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OPSOMMING 

Konvensionele numeriese toetse neig om die vermoe om 

roeti ne-berekeni nge ui t te voer te meet. Hi erdi e vermoe het met die 

aanbreek van die sakrekenaar-tydvak baie minder belangrik geword. Van 

meer" belang is 1 n begrip van die basiese reels van rekenkunde, 'n 

vermoe om die reels ·toepasl i k aan te wend en om te besl ui t of antwoorde 

wat op 'n sakrekenaar verkry is redelik is. Hierdie oorwegings is in 

gedagte gehou in die ontwi kkel i ng van dri e nuwe toetse van numeri ese 

vermoe. Hierdie verslag beskryf die ontwikkeling en validering van die 

dri e toetse. 

SUMMARY 

Conventional numerical tests tend to measure the ability to perform 

routine calculations. With the advent of the calculator era this 

ability has become far less important. More important is an 

understanding of the fundamental rules of arithmetic, the ability to 

apply the rules appropriately and to judge whether the answer obtained 

on a calculator is reasonable. Bearing these considerations in mind, 

three new tests of numerjc·a1 ability were developed. This report 

describes the development and validation of the three tests. 
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1. INTRODUCTION 

Conventional tests of numerical ab i 1 i ty tend to reflect the 
school syllabus. The task in such tests may be to compute the 
correct answer to a complex numer i ca 1 expression which 
incorporates many of the rules of arithmetic. In other 
conventional numerical tests a numerical problem is presented 
with a few relevant facts from which the subject must determine 
the method of approach and perform the necessary calculations. 
The Computation tests to be found in the Intermediate Battery 
(877) and Normal Battery (A76) are examples of the former and 
the Arithmetic Prob 1 ems Test to be found in the Intermediate 
Battery is an example of the latter. 

With the advent of the calculator era, however, the ability to 
perform routine calculations has become far less important. 
Instead, the ability to estimate the answer to a prob 1 em is 
required, so that one can judge whether the answer obtained on 
a calculator is within reasonab1e limits. Furthermore, in real 
life situations problems are not presented with all the 
relevant facts. Rather, the relevant information must be 
teased out of a welter of extraneous facts and figures. 

Bearing these considerations in mind, the Test Construction 
·DiNision of the National Institute for Personnel Research 
(NIPR) embarked on a project to develop new tests of numerical 
ability. Three tests were conceptualized, each measuring a 
different aspect of numerical ability. These tests were the 
Arithmetic Reasoning Test (developed by T R Taylor), the 
Estimation Test (developed by N Tredoux and C S  Chemel) and the 
Embedded Problems Test (developed by M E  Halstead). 

The Arithmetic Reasoning Test (ART) measures understanding of 
the fundamental rules of arithmetic and the application of 
these rules in logical strategies in order to solve problems of 
a purely numerical nature. Each item involves several logical 
and numeri ca 1 steps. They are presented in a nove 1 format to 
prevent the use of rote arithmetic procedures. Furthermore the 
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i terns are cumbersome to so 1 ve algebra i ca 11 y, so th at testees 
with algebraic experience have no advantage over those with 
little algebraic experience. The items are equations in which 
single digits have been replaced by symbols. These symbols are 

D which always reoresents any positive single digit 

[ which a 1 v.1ays represents half the value of D 

E] which always represents one more than 0 

The subject's task is to work .out the value of D for each 
equation. In some cases, an operator has been omitted and 
replaced by the symbo 1 ... • Taylor ( 1982, p28) provides an 
example of an item and the set of logical steps to solve the 
. ;-1 .. em. 

D 4" 8 = 9t 

The following steps are required to soive this item. 

(i) As the number on the right-hand side of the equation is 
a fraction, the operator must be 7 (the only operators 
permitted are +, - , x, +). 

( i i ) 

( i i i ) 

( i V) 

37 
Hence[J4 = -

ti 4 

Try equating numerators and denominators. But the 
units digits in the numerators are not the same. 

Since 37 is prime, the numerator on the left must be a 
multiple of 37. The obvious candidate is 2; 37 doubled 
will produce the digit 4 in the units column and this 
tallies with the 4 on the left-hand side numerator. 

(v) Double 37 to produce 74. This gives a value of 7 for D 
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(vi) Check the whole equation, substituting 7+1=8 for 19 
1A = 9a 

The equation balances, the solution has been found. 
Two versions of the Arithmetic Reasoning Test were developed 
that differ in difficulty level. These versions are known as 
the Arithmetic Reasoning Test - Standard Level (ART-SL) and the 
Arithmetic Reasoning Test - High Level '(ART-HL) .  The ART-SL is 
most suitable for people with 10 to 12 years formal schooling 
while the ART-HL is most suitable for pe-0ple with 12 years or 
more formal schooling. 

The second test of numerical ab i l i ty, the Estimation Test-
High Level (ET-HL) measures the ability to mak e quick 
estimations of arithmetic expressions through the use of 
rounding and short-cut strategies. 

An example of an item is provided in the instructions to the 
test. 

41 X 24 a) 814,0 
b) 984,0 
c) 1154 

d) 1194 

e) 834 

To do this item one should reason as follows 

11 41 is close to 40, and 24 is close to 25; 40 times 25 
is a thousand; therefore the answer must be about a 
thousand. It cannot be far over a thousand, because 24 
is less than 25. The correct answer must therefore be 
I b I •  II 

The necessity for using "intelligent" and flexible strategies 
in order to solve the problems in the quick est way indicates 
the participation of a general intellectual ability component 
in the test. The i terns involve the arithmetic operations of 
addition, subtraction, multiplication, division, square roots 
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and squares. Items involving whole numbers, fractions and 
decimal numbers are included in the text. 

Since two levels of the test are envisaged, the version under 
discussion will be known as the Estimation Test-High Level 
(ET-HL). The Estimation Test-High Level is appropriate for 
people with more than 10 years formal schooling. 

The Embedded Prob1ems Test (EPT) measures the ability to 
identify the procedure and information required to solve a 
verbally presented problem, extract the information from 
related but irrelevant material and calculate the answer. 
Subjects are presented with paragraphs of information 
describing a situation and have to answer four or five 
questions about each paragraph. Skills of numerical 
understanding and computation, as we 11 as verba 1 ski 11 s are 
required for effective performance on the test. Although not 
factor i a 11  y pure, it imposes demands of a nature s i mi 1 ar to 
those imposed in many quantitatively orientated jobs and 
curricula. This test wil1 be suitable for people with not less 
than twelve years education. As it is still in its 
experimental form its validation is not discussed per se in 
this report. It does, however, feature as an included test in 
validation exercises on the ART and ET-HL. 

2. DEVELOPMENi OF THE ARITHMETIC REASONING TESTS AND ESTIMATION 

TEST 

The data from two initial applications of the ART-HL (36-item 
version), one to a large group of White Technikon students and 
one to a group of trainee computer programmers, were analysed 
using the Item Response Evaluation program (IRE). The results 
for the Techn i kon group ( n =151) indicated th at the internal 
consistency of the test was high (Kuder-Richardson formula 
20 = O, 86 when no response is taken as wrong and 
Kuder-Richardson formula 20 = 0, 93 when no response is taken as 
missing information). Each item was evaluated in terms of its 

4. 



correlation with the test total, the proportion of endorsements 
of each response a1ternative and for difficulty level. 

The results indicated that, with very few exceptions, the items 
performed well in terms of these psychometric properties. Data 
from the application of the test to trainee computer 
programmers yielded similar resu1ts. Since very few items 
could be rejected on the basis of being poor items, difficulty 
level of the item became the critical factor in deciding 
whether to reject or k eep an item in the test. In this way the 
test was shortened to twenty four items. To shorten the ART-HL 
further would have reduced the internal consistency of the 
test. 

The ART-SL (36 item version) was initially applied to 136 Black 
students undergoing a year of pre-technikon training. The meari 
of the test for this group was 19, 3, standard deviation was 
9 , 27 and Kuder-Richardson formula 20 was 0, 939. A 19-item 
version of the ART-SL was applied to 92  Black Matriculants. 
Al though this was a short version of the test the 
Kuder-Richardson formula 20 was 0, 892, the mean was 9,28 and 
standard deviation was 5,28. Both sets of data were item 
analysed. As with the ART-HL, the test and item statistics 
proved satisfactory from the start. Items were rejected on the 
basis of their difficulty level. The final result was a 
30-i tern test. Part of the success of th� ART ( SL and HL) in 
terms of its psychometric properties lies in the fact that 
there are nine alternative responses to every item. This 
reduces the undesirable effects of guessing. 

The ART-HL and the ART-SL differ in format in that the former 
is subdivided into three sections with a 13 minute time limit 
for each section while in the latter the items are not 
subdivided and there is only one overall time limit. In 
analysing data on the ART-HL it became apparent that the 
strategy used by some subjects was one of trying a lik ely 
number, and if that did not work , trying another number. Since 
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the subject knows whether his answer is incorrect and the range 
of possible answers lies between one and nine, he may keep on 
trying until he achieves the correct answer. This strategy 
might have been used more frequently in the high level 
version of the test because of the greater comp 1 ex i ty of the 
items. In order to reduce this problem the ART-HL was divided 
into three sections with a time constraint of thirteen minutes 
per section. After thirteen mi nut es on a section the subject 
is told to move on to the next section. This has the effect 
of encouraging the subject to attempt to solve the i tern by 
using quick arithmetic strategies and if these do not work, to 
move on to the next item. 

The Estimation Test-HL initially had forty items. Items were 
constructed to incorporate a sampling of all types of numerical 
operations eg. addition, subtraction, multiplication, division, 
squares, square roots and quadratic equations. The test is 
avail ab le in both a paper-and-penci 1 format and on the NIPR 's 
PLATO computerize·d testing system. Other than mode of 
presentation, the major d ifference between ET-HL and ET-HL 
(computerized) is that in the paper-and-pencil version the 
whole test is timed while in the computerized version each item 
is timed and the time limits per item are set so as to prevent 
11 accurate 11 or 11 complete11 calculation of the answers. 
The paper-and-pencil version was applied to accountancy honours 
students at an Afrikaans university_ while the computerized 
version was applied to clerical staff at a semi-government 
organisation. Both these studies resu 1 ted in the e 1 imi nation 
of the harder i terns i nvo 1 vi ng quadratic equations. On the 
basis of both these studies 26 items were selected for the 
final version of the test. In the computerized test nineteen 
items were selected that were particularly appropriate for 
clerical staff. The test is presented in its 26-item format 
but only r. i neteen i terns are scored. The seven unscored i terns 
contain squares and square roots which are not generally used 
by clerical staff. 
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3. BACKGROUND INFORMATION 

Before examining the validation studies consideration must be 
paid to several points. 

The size of a corre 1 at ion coefficient depends part i a 1 1  y upon 
the heterogeneity of the population from which the data is 
obtained. In a homogeneous population the range of ability ca� 
be sma 11. . The narrower the range the s ma 1 1  er the corre 1 at ion 
coefficient tends to be. Figure 1 illustrates the point made. 

FIGURE 1 

EFFECT OF RESTRICTION OF RANGE ON CORRELATION COEFFICIENTS 
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The effects of restriction of range may be seen in both 
internal consistency figures ( generally Kuder-Richardson 
formula 20 or 21 in this report) and in the validity 
coefficients. 

Ideally in validation studies one would like to apply a battery 
of tests, ignore the results and collect the validation data. 
This seldom happens in practice. Sometimes selection is based 
on the predictor var i ab 1 e. Lord and Novi ck ( 1968, p .141) 
present hypothetical data s howing how the variance in the 
se 1 ect ion var i ab 1 e reduces as the population group is 
increasingly selected . A few examples from this data are 
presented as an ex amp 1 e. These figures are based on scores 
that are normally distributed with unit variance. 

7. 

. a:�---------... 



TABLE 1 

VARIANCE IN THE SELECTED GROUP WHEN THE TOP 
P PERCENT ARE SELECTED FROM A STANDARD NORMAL POPULATION 

I 60 Percent 100 80 50 40 20 10 
Selected 

Standard deviation 1 0, 76  0,65 0, 60 0, 56 0, 47 0, 41 
in selected ·group 

io the extent th at the se 1 ect ion var i ab 1 e and the er i ter ion 
correlate, restriction of range will occur in both variables 
resulting in an underestimate of the test's validity. Lord and 
Novick (1968, p. 141) refer to selection on a specific variable 
as exp 1 i cit se 1 ect ion. They ref er to consequent effects on 
other variables which correlate with the variable on which 
selection was done as incidental selection. 

Explicit and incidental selectior. affect the relative size of 
the validity coefficients so that a test that is highly valid 
for the total group may appear invalid on a selected sample. 
Lord and Novick ( 1968, p. 143) offer a technique whereby the 
11 true" validity coefficient can be estimated by eliminating the 
effects of selection. Two assumptions mu�t be satisfied before 
the technique can be applied. These assumptions are firstly 
that, if X is the explicit selection variable and Z the 
criterion variable, the regression of Z on X is the same in the 
se 1 ected and unse 1 ected groups. The second assumption is that 
the vartance of z is the same for both groups. 

So far the discussion has centered around the situation where 
se 1 ect ion is based on the predictor var i ab 1 e. More often in 
validation exercises the unselected group is given a battery of 
tests which incorporate for example a standard test on which 
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predictions are usually made and an experimental test which is 
being considered as a rep 1 acement predictor. Where exp 1 i cit 
selection is on variable X incidental selection will occur 
on both Z (the criterion variable) and Y (the proposed 
predictor). A technique to determine the correlation between Y 
and Z in the unselected group is discussed in Lord and Norvick 
( 1968, P.144) . The assumptions are similar to those in the 
case above viz. the true regressions of Yon X and Z on X are 
linear and the variance of Y given X, the variance of Z given X 
and the covariance of Zand Y given X, do not depend upon X. 

The technique has been genera 1 i zed to the case where sever a 1 
variables are subject to explicit selection and other variables 
correlated with these are subject to incidental selection. For 
a more detailed consideration of these concepts the reader is 
ref erred to the chapter on Measurement Pree is ion, Estimation 
and Prediction by Lord and Novick ( 1968). 
Most of the validation studies in this report are based on a 
model of convergent and discriminant validity. Both types of 
v a 1 i d i t y are used to est ab 1 i sh the construct v a 1 i d i t y of the 
tests. Construct validity is the extent to which a test 
measures what it purports to measure. Convergent validity is 
demonstrated by high corre 1 at ions with other instruments that 
are designed to measure in the same content domain. 
Discriminant v�lidity occurs .when the test correlates at a 
lower level with instruments which are designed to measure 
different content domains. In the validation of the ART (SL 
and HL) and ET -HL an attempt was made to incorporate a wide 
variety of tests so that the construct validity of these tests 
could be demonstrated. 

Validation studies were conducted on the ART (HL and SL) and 
the ET-HL throughout their development. Thus some of the 

studies discussed are based on earlier versions of the tests. 
These resu 1 ts are inc 1 uded s i nee it is f e 1 t that the content 
domain of the tests was not substantially altered. Testing on 
the early versions would be expected to yield inferior results 
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(from a psychometric and validity point of view) than those 
obtained from the refined versions of the tests. Hence they 
would tend to underestimate the performance of the tests. 

A number of tests were included repeatedly in test batteries in 
which the ART ( SL and HL) and the ET -HL were used. These wi 1 1  
be described in the next section. Thereafter, studies in which 
the ART-HL was used will be discussed and then studies in which 
the ART-SL was employed. Since the ET-HL was generally applied 
in conjunction with either ART-HL or ART-SL it will be 
discussed together with these tests. Finally studies in which 
the ET -HL was app 1 i ed without the ART -HL or ART-SL wi 11 be 
presented. 

4. THE PREDICTORS 

Only the tests produced by the National Institute for Personnel 
Research wi 11 be described in this section. In some of the 
studies other predictors such as in-house tests were used. 
These wi 1 1  be des er i bed together with the relevant research. 
The tests that were applied fall into five categories: 
cognitive (Mental Alertness Test, Deductive Reasoning Test, 
Figure Classification Test, Conceptual Reasoning Test and 
Pattern Relations), number (Arithmetic Problems, Computation), 
verbal (Reading Comprehension, Vocabulary, Words-in-Context), 
spatial (Blox, Gottschaldt Figures Test, Rotate ·and Flip Test, 
F-test and H-test) and scientific Kn owl edge and comprehension 
(Mechanical Comprehension Test, General Science Test). 

4.1 Mental Alertness Tests 

The Mental Alertness Tests are measures of general intellectual 
functioning. The questions are presented in a verbal format. 
Reasoning tasks in the form of codes (number and letter), 
similarities, analogies and number and letter series are 
presented. Two levels of this test were used in the validation 
studies. The high level Mental Alertness (MA-HL) contains 42 
items and is suitable for subjects with at least matric. The 
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i ntermed i ate Mental  A l er t nes s ( MA- I ) con tai n s  30 i tems and i s  

appropr i ate for peop l e  w i th  ten to twe l ve years of ed ucat i on .  

4.2 Deduct i ve Reason i ng Test 

The Ded uct i ve Reason i ng Test  meas ures t he ab i 1 i ty " to make 

val i d  i nferences from g i ven i nform�t i on "  ( Vers ter, 19 73, p . 2 ) . 

The s ubject i s  presented w i t h  sy l l og i sms  con tai n i ng t hree 

c l as ses of semant i c  con tent, fact ual ,  con tra-factual  and 

non sense, from wh i ch he mu$t  ded uce t he correct cone 1 u s  i on . 

The h igh l eve l ver s i on ( DRT-HL ) i s  not s u i tab l e for peop l e  w i th  

l es s  than twe l ve years ed ucat i on and has been s ucces sfu l l y  

app l i ed to grad uates . These are 36 i tems i n  t he tes t . The 25 

i tern i ntermed i ate vers i on ( ORT - I )  i s  appropr i ate for peop 1 e 

w i t h  l es s  than twe l ve years of schoo l i ng .  

4. 3 Fi gure Cl ass ifi cat i on Test 

The F i gure  C l a s s i f i cat i on Test ( FCT-HL ) i s  a meas ure of 
11 genera 1 i n t e l 1 e ct u a 1 ab i l i t y un con t  am i n at ed by verb a l s k i l 1 s 11 

( We r be l off and Tay 1 or , 19  82, p . 7 ) . The s ubjects  ' task  i s to 

c l as s i fy s i x  d i agrams i nto two groups of t hree by i dent i fy i ng 

re l evant concepts from i rre l evant d i stractors .  There are 24 

i tems . The tes t i s  des i g ned for use w i t h  peop l e  who have 

between ten to twe l ve years of schoo l i ng .  

4. 4 Conceptual Reason i ng Test 

The Conceptual Reason i ng Test  ( CRT )  i s  a non -verbal test of 

i n t e 1 1  e ct u a 1 fun ct i on i n g . The tes t i s s i m i  1 a r to t he Raven ' s 

Progres s i ve Mat r i ces i n  that the s ubject ' s  t as k  i s  to comp l ete 

a d i sp l ay wi th  a m i s s i ng component .  However, each i tem of the 

CRT has a un i q ue format, un l i ke t he Raven ' s  wh i ch i nc l udes on l y  

3x 3 mat r i ces . The s ubject has to deter m i ne how the components  

are re l ated i n  order to so l ve each i tem . The re l at i on s h i ps 

w i t h i n  each i tem may be based on ana l og i es, odd -man -out, ser i es 

etc . The i n i t i al 52 i tem test was l ater broken down i nto two 

vers ion s  i n  wh i ch i tems were mod i f i ed and new i tems i n serted . 
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The · CRT-SL i s  appropr i ate  for mat r i cu l ants wh i l e the  h i gh l eve l 

vers i on ( CRT-HL ) i s  appropr i ate  for b ursary app l i cants and 

graduates . 

4. 5 Pattern Re l at i ons Test 

The Pattern Re l at i ons Test i s  a n o n - verbal  t est of i nte l l e c t ua l  

f unct i on i ng .  I t  i s  based o n  t h e  Raven 's Progress i ve Matr i ces . 

The subject i s  presented w i t h  a 3x3 matr i x  from wh i ch one b l ock  

is  m i ss i ng .  H i s t ask i s  to work  out wh i ch .of s i x  poss i b l e  

answers i s  correct . Th i s  test i s  most su i tab l e  for u n i vers i ty 

graduates . 

4. 6 Ar ithmet i c  Prob l ems Test 

The Ar i th met i c  Prob l ems Test measures the  ab i l i ty to formu l at e  

and so l ve n u mer i ca l  prob l ems . On l y  t h e  re l evant facts are 

g i ven  i n  each i tem . The h i gh l eve l vers i on of the  Ar i thmet i c  

Prob l ems Test ( AP -HL ) and the  i nt ermedi ate l eve l vers i on 

( .A.P - I L ) form part of the  H i gh  Leve l Battery and I ntermed i ate  
- -

Battery respect i ve l y .  

4 . 7 Computat i on Test 

The Comput at i on Test ( CT )  requ i res the  subj ect  to cal cu l ate  t h e  

v a l ue of re l at i ve l y  comp l ex numer i ca l  expres s i on s  us i ng 

strateg i es t au ght at schoo 1 . .  · rhe  express i o ns are presented i n  

a way wh i ch al l ows the subject  to proceed d i rect l y  wi t h  the  

task : no  structur i n g  or f ormu  1 at i on of the  prob 1 em is  

requ i red . The  t est i s  su i t ab l e  for  peop l e w i t h  ten  to twe l ve 

years of schoo l i ng .  

4. 8 Read i ng Comprehens i on Test 

The Read i ng Comprehens i on Test i s  a 20 i tem test of the  ab i l i ty 

to read and understand the  cont ents of a paragraph . A l  t h ough  

avai l ab l e  i n  severa, d i fferent vers i ons, on l y  that from  the  

H i gh  Leve  1 Bat t e ry was used ( R C-HL ) .  Th us the  test used was 

appropr i ate for peop l e  w i t h  not l ess than twe l ve years 

schoo l i ng .  
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4. 9 Vocabu l ary Test 

The Vocabu l ary Test  from the H i gh Leve l B attery ( Voc -HL ) wa s 

u sed to as ses s t he s ubject s ' genera l voc abu l ary l eve l . The 

test i s  most appropr i ate for peop 1 e w i th not 1 es s t h an twe 1 ve 

years of schoo l i ng .  

4.10  Words-i n-Context Test 

The Word s - i n - Context  Test ( W I CT-HL ) i s  an  exper i menta l 

voc ab u l ary tes t . It  d i ffers from Voc -HL i n  t h at t he word i s  

embedded w i th i n  t he context of a sentence, rather t h an bei ng 

presented i n  i so l at i on .  The test i s  ava i l ab l e  i n  Eng l i sh and 

A fr i k a ans  , and  at t wo l eve 1 s of d i ff i c u  1 t y . The h i g h 1 eve l 

vers i on s  are s u i t ab l e as mea s ures of voc abu l ary ab i l i ty i n  the 

home l anguage of t he s ubject wh i l e t he s t an d ard l eve l vers i on s  

may be u sed to as ses s t he s ubject I s ab i l i ty i n  t he second 

l angu age . 

4 . 1 1  B l ox Test 

The B l  ox Test  i s  a mea sure of s p at i a l re l at i on s  a n d  

or i en t at i on ,  i . e .  t he ab i l i ty to ment a l l y  rot ate a n  ent i re 

conf i gurat i on w i th res pect to the s ubject ' s  own pos i t i on . It  

h as been succes sfu l l y app l i ed to peop l e  w i t h  more th an ten 

years of s choo l i ng .  

4. 12 Gottscha ldt F i gures Test 

The Got t s cha l dt F i g ures Test  ( GFT ) i s  a test of ana l yt i ca l  

percept u a l  ab i l i ty .  The s ubject 's t as k  i s  to i dent i fy wh i ch of 

f i ve key s h apes are embedded w i th i n  a more comp l ex f i gure . I t  

i s  appropr i ate for matr i cu l ant s . 

4. 13 Rotate and Fl i p  Test 

The Rot ate. and F l i p  Test ( RAFT ) i s  a meas ure of v i s ua l i z at ion  

i . e .  the ab i l i ty to ment a l l y  twi s t  and  rot ate part s of an  

object to form a comp l ete who l e .  The test can be  app  1 i ed  to 
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peop l e  w i t h  ten or more years cf schoo l i ng .  Th i s  i s  a new l y  

deve l oped test . 

4.14 F-test 

The F -test i s  a subtest of t he or ig i nal  General Apt i tude Tes t 

Battery ( GATB ) ( Un i ted States Emp l oyment Ser v i ce, 1967 ) .  I t  i s  

a measure of spat i a 1 ab i l i t y . The subject I s task  i s to II s e 1 e ct 

wh i ch of the a 1 tern at i ve f i gures has the same parts  as t he 

st i mu l us f i gure, w i th the parts  however bei ng e i ther rearranged 

or re-or i ented " ( Epstei n, 1983, p . 1 43 ) . Thus i s  appears to be 

a two -d i mens i onal v i sua l i zat i on tas k . The test has been used 

succes sfu l l y  on f i r s t -year eng i neer i ng student s .  

4 . 1 5 H-test 

The H-test i s  a test of surface deve l opment based on a subtes t 

of the GATB . The tas k  i nvo l ves menta l l y  fo l d i ng/ro l l i ng a f l at 

s h ape a l ong spec i f i ed l i nes  to c reate a th ree-d i mens i onal 

object and i nd i cat i ng wh i ch of four a 1 tern at i ves can be made 

from t he st i mu l us . The task  appears to i ncorporate both 

v i sua l i zat i on and spat i al re l at ions  and or i entat i on .  The tes t 

has been used on bot h  B l ack s and Wh i te Un i vers i ty s tudent s .  

4 . 1 6 Mechan i cal  �prehens i on Test 

The Mechan i cal Comprehen s i on Test (A3/ l) measures t he ab i l i ty 

to app l y  the pr i nc i p l es of phys i cs appropr i ate l y .  The content 

area of the test i s  l arge l y  genera l phys i cs and ap�l i ed 

mechan i cs . I t  i s  su i t ab l e  for peop l e  w i th ten or more years of 

s c hoo l i ng .  

4. 17 General Science Test 

The General  Sc i ence Test cons i s ts  of two part s :  a Techn i ca l  

and Sc i ent i f i c  Know l edge Test ( SK T )  and a Techn i cal  Read i ng 

Comprehens ion Test ( TR C ) .  It i s  su i tab l e for peop l e  w i th at 

l eas t twel ve years of schoo l i ng .  
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5 .  VALIDAT ION OF THE ARITHMETIC  REASONING TESTS AND 
EST IMATION TEST 

For each test (ART-HL, ART-SL and ET-HL) a description will be 
given of the samples followed by the basic statistics obtained 
from the samples. Thereafter for each study data re 1 at i ng to 
construct validity will be presented, and then data relating to 
predictive validity. 

5. 1 Va l i dat i on of the ART-HL 

5. 1. 1  Descript i on of the samples 

5. 1. 1. 1 Samp 1 e 1 

In 1981 the ART -HL was app 1 i ed to 1 25 White students studying 
computer science at a university. The ratio of English to 
Afrikaans students was 2 : 1. Most of the students were studying 
in the Commerce Faculty, substantially fewer in the Science 
F acu 1 ty and even less in the Arts Faculty. The students were 
al 1 undergraduates, mostly in their first year of study. In 
this sample the 36-item version of the test was applied but 
analysis was performed on the 24 relevant items. 

5 . 1. 1. 2 Samp 1 e 2 

Sample 2 consisted of 109 people from industry being trained in 
programming techniques. Applicants were thoroughly screened 
before acceptance on the course. Preacceptance screening 
consisted of five tests from the Burrough ' s Computer Battery 
(Verbal Memory, Reasoning, Letter Sequencing, Numeracy and 
Diagrams), a test specially constructed by the organization and 
an interview . 

5. 1. 1. 3 Sample 3 

The ART-HL was used as part of a battery for the selection of 
students for the Master of Business Administration degree. 
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Students are generally graduates al though exceptions are made. 
The test was applied to 227 applicants. 

5. 1. 1. 4  Sample 4 

Sample 4 comprised 65  accountancy students studying for an 
honours degree at an Afrikaans university. 

5. 1. 2  B as i c  stat i st i cs of the ART-HL 

Only the test statistics based on entire samples are presented 
below. Statistics based on subsamples are discussed together 
with the validation results. The n umber of subjects in each 
sample, mean , standard deviation , range and available 
reliabi lities (Kuder-Richardson formula 20, Kuder-Richardson 
formula 21 and Kuder-Richardson formula 21 with Tucker 1 s 
correction for n ormal distribution) are presented in Table 2. 

TABLE 2 

SAMPLE SIZE , MEAN , STANDARD DEVIATION ,  CETAINED RANGE AND 
RELIABILITY COEFFICIENTS FOR lliE ART-HL BASED ON FOUR SAMPLES 

OBTAINED RANGE I SAMPLE N "X SD KR2 0  KR2 1  KR2 1 (corrected) 
M I N  MAX 

1 125 10 , 3  5, 15 0 21 - 0, 812 0, 838 

2 109 11, 44 3, 9 5  1 24 - 0, 642 0, 687 

3 227 11, 24 5, 26 0 23 - 0, 818 0, 843 

4 65  1 1 , 14 1 4 , 51 3 20 0 , 78 - -

16. 

I 



The subjects in the four samples have all had twelve years or 
more schoo 1 i ng  and can be regarded as I I  university material 1 1 . 

The ART-HL appears to be at the appropriate level of difficulty 
for this type of subject. For all samples scores encompass the 
entire range with the mean approxi mately in the middle of the 
range. The reliabiliti es are acceptable particularly 
considering that the samples are already highly selected. 
Subjects in Sample 2, for example, were selected on the basis 
of si x tests and an interview. Furthermore, the KR 2 1  f ormu 1 a 
is an underestimate of KR2 0  which is a more accurate measure of 
reliability sin�e it takes item statistics into account. 

5. 1. 3 Va l i dat i on stud i es based on ART-HL 

5. 1.3. 1 Sample l* 

* 

The students tested on the ART -HL were studying a computer 
science course which varied for different groups of students. 
Some students were obliged to complete a basi c course  i n  
computer science to fulfil the requirements for their degree, 
whil e for other students it was an el ected course. 

In addition to the ART -HL, the students were tested on the 
DRT-HL, GFT, CRT (original 52-item versi on ) and MA-HL. The 
i ntercorre lat ion matrix between these tests is presented in 
Tab l e 3. 

Much of the data on which this study is based was obtained 
from a report by Calitz , A.P. 
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TABLE 3 

INTERCORRELATION MATRIX BETWEEN ART-HL , HA-HL , DRT-HL , GFT AND 

CRT, SAMPLE 1 ,  VARIABLE N ,  65<N<88 

* 

** 

ART-HL MA-HL DRT-HL 

ART-HL -

MA-HL 0, 5 2** -

DRT-.HL 0, 47** 0, 62** -

GFT 0, 31** 0, 45* 0, 27* 

CRT 0, 42** 0, 48** 0, 25* 

Indicates significance at the 0,05 level 
Indicates significance at the 0,01 level 

GFT CRT 

-

0, 5 1* -

The ART -HL correl ates significantl y with a 1 1  the other tests. 
The poorest  correl ation is with GFT (r = 0, 31) which is 
understandable considering that this test measures l argely i n  
the perceptual domain. The correl ations of 0, 52  with MA-HL and 
0, 47 with DRT-HL indicate a substantial reasoning component . 

Subgroups of the main sample were extracted to create sma 1 1  er 
groups who had comp 1 eted the same course. Corre 1 at ions were 
cal cul ated between ART-HL and various different criteria . 
Tabl e 4 provides the er i t er ion, number of subj ects within the 
subgroup, correl ation with ART-HL, the mean and standard 
deviation of the test and the standard deviation of the 
criterion .  The first four criteria (Mathematics-HG and SG, 
Science and Accountancy-HG) are matricul ation symbol s ranging 
from 2 ( <33, 3%) to 8 ( >, 80%). For the final criterion a coding 
was used. The code was one for a person who dropped out of the 
course, two for those who scored i ess than 60 per cent in the 
November  examinations and three for those who scored 60 per 
cent or more in the November examinations. 
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TAB LE  4 

CRITERION , NUr-BER OF SUBJECTS, CORRELATION WITH ART-HL, MEAN AND 
STANDARD DEVIATION OF THE ART-HL AND STANDARD DEVIATION OF THE 

CRITERION FOR SAMPLE 1 

CR ITERION N r � ART 

Mathemat i cs-HG 65 0, 40** 12, 37 
Mathemat i cs-SG 40 0, 09 8,20 
Sc i ence-HG 74 0, 43** 11, 37  
Accountancy-HG 59 0, 38** 9, 72 
B Com Computer Sc i ence 
Introductory Course 62 0, 04 9, 68 

B Sc Computer Sc i ence 
Marks, July 19 0, 62** 12,21 

B Sc Computer Sc i ence 
Marks, November 17 0, 5 5* 12, 12 

Cod i ng of 1 drop out 

2 mark <60% 23 0, 56** 11, 61 

3 mark >60% 

* 
** 

Ind i cates s i gn i f i cance at 0, 05 level 
Indi cates s ign i f i cance at 0, 01 level 

a ART a CR ITER ION 

4, 92 1, 42 
4, 62 1, 58 
5, 15 1, 25 
5, 14 1, 32 

4, 97 14, 11 

5, 06 15, 69 

4, 78 14, 15 

4, 87  2, 26 

The mean of . the ART-HL var i es from 8,2 for students who stud i ed 
standard grade mathemati cs at school to 12, 37  for students who 
studi ed h i gh grade mathemati cs at school . The fact that the 
test i s  able to di st i n gu i sh groups of students study i ng h i gh 
·grade or standard grade mathemat i cs prov i des reassur i ng 
ev i dence that it i s  measur i ng w ith i n  t he numer i co-log i cal 
domai n .  

Two sets of correlat i ons are of parti cular i nterest . The fi rst 
set i s  between ART-HL and Mathemat i cs-HG  (r = 0, 40) and ART-HL 
and Mathemat i cs-SG ( r = 0, 09). The second set i s  between the 
ART-HL and the B Com Computer Sc i ence Introductory Course 
(r = 0, 04) and the ART-HL and the B Sc Computer Sc i ence course 
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marks for July and November ( r  = 0, 62 and 0 , 55 respecti vely ) .  
For both sets of correlati ons the d i spar i ty between the 
coeffi c i ents can be attri buted to the nature of the cri teri on. 
In Mathemati  cs-SG schcl ars are taught routi ne strategi es to 
follow i n  gi ven si tuat i ons whereas i n  Mathemati cs-HG a greater 
level of conceptuali zati on is requi red. Scholars are expected 
to adapt formulae to deal w ith non-standard si tuati ons . One 
would expect a measure of ari thmeti cal concep tual ab i l i ty to 
corre 1 ate better wi th a ·  cri teri on wh i ch requi res that ab i 1 i ty 
than one wh ich does not. The f i rst set of correlati ons fulfi ll 
tn i s  expectati on. A si mi lar explanati on can be used to expla i n  
the second set of correlati ons. An exami nati on of the computer 
sc i ence syl 1 a bus for the B Com students shows that a 1 though 
there is an overlap w i th the B Sc course , i t  i s  less 
conceptually demandi ng. 

These two sets of correlati ons and the evi dence provi ded by the 
vari at i on i n  the mean provi de confi rmati on of the construct 
val i di ty of the test. 

A fi na 1 stati stic of note i s  the correlati on of O ,  56 between 
the ART-HL and the code of one ( dropout ) two ( mark less than 60 
per cent in November exami nati ons ) and three ( mark greater than 
or equal to 60 percent i n  November exami nati ons ) wh i ch conf irms 
the tes t ' s  ab i l i ty to di scri mi nate succes sful from unsuccessful  
students. 

�.l .3.2 Sample 2 

i esti ng on Samp 1 e 2 took p l  ace at the begi nni ng of 1 982 . I n  
aad i t i on to the preacceptance screeni ng ,  the students were 
gi ven seven N I PR tests. These tests were MA-HL , DRT-HL , FCT-HL 
( shortened 18- i tem vers i on ) ,  WI CT, RAFT , ET-HL ( an early 
versi on later consi derably mod i fi ed )  and the ART-HL. The 
cri teri on was the marks ( as a percentage ) obtai ned at the end 
of the course. 

20 . 



The means, standard deviations and ranges are given in Table 5. 
11 Passes 11 refers to those people who passed the class test and 
"failures " refers to those who did not. 

TAB LE 5 

MEANS , STANDARD DEVIATIONS AND Cl3TAINED RANGES FOR THE 
ART-HL , SAMPLE 2 

· OBTA INED RANGE 
N (*) x ART o ART M I N  MAX 

Total Group 111 11 , 44 3, 95 2 20 

Passes 89 11, 86 3, 98 2 20 

Failures 20 9, 55 3, 35 4 15 

( * )  NOTE Two students did not complete the course 

The mean of the test for the total group lies very close to the 
middle of the overall test range whilst the obtained test 
scores encompass almost the entire possible range . I t  would 
appear that the test was at the correct di ffi cu lty l eve 1 .  It 

should be noted that the mean for those who passed the course 
is over two points higher than for those who failed the course. 
All the variables were intercorrelated. Since the. criterion 
(course marks) w�s severely restricted in range, those who 
fa i 1 ed were coded 1 and those who passed were coded 2. The 
correlation was then performed on the criterion as a 
dichotomous variable. This matrix is presented in Table 6. 
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MA-HL 
DRT-HL 
FCT�HL 
W ICT 
RAFT 
ET-HL 
ART-HL 
PASS/ 
FAI L  

TABLE 6 

INTERCORRELATION MATRIX BETWEEN MA-HL DRT-HL , WICT, RAFT , 
ET-Hl , ART-HL AND PASS/FAIL CR ITERION , SAMPLE 2 ,  N = 109 

MA-HL DRT-HL FCT-HL W I CT RAFT ET-HL ART-HL 

-

0, 3868** -

0 , 4911** 0, 4404** -

0, 3396** 0, 3819** 0, 3148** -

0, 3 1 71** 0, 2396* 0, 3911** 0, 2823** -

0, 4242** 0, 1970* 0 , 3603** 0, 1 301 0, 2095* -

0, 3983** 0, 1201 0, 3256** 0, 1664 0, 1 771 0, 5 368** -

I 

PAss! 
FA IL! 

0,2287* -0, 0078 0, 1564 0, 0391 0, 1 407  0, 1024 0, 2271* -

* Ind i cates s i gn i f i cance at 0,05 level 
** Ind i cates s i gn i f i cance at 0,01 level 

Both ART-HL and ET -HL are numer i ca 1 tests w i th a reason i ng 
component. Th i s  is reflected i n  the substant i a l  correlat i on of 
the two tests w i th each other and the sli ght 1 y sma 1 1  er but 
nevertheless strong corre i at ions of both tests w i th MA-HL and 
FCT -HL. The low corre 1 at i on of the ART -HL w i th DRT -HL is 
perp 1 ex i ng as this i s  a reasoning test. It measures on 1 y 
syllogi sti c reasoning however : th is  type of reason i ng 
apparently is  not i nvolved i n  ART-HL. The correlat i on between 
DRT-HL and ET-HL just reaches sign if i cance at the f i ve per cent 
1 eve 1 .  Thus syl log ist i c reason i ng does not appear to be an 
i �portant aspect of the ab i l i ty to esti mate. The correlati ons 
of the ART-HL and ET-HL with verbal and spat i al tests are l ow. 
Th is  fact, together with the substant i a l  correlat i on between 
ART-HL and ET-HL const i tute ev i dence of construct va l i d i ty. 
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The correlations between the tests and the pass/fail criterion 
are disappointingly low. The generally low correlations may be 
attributed to two factors, firstly , the sample was highly 
selected on the basis of five other tests and an interview. 
The restri ction in th e sample will reduce correlation 
coefficients. Secondly , a Pearson Product Moment corre 1 at ion 
was performed. If one of the variables is dichotomous this 
will provide an underestimate of the correlation. In the light 
of the high 1 y se 1 ected nature of the samp 1 e and the type of 
correlation computed, the performances of the ART-HL and MA�HL 
are creditable. 

5.1.3.3 Sample 3 

The ART-HL was used as part of a battery for the selection of 
students for the Master of Business Administration degree. The 
test battery consisted of MA-HL, RC-HL, ART-HL and CRT-HL. 
These tests were applied to 227 MBA applicants and the results 
were correlated with matriculation marks for mathematics ( h igh 
grade) and science (high grade). The intercorrelation matrix 
is presented in Table 7 .  

TABLE 7 

INTERCORRELATION MATRIX BETWEEN MATHEMATICS-HG ,  SCIENCE-HG 
rmA-HL , RC-HL , ART-HL , AND CRT-HL , SAMPLE 3,  N=227 

Maths-HG Science-HG MA-HL RC-HL ART-HL CRT-HL 

Maths-HG -

Science-HG 0, 7057** -
I 

MA-HL 0, 4198** 0, 3460** -
I 

RC-HL 0, 3041** 0, 3348** 0, 4817** - I 
ART-HL 0 , 4599** 0 , 4052** 0, 6036** 0, 2917** -

I 
CRT-HL 0, 3699** 0, 2265** 0, 5502** 0, 2635** 0, 5406** -

I 
** Indicates significance at the 0, 01 level 
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The corre 1 at ions between the ART-HL and the other tests show 
that the ART-HL covaries most with MA-HL (which has logical and 
numerical components ), les s  w i :h CRT-HL (which is non-verbal 
and has a sma 1 1  er numer i ca 1 component) and 1 eas t with RC-HL. 
This is wh at one would expect from a test of arithmetic 
reason i ng ability. 

The correlations between ART-HL and the Mathematics -HG and 
Sc i ence-HG er i ter i a indicate the ab i 1 i ty of ART -HL to predict 
succes s i n  the more 1 1exact 11 disc i plines. The ART-HL correlates 
more htghly with mathematics -HG (r = 0 , 4052 ) but both of these 
corre 1 at i ons are sub stantial and higher than the corre 1 at i ons 
of the other tests w i th the cr i teria. 

The corre 1 at·; ons of the ART -HL beth with other tests and with 
the criteria support earlier ev i dence that the test is a 
measure of arithmetic reasoning ability. 
Of the 227 app 1 i c ants, a third were rejected on the b asis of 
test res ults. Further selection was based on other factors . I\ 

f'i 

second i ntercorre 1 at ion was performed b ased on the succes sfu 1 
MBA applicants and their end of year examination results. The 
courses completed by the students and the abbreviat i ons of 
those courses are listed below : 

Computer Applications in Busines s 
Fi nanc i a 1 �Accounting 
Human Behaviour 
Industrial Relations 
Legal Eny i ronment of Busines s 
Management Accounting 
Mathematics and Statistics 
Operational Marketing Management 
Operations Research 
Personnel Management 
Pr i nc i p l es of Marketing Management 

Comp App 
Fin Ace 
Hurn Behav 
Indus Relat 
Legal Env 
Manag Ace 
Maths Stats 
Op Mkt Man 
Oper Res 
Pers Manag 
Prin Mkt Man 

Tne i ntercorre 1 ation matr i x  is presented in Table 8. 
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TABLE 8 

INTERCORRELATION MATRIX BETWEEN MA-HL , RC-HL , ART-HL , CRT-HL , 

AGE AND ELEVEN COURSE RESULTS , SAMPLE 3,  N=68 
VARIABLE N, 59<N<68 

MA-HL RC-HL . ART-HL CRT-HL 

MA-HL -

RC-HL 0, 2330 -

ART-_HL 0, 1703 -0, 2461* -

CRT-HL 0, 3076* -0, 0532 0, 3426** -

AGE -0, 0797 -0, 07 66 -0, 1009 -0, 2026 
COMP APP 0, 2248 0, 0144 0, 2785* 0, 2855* 
FIN ACC 0, 2705* 0, 0212 -0, 0035 0, 0521 
HUM BEHAV 0, 0292 -0, 0356 0, 1561 0, 0439 
INDUS RELAT -0, 0869 0, 0387 -0, 1079 -0, 3283** 
LEGAL ENV -0, 1224 0, 0123 0, 1822 0, 0850 
MANAG ACC -0, 0257 -0, 0879 0, 0605 -0, 0170 
MATHS STATS 0, 4170** -0, 0182 0, 4003** 0, 3462** 
OP MKT MAN 0, 1132 0, 1777 0, 0007 -0, 0225 
OPER RES 0, 3468** -0, 0 403 0, 2673* 0, 2765* 
PERS MANAG 0, 1079 -0, 1150 0, 0796 -0, 1354 
PRIN MKT MAN 0, 1218 -0, 0183 0, 107 6 -0, 0 421 

* Indicates significance at 0, 05 i evel 
** Indicates - significance at 0, 01 level 

AGE 

-

-0, 1234 
-0, 1821 
0, 0716 
0, 3103* 

-0, 1708 
-0, 1170 
-0, 2314 
0, 0725 

-0, 0472 
-0, 0716 
0, 0620 

This i ntercorre lat ion i s  based upon the 68 part-time students 
who form the bu 1 k of the first-year MBA students. Of the 
eleven criteria used, three have particularly high quantitative 
and conceptual elements viz. Computer Applications in Business, 
Mathematics and Statistics and Operations Research.  The ART-HL 
correlates significantly only with these three criteria. 
Subj ects which require a high quantitative ability but a low 
conceptual ability such as Financial Accountancy and Management 
Accounting do not corre 1 ate with the ART -HL. The corre 1 at ions 
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with Computer App l ications in Business, Mathematics and 
St atistics and Oper ations Research are noteworthy when one 
con s i ciers that t hey are based upon a h i gh 1 y se 1 ected  samp 1 e. 

The effect s of restriction of range can be seen in the drop in 
corre 1 at ion between ART -HL and CRT -HL for the app 1 i cant group 
(r = 0, 5406) and the se l ected students (r = 0, 3428) .  
Consequent l y ,  the corre l ations of ART-HL with the criteria 
wou l d  probab l y  be substantia l l y  l arger if the variab l es had a 
l ess restricted range d ue to se l ection. 

A noteworthy corre l ation is that between the ART -HL and age . 
The corre l ation of -0, 1009 is non-significant. Thus recency of 
schoo l ing does not seem to inf l uence test resu lts. This is not 
surprising since the test items are presented in a nove l 
format, thereby preventing the use of rote procedures in 
working out the so l utions. 

5 . 1 . 3 . 4  Samp l e  4 

The ART -HL was used together v.·i th ET-HL ( 40-i tern version), Al5  
and ORT -HL to predict course marks for B Com ( Hons) students 
studying account ancy at an Afrikaans university. Course marks 
were obtained for the fo l l owing subjects : 

Accountancy 1 Ace 1 

Aud iting 1 Aud 1 

Income Tax 1 Tax 1 

Pub l ic Account ancy 1 Pub Ace 1 

Accountancy 2 Ace 2 

Auditing 2 Aud 2 

Income Tax 2 Tax 2 

Pub l i c Account i ng 2 Pub Ace 2 

Tne int ercorre l ation matrix i s  presented in Tab l e  9. 
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N 
.......... 

T A B L E  9 

I NTERCORREU\T I ON MATR I X  BETWEEN J\RT-ltl
., E T-IIL ., 1\ 1 5 ., O R T - Ill  /\ND E I GI I T  COU R S E R E S U L T S , 

S AMPLE 4 ., V AR I ABLE N
.,

4 7 �N�65 

ACC 1 AUD 1 TAX 1 

ACC 1 -

AUD I o, 5825 ** -

TAXl o,  748 1 ** 0, 5754** -

PU8ACC 1 0, 4540** 0, 4206** 0 , 3032° 

ACC2 0 ,6983** 0 ,6604° 0, 4933° 

AUD2 0, 4382** 0, 838 1 ** 0 , 5274** 

TAX2 0 ,62 1 7° 0, 72 1 1 ** o, 54 1 1  ** 

PUBACC2 0, 6207° 0, 6426** -0, 400 1 ** 

ART-HL 0 ,0234 0 ,0633 -0 , 0579 

ET-ML 0, 2834 * 0, 3288** 0 , 2 796** 

A 1 5  0, 1 676 o, 1 4 1 3  0 , 01 20 

DJH-ML 0, 2227 o,  1 8 1 1 0 , 1 9 1 9  

• . ..  I nd i cates s i gn i f i cance at 0 , 05 l eve l 
I nd i cates s i gn i f i cance at 0 , 01 l eve l 

PUBACC 1 

-

o, 4527 ** 

0, 464 1 ** 

0, 5352** 

0, 56 1 7* "  

0 , 24 1 8  

o ,  3847** 

0 , 3280** 

o, 1 097 

ACC2 AUD2 TAX2 PUBACC2 ART-HL ET-HL A 1 5 ORT-HL 

-

o, 7430* * -

0, 04 1 4"" * 0, 7689* * -

0, 831 5 ** 0, 6945** o,  7276**  -

-0, 2247 -0, 0930 -0 , 3028 0 , 0639 -

0, 2787 0, 2047 0, 2848 0 , 4243** o,  3875** -

0 ,0 1 74 0 , 0045 -0, 1 1 26 o ,  1 3 1 1 o,  5290** 0, 1 753  -

0, 1 623  o, 1 809 0 , 2 1 3 1 0, 2 1 57 o, 2972*  0, 4725° 0, 4 1 57** -



The ART-HL correlates significantly with ET-HL and Al5  and to a 
lesser extent with DRT-HL . These correlations are large 
considering t he highly selected nature of the sample. The only 
significant correlati on of the ART-HL with the criteria is 
n egative. This duplicates the results found  in Sample 3 :  
activities such as accountan cy  which have high n umerical 
demands but low conceptual ones are not predicted by the 
ART-HL. 

On the other hand ET -HL corre 1 ates significantly with five of 
th e eight criteria and just misses correlating significantly 
with the other three criteria. Thus where the task places high 
n umerical demands but low con ceptual demands on the individual 
ET-HL is a u seful test. 

In a second testing session the revised version of ET -HL ( 26 
iterr.s) was applied to a simil ar group of students ( n  = 72) .  
The test mean for this group was 17, 28 and the obtained range 
was 9 to 25 i . e. t he test was si i ghtly n egatively skewed. The 
Kuder-Richardson formula 21 reliability was 0, 625. This rose 
to 0, 677 when Tuck er ' s correction for norma 1 di stri but ion was 
applied. These relatively low reliability coefficients may be 
attributed to the highly selected nature of the sample. 

The end. of year res u  1 t s  were obt a i ned for a s ub sample of th i s  

group ( n = 42) .  The subj ects were categorized into those who 
passed and those who failed ( or did not write) the final 
examinations. ti. biserial correlation was computed on the data 
and was significant at the one per cent  1 eve 1 . The ET -HL was 
useful in distinguishing passes from failures. 

5. 2 Va l i dat i on of ART-SL 

5. 2. l  Descr i pt i on of samp l es 
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5. 2. 1. 1 Samp l e  5 

The ART-SL was applied to 91 ma l e  technikon and technica l 
co l l ege s tudent s. The s tudents had been se l ected prior to the 
testing ses sion on the basis of their resu l t s on the General 
Science Test, Mechanical Comprehension Test  and the Menta l 
A l ertnes s from the Intermediate Battery. The s tudents were a l l 
ma l es, in their first, second or third year of s tudy. A second 
tes ting ses sion was undert aken to increase the s amp l e  sizes for 
the purpose of constrµcting norms. 

5. 2. 1. 2 Samp l e  6 

The ART-SL was app l ied to 103 White ma l e  and fema l e  government 
schoo l pupils in Standards 8, 9 and 10. 

5. 2. 1. 3 Sample 7 

A battery of tes ts, which included the ART-SL, was app l ied to 
the 1983 and 1984 matricu l ation c l as ses at a pri vate schoo l for 
boys, some of whom were boarders. 

5. 2. 1. 4 Sample 8 

A 36 i tern version of the ART -SL was app l ied to 1 36 B 1 ack 
s tudents at a techn i kon. These student s were tested on a 
var i ety of NIPR test s  prior to a year of pre -technikon 
training. They were a l l ma l e  matriculant s. 

5. 2 . 1. 5  Samp l e  9 

A 19-i tern version of the ART-SL, together with a number of 
other NIPR tes t s, was app l ied to a l arge group of B l ack 
app l icants for training as technicians. Ninety per cent of the 
B l ack s were between the ages 18- 29 years, they were l arge l y  
urban and they a l l had ten to twelve years of schoo l ing. 
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5. 2. 1 . 6 Sample 10 

A sample of 108 B1 ack bursary app l icants was tes t ed on several 
N I  PR and Human Sciences Research Counc i 1 ( HSRC) tests. The 
students were either rnatr i cul ants or in their rnatr i cu 1 at ion 
year. The sarnp 1 e consisted of both ma 1 es and ferna 1 es. The 
bursaries were for first year posi tions in the Commerce Faculty 
of a university. 

5 . 2. 2  Bas i c  Stat i st i cs of the ART-SL 

The number of subjects in each samp 1 e, mean, standard 
deviation, range and internal reliability (Kuder-Richardson 
formula 21 and Kuder-Richardson formula 21 with Tucker ' s 
correction for normal distribution) for the ART-SL based on the 
samples is presented in Table 10. 

TABLE 1 0  

SAMPLE SIZE , MEAN, STANDARD DEVIATION , CETAINEO RANGE ANO RELIABILITIES 

{KR
21 

AND KR
2 1  

CORRECTED ) FOR THE ART-SL 

N -x- sd OBTAINED RANGE KR21 KR21 
Mi N MAX ( corrected ) 

Sample 6 103 1 5, 88 7, 13 2 30 0, 882 0,899  
Sarnp 1 e .. 1 85 1 7, 56  7, 82 2 30 0,892 0, 906 I 

Sample 8 136 1 5, 09 8, 04 0 30 0, 9 1 4  0,927  
Samp 1 e 9a ( *) 87  10, 52 5,45 0 1 9  0, 889 0,908 

9b 1 3 7  4,84 4, 24 0 19  0, 844 0, 875 
Sample 10 108 10, 81 5, 70 0 27 0, 815 0, 841 

(*) Sample split : 9a = Matricu l ants, 9b = Standard 8 + 9 
19- I tern Test Used . 

The ART-SL performed sat isfactorily on t hese samples. In all 
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The ART-SL performed sat i s factor i l y on these  samp l e s .  In a l l 

s amp l es except Samp l es 9b and 10  the mean i s  near the m i dd l e  of 

the  range .  The obtai ned ranges  cover v i rt ual l y  the ent i re 

po s s i b 1 e range . The test  i s c l ear l y too d i ff i c u  1 t for the  

standard 8 and 9 B l ack  pup i l s .  It  proved s l i ght l y  too 

d i  ff i c u  1 t for t he B l ack matr i c u  1 ants  who form Samp l e  1 0, but 

where se l ect i on i s  at the top end of the  samp l e  the  test s hou l d  

prove very u sefu  1 .  These  f i g ures  i nd i cate  that the  ART-SL i s  

appropr i ate  for Wh i t es w i th  ten to twe 1 ve  years of s choo 1 i ng 

and B 1 ack s  wi th at 1 east twe l ve years of s choo 1 i ng . · For a 1 1  

the  samp l es the  i nternal cons i s tency of the  test  i s  h i gh .  Even 

for the 1 9 - i t em vers i on the h i gh re l i ab i l i t i es are mai ntai ned . 

5. 2. 3  Val i dat i on stud i es based on ART-SL 

5.2.3.1 Samp l e  5 

MA- I  
BLOX 
A3/ l 
GST 
ART-SL 
ET-HL 
EPT 

The subj ects  in  Samp l e  5 had been prese l ected on the bas i s  of  

t he i r  res u l t s on the  General Sc i ence Tes t ,  Mechan i cal 

Comprehens i on Test  and the  Mental A l ertne s s  from t he 

Intermed i ate  Bat tery .  At a l ater  test i ng ses s i on the  ART-SL, 

ET -HL and Embedd ed Prob l ems Test  were adm i n i s tered . Be 1 ow i s  

the  i ntercorre l at i on mat r i x  bas ed  on the  comp l ete  samp l e .  

TAB L E  1 1  

INTERCORRELATION MATRIX AMONG SEVEN NIPR TESTS , 
SAMPLE 5 ,  VARIABLE N ,  64�N<91 

MA- I  BLOX A3/ 1  GST ARi-SL 

-

0, 3378** -

0, 5258** 0, 5444** -

0, 3387** 0, 0949 0, 201 7  -

0, 421 1** 0, 2163 0, 3883* 0, 1 085* -

0, 3738** 0, 2090 0, 271 2* 0, 2439 0, 4504** 
0, 3433** 0, 0515 0, 4201** 0, 2785* 0, 4378** 

ET-HL EPT 

-

0, 5373** -

* Ind i cates  s i gn i f i cance at 0, 05 l eve l 
** Ind i cates  s i gn i f i cance at 0, 01 l eve l 
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Note Corre l at i ons were performed on  st an i nes for a l l prese l ect i on 

tests . 

The i ntercorre 1 at i on between ART -SL and s i x  other N I PR tests 

shows a s i mi  l a r p at tern to t h at found i n other s amp l es , v ; z . 

t he ART -SL corre 1 ates most strong l y w i th t he tests of n umber 

ab i l i ty ( ET-HL and EPT ) , s l i ght l y  l ess w i th  t he test of genera l 

i nte l l ectua l  funct i on i n g ( MA- I )  and to a non -s i g n i fi c ant extent 

w i t h- t he B l  ox or Gener a 1 Sc i en ce Test . The Mee h an i ca  1 

Comprehens i on Test ( A3/l ) i s  p art i a l l y  a ·  measure of reason i ng 

ab i l i ty and t h us o ne wou ld expect the  l ow b ut s i gn i f i c ant 

corre l at i on t h at was obt a i ned (r  = 0 , 3883 ) .  

The ET -HL shows a s i m i  1 ar p at tern of i n tercorre l at i on to the  

ART - SL except th at t he corre l at i ons w i t h  MA- I  and A3/ 1 are 

s l i ght 1 y l ower , ref 1 ect i ng t he 1 ower reason i n g  ab i l i ty 

component of ET-HL . 

For pred i ct i ve v a l i d at i on purposes a subgroup  of the ma i n  
s amp l e  was extr acted , s i n ce the m a i n s amp l e  compr i sed st udents 

i n  t hei r f i rst , second a nd t h i rd years of st udy at both  a 

Techn i kon  and a Tech n i c a 1  Co l l ege . The l ar gest sub gro up was 

the f i rst year Techn i kon st udents of whom t here were 82. 
Cr i ter i on dat a  was obt a i ned i n  t he form of exam i nat i on resu l ts 

i n  s i x  subj ect s .  These subj ects  were D i g i t a l  Systems ( D i g i t  

Sys ) , E l ectr i ca l  Eng i neer i ng ( E l ec Eng ) ,  I nd ustr i a l Tec h no l o gy 

( I nd us Tech ) ,  En g i neer i n g Mathemat i cs ( E ng  Maths ) ,  Commun  i -

c at i on ( Comm ) a nd E l ectron i cs ( E l ectro ) . The i ntercorre l at i on 

matr i x  b ased on the tests and t he cr i ter i a i s  presented i n  

Tab l e  1 2 .  . The resu l ts i n  t h i s  t ab l e must be reg arded as 

tent at i ve because of t he sma l l samp l e  s i ze. 
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w 

w 

T A B L E  1 2  

I NTERCORRE L AT I ON MAT R I X  BE TWEEN  N I PR TE S T S  AND S I X  CR I T ER I A , SAMPLE 5 ,  V AR I ABLE N ,  20�N�J2  

GST BLOX A3/ 1 MA- I 

GST -

BLOX -0 , 4866* 
-

A3/1 -0 , 0809 0, 4259* 
-

MA- I 0, 329 1 0, 0676 0 , 32 1 9  
-

D I G IT SYS 0 , 1 52 1  0 , 268 1 0 , 3940 0 , 27-44 

ELEC ENG -0 , 01 1 3  0 , 5033* 0 , 31 T I  -0 , 0382 

I NDUS TECH 0 , 3590 0 , 1 1 67 0 , 5560 ° 0, 5079* 

ENG MATHS -o , 1 4 1 4  0, 5299* 0 , 5004 • o ,  1 1 77 

COMM 0, 2536 0, 1 49 1  0 , 4603* 0 , 4570* 

ELECTRO 0, 0325 0, 3865 0 , 272 1 0, 1 546 

ART-SL -0, 23 1 0  0 , 4498* 0 , 3708 0 , 3029 

ET-UL 0, 2235 0 , 2304 0 , 2828 0 , 5689° 

EPT 0 , 2950 -0 , 2042 0 , 5 1 1 7** 0 , 3044 

.. 

• •  
I n d i c a t e s  s i g n i f i c a n ce  a t  0 , 0 5 l e v e l 
l n d l c a t � s  s i g n i f i c a n ce a t  0 , 0 1 l e v e l 

D I G I T  ELEC I NOU S ENG COMM ELECTRO ART-SL ET-I ll EPT 
SYSTEM ENG TECH MA HIS 

· ·-

-
o ,  7 1 06** 

-

0, 738 1 ** o ,  5891 ** 
-

o ,  7 1 09** o, 7979-11 N- 0, 565 1 * * 
-

0, 3356 o, 5256 ° o, 7405 * *  0, 4469 
-

0, 6037 o ,  7652 ° 0, 5590° o, 7229* "' 0, 6668° 

-
o ,  5938° 0, 3892 o. 5387 ° 0, 5860** -0, 0285 0 , 1 843  

-
0, 4360* 0, 3 1 75 0, 5658° 0, 3409 0 , 380 1 0 , 4484* 0 , 2568 

-
0, 635 1 ° 0, 393 1 0 , 53 1 6** 0, 3937 0, 3649 0 , 4704* o ,  1 867 0, 4005 * -



The i ntercorre 1 at i·on between ART -SL, ET -HL and t he er i ter i a can 

be exp l ai ned i n  part by the nat u re of the cr i ter i a .  The ARi-SL  

corre l ates at the  one percent l eve l of s i gn i f i cance wi th  

D i g i ta 1  Systems and Eng i neer i ng Mathemat i c s, both  of wh i ch 

req u i re a h i gh l eve l of numer i ca l  and concept ual  ab i l i ty, but 

not at a 1 1  w i th  Commun i cat i on ( a course i n  grammar ) .  The 

E l ect ron i c s  course appear s to req u i re a great dea 1 of rote 

1 earn i ng of facts, thu s  one wou 1 d not expect i t  to corre 1 ate 

wi t h  t he ART - SL . The ART -SL ' s corre l at i on wi th  t he other two 

cr i ter i a  ( E l ectr i cal Eng i neer i ng and Ind u s t r i al Tec hno l ogy) t s  

l es s  easy to exp l ai n .  There appears to be no good reason why a 

test of ar i thmet i c  reason i ng ab i l i ty s hou l d  corre l ate 

s ubstant i al l y  ( r  = 0, 588 7 ) w i th  a pract i ca l  cou r se based on 

work s hop pract i ce, mater i a l s techno l ogy, component s, p . c . 

board s  et c .  Converse l y, one wou l d  expect s uch  a tes t to 

corre l ate more h i gh l y than t he nons i gn i f i cant 0 , 3892 w i th  a 

course i n  E l ectr i cal  Eng i neer i ng .  However, two fac t s  must  be 

borne i n  m i nd . F i rst 1 y  t he s ubjects had a l ready been se l ected 

on the  bas  ·i s of four test s . 

sma l l ,  rang i ng from 20 to 32 . 

Secon d l y, t he samp l e  s i ze i s  

The ET-HL corre l ates 

cr i ter i a : D i g i ta l  

E l ectron i cs .  The 

s i gn i f i cant l y  w i t h  t hree of the s i x  

Syst ems, Ind ustr i al Techno l ogy and 

corre l at i on w i th  Ind ustr i a l Tec h  no 1 ogy 

rema i n s  i nexp 1 i c ab 1 e .  The corre 1 at i on of D i  g i  t a  l Systems w i t h  

ET-HL i s  l ower than that w i t h ·  ART-SL wh i ch ref l ec t s  t he l i m i ted 

extent to wh i ch ET-HL meas ures concept ual  ab i l i ty .  The 

E l ect ron i cs  course req u i res rote l earn i ng, an ab i 1 i ty wh i ch 

ET-HL appears to be ab l e  to meas ure . The cogn i t i ve demand s of 

both  E l ectr i cal Eng i neer i ng and Eng i neer i ng Mathemat i cs are not 

meas ured by ET -HL . The 1 ack of corre l at ion w i t h  Commun i cat i on 

i s  expected . 

5 . 2 . 3 . 2  Samp l e  6 

The ART-SL was app 1 i ed to 103 ma l e  and femal e Wh i te s c hoo l 

pup i l s  i n  standard 8, 9 and 10 . The bas i c  stat i st i c s for the 

test, based on the s t u dents  i n  each standard, are presented i n  

Tab l e  13 . 
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TABLE 13 

CLASS STANDARD , SAMPLE SIZE , MEAN , STANDARD DEVIATION AND RANGE 
OF THE ART-SL , SAMPLE 6 

CLASS OBTAINED RANGE 
STANDARD N X SD M IN  MAX 

8 40 15, 425 6, 66 3 29 
9 32 16, 281  7, 37 2 30 

10 31 16, 065 7, 7 5 4 29 

It is noteworthy that the inf l uence of education appears to be 
minima l .  This is confirmed by the corre l ation of 0, 0 395 
between ART-SL and education l eve l (See Tab l e  14). 

The ART-SL was corre l ated with mathematics and science marks. 
Since the students had written different mathematics and 
science examinations their resu l ts were first standardized so 
as to be comparab 1 e before a corre 1 at ion was performed. The 
corre l ation matrix is presented in Tab l e 1 4. · 

TABLE 14 

INTERCORRELATION MATRIX BETWEEN MATHEMATICS , SCIENCE , SEX ,  EDUCATION 
AND ART-SL , SAMPLE 6 ,  N = 103 

· MATHS SCIENCE SEX 

MATHS -

SCIENCE 0, 6433** -

SEX 0, 1384 0, 0344 -

EDUC - - -0, 1000 

ART-SL 0, 4533** 0, 4180** -0, 0438 

* Ind i cates significance at 0, 05  l eve l 
** Ind i cates significance at 0, 01 l eve l 

3 5. 

EDUC ART-SL 

-

0, 0395 -



The  ART-SL showed no sex-linked bias and, as mentioned earlier, 
is relatively unaffected by edu c ation provided it is used at 
t h e  correct 1 ev e 1 ( ten to ·ewe 1 ve years schooling). The ART -SL 
corre  1 ates at the one percent 1 eve 1 of sign if i c a  nee with b oth 
math ernat i c s  and science ( r = 0, 4533 and r = 0 ,  4180 
respectiv e l y) .  This prov i des good evidence of its v alidity. 

5.2.3.3 Sampi e 7 

The ART-SL was appli ed , t ogether with other NIPR tests, to the 
1983 and 1984 matriculation classes at a priv ate school for 
boys. 

Apart from the ART-SL, tests from the High Level Battery were 
applied viz. Mental Alertness, Arithmetic Problems, Reading 
Comprehension and Voc abulary. In addition the intermediat e 
l evel of the Deductive Reasoning Test and the Computation Test, 
and the Estimation Test - High Lev e l  were app 1 i ed. Schoo 1 
results i n  the form of Std 9 end of year mathematics  marks and 
Std 10  first term mathematics examination marks were obtained. 
Results from students studyi ng standard grade mathematics were 
analysed separately from those studying high grade 
mathematics. In Tab 1 e 15 the basic statistics for the ART -SL 
are presented for the two groups. 

TAB LE 1 5  

SAMPLE SIZE , MEAN , STANDARD DEVIATION AND RANGE FOR STUDENTS 
STUDYING MATHEMATICS-SG OR MATHEMATICS-HG,  SAMPLE 7 

OBTAINED RANGE 
N X SD M I N  MAX 

Mathematics-SG 60 13� 01 6, 04 2 27 

Mathemat ics-HG 125  1 9, 74 I 6, 86 2 30 
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The d i fference i n  the  me an of ne ar l y  seven  mark s s hows th at 

s t udents  s t udyi ng  s t an d ard gr ade _ mathemat i cs do  s i gn i f i c ant l y  

wor s e  o n  t h e  test  th an  s t udents  s t udyi ng  h i gh gr ade 

mat hemat i cs .  

The i ntercorre l at i on m atr i ces  b a s ed upon  test  s cores  and s choo l 

mark s i n  mat hemat i c s are pre s ented i n  Tab l es 16  and 1 7 . 
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T/\BLE 1 6  

I NTERCORRELAT ION MATR I X  OF SCHOOL HARKS AND TEST SCORES  81\SEO ON 
SCIIOLI\RS STUDY I NG MI\TIIEMAHCS-SG , SAMPLE 7, N = 60 

---

MATHS-9 M/\THS- 10  MA-HL /\P -HL RC -HL VOC-HL /\1 5 CT AR l-SL  ET  

MATHS-9 -

MATH S - 10 -0, 31 91 *  

MA-HL I -0 , 3254* 0, 0584 

AP -UL -0 , 3018* 0 ,  1 1 59 0 , 4486** 

I RC -HL 00 -0 , 2094 0, 0309 0 , 2648* 0, 3 707** 

VOC-HL -0, 1804 0, 1 1 66 0 , 01 56 0 , 05 1 5  0 , 2 1 4 7  

A1 5 -0 , 0433 0, 1 220 0 , 4904** 0 , 22 19  -0, 0643 -0 ,  02 1 8  

CT I -0 , 2264 -0, 1 75 7  0, 1 294 0 , 2222 0 , 01 1 3 -0 ,  1834 0 , 0653  

ART -SL I -0 , 0906 0, 1 769 0 , 2995* 0 , 4 1 ?5** -0 , 0439 0 , 0 783 0 , 3 1 3 1 *  0 , 2393 

ET-HL 
I 

0 , 001 7 -0, 0048 0 , 1 584 0 , 2 1 5 1  0 , 1 543  0 , 05 70 0, 1 46 7  0, 2 7 1 1 *  0 , 32 78* 

* I n d i c ates s i gn i f i c ance at  0, 05 l eve l  
** I nd i c at es s i gn i f i c ance at 0, 01 l eve l 

w 



TABLE 1 7  

INTERCORRELATION MATR I X  Cf-" SCI IOOL MARKS AND TEST-SCORES BASED ON 
SCHOLARS STUDY I NG MATHEMATICS .  SAMPLE 7, N = 125 

MATHS-9  MAntS- 10  M/\-HL AP -ML RC -HL VOC -HL Al 5 CT . /\RT -SL 

M/\THS-9 

M/\THS - 10  I 0 , 7858** 

M/\-HL 0 , 5 196** 0 , 4186** 

AP -HL 0 , 5202** 0, 5219** 0 , 6439** 

. RC -HL 0 , 354 1 ** 0 , 3324** 0 , 4 1 34** 0 , 3551 ** 

VOC -l fl  0 , 2904** 0 , 3648** 0 , 4588** 0 ,  4 181 -A *  0 , 525 7** 

/\ 15  0 , 2053** 0, 2252** 0 ,  4046** 0 , 4002** 0 , 1900 0, 2 38 7**· 

CT 0 , 4003 ** 0 , 3538** 0 , 4650** 0, 49 78** 0 , 1688 0 , 1623  0 , 2028* 

/\RT -SL 0 , 5375** 0 , 4989** 0 , 5 1 45** 0 , 44 79** 0 , 24 74** 0 , 3229** 0 , 26 58** 0 , 4336**  

ET -HL I 0 4 766** 0 , 4 706** 0 , 5203** 0 , 5603** 0 , 1 5 7 1  0 , 2235*  0 , 1802* 0 ,  4 3 7 1  ** 0 ,  4507*"-'· , 
·-

* I nd i c at es s i gn i f i c ance at  0 , 05 l eve l 
** I nd i c ates s i gn i f i c ance at 0 , 01 l eve l 

ET -HL 

w 

\0 
. 

I - . -

--·-



Certain patterns of intercorrelations should be noted in Tables 
16 and 17. First the relationship of the ART-SL with other 
tests will be examined and then the correlations with the 
crit eria. In Tab l e  16 the ART-SL correlates at the one percent 
1 eve 1 of significance with AP and at the five percent 1 eve 1 
with M.4-HL, Al5 and ET -HL. It narrowly misses corre 1 at i ng 
sign i ficantly with the Computation Test and shows absolutely no 
relationship with either Reading Comprehension or Vocabulary. 
The correlations of variables in the Ma�hematics-HG group 
(Table 1 7 ) are of a higher order than those of the 
Mathematics-SG group. Thi s seems to indicate that the 
i nte 1 1  ectua 1 functioning of the Mathematics-HG group is more 
integrated . They use their logical reasoning ability on all 
the tests they were given . Nevertheless the pattern of 
i ntercorre lat ions in the two groups is s imi 1 ar. The ARi -SL 
corre l ates most highly with Mental Alertness-HL, closely 
followed by ET-HL, Arithmetic Problems and the Computation 
Test. Although signifi cant at the one percent level, the 
corre 1 at ions between ART -SL and Readi ng Comprehens i on-HL and 
Vocabu l ary-HL are marked l y  lower than the correlations with the 
other tests. 

The i ntercorrelations obtained in Tables 16 and 17 confirm the 
construct validity of the ART -SL .  The test corre 1 ates we 1 1  
with numerical and a 1 s o  reason ing tests, es pee i a 1 1  y in t he 
Mathematics-HG group. The test pred1 cts mathematics-HG scores 
more effectively than mathematics-SG scores, presumably because 
the former is more conceptual. This finding is similar to the 
f i n d i n g i n Sam p 1 e 1 that the ART -H L corr e 1 at ed s i g n i f i c ant l y 
with Mathematics-HG and not at all with Mathematics-SG. 

The correlations of ET-HL w i th other tests in the 
Matnemat i cs-SG group are nons i gni fi cant except for those with 
the Computat ion Test and ART-SL. The correlations in the 
Mathematic s -HG group are more substantiai .  Correlations with 
Mental Al ertness-HL, Ari thmetic Problems-HL, Computation Test 
and ART -SL are sign i ficant at the one percent 1 eve 1 • The 
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corre l at i ons w i t h  the l an g uage tests and non -verba 1 reason i ng 

are marked l y  l ower . 

5. 2. 3. 4  S amp l e  8 

A 36- i tem vers i on of t he ART- SL was app l i ed to 1 36 B l ac k  

st u dents at a Tech n i kon . A 30- i tem test was made from the 36 

i tems and t h i s  was used i n  t he i ntercorre 1 at i on mat r i x .  The 

st udents were tested on a v ar i ety of N I PR tests pr i or to a year 

of pre-Techn i kon t r a i n i n g . The tests us�d were the Ment a 1  

A l ert ness ( I ntermed i ate Leve l ) ,  Ar i thmet i c  Prob l ems 

( I n termed i ate Leve l ) ,  B l ox Test , Got tscha l dt F i gures Test , 

Tech n i ca l  Read i ng Comprehens i on ,  F-Test , H-Test , Mech an i ca l  

Comprehens i on Test , ART -SL and  the Ded u ct i ve Reason i ng Test 

( I n termed i ate Leve 1 ) . Cr i ter i a i n  the form of end of year 

ex am i n at i on resu l ts were obt a i ned for f i ve subjects . These 

were Pre l i m i n ary Mathemat i cs ( P  MATHS ) ,  Chem i stry ( CHEM ) , 

App l -i ed Sc i ence ( AP P  SC ) ,  Pre l i m i nary Dr awi n g  ( P  DRAW ) and  

Commun i c at i on ( COMM ) . An  aver age (AV )  b ased on t hese f i ve 

subj ects was ca l c u l ated . The corre l at i on  mat r i x  based on these 

v ar i ab l es is  presented i n  Tab l e  18 . 
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TAl1 L E  1 8  

I NTERCORRELAT ION MATR I X  BETWEEN N I PR TESTS I\NO F I VE CR i lHUJ\,  

SAMPLE 8, N == 1 36 
-

MA- I  AP - I  BLOX 
MA - I  -

AP - I  0 , 6 1 3 7** -

BLOX 0 , 2623** 0 ,  3089** -

Gr T  0 , 34 5 1 ** 0 , 2498** 0 , 333 7** 

TRC 0 , 5426** 0 , 5261 ** 0, 22 76**  

F -TE ST 0 , 3539** 0 , 3361 ** 0 , 4096** 

I I -T ES T  0, .3569** 0 ,  3596** 0 , 5686** 

/\3/1  0 , 3 1 5 3** 0 , 3587** 0 , 4402** 

/\RT -SL 0 , 5650** 0 , 531 9** 0 , 2681 ** 

DRT - I 0 , 4950** 0 , 3681 ** 0 , 3336** 

P MATHS 0 , 3 760** 0 , 3594** 0 , 1 756* 

CHEM 0 , 3662** 0 , 2590** 0 , 1227  

APP SC 0 , 2567** 0 , 3164** .o, 1 258 

P OR/\W 0 , 1565  0 ,  1 9 78*  0 , 4163** 

COMM 0 , 4850** 0 , 381 4** 0 , 3560** 

AV 0 , 41 66** 0 , 3988** 0 , 288588 

* 

** 
I nd i c a tes s i gn i f i c ance at 0 , 05 l eve l  
I nd i c at es s i gn i f i c ance at 0 , 01 l eve l  

-------------
GF T · TRC 

-

0, 2089* -

0 , 3388** 0, 2 1 6 7* 

0 , 395'1** 0 ,  1 7 1 2  

0 , 3330** 0 , 3508** 

0 , 31 98** 0, 3406** 

0, 16 7 1  0 , 294 7** 

0, 1052 0 , 3549** 

0 ,  1 34 1  0 ,  38 7 1  ** 

0 , 0886 0 , 3269** 

0 , 1 2 73 0 , 1 2 73 

0 , 2 1 23 0 , 5546** 

0 , 1648 0 , 4342** 

-

0, 5 

0 , 4 

0 , 3 

0 , 2 

0 , 2 

0 , 2 

0 , 2 

0 , 3 

0 , 3 

0 , 3 

TEST  

884** 

202**  

645** 

896** 

943** 

8 78** 

606** 

029** 

526** 

8 72** 

II -TE S T  /\3/ 1  /\RT -SL DRT - 1  

0 , 48 7 1** 

0 ,  3 1 96** 0, 2 1 1 3* 

0 , 2432** 0 , 2333  0 , 2 7 38** 

0 , 1 74 1*  0 , 2204 0 , 4330** 0 , 2590** 

O, OIJ 74 0 , 2 539** 0 , 4 1 90** 0 , 1 406 

0 , 0625  0 , 2 588** 0 , 4385** 0 , 0644 

0 , 4535** 0 ,  1 390 0 , 2 7 36** 0 , 2345** 

0 , 3 1 66** 0 , 3069** 0 , 3 5 1 6** 0 , 2 7 35** 

0 , 24 7 3** 0 , 3088** 0 , 52 1 9** 0 , 2 5 1 2** 

F- -------, ------



Con s truct va l i d i ty of the ART-SL was demons trated by i ts 
re l ati ve ly h i gh corre l at i on s  wi th Mental  A l e rtnes s-I nte rmediate 
Con struct va l i d i ty of the ART-SL was demons trated by i ts 
re l ati ve ly h i gh corre l at i on s  v d th Mental  Al e rtnes s-I n te rmediate 
and Ari thmet ic  Prob l ems-I nte rmed iate and  l ower  corre l ati ons 
w i th the spatia l  tes ts ,  Tech n i ca l  Readi ng Comp rehens i on ,  
Mechani  ca 1 Comp reher.s i on and Deducti ve Rea son i n g Tes t  ( I nter

meci i  ate 1 e ve 1  ) . 

P reai cti ve va l i d i ty for the ART-SL i s  equal ly c l early demon
s trated. Corre l at i on s  w i th the cr i teria a re al l s i gn i f icant at 
the one percent l eve l . These corre l at i ons  are parti cu l ar ly  
h i gh for Pre l i mi nary Ma�hemati cs , App l i ed Sc i e nce and Chemi s try 
(r = 0 , 4330 , r = 0 , 4 385  and r = 0 , 4190 re specti ve l y ) .  I t  has 
an u n de rs tandab ly l ower corre l ati on wi th Commun i cati on 
( r  = 0 , 35 1 6 ) a n d  the l owest corre l ati on i s  wi th P re l i mi na ry 
Drawi n s  ( r  = 0 , 2736 ) .  The corre l at i on wi th the ove ral l cou rse 
a ve rage i s  h i gh { r  = 0 , 52 1 9 ) .  The ART-SL was the bes t  
p redi ctor - even  than Mental  Al e rtne s s  ( I nte rmediate) wh i ch has 
a �d aer vari e ty of i terns . 

b.� . � .5  Samp l e 9 

A 1 9-i tern vers i on of the ART-SL was app 1 i ed to 252 Bl ack ma 1 e 
app 1 i cants for trai n i n g  as  tec hn i c i a n s . Other  tes ts i n  the 

batte ry i nc l u ded  the Mental  Al e rtness-I ,  Mecha n i cal Compre he n
s i on Tes t , F -tes t ,  H-test ,  F i  g u  re C 1 a s s  i f i cat i o n  Test , B 1 o x  , 
Tech n i cal  Readi n g  Comp rehe ns i on ,  Poppe l reute r ,  Gottschal dt 
F i gu re s  Tes t ,  Fau l t F i nd i n g  Test  and  O ' Connor F i n ge r  Dexte ri ty 
iest . The Poppe 1 reute r ,  Fau 1 t F i ndi ng Test and O' Connor  F i nger 
Dexteri ty Tes t  a re appa ratu s  tests . The fi rst two meas u re 
mecha n i cal ab i l i ty a n d  the l ast  mea su res  fi nger dexte ri ty w i th 
reference to i ns t rume nt a s s emb ly  work . Norms were ca 1 cu l ated  
on  th i s  samp l e .  Te st  resu l ts were u s ed to reduce the  sampl e to 
those worthy of fu rther  con s i de rati on . Subj ects had to score a 
s tan i ne of fou r or above on s i x tes ts , two of wh i ch had to be 
the tes ts of ve rba l and abstract reason i n g , and  th ree of wh i ch 
had to be the spatia l  tes ts . A f i na l s ubsamp l e of 75 
app l i ca nts was se l e cted from w h i ch a matri x of i nte rcorre l 

ati ons was compute d . Th i s  mat ri x i s  p re s ented i n  Tab l e 1 9. 
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Tflsts  

2 

3 

4 

5 

6 
I 7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

( 8 )  

( b )  

T A B L E  1 9 

MATR I X  OF I N TERCORRELAT I ON S  BETWEEN N I PR TE ST S ,  AGE ANO EDUCAT I ON .  SAMPLE 9 ,  N= 75 . 

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

Menta l  Al ertness- I 

Meehan I ca l 
Comprehens i on 

I 

0 , 25 

F Test 0, 02 0 , 07* 

U Test o, 1 0  0 , 22* o ,  45 ** 

F i gure C l ass l f l -
ca t I on Tost-SL 0, 50** 0, 06 -0 ,0 1  0, 02 

O l ox I 0 ,02 0 ,  1 4  0 , 34** o, 4 2** 0 , 1 2  

Techn i ca l  nead l ng 
Comprehens i on I o, 4o** 0, 26 H 0, 02 o , oo o ,  1 1  -0, 1 2  

Ar I ·t hmet I c 
Heason l ng Test-SL < a > 0 , 4?0 o ,  1 7  o ,  1 6  0 ,  1 3  0, 29° 0 , 07 o, 38"* 

Poppe l reuter 0, 2 1 * 0, 1 6  0 , 25 •  o ,  29"* 0 , 02 0 , 24 0, 1 0  0 , 1 2  

Gottscha l dt F i gures 
Test ( t, )  0, 3 1 ** 0, 33° 0 , 36** 0 , 3r ,.  0 , 07 0 , 28* 1t 0, 4 1 ** o ,  33** 0 , 33"" . 

Fau l t  F i nd i ng Test 0 , 03 0 , 3 1 ** 0 ,08 0 , 29** -0 , 08 o, 1 9  0 , 07 0 , 02 0 , 2 1 •  o ,  1 8  

O ' Connor F i nger 
Dexter i ty 0 ,09 -0 , 07 0 , 2 1 * 0 ,  1 0 -o , 1 6  0 , 1 4  -0, 04 -0 , 1 1  -0 , 1 0  -0 , 01 o ,  1 0  

1 2  

Age -o , 1 3  -0, 1 7  -o , 1 3  -0 , 1 7  -0 , 1 7  -0 , 1 1  -o , 1 5  -0 , 1 7  -0 , 1 1  -0 , 25 • o, 1 6  -0 ,  1 9  

Educat i on 0, 2 1  0 , 24* o, 1 2  0 , 22 0, 26* o, 1 5 0 , 06 o, 24 • o ,  1 8  0, 29** o, 1 0  0 , 05 

n -· 6 8  
n 

:: 6 4  
S o u r c e : E p s t e i n ,  B .  I • F a c tor s r e l a t e d  t o  mec h a n l c a l_�_p t l t u de I n  B l a c k s . 

U n p u b l I s h e d  m a s t e r ' s  d i s s er t a t i o n .  U n i v e r s i t y o f  S o u t h  A f r i c a ,  1 9 0 3 . 

1 3  1 4  

-0 , 1 4  

I 



The corre 1 at i on of the ART -SL w i th  tests  of reason i ng ab i 1 i ty 

( Menta l A l ert nes s - I , F i g ure C l as s i f i cat i on Tes t )  i s  h i gh as i s  

i t s corre l at i on w i t h  an a 1 yt i c  perceptua l ab i l i ty ( Got t s cha l dt 

F i g ure s  Test ) .  I n  th i s  s amp l e  the  cor re l at i on of t he ART-SL 

w i t h  Tech n i ca l  Read i n g  Comprehens i on i s  h i gh ,  pos s i b l y due to 

the i mp or tan c e of an a l yt i c th i n k i n g i n both t e s t s  . These  

f i g u res toget her w i t h_ the  1 a ck  of  corr e 1 at i on w i t h  me  ch an i ca  l 

and s pat i � l test s ,  prov i de some e v i dence for the  test ' s  

con s truct va l i d i ty .  

P erformance o n  t h e  ART- SL appears to b e  re 1 at i v e  l y  unaffected 

by age b ut i t  does s eem to be affected by educat i on .  Th i s  was 

noted ear l i er when  i t  was s hown that the test  was too hard for 

those  w i th l es s  than twe l ve years of s choo l i n g .  

5 . 2 . 3 . 6  Samp l e  1 0  

A s amp l e  of bursary app l i cants  was g i ven  a battery of N I PR and 

HSR C tes t s . The N I PR t e s t s  were the  Men t a  1 A l ert nes s and 

Reason i ng Comprehens i on Tes t s  from the  H i gh  Leve l Battery and 

the  ART-SL , wh i l e  the  HSRC te st s  were part of the  Sen i or 

Apt i t ude Tes t s . The two test s  u sed  were Verba 1 Comprehen s i on 

( VC )  and Ca l cu l at i on s  ( CALC ) .  The f i na l  test  was 

Mat hemat i c s - D i agnost i c  1 ,  ( MD 1 ) a s pe c i al l y  dev i sed  test  of 

computat i on ab i l i ty .  

Cr i ter i a were obt a i ned i n  t h e  form o f  schoo l mark s i n  Forms 

I I I ,  I V  and V for mathemat i cs ( MATHSJC , MATHS I V , MATHS V ) , 

Sc i e nce ( SC I JC ,  _ S C I  I V ,  SC I V )  and an aggregate  ( JC -A V ,  I V-AV ,  

V -AV ) . The cr i ter i a  were coded : 1 ( <50% ) , 2 ( 50 - 59% ) , 3 ( 60 -

69% ) and 4 (  70% ) . 

The i nt ercorre l at i on matr i x  between the  tests  and the  cr i t er i a  

i s  presented i n  Tab l e  20 . 
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.f::l
O"I 

MA-HL 

RC-I ll 

M0 1  

ART-SL 
vc 

CALC 

JC-AV 

I V-AV 
V-AV 
MATHSJC 

MATI IS I V 
MA1l1SV ( d )  

SC I JC ( b )  

SC I I V (c )  

SC I V ( d )  

MATHS I V  

MATHSV 

SC I JC 

SC I I V  
SC I V  

* 
* * 

T A A L F  2 0  

I N1 £RCORRE L AT I ON MATR I X  O F  T E S T S  AND CR I TER I A . S AMPL E 1 0 ,  N = 95 

MA-ttl RC-UL t-01 

-
0 , 1 805 -

0 , 467 1 ** 0 , 0466 -
0 , 57 1 5 ° 0 , 0937 0 , 6062** 
0 , 3698 ° o ,  2434 • 0 ,  1 847  
0 , 4026 ° - , 01 27 0 , 6375*"" 

0 , 1 748  +0 , 0968 +O , 20 1 3 
0 , 0495 -0 , 06 1 8  -0 , 0 1 87 

-0 , 09 1 8 -0 , 1 484 +0 , 0500 
0, 1 1 55  -0 , 1 1 60 +0 , 1 358 
0, 034 1 -0 , 0688 +0, 2952° 

0 , 08 1 5 +0 , 00 1 1 +0 , 2359* 
0, 1 976 -0 , 001 9 +0 , 0805 

-0 , 1 967 -0 , 0360 -0 , 1 29 1  
-0 , 1 1 2 1  -0 , 1 075 +0, 0760 

MATHS I V  MATHSV JC ! JC 

-
0, 2476° -

0 , 2669 .. 0 , 01 88 -
0 , 2001 • 0 , 0699 0 , 4 1 36** 
0 , 0296 0, 2288* 0 , 0975 

a> N = 80 
b )  N = 60 
c )  N = 5 7  
d )  N = 5 3  

I nd i ca tes s i gn i f i cance a t  0 , 05 l eve l 

I nd i cates s i gn I f  l cance at 0, 0 1  l eve l «-

ART-SL VC 

-

0 , 2533• -
0 , 3572 ° 0 ,  1 03 1  

+0 , 2 1 '14 11 � o ,  1 84 4  
-, o ,  1 5 72 f0, 0979 
+0 , 1 206 -0 , 06.J3 
+o , 1 394 +0 , 0580 
+0 , 0382 +0 0524 

+o , 1 4 1 7  +O , 1 1 1 4 
+0, 0922 -0 , 0653 
-0, 1 1 83 --0 ,  2246· 
-0 , 0560 -o , 1 569 

SC I I V  SC I V  

-

0 , 3070** -

CALC 

-

+0 , 00 7  
-0, 04 4  

-0 , 077 

+0, 043  
+O ,  1 89 
+0 , 1 4 1 
-0 , 069 
-0, 1 52 
-0, 020 

2 
6 
0 
6 
7 
9 
2 
2 
3 

JC-AV 

0, 4723** 
0 , 1 507 
0 , 36 1 4 ° 

0, 2 1 85*  
0 , 04 1 5  
0 , 4050° 

0 , 08 1 2 
-0 , 2570* 

I V-AV V-AV 

0 , 4 1 36*11-
0, 2997*"" o ,  1 845  
0, 2468* 0, 0887  
o ,  1 705 0 , 3024 11 * 
0 , 576 1 ** 0 , 3302** 
0, 2632 -lf 0, 2000 • 

-0 , 0378 0 , 3484 **  

MATHS JC 

0, 2052*·  

o,  1 785 
0 , 5425** 
I) , 1 952 

-0 , 0848 

- --

I 

I I 

. 
-



The i ntercorre 1 at i on matri x between the ART - SL and the Men ta 1 

Al e rtness-HL , Mathemati cs- D i agnosti c  1 and the Cal cul ati on Test 

are al l si gn i fi cant at the one percent l evel . Many of the 

i tems of the Mental Al e rt ness-HL requi re number man i pul ati ons. 

The correl ati on w i th Verbal Comp re h e ns i on i s  si gn i fi cant at the 

fi ve percent 1 e vel  and there i s  no carre l ati on "I i  th Readi ng 

Comp rehensi on . Th i s  ev i de nce suggests that the ART-SL i s  

measuri ng i n  a si mi l ar domai n for Bl acks and Wh i tes , v i z .  

reason i ng ab i l i ty i n  a nume ri cal con text. 

There appears to be no corre l at i on between the predi ctors and 

the c ri ter i a .  Gi ven that the ART-SL has consi stentl y shown 

i tsel f to measure successful l y  i n  the ari thmeti cal reason i ng 

domai n ,  one must l ook for an exp l anati on of the l ack  of 

correl ati on i n  the c r i te ri a .  One possi b l e expl anat i on i s  that 

Bl ack educati·on p l aces emphasi s on rote l earn i ng . I t  has bee n  

shown i n  tw o  earl i e r stud i es ( Samp l e 1 and Samp l e 7 )  that 

n e i ther the ART-SL nor the ART-HL predi ct  succ essful 1 y under 

th ese c i rcumstances. Th i s  does not mean that the test shoul d 

not be used to sel e ct B l ack s. To the contrary , the test w i l l  

be more usefu l than school ma rks  i n  predi ct i ng success for j obs 

or courses wh i ch demand conceptual and ari thmeti cal abi l i ty .  

I n  Sarnp 1 e 8 the  ART-SL was shown to be the most successful 

predi ctor of pre-Te ch n i kon trai n i ng resul ts. 

One must al so take cogn i sance of the di ffi cul t c i rcumstances 

unde r wh i ch ma ny Bl ack studen ts obtai n thei r school i ng .  Often 

factors other  than abi l i ty determi ne wh i ch students are 

successful . Suc h  factors are i nadequate study fac i l i ti es , 

overcrowdi ng i n  the school , l ack of fi nance  to conti nue 

study i ng etc . 

5 .3 Val i dati on of ET-HL 

Apart from the three studi es quoted above i n  whi c h  ET-HL was 

appl i ed ( Samp l es 4 ,  5 and 7 ) , the test was appl i ed on three 

other oc casi ons . On one of these occasi ons the test was 

appl i ed to 154 rural Bl ack school pup i l s  i n  standards 9 and 

47. 



10 . The test  proved to be very much too d i ff i cu l t for t he 

pup i 1 s ,  most mar k s  be i ng 1 i tt  1 e better t han chan ce and the  

h i ghest  mark 11  (out  of  a po s s i b l e  26 ) .  No  further  ana l ys ·i s 

was carr i ed out on th i s  group . The other two stud i es w i  1 1  be 

d i s cus sed  i n  more  detai l .  

5. 3. 1  Descri pt i on of samp l es 

5. 3. 1. 1  Samp l e  1 1  

The Est i mat i on Tes t  was adm i n i s tered to 204 Wh i te s choo l pup i l s  

who reque s ted vocat i ona l coun se l l i ng from the  N I PR . The samp l e  

con s i s ted  of 137  ma l es and 67 femal e s . On l y  1 0  of t he pup i l s  

were  Afr i k aan s s peak i ng ,  the  re st  be i ng En g l i s h s peak i n g .  A l l 

the  pup i l s  were i n  t he i r  matr i cu l at i on year . 

5. 3. 1 . 2  Samp l e  12 

The E s t i mat i on Tes t -HL was adm i n i s tered to 1 88 app l i cants  for 

jobs i n  wh i ch i t  was fe l t  that a certai n amount of accoun t i ng 

s k i l l  wou l d be des i rab l e  eg . accountant  c l er k s . I n  th i s  

samp 1 e the  26- i  t ern test  was app 1 i ed  but on 1 y 19 i t erns were  

s cored . I tems wh i ch were d i ff i cu l t  and wh i ch i n vo l ved t as k s  

not usu a 1 1  y expect ed of c l er k s  were  not s cored . The test  was 

adm i n i s tered by compute r ; t h e re was a t i me l i m i t  on each  i tem . 

The age · range of the  s amp 1 e was 18 to  40 year s . Educat i on 

l eve l was between 10  to 12 year s . 

Afr i kaans and Eng l i sh ma l es and fema l e s . 

5 . 3. 2  Bas i c  Stat i st i cs of ET-HL 

The s amp l e  compr i s ed 

The bas i c  stat i st i cs for ET-HL obtai ned from t he app l i cat ion o f  

E T  - H L  to Sa.mp l e s  4 ,  5 and 7 are presented i n  Tab l e  21  together  

w i th t he bas i c  stat i s t i cs for Samp l es 11 and 12. The number of 

subj ect s  i n  each s amp 1 e ,  mean , standard dev i at ion , range and 

i ntern a l re l i ab i l i ty ( Kuder -R i chardson formu l a 2 1, and 

Kuder -R i chardson formul a 21  wi t h  Tucker ' s  correct i on for normal 

d i st r i but i on )  for the  ET-HL based on the samp l es i s  g i ven . 
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TAB LE 21 

SAMPLE SIZE , MEAN , STANDARD DEVIATION, CETAINED RANGE AND 

RELIABILITY COEFFICIENTS FOR ET-HL 

OB TAI NED RANGE KR 

SAMPLE N x SD MIN MAX KR (CORRECTED) 

4 72 17,28 3,81 9 25 0,625 0,677 
5 107 12,98 4 , 05 4 22 0,627 0,673 
7 180 14, 99  4,41 4 26 0,701 0,746 

11 204 11, 67 4,47 1 25 0,705 0,743 
12(a) 188 6 , 64 4, 5 0 18 0,78 0 , 835 

(a ) 19 item computerised ET-HL. 

The test appears · to be appropriate for a 11 the groups. The 
test was slightly difficult for Sample 12 but the reliabilities 
are high despi te the reduced length of the test. Subjects and 
Sample 4 found the test relatively easy . The reliabilities in 
Samp 1 es 4 and 5 reflect the high 1 y selected nature of both 
samples. 

5.3.3 Va l i dat i on stud i es based on ET-HL 

5.3.3.1 Sample 11 

The pupils were given the Mental Alertness-HL, Pattern 
Relations (A15) and the Estimation Test-HL. A subtest of 
numerical items was drawn from the Mental Alertness-HL and used 
as a validation criterion. The intercorrelation matrix of 
these four variables is presented in Table 22. 
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TABLE 22 

INTERCORRELATION MATRIX BETWEEN ET-HL , MA-HL , Al5 AND CR ITERION , 
SAMPLE 11, N = 204 

. 

ET-HL MA-HL A.15 CR I TER I ON 

ET-HL -

MA-HL 0, 5320** -

A15 0, 4700** 0, 5870** -

.CR I TER I ON 0, 4170** 0, 6 7 46** 0, 3948** -

* 

** 
Indicates significance at 0, 05 level 
Indicates si gnificance at 0, 01 level 

A general intellectual ability component is required for 
effective perf orrnance on the ET -HL . This is shown by the 
correlations (significant at 0, 01 level) of ET-HL with MA-HL 
and A15 and the s l ightly lower ( though significant) correlation 
w i th  the c rHer ·i on .  The criteri on, be i ng made up of only a 
subset of the MA-HL i te11s, is apprec i ab 1 y 1 ess reliable than 
MA-HL itself. This probably accounts for the lower correlation 
of ET-HL with the criterion. An additional conclusion which 
can be made fro11 these results is that logical reasoning 
ab i l i ty seems to be an import ant component in the so 1 ut ion of 
ET-HL items. 

5 . 3.3. 2 Sa11ple 12 

Of 188 accountant clerks who completed the computerised version 
of ET-HL, 9 8  completed the Co11putation Test of the Intermediate 
Battery. The intercorrelation between the two tests was 0, 60. 
If correction for attenuation is made this figure rises to 
0 , 83. Thi s  is a slight over-estirr; ate of the intercorrelation 
since in the  calculation of thi s  figure KR

2 0  
was used for the 

ET-HL, but KR2 1  (an underestiTiate of test reliability) was used 
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for the Computati on Test. Th i s  correlat i on i s  substant i al. It 
is pa rti cula rly remark able i n  vi ew of the followi ng: 

1.  The Computati on Test was pe rformed in  paper-and penci l  
format ,  whereas the ET-HL was done on computer. 

2.  In the ET  -HL each i tern is  ti med and the subject is  
moved on to the next i tem (whether or  not he has 
responded ) once the ti me exp i res. In the Computati on 
Test , only an overall ti me li mi t i s  appli ed. 

3. The ET-HL requ i res the subject to round numbers and use 
qu i ck strategi es i n  order to est i mate the value of 
numeri ca 1 exp ressi ons. The Computati on Test , on the 
other hand ., requ i res the p reci se ca 1 cul at i  on of 
numeri cal p roblems. 

The substanti al correlati on desp i te these d i fferences i nd i cates 
that the latent ab il i t ies measu red by the two tests a re qu i te 
si mi lar ., at least i n  the g roup to wh i ch the tests were appli ed. 

b. Concl usi ons 

These studi es have shown the value of the ARTs and ET-HL i n  
p redicting success for certa i n  groups o� people on certa i n  
types of task s . The ART-HL has shown i tself to be app rop ri ate 
for people who have ach i eved a 1 1 un·i versi ty qual i ty " 
matriculati on or who have a degree. Fu rther research i s  
req u i red. before i t  i s  recommended that th i s  test be appli ed to 
raci al groups other than Wh i tes . The ART -SL i s  more 
approp ri ate for people who have ten to twelve yea rs of 
schooli ng . The ET-HL h as been successfully appl i ed to people 
w i th ten or more yea rs of schooli ng. 

The stud i es have consi stently shown si m ila r p atterns of 
i ntercorrelati on between the ARTs and other tests , v i z. h i gh 
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correl ati ons w i th tes ts that meas u re l ogi ca l ab i l i ty i n  a 

number context , l ower correl ati ons w i th tes ts of general 

i ntel l ectua l  fu ncti on i ng and  l ow or nons i gn i f i ca nt correl ati ons  

h i th spati a l  or  verbal ab i l i ty tests . The ARTs s hou l d p rove to 

be u sefu l i n  sel ecti on a nd  vocat i ona l  gu i dance for fiel ds such 

as mathemati cs , p hy s i cs ,  chemi s try ,  el ectron i cs , computer 

sc i ence and eng i neeri n g. They a re not u sefu l i n  p re di cti n g  

s uccess i n  d i  s c i  p 1 i nes whi ch d o  not p 1 ace both conceptua 1 a n d  

quanti tat i ve dema nds . · I n  accou ntancy ,  for i ns ta nce conceptua 1 

demands a re rel ati vely l ow ,  a l thou gh the numeri ca l deman ds a re 

h i gh.  ART i s  l i kely to be a l es s  succesfu l p redi ctor i n  such 

cases , than tes ts l i ke ET-HL . The ART-SL may p rove to be 

parti cu l a rl y  u sefu l i n  sel ecti n g  B l ack s where school res u l ts 

may be more a refl ecti on of the educati on system than  a b i  1 i ty 

i n  the quanti tati ve-cogn i ti ve doma i n .  
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