:ibie that e ven  with the more refined principal  fa ctor analysi s 

': >::hnique u sed  to obta in the two -fa ctor solution s ,  the variance 

a ccounted for by the po stulated mea sure s of deduction and induc 

tion could not  be separated . A number of a lternative explana -

u_ ·m s could  a ccount for thi s finding . It may simply be that the 

1:e st s cho sen to mea sure the se dime n sion s were not appropriate 

t ,) the ta sk . It should be remembered , that with the exception 

of the D . R . T .  the se te st s were all  con structed for u se with 

: .. lJh s chool and college student population s .  The format s of 

the se te st s may not be suitable for e liciting separate source s 

of variance in a more sophi sticated population . It i s  al so po s sible 

that the te st s  were too highly speeded for the general  C SIR popu ·� 

lat ion . If thi s i s  the ca se , the merging of deduction and induc � 

tiun into a common fa ctor could be a scribed to a high percentage 

uf C. \ rnrnon speed variance in the te st s . 

Attention will  now be focu s sed on an examination of the difference s 

between the two -fa ctor solution s  obtained for the separate group s "  

Thi s wil l  be a ccompli shed b y  mean s of a compari son of the dire ct 

quartimin rotat ion s in Table s 1 9  and 20 . In term s of the program 
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that wa s  used to perform the analyses , the factor that a ccount s 

for the greatest proportion of the variance in the intercorrelation 

matrix is printed first . Each sub se quent factor that is printed 

accounts for progressively less variance . Inspection of Table s 

1 9 and 20  reveals that the space factor accounted for the greate st 

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 �.va s better determined in the English data and the ge neral / 

ana lyLical reasoning dimension wa s more strongly overdeter=  

m ined in the Afrikaans data . The hypothesis advanced in an 

E>:ffl ier sect ion , that the lack of factorial in variance of the te st 

loading s can be attributed to differences in the problem -solving 

.:=;1:yles of the respective populations , appears to be supported b y  

th .l s  finding . The maj or shifts in factor loadings across the two 

popu. la  tion. :;  occur in respect of Figure Classification 1 Cube Com -

s r_) i.1 a nd Fi�;;ure Serte s .  The se three tests are all pre sented 

in 1 pictoria l medium and re quire a combination of perceptual/ 

::;pabal sklll  s a nd anal ytical reasoning skills , In  the Engli sh 

fa ctor matrix these te sts all had the ir highe st loading on the 

;pa ce dimension w hereas in the Afrikaan s  matrix the highe st 

l oadin gs of these te st s were on the general/anal yticai rea saning 

dtrn.en slon . It would thu s appear that the stimulu s material in 

�.he se tests permit s the producticn of a solution to the Hem s  in 

terms of two different cognitive styles " The cognitive style u 

or problem -solving style adopted by the English -speaking subj e ct s  

i n  doing these tests , appears to b e  of a global , perceptual , nature o 

The J.,Jrika ans - speaking sub j ects on the other hand u tended to 

favour 21 style characterized by systematic , analytical reasoning " 

The se 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 te st 

s cores of the tw o populations are due to differe nce s in the problem 

solving styles of the two groups 6 



The average factor matrix common to both language group s w 

now be examined. The average factor matrix , rotated to an 

oblique position by the direct quartimin procedure , appears in 

Table 2 3 . An inspection of the factor loadings in the first 

column of the matrix reve als that the highest loadings are on 

Rea saning Ability , Inference , L ocations and Deductive Rea san 

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 

e ither deduction or induction. The tests with the highest sig � 

nificant projections on the se cond factor are Blox , Card Rotabc)n 

and Cube Comparison . Figure Classification has a marginal ly 

significant loading on this factor . It is a uniquely determined g 

unambiguous space factor . It is interesting to note that Figure 

Classification had a much higher loading on the spa ce factor for 

the Engl i sh sample c 

An unequivocal interpretation for tbe first factor is difficult to 

find . Since the tests defining the factor call for both deductive 

and inductive rea soning processes , it is l ikely that some form 

of rationa l - analytical thinking ability i s  be ing measured . The 

label  that has been used to describe thi s  factor in discussing 

the fa ctor matrices of the se parate group s ,  name l y  genera l/ 

3nal  ytical reasoning , is perhaps too broad. Traditionally § 

factors of general rea saning are characterized by tests of 

arithmetical and mathematical reasoning and figure analogies . 

These test s require reasoning of a broader u 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 

item s before inferences can be made , whether deductive or in � 

ductive , a more descriptive name for the factor might be analy� 

t ica l 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 o It  seems l ikely 
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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 how e ver , 

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 re semblance 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 . Tab le 24) . This finding could imply that a 

se cond -order analysis would produce a single general factor o 

Nonethele ss, the first-order factors that emerged are regarded 

a s  be ing sufficiently neatly determined to warrant serious con = 

sideration as primary factor ab ilities . 

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 ve ctors of the tests in the 

battery in a multidimensional space . The procedure used in 

the analysis was derived from the method of Gower5 8 ) (1967) 0 

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 . 

A ccording to the Principal Co-ordinates procedure , the covariance 



matrix is rescaled by means of the number of ite:r:1 s in the test s " 

This is neces sary in order to weight the covariances in terms 

of the number of items in each test , s ince a test with many item s 

is likely to have a greater standard deviation than a test with 

few items . The rescaled matrices are u sed as input to the pro

gram . The matrices of principal components of the re scaled 

input matrices are then obtained . 

The first three columns of the obtained principal component 

matrice s are shown in Table s 2 8  and 29 re spectively . Th.e fir .st 

principal component to be extracted in the analysis account s 

for the greatest proportion of the variance o Each succes sive 

principal component account s for progre s sively les s variance o 

An examination of the latent root s indicates the declining pro = 

portion of variance accou nted for by succes sive principal com c, 

ponent s .  The latent root s corresponding to the two principal 

compone nt matrices appear in Tables 30 and 31 o Only the first 

three column s of the matrices are considered worthy of inter=  

pff; tation .  

Since a principal component matrix i s  difficult to interpret in 

numerical form, the principal co �ordinates are presented in 

graphical form . In the case of each matrix se parate plot s of 

the first two columns, and of the first three  column s respecti\:re ly , 

were made . 

The two and three dimen sion plots from the Engli sh sample matrix 

appear in Figures 1 and 2 re spective ly . The corresponding plot s 

for the Afrikaans sample matrix appear in Figures 3 and 4 .  The 

point s in the space re pre sen ting the te st vectors are indicate: d  

by  the identity numbers of the test s o 

7 .  2. Discus sion 

The result s of the analysis performed on the English sample re = 

scaled covariance matrix will be di scu s sed first . Regarding 

the plot of the first two columns of the principal component 
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TABLE 28 

ENGLISH SAMPLE 

PRINCIPAL COM PONENTS MATRIX 

Principal Component s 

Test 
II HI 

1 Locations 0 , 1 1  0 , 3 1 O u 88 

2 D . R . T . -0 , 05 - 0 , 47 - O Q 46 

I 
3 Card Rotation - 0 , 60  - 0 , 49 0 , 03 

I 
4 H . L . Vocabulary 1 , 23  0 , 16 - O u 29 

I 
C: Letter Set s -0 I 1 3  -0 , 1 0 0 ,  1 3  v 

6 Inference 0 , 25 0 , 00 0 u 1 3  
I 7 Cube Compari son - 0 , 55 - O u 7 0  0 , 2 3 

8 H . L . Reading Comp . 0 , 46 O u 37 O u l 7  

9 Figure Class . - O p 23 -0 , 42 - 0 , 49 

10  B lox - 0 , 20 - O v 21 0 , 06 

1 1  Reasoning Ability 0 ,  1 7  - 0  f 1 8  0 , 4 3  

1 2  P attern Comp . -0 , 8 2 0 1 9 0 0 , 2 3  

1 3  Figure Series -0 J 2  O J8 - O u 79 

! 1 4 Adv . Vocabulary l u 09  0 , 07 - 0 ; 25 
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TABLE 29 

AFRIKAANS SAMPLE N = 7 2 

PRINCIPAL COMPONENTS MATRIX 

Principal Components 
Test 

I II III 

1 Locations - 0 , 37 - 0 , 51 -0  0 29 

2 D . R. T . - 0 , 15 - 0 , 52 - 0 , 62 

3 Card Rotation - 0 , 46 - 0 , 6 5  O u 74 

4 H o L . Vocabulary 0 , 86 0 , 02 0 1 1 4  

5 Letter Set s 0 , 06 0 ,  11 - O u 03 

6 Inferen ce 0 , 30 0 , 0 8  - 0 , 30 

7 Cube Comparison - 0 , 1 3  - 0 8 18 0 , 30 

8 H . L . Reading Comp . 0 , 21 0 , 13 - 0 , 1 5  

9 Figure Class . - 0 , 14 - O u O l  = 0  u 29 

10 B lox - 0 , 0 1  = 0 u l 0  0 9 47 

1 1  Reasoning Ability - 0 , 22 0 , 0 7 - O u 3 'l  

1 2  Pattern Comp . - 0 , 66 0 , 77 0 D 1 3 

1 3  Figure Series - 0 1 32 0 , 7 1  0 ; 1 0 

14 Adv . Vocabulary 1 , 0 2  0 , 08 O u l8  



TABLE 3 0  

ENGLI SH SAMPLE N = 88 

LATENT ROOT S 

4 , 9 7  

2 , 89 

2 , 3 6 

2 , 01 

l , 61 

l ,  2 5  

l ,  0 7  

0 I 9 3 

0 , 83 

0 , 7 0 

0 , 5 6  

0 ! 41 

0 , 39 

0 , 0 0  

TABLE 31 

AFRIKAANS SAMPLE N = 7 2  

LATENT ROOTS 

2 , 91 

2 / 1 4  

1 , 74 

1 , 30 

1 ,  15 

1 , 05 

0 , 9 0  

0 , 7 5 

0 , 6 5 

0 , 61 

0 , 51 

0 , 39 

0 , 2 7 

o l o o  

ro 
0 
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matrix in Figure l ,  two di stinct ve ctors of point s can be di scerned . 

All s ix point s falling in the right half of the configuration repre 

sent te st s administered  by  means  of a verbal -medium . The re � 

maining e ight te st vectors , repre sented by  the point s in the left 

half of the configuration , are a ll non - verbally pre sented te st s . 

There i s  a di stinct , non -overlapping dichotomy between the set s 

of point s . The same picture can be di scerned when the point s 

of the te st vectors are proje cted onto a three d imensional space " 

Unfortunately , the repre sentation of a three dimen sional space 

on two dimen siona l graph paper i s  not ea sy to attain " N onethe -

le s s , it can still be ob served that the points lying in the right 

half of the configuration re pre sent verbal medium te st s , while 

the point s in the left half re pre sent non -verbal or pictorial te st s . 

It i s  intere sting to note that the two point s 1 ying in the extreme 

right -hand corner of the configuration re pre sent the two vocabulary 

te st s . The se te st s were identified in the factor analyse s a s  

the pure st mf;' a sure s of the verbal meaning dimen sion . The two 

pdnt s 1 ying in the extreme left -hand corner of the configuration 

repre sent Pattern Completion and Figure Serie s .  The di stance 

between the se two point s and the point s in the re st of the con 

figuration , indicate s that the tv.;o te st s share relatively little 

in common ,;N ith the re st of the battery . It seem s likely that 

the se te st s rely more heavily on pure! y perceptual skill s .  

An examination of the re sult s obta ined from the a nalysi s of the 

Afrikaans  re sca led covariance matrix reveal s a remarkably similar 

picture . An in spe ction of the two and three dimen sional plot s 

in Figure s 3 and 4 re spe ctively , reveal s that once again the point s 

of the te st ve ctors are grouped a ccording to the medium of pre -

sentation employed in the te st s . The right half of the configura -

tion con stitute s the point s re pre sen ting verbally pre sented te st s . 

The left half i s  chara cterized b y  the point s of the non -verbal and 

pictorial te st ve ctors . The dichotomy between the two set s of 

point s i s  not quite a s  apparent a s  in the ca se of the English data . 



8 6 ,  

One verb a 1 -medium t.e st , Rea soning Ability , falls in the left =hand 

plane of the config uration . In addition , the vi sual repre sentation 

i s  rendered le s s  clear due to the closene s s  of the point s con sti 

tuting the se gment s that fall towards the centre of the configu 

ration . 

The overall picture attained i s  nonethele s s  convincing . It i s  

remarkably compatible with the picture repre sented by the configu -

ration of point s of the Engl i sh sample te st vectors .  O nce again 

the two vocabulary te st s fall  to the extreme right , while P attern 

Complet ion and fig ure Serie s lie in the extreme left -hand plane 

of the configuration . 

It may be conclude d in the l ight of the se analyse s ,  th(\t perform 

ance on abilit y te ::.,t s  i s  directly affected by the medium in which 

the te st Hern s dl'e i:ire sented , In the pre sent study the te st s were 

found tc, : 1 ster in a multidimensional space according to the 

medium in which the Hem s are communicated . One clu ster of 

point s repre sented te st s pre sented by mean s of a verbal medium o 

The other clu ster rupre sented te st s in which the medium for pre � 

senting items i s  e ither non - verbal or pictorial o The se finding s 

will be di scu s sed �tt t he following chapter in the light of 

Guttma n ' s 5 9 ) ( 1 9 69 ) facet model of abil ity te st s o It should be 

noted in the pre sent context , that analyse s u s ing Guttman' s 

smalle st spa ce dnalysis  te chnique were a. l so performed (Schle singer 

d G tt 6 0) . 6 9 1 . 6 1 ) ) h . . an u .man , 1 �J ; . rngoe s , 19 6 4 . T 1 s 1 s a non -metn c 

scaling procedure in which the a s sum ptions are le s s  stringent 

than in the ca se of the principal co -ordinate s analysi s . Striking 

ly s imilar re sult s ·were obtained . Indeed , the graphically repre 

sente d picture s that eme rged ,  were to all intent s and purpo se s 

ide n": tcal  to tho se dl s cu s  sed above . Since the re sult s obtained 

by means of the principal co -ordinate s analys i s  are ba sed on 

more stringent stati stical a s sumption s , only the se re sult s are 

reported .  
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DISCU SSION 

The Con struct Validity of the Deductive Rea soning Te st 

A ma jor obje ctive of the study wa s to determine the con struct 

validity  of the Deductive Rea soning Te st b y  m ean s of factor 

analysi s .  It ha s been seen that the battery of sele cted te st s 

failed  to produce a fa ctor of deduction . All the po stulated refer

ence te st s  for deduction merged in a single fa ctor with te st s 

of induction . The De ductive Rea saning Te st wa s found to have 

a moderately high loading on thi s dimen sion both in the separate 

sample fa ctor matrice s and in the average fa ctor matrix of the 

total population . From thi s it would appear that the D . R .  T .  

share s some of it s rel iable variance with te st s mea suring both 

inductive and deductive pro ce s se s .  The interpretation that wa s 

offered for the indu ction - deduction dimen sion stre s sed that 

rational . analytical rea saning wa s required in both type s of te st s . 

It a ppe ars then that thi s  type of thinking i s  of importance in 

making de ductive inference s .  It should al so be remembere d  

that a con siderable portion o f  the reliable variance i n  the D . R .  T .  

wa s found to be spe cific to the te st in the context of the experi 

mentaI battery . Thi s finding wa s taken to indicate that a sig 

nificant proportion of the te st ' s reliable variance may be attri 

buted to deduction . Thi s contention i s  founded in the strategy 

that wa s followed in con structing the in strument . It  ha s been 

shown that the item s in the te st provide an operational defini 

tion of the conceptual mode l  of deduction (Verster 1 

6 
Z) 1 9  7 2 ) . 

In  order to arrive at the corre ct solution to any particular item 

in the te st it is ne ce s sary to rea son within the framework of 

deductive proce s se s .  Regarded in thi s light , it would be diffi 

cult to de ny that the te st contain s a component of deductive 

rea soning . Although the study wa s not conclu sive in it s attempt 

to confirm the hypothe sized fa ctor structure of the te st , it may 

still be maintained that on operational ground s the te st provide s 
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a measure of the intended construct . 

It is possible that the factor study was obstructed in its initial 

obj ective 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 reliabl y. 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 al  so l ikely to have had a significant e ffe ct in thi s re spe ct . 

The D . R .  T. in contrast , proved most successful in measuring 

individual difference s in the highl y  sophi sticated samples . It 

may be concluded that the test is appropriately  tailored to the 

populat ion for which it is intended . It should prove a valuable 

asse ssment tool in a selection battery for use with a highly 

homogene ous , i nte llectually sophisticated population , 

8.  2. The Validity _of the Thur stonian M odel in the CSIR P opulc3:tion 

The second broad a im of the study was to demonstrate the gener 

ality of the Thurstonian model of intelle ct . Thi s wa s to be 

achie ved by seeking evidence for its appropriateness to the in 

telle ctual structure of the hig·hly sophi sticated CSIR population . 

From the results that were discussed in the la st chapter , it is 

evident that there was at lea st partial support for Thur stone O s 

conceptualization of the structure of intellect . Two of the three 

factors that emerged , could be identified with Thurstone I s Primary 

Mental Abilities. These were space and verbal meaning . The 

third factor , that was tentattvel y  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 merel y  an artifact produced by inade quate tests . 

It should be remembered that it was stressed at the outset that 
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the findings which emerge from the analyse s could only be tre ate d 

tentatively .  It is possible that, had the reference test s been 

more appropriate to the measurement of individual differences in 

the experimental population , separate factors for deduction and 

induction would have emerged. Another 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 to be 

the case e ven though the author took the pre caution of extending 

the pre scribed time limits . The generally  high reliabilitie s 

claimed for these tests by their authors probably refle ct a large 

percentage of reliable speed variance . The presence of sper:d  

variance in ability tests usuall y re sult s in  spuriously inflated 

e stimates of reliabil it y . It would have been preferable to ha ve 

had less speede d  tests in the present study w ith higher reliabili = 

ties. It would appear from the finding s , that future re search in 

this domain would profit more if new and more appropriate test s 

are develope d. 

The Relation of the Findings to other Re search 

It may be conte nde d that certain extremely intere sting issue s 

arose from the finding s .  The mean te st score differn nct '  .::; found 

between the English - and Afrikaan s - speaking samples pose 

stimulating questions for future re search " The experime ntal 

design in the prese nt study doe s not permit conclu si,Ie infer=, 

ence s to be drawn in explanati on of thi s re sult o But the 

differences that were found between the factor structure s of the 

two populations do suggest that styli stic preference s in 

prob lem - solving be haviour might account for thi s observation " 

The finding that st ylistic differe n ces produced differences in the 

factur patterns of the two group s ,  i s  not entire ly contrary to the 
6 3) prediction s  of the Thurstonian model . Thurstone ( 1 9  4 7) re -

cognised that the stability of a pattern of intercorrelations among 

tests measuring higher mental proces ses i s  de pendent on 

sampling fluctuations . He state d that " factor loading- s cannot 



be expected to be invariant from one population to a different 

population 1 1  • (Thur stone , 54) 1 9  4 7 , p .  3 6 0 . ) 

Balinsky 6 5 ) ( 1 941 ) 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 
66 )  a speed task to college students . Bloom and Broder ( 1 9 50 , 

9 0 . 

Ch. 3) and Luca s 6 7) ( 1 9 5 3) have shown that large age difference s 

are not the only con sideration s that affe ct the nature of the fa ctor 

being measured b y  a test. Some tests measuring higher mental 

processes are solved in one way b y  some subj ects and in a 

different way by other sub j ects. Thi s implie s that the test s 

may be mea su.ring different abilities in the two groups of sub 

j ects. It follows then th.at the intercorrelations between the 

tests will be different for different groups of subj ects. Since 

factor loadings are dependent on correlations , they cannot be 

expe cted to be invariant across different populations o A study 

was undertaken b y  French 68) ( 1 9 6 5 ) in an attempt to determine 

the extent to which factor analysi s is able to reflect qualita -

tive differences in reactions to tests a s  well as to differences 

in the nature of the tests themselves . The study ha s a direct 

bearing on the pre sent investigation ,  as many of tl:.e fifteen 

tests used b y  French have been included. in the pre sent study. 

Since there is al so considerable overlap between the finding s 

in the two studies , French ' s  i�ve stigation will be discussed 

in some detail. 

French admini.stered a battery of fifteen tests selected to measure 

five important abilities , to a sample of 1 77 college students . 

The abilities he was interested in measuring were verbal com

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. 



In order to detormine what problem - sol ving style s the subj e ct s  

u sed , they were a sked to complete a que stionnaire about their 

background and their approach to te st problems . They were 

9 L  

also interviewed while they solved sample items similar to the 

ones they had attempted in the te sts . A procedure was devised 

whereb y  the interview and the questionnaire were quantified . 

The intercorrelations between the intenriew , the que stionnaire 

and the test variables were the n fa ctor analysed. On the basis 

of the re sults , subj ects were grouped into 1 7  pairs of subsamples 

representing different problem -sob1ing styles , or different back 

ground characteri stic s that rnight be expected to affect the way 

in which a person solve s problem. s " Se parate factor analyse s 

of the same fifteen te sts were then pedormed in re spect of aE 

sub sample s in the 1 7  pairs and of the whole group o In each of 

the 3 5  factor analyses five factor s were extracted and rotated . 

Comparisons were nade between the factor loadings and factor 

intercorro lation s for the two sub samples in e a ch pair o 

The re sult s showed clearly that many of the 17 subsample divi 

sions could be loo sely cla s sified into a category called systema � 

tizing or analysing_ vs . s canning ,, rrendt
69 ) ( 1 965) con sidered 

that there rnight be a relation ship between the se broad classe s 

of problem -solving style and the cog nit ive st v1le of focus sing 

vs . scannin� that ha s been fo und to affe ct perception of size 

and su sceptibility to illu sicn s (Gardner et aL , 7 ° )  1 9 5 9 ) " On 

the ba sis of the finding s  regardin9 the problem -solvin g style 

de scribed as analytical , French 7 1 } (19 65 }  concludes that the 

concept of analytical attitude or field inde pendence de scribed 

by Witkin et al . 7 Z) 1 7 3) ( 1 9 5 4 , 1 9 6 2) relates to something quite 

diffonmt . It was found that many of the subsamples resorting 

to an analytical problem - solving style in certain tests , notably 

Concealed Figures and Cubes , obtained lower means than sub -

samples using a global -scanning style in the se tests o Yet 

studie s have show n that field independence , or analytic attitude 
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correlates positively with general intelligence . It is interesting 

to observe the close correspondence between French ' s  findings 

and those of the pre sent study . In the pre sent inve stigation 

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 O , 52 to O , 07 .  He concludes that an analyti c 

approach toward Cubes " destroys the capacity of that te st to 

measure spatial ability" .  (French , 7 4) 19 65 , p o  2 2) . This 

observation appears to be borne out in the present study . 

In summarizing the results from his investigation ff French comes 

to the conclu sion that: 

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

same thing s  for all people . The kind of behaviour most readily 

ob served in someone taking these tests was the use of some 

kind of reasoned or  systematic approach as contrasted to les s 

orderly scanning- and visualizing , with reliance on common sen se o 

This overall difference in problem -solving style s i s  the one em = 

phasized by Bloom and Brode/
5 ) (19 50 ) , (see e spe ci.ally Appendix) , 

and may be related to Gardner' s  7 5 ) (19 5 9 ) Focus sing vs . Scanning 

or to Witkin I s 77) ( 19 6 2) 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 o Most 

often , however , the use of a system i n  solving a test reduced 

the usual factor loading of that te st . This happened more 

rna dH y  for spatial or visualization tests than for reasoning or 
78) verbal tests . 1 1  (French , 19 65 , 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 difference s between 
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the fa ctor structure s of certain te st s in the two language group s . 

8 .  4 .  Conclu sion 

From the foregoing di s cu s sion , it may be concluded that the 

validity of the Thurstonian model with re spe ct to the intelle ctu = 

ally sophi sticated CSIR population , wa s partially confirmed . 

Of the four separate factors that were po stulated , two emerged 

clearly and may  be identified w ith the well e stabli shed primary 

abilitie s of space a nd verbal  meaning . The third broad fa ctor 

that emerged , sugge st s that deductive and inductive proce s se s  

are governed b y  a single ability in the form of analytical re a son -

ing . The differentiation -inte gration theory of the growth of 

abilitie s ,  propo sed by Lienert and Crot/ 9 ) ( 1 9  6 4 ) may be able 

to a ccount for thi s circum stance . The se inve stigators propo se 

that , during the growth of the individual to mental maturity , 

separate abilitie s de velop differentially and each e ventually 

be come s crystallized at a re lative ly invariant level & Further 

growth in the orga ni sm is brought about by the a cqui s ition of 

experience a nd knowledge in spe cific domain s and thi s may re ·

sult in certain separately formed abilitie s be coming integrated 

in the form of single , broad competency fa ctor s o lt i s  not 

difficult to imagine that , in the pre sent inve stigation f the 

merging of deduction and induction te st s in a sing-le broad 

factor , refle ct s  a similar integration of separately formed 

abilitie s .  The heavy empha si s placed on both inductive and 

deductive rea soning proce s se s  in mo st scientific sub ject s  at the 

universitie s ,  could perhap s  be re spon sible for bringing about 

an  integration of the se separate abilitie s in a single rational 

analytica l rea soning factor . 

The difference s in the fa ctor loading s of certain te st s in the 

two group s formed on the ba si s of home langua ge O may be re 

conciled in term s of difference s in the problem - solving style s 

adopted b y  the re spe ctive sample s .  Subj ect s  in the E ngli sh -
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speaking sample tended to favour an approach characterized by 

a global -scanning style . The Afrikaans -speaking subj ects 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 Ste yn in 19 69 at the 

NIPR may be able to throw some light on thi s is sue o Two large 

samples of young matriculate d  male s were sele cted at random 

from a broad spectrum of socio -e conomic background s  in South 

Africa . One sample compri sed  48 6 English-speaking sub j e cts , 

the other compri se d  4 8 9  Afrikaan s -spe aking subj e cts o On the 

basis of comprehensive biographical data , it wa s established 

that the samples were well matched on a number of re le vant cul 

tural a nd socio -e conomic parameters. Highly significant 

difference s between the samples were found in respect of a 

Pf.:3rsonali t y  dimen sion de scribe d a s  Ove r  Regimentation o The 

re sult s indicate d that the Afrikaans -speaking subj e cts were 

more highly disciplined ,  systematic and regimented than the ir 

English counterparts . It is po ssible that the se differences in 

personality and cognitive style , refle ct perva sive o culturally 

determine d differences which would account for the differences 

in problem -solving style that were found in the pre sent study . 

Further carefully planned cross cultural experimentation in this 

fie ld is strongly urge d . 

Finally , the results of the multidimensional scaling analysis 

provide strong support for Guttman I s 8 O )  (19 65) theory of the 

structure of inter -relations among intelligence te sts o In re -
. . 8 1 ) analyJe s of the ongmal data of Thurstone ( 1 9  38) and 

8 2) Thurstone and Thur stone ( 1 9 4 1) using a smallest space 

analysis technique ( Cf .  Sch le singer and Guttman , 8 3) 1 9  69) , 
8 4 ) Guttman ( 1 965) was able to demonstrate a radex stmcture 

among the 21  tests comprising the battery o The tests separated 
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into three segment s corre sponding to the three language s of com -

munication u sed in the battery . The se were verbal , numerical 

and pictorial . He al so found that the te st s requiring analytical 

skill s were repre sented toward the centre of the configuration 

while te st s mea suring a chievement skill s were repre sented to 

ward the periphery . In the pre sent study te st s of a chie vement 

were not included in the battery , but two segment s of point s , 

repre sent ing verbal  and non - verbal (or pictorial ) te st s re spe c 

tive ly , were clearly  identified . Thu s it may be concluded 1 that 

in addition to the formall y  identified mental proce s se s  required 

by a te st t s item s ,  some variance in te st s core s i s  attributable 

to the medium in which the item s are communicated .  The impli 

cation s of thi s  finding should not be overlooked , when planning 

corre lationa l experiment s w ith te st s of mental  abilitie s .  

8 .  5 .  Re commendations  -··----

The re sult s would appear to support the u se of the Thurstonian 

mode l of inte lle ctual  structure a s  a theoretica l guide in de velop 

ing a differe ntial ability te st battery for sele ction purpo se s in 

the CSIR . The Deductive Rea soning Te st could be included with 

confidence in a battery of thi s nature . Sugge sted abilitie s to 

be mea sured by the battery would a l so include spatial rea soning , 

verbal  meaning and induction . In con structing an in strument 

to mea sure the latter abil ity , the model propo sed by Steyn and 

Verster8 5 ) ( 1 9 7 2 ) might prove a valuable point of de parture o 
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