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OPSOMMING 

Mierdie verslag volg op PERS 380, \lat 'n literatuuroorsig is van 
intelligensiestruktuur en die aard van meganiese aanleg by Blankes en 
Suid-Afrikaanse Swartes. 

In hierdie verslag, \lord die empiriese studie aangebied en bespreek. 

Die studie was daarop genik om: 

(i) die faktorstruktuur van toetse wat teoreties net neganiese 
aanleg verband hou, te ondersoek; 

(ii) die nate te bepaal \laartoe biografiese en belangstellings
veranderlikes gebruik kan word om prestasie op die 
hoofdir.1ensies van meganiese vermoe, soos bepaal deur die 

faktorstruktuur, te voorspel. 

Die steekproef het bestaan uit 75 geselekteerde Swart manlike tegniese 
app 1 ikante r1et 'n Standerd 8 tot 10 onderwyspei 1. Vi er f aktore is 

onttrek: Ruinte, Analitiese Redenering, Konseptuele Redenering en 
Meganiese Redenering. Die Ruimte-Faktor het beduidend gekorreleer met 
f-leganiese Redenering, maar nie net die ander faktore nie. Biografiese 
en belangstellingsveranderlikes het nie konsekwent met die ander 
faktore verband gehou nie. Bedui<lende voorspellers is gevind vir 'n 
faktor wat verband hou met forr1ele onderwys, met opvoeding en 
verstedeliking wat 'n belangrike rol speel. Voorspellers vir die 
antler faktore was nie so duidelik omlyn nie. 
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SUMMARY 

This report follous from PERS 380 uhich revieus the literature bearing 

on the structure of intelligence and the nature of mechanical aptitude 

of \Jhites and of South J\frican Blacks. 

In this report, the enpirical study is presented and discussed. 

The study \las ained at: 

( i) investigating the factor structure of tests theoretically 

related to mechanical aptitude; 

(ii) deternining the extent to \lhich biographical and interest 

variables may be used to predict performance on the 1:1ajor 

dir.iensi ons of 1:1echani cal ability as deterni ncd by the factor 

structure. 

The sanple consisted of 75 selected Black nale technical applicants 

with a Standard 8 to 10 level of education. Four factors \lere 

extracted: Space, Analytic Reasoning, Conceptual Reasoning, and 

Mechanical Reasoning. The Space factor correlated significantly uith 

Mechanical Reasoning, but did not correlate uith the other factors. 

Biographical and interest variables \/ere not consistently related to 

the factors. Significant predictors \/ere obtained for a factor 
related to formal schooling, with education and urbanization playing a 

najor role. Predictors for the other factors \/ere not so clearly 

defined. 
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CHAPTER 1 

UJTRODUCTION 

1.1 Statement of problem 
Whereas many studies have been conducted investigating mechanical 
aptitude in Whites, no clear model has been for�ulated. Certain 
abilities, however, have been shown to be relevant for the development 
of mechanical skills in Whites. There has been a paucity of research, 
ho\1ever, into the mechanical aptitude of Blacks. The main thrust of 
investigations into the intellectual structure of Blacks in Southern 
Africa has focussed on relatively uneducated Blacks perforr.iing 
relatively uncomplicated mechanical tasks. The aim of the present 
study is to broaden the informational base about the mechanical 
aptitude of relatively highly educated Blacks. This will be done in 
two stages. First by conducting an exploratory factor analysis to 
investigate the factor structure of a group of tests which are 
theoretically related to mechanical aptitude in Whites, and assessing 
whether similar factors are extracted with a Black sample. Second, by 
investigating the relationship between biographical and interest 
variables and the major dimensions of mechanical ability to assess 
whether various cor.iponents of the socio-cultural environment of a 
modern technologically orientated culture, - industrial experience, 
urbanization, education, hobbies and interests - exert direct effects 
on the development of intellect in general and on the skills which 
constitute the major dimensions of r.iechanical aptitude in Blacks in 
particular. In this way it is hoped that a contribution will be made 
to knowledge of the important area of mechanical aptitude in Blacks by 
the establishment of some guidelines, albeit tentative ones, for 
identifying and developing the relevant skills in Blacks which are 
essential for coping with llestern technology. 

1. 2 Aims 
As the research is essentially exploratory in nature, aims rather than 
hypotheses have been formulated. The following are the specific aims 
of the investigation. 
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1. 2.1 Aim 1 

To determine the factor structure of a group of tests theoretically 

related to mechanical aptitude in Whites, on a sample of Black males. 

Rationale for Aim 1 

Although no clear model of mechanical aptitude exists for \Jhites, 

certain components have been shown to be re 1 evant to the deve 1 opment 

of r.1echanical skills in Uhites. Bawd (1973) has shown that mechanical 

aptitude is a construct which has been developed within a techno

logically sophisticated environment. It is, thus, suggested that 

factors similar to those which are related to mechanical aptitude in 

�,hites, nay emerge in a relatively highly educated Black sample. 

1.2.2 Aim 2 

To determine the extent to which bi ographi ca 1 and interest vari ab 1 es 

of a sample of Black males may be used to predict performance on the 

major dimensions of mechanical ability as determined by the factor 

analyses. 

Rationale for Aim 2 

The factor structure of intellect and ability levels of Blacks has 

been shown to be affected by exposure to \Jestern culture (Biesheuvel, 

1959; Grant, 1969; Kendall, 1971, 1980) and levels of education 

(Grant & Schepers, 1969), leading to marked differences across groups 

(Grant, 1970a; Irvine, 1969a). 

Thus biographical inventories (Botha, 1976; Bawd, 1973; Paterson, 

Elliott, Anderson, Toops & Heidbreder, 1930; Sorensen, 1966) and 

interest inventories (Kemp, 1980; Moller, 1965; Paterson et al., 

1930; Thurstone, 1950) suggested mechanical ability. The influence of 

biographical variables on 

components of mechanical 

(Dickinson, 1980; Hudson, 

1967, 1968; McFie, 1961; 

spatial perception, one of the primary 

ability, has, also been demonstrated 

1960; Ker.1p, 1980; Kilbride & Robbins, 

Mundy-Castle, 1966; Serpell, 1979) . A 

relationship between the biographical and interest variables of the 

present sample and performance on the tests loading on the major 

dinensions of mechanical ability was, therefore, suggested. 

···�-� ..,..._,.fi •. Jf_lfJF!f ]$SUD 1· 
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CHAPTER 2 

METHOD 

The initial sample consisted of 252 Black male applicants applying for 
training as technicians. Of the 252 applicants, 144 were selected for 
an interview on the basis of test results. Because norr:1s were 
unavailable, norms were calculated from the total sar:,ple, and a 
stanine of four was used as a cut-off point. Of the eight initial 
tests, a person selected for an interview had to obtain a stanine of 
four or above on six of the tests, provided that these included the 
three spa ti a 1 tests and the two tests of verba 1 and abstract 
reasoning. Sixty-seven were recommended, 51 were recor.trnended with 
reservation, and 26 were not recommended. The final selected 
sub-sar.iple consisted of 75 applicants who were selected for training 
as technicians. 

A demographic description of the samp 1 e by means of percentages and 
respondent group is contained in Table 1. 
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TABLE 1 

Demographic description of sample by 
percentages and respondent group. 

Characteristic Total sample 
(n=252) 

Age: 
Under 18 0,4 
18 - 20 23,0 
21 - 23 44,5 
24 - 26 23,8 
27 - 29 8,0 
over 29  0,4 

Level of education: 
Std 8 34,5 
Std 9 16,7 
Std 10 35,7 
post-school training 13, 1 

Background: 
rural 22,9 
urban 77, 1 

Subjects taken at school: 
naths 92, 1 

science 69,4 
practical 4,7 

Selected sar.iple 
(n=75) 

0,0 
13,3 
48,0 
29,4 

9,3 
0,0 

10, 7 
17,3 
52,0 
20,0 

17,3 
82,7 

92,0 

78,4 
8,2 
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2.2 Measuring instrunents 

2.2. 1 Cognitive tests 

2. 2.1.1 Intermediate Mental Alertness 
This is a sub-test of the Intermediate Battery Olilcocks, 1973) and is 
a measure of general intelligence and the ability to apply previously 
gained knowledge to new situations ( Visser, 1978). According to Latti 
and Verster (1975) knowledge obtained through traditional \Jestern 
educational systems is a prerequisite for solution of the items. The 
30 itens of this sub-test include reasoning in terms of verbal 
ana 1 ogi es, numeri ca 1 and 1 etter series, and cl ass if i cation of common 
elenents. The test has a high verbal component (Wilcocks, 1973). The 
time 1 ir.ii t is 30 minutes, and the test has a multi p 1 e choice format. 
Visser ( 1978) reported that the Intermediate Mental Alertness, which 
has been s tandari zed for \Jh i tes with 9 to 12 years of schoo 1 i ng shows 
a better reliability and yields a more normal distribution than the 
High Level Mental Alertness (Lombard, 1975), as far as Black 
first-year university students are concerned, and is thus a more 
appropriate test for Blacks at that level. Erwee (1981) has confirmed 
this and Hall (1978, 1980) has demonstrated that the Intermediate 
Mental Alertness test nay be used successfully with Black matriculants. 

Mean, standard deviation, and reliability estimate 
The mean, standard deviation, and reliability estimate of the Mental 
Alertness test are contained in Table 2. 

n 

a 

TABLE 2 

Mean, standard deviation, and reliability 
estimate of the Mental Alertness test 

Reliability 
Mean SD KR 21 Tucker correction 

16,57 4,81 0,703 0,814 

Black first-year male and female university students at the 
University of Fort Hare, tested in 1977 and 1978 ( Visser, 1978). 
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Validation of the Mental Alertness 
According to Visser (1977) , as Mental Alertness is a test of general 
reasoning ability, dependent on formal learning, scores usually 
correlate significantly with school resu·lts. Thus Hall (1979) found 
that scores on Mental Alertness correlated significantly (.!!_ = 66, 

!. = 0,40, E.. = 0,01) with matriculation results for a group of Bluck 

medical technology applicants, and Visser (1978) found a significant 
correlation (.!!_ = 50, ! = 0,39, E.. = 0,001) with end of year results in 

the Science courses at first-year university level. 

2. 2.1. 2 Technical Reading Conprehension 
This is a sub-test of the General Science Test (A/107) (1970) of the 

IHPR which is a measure of the ability to read, absorb and synthesize 
technical and scientific material. The test consists of 10 paragraphs 

containing information of a technical and scientific nature. Each 
paragraph is followed by a number of multiple choice questions or 

statements about the paragraph which th«� testee must answer. There 
are 30 questions and the testing time :is 35 minutes. The test 

requires a thorough understanding of the concepts of the paragraphs. 
Transformation of the infornation is necessary, requiring synthesizing 

and paraphrasing abilities, all within the context of a language 
medium. It is thus not wholly dependent on school background (Hall, 

1979). 

Mean, standard deviation, and reliability estinate 

The mean, standard deviation, and reliability estimate of the 

Technical Reading Comprehension test are contained in Table 3. 
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TABLE 3 

Mean , standard dev i ati on , and reli ab il ity estimate 

of tile Technical Reading Cor.iprenension test 

Re 1 i ab i l i ty 

Mean SD KR 21 Tucker correction 

15 ,53 3 , 95 0,640 0 , 820 

Black matri culated male and fer.tale applicants for medi cal 

technology tra ini ng ,  tested in 1978 (Hall , 1979 ) .  

Val idation of Technical Reading Comprehension 

Hall ( 1979 ) reported that the Techni cal Reading Comprehension test 
correlated signi ficantly (£. < 0 , 01 )  with all school results for a 

sample of Black applicants for medi cal technology. Thi s was 

particul ar ly noticeable \lith matriculation results (!, = 0 , 54 ,  

.e. < 0 , 01 ) , mathematics r.iarks (!, = 0 ,51 , .e. < 0 , 01 ) , and sci ence marks 

(!, = 0 , 66 ,  2. < 0 ,01 ). According to Hall ( 1979 ) ti 1ese results tend to 
confirm the usefulness of the test as a predi ctor of success in  

tecimical s tudies for those \lho have not included science in their 

matriculation curricula. 

2. 2. 1. 3 Blox 

This test was designed to r.ieasure the ab i 1 i ty to perf orr:1 mani pul ati ans 

of three-dimensional visual images , and to understand the nature of 

the arrangement of the eler.ients contained within a v i sual stir:iulus 

pattern , and i s  thus essenti ally a measure of the spatial-relations 

and orientation factor (Michael , Gu ilford , , Fruchter and Z i mmerman , 

1957 ). On each page of the questi on booklet , fi ve sets of cubes are 

presented , conta i ning bet\1een t\JO to si x blocks per set. The blocks 

are arranged together in different ways and the testee has to i dentify 

from a nur.iber of possi ble answers whi ch alternati ve set of blocks , 
seen from a different perspecti ve , corresponds to the questi on item. 

There are 45 test iter.is to ue ans\Jered in  30 minutes. 
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Mean , standard deviation , and reliabil i t_y_ est1mate 
The r.1ean , standard deviation , and rel i ab i l  i tJ es ti nate of trn� Bl ox 
test are contained in Table 4. 

n Mean 

1 9 , 94 

TAB LE 4 

Mean, standard dev i a ti on , and 
reliability estimate of the Blox tes t  

SD 

6 , 42 

R 1 . . . , . t ·---· ··---e .  1 aD 1 • 1 y'---
KR 21 Tucker correcti on 

J , 747 0 , 340 
__________________ , _________ 

a Black first-year raale and f ema� s un i versi ty students at  the 

University of .Fort Hare ,  tested i n  1 9 77 anct 1 978 ( Visser , 1 973 ) .  

Validation of the Blox 
Mauv is  { 1 97 9 )  f ound a si gnifi cant c � rrel ati on (� = 66 , � = 0 , 56 ,  
..e_ < O ,  005 ) bet\11een scores on the Bl m: tes t  and end of the the year 
results for Black and W1i te f i rst-ye ar en g i nceri ng students at the 
Un i vers i ty of Rhodes i a . J . M .  Tay l or ( 1 980 ) and S .  Tayl or ("1 981 ) 

reported similar results for engineer i n g  students at the University of 
the Wi twatersrand , thus indicating the usef u l ne s s  of the Blox in 
pred i cting  spati al perception ability . 

2. 2.1. 4  F Test 
This test is part of the ori gi na 1 Genera 11 Ap ti tude· Test Battery ( GATB ) 
( United States Employment Service , 1 967 ). The test consists of a 
series of exercises containing a stimulus figure and f ive drawings  of 
two-dimen sional geometric figures made up of a n umber of smaller 
parts. The testee must select which of the alternative figures has  
the same parts as  the stimulus figure , with the p arts however being 
either rearranged or re-oriented. The test does not uti 1 i ze depth 
cues and thus does not require three-d i mensional visualization. 

""'"'-------·· 
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Th i s  i s  a hi ghly speeded test , requi ri ng the testee to answer 49 

questi ons in 7 mi nutes . 

Mean , standard dev i ati on , and rel i ab i l i ty estimate 

The mean , standard dev i ati on , and rel i ab i l i ty estimate of the F Test 

are conta i ned i n  Tabl e  5 .  

n 

1 97a 

a 

TABLE 5 

Mean , standard dev i ati on , and rel i ab i l i ty 

estimate of the F Test 

Re 1 i ab i 1 i ty 

Mean SD KR 21 Tucker correcti on 

17 , 6  7,4 0 , 795 0 , 87 1  

Ma i n ly  Uh i te , predoni nantl y  ma  1 e ,  f i rst-year engi neeri ng  students 

at the Un i vers i ty of the Wi twatersrand , tested i n  1 97-9 

( J .M .  Tayl or , 1 980 ) . 

Val i dati on of the F Test 

The F Test is  a test  of two-d imensi onal spati al ab i l i ty ,  and hence 

scores shou l d correl ate wi th other spati al tests and wi th the ab i l i ty 

to i nterpret techn i cal drawi ngs . J .M .  Tayl or ( 1 980 ) f ound that scores 

on the F Test correl ated s i gn i f i cantly  \'li th exami nati on resul ts i n  

Engi neeri ng Ana lysi s and Des i gn f or f i rst-year engi neer i ng  students 

(.!!_ = 1 02 ,  !. = 0 , 53 ,  .e. < 0 , 01 ) ,  and wi th scores on the Bl ox (.!!. = 93 , 

!. = 0 , 51 , p_ < 0 , 01 ) .  Ep stei n ( i n press ) f ound that scores on the 

F Test i ncreased si gn i f i cantly af ter a remedi al course i n  depth 

percep ti on . 

2 . 2 . 1 . 5 H Test 

Thi s i s  a sub-test of the GATB ( Un i ted States Empl oyment  Servi ce ,  

1 967 ) .  The test  measures the ab i 1 i ty to th i nk v i  sua 1 1  y about 
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geometric f orms , and to coq,rehend the two-dimensional representation 
of three-dimensi onal objects , as well as the abi li ty to recogni se the 
relationsh ips resulti�g from movement of objects i n  space.  The H Test 
i s  thus  essentially a r.1easure of the vi sualization factor (Michael et 
al . ,  1 957 ) .  

The test consi sts of a series of exerc i ses contain i ng a stir.11.1lus 
f igure and four drawings of three-dimensional objects . The stimulus 
f i gure i s  p i ctured as a flat p iece of metal which i s  to be mentally 
bent and/or rolled. Li nes i ndicate where the stimulus f igure i s  to be 
bent. The testee i ndi cates whi ch one of the f our drawings of the 
three-dir.tensional objects can be made f rom the stimulus f igure .  

Thi s  is  a hi ghly speeded test ,  requi ri ng the testee to answer 49  i tems 
in  8 minutes . The original tice 1 imit of 6 minutes was changed to 8 
ainutes , as it  had been found i n  p i lot studies that the test  appeared 
to be too diff i cult for Blacks with the di str ibution of scores tending 
to be posi tively skewed . l-lhen more time was given , i t  was observed 
that the di stributi on of scores tended to be more non:ial . 

Mean , standard deviation , and reliabili ty e:stiraate 
The mean , standard deviation , and reliabili ty estimate of the H Test 
are contai ned i n  Table 6 .  

n 

a 

Mean 

24 ,0  

TABLE 6 

Mean , standard deviation , and 
reliab ili ty estir.1ate of the H Test 

SD 

6 ,4 

Reliab il ity 
KR 21 Tucker correction 

0 ,780 0 ,865 

Mainly Uhite ,  predo1:1inantly mal e ,  f i rst-year engineering students 

at the University of the Witwatersrand , tested i n  1 979 

(J .M. Tayl or , 1 980) . 





n 

a 
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TABLE 7 

Mean , standard devi ation , and rel i ab i l i ty 
estfmate of the Fi gure Cl assffication Test 

Rel i ab f l  i ty 

Mean SD KR 21 Tucker correction 

1 6 , 74 6 ,92 0 ,820 0 ,860 

Bl ack f i rst-year mal e and fenal e universi ty students at the 
Uni versi ty of Fort Hare , tested in 1 977 and 1 978 ( Vi sser , 1 978 ) . 

These f i gures refer to the original 36- i tem Figure Cl assif i cation Test 
of the IHPR , designed to assess conceptual reasoni ng of Bl acks w ith 7 
to 9 years of educati on . The rel i ab i l i ti es ind icate that the test i s  
su i tabl e for Bl acks per se . The H igh-Level versi on was devel oped by 

Werbel off and Tayl or ( 1 982 ) to measure the conceptual reasoni ng of 
more highly educated Bl acks .  The test was used i n  thi s  study on an 
experimental basi s ,  and thus no rel i ab i l i ty or val i di ty data for the 
Hi gh-Level versi on were avai l ab l e at the time .  

2 . 2 . 1 . 7  Mechanical Comprehension 
The Mechan i cal Comprehens ion test ( A3/1 ) was devel oped from the Bennet 
Test of Mechan i cal Col?1t)rehensi on Fom AA ( Bennet, 1 940) at the N IPR 
( Griff i ths , 1 968 ) . The test i s  des igned to assess the comprehens i on 
of the . nature , operati on and effects of various physical princip l es .  

The . i tems are based on the contents of the sci ence course syl 1 abus 
used in secondary school s ,  the maj ori ty of i tems bei ng drawn from 

appl i ed mechani cs and general physics . Each i tem consi sts of an 

i l l ustration , a brief cl arifying conwnent where necessary , and a 
�uesti on wi th three possibl e answers . There are 42 i tems to be 

answered in 35 minutes . 



- 13  -

Mean, standard deviation , and reliability estimate 
The mean, standard deviation, and reliability estimate of the 
Mechanical Cor.,prehension test are contained in Table 8 .  

n 

a 

TABLE 8 

Mean, standard deviation, and reliability 
estinate of the Mechanical Comprehension test 

Reliability 
Mean SD KR 21  Tucker correction 

16,82 4,08 0,402 0,617 

Black first-year male and female university students at the 
University of Fort Hare, tested in 1977 and 1 978 (Visser, 1 978) . 

Validation of Mechani cal Comprehension 
Visser (1978) noted that as the mechanical problems are presented in 
pictorial form, the test i s  also a forr., of perceptual reasoning, and 
she found that the test correlated si gn ificantly (.!!_ = 92, !. = 0,32, 
.e. = 0,01), with the Blox ; with Mental Al ertness (.!!_ = 89, !. = 0,40, 
.e. = 0,01 ), with Arithmetic Problems (.!!_ = 89, !. = 0,34, .e. = 0,01), and 
with a test of abstract reasoning (.!!_ = 92, !. = 0,35, .e_ = 0,01 ), which 
probably indicates that the test is not pure. 

As far as can be ascertained, there are no validity data available for 
Mechanical Comprehension for Blacks. Hoek and De J ager (1 978) 
however, indicated that it correlated significantly (.!!_ = 42, .!:. = 0,37, 
.e_ = 0,05) with a drawing course for White apprentice instrument makers. 

2 .2. 1 . 8  Gottschaldt Enbedded Figures Test 
The Gottsch a 1 dt Embedded Figures Test ( GEFT) is an embedded figures 
test designed to measure analytic perceptual ability . The test 
consists of complex figures, each of which contains one of five simple 

92a 
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key f i gures . The testee has to Mentify the key f i gure embedded i n  
each conplex f i gure. Thi s  requ i res the abi li ty to extract the 
embedded f i gure wi thout being di stracted by the background. There are 
45 items to be answered i n  20 mi nutes . The GEFT i s  a measure of 
Thurstone ' s  ( 1 944 , 1 949 ) flexib il ity of closure ,  and has been found to 
be associ ated wi th both f i eld articulati on and spatial ski lls ( Wi tk i n  
et al . , 1 962 ) , and wi th analytic thi nki ng ( Pemberton , 1 952 ) . 

Mean , standard devi ati on , and reliab ili ty estimate 
The mean , standard dev iati on , and re 1 i abi li ty estimate of the 
Gottschaldt EMbedded Fi gures Test are contai ned i n  Table 9 .  

n 

a 

TABLE 9 

Mean , standard dev iati on , and reliab i li ty 
estimate of the Gottschaldt Embedded Fi gures Test 

Reliab ili ty 
Mean SD KR 21 Tucker correcti on 

1 2 , 62 5 , 86 0 , 784 0 ,884 

Black matri culated male appli cants for techni cal trai n i ng , tested 
i n  1 980 . 

Vali dati on of the Gottschaldt Er.ibedded Figures Test 
No validati on data of the GEFT could be found for Blacks . Si nce the 
GEFT i s  a test of analyti c ,  perceptual abi li ty ,  scores usually 
correlate wi th spati al tests ( Vernon , 1 972 ) . Thus , for a sample of 
Whi te chargehands , Lewi s ( 1 980 ) f ound that the GEFT correlated 
si gn if i cantly (_!! = 70 , !. =0 ,37 , .e. = 0 , 05 )  wi th the ab i li ty to 
i nterpret techn i cal drawi ngs , and wi th scores on the Blox test 
(.!!_ = 70 , !. = 0 ,52 , .e_ = 0 ,05 ) .  
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2 .2 . l . 9 Arithmetic Reasoning 
The Arithmetic Reasoning test measures the ability to reason 
arithmetically within an arithmetical context. The test requires the 
subject to deterr.1ine the value of unknown digits . The nur.1erical 
calculations involved are relatively sinple. Crucial to effective 
performance on the test is the use of the rules of arithmetic in a 
strategic manner . The solution of all items involves more than one 
logical step ; each step involves the application of one or other 
arithmetic rule. As Arithmetic Reasoning has a novel format which - is 
unlikely to bear any resemblance to arithmetic tasks which the subj ect 
has encountered before, the test measures the subject I s grasp of the 
essential rules and strategies of arithaetic .  An individual whose 
arithmetic skills do not extend beyond the parrot-like reproduction of 
standard arithmetic procedures will have great difficulty with the 
test. There are 1 9  items to be answered in 20 minutes. 

Mean, standard deviation, and reliability estir.1ate 
The mean, standard deviation, and reliability estimate of the 
Arithnetic Reasoning test are contained in Table 10 . 

n 

a 

TABLE 1 0  

Mean, standard deviation, and reliability 
estimate of the Arithmetic Reasoning test 

Rel i abi l i ty 

Mean SD KR 21 Tucker correction 

9 , 28 5,25 0,874 0,934 

Black matric scholars tested in 1 980 . 

No validity data are available, and the test was thus used in this 
study on an experir.1ental basis . 
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2 . 2 . 2  Apparatus tests 

2 . 2 . 2 .1  Fault-Finding Test 
The Fault-Finding Test was designed to assess the abil ity to diagnose 

and correct mechanical faults , one of the most important characteris
tics of a mechanic ( Skawran , Van der Reis. & Moore , 1 967 ) . The 

apparatus consists of a mechanical instrument des i gned to incorporate 
a number of mechanical principles . Ten d ifferent fau l ts ,  which vary 
in degree of difficulty , can be set up for the testee to find and to 
correct.  The faults can all be corrected by hand . The test does not 

resemble any fami l iar mechanical instrument ,  such as a pump or a 
clock , thus individuals with practical experience should have little 

advantage over persons with no experience . Fundamental to the scoring 
system is the tester ' s  assessment of whether the testee is reasoning 

mechanically or whether he is rely i ng on tri al-and-error methods. 
(For details of the scoring syster.i , see Skawran et al . ,  1967 ) 

Reliability of the Faul t-Finding Test 

The re 1 i abi 1 i ty of the test ,  based on a sar.",p l e  of \Jh 'i te applicants for 

mechani cal j obs (� = 542 ) was reportzd by Skawran et al (1967 ) to be 
0 , 66 .  No inter- and intra-rater re l i abiliti es were reported . 
A 1 though Bennett ( 1970 ) noted that the subj ecti vi ty of rating systems , 
on which the scoring system of the Fau l t-F i nd i ng Test is based , is a 
di sadvantage , careful training and the introduction of guidelines can 
result in  raters marki ng consi stently to a cor:anon standard . 

Vali dity of the Fault-Finding Test 
On a sar.iple of successful White applicants for mechanica l  p ositions 
(.!!_ = 39 ) ,  Skawran et al . (1967 ) demonstrated a significant correlation 
(!_ = 0 , 28 ,  .e. = 0 , 01 )  between the Fault-Findi ng Test and a criterion of 

on-the-j ob effectiveness , suggesting that the test is assessing 

practical mechanical ability. Skawran et al . (1967 ) also reported 

significant relationships between scores on the test and knowledge of 
general scientific principles (.!!_ = 95 , !. = 0 , 34 ,  .e. < 0 , 01 ) ; and 

between scores on the test and the person I s abi 1 i ty to understand 

scientific reading material (.!!_ = 96 , .!:. = 0 , 27 , .e. < 0 , 01 ) . No  validity 

data for Blacks are available and the test was used on an experimental 
basis . 
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2 . 2 . 2 . 2  The Poppel reuter 
Thi s i s  a mechanical abi l i ty apparatus test based on the Poppel reuter 
Test and redesigned by the Nati onal Insti tute for Personnel Research.  
The test measures comprehensi on of el ementary mechanical pri nc ip l es 
( Latti & Verster, 1 975 ) . The apparatus consi sts of a board on whi ch a 
mechani cal structure i s  mounted . The testee has one minute to exami ne 
it and to understand the princip l e on wh ich it works. He then has to 
di sr.1antl e i t  and arrange the p ieces i n  a pre-arranged manner on 
another board . The test task i s  rnai nly the reconstructi on of the 
apparatus . There i s  a 1 5  mi nute tir.1e l imi t,  and the scori ng i s  
objective.  Skawran et al . { 1 967 ) observed that , as the testee has to 
reconstruct what he has previ ously seen , the test has a memory 
component and tends to assess reproducti ve mechani cal i ntel l i gence. 
Ven-1ey ( 1 964 ) found that the test had h igh l oadi ngs on a 
practical /manual f actor for Engl i sh ( 0 , 53 }  and Afrikaans ( 0 ,56 )  mi ne 
apprenti ces .  

No val idi ty or  rel iab i l i ty data are avai l abl e and the test was used in  
thi s  study on  an  experimental basis.  

2 . 2 . 2 . 3  O ' Connor Fi nger Dexterity 
The O ' Connor Fi nger Dexteri ty was desi gned to assess f i nger dexteri ty ,  
parti cul arly wi th reference to i nstrument assembly  work . The subj ect 

is  requi red to p ick up three smal l metal pins at a time f rom a shal l ow 
tray of p i ns wi th the preferred hand , and pl ace them three at a time 
into a smal l hol e on a metal pl ate.  The r.ietal p l ate has 1 00 hol es , 
arranged i n  1 0  rO\'IS of 1 0  each . The score i s  the number of p i ns 

pl aced duri ng one f ive mi nute tri al . Super { 1 949 } noted that f i nger 
dexteri ty i s  1 ikely to be rel ated to success on the j ob when peopl e 
wi th approxioately equal technical experi ence are being compared . 

Mean , standard dev i ati on , and rel i ab i l i ty estimate 
The mean , standard devi ati on , and rel i abi l i ty estimate of the O ' Connor 
Fi nger Dexteri ty test are contai ned in Tabl e 1 1 . 
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TAB LE 1 1  

Mean , standard dev i ati on , and rel i abi l i ty 

esticate of the O ' Connor F i nger Dexteri ty tes t  

n Mean SD Test-Retest Rel i ab i l i ty 

266 , 0  1 9 , 0 0 ,76 

a Wh i te bas i c  trai nee ai rr.ien tested i n  1 954 . 

As f ar as can be ascertai ned , there are no  South Af ri can val i dati on 

data . 

2 . 2 . 3 Vocati onal i nterest i nventory 

The rati onal e beh i nd the Rothwel l -Mi l l er I nterest Bl ank i s  that peopl e 

ho 1 d stereotyped concepti ons of occupati ons and base thei r  cho i ce of 

occupati on on them ( K . M .  Mi l l er ,  1 968) . The i nventory con si sts of 

n i ne bl ocks i n  wh i ch each of 1 2  occupati onal stereotypes i s  

represented and the subj ects have to rank the occupati ons i n  each 

bl ock accordi ng to the i r  preferences .  The categori es wi th the l ower 

scores i ndi cate the pref erred occupati onal f i el d . The 1 2  categories  

i ncl ude occupati ons in  the f ol l owi ng f i el ds :  outdoor ( f or examp l e ,  

archeol ogi st ) ; mechani cal ( f or exaap l e ,  engi neer ) ;  comp utati onal 

( for examp l e ,  computer p rograr.aner } ; sci enti f i c  ( f or examp l e ,  

cher.ii st ) ; persuasi ve ( for examp l e ,  sal esman ) ;  aestheti c ( f or 

examp l e ,  arti st ) ; l i terary ( f or exampl e ,  novel i st ) ; musi cal  ( f or 

examp l e ,  s i nger ) ; soc i al servi ce { for exanp l e ,  soc i al worker } ;  

c l eri cal { f or exampl e ,  postal cl erk } ; practi cal { for examp l e ,  

carpenter ) ;  and medi cal { f or examp l e ,  doctor ) .  

There are separate f orms of the Rothwe l l -Mi l l er Bl ank f or mal es  and 

femal es . There i s  no tine l imi t and i t  takes app roximately  1 5  to 20 

mi nutes to compl ete. Al though ori gi nal l y  devel oped i n  Austral i a  and 

mod if i ed by K . M .  Mi l l er { 1 968 )  f or use i n  Engl and , the su i tabi l i ty of 

the Rothwe 1 1 -Mi 1 1  er Interest Bl ank f or Bl ack matri cu l  ants has been 

200a 
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established (Breger , 1976 ; Shannon , 1975 ) .  The Rothwell-Miller 
Interest Blank was originally designed as an adj unct to an interview 

(K.M. Miller ,  1968 ) ,  and the responses are normally discussed with the 
testee . In this study , the responses were not verified in this way 

before they were statistically analysed. I t  has , however , been 
established (Erwee , 1 981 ; Shannon , 1 975 ) that this procedure can be 

used fairly reliably when results of Black groups are analyzed . 

Reliability of the Rothwel l-Miller Interest Blank 
Shannon ( 1 975 ) analysed the consistency of each subj ect ' s  responses to 

the 12 interest categories of the Rothwell-Miller Interest Blank to 
assess whether the subj ect had reacted consistently in ranking the 

interest categories rather than randor.ily according to preferences for 
individual occupations. Using Kendall 1 s  coefficient of concordance ,  

she found that  of the 88 subj ects , the responses of nine were not 
significantly consistent , three were significant at the 5% level , and 

76 were significant at the 1 1  level. Thus 87% of her sample were to 
sor.1e extent systematic in their preferences for careers that were 

homogeneous in terms of interest fields . Shannon (1975 ) does not , 

hm,ever , report the coefficients of concordance obtained. In 
addition , she noted a wide spread between highest and lowest summed 
category scores. This reveals a consistent reaction to each category , 

rather than random ratings which tend to produce scores clustering 
around the median. 

Validati on of the Rothwel l-Miller Interest Blank 
Visser (1978 ) found a significant relationship (E_ = 0 , 05 )  between 
measured interest on the Rothwell-Miller Interest Blank (K . M .  Miller , 

1 968 ) and choice of university career . She demonstrated that  Arts 
students tend to rate Literary and Socia 1 Service categories r.iore 

highly than either the Commerce or the Science group ; Science 
students tend to prefer Scientific and Medica l  categories ; and 

Commerce students tend to prefer Computational and Clerical 
categories . She does not report the exact validity coefficients 

obtained . 
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2 . 3 Procedure 

2 .  3.  1 Tes ti n9 
The i n i ti al sample was tested at four  testi ng sess i ons . The tests 

were admi n i stered i n  the same order at all the testi ng se,si ons by a 
Black test admi n i strator , and there were adequate numbers of 

i nvi gilators f rom the N IPR , b oth Bl ack and Wh i te ,  present.  
Precauti ons were taken to  cut di sturbances down to a mi n imum. Many 

testees ,  however ,  arrived 1 ate and others lef t  early ,  wh i ch accounts 
for some d ifferences i n  the number of testees compl eti ng parti cular 

tests . 

The ori g i n al battery consi sted of e i ght  tests , the Rothwe1 1 -Mi l l er 
I nterest Blank , and a b i ographi cal  questi onnai re.  The Rothwel l -Mi l l er 

I nterest Blank and the b i ograph i ca l  questi onnaire were adminfstered 
f i rst,  and the tests were admi n i stered i n  the fol lowi ng order :  Mental 

Alertness , Mechanica l Comprehens i on ,  F Test� H Test ,  figure 
Cl assif  i cati on Test-Hi gh Level . Bl ox , Techni cal Readi ng Comprehension�  

and Ari thmeti c Reason i ng .  Cons i deration s  of time prevented the 

Gottschal dt Embedded Fi gures Test f rom being adrai n i stered at the 

testi ng  sessi on , and i t  was admi n i stered to the sel ected group of 
trai nees a t  the end of thei r tra i n i ng .  I t  was not economical ly 

feasi ble to admi n i ster the apparatu s  tests to the whol e group of 
applic ants , and thu s  the Fau l t Fi nd ing Test , the Poppe l reuter , and the 
O 'Connor F i nger Dexteri ty were admin i stered to the sel ected group of 
trai nees three months af ter thei r tra i n i ng corrmenced . 

Al l the tests were admi n i stered and scored b.y NIPR p ersonnel ,. 
Analyses of the data were carri ed out by personnel of the Computer 
Divi s i on at the N IPR. 

2 . 3. 2  Stati sti cal  techn i ques employed 

2 . 3 . 2 . 1  Factor ana lys i s 

To deterr.1i ne the factor structure of the test battery ,  the matri K of 

i ntercorrelati ons obtai ned f rom the battery of 1 2  tests was subj ected 
to Kai ser ' s  Second Generati on L i ttle J iffy ( Ka i ser & Ri ce ,  1 974) 
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factor analysis. Thi s i s  a non- i terati ve procedure , wi th squared 

multi ple correlati ons be ing used for the i ni ti al esti mates of 

communali ty. The nunber of factors extracted was determined i n  

accordance wi th Kai ser I s L i ttle J i ffy Mark I V  cri teri on ( Kai ser & 

Ri ce ,  1 974) . The factor matrix was rotated to posi tive mani fold by 
the Di rect Quarti min  Method ( J ennri ch & Sampson , 1966) whi ch is an 

obli que rotation. 

2. 3.2.2 Multi ple regression analyses 

To determi ne  whether b i ographi cal and i nterest vari ables \-Jere 

si gnifi cantly related to the major di mensi ons of mechanical ab i li ty as 

determi ned by the factor structure , a multi ple regressi on analysis  

techni que was used. 

Th e regress i on model f i tted to th e da ta i s : 

y = a + S 1 x 1 
+ S2 x2 + . . . .  + s x p + p 

( D i xon & J enn r i c h , 1 98 1  , p . 2 5 2 )  

The pred i c ted va l u e y for eac h case  i s :  
A A 

y = a + S 1 x , + S2 
x

2 
+ • • • • + BP p 

t.Jh e�e : 
y = pred i cted va l u e for the dependen t va r i ab l e y 
a = i n tercept of the reg res s i on l i ne 
S ; = regre s s i on coeffi c i ent  
x .  = scores  of  th e i n dependent va r i ab l e s  

1 

E 

To indi cate that an esti mate of the paraneter is  made , the · symbol i s  

used. 

The method adopted for i ncludi ng i ndependent vari ables i n  the 

regression equation was the forward stepwise i nclusi on. Thi s 

procedure enters vari ab 1 es into the regression equati on accordi ng to 

the amount of vari ance of the dependent v ari ab 1 e accounted for by the 

independent vari able i n  a descend i ng order of contri bution. At each 

step the vari able wi th the hi ghest F-to-enter val ue is  i ncluded i n  the 

equation. As thi s  was an exploratory study , a vari able was i ncluded 

X 
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if its contribution was significant at .E. <.. 0,1 ( F-to-enter = 3, 0 )  and 
removed if, after some other inclusions, its contribution fell below 
this 1 evel. 

Four new variables were created as independent variables :  1 Space 1

, 

' Analytic Reasoning ' ,  ' Conceptual Reasoning ' ,  and ' Mechanical 
Reasoning 1

, corresponding to each of the four factors obtained in the 
factor analysis. The new variables comprised the summed standard 
scores of the tests which had loadings greater than or equal to 0 , 30  
on each factor. 

2. 3. 3  Coding 
Most of the biographical variables were nominal data. As numbers 
assigned to categories of a nominal scale have neither order nor unit 
of measurement, they need to be converted into dummy variables before 
they can be treated as scores and included in a regression equation 
( Chattergee & Price, 1 977) .  

2. 3. 3.1 Independent variables included in the biographical category 
With the exception of the age vari ab 1 e, a 1 1  biographi ca 1 vari ab 1 es 
were nominal data. The variable ' Hobby ' ,  ' Educational level 1 , 

' Background ' ,  ' Subject taken at school 1 , ' Subject preference ' and 
' Previous job experience ' ,  were all converted into dummy variables. 
The v ari ab 1 e I Previous job experience I was categorised according to 
the various Rothwell-Miller Interest Blank interest categories. The 
description of the dummy variables is contained in Table 1 2. Dur.my 
variables with only a small number of cases were omitted from the 
regression analyses because it was believed they would distort the 
findings. 



Nominal variable 

Educational level 

Subject preference 

Subject taken 
at school 

Hobby 
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TABLE 1 2  
Description of dummy variables 

Dummy variable 

Standard eight 
Standard nine 
Standard tena 

English 
Afrikaans# 
Ma thematics 
Science 
Biology 
Accounting# 
Economics# 
Practical# 
History# 

Maths 
Science 
Biology 
Practical 

Sport 
Chess 
Musi c 
Reading 
Photography# 
Movies and television 
Practical 

No of cases 

8 

13  
54 

4 
1 

44 
12  
9 
2 
1 
1 
1 

6 9  
58 
45 
6 

57 
9 

1 1  
1 1  
1 
9 
6 
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TABLE 12 (continued) 

Nominal variabl e Dummy variabl e No of cases 

Background Urban 62 
Rural 13 

Previous job experience None 34 

Outdoor 9 

Mechanical 26 

Computational 1 8  

Scientific# 2 

Persuasive 3 

Aesthetic# 0 

Literary# 0 

Musical # 0 

Social Service 3 
Cl erical 16 

Practical 4 

Medical # 1 

a Incl udes testees with post-school training. 

# Omitted from regression anal yses due to smal l number of cases. 

2.3.3.2 I ndependent variabl es incl uded in the interest category 
The variabl es incl uded in the I nterest category were the rankings 
ootained for the 12 Rothwel l -Mil l er I nterest Bl ank  categories. It 
shoul d be noted that as a high ranking indicates a 1 ow interest, the 
sign of the beta coefficient in the mul tipl e regression equation wil l 
be changed to the opposite direction. 
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CHAPTER 3 

RESU LTS 

The re su -! ts of ti le study are reported i n  th i s  chapter i.�i thout comrient 
or disc u s s i on .  The  :·· e ·l evance of  tl1e findings is  discussed in Chapter 
4 of the report .  

3 . 1  Descripti v2  s ·�1 t i stics of the tests 
Tile neans , standard ue'.ri ati on s , coefficients of skewness  and kurtosis, 
ranges , and re l ·j ab i1 i ty est  ·i :1a tes of the tests are contained in Tab 1 e 
'1 3 .  



TAB LE 1 3  
Means ,  standard dev i ati on s , coeff i c i ents of skewness and kurtos i s ,  

ranges , and reli ab ili ty esti mates of the tes ts 

Range Re l i ab i l i ty 
Mi n i mur.i Max i mum Tucker ' s  

Te st Mean SD Sk ew1ess Kurtos i s  pos s .  obs .  poss . obs .  KR 21 · c orrecti on 

Mental Alertness  1 6 , 2 0  4 ,  1 7  0 , 57 0 , 20 0 7 30 29 0 , 59 0 ,74  

Mechani cal Comprehen s i on 1 6 , 130 3 , 135 0 ,  77 0 ,  51 0 9 42 29 0 , 33 0 , 57 

F Test 1 7 ,  2 1  4 , 4 1 -0 , 24 0 ,  1 0  0 6 49  27 0 , 44 0 , 65  

H Tes t  1 8 , 61 4 , 86 0 , 07 -0 , 54 0 6 49 29 0 , 52 0 ,70 

Fi gure Cla s s i f i cati on 
Test  1 5  , 29 4 ,  1 6  - 0 , 9 1 0 ,70 0 2 24 21 0 ,  7 1  0 , 83 

Blox 25 , 88 5 , 4q -0 , 27 -0 ,47 0 1 2  4 5  37 0 , 65 0 , 78 

Techn i cal Read i ng 
Comprehens i on l O ,  1 3  3 , 76  0 , 33 -0 , 37 0 2 30 20 0 , 54 0 ,73  

Ari thmeti c Reason i nga 9 , 9 1  5 , 6 1  0 , 03 - 1 , 27 0 0 1 9  1 9  0 , 90 0 , 95 

Poppelreuter 21 , 07 9 , 58 -0 , 20 -0 , 92 0 0 3 5  35  0 , 94 0 , 97 

Gottschaldt �r.ibedded 
F i gures Tes t  1 2 , 94 5 , 76  0 , 96 0 ,  1 8  0 4 45  29  0 ,74 0 , 85 

F ault F i nd i ng Tes tc 26 , 45 7 , 47 0 , 50 -0 , 1 6  1 0  1 1  50  45 

O ' Connor F i nger Dexteri tyc 270 , 51 1 8 , 27 - 0 , 34 -0 ,77 0 231 300 300 

an = 68 
b; 

= 64 
Due to the nature of these tests , reli ab i li ty estimates of i nternal �ons i stency could not be calculated . C 
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3 .2 Factor analysi s 

3 .2 . l  Matrix of i ntercorrelations 

The battery of 1 2  tests was i ntercorrelated, together wi th age and 
education ,  usi ng Pearson ' s  product 
Si gni fi cance testi ng i s  two-tai led. 
i s  contai ned i n  Table 14 . 

moment correlation techni que. 
The matrix of i ntercorrel ati ons 



TAB LE 1 4  

Matri x of i ntercorrel ati ons 
( n  = 75 ) 

Tests 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3 1 4  

1 Mental Al ertness 1 , 00 

2 Mechan i ca l 
Comprehens i on 0 , 25* 1 , 00 

3 F Test 0 , 02 0 , 07 1 , 00 

4 H Test 0 ,  1 0  0 , 22* 0 , 45*** 1 , 00 

5 F i gure Cl ass i f i -
cati on Test  0 , 50*** 0 , 06 -0 ,01 0 , 02 1 , 00 

6 Bl ox 0 , 02 0 ,  1 4  0 , 34*** 0 , 42*** 0 , 1 2 1 , 00 

7 Techni cal Readi ng 
Comprehens i on 0 , 40*** 0 , 26* 0 , 02 0 , 00 0 ,  1 1  -0 , 1 2 1 , 00 

8 Ari thmeti c 
Reason i nga 0 , 49*** 0 , 1 7 0 ,  1 6  0 , 1 3 0 , 29** 0 , 07 0 , 38*** 1 , 00 

9 Poppel reuter 0 , 21 *  0 ,  1 6  0 , 25* 0 , 29** 0 , 02 0 , 24* 0 ,  1 0  0 ,  1 2  1 , 00 

1 0  Gottscha l dtb 
Embedded F i gures 
Test 0 , 31 *** 0 , 33*** 0 , 36*** 0 , 37*** 0 , 07 0 , 28** 0 , 41 *** 0 , 33*** 0 , 33*** l , 00 

1 1  Faul t Fi nd i ng Test 0 , 03 0 , 31 *** 0 , 08 0 , 29** -0 , 08 0 ,  1 9  0 , 07 0 , 02 0 , 27* 0 ,  1 8  l , 00 

1 2  O ' Connor F i nger 
Dexteri ty 0 , 09 -0 , 07 0 , 21 * 0 ,  1 0  -0 , 1 6  0 ,  1 4  -0 , 04 -0 , 1 1  0 , 1 0 -0 , 01 0 ,  1 0  1 , 00 

1 3  Age -0 , 1 3  -0 , 1 7  -0 , 1 3 -0 , 1 7  -0 , 1 7 -0 , l l -0 , 1 5 -0 , 1 7 0 ,  1 1  -0 , 2 5* 0 ,  1 6  -0 , 1 9  1 , 00 

1 4  Educati on 0 , 21 *  0 , 24* 0 ,  1 2  0 , 22 0 , 26* 0 ,  1 5  0 , 06 0 , 24* 0 , 1 8 0 , 29** 0 ,  1 0  0 , 05 -0 , 1 4  1 , 00 

an = 68 
b; 

= 64 

*.e. < 0 . 05 

**.e. < 0 , 01 

***.e. ( 0 , 005 

N 
00 



- 29 • 

In an exp l oratory factor anal ys i s ,  the matri x of i ntercorre1 at1 ons  was 
subj ected to Ka i ser ' s  Second Generati on L i ttl e J iffy ( Ka i ser & Ri ce , 
1 974 ) f actor ana l ys i s .  Th i s i s  a non- i terati ve procedure , wi th 
squared mu l ti p l e correl ati ons bei ng used for the i n i ti al estimates of 
cor.nnunal i ty .  

The number of factors wh i ch were extracted \las deterr.1i ned i n  
accordance wi th Ka i ser ' s  Li ttl e J i ffy Mark I V  cri teri on ( Ka i ser & 
Ri ce , 1 974 ) . Four factors appeared to l>e s i gn if i cant accord i ng to 
Kai ser ' s ( 1 958 ) deci si on rul e .  

3 . 2 . 2 Matr i x  of res i dual s 
The matri x of res i dua l s i s  conta i ned i n  Tab l e  1 5 . 



TAB L.£ 1 5  

Matri x  of res i dua l sa 

Tests 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

1 Menta l Al ertness 

2 Mechan i cal 
Comprehen s i on 0 , 06 

3 F Test -0 , 05 -0 , 03 

4 H Test 0 , 02 0 , 06 0 ,  1 6  

5 Fi gure Cl ass i f i -
cati on Test 0 ,  1 9  -0 , 02 -0 , 01 0 , 01 

6 B l ox -0 , 04 0 , 03 -0 , 09 0 ,  1 4  O ,OQ 

7 Techn i cal Read i ng 
Comprehens i on 0 , 09 0 , 08 -0 , 02 -0 , 04 -0 , 04 -0 , 1 1  - C) 

8 Ari thmeti c 
Reason i ng  0 ,  1 3  0 , 01 0 , 09 -0 , 06 0 , 07 0 , 02 0 ,  1 1  

9 Poppel reuter 0 , 07 0 , 00 0 , 05 0 , 06 -0 , 03 0 , 06 -0 , 01 -0 , 01 

1 0  Gottscha l dt Embedded 
Fi gures Test  -0 , 05 0 , 09 0 ,  1 1  0 , 09 -0 , 04 0 , 08 0 ,  1 6  0 , 06 0 , 08 

1 1  Faul t F i nd i ng Test -0 , 01 0 ,  1 7  -0 , 05 0 ,  1 0  -0 , 06 0 ,05 0 ,01 -0 , 01 0 ,  1 2  0 , 01 

1 2  0 1 Connor F i nger 
Dexteri ty 0 ,  1 2  -0 , 08 0 ,  1 0  0 , 00 -0 , 1 2  0 , 05 0 , 00 -0 , 09 0 , 05 -0 , 06 0 , 06 

a Di str i buti on of the absol ute va l ue of the res i dua l s  

. 1  = 52 

. 1  to • 2 = 1 4  

. 2  = 0 

w 
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I nspecti on of the matrix of res i dua l s ( Tab l e  14) i nd i cates that the 

naj ori ty of the res i dua l s l i e bel ow 0. 1, thus conf i rmi ng the Kai ser ' s 

cri teri on that f our f actors account f or most of the common vari ance of 
the tests. 

3. 2. 3 Rotated factor natrix 

The factor matri x was rotated to pos i tive man i fo l d by means of the 

D irect Quarti r.1i n method ( J ennri ch & Samp son, 1966) . T he rotated 

f actor matri x i s  contai ned i n  Tab l e 16. 
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TABLE 16 
Rotated factor matrix , communalities , 

and uniquenesses 

Test I I I  I I I  IV 

Mental Alertness -0 , 01 0 ,29  0 ,46 0 , 04 

Mechanical Comprehension -0 , 05 0 ,  16 0 , 04 0 ,36 

F Test 0 , 51 0 , 09 0 , 00 0 , 03 

H Test 0 ,38 -0 , 04 0 , 06 0 ,28 

Figure Classification 
Test -0 , 05 -0 , 02 0 , 54 -0 , 05 

Blox 0 ,36 -0 ,15 0 ,  14 0 ,19 

Technical Reading 
Comprehension -0 ,06 0 , 50 0 , 04 0 , 06 

Arithmetic Reasoning 0 , 06 0 ,36 0 ,28 -0 , 04 

Poppelreuter 0 ,21 0 , 08 0 , 06 0 ,23 

Gottschaldt Embedded 
Figures Test 0 ,2 7  0 ,38 0 , 05 0 ,21 

Fault Finding Test 0 , 02 -0 , 02 -0 , 06 0 ,39 

O ' Connor Finger Dexteri ty 0 ,24 -0 , 01 -0 , 04 -0 , 04 

Eigen Value 3 , 02 2 , 00 1 ,22 1 , 05 

Note . Tests with loadings > 0 ,30 are underlined 

h2 u2 

0 ,45 0 , 55 

0 ,  19 0 ,81 

0 ,29 0 , 71 

0 ,33 0 ,67  

0 ,2 7  0 , 73 

0 ,2 5  0 , 75 

0 ,30 0 , 70 

0 ,31 0 ,69 

0 ,  18 0 ,82 

0 ,40 . 0 ,60 

0 ,  15 0 ,85 

0 , 05 0 , 95 

.... ,_ ...... .. , ..... t1 ___ ... , .... ·-.··�,,.-
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3 .2 .4  Factor correlations 
The factor correlations for the rotated factors are contained i n  
Table 1 7 .  

Factor 

I 
I I  

I I I  

I V  

TABLE 1 7  

Factor correl ati ons for rotated factors 

I 

1 , 00 

0 ,00 

0 , 05 

0 , 51 

I I  

1 , 00 

0 , 52 

0 , 35 

I I I  

1 , 00 

0 , 20 

I V  

1 , 00 
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3.3 Rothwell-Mill er Interest Blank descriptive statistics 
The descriptive statistics for rankings of choices of Rothwell-Mi 1 1  er 
I nterest Blank categories are presented in Table 1 8 . 

TABLE 1 8  
Descriptive statistics for rankings of Rothwell-Miller 

I nterest Blank categoriesa 

(n = 75 ) 

Category Mean SD Skewness Kurtosis 

Outdoor 9,69 1,85 -1,20 1,46 
Mechanical 3,27 2,74 1,  1 8  0,36 
Computational 4,31 2,51 0, 77 0,41 
Scientific 2 ,91 2,09 1 ,93 4,26 
Persuasive 7,57 2,80 -0,60 -0,49 
Aesthetic 5,84 2, 7 1  0,23 -0,65 
Literary 6,27 2,73 0, 1 6  -0, 77 
Musical 9,70 2,04 -0,81 0,46 
Social Service 7,03 2,44 -0,03 -0, 17  
Clerical 7,58 2,97 -0,24 -0,85 
Practical 9,20 3,04 -0,87 -0,44 
Medical 3,49 2, 17  -0,98 0,50 

a Maximum possible score = 1 2  
Low score indicates a high preference. 
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3 .4 B i ograp h i cal and i nterest vari ables related to mechani cal apti tude 
To determi ne whether bi ograph i cal and i nterest vari ables were 
si gnif icantly related to the maj or dimensi ons of �echani cal abil i ty as 
determi ned by the factor structure, a nulti ple regressi on analysi s 
technique was used. 

The suCJnary tables of the analyses of vari ance and the multiple 
regressi on analyses are contai ned i n  Tables 1 9  to 26 . 

3 .4 . 1  Sumr.tary tables of Factor I :  Space 

Analysi s of vari ance 
The analysi s of vari ance conducted wi th Space as a cri teri on i s  
contai ned i n  Table 1 9 .  

Regressi on 
Resi dual 

an = 

*p < 

TABLE 1 9  

Analysi s  of vari ance a conducted wi th Space 
as cri teri on and bi ograph i cal vari ables and 
Rothwell-Miller Interest Blank rat ings as 

i ndependent vari ables 

ss 

15, 51 

28,40 

75 

0,005 

df 

6 
67 

MS 

2,58 
0,42 

F 

6 , 1 0* 
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Multi ple regression 
The surm1ary table of the multiple regression analysis conducted with 
Space as a criteri on is contained in Table 20 . 

Variable 

TABLE 20 
Summary of multiple regression analysisa 

conducted with Space as criterion and 
biographical variables and Rothwell-Miller 

Interest Blank ratings as independent variables. 
(Multiple _!! =  0,59 ; a = 

-1,1 9) 

Standard 
beta error of 
coeff. coeff. 

Preference for science 0,73 0,21 
Standard ten 0,36 0, 17 
Previous persuasive job 0,82 0,23 
Previous clerical job 0,66 0, 17 
Movies and television -0,66 0,24 
Social Service Interest -0,07 0,03 

an = 75 
*p < 0,05 

**p < 0 , 01 

***£. < 0 ,005 

F-to-
remove 

11,70*** 
4,39* 

12,19*** 
15,70*** 
7,33** 
4,79* 
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3 . 4 . 2 Summary tabl es of Factor I I :  Anal yti c Reasoni ns 

Analysi s of vari ance 
The analys i s of vari ance conducted wi th Ana lyti c Reason i ng as a 

cri teri on i s  contai ned i n  Tabl e  21 . 

Regress i on 
Resi dual 

an 

*.2. 

TABLE 21 

Ana lysi s of vari ance a conducted wi th 
Ana lytic Reason i ng as cri teri on and bi ographi cal 

vari abl es and Rothwel l -Mi l l er I nterest Bl ank rati ngs 
as i ndependent vari abl es 

ss 

21 , 74 
2 3 , 33 

= 75 

< 0 , 005 

df 

7 

66 

MS 

3 ,  1 1  
0 ,35  

F 

8 , 79* 
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Multiple regression 
The summary table of the multiple regression analysis conducted with 
Analytic Reasoning as criterion is contained in Table 22 . 

Variable 

Urban 

TABLE 22 
Summary of multiple regression analysisa 

conducted with 
Analytic Reasoning as criterion and biographical 
variables and Rothwell-Miller Interest Blank b, c 

ratings as independent variables 
(Multiple ! = 0,6 9 ;  a = -4,73) 

Standard 
beta error of F-to-
coeff . coeff . remove 

0,56 0, 1 9  8,46*** 
Preference f or English -0,33 0,32 8,55*** 
Standard ten 0,58 0, 17 12,00*** 
Maths 0,72 0,26 7,6 1 ** 
Biology 0,43 0, 16 7, 14** 
Literary Interest 0,09  0,03 1 1  ,67*** 
Musical Interest -0 , 1 3  0,03 14,09*** 

an = 75 
*p < 0,05 

**.2. < 0,01 
***.2. < 0,005 
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3.4. J  SuQmary tab l es of Factor III: Conc��tual Reasoning 

Anal ysis of variance 
The anal ysis of variance conducted with Conceptual  Reasoning as 
criterion is contained in Tab le  23. 

Regression 
Residual 

an 

*E. 

TAB LE 23 

Analysis of variance a conducted with 
Conceptual Reasoning as criterion and biographica l 

variab les and Rothwe l l -Mi l l er Interest Bl ank ratings 
as independent variab l es 

ss 

19 ,21 
33,97 

= 75 
< 0,005 

df 

6 

67  

MS 

3,20 
0,51 

F 

6,31* 
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Multiple regression 
The summary table of the multiple regression analysis conducted with 
Conceptual Reasoning as criterion is contained in Ta ble 24. 

TABLE 24 
Summary of multiple regression analysisa conducted with 

Conceptual Reasoning as criterion and 
biographical variables and Rothwell-Miller 

Interest Blank ratings as independent variables 
{ Multiple � =  0,60 ; a = -0,92) 

Standard 
beta error of F-to-

Variable coeff . coeff .  remove 

Pref erence for English 0,80 0,38 4,50* 
Standard ten 0,52 0, 1 9  7,39** 
Sport 0,58 0,26 5, 16* 
Scientific Interest 0,09 0,04 4,46* 
Aesthetic Interest -0,1 1  0,03 12,76*** 

an = 75 
*.e. < 0,05 

**£. < 0 , 0 1  

***.e. < 0,005 
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3 .4 .4 Sur.unary tables of Factor IV: Mechanical Reasoning 

Analysis of variance 
The analysis of variance conducted with Mechanical Reasoning  as 
criterion is contained in Table 25 . 

Regression 
Residual 

an 
*.e. 

TAB LE 25 

Analysis of variance a conducted with 
Mechanical Reasoning as criterion and 

biographical variables and Rothwell-Miller 
Interest Blank ratings as independent variables 

ss df MS 

1 1 , 1 5  3 3 , 72 

36 , 52 70 0,52 

= 75 
< 0,005 

F 

7 , 1 2* 
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Multiple regression 
The summary table of the multiple regression analysis conducted with 
Mechanical Reasoning as criterion is contained in Table 26 . 

Variable 

TABLE 26 

Summary of multiple regression analysisa conducted 
with Mechanical Reasoning as criterion and 
biographical variables and Rothwell-Miller 

Interest Blank ratings as independent variables 
A 

(Multiple f = 0 ,48 ; a = -0 ,06) 

Standard 
beta error of 
coeff . coeff . 

Preference for English 0 ,76 0 ,38 
Preference for science 0 ,73 0 ,23 
Standard nine -0 ,59 0 ,22 

an = 75 
*p < 0 ,05 

**.e. < 0 ,01  
***.e. < 0 ,005 

F-to-
remove 

4 ,  12* 
10 ,08*** 
6 , 94* 
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CHAPTER 4 

D ISCUSS ION 

4 . 1 Factor analys i s 

Ai m 1 :  To determi ne the factor structure of a group of tests 

theoreti cal ly  rel ated to mechan i cal apti tude i n  Whi tes , on a 

samp l e  of Bl ack mal es . 

4 . 1 . 1 Di stri buti on of test scores 

It  can be seen f rom Tabl e 1 3  that the observed ranges of the tests 

show suff i ci ent spread i n  the scores . Inspecti on of the skewness 

i ndi cates that apa�t from Mechani cal Comprehensi on and the Gottschal dt 

Embedded F i gures Test wh i ch are posi ti vely skewed and thus  appear to 

be somewhat diff i cul t ,  and the Fi gure Cl assif i cati on Test wh i c h  i s  

somewhat negati vely skewed and thus appears to be rather easy , r.10st of 

the tests are of an appropri ate 1 evel of diff i cu l ty .  Many of the 

means and standard devi ati ons of the test scores of the samp 1 e are 

simi l ar to those obtai ned i n  the standardi zati on sar.ip l es ( see Chapter 

2 ,  Tabl es 2 to 1 1 ) .  

Note that the tests were standardi zed on groups at r.1atri cu l  ati on or 

f i rst-year Un i versi ty l evel and the present samp l e  had an educati onal 

range of Standard 8 to 1 0  ( see Tabl e 1 ) . The rel ati vely  h i g h  score of 

the samp l e  may be attri buted to the sel ecti on procedure .  F urthermore , 
Spence ( 1 932 ) has shown that a group wi th Standard 7 to 1 0  educati onal 

range scored s i gnif i cantly l ower on the Mental Al ertness and Fi gure 

Cl assif i cati on Tests than the standardi zati on sampl es .  However , the 

mean l evel of educati on ( Standard 8 )  of her samp l e  was l ower than that 

of the present samp 1 e ( Standard 1 O )  and a 1 arge proporti on were over 

30 years of age .  As T. Tayl or ( 1 977 ) ·has reported a negati ve 

correl ati on betueen age and scores on the Fi gure C l assif i cati on Test , 

these two poi nts coul d ,  accordi ng to Spence ( 1 982 ) account f or the 

diff i cu l ti es whi ch the members of her samp l e experi enced . 
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The present sampl e, however, seemed to find the Figure Cl assification 
Test rather easy ( see Tab l e  1 3 ) which coul d indicate that it was a 
rather more urbanized samp 1 e than that reported by Spence ( 1 982 ) and 
Visser ( 1 978 ) ,  part icu l arl y as 82, 7% of the present sampl e  purported 
to be urbanized . Numerous writers ( Grant, 1 972 ; Kenda 1 1  , 1 977 ; 
T. Tayl or, 1 977 ; Werbel off & Tayl or, 1 982 ) have indicated that 
conceptual reasoning is rel ated to urbanization and T. Tayl or ( 1 977 ) 
and Kendal l ( 1 977 ) have pointed out that the abil ity to think 
conceptual l y is essential for functioning in a western technol ogical 
society . The degree of urbanization of the presen t sampl e  is not 
surprising considering that they were a sel ected group who were 
r.iechani ca l l y orientated . 

4 . 1 . 2  Rel iabil ities 
An inspection of Tab l e  1 3  indicates that, in general , the rel iab il i
ties of the tests in the battery are not very high, and are, with the 
exception of Arithmetic Reasoning (!:tt = 0, 90 ) ,  al l l ower than the 
KR 21 rel iabil ities reported for the standardization sampl es .  It 
shoul d  be noted, however, that the Figure Cl assification Test (.!:.tt = 
0, 71 ) , Gottscha 1 dt Embedded Figures Test (.!:.tt = O, 7 4 )  , and 
Poppel reuter (.!:.tt = 0, 94) , which were used on an experir.1en tal basis 
in this study, had K R  21 rel iabil ities of a r.1ore acceptab l e  order . 
l�otwithstanding that KR 21 , which is a measure of internal consistency 
{ Kuder & Richardson, 1 937 ) gives, at best, onl y  a l ower bound estimate , 
of the KR  20 rel iabil ity ( Kuder & Richardson, 1 937 ; Horst, 1 95 3 ) ,  the 
rel iabil ities of the other tests fal l far short of the minimal 0, 75  
l evel of rel iabil ity at  \·1hich test constructors aim ( Werbel off & 
Tayl or, 1 982) . Re 1 i ab i 1 i ty, however, is affected by the homogeneity 
of the sampl e ( tJunnal l y, 1 96 7 )  and, as this is a rel atively  sel ected 
group, this coul d tend to depress the rel iabil ity val ues . 

Considering that the rel iabil ities of speeded tests are often 
spuriously  high ( Schepers, 1 974 ),  the KR 21 rel iabil ity estimates of 
the F Test ( 0, 44 ;  0, 65  with the Tucker correction ) and the H Test 
( 0, 52 ;  0, 70 with the Tucker correction ) are surprisingly l ow and this 
is rather difficul t  to interpret . Al though the tests are highly  
speeded, it  is a 1 so 1 i ke ly  that they have a power component .  This may 
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be parti cu l arly so where Bl acks are concerned , as Schepers ( 1 974) has 
pointed out that speed i s  not normal ly stressed wi th Bl ack devel oping 
groups. 

The very l ow KR 21  re l i abi l i ty esti mate (!.tt = 0 ,33 ) of Mechani cal 
Comprehensi on may be due partly to the test being rnul ti -dimensi onal , 

in  wh i ch case the KR 21 val ue , as a measure of i nternal consi stency 
woul d thus be l ow .  Nunnal l y  ( 1 967 ) , however , has pointed out that  
guessi ng tends to decrease rel i abi l i ty .  Thus in  vi ew of Schepers • 
( 1 974 ) comment that l ower educated groups have a tendency to guess , 
and i n  v i ew of the fact that as there are only three a l ternati ve 
choi ces per i tem whi ch gi ves testees a 33t chance of guessing 

correctl y ,  a more disturbing aspect may be that the l ow re l i abi l i ty 

may al so be due to guesswork on the part of the present sampl e .  

The l ow reli abi l i ti es whi ch have been obtai ned rnay be an ind i cati on 

that these tests are not sui tabl e i n  thei r present fonn for Bl acks. 

4.  l. 3 Correl ati ons of the tests 

Fror.a the matri x of i ntercorrel ati ons ( Tabl e 1 4 } , i t  may be seen that 

whereas many of the tests correl ate pos i ti vely ,1i th one another , the 

degree of correl ati on i s  not great , the h i ghest posi ti ve corre l ati on 
(!_ = 0 , 50; £. < 0 ,005 ) bei ng between Mental Al ertness and the F i gure 

Cl ass i f i cation Test. 

From Tabl e 1 4  i t  may be noted that  whereas only the Gottschal dt 
Embedded F i gures Test correl ates si gnif i cantly (!:. = -0 , 25 ,  .e.. < 0 , 05 ) 
wi th age , most of the obtai ned correlati ons wi th age are negati ve . 
Thus , al though the si gnif i cant negati ve correl ati on between age and 

the Fi gure C l assif i cati on Test whi ch T .  Tayl or ( 1 977 ) reported has not 
been obta i ned , the correlation (! = -0 , 1 7 ) i s  i n  the ri ght di recti on. 

He ascri bed thi s negati ve corre l ation of age wi th the F i gure 

Cl assif i cati on Test as bei ng a measure of Cattel l ' s ( 1 97 1 ) f l ui d  

intel l i gence ( ' gf ' ) , wh i ch i s  known to dec l i ne wi th age . I t  i s  

i nteresting to note that the two mechani cal apparatus tests , the 
Poppel reuter and the Fau l t F i nd i ng Test , are the only tests to 

correl ate posi ti vely  wi th age . Thi s  cou l d  be ascri bed to the i r bei ng 

re l ated to experi ence . 
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Educati on correlates si gni fi cantly (!. = 0,29) wi th the Gottschaldt 
Embedded F i gures Test at the 1% level of si gni fi cance, and wi th Mental 
Alertness (.!:_ = 0,21), Mechani cal Comprehension (.!:_ = 0,24), H Test 
{.!:_ = 0,22), Fi gure Classi ficati on Test {.!:_ = 0,26) and Ari thmeti c 
Reasoni ng (.!:_ = 0,24), at the 5% level. Although these fi ndi ngs tend 
to confi rm the results of numerous researchers who have shown that 
education faci li tates performance i n  abili ty tests (Crawford-Nutt, 
1977a, 1977b ;  Grant, 196 9 ;  Mauer, 1974 ; McFi e, 1961 ; Schepers, 
1974 ; Silvey, 1963 ; T .  Taylor, 1977 }, i t  should be borne i n  mfod 
that a 5� level of si gni fi cance may not be parti cularly meani ngful. 

The mean level of educati on of the present sample, however, i s  
Standard 10, wi th onl y a few i ndi vi duals i n  Standard 8 or 9 .  As the 
correlati on between two vari ables generally i ncreases wi th i ncrease i n  
standard devi ati on of the variables, the restri cted range of the 
educati on vari able may result i n  the lower correlati ons obtai ned. 

4 .1 .4 Matri x of resi duals 
Inspecti on of the r:1atri x of resi duals (Table 15 }  i ndi cates that when 
four factors have been extracted, the resi dual correlati ons tend to 
become very small . Thi s confi rms Kai ser ' s (1958 } cri teri on that four 
factors account for most of the connnon vari ance of the tests . There 
are, however, a number of resi duals whi ch are not as small as 
desired. Muller & Browne (1972) have noted that an appli cati on of 
Kai ser I s ( 1958) cri teri on sometimes results i n  an underestimati on of 
the number of factors and thus perhaps fi ve factors would have 
accounted for more of the common vari ance. Haman ( 1967), however, 
has stated that a certai n amount of subj ective j udgement i s  often 
necessary i f  psychologi cal meaningfulness i s  to be obtai ned, and hence 
wi th only twelve tests i n  the battery, i t  would not be possi ble to 
i nterpret the factors adequately i f  fi ve factors had been extracted. 

4 .1 . 5  Interpretati on of the factors 
Interpretati on of each factor has been based primari ly upon the tests 
wi th hi gh loadi ngs ;  that i s, wi th loadi ngs above 0,30 . I nterpretati on 
of loadi ngs between 0,20 and 0,30 are rather more tentative, and 
loadi ngs below 0,20 have not been i nterpreted. I t  should be borne i n  
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mi nd that an obli que rotati on was perforr.ied . Although the factor 
1 oadi ngs are not very hi gh , Botzum ( 1951) has i ndi cated that factor 

loadi ngs for obli que soluti ons are lower than for orthogonal 

rotati ons . It  i s  thus possi ble that ,  had an orthogonal rotati on been 

performed , higher load ings mi ght have been obtained . 

4 . 1 . 5 . 1  Factor I 

An inspecti on of the rotated factor r.iatri x ( Table 16) i ndicates t�at 

Factor I i s  best def i ned by the f ollowi ng tests : F Test ( 0 ,51) , 
H Test ( 0 ,38) , and Blox ( 0 ,36) with smaller loadings on the 
Gottschaldt Embedded Fi gures Test { 0 , 27) ,  O 'Connor Fi nger Dexteri ty 

( 0 , 24) , and the Poppelreuter { 0 , 21) . 

The three hi ghest loadi ngs on this factor stamp i t  unmi stakably as a 
Space factor , as they are a 11 standard spa ti a 1 tests : the F Test 

measur ing two-d i mens i ona 1 spa ti a 1 representati on , the Bl ox measuring 

SR-0 ,  and the H Test measuri ng Vz. 

The extracti on of a spati al f actor accounting f or 15 ,75% of the 

vari ance instead of a reasoni ng factor as the fi rst f actor i s  rather 
unusual . Thi s  coul d possi bly be attri buted to the similari ty of 

f ormat of the three tests loadi ng hi ghest on the factor ; the F Test , 

the H Test , and the Blox are all tests containi ng di agrams from whi ch 

the testee has to make a choice , whereas the other tests i n  the 

battery have very different formats . Thi s  aspect could tend to 
strengthen the f actor. 

The loadi ng of the Gottschaldt Embedded Fi gures Test ( 0 , 27) on this  

factor is i n  l ine wi th reported findi ngs that tests of field 
arti culati on correlate wi th spati al tests ( Dawson , 1967a , 1 967b; 

Gardner , J ackson , & Messi ck,  1960 ; Vernon , 1972 ; Wi tkin ,  Dyk ,  

Faterson , Goodenough , & Karp , 1962) . MacFarlane Smi th ( 1964) po inted 

out that the cruci al component of the space factor i s  the capac i ty to 
perceive and hold i n  mind the structure and properties of a f orm or 

fi gure grasped as a who 1 e.  Thi s appears to be very s i mi 1 ar to the 

concept of fi eld arti culati on ( Gardner et al . 1960 ; Gruenfeld & 

MacEachron , 1975) where the poor performer is unable to pi ck out and 

arti culate the relevant fi gure .  
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Whil e the l oading of the O ' Con nor Finger Dexterity ( 0 , 24 )  on this 
factor may at first seem rather surprising , the l oading may not have 
occurred by chance . The O ' Connor Finger Dexterity invol ves the 
abil ity to co-ordinate f inger movements \�hil e picking up the three 
sr.1al l pins , and to perforr., fine manipul ations whil e inserting the pins 
in the hol es under speeded conditions ( Fl eishman ,  1 954 ) .  This woul d 
invol ve spatial orientation of the testee Hith rel ation to the pins 
and the ho 1 es , which brings to mind Thurstone ' s ( 1 949 ) s

1 f actor. 
This interpretation is strengthened by the resul ts of Chapr.ian ( 1 948 ) 
who , in ana l yzing the MacQuarrie Test , f ound a correl ation of 0 , 68  
between the f actors he identified as spatial and  motor. The highest 
l oading of his spatial f actor was given by Dotting , which requires · 
skil l simil ar to that required by the O ' Connor Finger Dexterity. 
Pemberton ( 1 952 ) al so reported a test simil ar to Dotting to have a 
l oading ( 0 , 28 )  on  a space f actor. Fl eishman and Hempel ( 1 9 54b ) have 
indicated that diff erent f actors are invol ved at diff erent stages of a 
l earn i ng task , and both De Wet ( 1 967 ) and Biesheuvel ( 1 979 )  have shown 
that in earl y trial s  with psycho-motor tests , non-motor f actors , which 
are probab l y  spatial and verbal , predominate. Perhaps in the present 
sampl e ,  it is the spatial component which is operative in the O ' Connor 
Finger Dexterity. Indeed , Fl eishman ( 1 957 ) has shown that the 
inf l uence of spatial abil ity in motor test performance r.1ay decl ine 
with practice. 

Many researchers have pointed to the high degree of specificity of 
psychomotor tests ( Biesheuvel , 1 949 ; De Wet , 1967 ; F l eishman & 
Hempel , 1 954a ; Vernon & Parry , 1949 ; Hol f l e ,  1940 ) which is borne 
out by the 1 ow conr.,una 1 i ty (!!_2 = 0 ,  05 ) of the O I Con nor Finger 
Dexte�ity in this study. The test cl earl y has l ittl e in common with 
any of the other f actors. 

Al though Skawran et al . ( 1 967 ) asserted that the Poppel reuter is 
essential ly two-dimensional , it has spatial visual ization connotations 
as the testee has to understand . and visual ize the rel ationships of the 
various gears and wheel s to each other. The testee al so needs to keep 
in mind the whol e structure whil e visual izing how the various parts 
wil l fit together. The supposition that the Poppel reuter has a 
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visualization aspect appears to be conf i rr:1ed by the. fact tha t  ·i ts 
highest correlation is with the H Test ( !. = 0 , 29 ,  £. < 0 , 01 ) .  

The negligible loading of Mechanical Comprehens i on on Factor I is 
rather surprising , as it clearly has qu i te a few spatial i tens , and 

numerous writers ( Ekvall , 1969 ; Gu i lf ord , F ruchter, & Zinmerman , 
1 952 ; Gui lford & Zimmerman , 1947 ; Patterson , 1956 ; Super & Crites , 
1962 ; Thurstone , 1949 ) have demonstrated that mechanical comprehen sion 
tests have spatial , particularly visualization , components. Ekvall 
( 1969 ) particularly has stressed that the spatia·1 factor generally 
carries the mos t  weight in factor studies of the test. In view of 
these findings ,  and in view of the low rel iability of Mechanical 
Comprehension , it is likely that the test is not measuring what it 
should be measuring , and may thus not. be su i table for Black s. This 
supposition will be discus sed later i n  more detail ( see section 
4. 1 . 5. 4 ) .  

In view of the spatial ( figural ) context within which the Figure 
Classification Test is enbedded , ·  it is i n teresting to note that the 
test does not load on the spatial factor ,· nor does it  correlate with 
any of the three r.iain spatial tests. These results are in contrast 
with those of Uerbeloff and Taylor ( 1 982 ) ,  who obtai ned significant 
carrel ati ons between the Figure Cl ass if i cation Test and Bl ox for a 
matriculated sanple of Black sugar workers (!!. = 72 ; !. = 0 , 4 ,  
.e_ < 0 , 05 ) , and for a sample of first year Black Technik,on students 
(!!_ = 199 , !. = 0 , 35 ,  £. < 0 , 05 ) , which they attributed to the spatial 
and reasoning components common to the tests . A pos sible reason for 
this lack of correlation will be discussed later ( see section 4.1. 5. 5 ) .  

Only one spatial factor was extracted. Al though many writers 
( Guilford & Lacy , 1947 ; McGee , 1979 , 1982 ; Michael et al. , 195 7 ; 
and Thurstone , 1949 ) have pointed to the separation of S R-0 from Vz , 
many of them have difficulty in dif f erenti ati ng the two ( Carroll & 
Maxwell , 1979 ; Harris , 1981 ; MacFarlane-Smith , 1964 ; Mandler & 
Stein , 1977 ; McGee , 1979 , 1982 ; Michael et al , 195 7 ;  Myers , 1 958 ; 
Patterson , 1956 ;  Vandenberg , 1975 ; Zimmerman , 1954a , 1954b ) and 
others ( Borich & Bauman , 1972 ; Goldberg & Meredith , 1975 ; Horn , 
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1 972 ; Karl ins , Scheurk off., & Kapl an , 1 96 9 ; Michael et al . ,  1 95 7 ;  
Roff , 1 952 ; Thurstone , 1 949 , 1 950 , 1 951 ) , have indicated that factors  
of SR-0 and Vz  are carrel ated. Zimmerman ( 1 953 ) has  suggested that 
the tHo factors represent 1 eve 1 s of comp 1 ex i ty of essential l y  the same 
dir.tension. It is possibl e that because of the rel ative l ack of 
experience of Bl ack s in the Hes tern tech no 1 ogi ca l l y orientated cul ture 
and l ack of environmental support ,  their spatial structures have not 
yet cry stal l ized and devel oped al ong the continuum , and are thus 
re l ativel y  undiff erentiated. In this regard , Ferguson ( 1 954 , 1 956 ) has 
stres sed the rol e of cul tural demands in f ostering the dif f erentiation 
of intel l ect. As the Bl ack s becorae r.,ore integrated into a tec hno
l ogical l y  sophisticated environment , with its concomitant demands on 
the devel opment of specific skil l s , it is l ik e l y  that spatial 
abil ities woul d become more dif f erentiated. This interpretation is 
strengthened by the fact that the F Test , which coul d represent the 
l owest l evel of compl exity as it asses ses  two-dimensional rather than 
three-dir.tensional depth perception , has the highest l oading ( 0 , 51 ) on 
the Space f actor. However ,  it shoul d be borne in mind that there are 
f ew suitabl e tests avail abl e f or testing Bl ack s at this l evel , and had 
more tests been incl uded in the battery , it is pos sibl e that the 
separation between SR-0 and Vz , which Bal l entine ( 1 982 ) obtained , 
woul d have been c onfirmed. 

4.1 .5.2 Factor I I  
Factor I I  is best defined by the f ol l owing tests : Technical Reading 
Comprehension ( 0 , 50 ) ; Gottschal dt Embedded Figures Test ( 0 , 38 )  and 
Arithmetic Reasoning ( 0 , 36 )  with a smal l er l oading on Mental Al ertnes s  
( 0 , 29 ) .  

Tests which are high on this factor  al l appear to require anal ytic 
thinking and the processing of inf ormation in a series of l ogical 
steps. In al l cases , appl ication of previous knowl edge is invol ved. 

This f actor is interesting as the f our tests are presented in 
dif f erent contexts. Technical Reading Comprehension is embedded in a 
1 anguage c ontext ; the Gottsc ha 1 dt Embedded Figures Test is f i gura 1 
( spatial ) ;  Arithmetic Reasoning is numerical ; and Mental Al ertnes s  

•:, ;1.. p,_ , i r r< :�: '.::' ;:·.s·r�:·svv ETEN�)i\A PL! KE NA VOI\Sl N(> 
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i s  mai nly verbal wi th a numerical component to a lesser degree . Th i s  
i ndi cates tha t  the activi ty rep resented by Factor I I  transcends the 

ir.miedi ate p resentati on of the problem and thus renders i t  more 

powerful . 

Trli  s factor i s, to a certa i n extent, simi 1 ar  to Grant and Schepers 
( 1 969 )  'percep tual analysi s 1 factor, i n  whi ch the reproducti on of a 
gi ven pattern is  requi red, together wi th synthesi s and analysi_s. 

However, Grant and Schepers • (1969 ) study used performance tests, 

whereas the tests 1 oad i ng on thi s factor are a 11 penci 1-and-paper 

tests . 

Techni cal Read i ng Comprehensi on requ i res the abi li ty to read and 

absorb the g i ven i nformati on, to analyze the problem, and then to 

process, synthesi ze, and transf arm the i nf orr.iati on. Thi s  is cl early 
an analyti c task wh i ch has to be performed in a ser ies of steps . 

The Gottscha 1 dt  Er.ibedded F i gures Test requi res the abi 1 i ty to fi nd a 
g iven f i gure i n  a di stracti ng complex fi eld . What seems to be 

requ i red i s  flexi bl e  th i nki ng and f reedom f rom Gestaltbi ndung . I n  the 

test, one has to analyze the Gestalt formed by the large fi gure i n  

order to fi nd the smaller given fi gure. Pemberton (1952 ) has 

i ndi cated that  flexi bi li ty of cl osure { C2 ) of wh i ch the Gottschaldt 

Embedded F i gure Test i s  a measure, rep resents a generali zed analyti c 
ori entati on. In th is  regard , i t  is  i nteresti ng to note that  a number 
of wri ters (Arbuthnot & Gruenfel d, 1969 ; Barrett & Bass, 1 972 ; 
Gruenfeld & MacE achron , 1975; Holtzman, Swartz & Thor,p e, 1971 ; 
S. Levy, 1 969 ; Zytowski , Mi lls & Paepe, 1 969 ) have i nd i cated that  

peop l e  who are more fi eld arti culate tend to  pursue mechani cal or 

siMi lar occup ati ons, whi ch requi re analyti c cogn i tive ski lls . 

Connolly and Bruner (1974 ) state that the skills requ i red to cope  wi th 
technology i nclude " the capaci ty for combi n i ng i nformati on i n  a 

fashi on that permi ts one to use flexi bi li ty ;  to go  beyond the 
i nformati on g iven ; to draw i nferences • • •  and to connect and p robe for 
connecti on 11 

( p. 4 ) . They vi ew the acqui si ti on of these ski l 1 s as 

bei ng essenti al to cope wi th exi sti ng reali ti es, and they call thi s  

" operati ve i ntelli gence - knowi ng how rather than simply: knowi ng that1

1 

(Connolly & Bruner, 1974, p .  3 ) . 

0 6 8 4 6 7 
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Ari thmeti c Reasoni ng requi res  the abi l i ty to man i pul ate symbol s 

accordi ng to the four basi c  rul es of ari thmeti c .  The test i s  thu s  

dependent t o  a l arge extent o n  forma l  school i ng a s  the person needs to 

app ly  h i s previ ously gai ned knowl edge i n  ari thmeti cal concep ts . The 

i nf ormati on must a 1 so be anal yzed and proces sed sequenti a 1 ly . 

T .  Tayl or ( Note 1 )  has i ndi cated that the sol uti on to the probl em 

i nvol ves more than one l og i cal step . I t  i s  i nteresti ng to note that 

duri ng the testi ng  the i nvi  g i  1 ators noti ced that many of the testees 

appeared to experi ence numerous p rob 1 ems i n  understand i ng what was 

requ i red of them . As the test has a novel f ormat , i t  i s  l i kely tha t 

some of the testees were not abl e to adapt to an unf ami l i ar task .  

E rwee ( 1 981  ) has poi nted out that teach ·j n g  i n  the Bl ack schoo 1 s 

emp hasi zes rote 1 earn i ng ,  and Vernon ( 1 967 ) has suggested that rote 

l earn i ng tends to i nh i bi t  f l exi bl e  probl em-so l v i ng strategi e s .  

The somewhat l ow l oadi ng ( 0 , 29 )  of Men tal Al ertness o n  th i s  f actor i s  

rather surp ri si ng as i t  i s  basi cal l y  an analyti c task . The key for  

the sol uti on of the i tems i n  Mental Al ertness l i es upon di scoveri ng 

and anal yzi ng the rel ati onsh i p  among parts . In l etter and number 

seri es , the testee needs to d i scover the pri nci p l e upon wh i c h  the 

i tems are bui l t ; in anal ogi es , the rel ati onsh i p  between the parts 

needs to be ana lyzed . In a 1 1  case s , we 1 1  es tab 1 i shed concep ts of 

number and l etter are requ i red . The test  i s  thus  dependent to a l arge 

extent on f ormal schoo l i ng ,  whi ch Vi sser ( 1 977 ) has noted . Li ke 

Ari thmeti c Reasoni ng ,  many of the i terns requi re severa 1 successi ve 

reasoni ng step s ,  each step bei ng dependent on the previ ous step . 

One of the reasons f or the l ow l oadi ng of Mental Al ertness on th i s  

f actor may be ascri bed to i ts h i gh  verba 1 component . I t  has to be 

borne i n  mi nd that  notwi thstandi ng Engl i sh or Af ri kaans  bei ng the 

medi um of educ ati on f or Bl acks , the i r mother-tongue i s  usual l y  an 

enti rel y  d ifferent l anguage . Werbel off and Tayl or ( 1 982 ) have poi nted 

out that,  as the p rocessi ng of verbal materi al f orms an i mportant 

comp onent of the task contai ned i n  Mental  Al ertness , Bl acks , whose 

home l anguage i s  not E ng l i sh or Af ri kaans , mi ght experi ence d iff i cul ty 

i n  understa nd i ng what i s  requi red of them i n  certai n  i tems . They 

further po i nt out that verbal reasoni ng tasks woul d be more d iff i cul t 
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for those whose home 1 anguage is not the 1 a.nguage of the test , f or the 

subj ect either has to trans 1 ate the ma tei< a "1 ·i nto h i s  own l anguage 

before performing  logico-verbal man i pu '] aticn or perform the 
manipulations in a second or third language. In this regard , Bawd 

( 1973 ) has suggested that differences i n  test perf ormance between 
\lhite and I ndian samples were mediated to a l arge extent  by facility 

in English. 

Because no verbal factor has been extracted and because the tests 
loading highest on Factor I I I  all have fairly l engthy written 

instructions, it is possible that the Conceptual Reasoning factor also 
contains some verbal variance. 

4. 1 . 5. 3  Factor I I I  

Factor I I I  is best defined by the Figure Cl assification Test ( 0, 54 )  
and Mental Alertness ( 0, 46 )  with a lower loading on Arithmetic 

Reasoning ( 0, 28 ) .  Tests which are h i gh on this factor require 
flexible thinking and the ability to approach a new task with an open 

mind. 

Although, as can be seen from Tabl e 17 , Factors I I  and I I I  are 

correlated (_!:. = 0,52 ) and may be consi dered to be of a similar kind, 

they are nevertheless sufficiently d i fferent to require separate 
interpretation. Factor I I  requires analyti c ability, where previous 

knowledge is either given or assumed, whereas Factor I I I  appears to 
refer mainly to a concep tual hypothetico-deductive mode . 

Factor I I I, like Factor I I, transcends the immediate test content: 
Figure Classification Test is spatial, Mental Alertness is verbal and 
numerical, and Arithmetic Reasoning is nunerical. 

The processes underlying the Figure Cl ass if ication Test are comp 1 ex 

and imply a complicated, _ dynamic system. Not on l y  analysis and 

synthesis are required, but their interp l ay seems to be a basic 

characteristic of conceptual reasoning. Fundamenta 1 to the task is 

that hypotheses must be formulated and verified r nerbeloff & Taylor, 

1982 ) ,  while T. Taylor ( 1977) stressed that no preliminary training or 
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knowledge is required. Grant ( 1972) has commented that the essential 

nature of conceptual reasoning is that the subject does not approach 

the problem with the concepts underlying the task already learned, but 

he has to derive the concepts whi 1 e doing the test. This is the 

essential diff erence between the Figure Classification Test and the 

usual inductive tests. Grant (1972) added that, in the latter case, 

it is taken for granted that the subjects have well formulated 
concepts of letter and number. However, as discussed previously (see 

section 4 . 1.5.2) ,  the l ikelihood exists that this may not always apply 

where Blacks are concerned. 

There is little information available on the way Blacks solve 

problems, and it appears 1 ikely that they find Mental Alertness more 

of a conceptual hypothetico-deductive task than an analytic task. In 

this regard, numerous writers (Bruner, Goodnow, & Austin, 1956 ; 

French, 1965 ; Pemberton, 1952 ) have indicated that people use 

diff erent problem-solving strategies in approaching tasks. It has 

been pointed out (Kendall, 1974, 1977 ; Werbeloff & Taylor, 1982 ) that 

Blacks tend to adopt diff erent problem-solving strategies from those 

used by the Whites on conceptual reasoning tests, which Kendall (1977) 

ascribed to temperamental and attitudinal factors. It may be highly 

1 ikely that they would al so adopt a different approach to solving the 

iter.1s of the Mental Alertness test. Further, Crawford -Nutt (1977a) 

has indicated that the rationale of tests can change with changing 

educational levels as higher education facilitates a shift in 

problem-solving modes. He attributed this to increasing cognitive 

diff erentiation . The tests would not thus be measuring the same thing 

for all people (French, 1965) and this would consequently aff ect the 

factor loadings and possibly account for the loading of the Mental 

Alertness on Factors I I  and I I I. If , as Irvine (1969) has noted, 

factor loadings approach Western patterns as the groups become more 

acculturated, it is likely that Mental Alertness would then load more 

highly on Factor I I. 

The loadi ng of Arithmetic Reasoning on Factor I I  and I I I may be due to 

a similar reason. T. Taylor (Note 1) has pointed out that conceptual 

reasoning may be related more to urbanization than to formal 
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school i ng ,  whereas Ari thmeti c Reasoni ng i s  dependent to a certain  

extent o n  f ormal school i ng a s  wel l -establ i shed ari thmetical concepts 

are requ1 red . However , 1 t seems that part of the vari ance accounted 

for by the test i s  due to hypothesi s formul ati on . It i s  1 i kely that 

the novel f onnat of the test might have caused the samp l e  to resort to 

addi ti onal hypothesi s  fonnul ati ng strategi es i n  attempts to sol ve the 

i tems . Dreyer ( 1 974) has demonstrated that when Af ri can primary

school chi l dren are faced wi th ari thmetic tasks which  are not based on 

counti ng acti v i ti es ,  they tend to resort to i l l -defi ned strategies ,  

and Okonj i ( 1 971 ) and Si ann ( 1 972 ) have shown that f arni 1 1  ari ty wi th 

the task affects performance . It i s  thus l i kely that the present 

sampl e resorted partly to a conceptual -hypotheti co-deductive mode when 

faced with a test whi ch had a novel forr.1at and thus di d not conf orm to 

the usual ari thmetical task wi th whi ch they were fami l i ar. 

4. 1 . 5 . 4  Factor IV 

From Tabl e 1 6  it may be ascertained that Factor IV i s  best def i ned by 

the Faul t-Fi ndi ng Test ( 0 , 39 )  and Mechani cal Comprehensi on ( 0 , 36 )  wi th 

smal l er l oadi ngs on the H Test ( 0 , 28} ; Poppel reuter ( 0 , 23 )  and the 

Gottschal dt Embedded Fi gures Test ( 0 , 21 ) .  

Thi s factor i s  rather r.1ore diff i cul t to i nterpret as there are no 

real ly wel l -def i ned marker tests . The tests l oadi ng hi ghest on thi s  

factor al l seem to requi re mechani cal reasoni ng ,  knowl edge , and 

experi ence ; a 1 though whether i t  i s  merely mechani  ca 1 knowl edge and 

experi ence , or whether there i s  a specif i c  reasoni ng component 

i nvol ved i s  diff i cul t to assess .  

Al though Skawran et al . ( 1 967 ) have asserted that the Faul t-F i ndi ng 

Test i s ,  to a l arge extent , i ndependent of mechani cal trai n i ng ,  those 

who are fami l i ar wi th , or have had experience i n  ti nkeri ng wi th 

mechani cal devices woul d have a cl earer understandi ng of the 

underlyi ng pri ncipl es i nvol ved . Thus , whi l' e  knowl edge can partly be 

di sregarded as a source of vari ati on , experi ence of mani pul ati ng 

mechani cal parts can be assumed on reasonabl e grounds to i nf l uence the 

scores to an appreciabl e degree . 
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The fact that the test has no l oad ing i n  FJctor I I  i s  at f i rst g l ance 

rather surpri s i ng ,  as i t  woul d seem reasonabl e that a reason i ng 

component woul d  be present as the testee has to analyze the probl em i n  

order to trace the faul ts . Thurstone ( 1 949 ) has stressed that 

reasoni ng i s  an i mportant component of mechani ca 1 apti tude as i t  i s  

necessary to understand the nature of the mechani sm ,  and to trace 

successi ve di sp l acements . I t  i s  thus possi bl e that thi s  factor i s  

tappi ng a mechani ca 1 , reasoni ng component whi ch i s  di sti net f rom the 

other reasoni ng factors . 

The l oad i ng of Mechan i cal Comprehensi on on Factor IV onl y i s  rather 

surpri si ng i n  v i ew of the fact that numerous wri ters ( E kval l ,  1 969 ; 

French , 1 95 1 ; Fruchter , 1 952a ; Gui l f ord , 1 948 ; Gu i l f ord & Lacy , 

1 947 ; Gu i l f ord & Z ir.tmerman , 1 947 ; Patterson , 1 956 ; Super & Cri tes , 

1 962 ; Thurstone , 1 949 , 1 950 , 1 95 1 ) have stressed that mechani cal 

comprehensi on tests of the Bennett type are not pure . Whereas the 

l oadi ng on Factor IV i s  to be expected , l oadi ngs on Space and Analyti c 

Reasoni ng factors shoul d have occurred , parti cul arl y as Vi sser ( 1 978 ) 

found that Mechani cal Comprehensi on correl ated si gn i f i cantly 

(e. < 0 , 01 ) wi th spati al and reasoni ng tests for a samp l e  of Bl ack  

uni vers i ty students . I t  can be  ascertai ned from Tab 1 e 1 6 ,  however , 

that Mechani cal Comprehensi on has a rather l ow communal i ty (�2 = 

0 ,  1 9 ) , thus i nd i cati ng that i t  does not share r:1uch vari ance wi th the 

other vari abl es .  I ndeed , the on ly  other factor on  whi ch i t  l oads i s  

Factor I I  ( 0 , 1 6 ) whi ch , consi deri ng there are numerous reasoni ng 

i tems , i s  a somewhat l ow l oadi ng . 

A di sturbi ng poss i bi l i ty exi sts i n  that when Mechani cal Comprehens i on 

was adapted by Griff i ths ( 1 968 ) , vari ous changes were made whi ch di d 

not conf orm to the ori g i nal ai ms of the test.  There are many i tems 

whi ch rel ate to el ementary physi cs rather than to i ntui ti ve 

understandi ng of mechani cal probl ems . In v iew of the rel ati ve l ac k  of 

experi ence i n  mechani cal matters whi ch most Bl acks have , i t  i s  thus 

l i kely that the test is more of an ach i evement test in forma l ly  taught 

pri nci p l es of  physics rather than a test whi ch taps mechani cal 

i ntui ti on and experi ence , whi ch may be an exp 1 anati on f or Vi sser • s 

( 1 978 ) f i ndi ngs . If thi s  i s  so , the l oadi ng of the test on Factor IV 
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woul d rel -3. te to the more f ormal type of mechanical k nowledge rather 

than to mechani cal reason i ng and i n s i ght .  In v iew of these anonal ous 

factor l oad i ngs , and i n  v i ew of the l ow rel i abi l i ty of the test , 

seri ous _ doubts may be rai sed as to the sui tabi l i ty of the test f or 

Bl acks i n  i ts present form,  and may i ndeed rai se some doubts about the 
sui tab i l i ty of the test f or �h i tes . Both Sorensen ( 1 966 ) and Ekva1 1 

{ 1 969 ) stress that the better mechani c s  are those who do not rely on 
f ormal l y  taught pri nci pl es , b ut rather on everyday mechani ca l  

experi ence . 

The l oadi ng of the H Test ,  whi ch i s  a measure of v i sual i zati on ( Vz )  on 
th i s  factor , can be accounted f or if one examines the rol e of 

v i sual i zati on i n  the devel opment of mechani cal ab i l i ty .  Skawran et 

al . ( 1 967 ) have stressed that three-dimensi onal cor.1prehensi on  i s  one 

of the prime requi s i tes of a mechani cal  task , and Thurstone ( 1 949 )  has 
asserted that the ab i l i ty to v i sual i ze a f l ex ib l e conf i gurati on i s  

essenti al f or the devel opment of mechanical sk i l l s . Thi s  l i nk between 

v i sua l i zati on and mechani cal i ns i ght i s  strengthened by the 

correl ati on of the H Test  wi th the Fau l t-Fi ndi ng Test  (!, = 0 , 29 , 

E_ < 0 , 01 ) and w 'i th the Poppel reuter (!, = 0 ,29 ,  .e_ < 0 , 01 ) .  I t  i s  

i nteresti ng  to note that whereas the F Test correl ates wi th the 

Poppel reuter (.!:_ = 0 , 25 ,  .E.. < 0 , 05 ) , i t  does not correl ate wi th the 

Faul t-F i nd i ng Test (!:. = 0 , 08 ) . It i s  thu s  l i ke ly that the h i gher 

l oad i ng of the Fau l t-Fi ndi ng Test compared wi th the Poppel reuter i n  

th i s  factor may be attri buted to the three-dimensi onal character of 

the Faul t-Fi ndi ng  Test bei ng more characteri sti c of mechani cal  tasks .  

Thi s  tends to conf i rm Skawran et al . • s  ( 1 967 )  asserti on that  i t  i s  

th i s  feature uh i ch diff erenti ates the Faul t-Fi ndi ng Test  and the 

Poppel reuter . 

The v i sual i zati on component of mechani cal apti tude has been reported 

consi stently by prev i ous researchers ( F ri edman & Detter , 1 975 ; 

Fri edman & I vens , 1 967 ; Theol ogus , Romashko� & F l ei shman , 1 970 ; 

Thurstone , 1 949 , 1 950 , 1 951 ; Tyl er ,  1 965 ) regard i ng mechan i ca l  

apti tude in  l4h i tes , and in  Bowd 1 s ( 1 973 ) cross-c u l tural study , the 

spati al tests l oaded on the same factor as the mechani cal tests . 
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The loading on this factor of the Gottschaldt Embedded Figures Test { a  
measure of Thurs tone I s, 1 949, c

2
) is in accord with Thurs tone I s 

{ 1 949, 1 950, 1 951 ) results . He obtained saturation of c
2 in his 

criterion measurement of Mechanical Co�prehension (!:. = 0,50 ) . 

Factors II and IV are correlated {_!:. = 0, 35 ),  which is an indication 
that some relationship between analytic reasoning and mechanical 
insight exists, as Thurs tone ( 1 949, 1 950, 1 951 } has suggested . 
However, the relati onsh i p  in this case appears to be rather tenuous, 
and Factor IV appears to be tapping knowledge, experience, and 

· mechanical reasoning . 

The Poppelreuter has rather low loadings in both Factors I ( 0, 21 )  and 
IV ( 0, 23 ) ,  and also has a rather low comr.mnality (!!._2 = 0,1 8 } . As 
the testee is shown the apparatus first and is then all owed to 
dismantle it, the relatively low loading on Factor IV may be 
attributed to Skawran et al. 1 s ( 1 967 ) assertion that the test i s  less 
dependent on mechanical insight and more dependent on memory and 
reproductive thinking. F rom Table 1 4  it may be ascertai ned that 
whereas the Poppelreuter correlates with Mental Al ertness (_!:. = 0, 21 , 
i < 0, 05 ) ,  the Fault-Finding Test has negligible correl ation 
(.!:_ = 0, 03 ) with Mental Alertness . This tends to confi rr.t Ska\1ran et 
al. 1 s ( 1 967 ) assertion, and is possibly an indicati on that the 
subj ects may be using reasoning methods other than r.,echanical insi ght 
based on experience to complete the Poppelreuter . 

4. 1 . 5 . 5 Correlation of factors 
From Table 1 7, it may be ascertained that Factors I and I V  are highly 
correlated ( 0, 51 ) ,  which is to be expected, considering that spatial 
factors p 1 ay an important rol e in mechani ca 1 aptitude { Botha, 1 976, 
1 978 ; Estes, 1 942 ; Harrell, 1 940 ; Guilford et al, 1 952 ; Guilford & 
Zimmerman, 1 947 ; Guilford & Lacy, 1 947 ; ZilllTierman, 1 953 ; Staff, 
Personnel Research Section, 1 945 ; Thurs tone, 1 949, 1 950, 1 951 ; 
Verwey, 1 964) and there is thus a clear interaction between spatial 
abi 1 i ty and mechanical ability. Ekvall ( 1 969 ) has pointed out that a 
good spatial ability will make it easier for an individual to 
understand and to handle mechanical problems, which, in turn, will 



- 59 -

tend to strengthen interest in mechanical matters, which should 
consequently improve his ability to solve the problems in spatial 
tasks. In the present sample, it is thus likely that spatial ability 
makes a greater contribution to the solution of problems of mechanical 

tasks than general reasoning. Ekvall (1 969 } came to a similar 
conclusion regarding a sample of Yhite male technical applicants in 

Sweden. Thus, in view of the background factors which are thought to 
contribute to depth perception, and in view of the relationship 
between spatial depth perception and mechanical skills, it is likely 
that the relatively impoverished pictorial background and general lack 

of exposure to mechanical toys and obj ects which is characteristic of 
the growing Black child ' s  environment, will militate against the 

development of mechanical skills. 

From Table 1 7  it may be seen that there is no correlation between the 
spatial factor and the two reasoning factors. Although the separation 

of spatial factors from factors of general reasoning has been reported 
consistently in other studies in Africa (Ballentine, 1 982 ; Grant, 

1 969, 1 970, 1 972 ; I rvine, 1 969 ; Kendall, 1 977; MacArthur, 1 968 } ,  it 
should be noted that the maj ority of the reports were based on 

orthogonal rotations and thus no factor carrel ati ans were reported. 
In Grant ' s  (1 972 ) study, all the tests loaded on a spatial factor, 
which led Grant (1 972 ) to hypothesize that had an oblique rotation 
been performed on the data, spatial and conceptual reasoning factors 
would have been correlated to the extent of 0, 60. Similarly, Bawd 
(1 973 } ,  in his cross-cultural study on mechanical aptitude, obtained a 
general reasoning factor which was fairly stable across all the groups 
on which the spatial tests loaded. The total lack of correlation 
between the spatial and reasoning factors in the present sample is 
therefore somewhat surprising, and may be attributed partly to the 
fact that this sample was not a random, but a relatively select one, 
and hence less heterogeneous. Vernon (1 972 } has indicated that 

correlation of spatial tests with intelligence is lowered in selected 
groups. 

Various researchers (Deregowski, 1 980; Ekstrom, French, & Harman, 

1 976; Gregory, 1 970 ; Turvey, 1 978 } have suggested an information 

.-,---·.--"� 
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processing and problem-solving approach to spatial depth perception 
which would imply a possible 1 ink between spatial perception and 
analytic thinking. Gordon ( 1979 ) has indicated that many spatial 
tests may be solved spatially or by reasoning. The observed lack of 
relationship between the spatial and the reasoning factors i n  the 
present sample may indicate that the subjects do not adopt a 
problem- solving or analytic approach toward depth perception. This 
lack of correlation between the space and the t�-10 reasoning factors 
appears to be corraborative evidence for Kemp 1 s ( 1980 ) suggestion that 
there r.iay be basic problem-solving activi ties which have not been 
adequately developed with respect to Blacks. He hypothesized that 
difficulties which Black s tend to experience in understanding 
two-dimensional diagrams may be related to difficulties in processing 
and integrating other novel information, and that there may be a 
common education, cultural or envi ronmental deficiency. 

These findings of a four-factor structure of mechanical aptitude 
appear to be in direct contrast to Murray ' s  (1956 ) simplistic 
structure, and to be r.iore closely rel ated to the studies reported by 
Grant (1969, 1970a , 1972 ),  Kendall ( 1 971 , 1980 ), Irvine ( 1969 ) and 
Ballentine {1982) . 

The obtained four factors do, in fact, conform to a large extent to 
the research findings regarding the factor structure of mechan i ca 1 
aptitude in iJhites ( Ekvall, 1969 ; French, 1951 ; Thurstone, 1949, 
1950, 1951 ; Vernon , 1950, 1961 ) .  The results appear to bear out the 
theory of Ferguson ( 1954, 1956 ) regarding the ro 1 e of culture and 
education on the differentiation of ability, and strengthen Bawd ' s  
(1973 ) hypothesis that cultural environr:1ents influence ability 
structure. 

4. 2 Biographical and interest variables related to mechanical aptitude 

Aim 2 : To determine the extent to which biographical and interest 
variables of a sample of Black males may be used to predict 
performance on the major dimensions of mechanical ability as 
determined by the factor structure. 

., 



- 61 -

4.2.1 Vocational preferences 

It must b e  borne in mind that a low score i n  the Rothwel l-Miller 

Interest Blank indicates a preference for a particular occupational 

grouping, whereas a high score indicates a dislike. 

From Table 1 8  it can be seen that the Scientific (first choice), 

Mechanical (second choice) and Medical ( third choi ce) were the three 
interest categories most strongly favoured, with the Practical (tenth 

choice) , Outdoor (eleventh choice) and Musical (twelf th choice) 

categories being the three 1 east pref erred. The observed ranking of 

the Mechanical category is in contrast to the findings generally 

reported in the li terature where it has been reported consistently as 

being among the least preferred occupational categories of the 
Blacks. (Breger, 1 976; Cloete, 1 981 ; Erwee, 1 981 ; Hall, 1 978, 

1 980; Shannon, 1 97 5; Spence, 1 982; T unmer, 1 972; Visser, 1 978) . 
It is to be expected, however, that the present sample would tend to 

rate Scientific and Mechanical categories favourably, as Super and 
Crites (1 962) have noted that it is logical that applicants for 

r.iechanical training would have interests compatible with the ir  career 

choice. However, the possibility exists that, as the Rothwell-Mill er 

Interest Blank was administered as part of a selection battery, a 

certain amount of ' subj ectivity ' and 1 faking 1 was involved, 

particularly in view of the low rankings which were given to the 

re 1 ated Outdoor and Practical occupations. The 1 ow ranking of these 

two categories, while in line with general trends reported in the 

literature (Breger, 1 976; Cloete, 1 981 ; Er\1ee, 1 981 ; Hall, 1 978, 

1 980; Shannon, 1 975; Spence, 1 982f,t Tunmer, 1 972 ; Visser, 1 978) is 
somewhat disturbing in view of the practical aspects which a 

mechanical j ob connotes. The low ranking may be  attributed to a 

status factor which tends to influence occupational choices. Both 

Visser (1 978) and Moj af ela (1 980) have indicated that a dislike for 

outdoor and blue-collar occupations should be interpreted in terms of 

the low status accorded to these categories in the Black community. 

In this regard, it is interesting to note that the strong pref erence 

for the Social Service categories, which Blacks have indicated in 

previous studies (Breger, 1 976; Cloete, 1 981 ; Erwee, 1 981 ; Hal 1 ,  
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1978 , 1980; Sllannon , 1975; Tunmer , 1972; Spence , 1982; Visser , 

1978 )  and which is usually attributed to a status factor and a need to 

be of service to the community , was not observed in this sample. 
According to Godsell (1982 ) this need to be of service is internalized 

in the Black value system as a central value which prescribes their 
behaviour towards others. The preference for Meehan i ca 1 and 

Scientific categories and the relatively low preference for Social 
Service observed , may indicate that , whereas the belief that Blacks 
are 'people ' rather than 'thing ' orientated , generally holds (Bayer , 
1972; Cloete , 1981 ) ,  the present sample , being interested in being 

selected for a technical j ob ,  were more 'thing ' than 'people ' 

orientated. Cloete (1981 ) , however , postulated that Blacks may not be 

specifically 'thing ' orientated , but ,  having previously been excluded 

from technical occupations , they exhibit a corresponding lack of 
interest. This is in agreement with others (Biesheuvel , 1974; 
Cl oete , 1981 ; Crites , 1969; Picou & Carnpbe 11 , 197 5 )  who have 
postulated that the vocational choices of Blacks are influenced by 

additional factors than those which influence the choices of ilhites. 
They ascribed this to the variety of racially discriminatory practices 
which tend to operate in the lab our market which would narrow the 

vocational choice of Blacks. The report of the �iehahn Commission of 

Inquiry (Bendix , 1979 ) and the Industrial Conciliation Amendment Act 
of 1979 have , however , ensured that the vast maj ority of j ob 

restriction legislations have been rescinded . According to Biesheuvel 
( 197 4 ) , these restrictions were parti cularly prevalent in the 

technical fields. It will thus take time for Blacks in this sphere to 
become 'visible '. Both Sewell and Martin  (1976 ) and Cloete (1981 )  
have attributed the 1 ack of interest of Blacks to the lack of both 

'visibility ' and positive role models. 

Because of this and because of the lack of guidance facilities 

prevalent in Black schools (Spence , 1982 } , there may be only a limited 

amount of vocational information available as to what a technical j ob 
entails. A number of writers (Cloete , 1981; Erwee , 1981; Hall , 

1978 , 1980; Moj afela , 1980; Shannon , 1975; Spence , 1982; Visser , 

1978 ) have noted that Blacks may not be ab 1 e to eva 1 uate occupati ans 
realistically if they have had no previous exposure to them . The 
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present samp l e  might thus have asp i red to the technical f i e l d  because 

of the p resti ge whi c h  surrounds the techni cal and computer busi ness 

worl d ,  wi thout bei ng abl e to assess real i sti cal l y  what the j ob woul d 

entai 1 .  Thi s may have imp 1 i  cati ons regardi ng thei r moti vati on and 

tenure i n  mechani cal j obs . 

I n  th i s  regard , i t  shoul d be noted tha t  duri ng the testi ng sessi ons ,  

the i nv i g i l ators noted that there were many requests for hel p  i n  

compl eti ng the Rothwel l -Mi l l er Interest Bl ank , a s  the testees did not 

have cl ear i deas about many of the occupati ons . Erwee { 1 981 ) and 

Spence ( 1 982 ) have reported simi l ar p robl ems . I t  i s  thus  possi bl e 

that the resul ts of the present samp 1 e do not ref l ect the testees 1 

aspi rati ons accurately .  

I t  shoul d b e  borne i n  mi nd , however , that the Rothwel l -Mi l l er Interest 

Bl ank was used i n  the present study wi thout recourse to an i ntervi ew.  

A 1 though i t  has been shown { Erwee , 1 981 ; Ha 1 1  , 1 978 , 1 980 ; Shannon , 

1 975 ; Vi sser , 1 978) that i t  mi ght be used fa i rly rel i ably f or Bl acks 

i n  thi s �anner , i t  was desi gned by K .M .  Mi l l er ( 1 968 ) to be an adj unct 

to an i ntervi ew ,  where anomal i es and ambi gui ties coul d be c l arif i ed .  

I n  the l i ght of the aforegoi ng , i t  seems that the occupati onal choi ces 

of the present sampl e may ref l ect the f i ndi ngs of previ ous  research 

and be rather unreal i sti c ,  and that the Rothwel l -Mi l l er I nterest Bl ank 

shou ld  be used wi th cauti on i n  Bl ack sampl es . 

4 . 2 . 2  Factors rel ated to r:rechani cal apti tude 

4 . 2 . 2 . 1  Vari abl es rel ated to Factor I : Space 

From Tabl e 20 i t  can be ascerta i ned that  the most  s i gn if i cant 

predi ctors f or the Space f actor are ' preference for sci ence • ,  

' p revi ous persuas i ve j ob ' , and ' previ ous cl eri cal j ob ' , al l at the 

0 , 005 l evel of si gn if i cance.  Whereas the var i abl e ' mov ie s  and 

tel ev i si on • i s  si gnif i cant at the l i  l evel , i t  shoul d be noted f rom 

Tabl e 20 that the beta coeff i c ient i s  negati ve , and hence the 

rel ati onshi p between them i s  i nverse . Hav i ng a ' standard ten • 
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educati on and a ' Soci al Servi ce Interest ' ,  are s i gn i f i cant at the si 

l evel . These vari abl es together account f or 35% of the vari ance of 

the Space factor { Mul ti p l e ! =  0 , 59 ) . 

Support f or the rel ati onshi p between ' preference for sc i ence • and 

Space i s  provi ded by Vernon ( 1 972 ) who f ound that adol escent boys 

whose l ei sure time acti v i ti es i nc l uded sci entif i c  hobbi es perf ormed 

si gni f i cantly better on spati al tests . It i s  possi bl e that those who 

profess an i nterest i n  sci ence have had some previ ous exposure to 

techni cal materi al and di agrams . 

There i s  no c l ear exp l anati on for the observed rel ati onsh ip  between 

' p revi ous persuasi ve j ob ' , ' previ ous cl eri cal j ob '  and Space , and the 

reasons f or the i r appearance i n  the regressi on analysi s are not 

immedi ately apparent. They may , however ,  merely rel ate to havi ng some 

proper j ob experi ence and trai ni ng .  �i thout f urther deta i l s ,  i t  i s  

not possi b le  to i nterpret these resul ts further ,  and they may be due 

to certai n pecu l i ari ti es i n  the samp l e .  

The appearance of 1 Soc i al Servi ce Interest • i n  the regressi on analysi s 

may be i nterpreted as an i ndi cati on that peopl e who have hi gh spati al 

abi l i ti es tend to veer away f rom sod al serv i ce acti vi ti e s , and i t  

appears l i kely that they i nvest the i r  capaci ti es i n  a different 

di recti on . 

The rel ati onsh i p  between the vari abl e ' standard ten ' and Space can be 

readi ly  exp l ai ned , as the l evel of formal and i nf ormal educati on has 

been shown to be re l ated to spati al depth percepti on { Di cki nson , 

1 980 ; Hudson , 1 960 ; K i l bri de & Robbi ns , 1 968 ; McF i e ,  1 96 1 ; 

Mundy-Castl e ,  1 966 ; Serpel l ,  1 979 ) . 

Hudson ( 1 960 ) , however , has stressed that i t  i s  the l evel of i nf ormal 

rather than formal educati on whi ch i s  the cri ti cal vari abl e .  He 

attri buted th i s  to the f act that because Uestern cul ture i s  book-

1 earned and characteri zed by dependence on the wri tten word and on 

p ictori al materi a l , characteri sti c perceptual habi ts have become the 
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norm for groups professing Western cul ture. Support for Hudson • s 

( 1 960 ) contention is given by Grant ( 1 969)  who reported no correlation 

between formal education and his spatial factor. 

If informal education is the critical variabl e, it woul d be expected 

that such hobby variables as ' reading • ,  'movies and tel evision • and 

' practical I would appear in the regression equation. Thus tJewcombe 

( 1 982) attributed the devel opment of spatial abil ity to experiential 

' masculine • activities such as p l aying with puzzles, building toys and 

models, and engaging in l arge motor activities. However ,  whil e 

• movies and television ' is the only one of these variabl es to appear 

in the regression equation, it bore a negative rel ationship to the 

Space criterion, which may be an indication that those who enjoy 

watching films and television do not have highly devel oped spatial 

abilities. The reasons for this are uncertain, particularly as Sel den 

( 1 971 ) has connnented on the positive effects of fil ms and television 

in shaping depth perception. It is possible, however, that those who 

spend a great deal of their l eisure time watching movies and 

television are more passively orientated, and do not involve 

themsel ves in the more practical kinds of experiences which would 

shape depth perception . 

The expected contribution of 1 practi ca l 1 hobbies to the spatial 

visualization abil ities of Blacks reported by Kemp ( 1 980 } also f ailed 

to appear in the regression equation. However, it should be noted 

that whereas 1 i ttl e research has been done with regard to Blacks , 

research in the area of hobbies and interests related to the 

development of spatial skil l s  in Whites has been equivocal. Newcombe 

( 1 982) attributed a possible reason for this to self-se l ection. 

Peop 1 e with high spa ti a 1 abi 1 i ty may choose ( or be chosen )  to engage 

in activities which util ize these strengths, rather than the strengths 

being developed by the activities. 

In the l ight of the important rol e which l evel of acculturation p l ays 

in facil itating the development of spatial skil ls ( Deregowski, 1 970 ; 

Hudson, 1 960, 1 962, 1 967; Omari and MacGinitie, 1 974 ) ,  it is also 
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rather surprising to note that urbanization does not contribute to the 

regression equation. As the maj ority of the sample ( 82, 7i ) are from 

an urban background, it is likely, however, that the restriction in 

range would tend to reduce the effect of any poss i b 1 e re 1 ationshi p. 

The possible reasons for the lack of clear predictors to the 

development of spatial ability for Blacks will be discussed more fully 

later in relation to the development of mechanical skill ( see section 

4.2.3 ) .  

4.2.2.2 Variables related to Factor I I  : Analytic Reasoning 

From Table 22 it may be ascertained that most of the predictors in the 

multiple regression equation for the Analytic Reasoning factor are 

highly si gnificant (_2. < 0,005 ).  They are : 1 urban 1
, ' standard ten ' ,  

and ' Literary Interest ' ;  and ' preference for English ' and ' Musical 

Interest ' ,  which have negative beta coeff i cients. 1 Maths 1 and 
1 Biology 1 are significant at the 1 %  level. These variables together 

account for 48% of the variance ( Multiple .!!. =  0,69 ).  

The importance of an urban background for the fostering of Analytic 

Reasoning is to be expected, and is in line with previous research in 

which analytic thinking has been shown to be related to acculturation 

and to be relevant to functioning in a Western technological 

envi ronr.1ent ( Baran, 1 970 ; Du Preez, 1 968 ; Okonj i , 1 969) • In this 

regard Peluffo  ( 1 967, p. 1 95)  has noted that "an under-developed 

milieu does not stimulate a dynamic reasoning",  while Latouche and 

Dormeau ( 1 956 ) have attributed the good results obtained in the case 

of urban candi dates to a highly developed environment rather than to 

individual differences. 

The negative contribution of a ' preference for English ' to the 

regression equation is surprising, particularly as Silvey ( 1 963 ) has 

noted that language plays an important role in mental development by 

its capacity to initiate and reinforce curiosity and to " orient • • •  

[one] • • •  to analytic rather than descriptive concepts" ( p. 1 8) .  

Silvey 1 s contention would appear to be borne out by the positive 
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contri bution to the re ress i on equation of having a ' Li terary 
Interest ' (.e_ < 0 ,05) . One possi ble reason to account for thi s anomaly 
i s  that havi ng a ' preference for Engli sh '  does not necessari ly reflect 
a concomi tant ' prof i ci ency i n  Engli sh' , and that the two are ,  i n  fact , 
unrelated. 

The paramount role of fonnal educati on i n  facili tati ng performance on 
abi li ty tests has c l early been poi nted out by numerous wri ters 
(Bi esheuvel , 1956 ; Crawford-Nutt , 1977a , 1977b ;  Grant , 1969 ; Mauer, 
1974 ; McF i e ,  1 961 ; Schepers , 1974 ; Si lvey , 1 963 ; T .  Taylor, 
1977) . Thi s i ncrease in test perfonnance has been attri buted to 
i ncreasi ng psychologi cal di fferenti ation (Burt , 1954 ; Crawford-iJ utt , 
1977a , 1977b ;  Grant , 1969 ; Hudson, Roberts , _ Van Heerden & Mbau , 
1962 ; Irvi ne , 1 962 , 1963 , 1969 ; McF i e ,  1954 , 1961) . I t  would be 
expected therefore , that those wi th hi gher 1 eve 1 s of educati on would 
have more hi ghly developed probl em-solvi ng and analytical abi li ti es. 
Ekvall (196 9) has indi cated that school trai ni ng i mproves the abi li ty 
to solve verbal i ntelli gence tests. Although the tests loadi ng 
hi ghest on thi s factor are not di rectly related to formal schooli ng ,  
they are dependent on i t  to a certai n extent. Thus Ha 11 ( 1979) has 
shown that the Techni cal Readi ng Comprehension correlated 
si gni f i cantl y (.e_ < 0 , 01) wi th all school results and , i n  parti cular, 
wi th matri cul ati on results (! = 0 ,54 , l < 0 ,01) . 

It i s  also qui te understandable on logi cal grounds that ana lyt� c 
reasoni ng may be re l ated more to sc i enti f i c  i ntere sts than to language 
i nterests , and thus the si gni f i cant contri buti ons to the regression 
equation of ' mathemati cs '  and ' biology ' as school subj ects i s  qui te 
expli cable. Mathemati cs i s  clearl y an analyti c subj ect , and Ekvall 
(1969) has poi nted out that mathemati cal a bi li ty demands more 
comprehension of basi c princi ples than other subj ects i n  whi ch rote 
learni ng i s  possi ble to a greater degree. A preference for 
mathemati cs would thus appear to be commensurate wi th a problem
solvi ng abi li ty .  Hall (1979) , for example , found that Techni cal 
Readi ng Comprehension ,  whi ch had the hi ghest loadi ng on the Analyti c 
Reasoni ng· f actor (0 ,50) , correlated si gnif i cantly wi th school 
mathemati cs (!. = 0 ,51 ,  .e_ = 0 ,01) for a sample of Black students . 
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The negati ve contri bution to the regression equa�1on of ' Mus i cal 
Interest ' i s  qui te understandable , as those who are i nterested i n  the 
more arti sti c f i e l d generally tend not to be i nterested i n  sci entif i c  
and analytic pursui ts .  

4. 2. 2 . 3  Vari ables rel a ·:ed to Factor I I I  : Conceptual Reasoni ng 
From Table 24 i t  may be ascertai ned that the most si gni f i cant 
predi ctor for Conceptual Reasoni ng i s  'Aestheti c  Interest '  
(.e_ < 0 ,005 ) , wh i ch makes a negati ve contri bution to the regress ion 
equati on. Hav i ng a ' standard ten ' education i s  si gni f i cant at the li 
level . ' Preference for Eng 'i i sh' , ' sport ' as a hobby , and ' Sci enti f i c  
Interest ' are s i gnif i cant a t  the 5% level. These vari ables together 
account for 36% of the vari ance ( multip 1 e .!!_ = 0 , 60) . 

It  appears that those whose abstract reasoni ng abi l i ti es are well 
devel oped are not parti cularly i nterested i n  occupations i n  the 
arti sti c f i e l d .  A s im ilar result was reported by Erwee ( 1 981 ) ,  who 
suggested that as students devel op prof i ci ency i n  certai n  areas , they 
seem to real i ze whi c h  careers should be avoi ded because they demand 
ski l l s  that the student has not developed . 

Formal educati on and urbani zation have been shown to be the med i a 
through whi ch Bl acks acqui re conceptual strategi es ( Brimbl e ,  1 963 ; 

Crawford-Nutt ,  1 977a , 1 977b ;  Erwee , 1 981 ; _Evans , 1 973 ; J ah · a ,  
1 956 ; Kendall , '1 974 , 1 977 ; Okonj i ,  1 97 1 ; Pi ck ,  1 980 ; Reuni ng , 
1 972 ; Schmi dt ,  1 960 ; Spence , 1 982 ; T. Taylor , 1 977 ; Vernon, 1 967 ; 
Werbeloff & Taylor, 1 982 ) , and thus the contri bution of a ' standard 
ten '  educati on i s  qui te expli cable. Kendall ( 1 977 ) and T .  Taylor 
( 1 977 ) attri buted the i mportant i nfluence of fonnal education on 
conceptual reasoni ng to i ts bei ng one of the strongest and most di rect 
agents of acculturation, whi ch i n  turn tends to i nfluence i ntellectual 
adaptabi li ty to Western technologi cal society. The more h i ghly 
educated Blacks would thus be more f amili ar wi th \,estern concepts . 

In the 1 i ght of the research mentioned above and , i n  parti cular , i n  
li ght of Grant ' s  ( 1 969 ) f i ndi ng that urbani zation i ncreased the mean 
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performance of conceptual reasoning, it is somewhat surprising to note 

that in the present sampl e, urbanization is not a factor in the 

regression equation. As mentioned previously, the restricti on in the 

range, ho\lever, woul d tend to reduce the effect of a possi bl e 

rel ationship. 

That a ' preference for Engl ish 1 makes a significant contribution to 

the regression equation tends to confinn B0wd 1 s ( 1 973 ) finding that 

test performance is mediated by a facility in Engl ish. Sil vey (1 963) 

has stressed the effects of verba 1 ski 1 1  s on i nte 1 1  i gence and has 

pointed out that : 

In the African setting it may be that a pupil who 
is proficient in Engl ish l anguage not only has a 
r.ieans of understanding better the content of what 
he is  taught, but a 1 so has access to a 1 anguage 
which is more fl exibl e and capabl e of a wider range 
of function than his vernacul ar • • • it may al l ow 
him a greater sensi ti vi ty to the noti ans of 
di ff erenti at ion and abstraction. ( Si 1 vey, 1 963, 
p. 1 8 ) 

Peopl e who are interested in  science woul d  most  l ikel y  have a fl exibl e 

approach to probl em-sol ving, and it is f l exibl e thinking which Kendal l 

(1 977 ) regarded as being the moderating variabl e  which mediates the 

shift from perceptual to conceptual reasoning strategies. Further, 

T. Tayl or ( 1 977) has noted that science is rich in formal concepts. 

The reason for the contribution of 1 sport 1 as a hobby to the 

regression equation for Conceptual Reasoning may appear at first 

gl ance to be rather inexpl icabl e. If it is remembered, however, that 

soccer is general l y  regarded as the favourite sport of Bl ack mal es, 

the reasons perhaps become cl earer. Soccer is a game requiring a 

great deal of strategy with regard to the pl acing of the bal l and the 

pl ayers, and in the actual game pl aying itsel f. It woul d be expected 

that those who expend a great deal of tir.ie pl aying soccer have had 

practice in p 1 anni ng strategies and in f ormul ati ng and testing the 

resul tant hypotheses. 
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4 . 2 . 2 . 4  Vari abl es rel ated to Factor IV : Mechanical Reasoni ng 
From Tabl e 26 i t  can be seen that ' preference for sci ence ' i s  the raost 

s i gn if i cant predi ctor f or Mechanical Reasoni ng (e. < 0 , 005 ) .  
' Preference f or Engl i sh '  and havi ng a ' standard n i ne '  educati on are 

s i gnif i cant at the 5% l evel , wi th ' standard ni ne '  hav i ng a negati ve 
beta coeff i c i ent ,  and hence a negati ve rel ati onshi p  wi th the 

cri teri on . The vari abl es together account f or only 23% of the 

vari ance (Mul ti p l e J!. = 0 , 48 ) . 

The best predi ctor of Mechani ca 1 Reasoni ng i s  I pref erence for 

sci ence ' .  In the l i ght of the obtai ned correl ati on (!. = 0 , 51 ) between 

Space and Mechani cal Reasoni ng factors , i t  i s  i nteresti ng to note that 

a ' p reference for science ' i s  the most s i gnif i cant predi ctor 
(e. < 0 , 005 ) i n  both cases .  Botha (1 976, 1 978 ) al so reported that a 

' p reference f or sci ence ' was one of the bi ograph i cal i tems whi ch 
di scrimi nated between ' hi gh '  and ' l ow '  mechani cal apti tude i n  Bl acks . 
A 1 though thi s  outcome i s  i n  general agreement wi th the 1 i terature , 

certai n anomal i es are apparent. Thurstone (1 950 , 1 951 ) found that h i s 

' h i gh '  mechani cal apti tude group rated themsel ves as hav i ng h i gh 

Mechani cal and Sci entif i c  i nterests . Whereas a ' preference f or 

sci ence ' woul d  appear to be commensurate wi th sci enti f i c  i nterests , 
' Sc i enti fi c '  and ' Mechani cal I i nterests d id  not appear i n  the 
regress ion analyses , a 1 though they were rated the two most p ref erred 
occupati ons by the whol e group (see Tabl e 1 8) .  Thus , i n  contrast to 

Thurstone (1 950 , 1 951 ) , i t  does not appear that a rel ati onshi p  exi sts 
between Sci entif i c  and Mechan i cal i nterests and Mechani cal  Reasoni ng . 
Another di sturbi ng possi bi 1 i ty exi sts , however , particul arly i n  vi ew 
of the l ow ranki ng whi ch the samp l e  gave to the Practi cal  i nterest 

category.  Thi s pertai ns  to the unreal i sti c nature of vocati onal 

asp i rati ons of Bl acks i n  Afri ca (Bi esheuvel , 1 962 ; Breger , 1 976 ; 

Cl oete , 1 981 ; Erwee , 1 981 ; Hal l , 1 978 , 1 980 ; Moj afe l a ,  1 980 ; 

Obanya , 1 978 ; Shannon , 1 975 ; Spence , 1 982 ; Tunmer , 1 97 2 ;  Vi sser , 

1 978) . It  may al so be an i nd i cati on that the Rothwel l -Mi l l er Interest 

Bl ank i s  somewhat transparent ,  whi ch renders i t  open to faki ng .  
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The role of the variable ' p reference for English ' (.E_ < 0,05), which 
makes a positive contribution to Mechanical Reasoning, may be 
attributed to the important role which verbal skills play in fostering 
intellectual curiosi ty ( Silvey, 1963) . 

The reason for the negative relationship between having a ' standard 
nine I education and Mechanical Reasoning is not immediately apparent, 
and may be d ue to peculiarities of the sample. 

These results \'IOUl d appear to be somewhat surprising as there is a 
particularly noticeable lack of certain p redictors pertaining to 
hobbies and related biographical variables which have been shown 
generally to contribute toward mechani cal ap titude. Thus, such 
variables as ' p revious mechanical job ' , ' practical I and ' reading ' 
hobbies, 1 urban • , and I p racti cal I subject taken at schoo 1 woul d be 
expected to p 1 ay some role. Whereas 13, 5% of the sample had some 
p revious job experience in the mechanical field, however, it is likely 
that it entailed relatively low-level mechanical tasks, which did not 
foster mechanical reasoning .  

E kvall ( 1 969 } commented that an interest in mechanical activi ties 
concerns, to a large extent, readi ng about and working with mechanical 
devices during leisure time, and these activities would be an indirect 
measure of mechanical knowledge and experience. Other- researchers 
(Fruchter, 1952b ; Gui 1 f  ord & Lacy, 1947 ; Henry, 1 965 ; Ker.1p , 1 930 ; 
Mottram, 1 977 ; Paterson et al ., 1 930 ; Pendel bury & Hardman, 1 967 ; 

Ross, 1 962 ; Sorensen, 1 966 ) concur .  However, it should be noted that 
with the excep tion of Kemp ' s  ( 1 980 ) sample, in which he found that 
Black students who did well on tests of mechanical reasoning had 
technical interests and related experiences, all the studies refer to 
Whites. 

4 .2 .3 Sunnnary 
It is not surp rising that no cl ear model for mechanical ap titude in 
Blacks has crystallised . Ogbu (1981) has stated that 11 competence is 
the ability to perform a culturally specified task" (p . 414) ; and 
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Bawd ( 1 973 )  has suggested that mechankal aptitude is a construct 

which has developed within a technologically sophisticated culture. 

The modern technol ogical framework is modelled on competence in 

Whites. Thus , whereas a relatively large Multiple .!!_ (0,69 ) accounting 

for 48% of the variance has been obtained for Analytic Reasoning , with 

most of the predictors being highly significant (.E. ( 0 ,005 ) , the 

percentage of the variance exp 1 a i ned for Conceptua 1 Reasoning ( 36%) , 

Space ( 35% ) , and Mechanical Reasoning ( 23% ) , is lower, with f ew highly 

significant predictors. 

Analytic Reasoning is related to formal educati on and is thus very 

much a part of the repertoire of skills whi ch Blacks utilize in thei r 

everyday lives , and it is thus likel y  that biographical variables 

related to it will be found. Both f crmal education and urbanization 

were thus highl y significant predictors (2, < 0 ,005 ) . Conceptual 

Reasoning , Space, and Mechanical Reaso�i ng ,  however,  may not play such 

a vi ta 1 ro 1 e in the day to day experiences of Blacks , a 1 though they 

are necessary for effective f unctioni i,g in  the _ Western tech no 1 ogi ca 1 

culture. Berry ( 1 966 ) and Deregowski ( 1 980 ) have attributed the 

highly developed spatial skills and mechanical aptitude of the Eskimos 

to these being necessary for the survival of the Eskimos. 

Mechanical aptitude thus appears to be culture-bound and whereas there 

are certain conunon components, the factorial composi tion tends to 

differ across groups. Bawd ( 1 973 ) ascri bed the differences in the 

development and patterni ng of abilities as being due to observed 

i nequa 1 i ti es of opportunity. The effect of these cul  tura 1 inf 1 uences 

is in accord with Ferguson ' s  (1 954, 1 956 ) theories that the demands of 

the culture shape the skills necessary to f unction effectivel y  in that 

culture. 

According to Connoll y and Bruner (1 974 ) , ghetto Blacks do not have the 

operative intelligence for managing modern technology. They 

attributed this to inadequate chi 1 dhood experiences which tends to 

restrict intellectual curiosity. While this may be a rather damning 
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i nd i ctment of Ameri can ghetto Blacks, and may not apply i n  the South 
Af ri c an context , i t  may be an i nd i cati on that a home and educati onal 
system whi ch mili tates aga i nst competence may not foster the 
development  of clear pred i ctors of mechan i ca 1  apti tude. 

It is thus possi ble that the Wh i te, mi ddle-class home, wi th i ts 
electri cal gadgets , books, televi si on and , poss i bly , mi cro-cor.1puter , 
would contri bute to the development of mechan i cal ski lls , but that the 
poverty and relati ve dep ri vati on characteri sti c of the majori ty of 
Black homes would not provi de a supporti ve envi ronment wh i ch could 
foster the ki nd of acti vi ti es wh i ch would gi ve clear pred i ctors of any 
possi ble relati onsh i ps. It i s  also p ossi b l e  that the hobbi es and 
i nterests li sted by the sample i n  the present study were not well 
def i ned i n  the sense of bei ng abi d i ng ana consumi ng i nterests , but 
were merely marked i n  terms of a passi ng i nterest, soc i al 
desi rabi li ty ,  or i n  the context of a s� : ecti on procedure. 

The unreali sti c vocati onal aspi rati ons and lack of relevant vocati onal 
knowledge have been d i scussed . Sewel l and Marti n (1 976) attri buted 
the lack of i nterest i n  the techn i cal ,rnd sc i enti f i c  f i eld of Ameri can 
Blacks to thei r reluctance to choose occ�pati ons where Blacks are not 
clearly vi si ble . Cloete (1 98 1)  has i nd i cated a s imi lar lack of 
posi ti ve Black role models i n  the techn i cal f i elds exi sti ng i n  
Southern Af ri ca . Another factor whi ch mi li tates aga i nst soc i ali zati on 
of i nterests and hobbi es whi ch are thought to be related to the 
development of mechani cal ski lls may be the lack of a f ather f i gure to 
gi ve a role model for the more ma l e  ori entated techn i cal tasks. 
Gordon ( 1 983) has poi nted to the h i gh  di vorce rate resulti ng i n  the 
large proporti on of female heads of household prevalent i n  Black 
homes . She has also shown that primary school success wi th respect to 
Blacks i s  related to the presence of a f ather , and th i s  may be 
parti cularly relevant as far as the development of mechan i c al apti tude 
i s  concerned . 

Furthermore, numerous wri ters (" Black prospects remai n  di m" ,  1 98 1 ; De 
Lange, 1 981 ; Geber & Newman, 1 980 ; Morri s, 1 980) have attested to 
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the shortcomi ngs of a school system whi ch i s  based on a western model 
of educati on whi ch may not be rel evant to Bl acks .  The Bl ack school 
system, whi ch has l i ttl e to offer i n  the way of l earning by doi ng, or 
practi cal experi ments, and whi ch tends rather to focus on rote 
l earni ng, al so cou l d  be responsi bl e for the l ack of wel l -defi ned ski l l  
and i nterests i n  i ts pupi l s. 
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CHAPT ER 5 

CONCLUS ION 

The investigation into factors related to mechanical apti tude in 

Blacks has yielded a number of interesting results. 

5.1 Major findi ngs of the study 
The finding of a four-factor structure of mechanical aptitude appears 

to bear out the results obtained by other researchers (Ballentine, 

1982 ; Grant, 1969 ; Grant & Schepers, 1969 ; Irvine, 1969 ; Kendall, 

1971, 1980) with regard to the complexity of the structure of 
intellect of Blacks, and to ref ute the concept of a general practical 

intelligence and the simplistic structure postulated by Murray (1956) . 

Whereas the obtained factors of Space, Analytic Reasoning, Conceptual 

Reasoning, and Mechanical Reasoning appear to conf orm largely to 

research findings regarding factors related to mechanical aptitude f or 

Hhites (Ekvall, 1969 ; French, 1951 ; Thurstone, 1949, 1950, 1951 ; 

Vernon, 1950, 1961 ), it is apparent that there are cross-cultural 

differences with regard to the way Blacks process inf ormation which 

may have affected the construct validity of the tests. 

The obtained correlation between the spatial and mechanical factors 

confirr.is previous research regarding the inter-relationship between 

spatial depth perception and mechanical aptitude. It is possibly an 

indication that the difficulties which Blacks are thought to 

experience with mechanical tasks are related to difficulties which 

they experience with depth perception. These difficulties and 

differences may be due to educational, cultural or environmental 

causes. 

There was little evidence, however, in the present study to provide 

clear-cut indications of biographical variables which would be 

predictive of factors related to mechanical aptitude. Many of the 

expected predictors such as education and urbanization failed to play 
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consi stent ro 1 es , and others such as previ ous mechani ca 1 experi ence 
and mechani cal hobbies were not pred i ctive . 

The cl earest p i cture emerged wi th relati on to Analytic Reasoni ng ,  wi th 

most of the predi ctors , i nclud i ng educati on and urban i zati on bei ng 
hi ghly s i gn if i cant (.P_< 0 , 005 ) . I t  i s  not surpri s i ng that si gni f i cant 
predi ctors f or the factor related to forT.1al schooli ng and appli cati on 
of knowledge would emerge , as educati on has been sho\·m to have 

si gn if i cant effects on the development of ab i li ti es important f or 
f uncti oni ng i n  a Western culture . 

The pi cture \las not so cl ear , however , wi th regard to the f actors of 

Space , Conceptual Reason i ng and Mechani cal Reason i ng ,  wi th lower 
Multi ple .!!_'s and fewer h i ghly s i gni f i cant predi ctors bei ng obta i ned . 

Thus predi ctors f or sk i 11 s peri pheral to the everyday exi stence of 
Blacks were not so cl early def i ned . These results are an i nd i cati on 

that the relative depri vati on characteri sti c of many of the homes of 
Blacks ,  and a school system wh i ch does not appear to foster sci entif i c  

curi osi ty ,  may lead to few Blacks havi ng well-def i ned skills  or 
i nterests relevant to the devel opr.1ent of mechani cal apti tude . I n  thi s  

regard i t  should be noted that a ' preference for sci ence ' as  a school 
subj ect \1as a si gnif i cant pred i ctor (.e_ < 0 , 005) f or both Space and 

Mechani cal Reason i ng f actors . It i s  possi ble tha t  those who enj oy 
sci ence have some prev i ous  exposure to techni cal materi al and are thus  

more f amili ar wi th technology . I t  i s  thus  likely that as Bl acks are 
i ncorporated i nto the mai nstream of technologi cal soc i ety ,  so that  i t  
becomes an i ntegral p art of the i r everyday life experience , they will 
become more i nvolved i n  activi ti es whi ch �ay f oster the development of 

relevant mechani cal ski lls .  

The results appear to conf i rm Ferguson ' s  ( 1 954 , 1 956 ) theory regardi ng 

the i nfluence whi ch culture and educati on have on the differentiati on 

of ab ili ty ,  and to be i n  agreement wi th Bowd 1 s ( 1 973 ) content ion that 

mechani cal aptitude i s  i nfluenced by the cultural envi ronment .  
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5 . 2 Limitations of the study 

There were a few limitations in the study \ihich may have influenced 

the results obtained . Consequently the results should be accepted 
with some reservations . 

5 .  2 .  l Samp 1 e 

The relatively small sample (.!!_ = 75 ) places a certain limitation on 
the generalizability of the results. Further , as the sample was 

rather select , restriction in range may possibly have affected the 
correlations between the variables . Hhereas results from the initial 

larger sample would possibly have been more generalizable , restric 
tions of time and money were such that  only eight tests were 

administered to the total sample . As three tests are needed to 
determine a f actor adequately , these results f ram the 1 arger samp 1 e 

could not be utilized in a f actor analysis .  

5 . 2 . 2 Measuring instruments 

5 . 2 . 2. 1  Cognitive tests 
Al though the results obtained from the cogn, ti ve tests were generally 

of an appropriate level of difficu l ty ,  their reliabilities were 
genera 1 1  y far 1 m-1er than those comr.ion 1 y reported f or White samp 1 es . 

Whereas the lower reliabilities may in part be due to a restriction in 

range , they are an indication that many of the tests may not be 
suitable f or Blacks in their present form. Poor reliabilities are an 

indication that the results should be interpreted uith caution . The 
distinct possibility exists that f uture researchers , using more 
reliable tests , may obtain results somewhat different from those 
observed in the present study . 

5 . 2. 2 . 2 Apparatus tests 

The three apparatus tests ( Poppel reuter , Fault-Finding Test and the 

O 'Connor Finger Dexterity ) were not administered as part of the 

original selection battery as it was not economically feasible to test 

al 1 the candidates on the apparatus tests. They were thus 

administered to the selected sample a few months after training had 

begun .  The p ossibility exists , therefore , that the intervening 
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trai ni ng rai sed the scores on these tests . Whereas an i ncrease i n  

score shou ld  not affect the factor l oadi ngs , i t  i s  possi bl e that the 

trai ni ng mi ght have l ed to the crystal l i zati on of the ir  mechani cal 

ski l l s  whi ch coul d concei vably have aff ected the l oadi ngs . 

Accordi ngly , future researchers shou ld  ensure that the apparatus tests 

are admi ni stered bef ore trai ni ng begi ns .  

5 . 2 . 2 . 3  Vocati onal i nterest i nventory 

As the Rothwel l -Mi l l er Interest Bl ank was compl eted i n  a sel ecti on 

context, it i s  possi bl e that the observed p reference for Sci entif i c  

and Mechanical i nterests may have been due to a certai n amount of 

faki ng. It i s  thus possi bl e  that resul ts cl oser to those reported i n  

other stud ies may have been obtai ned i n  different ci rcumstances . 

It  shou ld  al so be borne i n  mi nd that diff i cul ti es were experienced by 

the sampl e i n  compl eti ng the questi onnai res . Many did not understand 

the i nstructi ons .  Many of the j ob categori es were outs i de the 

experi ence and knowl edge of the average Sowetan Bl ack .  An addi ti onal 

poi nt whi ch may have confounded the resul ts pertai ns to the diff i cul ty 

i n  separati ng out vocati onal i nterests from the status factor . As the 

desi re for status p 1 ays an important ro 1 e i n  the career choi ces of 

Bl acks , attenti on shou ld  be gi ven to rearrangi ng the categori es i n  

order to el imi nate or i sol ate the status factor. 

It i s  thus possi bl e that many of the anomal ous f i ndi ngs regard i ng 

i nterests i n  the predicti on of mechani cal apti tude may be due to 

i nherent diff i cul ti es wi th the Rothwel l -Mi l l er Interest Bl ank and the 

resul ts shoul d be i nterpreted wi th cauti on .  

These resu l ts are an i ndi cati on that the Rothwel l -Mi l l er Interest 

Bl ank may not be a sui tabl e i nstrument f or Bl acks i n  i ts present fonn,  

and that some thought shoul d be gi ven to devel op i ng a versi on whi ch 

may have more uti l i ty .  

5 . 2 . 3 Bi ographi cal i nformati on 

Due to the smal l sampl e si ze ,  many vari abl es , whi ch mi ght have been 

predi ctors , had to be omi tted from the regressi on analyses because of 
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the small number of cases in their cells. Had a larger sample been 
available , it is likely that this potentially valuable information 
would not have been lost . It is possible that the findings of the 
study would have been enhanced had more detailed biographical 
information been available. Thus the precise identification of length 
of urban residence , amount of industrial experience and the relevant 
skill level , current occupational status and actual school marks , 
might have provided additional information. However, as the testing 
was done as part of a large selection exercise, much of the relevant 
information could not be verified. 

Other biographical information which might have been informative 
relates to ascertaining the socio-economic status,  and the presence or 
absence of a father figure. It might then have been possible to 
explore the relationships between biographical variables and test 
performance more f ully. 

5. 3 Implications of the present study 
The results of the present study are an indication that the structure 
of mechanical aptitude of Blacks is multi-factorial. Attention should 
thus be focussed on investigating and clarifying the relationship 
between the various components of mechanical aptitude which may 
elucidate sor.ie of the findings obtained . in the present study. It 
would perhaps be fruitf ul for f uture researchers to explore in more 
detail the relationship between the spatial and mechanical reasoning 
factors, and between the spatial and reasoning factors. By setting up 
a model , it may be possible to establish whether mechanical aptitude 
is influenced directly or indirectly through spatial skills . 

The factor correlations and the anomalous loadings of some of the 
tests are an indication that the relationships between test 
performance and information processing and problem-solving need to be 
explored . This would serve to focus greater attention on the 
underlying cognitive processes which result in level of perfonnance. 

Although most of the tests used in the present study appeared to be of 
an appropriate level of difficulty , the reliabilities certainly were 
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lo\ler than those commonly reported f or Wh i te samp l es, wh i ch i-s an 

i ndicati on that the tests used may not be suitable in thei r present 

form for Blacks. It i s  also apparent that the construct vali dity of 
some of the tests may not be the same f or Blacks  and for Whites. It 

cannot be assumed , theref ore, that a tes t  necessarily measures the 
same i ntellectual ability when admin i stered to people of differing 
races with differing levels of educati on. I n  view of the 
indiscriminate manner with which local and overseas p sycho1 ogica1 

tests are of ten administered and interpreted, these f'indings  are 
important. 

The paucity of standardized tests avai l able f or Blacks at higher 

levels of education has already been noted. Thus, in order to explore 
the structure of mechanical apti tude of more highl y educated Black s 

more fully, the range of tests n 1.�eds to be broadened quite 
considerably. Seriou s  attention shoul d thu s  be g i ven to tile 

development of tests which are relia0 1 e and va 1 i J for Blacks, and 
which do not place them at any disadvant3ge. 

The results obtained from the Mechanical Comprehensi on Test are 

p articularl y disturbing, as  it appears to have serious limitations as 
a test of mechanical insight. The test seems to be more of an 

achievement test  in elementary phys � c s than a test of mechanical 

reasoning. Furthermore, the presence of on l y  three answer choices per 
item and the anoma 1 ous factor loadings of the test 1 end strength to 
the supposi tion that it is unsu i table f or Bl acks in its present f orm. 
In view of the importance of mechani ca 1 reasoning as a predictor, 
serious attention should be given to developing a mechani cal reasoning 
test which is both more reli able and valid. 

The lack of predi ctors for many of the factors i s  an i ndi cati on that 
Blacks may be prevented from developing thei r f ull potenti al of skills 

required f or effecti ve f uncti oni ng i n  the Western technolog i cally 
orientated culture as a result of the re 1 ati ve deprivati on of the 

socio-economic and cultural envi ronment i n  whi ch they grow up. Thi s 

may be ascri bed not only to the lack of both inf ormal and f ormal 

educati on, but may also  relate to thei r values and asp i rati ons . The 
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predi 1 ecti on of Bl acks f or bei ng of serv i ce to the communi ty has  been 

noted ( Godsel l ,  1 982 ) a s  has the unreal i sti c nature of the i r  

vocati onal asp i rati ons .  Resul ts obtai ned f rom the present study are 

an i nd i cati on that Bl acks may have l i ttl e concepti on of what a 

mechan i cal j ob entai l s . Thi s may h ave seri ous imp l i cati ons regard i ng 

thei r moti vati on and l ong-term tenure in mechani cal  j ob s .  Research 

aimed at clarifyi ng the work val ues and career asp i rati ons of Bl acks 

wi th regard to the techni cal f i el d  i s  cl early i nd i cated , as  i s  the 

d i ssemi nati on of accurate vocati onal i nf ormati on . 

Heyneman and Loxl ey ( 1 983 ) , i n  a recent llorl d Bank study , h av e  shown 

that p oor f ami l y  background can be overcome by the qua 1 i ty of the 

school s and the teachers to wh i ch the ch i l dren are exposed , and 

Verster ( 1 983 ) has p o i nted to the i mp ortant rol e of commun i ty 

deve i op�ent  i n  fosteri ng i nf ormal educati on . Urgent  attenti on shoul d 

be g i ven to : upgradi ng the qual i ty of school i ng and teachers ; 

estab l i sh i ng hobby centres ; p rov i d i ng l anguage and communi cati on 

trai n i ng ;  prov i di ng accurate vocati onal gui dance i n  the school s ,  and 

to the establ i shment of bri dg i ng  educati on prograrm1es f or terti ary 

educati on . \Jhereas many programmes have been i n i ti ated , i t  i s  

imperati ve that  they shoul d not b e  undertaken on an ad hoc b asi s .  

The questi on ari ses , g i ven that the rel evant mechan i cal sk i l l s  may not 

have been f ostered in  young Bl ack s , whether i ncreased i nterventi on and 

trai n i ng ,  resul ti ng i n  a fami l i ari ty wi th technol ogy ,  can overcome 

these di sadvantages and effect l ong-term changes i n  the i r  f actor 

structure . Longi tudi nal research a i med at exami n i ng and c l ari fyi ng  

the l ong-term eff ects of these i nterventi ons may prov i de the  answer to 

th i s  imp ortant q uesti on . 
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