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(viii} 

SUMMARY 

This report presents a selective review of tlteoretical and empirical 

research bearing on the structure of intelligence and the nature of 

mechanical aptitude relating to Whites and South African Blacks. 

The report begins with a discussion of the nature of i nte 11 i gence and 

classic factor-analytic work on intellectual structure. It exanines 

models of intellect in Southern Africa, and the effects of culture and 

education in the differentiation of ability. 

Research investigating the components of mechanical aptitude is 

surveyed and enphasis is laid on the nature of spatial factors and the 

difficulties which Blacks are thought to experience with depth 

perception. 

The report cul ni nates \Ii th a discussion into sone background factors 

which might influence the development of mechanical aptitude in Blacks. 

---oOo---
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OPSOMMING 

Hierdie verslag bied 'n oorsig van teoretiese en e�iriese navorsing 
t.o.v. die intelligensiestruktuur en meganiese aanleg van Blankes en 
Suid-Afrikaanse Swartes. 

Die verslag begin met 'n bespreking van die aard van intelligensie en 
klassieke faktor-analitiese navorsing oor intelligensie-struktuur. 
Modelle van intelligensie in Suidelike Afrika word ondersoek, asook 
die effek van kultuur en opvoeding in die differensiasie van vennoens. 

Navorsing oor die komponente van meganiese aanleg word bespreek, en 
klem word gele op die aard van ruimtelike faktore en die probleme wat 
Swartmense na bewering met dieptewaarneming het. 

Die verslag eindig met 'n bespreking van enkele agtergrondfaktore wat 
moontlik die ontwikkeling van meganiese aanleg van Swartes beinvloed. 

---oOo---

.......... , .. , __ n...,. ..... , .. -..... -... � .. � .. -·�··· 
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CHAPTER 1 

ItJTRODUCTI ON 

1.1 Purpose and Scope of the Report 
The socio-economic progress of any country depends on a sufficient 
supply of trained labour. South Africa is a rapidly developing 
country with r.iany large-scale engineering and building projects. In 
order to sustain such growth, essential manpower skills must be 
developed. Traditionally, South Africa has drawn its skilled workers 
from among the �Jhi tes, who constitute only 20% of the tota 1 
population. According to manpm,er projections (Reynders, 1981; 
Sadie, 1981 , 1982), however, there is a cri ti cal shortf a 11 between the 
supply and der.iand of skilled labour, particularly in the mechanical 
and technical fields. Three times as many skilled blue-collar workers 
r.iust be trained between now and the year 2000 as were trained in the 
period 1959 to 197!). However, Sadie ( 1982) has stressed that the 
nur.iber of economically active skilled Hhites is at its naximum. The 
ski 11 s shortage wi 11 thus extend into the future and may put a brake 
on economic developr.ient. In order to reduce the severity of the 
bottleneck caused by the 1 ack of ski 11 ed and trained manpower, and to 
ensure an adequate supply in the future, it is essential that the 
available labour pool be increased. Sadie (1981) has also stressed 
that it is the Blacks who will be required to r.,eet South Africa 1 s 
manpm'ler requirements. Thus, massive eff arts should be made to 
upgrade and train higher-level skilled Blacks. Recently, restraints 
barring Black workers from entering skilled jobs were relaxed (Bendix, 
1979) which led to Blacks being admitted to technical courses, and in 
1980 the first Black apprenticeship contracts were registered. 
Recognizing that South Africa will not be able to realize its 
development potential unless all popula�ion groups have equal 
opportunities to participate in the development process and be part of 
the hi gh-1 eve 1 manpower resources of South Africa, the Government 
introduced the Manpower Training Act of 1981. This Act consolidates 
three previous Acts, the Apprenticeship Act of 1944; The Training of 
Artisans Act of 1951; and the In-Service Training Act, 1979. In 
terms of the Act, there is no differentiation bet\Jeen the training of 
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employees of any race. Thus the importance of training for all has 
been recognized by the Governnent. In-Service Training schools and 
Black Technikons have been established, and tax-incentives provide 
encouragement to the private sector to institute training programmes. 

There has been a marked increase in the population of Black pupils at 
higher educational levels and increasing nunbers of young Blacks are 
matriculating (Reynders, 1981). It is estinated that by the year 
2000, 6m� of the r.1atri cul ants wi 11 be Black ( Van der Mer\le, 1982). 
Although increasing numbers of more highly educated Blacks are 
becoming available to fill the manpower gap, several researchers 
("Black prospects remain dim 11

, 1981; De Lange, 1981; Morris, 1980) 
have commented on the poor qua 1 i ty of Black education, and others 
(Marcum, 1982; Verwey, Weiderman, & Wilkenson, 1933) have pointed to 
tile alarming and disproportionally high drop-out rate for Blacks. 
Cloete (1981) has noted that integration of Blacks into the full 
labour market spectrum does not depend solely on the removal of 
legislation blockage, but also on the intentions of Blacks to enter 
all the available occupations. The vocational aspirations of Blacks 
in South Africa are notoriously unrealistic {Cloete, 1981; Erwee, 
1981 ; Visser, 1973), and tend to focus on nedi ca 1 and soci a 1 service 
careers, and minimal interest is expressed in the areas of the 
greatest need such as the practical, technical and nechanical spheres. 

Until recently, most investigations into the intellectual structure of 
Blacks thus focussed on relatively uneducated Blacks performing 
relatively low level tasks, and very little research has been 
conducted in the nechanical aptitude of Blacks for occupations 
encompassing the who 1 e engineering spectrum f ram artisan to engineer. 
A certain amount of prejudice exists, with many employers expressing 
the view that Blacks are slow in acquiring industrial skills, and that 
many, despite training and practice, do not reach the proficiency 
expected of \Jhi tes. They a 1 so assert that Blacks have poorly 
developed spatial depth perception and experience great difficulty in 
dealing with three-dimensional representation of information. These 
problems have been attributed to both genetic and cultural causes. In 
view of the prevailing stereotypes and the paucity of relevant 
information relating to the mechanical aptitude in Blacks, and in view 
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of the projected r:1anpower shortages in these spheres, it would seer.i 
particularly relevant to broaden the informational base relating to 
these ski 11 s which are necessary for attaining 1:1echani cal expertise, 
and to identify possible environr.tental variables which might promote 
the development of such skills. By so doing, it is hoped that sor.ie 
guidelines, albeit tentative ones, may be established uhich may have 
practical utility, not only in the selection and training of Blacks 
for technical posts, but also in the schools and in the wider 
cor.muni ty with regard to the fostering of acti vi ti es which wi 11 
pror:1ote mechanical aptitude. 
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CHAPTER 2 

STRUCTURE OF INTELLIGENCE 

2. 1 Definition of i nte 11 i gence 
According to Sir Cyril Burt (1955) the concept of intelligence has its 
origins in intelligentsia, a word introduced by Cicero who endeavoured 
to provide a Latin terminology for Greek philosophy. 

By the beginning of tile tuenti eth century, three researchers who were 
to establish the foundations of modern psychology and have profound 
impacts on the subsequent investigations into human abilities had 
developed their most important concepts. Sir Francis· Galton (1869, 
1883), influenced by Darwin I s ( 1859) theory of evo 1 ution had deve 1 oped 
the statistical foundation for the study of individual differences, a 
central tenet of modern psychology; Alfred Binet (Binet & Simon, 
1905) together with Henri Simon had developed the first objective and 
comprehensive scale to assess intelligence; and Charles Spearman 
(1904) had developed the statistical method of factor analysis and had 
formulated his theory of general intelligence. 

At a symposium convened to investigate the nature of intelligence 
( 11 Inte 11 i gence and its measurement 11

, 1921) the only point of reference 
that the psychologists appeared to hold in common was the different 
interpretations of intelligence offered by those attending the 
symposium! These included the following: 

Terman: ability to carry on abstract thinking. 
Hoodrou: the capacity to acquire capacity. 
Thorndike: the power of good responses f rorn the point of view of 

truth and fact. 
Pintner: 

Dearborn: 

the ability to adapt adequately to relatively new 
relations in life. 
the capacity to learn or profit by experience. 
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Boring (1923) tautologically defined intelligence as being that which 
intelligence tests measure, and Spearman (1927, p. 14) aptly summed up 
the situation prevailing by commenting that 1

1 intelligence has become a 
mere voca 1 sound, a word with so many meanings that finally it has 
none 11

• 

Stoddard (1943) proposed a more comprehensive definition: 
Intelligence is the ability to undertake activities 
that are characterized by difficulty, cor.ip l exi ty, 
abstractness, economy, adaptiveness to a goal, 
social value, er.1ergence of originals, and to 
maintain such activities under conditions that 
der.iand a concentration of energy and a resistance 
to emotional ties. (p. 4) 

Wechsler (1958) described intelligence as the 
••• global capacity of the individual to act 
purposefully, to think rationally, and to deal 
effectively with his environment. (p. 7) 

Biesheuvel (1972) pointed out that intelligence is an ill-defined 
concept which changes its operational meaning with different tests and 
criteria. He proposed the term I adaptability I as a concept which 
implies a response to a total situation, and 

••• as the capacity to gain insight into the nature 
of things and events, to grasp causal relations, to 
profit by experience and to acquire a number of 
skills whereby the adjustment between individual 
and environr.1ent is mediated. (p. 447) 

Cottle and Dmmie {1970) divided definitions into two classes; those 
relating to abilities with regard to abstract thinking, manipulating 
symbols or learning verbal material; and those in which intelligence 
is viewed as the ability to adapt to the environment. 

Butcher (1968) described a dilemma caused by adopting an 1 open 1 

approach to intelligence and acknowledging the effects of the 
environment (Biesheuvel, 1952a, 1952b; Vernon, 1965, 1966, 1969) 
which results in "intelligence as defined differing from intelligence 
measured by tests 11 (Butcher, 1968, p. 29}. 
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He pointed out that psychologists have attempted to escape from the 
dilemr.ia by either adopting an 'open' approach and distinguishing tuo 
kinds of i nte 11 i gence ( Catte 11 , 1963; Hebb, 1949) or they have 
adopted an operational definition, defining intelligence essentially 
in Baring' s ( 1923) terms as what the tests test. A 1 though 
ack nowl edging that both have their 1 ir.ii tati ans, Butcher ( 1968) 
be 1 i eved that 

In the 1 ong run, if this area of study is ever to 
form an integral part of scientific enquiry and to 
evolve beyond the status of quasi-science, the 
latter view must prevail and the loose 'open' 
concept be replaced, for experimental and 
stati sti ca 1 enquiries, by an agreed and r.1easurab 1 e 
dimension or set of dir.iensions. (p. 36) 

Lashley (1929) recognised that 
The concept of intelligence is becoming essentially 
a statistical one; it is the correlation between 
certain of the activities of the organisr.1 which are 
closely related ar.1ong themselves and relatively 
independent of other activities. {p. 11) 

This essentially is a description of the method of factor analysis 
which has played a r1ajor role in studies of the structure of hunan 
intellect, many of which will be referred to in the sections which 
fall ow. 

2. 2 Factor analytic approaches to intelligence 

2. 2. 1 Aim of factor analysis 
Pearson ( 1901 ) , f o 11 owing an idea of Ga 1 ton ( 1883) , deve 1 oped the 
product-moment correlation coefficient. This led to a major advance 
in the development of psychology as a quantitative discipline, when 
Spearraan (1904, 1914, 1927), using concepts laid down by Pearson 
(1901), developed the statistical method of factor analysis and 
applied it to investigations into the structure of human intelligence. 

The aim of factor analysis has been lucidly described by Harman (1967) 
The pri nci pa 1 concern of factor analysis is the 
resolution of a set of variables linearly in terr.is 
of ( usually) a sma 11 number of categories or 
'factors': this resolution can be accomplished by 
the analysis of the corre 1 a ti ans ar.10ng the 
variables. A satisfactory solution will yield 
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factors which convey a 11 the essenti a 1 inf ornati on 
of the ori gi na 1 set of vari ab 1 es. Thus the chief 
aim is to attain scientific parsimony or economy of 
description. (p. 4) 

2.2.2 Spearman 1 s two-factor r.todel 
One of the first theoretical expositions of intelligence was given by 
Spearr:ian ( 1904, l 914, 1927) to account for the corre l ati ans observed 
bet\leen sensory tests and sch olastic achievement. He proposed a 
tHo-f actor hi erarchi ca 1 theory where a genera 1 factor, 1 g 1 , is common 
to perf ornance on a 11 nenta 1 tasks , but there are a nunber of specif ic 
factors, 1 s 1

, which combine with 1 9 1 to determine perforr.iance in each 
specific task area, and thus reflect the residua 1 variance which is 
specif ic to that task. Spearr.ian ( 1927) be 1 i eved that I g '  depends on 
the general • mental energy • of each individual, which is innate, and 
that tile 1 s 1 factors represent the 'energies ' through which 1 9 1 

becomes activated, and that these are affected by culture and 
training. J .M. Verster {1982}, however, has maintained not only that 
Spearnan ' s  {1927) beliefs are unsubstantiated, but also that the 
concept of numerous 1 s 1 factors is unparsimonious. 

Spearman {1904) postulated that activities can be ordered into a 
hierarchy based on their saturation with 'g 1 , which he equated with 
the 'eduction of relations and correlates ' which is the central mental 
function occurring in all cognitive activities. 

The observation that Spearman 1 s { 1904, 1914, 1927) two-factor theory 
cou l d  not account  f or the resu l ts ob tained in one of the earl iest  
studies of nechanical aptitude, the Minnesota study {Paterson, Elliot, 
Anderson, Toops, & Heidbreder, 1930), 1 ed MacFarl ane Srai th ( 1964) to 
criticize severely Spearnan ' s  {1904, 1927) neglect of group factors. 
Indeed, a r:iajor criticism of his theory has been that it is not 
sufficiently conplex to account for all results observed. 

According to Vernon {1950), Spearr.ian ( 1904, 1914, 1927) did not find 
group factors because his samp 1 es were not 1 arge enough. However, 
according to Uolfle (1940), Spearman always recognised the position of 
group factors. iJhereas in his earlier work ( 1914, 1927), he accorded 
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them mininal importance, in his later writing ( 1933 ) they play an 
increasing ro 1 e. He thus recognised that the I s I factors are not 
independent and that certain broad group factors, such as verb a 1 
factors and spatial factors arise from the specific factors. 

2.2.3 Hierarchical r.10dels of intellect 

2.2.3.1 Burt ' s  hierarchical model 
Cyri 1 Burt ( 1909, 1911 , 1940, 1949 ) be 1 i eved that Spearman I s ( 1904, 
1914, 1927 ) studies are not representative of all processes inherent 
in intelligence, and demonstrated that if the nodel is applied to a 
broad sar:,p 1 e, it becomes necessary to reject the genera 1 factor 
llypothesi s. 

Burt ' s  ( 1940, 1949 ) work was influenced by factor analytic studies 
( Alexander, 1935; BroHn & Stephenson, 1933; El Koussy, 1935; 
Kelly, 1928 ) in which evidence for group factors is given. Burt ' s  
( 1940, 1949 ) 'idealized ' model ( Guilford, 1967; Horn, 1972 ) 
conceptualized intelligence as being organised into a hierarchy 
consisting of successive dichotomies, each subdivision of a higher 
factor being further subdivided into tHo lo\ler factors. At the head 
of the hierarchy is the genera 1 factor I g 1 , accounting for the naj or 
source of variance. After removal of the variance due to I g 1

, tuo 
naj or group factors, common to a wide range of performance are 
postu l ated , naoe l y  verbal -educati onal  ( v : ed )  and spati al -mechan i cal  

( k: m ) ( Burt, 1940 ) .  These in turn are subdivided into ninor group 
factors. 

Burt I s ( 1940, 1949 ) theory nay be di sti ngui shed f ror.1 that of Spearnan 
( 1904, 1914, 1927 ) in that in the former the existence of group 
factors between 1 9 1 and the specific factors is acknowledged, while in 
the latter it is not. He viewed intelligence as being primarily 
gene ti ca 11 y deterr1i ned, and the deve 1 opment of the group factors as 
being related strongly to the maturational processes. Horn ( 1972 ) has 
made the point that Burt ( 1940 ) proposed the first major dichotony 
between intellectual characteristics 1 9 1 and 'practical I or 
behavioural characteristics, where 'practical I includes aspects such 
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as psychomotor abilities and abilities for dealing with space and 
r.iec l lani cal objects . 

Burt ' s  ( 1 940) nethod of factor analysis allous only for orthogonal 
extraction (which does not a 1 1  ow correlation between the factors). 
J.M. Verster ( 1 932) has pointed out that this precludes investigation 
of any possible relationships which might exist among various 
intellectual dimensions and thus imposes linitations and constraints 
on interpretation of data . 

2.2 .3.2 Vernon ' s  hierarchical nodel 
Vernon ' s  (1 950) hierarchical nodel of the structure of intellect 
probably represents best the British conception of i nte 1 1  i gence. At 
the top of the hierarchy is a genera 1 factor I g 1 • After removal of 
the variance due to I g 1 

, uhether by group factor technique or rota ti on 
of centroid factors, the positive residual correlations aluays fall 
into two main groups -- the verbal-educational group ( v: ed) and the 
sp atial-practical-mechanical group ( k: n) ( Vernon, 1 950) . The latter 
corresp onds uith Burt ' s  (1 940) spatial mechanical factor and includes 
r.iinor group factors such as "perceptual, physical, and psychomotor, as 
well as spatial and mechanical factors" ( Vernon, 1 965, p. 725). The 
v: ed factor subdivides into verbal, numerical, and divergent factors. 
There are also various cross-links between the minor group factors. 
The minor group factors can be further subdivided into specific 
factors by further testing, but Vernon considered then to have little 
utility because of the narrowness of their range. 

Vernon ( 1 950, 1 96 1 ,  1 965) has a broader view than is evidenced in 
Burt ' s  ( 1 940, 1 949) rather idealized hierarchy. He adopted Hebb 1 s 
( 1 949) concept of a genetic comp onent of i nte 1 1  i gence Hhi ch  determines 
the bi o 1 ogi ca  1 potenti a 1 for grm>1th, which Hebb ( 1 949) termed 
' Intelligence A ', and the interaction of this potential with the 
environment, which Hebb ( 1 949) terned ' Intel ligence 8 1 • Hebb (1 949) 
conceived of Inte 1 1  i gence A as being r.iere ly a theoreti ca 1 construct, 
as its effects can only be observed in interaction with the 
environment which will determine the extent to which its p otential is 
realized . Intelligence A is thus deterr.iined purely by maturational 
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processes . Inte 11 i gence B ,  which Hebb ( 1949) defined in terms of 
accumulated knowledge and skills , is subject to maturation under 
environmental stimulation and can be measured as behaviour . 

Vernon {1965) postulated , in addition to Hebb 's {1949) dichotomy , a 
third kind of intelligence , Intelligence C ,  which refers to actual 
test results and thus provides an empirical estimate of Intelligence 
B .  Vernon {1965) was a\1are of the difficulties and pitfalls in 
obtaining accurate measures of basic abilities and , in postulating 
Intelligence C ,  he was criticizing the view pervasive in the 1920s 
that scores on i nte 11 i gence tests \Jere regarded as absolute measures 
of innate capacities . 

Vernon {1965 , 1966 , 1967 , 1969) emphasized the important role of the 
environment in shaping the development of abilities and pointed out 
that I g I is not determinate and innate as Spearman { 1927) 
conceptualized it , but can "vary according to the particular measure" 
{ Vernon , 1965 , p .  766) . This is in accordance with the theories of 
Ferguson {1954 , 1956) , Hebb (1949) , and Hunt (1961) . 

2 . 2 . 3 . 3 Criticism of hierarchical nodel 
Support for the hi erarchi ca 1 viewpoint was advanced by Eysenck 
{1979) . He related the v: ed ,  k: m division to the diff erential 
functioning of the two hemispheres of the brain . The k: r.1 factor 
( configurational , spatial , and synthetic } is related to right 
her.ti spheric f uncti oni ng , \Jhereas the v: ed factor {speech , ca lcul ati on , 
and analytic activities) is related to left hemispheric functioning . 
According to Eysenck (1979) this provided biological support f or the 
r.iajor theoretical divisions of cognitive ability. Factor analytic 
support for hi erarchi ca 1 concepts of genera 1 i nte 11 i gence has a 1 so 
been provided by Eysenck (1979 , p .  49) . 

Guilf ord {1967) criticized Vernon 's {1951 , 1965) and Burt ' s  {1940 , 
1949 } concepts of I g I wh i cit are centra 1 to the hi erarch i ca 1 approach , 
and made the point that 1 9 1 is not an invariant variable but depends 
1 argely on the particular test battery uti 1 i zed . However , he 1 ater 
conceded that the weight of avai 1 ab 1 e evidence favours a hi erarchi ca 1 
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interpretation ( Guilford, 1 980 ) .  Other researchers have confirmed the 
weight of evidence favouring the hi erarchi ca 1 organization of 
intellectual structure ( Cattel l, 1 97 1 ; Horn, 1 976 ; Koestler, 1 979 ; 
Sternberg, 1 979 ; �Ja 1 1  brown, Bl aha, & lJherry, 1 97 4 )  • 

Both Vernon { 1 950, 1 965 ) and Burt ( 1 940, 1 949 ) were at pains to point 
out, however, that the hierarchical model is a means of classification 
only and is not representative of a unique univariant model of the 
mind. Vernon ( 1 96 9 )  stressed that factor patterns are dependent on 
the tests used and on the nature of the groups being studied . 

2 . 2 . 4  Thurstone ' s  primary factor model 
Thurstone ' s  ( 1 93 1 , 1 935, 1 947 ) development of ttie statistical method 
of multiple factor analysis heralded a major turning point in 
psychometric theory, and dreu attention a\1ay f rom the Brtti sh school 
of thought, focussing it on America . 

Thurstone ( 1 93 1 ,  1 935 ) proposed an alternative approach to the 
conception of I g I and the concor.tmi tant hi erarchi ca 1 mode 1 .  Severa 1 
largely independent influences are operative in his empirical multiple 
factor mode 1 of i nte 1 1  i gence, and he thus be 1 i eved that not every 
mental ability is required in the performance of a mental task . 
Thurs tone ( 1 931 ) <level oped the centroid method of factor analysis to 
analyse the results of 1 arge batteries of tests into severa 1 common 
factors. The centroid method a 1 1  ows for one factor at a time to be 
extracted, each successive factor accounting for as much of the 
variance as possible . The first centroid factor thus has the highest 
1 oadi ngs and each successive factor has sma 1 1  er 1 oadi ngs . For a 
matrix of positive correlations the solution thus contains one general 
centroid with positive loadings and the remaining factors are bipolar 
( Harman, 1 967 ) .  

Thurstone ( 1 93 1 ) maintained that it is unreasonable to assume that an 
ability factor has a negative contribution to make toward 
performance . This \1ould indicate that the more of an ability one has, 
ti le worse one would perform on a test. He thus proposed the principle 
of ' positive manifold 1 , which rotates the axes in the factor space to 
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a neH positi on resulting in  the eli ninati on of all negati ve loadi ngs 
i n  the f i na 1 soluti on, except for those very sma 11 ones due to chance. 

The criterion of 1 si mple structure • was developed by Thurstone (1947) 
to guide the investigator i n  carrying out the rotati ons of the factor 
axes to posi ti ons of greater sci enti fi c r.,eaning. This was the fi rst 
objective cri teri on for locati ng the axes in  factor space. The 
principle of si nple structure speci fi es that the axes must be rotated 
to maximize both positive and zero loadings and i n  thi s  way achieve· a 
parsi monious explanati on of the factor soluti on. (The cri teria  for 
simple structure can be found in Thurstone, 1947, p. 335.) Rotati ons 
can be perf armed by keep i ng the axes orthogona 1 (factors are 
independent) or reduci ng the angle to obtain an oblique solution 
(factors are correlated). 

Thurstone (1938) applied h is  nethod of multi ple factor analysi s  to a 
sample of college students to whom he admini stered 56 tests. He 
i denti fi ed nine factors, seven of which could be readi ly i nterpreted : 
verbal comprehensi on (V) ;  word fluency (W) ; . space (S) ; number (N) ; 
rote menory (M) ; perceptual speed (P) ; i nducti ve reasoning (I). 

Thurstone ( 1938) ca 11 ed his factors I pri mary men ta 1 ab i 1 i ti es 1 ( PMA), 
and concei ved of the factors as being functi onal and causal enti ti es. 

A larger scale study to rep l icate these fi ndi ngs was conducted using a 
sanple of 710 eighth grade schoolchi ldren (Thurstone & Thurstone, 
1941 ). They found that they had to deviate from orthogonality in 
order to achi eve the two pri nci ples of posi tive nani fold and s inple 
structure. Ten factors were extracted which were rotated to an 
ob 1 i que simp 1 e structure. Thurs tone and Thurs tone ( 1941) have pointed 
out that i t  makes good sense both stati sti cally and psychologi cally 
that abiliti es are correlated i n  some way. The i niti al seven PMAs of 
S, P, N, V, �4, M, I were replicated, with minor variations bei ng 
obtained i n  the patterns of the various age groups. 

A second-order factor analysis was conducted on the six most stab 1 e 
p rimary factors (N, U, S, V, M, I) and a comr.10n general factor was 
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extracted in which V and I had the highest 1 oadi ng and the M factor 
the lowest loading. The Thurstones ( 1 941 ) likened this second-order 
factor to Spearman I s ( 1904, 1927) 1 g 1 , and observed that the tests 
which Spearman had designed as the optimal measures of his 1 9 1 

appeared to be inductive in nature. In this way the seeMingly 
disparate conceptions of intelligence held by the British and Ar.lerican 
theorists could be reconciled. The nain differences between 
Thurs tone I s ( 1931 , 1935, 1947) mode 1 of i nte 11 ect and the earlier 
hierarchical model lie in his departure from the belief in the 
unidii.lensionality of intelligence, his methods of factor analysis, and 
his interpretation of factors. 

2. 2. 5 Guilford 's structure-of-intellect model 
Research stimulated by Thurs tone I s ( 1931) factor analytic techniques 
resulted in a proliferation of haphazard studies in which the primary 
abilities were often narrower in scope. French ( 1951) for exar.1ple, in 
his survey of 69  analyses, i dent if i ed 59 factors, many of which were 
specific to the particular analysis. In an atter.tpt to bring order 
into the chaos, Guilford ( 1956, 1967) fornulated his structure-of
intellect model. 

This model was the outcome of the extensive testing prograr.ime which 
Guilford undertook with the Army Air Force ( Gui 1 ford, Fruchter & 
Zimernan, 1952; Guilford & Lacy, 1947; Guilford & Zimrnerr.ian, 1947), 
where he found Thurstone 's ( 1938) primary abilities insufficient to 
account for the observed relationships ar.iong the tests. 

Guilford ( 1956, 1967) based his structure-of-intellect model on the 
view that there are three dinensions, the combinations of which 
determine different types of intellectual abilities. The first 
dir.iension refers to five kinds of 'mental operations ' or basic 
psychological processes : cognition, memory, divergent production, 
convergent production, and evaluation. The second dir.iension refers to 
the four contents or 'areas of inforr.1ation 1 in which the operations 
are perf orned : figural , synbo l i c, semantic, and behavioura 1. The 
third dimension refers to six kinds of 'ans\Jers or products ' that the 
subject is likely to produce : units, classes, relations, systems, 
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transformations, and ir:,p 1 i cations. Tile combinations of the three 
dinensions thus resul t in 120 different abil ities each of which, 
according to Guil f ord (1967), represents a distinct factor. 

iJhen factor analytic techniques are appl ied, with the dimensions of 
the r.iode 1 being the frame of reference, support for r.iany of the 
proposed factors is found, al though not al l the cel l s  have been fil l ed. 

Eysenck (1979) has cor.1r.1ented that the forr.iul ation of Guil f ord 1 s (1956, 
1967) model has a 11 owed tests which might fit the vacant ce 11 s to be 
constructed, and has led to the discovery of new abil ities. 

Impl icit in Guil f ord 's (1967) theoretical standpoint is that these 
abil ities represent actual causal independent entities. His factor 
analytic approach thus differs from Thurstone I s (Thurstone & 
Thurstone, 1941) in that he rotates to an orthogonal structure, 
whereas T hurs tone ( Thurs tone & Thurs tone, 1941 ) a 11 ows an ob 1 i que 
rotation. Guil f ord (1956, 1967) has been sharpl y criticized for 
prol iferating so many highly  specif ic factors whici1 cannot al uays be 
repl icated and are often too trivial to have any practical util ity 
(Horn, 1976 ; Humphreys, 1967 ; Hunt, 1961 ; McNemar, 1964 ; Vernon, 1965, 
1969 ; J. M. Verster, 1982). Eysenck (1979), whil st stressing that 
Guilford 's {1956, 1967) theory has heuristic val ue, has asserted that 
Guil ford has conf used dimensional ity of test content with the 
dimensional ity of human abil ity. J. M. Verster { 1 982 ) has commented 
that Guil ford 's insistence on orthogonal ity is at odds with the 
evidence from the l iterature in which significantl y  fewer, positively  
correl ated abil ity factors are consistentl y suggested. Recentl y, 
however, Guil ford {1980) has admitted that factors may be correl ated 
to a certain extent. 

Eysenck (1979) criticized Guil ford, as did Horn {1972), Humphreys 
{1967), and Horn and Knapp (1973), raising the major objection that 
Guil ford 's cl aims to l arge numbers of factors are based on a 
Procrustes method of target rotations invol ving serious probl ems of 
subjectivity which might l ead to arbitrary sol utions. Uhereas 
Guil ford (1967, p. 55) admitted that any subjectivity is undesirabl e, 
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he defended his standpoint on the grounds that 11the facts of life in 
factor-analysis procedures are such that it is often necessary , 
otherwise strict adherence to the results of best simple structure may 
1 ead one astray psychol ogi ca lly 11

• 

2. 2 . 6 Cattell 1 s theory of crystallized and fluid ability 
The hierarchical r.10dels of the British theorists and the r.mltiple 
factor models of the American theorists are synthesized in Cattell 's 
{1943 , 1963 , 1971) second-order factor model of fluid and crystallized 
i nte 11 i gence (Butcher , 1968; Grant , 1969). His theory , based on 
correlated factors , atter.1pts to reconcile the two points of view as 
1 9 1 might be obtained as a second-order factor among Thurstone 1 s 
{1938) 1 prir.iary 1 factors . 

Cattell {1943) argued that there is no single unitary 1 g 1

, but that 
there are two major . co-operative cognitive factors: fluid 
intelligence 1 gf

1 and crystallized intelligence 'gc 
1 • Fluid 

intelligence is defined as "the r.,easurable outcor.ie of the influence of 
biological factors in intellectual development" {Horn & Cattell , 
1966 , p. 254) , \'lhereas crysta 11 i zed i nte 11 i gence is defined as "the 
pri nci pal man if estati on of a uni tari ness in the inf 1 uence of 
experiential -educati ve-accul turati ve influences 1 1 ( Horn & Catte 11 , 
1966 , p. 254). Fluid intelligence is biologically deterr.iined and is 
thus a correlate of basic neural-physiological capacity. It is not a 
direct r1easure of innate potential in terms of Hebb I s { 1949) 
Intelligence A ,  but reflects rather adaptation to new situations and 
is comparatively free of cul tural infl uences . 

Crystallized intelligence on the other hand is more dependent on 
learned skills and habitual adaptations. It is thus deterr.1ined by 
culture and education and represents habits which have become 
• crystallized ' as a result of earlier learning and represents the 
1 eve 1 of cognitive development attained through the accumulation of 
knowledge and ski 11 s. \Jhereas education has more of an effect on 
'gc • than 'gf • learning affects both to sor.ie extent. 
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There are thus different characteristic relations between the two 
abi 1 i ti es with respect to age. Fluid i nte 11 i gence I gf 

I rises more 
rapidly and reaches a r.1aximur.1 between the ages of 12 and 15, and 
starts declining from about the age of 22, whereas 'gc 

I increases 
more gradually, reaching a maximum between the ages of 18 and 28 or 
beyond depending on the particular culture, and declines later with a 
mi n i ma 1 drop • 

Catte 11 ( 1963, 1971 ) 1 inked I gf 
I to a I capacity to percefve 

relations and educe correlates • in Spearr.1an 1 s (1927) sense. However, 
v,hile the 1 gf

1

/
1 gc

1 distinction has some sit1ilarity to Ferguson 1 s 
(1956) ability and learning set (Schepers, 1974) and to Hebb 1 s (1949) 
Inte 11 i gence A and B, Catte 11 ( 1971 ) stressed that it should not be 
compared with Burt 's (1949) and Vernon 's (1950) distinction of v : ed 
and k: m, or to Guilford 1 s (1967) convergent versus divergent thinking. 

In order to test his theory, Cattell {1963) administered nine ability 
measures to a sanp 1 e of 277 seventh grade boys and girls. Five tests 
of Thurs tone I s { 1938) Pri mary Abi 1 i ti es { V, I, i·J, S and U) to measure 
culturally embedded abilities, and four subtests from Cattell 1 s {1957) 
Institute of Personality and Ability Testing {IPAT) Culture Fair 
Intelligence Test (Perceptual Cues, Perceptual Classification, 
Matrices and Topo 1 ogy) together with a 1 arge nur.1ber of non-abili ty 
variables constituted the test battery. S and U were considered to be 
1 ess culturally saturated than the o ther PMAs and were thus  1 i ke  ly to 
involve significant amounts of both 'gf • and 1 gc ' ·  Twenty-two 
primary factors were extracted and rotated to oblique simple 
structure. Two ability and four personality factors were extracted by 
means of a second order factor analysis. 

The Culture Fair Tests and S loaded on the first factor as 
hypothesized and corresponded with the e,xpected nature of I gf 

1
, 

while the remaining four PMAs { V, I, N, and W) and the perceptual 
series from IPAT loaded on the second factor, which thus corresponded 
with the expected nature of I gc 

1 
• 
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In a later study Horn and Cattell (1966) tested a more heterogeneous 
adult sample, using a variety of different tests and personality 
measures, to test the hypothesis that other influences affect 
intelligence. Three other second-order factors: general visuali zation 
( 'gv 

1 } ,  general fluency, and general speediness were predicted and 
the tests loaded on the factors as hypothesized. A fifth factor, 
general carefulness, was extracted . Horn and Cattell (1966) commented 
that from the analysis  it is clear that visualization abilities "stand 
somewhat apart from the analytic reasoning and crystallized abilities 
of 'gf • and 'gc "' { p . 265) and that visualization is not as broad 
a concept as MacFarlane S�ith (1964) conceived it to be . Other 
researchers { Cattell, 1967; Horn, 1976; Vernon, 1972) have confirmed 
this separation of 'gv ' from 'gc ' and 1 gf

1

, which has a number 
of theoretical and practical implications . 

Cattell ' s theory has been criticized extensively on statistical and 
methodological grounds { Grant, 1969; Guilford, 1980; Humphreys, 1967; 
Vernon, 1979) . Hm-1ever, while J . M .  Verster { 1982) has assessed 
positively the weight of evidence in Cattell 1 s favour, he has 
cautioned against accepting the theory as the val id representation of 
the structure of hunan abi 1 i ty . 

2 . 2 . 7 Considerations with regard to choice of factor analytic 
methods 

A fundamental difference between the Ar.ieri can and British schoo 1 s of 
thought is to be found in their conceptions of factors . Both Burt 
( 1949 ) and Vernon ( 1 96 5 )  stressed that the h i erarch i cal  structures are 

a means of classification only, and do not represent a unique and 
invariant model of the mind, whereas Thurstone (1938) , Guilford (1967) 
and Cattell (1963) tended to view factors as causal entities and 
equated them with real abilities . 

In the factor analytic method characteristic of the British 
psychologists, a general first-order factor is extracted followed by 
extraction of major group factors, and then minor factors . The 
loadings for 1 9 1 are always positive, but the residual correlations 
are bipolar, that is, approximately half are positive and half are 
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negative . They are thus rather difficult to interpret psychologically 
( Eysenck, 1 979 ; Grant, 1 969 ; J . M .  Verster, 1 982 } . Vernon ( 1 965 } 
criticized particularly the use by American theorists of selected 
homogeneous groups, such as students, where the range of 1 g 1 is 
restricted . Accordingly, much of Vernon ' s  ( 1 965, 1 966, 1 967, 1 969 )  
uork has been done on  different cultura 1 and educationa 1 groups and 
hence takes environmental contingencies into account . Both Vernon 
( 1 965 ) and McNemar ( 1 964 } viewed with disfavour the American multiple 
factorists 1 and, particularly, Guilford ' s  ( 1 956, 1 967 } 1

1fragr.1entation 
of ability into more and more factors of less and less ir.1portance 11 

( MctJer.iar, 1 964, p .  872 ) ,  as they believed that this endless 
fractionisation of the mind tells us little about ability . Vernon 
( 1 96 5 )  commented, however, that whilst a "general intelligence factor 
seems unavoi dab 1 e • • • at the same ti me i nte 1 1  i gence has many aspects 
which can be usefully represented, as Thurstone did, in terns of 
partially distinct overlapping primary factors 11 ( Vernon, 1 965, p .  724 ) . 

Whereas Thurstone ' s  ( 1 938} results seemed initially to be in direct 
opposition to the hierarchical model, his PMA model is not as 
irreconcilable with models relying on 1 g 1 as might have been assumed . 
The two models have been demonstrated to be mathematically equivalent 
and are in effect reduc i b 1 e to one another ( Bernyer, 1 958 ; Ca tte 1 1  , 
1 963 ; Eysenck, 1 979 ; Horn, 1 972 ; Vernon, 1 965 ) . I ndeed Vernon 
( 1 965 }  stressed that : 

I t  is  j ust as l eg i timate to start, as i t  were, from 
the bottom upward -- that is to say, to extract the 
primaries and from their inter-correlations 
calculate the second-order factors, and if need be 
a third-order factor, corresponding to our naj or 
group factor and 1 g 1

• ( p .  726 } 

This interpretation, however, has not generally been accepted 
{ Guilford, 1 967, 1 980 ) .  Grant ( 1 969 ) believed that whereas the two 
models might be reducible to one another ; if their philosophical, 
historical, and methodological points of departure are taken into 
account, then the two should be regarded as being widely disparate . 

Ca tte 1 1  ' s  { 1 943, 1 963 }  theory is an attempt to bridge the gap between 
the t\10 r.iode 1 s .  However, MacArthur ( 1 973 }  noted that Vernon I s ( 1 950, 
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1965 }  and Ca tte 11 ' s  ( 1943, 1963 )  models are not the same. Factors 
wh ich are hi gh in Vernon ' s  (1950 ) hi erarchy represent main  common 
cor.,ponents whi ch underlie a set of tests, while those lower i n  the 
hi erarchy, all orthogonal, represent resi dual components. Factors 
high in  Cattell ' s  (1963 ) hi erarchy, however, represent correlati ons 
among obli que factors lower down. 

The fi rst objective of factor analysi s  is " to attain  sci enti fic 
parsimony " ( Harman, 1967, p. 4 ) ,  in  the pursui t of whi ch a given 
matrix can be factored in  an i nfini te number of ways. Harman (1967 ) 
and Wolfle { 1940 ) made the point that thi s  fact may not have been well 
known in  the early days of factor analysi s  and hence thi s  nay have 
been the cause of many of the controversi es between Spearman ( 1904, 
1914 ) and Burt (1940 ) regarding the best or univar iant soluti on. 

Ulti mately the cho ice of approach 1 i es with the investigator. 
Accardi ng to Harnan ( 196 7 )  the pref erred type of factor so 1 uti ans are 
determined on the basis of two general questi ons : 

stati sti cal simplici ty. 
psychological �eani ngfulness. 

If the choice is  made purely on statist ical grounds, the approach 
would involve the representati on of the ori gi nal correlati on matri x  in  
terms of a nuober of factors, determined in sequence so that at  each 
successi ve stage the factor would account for a maximum of the 
vari ance. This  statisti cally optimal soluti on i s  the nethod of 
princ ipal axes wh i ch was fi rst proposed by Pearson ( 1 901 ) and 
developed by Hotelling (1933 ) .  Another choi ce which Harnan (1967 ) 
menti oned is  the centroid soluti on, whi ch approxi mates the soluti on of 
the princi pal axes. 

If psychological meaningfulness is required, then the subjective 
judgement of the investigator is  involved. 

Consi derable controversy reigns over whether to rotate blindly without 
knowledge of the vari ables represented by the data points or whether 
to rotate with knowledge. Comrey (1973 )  warned against the 
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l imitations inherent in adopting siQp l e  structure uncritical l y  and 
rotating bl indl y as Cattel l ( 1963) does , whereas Guil ford ( 1967) on 
the other hand was strongl y taken to task by Comrey ( 1973) for his 
subjectivity. 

A \Jarni ng note sounded by Kel l y  ( 1940) some 40 odd years ago sti 11 has 
rel evance: 

There is no search for timel ess , sp acel ess , 
popul ationl ess truth in f actor anal ysis; rather it 
represents a single , straightfor\-1ard probl em of 
description in several dimensions of a def inite 
group functioning in definite manners , and he who 
assumes to read r.iore remote verities into the 
f actoria l  outcome is certainl y doomed to 
disappointr.lent. ( p. 120) 

2.3 Model s of intel l ect in Africa 

2. 3.1 Earl y research 
One of the first f actor ana l ytic studies in Africa was the pioneering 
study conducted by Mac Dona 1 d ( 1945). He administered a battery of 13 
tests to a samp l e  of 1 855 East African mil itary recruits in order to 
obtain a smal l ,  val id sel ection battery. Three f actors , which 
MacDonal d  ( 1945) did not interpret , were extracted using the centroid 
method of f actor anal ysis. He did not rotate to simp l e  structure. 
Al l the tests had l arge specificities , which indicates that onl y  a 
smal l proportion of the variance was shared by the other tests. 

A general f actor was obtained in a study by Vernon ( 1950). He 
adrainistered MacDonal d 's ( 1945) test battery to smal l er sar:1p l es of 
African recruits. Vernon ( 1950) al so extracted three f actors and 
discarded one which did not yiel d a l ogical grouping of tests. In 
accordance with his model , Vernon ( 1950) interpreted the first f actor 
as general adaptabil ity to an unf ar.1il iar testing situation. He did 
not equate it with I g 1 , as f ormboards and a 'dexterity test a 1 so 1 oaded 
on it. The second bipol ar f actor divided the tests into primaril y 
cogniti ve f actors which Vernon ( 1950) interpreted as being akin to 
1 g 1 , and a manipul ative/physical f actor. In accordance with the 

British approach , the f actor matrix was not rotated to simp l e  
structure. 
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No men ti on is made by MacDona 1 d ( 1945) or Vernon ( 1950) of the 1 eve 1 
of forr.ial schooling or the extent of urbanization of their sar.,ples , 
a ltllough Grant ( 1969) commented that considering the peri ad when the 
information \-Jas collected , the sar:,ple was probably largely illiterate 
and rural. He also pointed out ( Grant & Schepers , 1969) that raost of 
the early factorial studies in Africa reported high specificities for 
many of the tests -- suggesting that had more tests been included , 
more factors could have been extracted , and the factors might have 
becor.ie clearer. 

Research conducted by the Nati onal Institute for Personnel Research 
shortly after the Second \Jorl d Uar 1 ed to the development of the 
General Adaptability Battery {GAB) (Biesheuvel , 1952a , 1954) designed 
as a general screening device for the gold mining industry. 

Biesheuvel ( 1954) factor analysed the scores obtained on the GAB of a 
group of mine\wrkers and of a group of motor assembly operators. In 
both cases an unrotated solution yielded a general factor 1 g 1 on which 
all tests had substantial loadings and which accounted for 45% of the 
variance , and a doublet for two sorting tests. The highest loadings 
obtained were for formboards and Koh 's Blocks. Although Biesheuvel 
( 1954) interpreted 1 g 1 as practical general intelligence , Grant {1969) 
criticized this concept of 1 g 1 and attributed it to being a function 
of the tests used. M. A. Verster ( 1976) , however , made the point that 
Biesheuvel 's {1954) study was not intended to be a theoretical 
statement on the structure of African intellect , and therefore should 
not be interpreted as such. The results obtai ned were dependent on 
the tests which were selected to fulfil a particular purpose. 

The factor structures extracted by MacDonald ( 1945) and Biesheuvel 
( 1954) are sinilar , and were attributed by Irvine ( 1969a) to "the 
emphasis on performance of culturally alien tasks by unselected 
popul ati ans which produces genera 1 factors and others with variance 
specific to the nature of the tests themselves 11 ( p. 26). 

Murray {1956) administered a battery of 19 perforr.1ance tests to 119 
African industrial workers. During the factor analysis , three factors 
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were extracted of which on ly  one was considered significant for 
interpretation. Murray (1 956) then concl uded in a rather sweeping 
statement "that so far as the African is concerned the simpl icity of 
the factor structure is deterMined by a simp l icity of mental 
structure" ( p. 63) .  This rather s imp 1 i sti c interpretation has been 
extensivel y  criticized, particul arl y on the grounds that he did n ot 
administer a comprehensive battery of tests (Grant, 1 969 ; Kendal l ,  
1 971,  1 980 ; M.A. Verster, 1 976) which in itsel f coul d possib l y  have 
precl uded the emergence of additional factors. 

In a wel l designed study, Brimbl e (1 963) cor.,pil ed a careful l y  sel ected 
test battery for a more homogeneous and restricted samp 1 e than had 
previousl y been used. He administered his battery to 41 9 Rhodesian 
school  boys. Two factors were extracted, one of which accounted for 
86:� of the common variance \'Jhi ch Brimb 1 e ( 1 963) interpreted as 
'general abil ity ' (al though he recognized that test adaptabil ity might 
be invol ved) . The second factor was considered to be main l y  abstract 
reasoning with el ements of spatial perception incl uded. 

Irvine (1 962, 1 963) conducted extensive surveys in Zambia and Rhodesia 
on varied Bl ack sampl es :  Standard 6 school boys in Rhodesia and 
Zambia ; Mal e students in a Mine Youth Training Car.ip who coul d n ot 
obtain secondary school pl aces ; Standard 8 pupil s in Zambia and 
Kenya ; Bl ack and \Jhi te Kenyan boys of African, American and British 
or1 9 1 n in Standards 7, 8 and 9 . Factor anal yses were perf ormed using 
Hotel l ing 's (1 933) Principal Comp onents Anal ysis and Kaiser 's (1 958) 
Vari max criterion for orthogonal rotation. Four factors were 
extracted in al l four samp l es. The factor anal yses showed stabil ity 
of the major cognitive dimensions of 1 9 1 (which Irvine, 1 969a, 
interpreted as reasoning) ; v : ed (second l anguage verbal skil l s) ,  and 
n :  ed ( nur.1eri ca 1 ski 1 1  s) over a 1 1  samp 1 es. Perceptua 1 factors, 
al though present, were not common to al l the sam;> l es, p ossibl y  because 
they were n ot particul arly wel l represented in the test batteries. 

The tests of overl earned skil l s  were factorial l y  very stabl e, which 
l ed Irvine (1 969a) to comment on the changes in test performance in 
non -verbal skil l s  which have been obtained in Africa as a resul t of 
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coaching (Horn, 1976 ; Ll oyd & P igeon, 1961 ).  He concl uded 

f urtherr.iore that overl earned constructs are more stab l e  across 

cu l tura l groups than  those from f igural tests. 

Irvine ( 1969a ) cone 1 uded that f actor analysis methods coul d thus be 

used, al beit with caution , for  anal ysing resul ts from non-Western 

cul tures and that constructs coul d be appl ied across cul tures in 

Af rica . 

Fror:1 I rv ine ' s  studies it is apparent that the better educated groups 

yiel d more f actors than the l ess educated or il l iterate groups. Grant 

(1969 )  made the point that since Irvine ' s  samp l es were l iterate they 

cou l d cope with penci 1 and paper tests, and thus a more di  verse test 

battery cou l d be asser.ibl ed, whereas researchers of l ess educated and 

unaccu l turated groups are l imited to using performance tests on ly. 

2. 3. 2 Later studies 

Grant and Schepers (1969 )  bel ieved that the concept of general 

adaptab il ity preval ent at the time they were writing was l argely a 

f uncti on of the theory of test devel opmen t  in operation. Al l the 

studies used Briti sh factor ana lytic techniques and thus the f actor 

matrices were not rotated to si mp 1 e structure, and the ear ly 

researchers thus accepted a f inding of one general f actor. There were 

al so on ly  very l imited nur.ibers of tests avail ab l e  f or use with 

il l iterate and semi-l iterate B l acks. Grant and Schepers (1969 ) 

accordingl y suggested an al ternative expl anation for the f actor 

cor.ip os i ti on of the Mac Dona 1 d ( 1 945 ) battery. They rotated Vernon ' s  

(1950 ) factor matrix to simpl e structure and ob tained two factors 

which they interpreted as ' eduction of rel ations ' and a dexterity 

f actor. This conf irmed their hypothesis that a mu l tif actorial 

structure cou l d be identif ied in an Af rican popu l ation. 

In an attempt to verify this concl usion, they admin istered f ive ne\1 

cogn itive tests (Form Series Test, C ircl es, Form Perception, F ret 

Repetition, and Fret Continuation ) together with the GAB to a samp 1 e 

of 90 mal e Af rican mine recruits. The data were subj ected to a 

principa l factor anal ysis and two f actors were extracted using 
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Kai ser 1 s (1 958 ) cri terion ,  and an orthogonal rotati on to posi ti ve 

mani fol d was conducted. They interpreted the f i rst f actor as 

' educti on of rel ati ons • ( Fret Repeti tion ,  C irc l es , Koh 1 s Bl ock s ,  Fret 

Continuati on ,  Form Seri es Test , Sarti ng I I ,  and Cube Constructi on ) , as 

al l the te sts 1
1 i nvol ve the reproducti on of g i ven patterns and both 

ana lys i s and synthe s i s are requ ired 11 ( Grant & Schepers , 1969 , 

p. 1 90 ) , wh i ch i s  s ir.1i l ar to MacDonal d ' s  ( 1 945 ) f i rst f actor. The 

second f actor was interpreted as ' speed of percepti on '  ( Sorti ng I ,  

Sorting I I ,  Cube Construction , Tripod , and Forn Percepti on )  as al l the 

tests 1
1 i nvol ve the sorting of obj ects under speeded condi tions " 

( Grant & Schepers , 1 969 , p. 1 90 ) .  

Grant (1 969 ) l ater suggested ' perceptua l  anal ysi s '  a s  a r.iore 

appropri ate l abel than ' educti on of rel ati ons ' wh i ch he thought  mi ght  

be conf u sed wi th 1 g 1 • 

Grant and Schepers (1 969 )  r.iade the point that both the Forr.1 Seri es 

Test and the Form Percepti on Test had a 1 arge proporti on of specif i c  

vari ance unaccounted for. They , the ref ore ,  proposed extending the 

battery to overdetermine the dimens ions def i ned by the two tests , and 

t�pothesi zed that a four-f actor sol uti on n ight  be the outcome. 

Accordi ngl y  Grant (1970a , 1 972 ) conducted a seri es  of studi es to 

overdetermi ne the dimens ions of conceptual reason ing , def i ned by the 

l arge spec i f i c i ty (�2 
= 0 , 68 )  of the Form Seri es Test ; and sp ati al  

perception , def i ned by the speci f i c i ty (�2 = 0 , 55 ) of the Forr.1 

Percepti on Test. 

To overdetermine the dimens ions represented by the Forr.1 Percepti on 

Test , Grant ( 1 970a ) admini stered four spati al tests and the GAB to 100 

Afri can mi neworkers. A princ ipa l  f actor anal ysi s yi e l ded a two-f actor 

structure : 1 perceptua 1 speed 1 , ( wh i ch had been found i n  the Grant and 

Schepers , 1 969 , study } , and ' perception of f orm re l ations ' .  Thi s  

study wi l l  be di scussed i n  more detai l l ater ( see secti on 3. 3. 2 ) . 

In Grant ' s  ( 1 969 , 1 972 ) studi es to overdetermine dimen s i ons of 

conceptual reason ing , he admini stered the General Adaptabi l i ty Battery 

•. , .. ,,.-s,.;.,;..«;_,""',..,-., ,-�..;., •. ,. -�,- ., 
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and four tests, purporting to measure conceptua 1 reasoning, to 100 
Afri can r.iineuorkers . The r.1atri x of intercorrelati ons was subjected to 
a princi pal factor analys is, and orthogonal rotati on to a fairly 
sir:tp le structure and positi ve man i f  old was carried out . Two factors 
were extracted : 1 conceptua 1 reasoning I and I space 1

• All the tests 
loaded on I space 1 

, which 1 ed Grant ( 1 972 ) to hypothesi ze that had an 
obl i que rotati on been performed, the two factors would be correlated 
to the extent of 0, 60 . The test hav ing the highest 1 oading on the 
conceptual reasoning di mens ion was the Form Seri es Test. Kendall ' s  
(197 1 ) observati ons that high correlati ons between the tests and 
educati on were related to hi gh loadings on the conceptual reasoning 
factor ( whi ch was not the case wi th the space factor ) led hi m to 
hypothesi ze that conceptual reason ing is  a hi ghly adapti ve abil ity in 
Afri cans stri v ing to meet the der.,ands of a �Jestern technological 
soci ety . 

Grant (1972 ) defined conceptual reasoning as the abili ty to di scover 
or apply a rule by relating concepts to one another . I n  a study of a 
Venda group in  cultural transiti on, Grant (196 9 )  admin i stered an 
extended battery of tests to 41 7 Venda ma 1 es to account for fi ve 
postulated di r.iensi ons of African intellect : percepti on of form 
relati ons, perceptual analysi s, conceptual reasoni ng, perceptual 
speed, and space . Al though the fi ve hypothesi zed factors uere 
extracted, T. Taylor ( 1977 ) has suggested that as many of the factors 
are doublets and many are carrel ated, Grant ( 1969 )  overf actored the 
data, whi le M . A. Verster (1976 ) has cor.imented that the factors are 
ambi guous and not clearly defined . 

In a follow-up study of a Ped i  group i n  cultural transit i on by Kendall 
{ 1971 ) ,  in  whi ch a slightly r:todi fi ed test battery was used, the four 
factors of perceptual analysis, conceptual reasoning, perceptual 
speed, and space were extracted. 

2 . 3 . 3 L imitati ons of early intelligence tests for Blacks 
Much of the early research in Afri ca on the structure of i nte 1 1  i gence 
i n  African Blacks was hampered by a number of prob 1 ems, which appear 
to account to a large extent for the rather undifferenti ated 
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i nte 11 ectua 1 structure uncovered , and the resultant 1 ack of support 
for the models of i ntellect proposed by the Ameri cans. Because of the 
numerous di ffi culti es i nvolved in  applying \Jestern concepts and 
Western tests to i lli terate and semi -li terate Black people in  Southern 
Afri ca , the researchers had to make do w ith re 1 ati ve ly few performance 
type tests in  their  studi es whi ch could not thus sar.iple the whole 
domain of i ntellectual functi oni ng. 

The paramount role of education has also been i llustrated i n  the 
studies by Irvi ne (1962 , 1963 , 1969a} who found that when hi gher
educated Blacks are tested , thei r  i nte 11 ectua 1 structure becor.ies r:10re 
di fferenti ated. Grant (1 969} also i llustrates i n  hi s study that 
education affects not only the mean level of performance , but also the 
structure of i ntellect. The lack of support for a more di fferenti ated 
model of i ntellect whi ch would fi t the patterns advocated by the 
Ameri can school may thus be ascri bed to the parti cular stage of 
development of the populati ons wh i ch were tested. As Irvine {1969a} 
commented: 

The earlier ,  and possi bly conti nui ng controversi es 
over the nature of theoreti cal frames for cogniti ve 
structure ••• have largely ari sen out of the nature 
of the tests used and the populati ons to whi ch they 
have been admini stered. Afri can results tend to 
underli ne the relati vi ty of human experi ence , and 
absolute theoreti cal constructs May requi re 
modi fi cati on i f  psychologi cal advances are to be 
made . ( p • 2 7) 

2. 4 Di fferenti ati on of ab il ity 

2. 4.1 Ferguson ' s  theory 
A theory whi ch would appear to have relevance for the fi ndi ngs whi ch 
emerged from the factor analytic  studi es of Afri can i ntellect to 
account for the development and di fferenti ati on of various cogni ti ve 
ab ilities i n  terns of learni ng i s  that of Ferguson (1954 , 1956 ) .  

Ferguson (1956} defined 'ab i li ty '  i n  three ways , namely: as a measure 
of performance i n  a task; as a factor score obtai ned from factor 
analysi s; and as an attri bute (wh i ch i s  subject to modi fi cati on by 
envi ronmental and geneti c  factors ) of the state of the organi sm. He 
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did not see any basic incompatibil ity between these definitions and 
suggested that they describe r.iuch the same construct. 

In Ferguson 's (1956 ) terms , abil ities are attributes of behaviour 
which have become overl earned to the extent that they become invariant 
through repeated practice and 1 earning. In  terms of 1 earning theory , 
an abil ity is thus an overl earned acquisition which has reached an 
asymptote. As the i ndividual 1 s intel l ectual organization becomes more 
compl ex as a resul t of maturation and cul tural de�ands , specific 
skil l s  designed to cope with a unique set of functional l y  rel ated 
tasks become differentiated. Eventual l y  through practice these in 
turn start crystal l izing until they become rel ativel y invariant new 
abil ities , which can be appl ied to the performance of simil ar tasks. 

Ferguson (1954) thus assigns a central rol e in the differentiation of 
abil ity both to the concept of transfer factors based on prior 
experience , and to factors arising which are specific to the new 
task. Tran sf er refers to changes in performance on one task as a 
resul t of practice on another. The change in performance may be 
either facil itated or inhibited depending on the skil l s  which the 
individual has previously  acquired. 

Heinonen { 1962) , in a study to determine whether practice designed to 
improve performance in a certain task woul d transfer effects to 
performance in other tasks , found that the more simil arity there is 
between two tasks , the more transfer is apparent. T his might suggest ,  
according to Gui l f ord ( 1 967 ) , that  i f  practi ce i s  in  a task f or a 
singl e  factor , transfer is rel atively  l imited within the performance 
rel ated to that factor. 

An impl ication from Ferguson ' s  (1954 , 1956) theory woul d be that 
practice in exercises rel ated to those contained in tests measuring an 
abil ity shoul d l ead to increases in scores in those tests. A study by 
Bl ade and Watson (1955) il l ustrates the effect of taking engineering 
courses on the visual ization abil ities of  first year engineering 
students. The observed increase in correl ation between initial and 
final scores on a visual ization test and final exam resul ts in 
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engineering drawing and descriptive geometry is an indication that the 
course night have brought the students cl oser to their asymptote for 
the visual ization factor . 

An individual  wil l thus l earn more readil y those activities which are 
facil itated by prior overl earned acquisitions. As an adul t has many 
abil ities which are overl earned acquisitions, abil iti es which tend to 
facil itate one another wil l devel op. This l ine of reasoning l ed 
Ferguson (1956) to suggest that the positive carrel ati on between 
abil ities might be accounted for by the opera ti on of transfer, a 
concept which has some rel evance for the methodol ogy of factor 
ana l ysis. He thus accounted for the correl ations of many tests in 
terr.is of positive transfer, and for the differentiation of abil ity in 
terms of the 1 earning process itsel f which has operated in such a way 
as to facil itate differentiation. 

During the process of l earning, abil ities specific to the task itsel f 
emerge. At the beginning of the l earning process, more variance is 
accounted for by prior acquisitions than by task specific factors; 
this position reverses during the course of the l earning process. 
Ferguson (1956) does not himsel f offer any enpirical evidence in 
support of his transfer theory, but cites research by Fl eishman and 
Her.ipe 1 (1954b) to support his con ten ti on. Other researchers 
(Fl eishman, 1972; Fl eishman & Hempel , 1956; Heinonen, 1962; 
Schepers, 1 962 ) a l so showed that systematic changes occur at different 
stages of l earning a compl ex psychomotor task, and of l earning a 
compl ex conceptual  task (Bunderson, 1967). Buss (1973) in a 
reinterpretation of Ferguson 's (1954, 1956) model , attempted to pl ace 
the rel ationships between l earning, transfer, and abil ities within a 
factor ana l ytic model . He proposed a mul tivariate change model in 
which changes in cognitive structures ( indicated by the individual I s 
factor score) and in the task structures (indicated by the factor 
1 oad i ngs) provide the theoreti ca 1 basis for , the process of transfer. 
Buss ' (1973) model accommodates both the rol e of abil ity factors in 
the l earning of a specific task and the rol e of l earning in the 
acquisition of a factor. 

"·--·:.;.,.·.-. . ......
.
. . 
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Ir.ipl i c i t  i n  Ferguson ' s  ( 1 954 , 1 956 ) theory i s  the assumpti on that a l l 

l earn i ng ( except for ear ly  l earni ng ) depends on pri or acqu i s i ti ons and 

on tran sfer . Fergu son ( 1 954 ) does not , however , provi de a c l ear 

exp l anati on of how earl y ch i l dhood l earn i ng does in fact  occur , 

a l though he does ref er to Hebb ' s  ( 1 949 ) d i sti ncti on between early and 

l a te l earn i ng .  He bb ( 1 949 ) er.iphas i zed that the parti cu l ar stage i n  

1 i fe at wh i ch l earn i ng occurs wou l d  determi ne how effecti vel y the 

i nd i v i dual  l earn s . Th i s  i n  turn impl i es that  l ac k  of earl y experi ences 

have a l imi ti ng effect on the deve l opment of new ab i l i ti es in the 

adu l t wi th the resu l t that 

. • • if a ch i l d ' s  envi ronnent i s  restri c ted wi th 
respect to certa i n  acti v i ti es Ile may f uncti on we l l 
be l ow the l imi t of h i s potenti a l i ty i n  those 
acti  v i  ti  es at varyi ng ages , and a permanent 
inpa i rment at the adu l t stage may resu l t .  
( Ferguson , 1 954 , p .  99 ) 

Th i s hi gh l i ghts the rol e of cu l ture and educati on i n  the 

d i fferenti ati on of abi l i ty and i s  parti cu l ar ly  re l evant f or the study 

of Af ri can i nte l l ect .  As Ferguson ( 1 956 ) observed : 

2 . 4 . 2  

Cu l  tura 1 f actors prescri be what sha 1 1  be 1 earned 
and at  \Jhat  age ; consequently d i ff erent cu l tural 
envi ronments 1 ead to the deve 1 opment of d i fferent 
patterns of abi l i ty .  Those abi 1 i ti es  \-Jh i  ch  are 
cu l tura l ly  val i d ,  and correl ate wi th numerous 
perf ornances deoanded by the cu l ture are those that  
show a r.iarked i ncrement wi th age . ( p .  1 21 ) 

Eff ect  of cul ture on the di fferenti ati on of abi l i ty 

Many researchers have poi nted to the effects of cu l ture and 

env i ronnent  on the pattern i ng and d i ff erenti ati on of abi l i ti es ( Cohen , 

1 969 ; Lesser , F i fer , & C l arke , 1 965 ; P i ck , 1 980 ; Rami rez & 

Pri  ce-�i 1 1  i ams , 1 97 1 ; Stodo l s ky & Les ser , 1 96 7 ) i n  countri es as 

di verse as  tJewf ound l and and Canada ( Bowd , 1 973 ; Burnett , 1 955 ; 

MacArthur , 1 968 , 1 973 ; Vernon , 1 965 , 1 96 9 }  ; Centra 1 and East  Af r i ca 

( I rv i ne , 1 969a ; Jahoda , 1 97 9 ) ; Southern Afri ca ( Bi esheuvel , 1 952a ; 

Cra\1f ord-iJ u tt , 1 977 a ;  MacArthur , 1 97 3 ;  Vernon , 1 96 9 )  ; Engl and 

( Vernon , 1 96 9 )  ; Ameri ca ( Fl augher & Rock , 1 972 ; Loeh 1 i n ,  Li ndzey , & 

Sp uh  1 er , 1 975 ; M i chael , 1 949 ) and Ch i na and South Ar.leri ca ( De Frei s ,  

Vandenberg , McC l earn , Kuse , Wi l son , Ashton , & J ohnson , 1 974 ) . 
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Support for Ferguson I s ( 1 954 , 1 956 ) theory that env i ronmenta 1 demands 
l ead to the devel opment of d ifferen t abi l i ty patterns  i s  given by 
Burnett ( 1 955 ) , who demonstrated that ch i l dren reared i n  rel ativel y 
i sol ated commun i ti es have i mpoveri shed verbal and reason i ng abi l i ti es 
but wel l -devel oped perceptual and motor abi l i ti es compared wi th the 
pattern of abi l i ti es found i n  ch i l dren reared i n  urban centres . 

Both Vernon ( 1 965 , 1 966 , 1 969 ) who stressed cul tural i nf l uences , 
parti cul arly social i zation practice , and I rvi ne ( 1 963 , 1 969a )  
mai ntai ned that the sources of variance obtai ned i n  factor structures 
rel ate to envi ronmental factors , whereas MacArthur ( 1 968 , 1 97 3 )  
poi nted d i rectly to the rol e of ecol ogical factors . 

MacArthur ' s  s tudy i n  1968 of Wh i te ,  l nd i an-Meti s ,  and Esk i mo groups i n  
Canada , and h i s study i n  1 973 exami n i ng the pattern i ng of cogn i ti ve 
abi l i ti es of adol escent Esk i r.10s and Nsenga Zambian s  who had hunti ng 
and agri  cul tura 1 backgrounds respectively , provi des further support 
for Ferguson ' s  ( 1 954 , 1 956 ) hypothes i s .  MacArthur obtai ned three 
obl i que factors resembl i ng 1 gf

1
, ' gc ' ,  and vi sual i zati on ( ' gy ' )  

for the Esk i r.1os , and two factors for the Nsengas ; 1 gf 
I mergi ng wi th 

' gc ' and a f i el d i ndependence factor wh i ch was narrower than 
' gv ' ·  Fol l owi ng Ui tk i n ' s ( 1 967 ) and Berry ' s  ( 1 97 1 a )  d i ff erent iati on 
theory , MacArthur ( 1 973 ) suggested that the Canadian Esk i mos ' hunti ng 
ecol ogy and upbri ngi ng wh i ch encourages i ndependence , f asters not on l y  
a broad spati al and f i el d  i ndependent cl uster of ab i l i ti es ,  but al so a 
di sti nctive cl uster of non-verbal and i nductive reasoni ng ab i l i ti es ; 
whereas the Nsengas I agri cul tura 1 eco 1 ogy and upbri ngi ng , whi ch 
stresses conformi ty ,  b l urs the d i fferenti ati on between the factors .  

These stud i es al l adhere to the h i erarchi cal structure of 
i ntel l i gence . \Jhereas general and maj or group factors ,  s i mi l ar to 
those found i n  the \Jest , typical ly  are extracted , speci f i c factors 
di ffer markedl y between cul tures . Thus the pattern of abi l i ti es 
appears to stabi 1 i ze over peri ods  of ti me as a resul t of i nteracti on 
wi th the envi ronment ,  wi th cul tural factors pl ayi ng a maj or rol e i n  
the formati on of the structural pattern . T he stabi l i zati on process 
appears to take the form of a h i erarch i cal order wi th the abi l i ti es at 

-.,;.;-.· .. ,_.,_#_;-.-.,..,,.,.,��··: .-•. -........ ,1.,,,,.,..,,. 
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the hi gher level least affected by the specifi c cultural denands 
( Hudson, 1967 ) .  

Work i ng wi thi n the American framework, however, some psychologi sts 

have taken a d i fferent  standpoi nt, and stressed the essenti al 

sim ilari ty of ab il i ty patterns across cultural and raci al groups 

wi thi n Thurstone 1 s ( 1 938) PMA model ( De Freis  et al. , 1 974 ; Loehli n 

et a 1 . , 197  5 ;  Mi chae 1 , 1949 ; Vance & iJa 11 brmm, 1978 ; Vandenberg, 

1967 ; Vandenberg & Haksti an, 1978 ) .  Indeed Vandenberg ( 1 967 ) and 

Vance and Wallbrown ( l  978 ) argued that di fferences obta i ned i n  other 

studi es could be accounted for i n  methodolog ical terms, Vernon 1 s 

(1969 )  use of env ironmental vari ables i n  the factor analysi s bei ng an 

example. Vandenberg and Haksti an ( 1 978 ) reanalysed the data from 

Vernon ' s  ( 1 969 )  studi es undertaken i n  four di fferent cultures 

( Scotti sh, Ugandan, Canadi an Esk i mo, and Canadi an Indi an ) .  Usi ng  a 

vari ety of stati sti cal procedures, their results are i ndi cati ve of a 

hi gh degree of agreement  i n  the factor defi n i ti ons bet\-Jeen the sample 

pai rs. Interesti ngly, the factors ther.1selves fi tted more readi ly i nto 

Thurstone ' s  ( 1938) PMA model than i nto Vernon ' s  ( 1 969 ) own 

hi erarchi cal model. Jahoda ' s  (1 980a ) opi n i on that much of the 

controversy over the nature and extent of the vari ati on i n  mental 

ab ili ti es depends on the r.1odel assumed, appears thus to be confi rmed. 

Indeed, Irv i ne ( 1978 ) i n  a comprehensi ve survey of 91 factor analytic 

stud i es of i ntellectual structure across cultures found that despi te 

the di versi ty of factor analytic methods, cultures sampled, and tests 

used, broad consi stenci es are apparent. The factors can be classifi ed 

i n to six groups labelled as reasoni ng, verbal ab i li ti es and sk i lls, 

spati al/perceptual processes, numeri cal operati ons, memory functions, 

and physi cal/ temperamental qu i ckness. These factors are si mi lar to 

Thurstone 1 s (1 938 ) ori g i nal PMAs. 

2. 4. 3 Effects of educati on on di fferenti ati on of abi li ty 

A frequently encountered fi ndi ng  i n  developi ng countri es i s  that level 

of educati on facili tates performance i n  vari ous tests of 

( Crawford-N u tt, 1977a, 1 977b ; Grant, 1969 ; Mauer, 1 974 ; 

1961 ; Schepers, 1974 ; S i lvey, 1963 ; T. Taylor, 1977 ) .  

ab i li ty 

McF i e, 

Thi s i s  
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because increasing exposure to education facil itates increasing 
psychol ogical differentiation {Burt, 1 954; Crawford-Nutt, 1 977a, 
1 977b; Garrett, 1 946; Grant, 1 969; Guthrie, 1 963; Hudson, Roberts, 
van Heerden, & Mbau, 1 962; Irvine, 1 962, 1 963, 1 969a; McFie, 1 954, 
1 96 1 ;  Vernon & Parry, 1 949). Studies by McFie {1 954, 1 961 ) indicate 
that exposure to certain activities during forrial training might 
stimul ate the differentiation of mental abil ities invol ved in the 
performance of these activities. Mc Fie { 1 961 ) administered a battery 
of eight abil ity tests to a group of Ugandan technical trainees and 
retested them two years l ater uhen training was coripl ete. McFie 
(1 961 ) cl aimed that the general factor found in the earl y stages of 
training was reduced, other factors became more strongl y defined and 
the corre 1 ati ons between test scores thus decreased on retesting. He 
hypothesized that the resul ts might indicate a changing structure of 
intel l ect as a resul t of special ized intervening education. An 
examination of the intercorrel ation matrices, however, indicates that 
this is onl y  the case with some of the tests; on others a high 
correl ation on retesting is observed. Deregowsk i {1 972a) made the 
point that McFie 's {1 961 ) l ack of a control group did not al l ow him to 
separate out maturational effects frori the effects of the training. 

Vernon ( 1 950) found that the patterning of k : m  abi 1 i ti es depends to a 
considerabl e  extent on the experience and training of the testee. 
Differences were found among a group of inexperienced trainees and 
qua 1 if  i ed engi neers, and ar.iong wor.ien, ado 1 escent boys, and adul t ma 1 es 
(Vernon & Parry, 1 949). Vernon (1 950) commented that "considerabl e  
growth in k : m  occurs in average mal e adol escents 
accompanied by a 1 teration of structure" ( p. 1 20). 

probabl y 

Irvine (1 978) in his cross-cul tural study, found that regardl ess of 
the number of variabl es on which the anal yses were based, a 
correl ation was found between l evel of education and the number of 
extracted factors. 

Hudson et al . (1 962) showed that abil ity patterns vary with different 
stages of l earning. The more educated and skil l ed groups {6,  9, and 
1 2  years of school ing) produce a different factorial structure from 
the l east educated group {3 years of school ing). 
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Hudson 1 s (1962) test battery thus tested different dimensions at the 
different l evels ; unskil led, semi-skill ed, and skil l ed due to the 
factor structure of the task altering as l earning proceeds (Ferguson, 
1956) . At l ow levels of skil l and education, variance woul d be due to 
cul tural differences (acculturation) . This is particul arl y because 
school ing is an indication of famil iarity with iJestern modes of 
thought (Bruner, 1966). Training and the impact of industrialization 
would thus l ead to cultural differences becoming l ess pronounced and 
variance woul d be due more to individual differences . 

A simil ar finding was noted by Crawford-iJutt (1977a , 1977b). He 
administered the Symco Test (Crawford-Nutt , 1974) to a large sampl e of 
mature Blacks at all level s of education and found . that whil e the test 
correlated to some extent with general intell ectual abil ity at low 
l evels of education (!:. = 0, 4, E. < 0, 005) , it correl ated to a l esser 
extent at the higher l evel s (.!:_ = 0 , 2 ,  .e_ < 0 , 05) . This provides 
further support for Ferguson I s ( 1954 , 1956) theory , and l ed 
Crawford-Nutt ( 1977a, 1977b) to suggest that the rational e  of the test 
changes with educational l evel . 

At l ow levels of education, intel l ectual abil ities are rel ativel y 
undifferentiated and the testee draws on general abil ity . At higher 
l evels, abilities beco171e more clearl y  differentiated and the testee 
calls upon fewer but more specific abilities to solve problems 
pertaining to one specific test . French (1965) also commented that 
the same tests may measure different abil ities for different groups of 
peop l e .  Biesheuvel ' s  (l 956) comment on the importance of education 
appears relevant: 

Scholastic education is the mechanism which 
establ ishes the mental skill s through which 
intelligence can best make itsel f effective, and 
whereby the mind is raised to higher adaptive 
l evels . (p . 448) 

Grant (1969) hypothesized that in unacculturated groups, factors tend 
to be more unrelated than for the more accul turated groups , and that 
the emergence of 1 9 1 is a result of the factors being so highl y 
correl ated that a singl e  factor is obtained . As part of his (1969) 



- 34 -

studies of Venda groups in transition , he constructed an urbanization 
scale , and using that scale and length of schooling as classification 
variables , he isolated four groups ,  namely , rural or urban literate , 
and rural or urban illiterate . Grant (1969) concluded that schooling 
affects not only the level of performance but al so the structure of 
intellect to a certain extent . An interesting point is that 
urbanization , while aff ecting the level of perfor�ance , did not aff ect 
the structure of intellect in Grant's (1969) samples . 

Irvine (1969a , 1978) reported a more diversified f actor structure . He 
al so found that better educated groups yield more f actors than the 
lower educated or illiterate groups. Grant (1969) made the point that 
this diff erence might be accounted for by the f act that Irvine (1969a) 
could assemble a more diverse test battery as his subj ects were 
1 iterate and could cope with penci 1 and paper tests , whereas studies 
with illiterates have had to make use of performance tests . 
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CHAPTER 3 

MECHAN ICAL APTITUDE  

3.1 The concept of mechanical aptitude 

The tern ' aptitude ' refers to the ability of an individual to acquire 

certain behavioural patterns and skills, given the appropriate 

opportunity. Abi 1 i ty and aptitude are not synonymous. Any speci a 1 

ability, cognitive style, personality, motivation, or interest 

variable wh ich shm,s a relation to learning should be considered as 

identifying aptitude . 

There is a general belief among laymen that mechanical aptitude 

represents abilities which are distinctly different from other 

abilities. With this in mind it has not been uncommon to regard it as 

11little more than some f orm of f inger dexterity associated with a 

wi 11 i ngness to get one ' s  hands dirty 11 ( Thurs tone, 1951 , p .  1 } • 

Thurs tone ( 1 949, 1 950, 1951 } suggested that mechani ca 1 aptitude 

resides mainly in the head, and encompasses a complex of distinct 

intellectual abilities . Other investigators (Bawd, 197 3 ; French, 

1951 ; Fruchter, 1952a ;  Gu i 1 f ord, Fruchter, & Z imerman, 1 952 ; 

Harrel, 1940 ; Patterson, 1956 ; Vernon, 1950 ; Uittenborn, 1 945a, 

1945b} have conf i rr.ied this. The construct of mechanical aptitude is 

thus assumed to consist of a set of interrelated skills, abilities, 

and characteristics, wh ich enable a person to ach ieve superior 

perf ormance on mechani ca 1 tasks ( Thurs tone, 1949 ) ; the three most 

important being visualization, perceptual, and mechanical inf ormation 

and experience (French, 1951 ; Super, 1 949 ) .  

Nunnally (1970 )  asserted that the abilities which constitute 

mechanical aptitude are : intellectual, spatial (spatial relations 

and visualization}, perceptual (ability to perceive small and 

insignif icant differences between two similar obj ects} , mechanical 

comprehension ( ab i 1 i ty to understand and so 1 ve mechani ca 1 prob 1 ems}, 

and mechanical knowledge. 
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Accardi ng to Tyl er ( 1965) there are tHo cl asses of abi 1 i ty whi ch 
together consti tute mechani cal apti tude. The f i rst i nvolves the 
understandi ng of mechani cal relati ons, the recogni ti on of tools and 
related i ntellectual sk i lls, and the second i nvolves the abi l i ty to 
v isuali ze how parts or components fi t together as a whole. The 
mechani cal experi ence factor has been i denti fi ed by other wri ters 
(Dudek, 1948; Ekvall, 1969; French, 1951; Gui lford, 1948; Gui lford 
& Lacy, 1947; Gui lford & Z i r.unerman, 1947), as has the vi suali zati on 
factor (Theologus, Romashko, & Flei shman, 1970; Thurstone, 1949, 
1950, 1951 ) • 

McCorni ck and Ti ffin  (1975) i denti fi ed tuo activit ies present i n  
mechani sed jobs; that is, cogniti ve and motor activ it ies. �hi le 
accepti ng that physi cal aspects are present, they emphasi zed the 
essenti al nature of the cogniti ve aspects. They believed that 
knoul edge gai ned f ram mechani ca 1 experi ence i s  the most i mportant 
aspect of mechani cal aptitude. 

Skawran, Van der Rei s, and Moore ( 1967) beli eved that two essenti al 
aspects of mechani cal apti tude are the "need for three-di mensi onal 
comprehensi on "  and the "ab i li ty to trace faults" (p. 160). They 
asserted that 

If one consi ders the activ it ies of a mechani c, • • •  
one fi nds that the ab i 1 i ty to trace faults i s  not 
only one of the r.10st i mportant ab i l i ti es expected 
of a good mechanic, but it is al so that abil ity in 
wh i ch mechani cal thinking comes most i nto play. 
(p. 165) 

3. 2 Factor studi es of mechani cal apti tude 

3. 2.1 Cogn i t i ve studi es 

3. 2. l • 1 Early research 
Two of the earliest si gni fi cant attempts to study mechani cal apti tude 
were conducted by Cox ( 1928) in  Engl and, and by Paterson and hi s 
associ ates at the Uni versi ty of Minnesota ( Paterson et a 1 • , 1 930). 

';� ....... ,-., ... , . .  , 
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Cox ( 1 928 ) ,  basing his theory on Spearman ' s ( 1 904, 1 91 4, 1 92 7 )  
two-factor theory hypothesized that mechanical aptitude woul d consist 
of 1 9 1 and a specific r,echanical abi l ity factor . Using a special l y  
constructed mechanical apparatus, which did not, however, l end itsel f 
to scoring, he isol ated a factor ' m '  in addition to ' g ' ,  which 
appeared to be of importance in mechani ca 1 tasks and which he defined 
as ' mechanical aptitude ' ,  but which Super ( 1 949 ) asserted was more 
spatial than mechanical in character . 

At about the same time Paterson et al . ( 1 930)  conducted the extensive 
Minnesota study aimed at discovering and measuring mechanical aptitude 
in junior high school boys. 

Psychometric research at that time was inf l uenced by Spearman ' s  ( 1 927 ) 
two-factor theory on the one hand, and the theory of unique traits on 
the other ( Hul l ,  1 928) . Paterson and his col l eagues ( 1 930 ) were 
interested in the organization of mechanical aptitude because of its 
ir.1pl ications for the important question of whether it is possibl e  "for 
an individual to be distinctl y  gifted in one l ine of mechanical work 
and to possess poor or mediocre capacity in others, i . e .  is there a 
mechanical abil ity which is distinct from al l others or a group of 
abil ities" ( \littenborn, 1 945a, p .  241 ) .  However, unl ike Cox ( 1 928 ) in 
Engl and, the American researchers did not have avail abl e to them at 
that time the more advanced factor anal ytic theories and procedures 
which woul d have facil itated this research, and thus much of the 
factor anal ytic information on the Minnesota study cor.1es fror.1 Harrel 
( 1 940 ) and Wittenborn ( 1 945a, 1 945b ) .  

In the Minnesota project, the Minnesota Mechanical Assembl y  ( Paterson 
et al . ,  1 930 ) ,  Link Spatial Rel ations and Paper Formboards tests were 
administered to juni or high school boys, together with the Otis Sel f 
Administering Test ( Otis, 1 922 ) ,  the Stenguist Mechanical Aptitudes 
and Picture Tests ( Stenguist, 1 923 ) ,  and an 'interest inventory . Many 
of the tests were modified during the programme to improve their 
rel iabil ity ; the Link Spatial Rel ations and Paper Formboards becoming 
the Minnesota Spatial Rel ations Test and Minnesota Formboards, and the 
revised Stenguist becoming the Minnesota Assembl y  Test . 

----· 
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Paterson et al. (1930) adopted a 'theory of unique traits ' and thus 
tried to eliminate the intellectual factor whilst placing emphasis on 
obtaining measures of mechanical skill rather than knowledge or 
theory. Results from the study , however , are an indication that it is 
not possible to eliminate general intelligence from mechanical 
ability , which led Bingham (1937 , p.  176) to point out succinctly that 
11a person 's competence in a trade resides more in his head than in his 
hands. Manual dexterity is not the primary requisite". 

The design and analysis of the Minnesota Project was cri ti ci zed by 
other researchers (Harvey , 1931; Wittenborn , 1945a , 1945b). In 
accordance with Spearr.1an I s (1904 , 1927) theory , Paterson et al. (1930) 
selected dissimilar tests for their battery. Wittenborn (1945a) 
believed , however , that it was this which was responsible for their 
obtaining a general factor. Had more similar tests been selected , a 
group factor would probably have been obtained. 

Harrel (1940) applied Thurstone 's (1931) centroid method of factor 
analysis to the Minnesota Battery which he administered to 91 
cotton-mill machine fixers , together with more than 30 other tests and 
measures of biographical variables of age , education , and mechanical 
experience. Both orthogona 1 and ob 1 i que so 1 uti ons were obtained with 
the oblique appearing to yield the most satisfactory solution. Five 
factors were isolated : perceptual , verbal , youth , manual agility , and 
spatial . The prominent factors , on which the mechanical abil ity tests 
loaded , were the perceptual , which was equivalent to Thurstone 's 
(1938) P; and spatial , similar to Thurstone 's (1938) S. The S factor 
was defined at that time as a facility in spatial and visual images. 
None of the Minnesota tests 1 oaded on the manua 1 agi 1 i ty factor. A 
point made by Harrel (1940) and Vernon (1950) was that there is 
evidence to indicate that pencil-and-paper tests cover the same ground 
as practical , mechanical , or perforr.iance tests , apart from a small 
dexterity component. 

Harrel (1940) concluded from his analysis that the main factors 
constituting mechanical aptitude are spatial and perceptual. He 
interpreted the latter as the ability to scan quickly a visual 
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configuration and pick out sign ifi cant detai l s  and cl assi fy them , and 
regarded the spatial factor as the equi val ent of mechanical 
ingenui ty. Vernon ( 1 961  } , however , be 1 i eved Harre 1 1  1 s ( 1 940 ) 
perceptual factor to be more mechani cal i n  character than perceptual . 

\J i ttenborn ( 1 945a ) app 1 i ed the same f actori  a 1 method to the data of 
the M innesota study but used an orthogonal sol uti on. S i x orthogonal · 
factors were extracted , of which the fi rst four were cl earl y defined : 
spatial , v i sual i zati on , stereotyped movement , manual dexteri ty ,  
perceptual , and stead iness. The Mi nnesota Spa ti a 1 Rel ati ons Tes.t , the 
Minnesota Mechanical Assembl y ,  the Minnesota Paper Formboard Test , and 
the Stengui st P icture Test , al l l oaded on the v i sual i zati on factor ,  
al though the Spatial Rel ati ons Test l oaded on the manual dexteri ty 
factor as we 1 1  ( O ,  4 } .  As the Mechani ca 1 Asser.,b 1 y Test was taken to be 
the "prototype of Mechani cal Aptitude 11 ( Super , 1 949 , p. 222 ) these 
l oadings may be taken to suggest that spatial  v i sual i zati on i s  an 
important component of mechani cal aptitude. 

In another study , \Ji ttenborn ( 1 945b ) used the resul ts of the Minnesota 
experiment proper ( Paterson et al . ,  1 930 ) as a means of further 
investigati ng the manual dexterity factor. Wittenborn ( 1 945b ) 
i sol ated four factors , the fi rst two being correl ated ; si ze , 
strength , spa ti  al v i sual i zati on ,  and manual dexteri ty. The Spa ti al 
Rel ati ons Test , the Paper Formboard Test , and Minnesota Assembl y  Test , 
an interest anal ysis  bl ank , and a qual i ty criter ion l oaded on the 
spati al v i sual i zati on factor. Here again performance tests of spati al 
rel ati ons  and mechani cal assembl y fai l ed to l oad on the manual 
dexteri ty factor. 

Sl ater ( 1 940 ) in another anal ysis  of Cox ' s  ( 1 928)  mechani cal assembl y  
test al so reported no speci al mechani cal abi l ity factor over and above 
general i ntel l igence and spatial v i sual i zati on. However , thi s  
i nabi l i ty to i sol ate a ' mechani cal I factor i s  i n  part a functi on of 
the type and the number of tests used , as i n  order to overdetermi ne a 
factor , one requi res more than one test to define the factor cl earl y 
( Bal l entine , 1 982 ; Grant , 1 969 ; Super , 1 949 ; M. A. Verster , 1 976 ) .  
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3. 2.1. 2 Mil itary research 
The Cl assification and Repl acement Branch (Staff, Personnel Research 
Section, 1945) of the army factored the resul ts of 48 paper-and-pencil 
mechanical aptitude tests and six apparatus tests, incl uding the 
Minnesota Paper Formboard, Spatial Rel ations, and manual dexterity 
tests, which had been administered to a l arge number of army 
personnel .  El even orthogonal factors, of which the 1 ast three were 

psychomotor, were extracted, namel y: verbal , number, spatial , 
intel l igence, two perceptual factors, speed, l ogic, aiming, finger 
dexterity, and manual dexterity. 

The extensive work undertaken by the Army Air Force (AAF) Aviation 
Psychol ogy Program (Fruchter, 1952a, 1952b, 1954; Guil ford et al . ,  
1952; Guil ford & Lacy, 1947; Guil ford & Zimmerman, 1947) in which 
tests were administered to thousands of mil itary personnel ,  is hel pful 
in shedding some further 1 ight on the question of what other factors 
pl ay a part in mechanical aptitude. 

Guil ford and Zimmerr.ian (1947) were two of the earl iest researchers 
providing cl ear evidence of the existence of separate spatial 
abil ities. They summarized the extensive Aftf study (Guil ford & Lacy, 
1947) and l isted 27 factors, of which 10 were named with rel ative 
certainty, namel y: verbal , numerical ,  perceptual speed, associate and 
visual memory factors, l ength estimation, space (abil ity to perceive 
spatial order or rel ationships); visual ization (on which the 
mechanical comprehension tests l oaded), psychomotor co-ordination, and 
mechanical experience. 

A test of mechanical information and achievement patterned on the 
Bennett Meehan i ca 1 Comprehensive Test (Bennett, 1940) was found by 
Guil ford and Zimmerr.ian (1947) to be saturated with two factors: 
spatial visual ization and mechanical information. In general , the 
important el ements in the mechanical apparatus tests were the spatial 
visual ization, perceptual ,  and mechanical information factors which 
they measured (Super, 1949; Super & Crites, 1962). The major 
contributions of the AAF programme, however, l ie in Guil ford and 
Zimmerman 's (1947) demonstration of the distinction between the 
spatial factors. 
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Guilford et al. (1952) in a further investigation for the AAF analysed 
a battery of 37 experiMental and seven reference tests. Twelve 
orthogona 1 factors which could be interpreted were extracted , 
including spatial relations and visualization factors , thus offering 
confirmation of Guilford and Zir.1merman 1 s (1947) findings with respect 
to these factors. The spatial factor is similar to Thurstone 1 s (1949) 
s

3 
whereas visuali zation is similar to s

2 
(see section 3. 2. 1. 3). 

A Mechanical Principles Test of the Bennett-Fry format (Bennett , 1940) 
had one of the highest loadings (0 ,60) on visualization , whereas . a  
Paper Formboard Test 1 oaded surprisingly on perceptual speed instead 
of visualization. Zimmerman (1953) however , refactored Thurstone 1 s 
(1938) PMA and extracted both spatial and visualization factors , with 
a for�board test having the higher loading on visualization (0 , 62) and 
the Mechanical Mover.1ent having a lower loading (0 , 40). 

Fruchter (1952a) in a study to investigate abi 1 i ty patterns in 
technical training criteria found that the highest criteria loadings 
for airplane and engine mechanics , for aircraft sheetnetal workers and 
for craftsmen were on mechani ca 1 and vi sua 1 i zati on factors , whereas 
for electricians , the highest loadings were on numerical , verbal , and 
mechanical experience. This seems to imply that electricians do not 
require the same spatial abilities as mechanics , which confirr.1s the 
view (Skawran et al. , 1967) that the essential difference 
distinguishing an electrician and a mechanic is to be found in the 
latter • s ability to handle the three-dimensional nature of a 
mechanical task. 

3. 2. 1. 3 T hurstone 1 s research 
Thurstone (1949 , 1950 , 1951) together with his wife (Thurstone & 

T hurstone , 1949) conducted intensive investigations in order to 
identify the prir.iary mental abilities that characterize mechanical 
aptitude. The investigation was based on the assumption that 
mechanical aptitude is mostly 11in the head 11

' ( Thurstone , 1951 , p .  1) 
and is a complex of intellectual abilities. 

Thurstone (1949) accordingly administered 32 group tests to a sample 
of 350 boys at a technical high school in Chicago. Most of the tests 
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were non-verbal, but measures of mechanical skill, experience, and 
training were included to facilitate interpretation of the factors. 
In addition two interest schedules, the Thurstone Inventory and the 
Kuder Preference Record { Kuder, 1 939 )  were included to per�it the 
differentiation of subjects who had a dominant interest in mechanical 
things from those who were indifferent to, or even disliked, 
mechanical things. ( A  detailed description of the tests may be found 
in Thurstone and Thurstone, 1 949 . ) 

The correlation matrix was factored using Thurstone ' s  { 1 947 ) complete 
centroid method and subjected to an oblique solution . Ten factors 
were extracted of which nine could be interpreted : Induction ( I ) ,  
three space factors { s

1 
; s

2
; s

3
) ,  two memory factors { M

2
; 

M
3

) ,  a kinaesthetic factor { K ) ,  and two closure factors { c
1

; c
2

) .  

Because these factors have formed the basis of many studies in the 
years after Thurstone ' s  { 1 949 } initial study, and because these 
factors have regularly been extracted by other researchers, they wi 1 1  

now be discussed in more detail . 

{ a )  Induction ( I ) :  The ability to derive a principle fror.i a number 
of particular instances. Tests with high loadings were Letter Series, 
Letter Grouping, and Figure Analogies . Mechanical Movements had a low 
{ 0, 2 1 )  loading and the criterion measure of Mechanical Comprehension 
correl ated s i gn i f i cantly {� = 0, 48 ; .e_ < 0, 001 ) wi th I nducti on . 
Thurstone { 1 949 ) believed that the postulation of the concept of 
inductive reasoning in mechanical aptitude is a plausible one, 
particularly with regard to ' trouble-shooting ' or ' fault-finding ' 
tasks, as the individual is required to trace successive displacements 
of the component parts through a series of 1 ogi ca 1 steps in order to 
solve the problem ( Skawran et al. ,  1 967 ) . 

In another study ( Thurstone & Thurstone, 1 941 ) on Primary Mental 
Abilities, it was noted that the inductive or reasoning factor R had 
the highest correlation with the second-order general factor 
(! = 0,84 ) . Pemberton ( 1 952 ) hypothesized that a second-order factor 
analysis of Thurstone 1 s ( 1 949, 1 950 ) mechanical aptitude data would 
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have inductive reasoning , space , and speed of cl osure on one factor , 
thus tending to confirm Thurstone ' s  ( 1 949 , 1 950)  bel ief in the 
importance for mechanical aptitude of reasoning. 

( b )  First Space Factor ( s
1 

) : Defined by Thurs tone ( 1 949 , p .  1 3 )  
as "the abil ity to visual ize a rigid configuration when it is moved 
into different positions" .  s

1 
is thought to be a combination of 

Guil ford and Zimmerman ' s  ( 1 947 ) s
1 

( SR )  and visual ization factors . 
Tests l oading on s

1 
were Cards , Figures , Reversal s and Rotations , 

and Rotation of Sol id Figures . 

( c )  Second Space Factor ( S
2

) :  " the abil ity to visual ize a 
configuration in which there is movement or displ acer:1ent among the 
parts of the configuration 11 ( Thurstone , 1 949 , p .  1 3 ) .  This factor had 
the highest saturation in the three criterion measures of Mechanical 
and El ectrical Experience ( 0 , 66 and 0 , 50 }  and Mechanical Comprehension 
( 0 , 60 ) , and its interpretation is thus of central importance . Tests 
which l oaded on this factor al l invol ve configurations in which there 
is some internal movement and displ acement or even deformation among 
the parts , and this characteristic is al so an essential el ement of the 
three criterion measures. In the 1 i ght of these findings , Thurs tone 
( 1 949 ) hypothesized that the abil ity to visual ize a f l exibl e 
configuration is essential for the devel opment of mechanical skil l s . 
Interestingl y  enough , this had not been one of Thurs tone I s ( 1 949 ) 
original hypotheses on which the investigation was based. The second 
space factor is the same as Guil f ord and Zir.,merman I s ( 1 947 ) 
visual ization factor { Thurstone , 1 950 ) . Whereas both s

1 
and s

2 

invol ve visual ization in Guil ford and Zimmerman ' s  ( 1 947 } terms , a 
rigidity versus internal displ acement dichotomy separates the two . 
The essential difference between s

1 
and s

2 
is not movement or 

rotation ; if the configuration is rigid , it seems to invol ve s
1

, 
but if there is internal displ acement among the parts , it seems to 
invol ve s

2
• 

( d )  Third Space Factor ( S3 ) :  "the abil ity to think about those 
spatial rel ations in which the body of the observer is an essential 
part of the probl em"  ( Michael , Guil ford , Fruchter ,  & Zimmerman , 1 957 , 
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p .  1 88 ) . The third space factor is thus characterized by the 
participation of bodily orientation on the part of the subj ect , 
al though it appears to be distinct from the factor of kinaestl1etic 
imagery , and is simil ar to Guilford and Zinmerman ' s  (1947 ) ' spatial 
rel ations ' factor . 

( e )  Second Mer.10ry Factor ( M2 ) : 1 1 the ab i 1 i ty to rec a 1 1  past 
experience which one did not intend to be memorized 1 1 ( Thurstone , 1 949 , 
p. 1 5 ) . The second memory factor is distinct from the first memory 
factor ( M

1
) ,  which was identified in a previous study ( Thurstone , 

1 938 ) and which he defined as the ability to memorize intentionally , 
whereas M2 is related to incidental r.1emory . 

( f )  Third Memory Factor ( M3 ) :  11the abil ity to keep in mind some 
perceptual detail 11 ( Thurs tone , 1 949 , p .  1 6 ) . Thurstone ( 1 951 ) , 
hm-Jever , suggested that M3 might have been mi scl ass if i ed and that it 
should be identified as a perceptual rather than a memory factor . 

( g )  Kinaesthetic Factor ( K ) : 
representing kinaesthetic imagery . 

tentativel y  described as a factor 
Mi chae 1 et a 1 • ( 1 957 } interpreted 

K as representing a left-right discrimination . 

( h ) Speed of Closure ( C
1

) :  11 ability to fuse a perceptual field 
into a sing l e  percept 1 1 ( Thurs tone , 1 949 , p .  1 6 )  when the presented 
f i el d  i s  enti re l y  unstructured . Th i s  i s  the same f actor i denti f i ed 

previousl y ( Thurstone , 1 944 , p . 1 6 )  and is similar to Harrel ' s  ( 1 940 ) 
P factor . c

1 
had an unexpectedly low saturation ( 0 , 22 )  in 

Mechanical Experience . 

( i )  Fl exibility of Closure ( C2 ) :  1

1 ability to keep in mind a 
configuration against distraction 1 1 ( Thurstone , 1 951 , p .  20 ) . This 
factor had been obtained in previous studies ( Bechtoldt , 1 947 ; 
Thurstone , 1 944 ) . Flexibility of closure , was represented in the 
criterion measurenent of Mechani ca 1 Comprehension ( O , 21 , .e_ < O ,  001 ) 
and correlated significantly with both Mechanical  Comprehension 
(_!:. = 0 , 50 , .e_ < 0 , 001 ) and Mechanical Movements (_!:. = 0 , 37 ,  .e_ < 0 , 001 ) .  
The Gottschaldt Figures Test ( Thurstone , 1 951 ) ,  a test of fiel d 
independence , loaded on c

2 
( 0 , 30 ) . 
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T he difference between c
1 

and c2
, which were correlated, is 

pri oarily that c
1 

facilitates closure in an unstructured field, 
whereas c

2 
facilitates retenti on of a figure in a distracting 

field . Thurstone ( 1 949) hypothesized that if the interpretation of 
the factors \iere genera 1 i zed beyond the perceptua 1 domain, c

1 
might 

determine the ease with which a person can unify a complex situation, 
and thus be associated with inductive thinking . Flexibility of 
c 1 osure { c

2
) might then determine the ease with which a person keeps 

in mind against distraction the essential features of a given field, 
and thus it might be more associated with deductive thinking . This 
hypothesis has been borne out to an extent by Pemberton ( 1 952) who 
found evidence tllat flexibility of closure generalizes to the 
cognitive domain and is associated with analytical problem solving 
ability . 

Although s
1 

and s
2 

were correlated (!:. = 0,31, .e_ < 0, 001 ), 
Thurstone ( 1 951 , p .  1 8) asserted that 11 the cl ear separation of the 
second space factor from the previously identified space factor s

1 

can be regarded as the major finding of this analysis in relation to 
our major objective 1 1

• The high loadings of s
2 (0, 66 and 0, 59) on 

the criterion measures of Mechanical Experience and Electrical 
Experience respectively are also of paramount importance . 

On the basis of the results of the criterion tests and the Kuder 
Preference Record ( Kuder, 1 939) score, Thurstone (1 950, 1 951) selected 
t\lO criterion groups of boys to whom he administered 25 individual 
tests. One group of 65 boys was high in both r.,echani ca 1 experience 
and kn owl edge scores and in mechan i ca 1 interest, whereas the second 
group of 45 boys was selected on the basis of low mechanical 
experience scores and 1 ow mechani ca 1 interest ratings . A comparison 
between the two groups yielded the following results: 

Most of the tests differentiated . Thurstone (1950, 1 951 ) found that 
the group tests differentiated between the groups as well as, if not 
better than, the individual tests . The individual tests which 
differentiated best were those involving the ability to see 
relationships bet\·Jeen several mechanisms, namely the Crissey, Purdue 
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Assembly , Minnesota Assembly , Stencil Designs , Kent-Shakow Formboard , 
and the Uiggly Blocks , with _!-values between 0 , 60 and over 0 , 80. (For 
more information regarding the tests see Thurstone , 1 951 , p. 1 0. ) 

The tests differentiating least required relativel y littl e �ental 
effort or mechanical insight. Almost all the group tests differen
tiated between the two groups , but those high on the second space 
factor seemed to differentiate best , namely: Mechanical Movements 
(! = 8 , 2 ,  .e_ < 0 , 005 ) , Surf ace Development (! = 7 ,8 , .e_ < 0 , 005 ) , Block 
Assembly (.! = 6 ,1 ,  .e. < 0 , 005 ) , Gottschal dt Figures (! = 5 ,8 ,  
.e_ < 0 , 005 ) , Block Counting (! = 5 , 7 ,  E.. < 0 , 005 ) , Paper Puzzle 
(_! = 5 , 7 ,  .e. <. 0 , 005 ) and Lozenges (! = 5 ,0 ,  .e. < 0 , 005 ) .  These tests 
also had l oadings on c

2 
and s

1
, but not to the same extent. 

An interesting point is that one of the group tests which did not 
differentiate was the Hands Test , whereas the Bolts Test did. Both 
tests define and have high saturations in K (0 , 52 ) .  Thurstone 
( 1 950 , 1951 ) hypothesized that it might be an experience factor tapped 
in the Bolts Test and that this might be the important distinguishing 
element. The l ow differentiation of the J ig Saw Test (_! = 0 , 7 )  might 
be an indication that mechanical aptitude is not characterized i n  any 
essential way by the ability to make fine discriminations. 

Thurstone (1 951 , p. 25 ) asserted that "the second space factor is 
heavily represented in mechanical aptitude 11 and that the s

1 
and c2 

factors contribute to a l esser extent , as does I and he concluded that 
"it looks as if an essential characteristic of mechanical aptitude is 
the abil ity to visualize a fl exible configuration 11 ( 1 951 , p. 1 9 ) .  

Patterson (1 956 ) , in a review of research into mechanical aptitude ,  
commented that whi 1 e a number of apparently independent factors have 
been isolated , the imposition of an orthogonal solution does not 
refl ect the facts accurately , as many of the abi 1 i ti es are 
correlated. An oblique solution is often better in terms of simpl e 
structure. In addition , many of the tests are not pure; the Bennett 
test (1 940) includes both mechanical experience and visualization 
components , and paper formboard tests include visualization , 

. - ' .. ' ' '  ·.:· ·.�::,-.. � ··-�.- · · 
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perceptual ,  and inductive reasoning factors. In fact, Guil ford and 
Lacy (1947 ) made the point that none of the visual ization tests are 
pure, and most contain, in addition, spatial and/or mechanical 
experience factors. 

Indeed, the controversy over the nature of the spatial factors rages 
on, and factor anal ysts continue to have difficul ty in differentiating 
the two factors of spatial rel ations and visual ization ( Carrol l & 
Maxwel l ,  1979 ; Harris, 1981 ; Macfarl ane-Smith, 1964 ; Mandl er & 

Stein, 1977 ; McGee, 1979 ; Michael et al . ,  1 957 ; Myers, 1 958 ; 
Patterson, 1956 ; Vandenberg, 1975 ; Zimmerman, 1954a, 1954b } . This 
topic wil l be el aborated upon, in a l ater section ( see section 3 . 3 .1 ) .  

Patterson ( 1956 ) concl uded that mechanical aptitude consists of at 
l east two factors in addition to general intel l igence, namel y, 
visual ization and mechanical knowl edge or experience, with a spatial 
factor probabl y  al so present . Vernon (1961 ) and Ross (1962 ) working 
within the British model comr.1ented that al though researchers invol ved 
in studies of mechanical aptitude have shown the existence of spatial 
and mechanical information factors ( French, 1951 ; Fruchter, 1952a, 
1952b ; Guil ford & Zimmerman, 1947 ; Zimmernan, 1953 ) ,  tests of these 
factors have never achieved the high rel iabil ity and val idity of those 
associated with the v : ed fiel d as so much depends on experience, 
training and background. In fact, Vernon and Parry ( 1 949 ) pointed out 
that k :r.1 tests are more useful for predicting trainabil ity for 
mechanical jobs for adol escent mal es and among women than for mal e 
adul ts, and they ascribed this to diff erentiation of k : m into more 
compl ex structures when special ized functions are practised, thus 
resul ting in al terations to the structure of mechanical aptitudes. 

3 . 2 . 2 Psychomotor studies 
The research on the structure of intel l ect has provided substantial 
evidence to support the notion of a broad general factor of 
intel l igence ( Burt, 1940 ; Vernon, 1950 ) . De Uet (1967 ) pointed out 
that on mainl y  the strength of this, the assumption was made by early 
investigators that a general factor of motor abil ity or ' handiness • 
al so exists. 
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Whereas, however , there is considerable experimental evidence to 
indicate that tests of intellectual ability tend to intercorrelate 
quite substantially , factor analyses of psychomotor tests have shown a 
conparatively high degree of specificity (Biesheuvel , 1 979; De Wet , 
1 967; Fleishman & Hempel , 1 954a; Melton , 1 947; Muscio , 1 922; 
Perrin , 1 921 ; Seashore , 1 940; Vernon , 1 96 1  ; Vernon & Parry , 1 949; 
\�olfle , 1 940) , which is an indication that there is thus no general 
factor of psychomotor ability . Fleishman and Hempel (1 954a) have 
found that while measures of gross physical abilities involving bodil y 
movement , strength , and the mobilization of energy , tend to 
intercorrelate quite highly , hardly any relationships exist between 
these activities and the fine motor skills involving precise motor 
co-ordination . Furthermore , different measures of the latter tend to 
show very small intercorrelations. 

Thus Vernon (1 950) and Burt (1 940) do not , in fact , define a 
psychomotor group factor as such . According to Bi esheuve 1 ( 1 979) the 
psychomotor ab i 1 i ti es, at best , are defined by mi nor group factors , 
particularly specific , task-oriented ones. 

Vernon and Parry (1 949) in a large-scale study for the British 
Services found that pencil-and-paper tests involving the k : m  factor 
were better predictors of training success than manipulative tests , 
thus indicating the involvement of non-motoric factors. Other 
researchers have confirmed th i s  ( B i esheuvel 1 97 9; De iJet , 1 967; 
Fleishman , 1 953; Fleishman & Hempel , 1 954b). In factor analytic 
studies , performance tests have failed to show significant loadings on 
manual dexterity but have incorporated spatial , visualization , and 
perceptua 1 factors (French , 1 951 ; Grant , 1 970a; Gui 1 ford & 
Ziramerman , 1 947; Paterson et al . ,  1 930) . 

Wittenborn (1 945b) factor analyzed the Minnesota experiment results to 
investigate the manual dexterity factor and obtained four factors , the 
first two intercorrelated : size , strength , spatial visualization , and 
manual dexterity . The performance tests of spatial relations and 
assembly did not load on manual dexterity . Wittenborn (1 945b) 
commented that unlike tests of mental abilities where variables are 
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independent of exact mode of express i on ,  tests contri buti ng to motor 
ab i liti es  appear to be dependent on quali ty of nuscular performance .  

Large-scale i nvesti gati ons carri ed out for the Uni ted States Army Air 
Force research programme on motor and dexteri ty tests led to the 
i dent if i c ati on of a 1 arge number of p sychomotor factors ( Fle i shman , 
1 953 ; Fle i shman & Hempe 1 , 1 954a , 1 954c , 1 956 ) . That the concept of 
manual dexteri ty as a uni tary vari ab 1 e i s  untenab 1 e has  a 1 so been 
clearly demonstrated .  

Flei shman (1 954) admini stered a battery of 28 performance and 1 1  
penc il-and-paper tests to 400 a irmen undergoi ng bas i c 
Twe 1 ve factors were extracted u s ing Thurs tone I s (1 931 ) 
method , and 'bli nd ' orthogonal rotations were carri ed out. 
factors were obtai ned , 1 1  of wh i ch could be interpreted : 

wri st-fi nger speed 
finger dexteri ty 
rate of arm movement 
arn-hand stead i ness  
reacti on ti ne 
manual dexterity 
p sychomotor co-ordi nation 
spati al relati ons 
postural di scrimi nati on 
a imi ng 
p sychomotor speed 

train ing .  
centroi d  

Twelve 

The last two factors loaded only on the penc il-and-paper tests . 

From a study conducted by Fle i shman and Hempel ( 1 954b ) i t  i s  apparent 
that different factors are involved at d i fferent stages i n  the 
learning of a p sychomotor task . T he researchers admi ni stered a 
complex co-ordinati on test , together w ith 1 8  reference tests (1 2 
paper-and-penc i l  and si x app aratus tests ) to 1 97 a irmen i n  bas i c 
train ing .  The matri x of i ntercorrelations was subj ected to 
Thurstone ' s  (1 931 ) centroi d method of factor analysi s .  The  results 
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obtained are indicative of considerabl e ,  but systematic changes , in 
the factor structure of the task as practice continued. The co
ordination test became factorial l y  l ess compl ex and the factors 
contributing to the variance at the earl y stages were different fror.1 
those contributing at l ater stages of practice. In the earl y l earning 
trial s ,  1 n on-r.1otor 1 factors , which were probabl y spatial and verbal 
(Biesheuvel ,  1979; De Wet , 1967 ) p l ayed a major rol e ,  whereas in 
l ater trial s they correl ated far l ess with performance. During the 
early trial s test specific factors initial l y  had rather smal l 
carrel ati ons with performance but as practice continued , variance in 
performance specific to the task increased. This observed transition 
in factor structure to a 1 ess f actori a 1 ly comp 1 ex task with practice 
has been confirmed by Schepers (1962 ) with an el ementary and principal 
components anal ysis of a hand and foot reaction time test. He found 
that test performance became l ess comp l ex factorial l y  as practice 
continued and the subject became more f ami 1 i ar with the task. A 
singl e  'order of compl exity • factor appeared to account for the 
hierarchical gradient observed in the inter-trial correl ation r.1atrix. 
These findings are , perhaps , in 1 i ne with the idea that cognitive 
abil ities p l ay a more imp ortant rol e  in earl ier stages of a l earning 
task than in the l ater stages when performance becones organized into 
a habituated psychomotor pattern. The rol e of n on-motor factors in 
psychomotor tasks has been extensivel y  reported in the l iterature 
(Bi esheuve 1 , 1979; De \Jet , 1967; Fl eishman , 1953; Fl eishman & 
Hempel , 1954b ; Vernon & Parry , 1949 ) .  

De Uet (1967 ) asserted that "the degree o f  rel ationship among 
sensory-motor tests and between these and intel l ectual tests can be 
markedl y  infl uenced by the composition of the sampl e" (p. 25 ) .  Thus , 
in se 1 ected I high-grade I and homogeneous samp 1 es , the i ntercorre 1 a
ti ons wi 11 be sma 11 er than in heterogeneous I l ow-grade • groups where 
cul tural differences account for much of the variance observed 
(Ferguson , 1954 , 1956 ) .  A study by Vernon (1949 ) il l ustrates this 
point for correl ations among sensory-motor tests were considerabl y 
l ower for a sampl e  of pil ot trainees than for a samp l e  of African 
mineworkers. De Wet (1967 ) specul ated that sensory-motor abil ities 
are l inked with 1 9 1 via the spatial mechanical group factor (k : r.i) 
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( Vernon , 1 949 , 1 950 ) . Other studies appear to have confirmed this 
( Attenborough & Pitt , 1 934 ; Mal pass , 1 960 ) .  

3 . 2 . 3 Psychomotor skil l s  with regard to Bl acks 
Biesheuvel 1 s ( 1 979 ) comment that 

the view has frequentl y been expressed 
probab l y  not without some bias , that Bl acks in 
Africa are sl ow in acquiring industrial skil l s , and 
that many , despite training and much practice , do 
not reach the standard of proficiency expected of 
Whites. ( p .  272 ) 

perhaps sums up some of the attitudes preval ent in industry in recent 
years with regard to the 1 cl umsiness 1 of Bl ack workers . Indeed , 
Biesheuvel ( 1 96 1 a )  reported that the average performance of African 
workers in several tests of manual skil l fel l bel ow that of White 
workers . Bl ack operators , however , have been shown to be as competent 
as Uhites on mach ine tasks invol ving manual dexterity ( Hudson , 1 955 ; 
Kil by , 1 96 1 ) ,  al though when the tasks become more comp l icated , 
difficul ties arise rel ating to the transfer , co-ordination , and 
integration of several tasks , which points to the comp l ex nature of 
psychomotor tasks . 

As has been discussed previousl y ( see section 3 . 2 . 2 )  no general 
psychomotor factor has been reported for Whites . Simi 1 arl y ,  De Wet 
( 1 967 ) found no II indication of a general factor of dexterity or 
handiness" ( p .  30 ) when he administered six simpl e  sensory-motor tests 
to 1 25 African adul ts. This was true even of the 1 ess educated 
samp l e ,  where intercorrel ations migh t  have been expected ( Attenborough 
& Pitt , 1 934 ; Mal pass , 1 960 ) . Interestingl y enough ,  educational 
1 evel appeared to be unrel ated to performance on the sensory-motor 
tasks in De iJet I s { 1 967 ) study . 

A study which has imp l ications for the training of Bl acks for skil l ed 
industrial work was conducted by Biesheuvel ( 1 963 ) .  On a simpl e  
manual dexterity task on which �lhi te graduates , Bl ack graduates , and 
il l iterate mineworkers were tested , their performance ranged in that 
order , the Uhi te graduates being superior to both of the other 
groups .  Whereas the rel ativel y narrow gap between the White and Bl ack 

0 6 8 4 6 5  
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graduates c 1 osed after about 40 tri a 1 s ,  the performance curve  of the 

Black mineworkers appeared to reach an asymptote after about 40 trials 

indicating that no further improvement was likely . The mean score in 
seconds of the mineworkers was about twice that of the graduates . The 

conclusion drawn by Biesheuvel (1 963 ) was that the acquisition of 

skill is a function of intensity , length , and early exposure to 

lJestern culture . This accounted for the superior performance of the 

Hh i te and Black graduates , whereas the Black mineworkers , reared in 

traditional tribal environments , having had 1 ittle opportunity for 

manipulating and using mechanical devices and implements , had 

reflected their relatively disadvantaged background . 

Vernon (1 969 )  came to a similar conclusion , when he attributed the 

so-cal led retarded <level opment of ' practical I intelligence in African 

subj ects to "inadequacies of psychomotor experience throughout 

chi 1 dhood • • • and the absence of interest in constructive p 1 ay or 

cu 1 tu ra 1 pressures to pr act i ca 1 achievements 1 1 ( 1 969 , p .  342 ) • 

In the light of the aforegoing comments a warning by Biesheuvel (1 979 ) 

is apposite : 

The assumption that in traditional environments 
opportunities for structuring of the basic 
abilities entering into the manipulative skills 
involved in industrial and technological tasks are 
1 ack i ng has not been tested . It is prob ab 1 e that 
the ski 1 1  s of the potter , basket weaver , hut 
b ui 1 der , spear thrower , makers and pl ayers of 
musical instruments , mowers and decorators are 
highly specific and that the schemata involved in 
the development of these abilities do not enter 
into the psychomotor skills with \lhich we are 
concerned . But this may not be so , as the 
remark ab 1 e achievement of rura 1 Black youngsters in 
putting together quite complicated models of motor 
vehicles and other mechanical devices points to 
some transferability. (pp. 288-289 ) 

Thus Biesheuvel (1 979 )  amended his earHer rather deterministic 

interpretation (Biesheuvel , 1 963 ) to account f or certain factors which 

poss i b 1 y affected the results in an adverse r.ianner . The first factor 

pertained to the unfamiliar experimental conditions of the test 

situation with which the illiterates were faced , and to the low need 

1¥
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for achievement frequently found in members of traditional societies 
( Baran , 1 970 ; Bi esheuve 1 , 1 979 ) , p arti cul arl y on tasks which have no 
intrinsic meaning .  The second factor pertained to the different 
abi 1 i ti es which might operate at various stages of the 1 earning task 
{ Fleishman & Hempel , 1 954b ; Heinonen , 1 962 ; Schepers , 1 962 ) • The 
non-motor factors which predominated at the beginning were most likely 
in this case to have been space and orientation factors together with 
insight into the nature of the task . The better educated and more 
i nte 1 1  i gent subjects should have been ab 1 e to dea 1 more effectively 
with these aspects than illiterate or barely literate mineworkers . 
Thus Biesheuvel ( 1 97 9 )  concluded that : 

As psychomotor skills differ considerably in factor 
patterns and degree of specificity , it would be 
wrong to conclude that because co-ordination tasks 
are affected by failure to establish certain 
schemata in early childhood this would apply 
generally , for instance , to dexterity tasks . That 
there is no genera 1 psychomotor factor has been 
con vi nci ngly demonstrated and what app 1 i es to one 
basic motor factor may not apply to another . 
( p .  288 ) 

3 . 3 Spatial factors 

3 . 3 . 1  Studies of spatial factors 
Unlike the relatively simple spatial factor reported by British 
researchers ( Burt , 1 940 ; El Koussy , 1 935 ; Vernon , 1 950 ) , a number of 
spa ti a 1 factors were i dent if i ed in the ex.tensive American i nvesti ga
tions initiated during the early fifties ( Ekstrom, French , & Harman , 
1 976 ; French , 1 951 ; Fruchter ,  1 952a ; Gu i l ford & Zimmerman , 1 947 ; 
Roff , 1 952 ; Thurstone , 1 938 , 1 949 , 1 950 , 1 951 ) .  It is apparent that 
a great deal of confusion over the spatial factors existed , and a 
' Space and Visualization Committee ' was set up in 1 955 to classify and 
integrate the factors identified by Thurstone ( 1 938 , 1 949 , 1 950 ) , by 
the Army Air Force ( Guilford & Zimmerman , 1 947 ) and by French ( 1 951 ) . 

According to the report of the committee ( Michael et al . ,  1 95 7 )  there 
are at 1 east two types of spa ti a 1 factors : 

spatial relations and orientation ( SR-0 ) 
visualization ( Vz )  



- 54 -

while a third factor , kinaesthetic imagery , (K) has not yet been 
clearly defined . Because these factors have formed the basis for many 
studies , and because there is little agreement as to the inter
relationships among the various components of spatial ability , they 
will be described in some detail. 

3. 3 . 1 .1 Spatial relations and orientation (SR-0) 
SR-0 is described by Michael et al. (1 957) as the ability to 
"comprehend the nature of the arrangements of elements within a visual 
stimulus pattern primarily with respect to the examiner's body or 
frame of reference " ( p. 1 89) . The essential feature of SR-0 appears 
to be that mental rotation of the whole figure is required (Ekst\om et 
a 1 .  , 1 9 7 6 ; Mc Gee , 1 9 7 9) • 

According to Michael et al . (1 957) and McGee (1 979) the factors which 
constitute SR-0 are the following (where these have been identified or 
endorsed by other theorists , the references have been inc 1 uded in 
parentheses) : 

SR : 
S : Space 
SO : Spatial ori entation 
s 1 : First space 
s3 : Third space 
s : 

(Guilford & Zir.m1erman , 1 947) 
(French , 1 951 ) 
(French , 1 95 1 )  
(Thurstone ,  1 950) 
(Thurstone ,  1 950) 
(Ekstrom et al. ,  1 976) 

Ballentine (1 982) commented on the anomaly of Michael et al . ' s  (1 95 7) 
classification of SR-0 together with Thurstone 1 s (1 949 ,  1 950 , 1 951 ) 
s1 and s

3 
factors . He speculated that the most important 

distinction between the two factors is that s1 tests require 
essentially two-dimensional rotation , whereas s

3 
tests require 

essentially three -dimensional rotation . Two of the factors which 
Ballentine (1 982) extracted (Factor 1 and Factor 8) seem to confirm 
that this distinction may have a meaningful basis. French's (1 951 ) SO 
factor may be similar , as French (1 95 1 ) indicated that dimensionality 
is not an essential characteristic of the factor. By 1 963 , however , 
French , Ekstrom , and Price no longer regarded the two factors as being 
distinct entities. 
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3 . 3 .1 . 2 Visualization ( Vz )  
This factor is defined by Michael et al . (1957 ) a s  requi ri ng mental 
manipulation of visual objects involving a specific sequence of 
movements .  The individual has to "mentally rotate , turn , twist or 
invert one or more objects or parts of objects of a configuration" 
(p . 191 ) .  

The factors constituting Vz are thought to be : 

Vz : Visualization 
s

2
: Second space 

Vi : Visualization 

( Guilford & Zimmerman , 1947 ) 
( Thur stone , 1950)  
( French , 1951 ) 

According to McGee {1979 ) ,  the underlying ability seems to 
involve a process  of recognition , retention and 
recall of a configuration in which there is 
movement among the internal parts ( Sz ) ;  
manipulation of an object in three-dimensional 
space ( Vi) ; or the folding and unfolding of flat 
patterns ( V z ) • ( p • 1 9 ) 

3 . 3 .1 . 3  Kinaesthetic imagery ( K ) 
This is a factor , only tentatively postulated , which "represents 
merely a left-right discrimination with respect to the location of the · 
human body " ( Michael et al . ,  1957 , p .  1 91 ) .  

The factors constituting K are thought to be : 

- S ( ? )  : 

- K Kinaesthetic factor 
( Guilford & Zimmerman , 1947 )  
( Thurstone , 1950 ) 

French et al . (1963 ) omi tted K from their test batteries and did not 
attempt to classify it -- most likely because of its tentative 
nature . Ba 11 enti ne ( 1 982 ) argued that a 1 though a kn owl edge of 1 ef t 
and right assists one in doing the tests which load on this factor , it 
is more likely to be spatial in character than kinaesthetic . He 
pointed out that the Army Air Force psychologists ( Guilford & Lacy , 
1947 ) classified it accordingly as a spatial factor. 
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3. 3. 1 . 4 Difficul ties in defining spatial factors 
A statement made by Vandenberg ( 1 975) that there is no  agreed upon 
conceptual or operational definition of spatial abil ity highl ights the 
confusion surrounding the usage of these spatial terms in the 
l iterature, and the difficul ties which factor anal ysts continue to 
have in differentiating and interpreting these two spatial factors, 
SR-0 and Vz, and the nature of their underl ying processes (Carrol l & 
Maxwe 1 1  , 1 979 ; Harris, 1 981 ; Horn, 1 972 ; Mandl er & Stein, 1 977 ; 
McGee, 1 979, 1 982 ; Myers, 1 958 ; Newcombe, 1 982 ; Patterson, 1 956.; 
Zimmerman, 1 954a). Harris (1 981 ) asserted that attempts to identify 
various comp onents of spatial tests are mainl y  guesswork and he 
attributed r.mch of this to not on l y  a 1 ack of standardization of the 
factor anal yses, but al so to possibl e differences pertaining to the 
factor structure of skil l ed and unskil l ed individual s as has been 
demonstrated by Grant (1 969) and Irvine (1 969a). 

Both SR-0 and Vz, as wel l as other factors in the perceptual domain, 
such as perceptual speed, coul d be said to invol ve some kind of mental 
encoding and representation of spatial configurations al ong with other 
'mental rotation ' operations (Shepard & Feng, 1 972 ; Shepard & 

Metz 1 er , 1 9 71 ) • 

The essential distinction between SR-0 and Vz appears to be that the 
former invol ves mental rotation of a rigid configuration, whereas Vz 
i nvol ves  mental mani pul ati on where there i s  i n ternal d i sp l acement 

among the parts. Both SR-0 and Vz require short-term memory, but Vz 
requires mental rotation and serial operations (Ekstrom et al . ,  1 976 ; 
MacFarl ane Smith, 1 964). 

Egan ( 1 976) · however, differentiated between accuracy and speed scores 
in spatial tasks. He suggested that accuracy scores on SR-0  tests 
represent 11a form of concept verification in which the examinee 
serial l y  checks the three spatial dimension s  of a figure against the 
concept of what the figure shoul d be 11 (p . 24), whereas Vz tests "have 
properties anal ogous to physical l y  turning an obj ect in space, so that 
probl ems requiring a greater number of turns or turns of greater 
l en gth requi red more time to sol ve "  (p. 24). 
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Hence Carrol  & Maxwel l ( 1979) suggested that the essential el ement in 
Vz is the speed of mental rotation, whil e SR-0 taps the abil ity of the 
subject to encode a visual f orm in order to compare it with another. 
The observed differences between speed and accuracy scores have been 
confirmed in l ater studies (Bal l entine, 1982; J. M. Verster, 1982) . 

Carrol l and Maxwel l (1979) al so suggested that individual s  change 
their inf ormation processing strategies depending on the nature of the 
case. Indeed, visual ization has been shown to contribute to the 
sol ution of mathematics probl ems (French, 1965; Guil f ord, Green & 
Christensen, 1951 ; McGee, 1982) . 

Horn and Cattel l (1966) conceived of visual ization as being a factor 
distinct from the spatial -perceptual -mechanical spectrum of Vernon 
(1950) and Burt {1940, 1949) . 

It  has been observed, however, in a number of studies (Borich & 
Bauman, 1972; Gol dberg & Meredith, 1975; Horn, 1972; Karl ins, 
Scheurkoff ,  & Kapl an, 1969; Michael et al . ,  1957; Roff,  1952; 
Thurstone, 1949, 1950, 1951) that spatial orientation and visual iza
tion factors are correl ated, the degree of correl ation depending on 
the popul ation being tested and the tests used (Michael et al . ,  
1957) . Roff (1952) , f or exampl e, reported a correl ation as high as 
0,75 (_e_ < 0, 001) between SR-0 and Vz. 

Zimmerman (1953) refactored Thurstone 's (1938) PMA tests and extracted 
both spatial and visual ization factors, and suggested that the two 
factors represent l evel s of compl exity of essential l y  the same 
dimension, and as the l evel of difficul ty of the items increases, so 
the emphasis on perceptual speed, spatial rel ations, and visual ization 
increases in that order. 

Zimmerman (1954a) , in a study designed to test this hypothesis, was 
abl e  to confirm it, al though Pawl ik (1966) and Royce (1973) discounted 
this expl anation. Zimmerman (1954b) stressed that individual test 
items differ in l evel of difficul ty f or subjects, thereby causing the 
subjects to use different probl em-sol ving strategies. This woul d tend 
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to confound the f actori a 1 research , in  whi ch attempts have been r.iade 
to subd ivi de the space factor .  The effects of di fferent probl em
sol v ing strategi es on factor l oadi ngs have al so been poi nted out by 
French ( 1965 ) .. 

Indeed , Gui l ford and Lacy ( 1947 ) asserted that "no visual i zati on test 
is  pure for the factor 11 ( p .  857 ) . Most contain s in  add iti on to 
vi sual i zati on , spati al rel ati on and ori entation ,  and mechani cal 
experi ence factors { French , 1951 ; Gui l ford & Lacy , 1947 ; McGee , 
1979 ; Mi chael et al . ,  1957 ; W i ttenborn , 1 945b ) 

3 . 3 . 2  Stud i es of spatial factors with regard to Bl acks 
Grant (1969 , 1970a )  attempted to overdetermine the d imensi on 
represented by the Form Percepti on Test ( Grant & Schepers , 1969 ) in  
h is  prel i mi nary study on the structure of intel l ect in Afr icans . 
Paper-and-penci 1 tests , w ith two-dimensi anal representati on of three
di mens i ona 1 obj ects have been used in  most studi es in America and 
Britain .  Recogni sing Hudson ' s  ( 1960 ) find ings with regard to the 
di fficul t ies experienced by Bl acks in perceiving depth i n  p i ctures , 
and the d ifficul ty of work ing with penci l -and-paper tests with 
i 11 iterate samp 1 es , Grant ( 1970a )  deci ded to use performance tests , 
al though acknowl edging that thi s  in i tsel f coul d al ter what he was 
attempting to measure .  

Grant (1970a )  administered to 100 Afri can mine recruits h i s  ' spati al 
battery ' of tests , which incl uded the General Adaptabi l i ty Battery 
( Bi esheuvel , 1952a )  four Formboards , a Fi l l -the-Squares Test , and a 
test of Abstract Spatial Rel at ions . Two factors were extracted by 
means of a princi pal factor analysis .  

The fi rst factor was i denti fi ed as ' perceptual speed ' .  Thi s was 
consi stent with prev i ous fi nd ings ( Grant & Schepers , 1969 ) , and was , 
according to Grant ( 1970a ) consi stent w ith the termi no 1 ogy i n  the 
l i terature { French , 1951 ) .  The second factor was l abel l ed ' percepti on 
of form rel ati ons ' which Grant ( 1970a )  asserted corresponded w ith the 
Vz factor of Michael et al . {1957 ) ,  the maj or di fference between the 
two factors being due to the nature of the tests ( performance versus 
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pencil-and-paper ) .  M. A. Verster (1 976 ) ,  however, critici zed Grant ' s  

(1 970a ) methodology and i nterpretati on of the two factors . Accardi ng 

to her, Grant ' s  (1 970a ) i nterpretati on of ' perceptual speed ' was 

determi ned by the loadi ngs of the two sorti ng  tests, but did not take 

i nto account the emphasi s on learn i ng and generous time li mi ts for 

Cube Constructi on and Tri pod Assembly Tests ; ' percepti on of form 

relati ons ' ,  furthermore, was referenced by fi ve tests of simi lar 

format, whereas factors should be determi ned by at least three 

measures di fferi ng  i n  format but requi ri ng  the same mental operati on . 

Ballenti ne (1 982 ) also cri ti ci zed Grant ' s  (1970a ) i nterpretati on of 

' perceptual speed ' .  He contended that thi s  factor i s  actually 

Thurstone 1 s (1 949 ) fi rst space factor, particularly if  the parts of 

the C ircles Test are taken as separate problems . He also contended 

that one could j ust as we 1 1  vi ew the Pattern Reproducti on Test i n  a 

similar way, and that its loadi ng  on the perceptual speed factor 

(although low ) supports his contenti on that the factor mi ght i ndeed be 

s
1

• Ballenti ne (1982 ) stressed that one of the mai n reasons that 

only one spati al factor has been found i n  studi es deali ng  wi th Blacks 

is due to there bei ng  a 1 imi  ted range of tests avai 1 ab 1 e i n  order to 

overdetermi ne adequately the vari ous spati al factors . G iven 

additi onal sui table tests, the spati al structure of Afri can Blacks 

should become clearer. Accordi ngly, i n  order to test Thurstone ' s  

(1 949 ) three spati al factors, he adapted Thurstone 1 s (1938 ) Hands Test 

and constructed a 97-i tem Hands Compari son Test, whi ch he admi n i stered 

to 1 80 Black mi neworkers wi th s i x  or more years of educati on, together 

wi th reference tests of perceptual speed, spati al relati ons and 

vi suali zati on from the Educati onal Testi ng Service Ki t (French et al. ,  

1963 ) . Seven factors of whi ch fi ve could be i nterpreted were 

extracted by means of a pri nci pal factor analysi s  and an obli que 

rotati on . 

Three of the factors suggested Thurs tone I s (1 949 ) structures and 

Ballenti ne (1 982 ) i nterpreted these as : the abil ity to rotate i n  the 

third dimensi on (S3 ) ;  the 11 abil  i ty to make r:1ental transformati ons 

upon parts of a confi gurati on where other parts remai n constant" 

(p . 1 02 )  (S2 ) ;  and two-di mensi onal mental rotati on (S1 ) .  These 
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findings appear contradictory to those of Grant (1 970a) and earlier 
researchers ( Brimb 1 e ,  1 963; MacDonald ,  1 945; Murray , 1 956; Vernon , 
1 950), which were evidence of a rather narrow view of the intellect of 
African Blacks , and suggested instead to Ballentine (1 982) that the 
structure of Black African intellect is more likely to be similar to 
that proposed by Thurstone (1 938). What is apparent , however , is that 
"much more work is needed to i so 1 ate the cruci a 1 feature in peceptua 1 
tasks that create spatial difficulties for Africans" (Vernon , 1 969 , 
p. 1 86). 

3. 3. 3  Difficulties with regard to the measurement of spatial 
perception in Blacks 

That African Blacks lag behind their \Jhite peers with regard to 
spatial perception is a consistently noted trend in reported studies 
(Biesheuvel , 1 949; Derego\Jski , 1 968a , 1 972a , 1 976; Grant , 1 970a; 
Heron , 1 968; J ahoda , 1 980b; J ahoda & McGurk , 1 974; Mandler & Stein , 
1 977; McFie , 1 96 1 ; R. J. Miller , 1 973; Poole , 1 96 9; Verhaegen & 
Laroche , 1 958). This phenomenon has been attributed to neuro 1 ogi ca 1 
and environmental/ethnic differences. For a more detailed discussion 
of these difficulties and a review on the possibility of training 
spatial perception , see Epstein (in press).  

3. 3. 3. 1  Neurological factors 
( a ) Geneti c d i fferences: 
Ma 1 e superiority on a variety of psychomotor r.1easures of spa ti a 1 
ability has been extensively reported (Anastasi , 1 976; Harris , 1 981 ; 
Maccoby & J acklin , 1 974; MacFarlane Smith , 1 964; McGee , 1 979 , 1 982; 
Shepard & Metzler , 1 971 ; Sherman , 1 967 , 1 978; Vandenberg & Kuse , 
1 979; J. M. Verster , 1 982) , with visualization being the r.tost cor.mionly 
reported sex difference ( Harris , 1 981 ; Jensen , 1 980; Metzler & 

Shepard , 1 974; Tapley & Bryden , 1 977). Sex linkage (x-linkage ) of 
spatial ability has been suggested as the mode of genetic transmission 
of sex differences in spatial ability (Bock & Kolalowski , 1 973; 
Stafford , 1 96 1 ; Yen , 1 975). J ensen (1 971 , 1 975 ) postulated the 
phenomenon of sex linkage to atter.1pt to explain race x sex 
interactions with spatial and other abilities. Correlational patterns 
which are inconsistent with hypotheses of sex linkage have been 

Pjt( 
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obtained, however, on a samp 1 e of Americans of Japanese ancestry 

( De Freis et al. ,  1 974 ) and a sample of Koreans ( Park, 1975 ) ,  thus 

Jensen ' s  (1971, 197 5 )  hypotheses, particularly his theory that Blacks 

are deficient in spatial ability, has been refuted ( Stephens & Hyde, 

1978 ) .  

( b )  Maturation and cerebral localization : 

Differential rates of functional maturation affect the development and 

organization of higher cortical functions, particularly cerebral 

lateralization ( J. Levy, 1976 ; Maccoby & J acklin, 1974 ; Waber, 

1976 ; \Jitelson, 1 976 ) .  Recent work on hemispheric specialization has 

suggested that the dominant hemisphere ( that is, the left ) is critical 

for verbal, analytical, and logical skills, while the non-dominant 

side ( the right side ) is specialized for global, intuitive, and 

spatial processing ( McGee, 1 979, 1 982 ; Sperry, 1 968 ; Vandenberg & 

Kuse, 1 97 9 ; Waber, 1976 ; Uitelson, 1976 ) ; and that males have 

greater hemispheric specialisation than females ( Harris, 1 981 ; McGee, 

197 9 ; Witelson, 1976 ). Overall performance on spatial tests has been 

shown to be positively related to the extent to which there is lateral 

separation or specialization of functions ( Harris, 1981 ; J. Levy, 

1976 ; Zoccolotti & Oltman, 1978 ) .  1 Well-lateralized 1 individuals 

should thus be superior in spatial ability to those 1 less well

lateralized 1 , whether they are male or female. 

3. 3. 3. 2 Environmental determinants 

Biesheuvel (1972 ) believed that the main cause of perceptual 

differences pertains to environmental factors which are very difficult 

to disentangle. This is perhaps the reason that recent workers 

( Grant, 1 970a ; Irvine, 1969a ) have abandoned comparisons of 

performance measures as such, concentrating rather on examining the 

varying factorial patterns of abilities in different cultures. 

( a )  Differential socialization : 

Sex-related differences in spatial ability are thought to arise from 

differential sex-role practice which is shaped by culturally 

determined sex-role patterns of behaviour. The cul tura 1 sex-typing 

thus provides males with more opportunities to practise spatial skills 



- 62 -

and to acquire superior manipulative abilities , which then generalize 
to other spatial tasks (Kagan & Kogan , 1970 ; Maccoby & J acklin , 
1974 ; Sherman , 1978 ; Vandenberg & Kuse , 1979 ;  Witkin , 1967 ; \�ittig 
& Petersen , 1979). Al though Sherman I s { 1967) bent-twig hypothesis 
enjoys wide support , i t  has been extensively cri ticized o J ahoda 
(1979 ,  1980b) has made the point that most of the evidence comes from 
\.Jestern industrial cultures and thus i s  not appli cable to all , and 
Harris ( 1 98 1 ) has stated that the available evidence on differential 
socialization is inconclusive and i nsufficient , and that the origi n of 
sex differences may instead be in endogenous variables. 

(b) Lack of early visual ki naesthetic experience : 
The importance of experiential factors in  the development of spa ti al 
ski 11 s has been suggested by Berry ( 1966) and Vernon ( 1966). The 
relative lack for rural Afri cans of vi sual kinaesthetic  experiences 
from i nfancy could be a major factor which could account for the 
differences in spatial abilities and field dependence observed between 
Temne Afri cans and Esk irnos (Berry , 1966). Both groups 1 ack contact 
wi tl1 pi ctorial matter , yet the Eskimos have considerable pictorial and 
mechani cal aptitude (Deregowski , 1 980 ) and are relatively f i eld 
independent. The Eskimos need to travel extensi vely over land and sea 
and to orientate themselves in rel ati vely featurel ess areas. They 
have to learn to p i ck out seemi ngl y �inor vari ations f rorn a generally 
monotonous  and barren env i ronment . The  Ternne , h owever , need not 
devel op comparable disembedding skills as they li ve i n  a hi ghly 
di fferenti ated envi ronment. 

(c) Carpentered versus uncarpen tered environment: 
iJestern groups are typical ly exposed to angu l ar shapes , whi 1st others , 
such as the traditional Zu l u  c u l ture , emphas i ze roundness. The 
environmental disti ncti ons have been studied i n  relati on to suscepti
bility to illusions (Col e & Scribner , 1 974 ; Smith , 1973 ) , and could 
be related to the <level opment of such spa ti al concepts as Cartesian 
co-ordinate syste�s (Liben , 1 981 ) .  
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( d )  Formal and informal education : 
I t  has been found in a number of studies in devel oping countries 
( Crawford-Nutt , 1 977  a ,  1 977b ; Grant ,  1 969 ; Mauer , 1 97 4 ;  Mc Fie , 
1 961 ; Schepers , 1 974 ; Sil vey , 1 963 ; T .  Tayl or ,  1 977 ) that l evel of 
education facil itates performance on various abil ity tests. This 
l evel of for�al and informal education has been found to be rel ated to 
the abil ity to interpret drawings three-dimensional l y  ( Dickinson , 
1 980 ; Hudson , 1 960 ; Kil bride & Robbins , 1 968 ; McFie , 1 96 1 ; 
Mundy-Castl e ,  1 966 ; Serpel l ,  1 979 ) .  

Hudson ( 1 960 )  in his study on depth perception , showed that with 
respect to his White sub-sampl es three-dimensional perception was 
associated with both educational l evel and intel l igence . With respect 
to his Bl ack sub-sampl es this was not the case. According to Hudson 
( 1 960 ) , for Bl acks and for an inbred and isol ated White community , the 
critical variabl e for depth perception was adequate exposure to the 
appropriate experience ( infor�al education during the for�ative 
period ) .  

\Jes tern cul ture is book-1  earned , characterized by 
dependence upon the written word , il l ustration ,  
diagram , photograph . Visual presentation is a 
common mode in the c l assroom , in the factory , and 
on the hoardings . Educational and training 
programmes , advertisements , safety and heal th 
propaganda , and much current didactic l iterature 
make use of pictorial material . Certain 
characteristic habits have become norma 1 for 
\Jestern cul ture and for the groups professing it.  
Pictorial representation of a three-dimensional 
scene requires the observance and acceptance of 
certain artistic or graphic conventions . Pictorial 
depth perception depends upon response to these 
conventional cues in the two-dimensional 
representation . ( Hudson , 1 960 , p .  1 85 )  

Thus , according to Hudson ( 1 960 , 1 962 ) , education does not p 1 ay a 
decisive rol e  in the devel opment of spatial perception but is 
subordinate to cul tural and environmen tal factors. Al though Hudson 
has been extensivel y  criticized on many methodol ogical grounds ( Hagen , 
1 974 ; Hagen & Jones , 1 978 ; Jahoda & McGurk , 1 974 ; Leach , 1 977 ; 
Omari & Cook , 1 972 ; Omari & MacGinitie , 1 974 ) so that his findings 
shoul d ,  perhaps , be genera 1 i zed with caution , the essenti a 1 findings 
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have been well supported by more re�ent studies { Perkins & Deregowski , 
1982 ; Serpell & Deregowski , 1980). 

Numerous writers (Bi esheuve 1 , 1 943 , 1949 , 1952b; Deregowsk i ,  1968b , 
1972b , 1974; Hagen & Jones , 1978; J ahoda , 1956; Kilbride & Robbins , 
1967; R . J. Mi l ler , 1973; Mundy-Castle , 1966 ; Omari & MacGinitie , 
1 974 ; Smith , 1 973 ; Stacey , 1969) have demonstrated the role of 
culture in infl uencing and shaping depth perception and pictorial 
recognition . Biesheuvel ( 1 952b ) attributed the so-called inferiority 
of Black s in manipulating spatial relations to a lack of familiarity 
with the 

conventional spatial arrangenents which are an 
essential part of our daily activities (block 
games , arrangements of furniture , p ositioning of 
pictures on walls , laying of the table , layout of 
reading matter) etc. (p. 53 ) 

Thus level of acculturation has been shown to be positively related to 
depth perception in accordance with Hudson I s ( 1960 , 1962 , 1967) theory 
(Deregowski , 1970; Omari & MacGinitie , 1974) and to susceptibility to 
illusion ( Smith , 1 973) . This is in accord with Selden { 1 971 ) who has 
suggested that a person sees what his culture has trained him to see. 
Urban children are constantly exposed to books , magazines , television , 
the cinema , and to the complexity of a modern technological environ
ment  wh i ch they accept as a part of everyday life. Selden ( 1 97 1 ) made 
the point that the keenl y developed ab i lity of the urban child to 
i n terpret p i ctures shoul d not be assuned to be natural ability. Many 
other researchers ( Abiola , 1967; Berry , 1971a ; Biesheuvel , 1952b; 
Hendrikz , 1 975; Kilbride & Robbins , 1 967 ; R . J .  Miller , 1973; Van 
der Reis , 1 967 ) have confirmed that pictori al perceptual skills · are 
posi tively and signi ficantly related to exposure to Western culture. 

Accordi ng to Berry ( 1 971 a ,  1971 b) , spa ti a 1 perceptua 1 deve 1 opment is 
considered to be a f unction of ecol ogical demands mediated by culture , 
and he demonstrated 

the psychological underpinnings of technological 
devel opment , often stated as spatial ability , are 
shown to develop in relation to an ecology which by 
way of tedmo 1 ogi ca 1 change is open to change 
itself . (Berry , 1971a , p .. 331) 

that 
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However , this assumption may be open to question as r.1any of the tests 
which Berry (1971a) classified as spatial , that is , Koh 1 s Blocks , an 
embedded figures test , and Raven's matrices , are rather , where 
illiterate and semi-literate Africans are concerned , measures of ' g '  
{ Grant , 1970a; Vernon , 1969) . 

(e) Personality differences: 
Psychological differentiation , particularly as manifested by the 
concepts of field dependence/field independence has been shown to be 
related to spatial ability {Dawson , 1967a , 1967b; Gardner , Jackson , & 

Messick , 1960; Hendrikz , 1975; Horn , 1976; Sherman , 1967; J . M .  
Taylor , 1980; Vernon , 1969; Hi tk in , Dyk , Fa terson , Goodenough , & 
Karp , 1962) . 

Witkin {1967) has defined the field dependent person as one who 
orientates himself by reference to the environment , has global 
perception and who has a greater need to function as a member of a 
group . People who are conforming and field dependent tend not to be 
open to new experiences -- they thus seem to 1 earn to use depth cues 
more slowly or with more difficulty than those individuals who are 
less conforming , field independent and who are more open to new 
experience (Dawson , 1967a) . Females tend to be more field dependent , 
whilst males tend to be nore analytical and field independent {Witkin 
et al . ,  1962) . 

The deve 1 opr.ient of fie 1 d independence has been attributed to 
socialization practices (Dawson , 1967a , 1967b; Smith , 1971; Witkin , 
1967; iJitkin & Berry , 1975}; to urbanization {Okonji , 1969}; and to 
ecological environmental factors {Berry , 1966 , 1971a; Vernon , 1969} . 
Thus a relatively field dependent cognitive style is likely to be 
prevalent in social settings characterized by insistence on adherence 
to authority figures and by utilization of strict socialization 
practices ( Dawson , 1967a , 1967b; Witkin , 1967; Witkin & Berry , 1975} . 

Schwi tzgebe 1 {1962} compared Afrikaans and Zulu ma 1 es on measures of 
field dependence. The Afrikaners were significantly faster at 
disembedding tasks than the Zulus {.e_ < 0 , 001} and he concluded that 
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specific p ercep tua.1 organ i zati on s are culturall y. determi ned and 
environmentall y dependent. 

( f )  Nature of the tas k: 
Af rican art is essen ti all y vo l umetr i c  { H udson , 1 960 )  and scu l p ture and 
pottery flouri sh i n  Africa. Afri can chi l dren fash i on in tric ate and 
cor.ip 1 icated wire toy s ( B i e sheuvel ,, 1 979 ;  Dickinson , 1 980 ; Serpe11 , 
1979; Thomson , 1 967 , 1 972 ) .. I t  i s  thus poss  i b  1 e that Afri can s do not 
have a general disab ili ty with regard to spa ti al perception  but that  
their difficulty woul d depend on  the nature of  the  percep tual task 
involved . 

The results of a study conducted by J ahoda { 197 9 ,  198Gb } compar i ng 
Ghanaian and Scottish school children on a vari ety of task s  are 
i ndication s that spatial abil i ty is not homogeneous , and that  ethn i c  
and sex dif ferences are p robably related to the nature of the task . 
J ahoda { 1 980b )  has suggested that thi s  would account for the nany 
i ncons i stenc i es and contrad i cti ons  whi ch abound i n  the l i terature .  

On a task which invol ved the encodi ng  of three-di men sion al obj ects 
under memory condi tion s ,  J ahoda ( 1979 ) f ound a typicall y  sex-re i ated 
di ff erence ; mal es  i n  Ghana and i n  Sc otl and were superi or to the 
f er1a l es in both cases . However :1 while· the Ghanai ans  perf ormed on the 
same 1 eve l as the Sco ts when they had to work from a model , they 
experi enced diff i cu1 ty (_E. <. 0 , 001 ) when they had to \..tork from 1 ine 
drawings or photographs . The diffi culty thus did not appear to be an 
encodi ng p roblem but rather one of extracting the re l evant  informati on 
f rom a two-dimen s i onal drawing .  

This result is in agreemen t with Kennedy { 1 97 4 )  who coui d f i nd n o  
evidence for cultural dif ferences  i n  p i cture percepti on , b u t  
considerable evi dence that i t  i s  the in terpretati on o f  the mean i ng o r  
importance o f  the various aspects of the pictures which i s  stron g l y  
i nf l uenced by cu l ture. 

On two task s invol ving rotati on of shapes , the Ghanaian chil dren agai n 
experienced more diffi culty (.e_ < 0 , 001 } when  mental rotation of the 
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shapes was required than when a 11 owed physically to rotate the shapes 
( J ahoda , 1979 , 198Gb) . Thus it appears that r.1ental rotation is an 
important source of spatial difficulty in African children . Mandler 
and Stein ( 1977) came to a similar  conclusion . 

J ahoda 1 s ( 1979 , 1980b) studies tend to refute Sherman's ( 1967) 
differential socialization theory , as J ahoda ( 1979 ,  1980b) found the 
same pattern of differences between boys and girls in both countries . 
The Ghanaian children came from a rural farming village , while the 
Scottish children lived in an industrial suburb of Glasgow . Given 
these two very different contrasting cultures , it would be unlikely 
that common elements of differential socialization would be prevalent . 

3 . 3 . 4 Development of spatial perception 
( a) Developmental perspective 
According to Piaget and Inhelder ( 1948) the development of the concept 
of space is neither innate nor learned. Rather , it is constructed by 
the child as a series of hierarchically integrated equilibrations 
through an adaptive interaction with the environment and by means of 
the reciprocal processes of assimilation and acconmodation . The 
understanding of space is thus more than the learning or mere 
accumulation of facts . It is an active manipulation of the environ
ment where actions rather than perceptions account for the development 
of spatial cognition . 

( b) Problem-solving and information-processing : 
The results of cross-cultural studies in Africa on visual perception 
are indications that there are persistent and significant differences 
in the manner in which pictorial information is interpreted by people 
of different cultures , and that this perception calls for some form of 
learning and the acquisition of habits of perceptual inference 
( Deregowsk i ,  1972a ; Hebb , 1949 ; Hudson , 1960 ; J ahoda , 1956 ; 
Segall , Campbell , & Herskovits , 1963 ; Selden , 1971) . 

Visual perception is a continual problem-solving 
process . It relies upon the active searching for 
the best interpretation and meaning of sensory 
information . The act of perception of 1 i ne 
patterns may be considered as a decision , based on 
the information selected from the display of lines , 
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abou t the 1 rea 1 1 nature of the d i sp l ay Q T h i s 
i nf orna t i on i s  rece i ved and i dent i f i ed b y  means of 
cues ( or c l ues ) , some ex i sti ng  i n  � the 1 i ne 
pattern s , others i n heren t i n  the ob server by v i rtue 
of h i s kn owl edge , experi ence and r.1er1ory . A v i  ta 1 
f eature of v i sua l  percept i on i s  th at  i t  a l ways goe s 
beyond  i r.imed i a te l y  av a i l ab l e i nf ormati on .. The 
persona l  l1 i story stored iii tl1 i n  tl1 e  b ra i n has to 
g i ve me a n i ng to the sensory s i g n a l s i t  rec e i ves . 
If th(� p ktori a l  i nf orr.1ati on i s  new or unusua l , 
then mi spercep ti on may occur  and t·Je may see 
wrong l y �  ( Dav i es ,  1 976 , p .  4 )  

The i nf ormati on-process i ng and prob l em- sol v i ng approach i n  spati a l  
p e rcepti on has  support in  the 1 i terature ( Deregowsk i , 1 980 ; Ek s trom 
et  a l  � ,  1 97 6 ;  Gregory 3 1 970 ; Turvey , 1 978 ) , and according to 
Deregowsk i ( 1 980 , p. 37 ) ., a d i ff erence  b e tween the responses  of two 
group s of s ubj ects on any perceptua l  task can be attr i buted to : 

d i ff erence i n  in i ti al tentati v e  hyp othe s i s ;  
ease  wi th v,ri i ch a hyp oth e s i s i s  eva l ua ted ; 
ease  vii th whi ch a new hyp oth e s i s is  s ub s tituted f or an abandoned 
hyp oth e s i s ;  
rate at wh i ch success i ve hypotheses approach 1 correct 1 percep ti on . 

Th i s  p rob l em- so l v ing ap proach \io u l d th u s  i mp l y  that there may be  a 
1 i nk between spa ti a 1 percep ti on and ana  1 yti c th i nk i ng . Thu s  Kenp 
( 1 980 ) has  rep orted that  spa ti al perc ep ti on ab i l i ti es are re l evant i n  
ana l yti ca l  subj ects where i mag i na ti on and i n i ti ati ve  are requ i red , ·  and 

Brotrn and Cm�an ( 1 977 ) h ave demon s trated a p os i ti ve rel at i on sh i p  
bet,een spati a l  ab i l i ty and ach i evemen t i n  s tructural  e n g i neeri ng 3 

If these  ob servat i on s are taken i n to account ,  d i ff i cu l ti e s  in  
understandi ng and  proces s i ng  i nf o rmati on presented d i agrammati ca l l y  
may b e  re l ated to d i f f i cu l ti es  in  p roce ss i ng and i ntegrati n g  o th er 
n ove l  i nf ornati on , thu s  s ugges ti ng  th at  there are f undame n tal 
p rob l em- sol v i ng ab i l i t i es wh i ch have not been adequate ly  devel oped c 

3.4 Ef f ect of cu l ture on the s tructure of Mechan i cal apti tude 
Mechan i cal  apti tude has been f ound to be a comp onent  of several 
ab i l i ti es i n  \Jestern group s ,  enc onp as s i ng general i ntel l i gence ., 

spati a l  ab i 1 Hy ,  mechani cal  i nf ormati on and experi ence , and rel evant 
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manual dexterity and motor skills (Vernon , 1950). It is a construct 
which has developed within a technologically sophisticated culture , 
and it is likely that the structures found in one culture will not 
necessarily be found in other cultures (Ferguson , 1954 , 1956). 

Bowd (1973) accordingly studied Canadian-Indian and Metis boys aged 
between 12 and 14 years from four cultural groups , together with a 
sample of White boys of a similar age from Calgary. He administered 
tests of spatial ability , mechanical knowledge , dexterity and co
ordination , together with non-verbal tests of abstract reasoning , 
vocabulary , and a background questionnaire. 

The factor matrix of the pooled data was rotated and six orthogonal 
factors were extracted: 1 g 1 , verb a 1 , background , dexterity , age , and 
activities. The first factor ,  1 9 1 , was rather more spatially and 
mechanically loaded than the usu a 1 general reasoning abi 1 i ty factor. 
Bawd (1973) interpreted the 'verbal • factor as verbal skill which is 
mediated by facility in English. 

Factor scores estimated for a 11 subjects using the tota 1 group means 
and standard deviation were separated for each group , and the mean and 
standard deviation for each of these samples were calculated. An 
analysis of variance comparing the factor means showed significant 
between-groups differences for all factors except 1 9 1 , with the 
• verbal I factor showing the 1 argest variation (£:. = 45 , 10; .e. < O ,  01 ) • 
The general lack of factorial congruence led Bawd (1973) to the 
conclusion "that 'mechanical aptitude ' is of varying composition for 
groups of different cultural environments" (p . 21). 

Although Bowd (1973} asserted that amongst the diverse groups , Indian 
and Metis boys showed mechanical ability comparable with that of White 
urban children , he suggested that extrinsic differences found in the 
verb a 1 factor , together with its high corre 1 a tions with 1 anguage and 
socio-economic variables , are indications that the achievement 
differences obtained for the White children stemmed from their 
environment and are mediated to a large extent by facility in English. 
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Bowd {1973) sound�d a cautionary note which would appear to be 
particularly relevant to the South African situation: 

I t  i s  not the wri ter ' s  purpose to argue f or 
mechanical ap titude as a psychological uni versal , 
or to argue that environmental conditions rel ating 
to it may be analysed in terms of cul tura1 
uni versa 1 s. Rather it is proposed that , in order 
f or the individual to adapt and to function 
successfully within a society becoming rapidly more 
sophisticated technologicall y, certain abiliti es 
are essenti al .  Obviously , a kind of ' intelligence ' 
that includes the manipulation of abstract 
numeri ca 1 and verba 1 symbo l s i s  a pre-requisite � 
Similarly, g i ven that • mechanical aptitude ' is a 
cu l ture-bound concept , the kind of ab i l i ti es it 
enta i l s  must be devel oped if the indiv i dual is to 
perform successfully in occupations involving the 
use of tools and machinery. (p . 1 4 ) 

3. 5 Biographical inf l uences on mechanical aptitude 

3. 5.l Validity studies 
In the light of the aforegoing di scussion on the role of culture in 
the differentiation of ability, an examination of the relationship 
between biographical data and mechanical aptitude would be germane. 
Personal background information about the individual in a vari ety of 
forms has been used for almost a century to predict a l arge spectrur1 
of human behaviour, including interests, attitudes, abili ties, 
personality characteristics and perf orr.1ance. This is demonstrated in 
Owen ' s  ( 1 976) comprehensive review of biographical data o Indeed, 
Biesheuvel ( 1 962 ) noted that biographical inventories which record 
factual details concerning the individual 1 s life history, incl uding 
his family background, his educational and occupati onal records, his 
interests, and h i s  social and leadership activities , are a common 
feature in nost selection programmes. Asher ( 1 972 ) ,  in a rev i ew of 
studies concerning the weighted applicat i on b l ank , concluded that 
biographical inf ormati on shows sub stanti a l l y  higher predicti ve 
validity against a job prof iciency criterion than other predictors 
including tests of i ntelligence, personality, interest , perception, 
motor ski 1 1  s and mechanical abi 1 i ty. The genera 1 cone 1 us ion reached 
by Asher (1972) is that factual and verifiable historical inf ormation 
is the best predictor of f uture performance. Other writers (Ghiselli, 
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1 966 ; Lat ti , 1 972 ) have provi ded corroborative evidence to support 
the contenti on that past performance is  the best predictor of future 
performance . 

Baehr (1 978 ) reported that bi ograph ical data i nstruments can be used 
to predi ct success in a vari ety of occupati ons , but that the pattern 
of background factors predicting performance i s  specific for each 
occupation.  Bearing th is  in mi nd :  

Common sense woul d seem to te 1 1  us that hobbi es and 
abi l i ty both present and future are , to some 
extent , l i nked : thus the boy who i s  i nterested in  
using h i s  hands and acqui r ing some degree of 
practical informati on and ski l l  i n  h i s  spare ti me 

the one who has many constructi ona 1 and 
meccano-l i ke hobbies ( al l el se being equal ) is  more 
1 i kel y to reach a h igher l evel • • •  at the workbench 
than his fel l ow who spends more of h i s  spare time 
fol l owing other pursuits. ( Ross , 1 962 , p .  69 ) 

The 1 i nks between mechani ca 1 hobbi es and i nterests on the one hand , 
and mechani ca 1 aptitude on the other have been noted by many observers 
with some equivocal resul ts .  S ign ifi cant correl ati ons between 
bi ograph i cal informati on rel ating to previ ous experience in  mechani cal 
activiti es ,  and cri teri a of on-the-job success in mechanical jobs have 
been reported by a number of researchers ( Ekva 1 1  1 969 ; F ruchter , 
1 952b ; Gui l ford & Lacy , 1 947 ; Paterson et al . ,  1 930 ; Sorenson , 
1 966 ) .  In simi l ar vein ,  signifi cant correl ati ons between hobbi es of a 
mechani cal nature and success on mechanical cri teri a  ( Gui l ford & Lacy , 
1 94 7 ;  Henry , 1 965 ; Mottram , 1 977 ; Pende 1 bury & Hardman , 1 967 ) , and 
between mechanical hobbies and spati al vi sual i zati on abi l ity ( Bl ade & 
Watson , 1 955 ; Ker.Ji) , 1 980 ; Pende 1 bury & Hardman , 1 967 ) , and 
mechani ca 1 comprehensi on ( Kemp , 1 980 ; Ross , 1 962 ) have been 
reported . Indeed , an interesting poi nt came from Henry ( 1 965 , p .  
91 3 ) , whose question " D i d  you ever bui l d  a model a i rpl ane that fl ew?" 
was al most as good a predictor of success in fl i ght training duri ng 
Uorld lJar Two as the enti re Ai r Force Battery � 

However ,  some evi dence refuting a rel ationsh i p  between hobbi es and 
mechan i ca 1 success ( McMahon , 1 962 ; Ross , 1 962 ) , hobbi es and 
engineering drawing ( J . M .  Tayl or ,  1 980 ) , and hobbi es and cognitive 
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test scores ( Mottram, 1 977 ; Pendel bury & Hardman, 1 967 ) has been 
rep orted . MacFarlane Smith ( 1 964 ) stated that "little reliance should 
be p 1 aced on assessment of interest in hobbies for the 1 ong terr.i 
pred i cti on of succes s i n  theory or practica l  skills in engineering 11 

( p .  1 48 )  .. 

Sorenson { 1 966 ) , however , contended tha t  results f rom his Background 
Survey Questi onnai re , wh i ch correl ated signif i cantly {!_ = 0 , 30 ,  
p_ < 0 , 01 ) with a cri terion of on-the-j ob mechanical success , were 
supporti ve of his hypothesis that  a good mechanic is ' born ' rather 
than  ' made 1 , and he found that the "better mechanics appeared to rely 
on mecr1 ani cal intuition and experience rather than f orma 11 y taught 
principles" ( 1 966, p. 351 ) .  

3 . 5 . 2 Factor studies 
F rench ( 1 951 ) ha s identified a ' mech anical experience •  f ac tor which 
involves knowledge of mechanical app aratus principles rather than an 
innate ability to be a mechanic. According to French ( 1 951 ) ,  tests 
which load h i ghly on this f actor include tests of mechanical 
principles, routine assembly , knowledge of tools, biographical data 
and general inf ormati on, p articularl y questionnaires which examine the 
rel ationship of hobbies and experience . Mechanical comp rehension 
tests tend to be determined p artly by mechanical experience, partly by 
el ementary tra in ing i n  physics, and partly by the intuitive 
understand i ng of mechan i cal p rob l ems ( Soren son , 1 966 ; Thurstone , 
1 949 ) .  An interesting poin t was made by French ( 1 951 ) that  in the 
f actor ana l yses where motor and mechanical skills were used as 
v ari  ab 1 es , no f actor of mechani ca  1 ab i 1 i ty appeared. This serves to 
conf i rm that  11 mechani cal  ability represents some comb i n ati on of 
f actors rather than a unitary abil i ty 11 ( French, 1 951 , p .  223 ) .  

Many researchers have reported that  bi ographi c a  1 inf ormation 1 oads on 
mech anical f actors ( Bowd, 1 973 ; Dudek, 1 948 ; Ekvall, 1 969 ; Friedman 
& Detter , 1 975 ; F ri edman & Ivens , 1 967 ; F ruchter , 1 952b ; Guilf ord & 

Lacy, 1947 ; Gu i lf ord & Zimmerman, 1 947 ) .  Guilford ( 1 948 ) asserted 
that the only distinctive element in any mechanical test, apart f roo 
spati al  and dexteri ty f actors, is one of i nf ornati on. 
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F ruchter { 1 952b ) found that a b i ograph i ca l  i nventory l oaded on a 
mechani cal experi ence f actor of the Army Ai r Crew C l ass if i cati on Test 
Ba ttery , wh i ch had h i gh correl ati on s wi th f i n al course grade cri teri a 
of ai rcraf t sheetmetal workers (!_ = 0 , 39 ) ; draf tsmen (!_  = 0 , 54 ) ; 
el ectr i c i ans (!_ = 0 , 56 ) ; a i rpl ane and engi ne mechan i cs (!_ = 0 , 74 ) . 

Tes ts l oad i ng on mechan i cal experi ence f actors have mechan i ca l  content 
together wi th f ami 1 i ari ty wi th too l s and thu s  wi 1 1  be  cu l tural l y  
determi ned ( Gu i l f ord & Z immerman , 1 947 ) .  The corroborati ve ev i dence 
f or th i s  was gi ven by Bo\/d ( 1 973 ) i n  h i s cross-cu l tural i nvesti gati ons  
of mechan i cal  apti tude . He f ou nd that a b i ograph i ca l  b ackground 
questi onnai re l oaded on two factor s :  ' mechani cal acti v i ti es ' and 
' background ' .  ' Mechani cal acti v i ti es ' was most c l earl y d i sti ngu i shed 
by h i gh l oadi ngs  on ownersh i p  of a b i cyc l e ( 0 , 42 ) a nd presence of 
mechan i cal hobb i es { 0 , 72 ) , and ' background ' had h i gh l oadi ngs  on 
read i ng of mechan i ca l  magazi nes  ( 0 , 6 1 ) and k nowi ng  someone 
mechan i cal l y  sk i 1 1  ed ( 0 ,  62 ) .  However , Bawd ( 1 973 ) noted that  several 
vari ab l es l oaded on both the ' mechan i ca l  acti v i ti es ' and ' background ' 
f actors and thu s  h i s  nami ng of the f ac tors was essenti a l l y  
conj ectura 1 .  Bawd ( 1 973 ) f ound that the i nventory coul d pred i ct 
mechan i cal  ab i l i ty successf u l l y  and that the urban samp l e was cl early 
superi or  in al l of . the acti v i ti es . Dudek ( 1 948 ) anal ysed and compared 
f actors obtai ned f rom the Un i ted States Army Ai r Force Ai r Crew 
C l as s i f i cati on Battery admi n i stered to a group of Women ' s  Auxi l i ary 
Serv i ce P i l ots i n  f l i ght  trai n i ng and mal e p i l ots i n  trai n i ng .  Fi ve 
factors were common to both groups , the notab 1 e excepti on pertai n i ng 
to a mechan i cal k nowl edge factor obta i ned f or the mal e p i l ot trai nees 
but not for the women . Th i s  was c l ear ly attri b utab l e ,  accord i ng to 
Dudek ( 1 948 ) , to the f act  that  the women ' s  mean and standard dev i ati on 
scores in the ' mechan i cal  knowl edge ' f actor were di s ti nctl y l ower than  
the men ' s . The women were a h i gh l y  sel ect group and hence the femal e 
' cu l ture ' d i d  not i n troduce vari ance wi th respect to mechani cal 
knowl edge that the mal es had to d ifferi ng  degrees . 

3 . 5 . 3  B i ograph i ca l  i nventori es  wi th regard to B l ack s 
Li ttl e work has  been done on b i ograph i cal i nventori es su i ted to 
Af ri can condi ti ons , mai n l y  because of the l ow l evel s of l i teracy wh i ch 
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have prevail ed. One biographical item which has consistentl y been 
rel ated to perf ormance is , however , educational l evel (Crawford-Nutt , 
1 977a; Grant , 1 969; Irvine , 1 969a; McFie , 1 96 1 ;  Mauer , 1 974; 
Schepers , 1 974). Biesheuvel { 1 962) commented that the construction of 
biographical inventories in Af rica cannot be approached conventional l y. 
11 Iter.1s must be re-f ormul ated to fit the cul tural characteristics of 
the particul ar group with which it is concerned" (p. 1 40). He warned 
that whereas these probl ems are l ess acute when educated and urbanised 
Af ricans are being dea 1 t with , they do not disappear a 1 together , 

• . • because al l African societies , even those that 
have been most profoundl y changed by their contacts 
with the West , possess characteristic features that 
are ref l ected in the personal ities that devel op 
within them. (Biesheuvel ,  1 962 , p. 1 40) 

Basing his biographical inventory on Bawd 's (1 973) work in Canada , 
Botha (1 976 , 1 978) obtained a significant correl ation (� = 354 , 
!. = O ,  49) bet\1een the inventory and a criterion of on-the-job success 
for Bl ack workers in rel ativel y high l evel technical and mechanical 
jobs. According to Botha (1 976) ten items discriminated: age , school 
qual ification , previous job , owning a camera , f ather 's occupation , 
school subject preferred , abil ity to drive a car , f ather's m-1ning a 
bicycl e ,  having tool s at home , and owning a car. However , these 
resul ts shoul d be interpreted with caution as anomal ies are apparent 
with regard to the 1 ast three i terns , as a higher proportion of those 
answering in the aff irmative were in groups scoring 1 ow on the 
criterion (that is , they are weighted negativel y). 

Kemp (1 980) reported that Bl ack students who did wel l on tests of 
mechanical reasoning and space rel ations had technical interests and 
experience in the fiel d. 

3. 6 Interest inventories 

3. 6 . 1  Inf l uence of interests on mechanical aptitude 
Resul ts of the research on the val idity and util ity of interest 
inventories have been equivocal .  Guil ford and Lacy (1 947) suggested 
that because interest inventories samp 1 e interest and appreciation , 
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thei r va l i d i ty i s  l ow COJJJ,) ared wi th b i ograph i cal  i nventori es  wh i ch 

samp l e experi ence . Gh i sel l i  and Bartho l  ( 1 953 ) , and Gh i sel l i  ( 1 966 ) 

found that  whereas tests of i ntel l ectual  ab i l i ti es ,  parti c u l arly 

spati al and mechan i cal , accurate ly  pred i c t  success i n  mechan i ca l  j ob s ,  

i nterest i nventori es appear to have 1 i ttl e val i d i ty .  S0r.1e wri ters , 

ho\lever , ( Long & Perry , 1 953 ; Super & Cri tes , 1 962 ) have  suggested 

that i nterest i nventori es may be usef u l  adj uncts when used together 

wi th a test  battery .  Others ( Gouws , 1 966 ; Strong , 1 945 ; Van Tonder , 

1 977 ) have stressed that i nterest as a vari ab 1 e cannot be a va  1 i d  

pred i ctor of success becau se the rel ati onsh i p between i nterests and 

the cri teri on i s  of ten very comp l ex .  However , i n  an  ana lys i s of 8 21 4 

school pup i l s ' reasons for choos i ng a career , i n terest emerged a s  the 

strongest consi derati on ( Garbers & Van Aarde , 1 974 ) . 

Rel ati onsh i ps between expressed i nterest and mechan i cal  apti tude have 

been demonstrated by several authors ( Es tes & Horn , 1 939 ; Paterson et 

al . ,  1 930 ; Strong , 1 945 ; Super , 1 949 ; Thurstone , 1 950 , 1 951 ) .  I n  

the M i nnesota Proj ect ( Paterson e t  a l . ,  1 930 ) , a n  i nterest  anal ys i s 

b l ank was s i gn i f i cantl y  correl ated (! = 0 , 55 ,  .E. < 0 , 005 )  wi th a 

qual i ty cr i teri on . Thurstone ( 1 951 ) i n  h i s study of mechan i ca l  

apti tude , sel ected two groups on the bas i s  of  a h i gh or l ow rati ng  on 

the Mechan i ca l  I n terest sca l e of the Kuder Preference Record ( Kuder , 

1 939 ) and h i gh or l ow scores on cr i teri on tests of mechan i ca l  

experi ence and comprehens i on .  In  add i ti on to  the Mechan i ca l  I n terest  

rati ng on wh i ch they were sel ected , the 1 h i gh 1 group rated themsel ves 

si gn i f i cantly h i gher on the Sci en ti f i c  (! = 2 , 9 ,  .E. < 0 , 005 ) , C l eri ca l  

{_! = 2 , 6 , p < 0 , 005 ) and  Arti s ti c  (_! = 1 , 9 ,  .E. < 0 , 05 ) categor i e s , and 

si gn i f i cantl y  l ower on the Musi cal  ( t  = 3 , 4 ,  .E. < 0 , 005 ) , Li terary 

{_! = 3 , 0 ,  .E. < 0 , 005 ) and Persuas i ve { _! = 2 , 2 ,  .E. < 0 , 01 ) c ategori e s .  

Thus , accord i n g  to Thurstone { 1 95 1 , p .  2 5 )  11 i t  l ook s ,  theref ore , as i f  

p eop l e wi th mechan i ca l  apti tude and i nterests are not  ordi nari l y  f ound 

among soc i al l y  outgo i ng peop l e or among those wi th strong l i terary or 

mus i ca l  i nterests1 1 1 Mol l er ( 1 96 5 ) , h owever , reported a negati ve 

correl ati on between mechan i ca l  i n terests and academi c ach i evement i n  

engi neeri ng , and Garbers and Faure ( 1 972 ) noted that measures  of 

i nterest are p oor pred i ctors of academ i c success . 
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A number of writers ( Arbuthnot & Gruenf e 1 d ,  1 969; Barrett & Bass , 
1 972; Gruenfel d & MacEachron , 1 975; Hol tzman , Swartz , & Thorpe , 
1 971 ; S. Levy , 1 969; Zytowski , Mil l s , & Paepe , 1 969) have noted that 
occupational interest choices are rel ated to fiel d dependence. Peopl e 
who are more fiel d independent tend to pursue occupations such as 
mechanical ones which require anal ytical cognitive skil l s ,  rather than 
pursuing more 'peopl e-oriented ' occupations. 

3. 6. 2 Interest inventories for Bl acks 
The difficul ties and l imitations inherent in using interest 
inventories for Bl acks have been wel l noted (Biesheuvel ,  1 962; 
Carter , 1 980; Chansky , 1 967). Indeed , Biesheuvel ( 1 962) cautioned 
that: 

A probabl e l imitation in the use of al l interest 
tests in Africa is that they are l ikel y  to be 
inf l uenced by currentl y  fashionabl e  val ue 
judgments , and by undul y optimistic and unreal istic 
aMbitions of peopl e on the threshol d of new 
occupational opportunities. In Western societies 
with es tab 1 i shed economies there is some 
rel ationship between socio-economic status and the 
choice of a career. There is as yet l ittl e of this 
in Africa , and professional and cl erical occupa
tions r:1ay be chosen not because they are within the 
individual 's reach , or because he has an intrinsic 
interest in them , but mainl y because they confer 
social status. ( pp. 1 48- 1 49) 

The unreal istic nature of vocational aspirations of Bl acks in Af rica 
which aiesheuvel ( 1 962) mentioned has been confirmed by numerous 
writers {Breger , 1 97 6; Cl oete , 1 981 ; E rwee , 1 981 ; Ha 1 1  , 1 978 , 
1 980; Mojal efa , 1 980; Obanya , 1 978; Shannon , 1 975; Spence , 1 982; 
Tunmer , 1 972; Visser , 1 978). It has been found in numerous studies 
in South Africa ( Breger , 1 976; Cl oete , 1 981 ; Erwee , 1 981 ; Hal l , 
1 978 ,  1 980; Shannon , 1 975; Spence , 1 982; Tunmer , 1 972; Visser , 
1 978) that Bl acks consistentl y indicate a preference for the medical 
and social service fiel ds and show a strong ' disl ike for the outdoor , 
practical and mechanical fiel ds. 

• 

The occupa ti ona l expectancies of Bl ack students are incongruent with 
1 ab our market rea 1 i ty , as one of the biggest projected demands for 
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Blacks is in technological occupations ( Cloete , 1 981 ; Sadie , 1 981 ; 
Vermaak & Terblanche , 1 976 ; Visser , 1 982 ) . An inverse relationship 
has thus been observed in that whereas the majority of job 
opportunities are at the skilled level , the expectations of the Blacks 
are directed toward the professions ( Biesheuvel , 1 962 ; Breger , 1 976 ; 
Cl oete , 1 981 ; Tunmer , 1 972 ; Visser , 1 982 ) .  This observed predilec
tion for the professions is consistent with data from researchers in 
other developing countries ( Abiri , 1 977 ; Clignet & Foster , 1 966 ; 
Klingelhofer , 1 967 ) .  

\�hereas the occupational orientation of American Blacks has a certain 
resemblance to the job distributions in the labour market 
( Gottfredson , Holland & Gottfredeson , 1 975 ) , the avoidance of 
scientific and technological occupations by Blacks in America has been 
noted ( Bayer , 1 972 ; Se\1e 1 1  & Martin , 1 97 6 ) . This app 1 i es to Blacks 
in other African countries ( Blay , 1 973 ) , as well as South Africa . 
Marked differences with respect to Nigerians , however , have been 
found , substantial numbers of whom expect to enter technical 
occupations ( Cloete , 1 981 ) .  Cloete ( 1 981 ) has stated that this 
observed lack of interest in technical occupations is consistent with 
the stereotype that Blacks are ' people ' rather than ' thing • orientated 
( Bayer , 1 972 ) which may provide an exp 1 anation for their preference 
for social service occupations . Godsell ( 1 982 ) , however , has stated 
that in the South African context , the need to be of service is 
internalized in the Black value system as the concept of 1 ubuntu 1 

which is a central value prescribing their behaviour towards others. 

Visser ( 1 978 )  ascribed her findings with regard to the disfavour with 
which the practical , outdoor and mechanical fields were viewed , as 
being due partly to their manual labour implications , and partly to 
their non-academic and hence their low-status connotations. Indeed , 
Cloete ( 1 981 ) demonstrated that the occupation of mechanic was 
preferred by only 0 , 26% of his sample , and that the popularity of 
technical and scientific occupations appeared to decrease from 
Standard 8 to first year university . 
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The vocational ch�ices of Blacks appear thus to be affected by 
influences other than those which affect Whites. Some of the 
contributory causes which narrow the occupational interests of young 
Blacks include lack of occupational knowledge (Mojalefa , 1 980; 
Williams , 1 979) and need to take discriminatory practices into 
account (Biesheuvel , 1 974; Cloete , 1 981 ; Crites , 1 969; Picou & 
Campbell , 1 975). 

3. 7 Structure of mechanical aptitude with regard to Blacks 
i�hereas many studies have been conducted into the structure of 
i nte 1 1  ect (Bi esheuve 1 , 1 954; Grant , 1 969; Grant & Schepers , 1 969; 
Kendall , 1 97 1 ; MacDonald , 1 945; Murray , 1 956; Vernon , 1 950) and 
spatial abilities (Ballentine , 1 982; Grant , 1 970a) of illiterate and 
semi-literate Blacks , there has been a paucity of research into the 
factors related to mechanical aptitude per se. As far as can be 
ascertained , no studies investigating the factors pertaining to 
mechanical aptitude of Blacks with higher levels of education in 
Southern Africa have been conducted to date • 

. The reasons for this stem primarily from the fact that until recently 
the majority of the Black work force has been engaged in mainly 
low-level mechanical tasks at operator level or below , requiring 
little initiative and few decision-making skills. The sample 
available for research has been mainly illiterate or semi-literate , 
with a 1 1  the concomitant diff i cul ti es with regard to psychol ogi ca 1 
testing in developing groups which many writers have discussed at 
length. These include: 

conceptual incompatibility (Berry , 1 97 1 b; B i esheuvel , 1 949 , 
1 952b , 1 952c , 1 958; Faverge & Falmagne , 1 962; Hudson , 1 960; 
Irvine , 1 963 , 1 969a , 1 969b; Poortinga , 1 97 1 ;  Vernon , 1 965). 

tests tending to measure acculturation and familiarity with 
�lestern nodes of thought rather than aptitudes ( Fa verge & 
Falmagne , 1 962; Ombredane & Faverge , 1 955; Vernon , 1 965). 
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tests measuri ng di fferent concepts dependi ng on education a 1 1 eve 1 
and subsequent di fferenti ati on of ab i l i ty { Crawford-Nutt , 1 977a ; 
Grant , 1 970a ; Irvi ne , 1 969b ) . 

the misnomer of the ' culture-free ' test ( B i esheuvel , 1 952c , 1 958 ; 
Irvi ne , 1 969b ;  J ahoda , 1 956 ; Serpell , 1 974 ; S i lvey , 1 963 ; 
Verhaegen & Laroche , 1 958 ; Vernon , 1 96 5 ) . 

Many researchers ( Heron , 1 966 ; Irvi ne ,  1 962 , 1 963 , 1 969a ; Irvi ne & 
Carroll , 1 980 ; J ahoda , 1 956 ; Lloyd & P i dgeon , 1 961 ; Ombredane , 
Rob aye & Pluma i 1  , 1 956 ; Schepers , 1 97 4 ;  S i lvey , 1 963 ; Verhaegen & 
Laroche , 1 958 ; M . A. Verster , 1 976 ; Von Mollendorf , 1 974 ) have poi nted 
out that test scores of African subjects are cl early a functi on of 
education and practice and are thus 1 i ab 1 e to sign i ficant i ncreases 
with practice and coachi ng . This i nvari ance of test scores app 1 i es 
particularly to non-verbal , fi gural constructs . 

The little that is  known about the mechan i cal aptitude of Blacks tends 
to be of a rather equivocal nature . Vernon { 1 950 ) remarked on the 
' retarded ' development of the practical i ntelligence of the Blacks , 
and Bi esheuvel ( 1 961b , p .  28 ) has stated that Africans are known to 
suffer "considerable cultural handicaps" i n  thi nki ng i n  three 
di mensions , whereas Cryns ( 1 962 , p .  296 ) , writi ng i n  the followi ng 
year , reported that i nvestigators have ignored the African ' s  
"phenomenal sense of spati al ori entation " and his "superior 
psychomotor behaviour" . Bi esheuvel ( 1 963 ) noted that rural Blacks 
have little opportun ity for man ipulati ng and usi ng mechan i cal devices , 
yet commented later { Bi esheuvel , 1 979 , p .  289 ) on the "complicated • • •  
mechan ical devices" wh i ch they make . 

The conclusions regardi ng the factor structure of Blacks have been 
equally confusi ng and contradictory . Murray I s ( 1 956 ) asserti on 
regardi ng the African ' s  s implici ty of mental structure may be 
contrasted with that of J . M .  Verster ( 1 982 , p. 378 ) who offered 
evidence poi nti ng to a complicated model of cogn it ive processes which 
has "un iversal validity i n  normal adult populati ons , regardless of 
di fference i n  racio-cultural vari ables" , and El-Abd ( 1 970 )  and 
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Durojai ye (1 971 ) who demonstrated that the structure of intel l i gence 
i s  i ndependent of race. 

One of the prob l ems caused by the cul tural di fferences between Bl acks 
and other i�estern groups is  that there are a 1 i mi ted vari ety of tests 
avai l ab l e  for studying the cognitive structure of Bl acks (Bal l entine, 
1 982 ) . In order to determine a factor adequatel y  at l east three 
tests , di ff eri ng in  format but requiring the same operati on, l oadi ng 
on that di mensi on are requi red. If  onl y  two tests l oad i t  i s  not 
possi b l e  to obtai n uni que esti mates of communal i ty (Grant & Schepers, 
1 969). Due to the l ow l evel s of l i teracy prevai l i ng among the Bl acks, 
most of the tests used in  the past were of the performance type, 1 i ke 
the General Adaptab ili ty Battery (Bi esheuvel , 1 952a, 1 954 ) and the 
Cl assi fi cati on Test Battery (Grant, 1 970b), and thus, accordi ng to 
Grant (1 969 ) the whol e range of ab i l i ti es coul d not be adequatel y  
sampl ed. Grant and Schepers (1 969) aptl y descri bed the fi ndi ngs of 
uni tary factors obtained for Bl acks as "more descri pti ve of the status 
of test devel opment than of the structure of i ntel l ect" (p. 1 81 ). 

Wi th the i ncreasi ng numbers of Bl acks who are matri cul ati ng (Uitti,  
Visser, Hal l ,  Makaul a, Raubenhei r.1er, & Tabane, 1 980; Reynders, 1 981 ) 
together wi th the recommendati ons of the Wi ehahn Commi ssi on (Bendi x, 
1 979) for l i fti ng restraints on Bl ack workers from enteri ng ski l l ed 
jobs, a more h i gh l y educated and urbani zed Bl ack popul ati on i s  
avai l ab l e  on wh i ch research into mechani cal  apti tude can fruitful l y  b e  
undertaken. 

3. 8 Components of mechani cal apti tude 

3.8. 1 Conceptual reasoning 
A general reasoni ng factor has been shown to be an i mportant cor.iponent 
of mechani cal apti tude ( Bingham, 1 937; McCormi ck & Ti ffin, 1 975; 
Patterson, 1 956; Theuni ssen, 1 979; Thurs tone, 1 949, 1 950, 1 951 ). A 
recurri ng ther.ie i n  the 1 i terature has been that there are cul tura 1 
di fferences i n  ab i l ities and that Afri cans th i nk concretel y  whereas 
Whi tes th i nk abstractl y  and conceptual l y  (Carothers, 1 953; Cryns, 
1 962; Fi ck, 1 939; Porteus, 1 937; T. Tay l or, 1 977; Van der Rei s, 

·10·_-
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Herbeloff & Taylor , 1 982 ; Hintringer ,  1 95 5 ) . Biesheuvel 
believed that the poor perf orr.iance of Blacks on tests of 

abstract reasoning is not a va 1 id assessment of their abi 1 i ty to think 
abstractly and conceptually because " there is ample evfdence that 
within their own cultural context they are able to do all these 
things 11  ( p .  98 ) .  Some support for this came from Okonj i ( 1 971 ) and 
Price-Hi 1 1  i ams ( 1 962 ) . Other researchers ( Du Toi t ,  1 965 ; Evans , 
1 973 ; Okonji , 1 971 ; Reuning , 1 972 ) have indicated that the systems 
of classification used by rural Blacks might be quite different from 
those used by a White culture . 

In an analysis of an extended version of the For� Series Test , Kendall 
( 1 974 , 1 977 ) found evidence to suggest that most Africans tend to 
adopt a perceptual rather than a conceptual strategy to solve the 
items. I t  is only with regard to the more literate Africans that 
there is evidence to suggest that they adopt a conceptua 1 strategy to 
solve more difficult out-of-phase problems which cannot be solved 
perceptually . T. Taylor ( 1 977 ) and Kendall ( 1 974 ) have expressed 
their belief that the ' conceptual reasoning ' factor postulated by 
Grant ( 1 972 ) does not ref er to conceptua 1 reasoning per se , as the 
version of the Form Series Test which Grant ( 1 972 ) used has no 
difficult out-of-phase items . Kendall ( 1 974 , 1 977 ) asserted that 
Blacks find it difficult to shift from a perceptual non-conceptual 
approach to problem-solving to adopting conceptual strategies ; and 
attributed the diff i cul ti es to socio-cul tura 1 and temper amen ta 1 
reasons . Irvine ( 1 969b }  has also demonstrated these differences in 
problem-solving strategies and noted that test scores approach Western 
patterns as groups become acculturated . 

Indeed , many others have shown that forr:1al education and Westerniza
tion are the media through which Blacks acquire abstract conceptual 
strategies ( Brimble , 1 963 ; Crawford-Nutt , 1 977a ; Erwee , 1 981 ; 
Evans , 1 973 ; Jahoda , 1 956 ; Kendall , 1 974 , 1 977 ; Okonj i ,  1 97 1 ; 
Pick , 1 980 ; Reuning , 1 972 ; Schmidt ,  1 960 ; T. Taylor , 1 977 ; Vernon , 
1 967 ; �erbe 1 off & Taylor , 1 982 ) . Thus depending on the qua 1 i ty and 
quantity of urbanization and formal education , literate Blacks will be 
able to shift from a concrete to a conceptual mode of reasoning . 
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T. Taylor ( 1977, . p. 33 ) ,  however, p ointed out that whereas the 

evidence suggests that the I
I African culture is biased tm�ards a 

concrete, p erceptual mode of functionin g ", this mode has functional 

adaptive utility and value j udgements about the unf avourabil ity of 

concrete thought should not be made. A concrete-perceptua 1 mode of 

reason ing does, however, restrict effective functioning in the Western 

technological environment. Higher-level technical and mechanical j obs 

pl ace demands on  the workers to functi on at the abstract-conceptual 

level (Kendall, 1977 ; T. Taylor, 1977 ) .  Technical j obs often have 

novel tasks which are comp l ex and diverse and which call for flexible 

approaches. The indi v idual ' s  capacity to adapt to new situations and 

to new sk i 11 s is thus very important. Hm,1ever, one of the prob 1 ems 

pertaining to Black education is that Blacks are taught mainly by rote 

(Erwee, 1 981 ; Orbell, 197 5 ;  Vernon, 1 967 ) which tends to prevent the 

emergence of abstract reason ing strategies as formulated by P iaget 

(1946 ). Blacks are thus often capable of learning a great deal of 

theory in a mechanistic fashion (Vernon, 1 967 } ,  but might experience 

difficulties in sifting out the relevant information (Werbeloff & 

Tayl or, 1982 ) ; in applying the theory to the practical situation 

(Vernon, 1 967 } ; or i n  formulating decision-making strategies. 

3. 8. 2 Perceptual factors 

Ap art from abstract reasoning, the likelihood exists that mechan ical 

apti tude i nc l udes f actors concerned wi th perceptual i nf ormation 

processes. 

Grant (1969, 1970a ) ,  Grant and Schepers (1 969 ) ,  and Ballentine (1 982 ) 

have identified perceptual speed factors in their studies on Black 

mineworkers. Ballentine (1982 ) ,  however, asserted that Grant ' s  (1969, 

1970a ) factor of I perceptual speed I which Grant equated with French I s 

( 1951 ) def i n i  ti on  of the factor is more a 11 i ed to Thurs tone I s { 1 949, 

1950 ) s1 factor than  to perceptual sp eed. 

Thurs tone ' s  ( 1 949, 1 950, 1951 )  analyses of mechan i  ca 1 aptitude 

resulted in two perceptual closure factors being extracted : speed of 

closure { c1 ) a nd flexibility of closure (C2 } .  Tests of field 

independence (Thurstone, 1951 ) loaded on c2 • 
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Some wri ters have suggested that the concept  of ' f i e l d  arti cu l ati on ' 

to be a more val i d  descri pti on than the f i el d  i ndependence con struct 

( Catte l l ,  1 97 1 ; Gardner et a l . ,  1 960 ; Gruenfe l d & MacEachron , 1 975 ; 

Pemberton , 1 952 ) and have shmm the concept to be a genera 1 i zed 

analyti cal  ori entati on re l ated to c2 • It has been found i n  a number 

of studi es ( Berry ,  1 966 ; Catte l l ,  1 97 1 ; Dawson , 1 967a ; Doob , 1 960 ; 

MacArthur , 1 968 ; McFi e ,  1 961 ; Ok onj i ,  1 969 )  and i n  the Southern 

Af ri can context ( Baran , 1 970 ; Du Preez , 1 968 ; Smi th , 1 971 ) that  the 

analyti cal  cog n i ti ve styl e and behav i oural  referents assoc i ated wi th 

f i e l d  arti cu l ati on and adaptab i l i ty to i ndustri a l  techn i ques are 

ev i dent  when group s i n  cul tural trans i ti on are compared , and i nd i cate 

" that thi s ab i l i ty i s  assoc i ated wi th the occupati onal and educati onal  

sk i l l s  rel evant  to an i ndustri al and techno l ogi cal  way of l if e "  

( Gruenfel d & Mac Eachron , 1 975 , p .  31 ) .  

Wober ( 1 96 7 )  agreed wi th B i  esheuve 1 ' s  ( 1 952c ) comment  that Af ri can 

cul  tu res mi ght f aster deve 1 opment of sk i  1 1  s i n  sensory moda 1 i ti es 

other than v i sua l . Hence the sameness of cogn i ti ve sty l e f ound i n  

ilestern cu l ture wh i ch permeates a 1 1  aspects of behav i our  mi ght  n ot 

occur to the same extent f or Af ri cans . 

Accord i ng to Cryns  ( 1 962 ) there i s  " rel ati ve unani mi ty"  ( p .  292 ) among 

researchers regard i n g  the " i ncapac i ty "  ( p .  292 ) of B l ack s f or 

perceptual anal ys i s ,  and Schwi tzgebel  ( 1 962 ) expressed h i s bel i ef that 

these sk i l l s  mi ght not even be atta i nab l e  after exten s i ve educati on . 

Werbel off and Tayl or ( 1 982 ) attri buted the l ow correl ati on (!!_ = 72 , 

.!:. = 0 , 1 5 )  ob served wi th a Bl ack samp l e between a conceptua l  reason i ng 

test and f i el d  i ndependence , as measured by the Gottschal dt Embedded 

Fi gures Tes t ,  as  be i ng re 1 ated to the ho 1 i sti c perceptua 1 type of 

prob l em-so l v i ng  strategy adopted by the B l acks to sol ve i tems of the 

Gottscha 1 dt Embedded Fi gures Test .  Both conceptua 1 reason i ng 

( Brimb l e ,  1 963 ; Crawf ord-Nutt , 1 977a , 1 977b ; E rwee , 1 981 ; Kenda l l ,  

1 97 4 ,  1 977 ; Reun i  ng , 1 972 ; T .  Tay l or ,  1 977 ) and f i e l d dependence 

( Baran , 1 970 ; Du Preez , 1 968 ; Smi th , 1 97 1  ) have been shown to be 

rel ated to accu l turati on in Southern Af r i ca  and to be rel evant f or 

effecti ve f uncti on i ng i n  the Western-technol og i ca l  env i ronment.  I t  i s  

thus l i ke ly  that these factors wi l l  contri b ute towards mechan i ca l  

apti tude . 
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3.8. 3 Mechanical knowl edge and insight 
The abil ity to understand �echanical principl es 
component of mechanical aptitude ( French, 1951; 
1947; Guil ford & Zimmerman, 1947; McCormick 
Nunnal l y, 1970; Patterson, 1956; Vernon, 1961 ) .  

is an important 
Guil ford & Lacy, 
& Tiffin, 1975; 

Sorenson ( 1966 } indicated that often the better mechanic is one who 
rel ies on mechanical intuition and everyday technical experience 
rather than on formal l y  taught principl es. This woul d tend to pl ace - a  
Bl ack, who has spent his formative years in an environment which does 
not feature el ectrici ty with its concomitant machinery and gadgets, at 
a considerabl e  disadvantage. The compl ex nature of a troubl e-shooting 
job wi 11 a 1 so p 1 ace those who are unf ami 1 i ar with mechani ca 1 and 
technical tool s at a disadvantage ( Skawran et al . ,  1967 ) .  

Ombredane and Faverge ( 1955 ) have found that test items which empl oyed 
knowl edge of cues bel onging to habitual graphic and diagrammatic 
representation of Western groups al so caused difficul ties among 
Bl acks. In Vernon 's ( 1961 ) factor anal ysis of African recruits using 
MacDonal d 's ( 1945 )  battery, a mechanical comprehension test had the 
poorest l oadings, which Faverge and Fal magne {1962 ) attributed to it 
being the most un-African test as it contained many unfamil iar 
mechanical items. 

The importance of previous experience and hobbies in fostering 
mechanical insight was pointed out by Kemp ( 1980) in his finding that 
Bl ack students who performed wel l on tests of spatial and mechanical 
reasoning had technical interests or experience in the fiel d. That 
Bl acks do have an innate grasp of mechanical concepts, furthermore, is 
suggested by the skil l with which they fashion el aborate model s out of 
wire {Biesheuvel ,  197 9) .  Thor.1son (1967, 1972 ) ,  too, commented that 
both urban and rural Bl ack chil dren in Rhodesia are adept at making 
wheel ed toys from l engths of scrap wire. These range in compl exity 
from a singl e  wheel at the end of a steering col umn to repl icas of the 
l atest cars compl ete with dragl ink steering devices. Serpel l ( 1974)  
a 1 so reported on the superior performance on wire mode 11 i ng tasks of 
Zambian Bl ack chil dren compared with that of Whites. In  fact, the 
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lH re Bending Test ( Bennett , 1970 )  whi ch has been adapted and used 

successful l y  to se l ect Bl ack apprenti ces in Zambi a, l oaded on a 

' mechani cal  knowl edge and experi ence ' factor ( Ekval l ,  1969 ) ; and was, 

according to Bennett ( 1 970 ) ,  a measure of mechani ca  1 i nsi ght and 

experi ence. 

3. 8. 4 Spati al factors 

Spati a l  factors have been identi fi ed i n  many mechani cal aptitude 

studi es ( Estes, 1 942 ; Gui l ford et a l . ,  1952 ; Gui l ford & Lacy, 1947 ; · 

Gui l ford & Zi r.1merman, 1947 ; Harrel l ,  1940 ; Thurstone, 1 949, 1950, 

1 951 ; Z immerman, 1953 ) among i.Jhi tes and in Bal l ent ine ' s  ( 1 982 ) and 

Grant ' s  (1 970a ) studi es of spati al abi l i ty i n  B l acks. 

Because of the i mportance of spati a l  abi l i ty for mechani cal  apti tude 

and because Bl acks are knmm to experi ence diffi cul ti es i n  pi ctori al 

depth percepti on, the spati a l  abi l i ti es of B l acks have a l ready been 

di scussed i n  some detai l  ( see secti on 3. 3. 2 and 3. 3. 3} . 

3. 8. 5 Summary 

It appears from an exami nati on of al l the ev idence to date that there 

is no cl ear formal model of mechani cal  apti tude for Whi tes or for 

Bl acks. What is apparent, however, is that  i t  i s  l i ke l y that the 

fol l owi ng factors pl ay a rol e i n  the structure of mechani ca l  apti tude 

in  Bl acks :  

spati al abi l i ty ,  parti cul arl y v i sual i zati on ; 

mechani cal i nsi ght ; 

conceptual  reasoning ; 

perceptual processing ; 

mechani cal  hobbi es ;  

mechani cal i nterests. 
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