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INTRODUZTION.

In December, 1924, at the Annual Congress Meeting of the
Suid Afrikaanse Onderwysers Unie a paper was read by Dr. H.Cruse
on "Intelligence Tests and their application to the Schools™.
As a result of this paper it was decided to appoint a Committee
to attempt to standardise tests for pupils in South African
schools, since no set of tests from any one country can
be adequately adopted in any'othei country in view of the wast
differences existing in racial ana climetic conditions.

The Committee approached the Department of Education
for financial support. The Superintendent-General agreed to
give financial aid but suggested that the South African Teacher's
Assocﬁiﬁion be allowed to do-operate, so a2s to obtain a
double series of tests; one in Aftikasans and one in English, the
‘two being equivalent as nearly as possible. A sub-committee
was appointed in May, 1925 consisting of Prof. Reyburn, Dr.Cruse
and Dr. Malherbe, who were to he responsible for collecting the
material for swh tests. Prof. Reyburn undertook the collect ing
of the material for the Bnglish, while Drs. Cruse ami Malherbe
undertook the collecting for the Afrikaans series. The full
committee compiled a team of tests which they thought to be
suitable. Xt was at this stage in the history of the Intelligence
Tests for Soutn Afriean pupils, that the present investigzation
was undertaken. Its object was to collect material in order to
determipe the value and validity of the Testis arranged by the
Committee. v

The results of this investigation, as given in this

report, are dealt with from two aspects. 1In Part 1 is given the
general amalysis of

(1) the suitability of the text and arrangement of the
tegts. "

(2) the order of difficulty of items constituti
each test.

This is followed by suggestions for regr&ding,.

In Part 1I the results are analysed statistieally.
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The Tests = Origin and Description.

The team of tests compiled by the Committee in 1925, were .
eleven in number. These were taken from various standardised

sets, together with two original tests. The first of the

geries, Test 1 owes its origin to Dr.B.G. Malherbe, of the |
Department of Education, Cape Town University, and is a

Matéh Design Construction Test. As seen in the appendix 1
(ﬂr,‘ 2ic) 1t consists of a series of stiff cards numbered 1 to |
9 on each of which some hecadless matches are glued to form a
degsign. Numbers 1 to 6 consecutively increase in number of
designs and each card thus offers a2 little more 4ifficulty

than the ypreceeding one. Item 7 and following of the

serie"sl are a little different. Here, the stiff card has

on it but one figure and the subject was required to complete

the désign on the card. Throughout the test, cach card was
exposed to m—;l;gjé;:-t for exact.‘l@_{ 6 seconds and then put away.
The subjecct, hawing been ziven some headless mtches was

asked to reproduce the design.

Test 2 is a reasoning test ami is a modified type of "Burts'
",;_Reaaoning Test". The test is in the form of problems =il
consists of 2 set of cards numbered 1 to 10 on sach of which
is a problem, (appendix ftp 1. ). The subject was told to
read the problem andftry and give an a.nswer.’!héﬁ th X

zave anser, the reason fa@ that answer was aske g
an » s a ‘w | :

was acepted whether right or wrong. / : _’
Test & is ' 5. ). Tuis test wAw R

. o

-~

taken from Knox (Ameriean Tests). The apparatus used wag®

iﬁ a one inch cube of the same colowr. The c.oloured
board were referred to as follows =

red =1, blue = 2, green = 3 and yellow = 4.
placed in front of the child so that the red
subjects left. The examinel used a Wlack eul S
touch €aeh of the mounted cubes in,tur;z : '

numbers given in the instructisns.
5 ;2._ -




Tegt 4A was taken from the Binetst test of Repetition of
Digits. The series of numbers from the instruction toock was read
to the subject who was asked to repeat them(for digits given mee
appendix P A. ).

Teat 4B was taken from Termn (Stanford Revision) and was
similar to '44, the only difference being that the subject was asked
to repeat the digits backwards(see appendix for digits given p. 4 ).

Comprehension of situations forms the 5th Test and was taken
from Termin.‘gln this test, the subject was asked some guestians
involving a situation which was in the form of "what Would you do if..t
A Teasonably sensible answer was required(for set of questions
see appendix p § ).

Test 6 was originated by Mr. J.G. Taylor of the Department of
Psychology, Cape Town University. This is an oriientation test,
the apparatus for which was provided by Ir. Taylor. The apparatus
was a wooden cube of 1 inch side made up of eight 4 inch cubes
(appendix phy 2§ The outer surface of the large cube was painted
black, but the inner surfaces were left white. A similar cube of
14 inch side, made up of 27 half inch cubes was also used. The
"outer surface of this was painted‘biack. The constituents of the
1 inch side cube were left free while those of the larger cube were
glued together with the exception of 1 cube(a) having one black face,
‘1 cube (b) baving 2 black faces and 1 cube (&) having 3 black faces.
In addition to this there was a ; inch cubie with 4 black faces and
another with 5 black faces. The subject was asked to re-assemble
the cube of 1 inch side, the pieces of which had been scattered; also
to fill in the larger cube. : -

Test 7 is a mental arithmeti¢ test, there being 14 prollems
in all (appendix p 6. }J. Problems numbered 1 to 10 were compiled
by various members of the Committee but numbers *ll to 14 were taken
from the Stanford Revision set of Aritimetic tests.

Test 8 is a "Dissected Sentences" teat. The idea was taken
from the Binet test but in this case the Committee compiled
the actual dissected sentences. These sentences were printed in
capitals on two carda (appendix p. 7. } and were given to the
subject who was asked to re-construct the sentence; to make sense.

-
Test 9A/

d
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Teat 9A is an Absurdity Test adapted by the Committee from

the Binef picture test and the American Group Test. Instead of
inserting d iscrepancies(the American form) the Committee inserted
absurdities into each picture. There are 6 pictures in all. The
child was asked to pick out the absurdity in the picture and if
a minor one was d iscové@red, the child was asked for the more important
ones.

Test 9B is similar to Test 9A, in that it is an absurdity
test, but is given in a different form. The absurdities involved
here were given in the form of sentenées. There are 12 cards
used in this test, and on each card is a statement containing an
absurdity (appendix p.8. ). The procedure was the same as that
for Test SA.

Teat 10« Here the well known FPorteus Maze Teat was used
(appendix ﬁ%@l‘. By some means or other, number 1l was not
faithfully reproduced. There were 2 lines missing in the prints used
for tnis testing. By this mistake, two extra exits were.offereds
one extra in the path adjoining the ce;tre and one extra in the
path adjoining the final exit. The extrs exit offered in the first
case, was about equidistant however, and thus could make but
little difference in finding"the sﬁortest way out"™ as was requested.
The second €xtra exis made an appreciable difference in this way, since
it was nearer the final exit than the official one. However, as the
time factor(although recorded) was ignored far the results of
this investigation, and as all sets of mazes were exaetly the same,
the chances were eqﬁal for each child, and thus the mistake is of no
account here.

Test 11 is a vocabulary test and consista of two lists (A and B),
of 100 words each(appendix ®. §. ). The method-adopted by the
Committee for obtaining these lists was the same as the method
for the "Stanford Revision". The idea being to obtain 10V werds
evenly spaced throughout the Dictionary, the Committee deeided upon
a certain numbered word on a certain numbered page, €.g. (Bay) the 10th
word on every 10th page. The list thus obtained was graded in order
of difficulty by the Committee. The Dictionary used, w8 the oxford‘r

~Concise Dictionary.

The /
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The method of scoring was that laid down by the Committee in
"Instructions fogisxaminers“, for all tests other than Test 2, 4A and
4B, the divergence in these being inevitahle. The instructions for
Test 2 in the book mentioned above were"make no entry in the column
for resulta"™. Here, the exﬁminer used her own discretion as to
the validity of the answer given and the usual plus (4) or minue (=)
sign was recorded, + being scored for any logical reason given, but =
for any correct answer not followed by a logical reason.

For tests 4A and 4B, the usual method adopted is the "1 in 3"
method of Terman. Since some groups of digits were limited to 2
sets, and in order to obtain a detaileg graph for each set of

digits, the examiner scored according to the number of digits rememberel

- @.8s If 4 digitas were remembered, the subject scored 4 and so on.

Part 1.

As has been shown, the present set of tests under investigation
has been sele;ted freely from several well known standardised sets of
tests used Dboth in Europe and America. In some cases the tests were
taken verbatim from the standardised sets, while in other cases the
tests have been adapted,as was thought fit, to the meeds of this
country. It has been essential/ therefore to treat the whole set of
tests as original tests for the purpose of this investigation.

Al though norms are known for the tests taken verbatim from the

wstandardised tests, the acceptance of such noms could not be

justified without extensive trials of such tests in this country, due
to the different racial and environmental conditionsj this applies
with greater force to those tests which have been adapted.

In the selection of subjects for testing, all possible precautions
have been taken to eliminéte such interfering factors as sex and "
"selected" group. Consequently the subjects chosen were all boys and
the two achools from vhich the subjects were drawn were entirely
different. Furthermore, the subjects of the particular age tested

were taken at random from three different classes in each schools

13 'to 15+ The results of the testing eof

L = 3-‘_. e — - " A‘:: b
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group of subjects, ages 8 to 10 and I3 to I5 respectively, are treated

separately in the detailed discussion of the tests below.

Testing of the First Group.

On completing the testing of a group of 60 boys of ages 8to IO
it appeared justifiable to review the results for indications of
any serdéous faults in the text of the tests or in the method of testing.

A list of marks was compiled for each test and a graph

- plotted to show the order of difficulty of the separate items of each

test as measured by the number of subjects passing each item.

Teat I. the mateh design test, indicates tnat the test is inclined

to- be too easy for ages 8to IO. The grading in order of difficulty,
is quite good ( Figure I). The position of guestion one is no doubt
due to the subject's unfamiliarity with the test, and may be overcome,
were a practice design given first. No 6 and 9 of test I call for
attention and will be discussed later under the heading * regrading

of tests"™. Were this test given a trial on younger children, it

may prove to be of more wvalue.

Test 2. gave more favourable results ( Figure 2) although it is
apparently slightly difficult for children of age 9. To obtain a
-‘better .rder of difficulty this test needs a slight regrading and the
latter part of the test needs further trial on older boys.

Test 3. gave quite a fair result. Although the first part shows regular
steps, yet there is a rather lomg one between the third and fourth
step ( Items 6&7 Figure 3) A further trial for the latter part on
older boys is essential.

Test 4a. proved fairly satisfactory. The steps in the graph (Fig 4)
are rather apt to follow those of the latter part of test 3. "Steps"
of fair range were expected but although the} are regular, they are too

steep to qualify as a good test.
Test 4b. being similar to 4a gave almost identical results (Fig 5)

and the note on 4a can also be applied here.
The result of Test 5 shows it to be too simple in the early stages for

age 9 (Fig 6) and the order of difficulty does not seem to be guite

a fair one.
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The test needs regrading accordingly. Item 10 of this test zave
poor results, this is due to the form of the answer generally given.
The answer invariably given in these records was"Actions speak
louder than words", and when an explanation of that phrase was
requested, to see if the child reas.ised its meaning, there was none
forthcoming. The subject in such a case was given minus (-).

Teat 6 is unfortunately of no value for sges 9 and over
(figure 7). All the subjects found the test very easy. The
test gave an interesting result as regards difficulty, however,

as it 1s exactly opposite to all previous tests. The child

finds it easier as he proceeds. This may be due to pradtice amd
an increasing familiarity with the number of black faces on the cubes.
This test may be wery valuable for younger children and is certainly
.worthy of further trial.

Test 7 gave excellent results(figure 8). With an insertion
between numbers 3 and 4 or an alteration of number 4, where the
only long 'step?® in the graph oceurs, the first part of this
test should be a véry reliable teat for this agd. The latter part
requires further trial on older boys.

The result of Test 8 was decidedly pleasing(figure 9) but needs
regrad ing, while the latter part should be given to older bgs.
With this done, Test 8 should prove very suitable.

. Test 9A gave similar resulis to that of Teat 6. With the
eiception of the first picture, 66 per cent of the boys gcored fully
on each qugstion(figure 10). The graph is s imilar to that of Test 6 ‘
and is‘probably due to practice in observation. The pictures
have their absurdities rather too obviously indicated and were
there more obscure absurdities involved,the test might prove more
valuable. | |

Test 98; an absurdity test in the form of a statement - proved
far superior as a test of finding absurdities than the picture
test(figure 11). Regrading in order of difficulty is needed,
also a further trial on older boyse. . F

Pest 10. The result here was most disappointing{fizure

All subjects scored exceedingly high marks. A suggestio

e y" "

Ttem 9 is rather low on the graph and is probably due to

different method of scoring is given under the headi




that although it is similar in structure to items 10 and 11,
for which 4 tries are allaeawed, yet, following the instructions
given, it was necessary to mark it in the same way as the
preceding mazes, for which only two trials are allowed.
The vocabulary test(lists 11A and 11B) proved to be good
lists. The latfer part of each is too difficult for these
ages, as was anticipated. For true results on the latter pazrts
of these lists, they should be given to older boys.
Summing Up.
From the above results, it is shown that Tests 2,7,8 98B and
11A are the outstanding ones but need regrading in order of
” difficulty and a further trial on older boys for the latter parts
| of the tests.
Tests number 1,3, 4A and 4B proved to be of ir value only
. while Tests number 5,6,9A and 10, being too easy for subjects of
age 9, should be omitted in testing children over this age but
should be given trial on younger children.

Preliminary Regrading of Tests 2, 7,8 and 9B.

These tests, from the results obta ined, needed regrading,
and this was done in wvarious ways:- in some cases the figures
in the text were altered, where the problem appeared too
difficult as expressed in the original form (Test 7). 1In others,
the positionsof the words were changed(Test 8) while in a few
the order of presentation was the only alteration (Tests 2 and 9B)
For the regrading of Test 2 the order of presentation of
‘tyi cards was changed. This revised order was chosen from the

graph which suggests that with interchange of the numbers of the

-

guestion, the scale of distribution should be quite good(figure 2)
The new order was as follows ;- 1,3,2,4,6,7,5,8,92 and the cards
were re-numbered accordingly for further trials.

Test 7 needed but little regrading. Item 4 is obviously
too hard. Wwere this problem rendered easier of sclution @he
difficulty may be abridged(appendix p. &, for problem). |
Consequently item 4 was changed.into *If 2 pencils cost 6d. how
many can you buy for 244?" The examiner found that most

children, in the origimal problem,divided the 5d. by 2 and then

divided/
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divided the 50d. by that answer. Thus , by making the
answer of the first division a whole number, (3d. instead of
24d) the second division was rendered easier. Item 2 of
Test 7 appears rather easy in that position but it may be
advantageous to let it remain so as an impetus for

further effort in the succeeding difficult problems.

For the purpose of regrading Test 8, the method adopted was
that of changing the position of the words, since the
sen tences were already graded according tc the number of
words employed. Item 2 (figure 9) is apparently too
difficult. To rectify this, the recorded answers weré
examined. ¥From these it was seen that the main difficulty
arose from Sun and Day being adjacent words and being
taken as one word "Sunday"™. The position of the words was
changed and "the" was inﬁerposed between the two offending
words; the new dissected'sentence ran "Day the sun shines by".
The next sentence to be changed was item 4 (figure 9) which
seemed rather too easy and so the word "a'" was placed
between "dog" and "trees"™ as a complication. Item 5 (figure 9
was just a little too hard. The same metho%/ of inspecting
recorded answers was employed anl it was found that most
subjects persisted in asserting that "monkeys have some very
short tails". It was hoped that by placing “"some" next to
"monkeys®™, the éuggestion would be taken and the difficulty
overcome.,

Items 8,9 and 10 of Test 8 are far too complicated for
boys of 9 to 11. From the recorded answers it is obvious that
the meaning of the actual words employed is far beyond the
child's knowﬂ#?ge. Three new sentences should be inserted
in their stead.

Test 9B. needed regrading in order of difficulty and
the'method employed here was the same as that employed for
regrading Test 2, viz., interchange of the numbers of the
problems. The new order, chosen from the graph(figure 11)
was:- 1,2,7,6,4,3,5,8,3,10,11,12.

Test 11 was graded according to order of difficulty ands

a new list of 50 words for ages 9 to 11(see appendixpal)

e 3 -
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was compiled.

Discussion of Remainins Tests.

Although teat 1l did not give favourable results for these
ages, yet it should be ftried out on younger boys. Before
doing so, it is worth while examining the graph(figure 1).
Items 1,6 and @ of the Test are very low on the graphe. Item 1
may be overcome by giving a practice Test. The position of
items 6 and & my be due to the fact that although these two
bear resemblance to the main theme of construction yet they
are very different as a whole., Were Items b and 6 interchanged,
the graph may give a better line. The difficulty may be
due to both end matcheg of the design in Item 5 be ing moved
central and then moved outwards again in Item 6 . Perhaps
the moving of only 1 match central, as it would be if Item 6
followed item 4, followed by the moving of both end metches
central as in item 5, would give better results. That
however, needs triale.

A further trial on Test 5 may give better results as to
order of difficulty and should be tried thus with the order
changed acecording to the graph (figure 6) to 3,2,1,4,5,7,6,9,
8,10.

Test 10 ,differently marked may be of some value and
should be given further trial with this object in view; Instead
of a;lowing 1l mark for solving the maze in the allotted number
of ‘trials, the subject who only uses 1 try should gain more
marks than he who makes use of the full number allowed.

2

In the case of 2 trials being allowed, 1 try scores 2, while

The followinz method of marking could be given trial

2 tries scare only 1. Those items allowed 4 trials seore
likewise, the subject needing 1 try scores 4, while the
subject needing the allotted 4 trials scores but 1 mark.
Testa 3, 4A and 4B should be retained for confirmation
of results.
Since Tests 6 and 9A are very obviously too simple they
should be omitted for children over 9 but given trial en

N
younger children.
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Testing of 2nd. Group and the Hesults.

The regraded tests required to be tried out in their new
form and in most cases, the latter part demanded further
trial on older boys. Consequently the 2nd. group to be tested,
was one of 40 boys, of ages 13 to 15. The boys were chosen
from various standards in the shcool. With these boys, tests
6 and 9A were omitted as determined from the results of
the testing of Goup 1. All the others were given in the
form indicated under "Preliminary Regrading®.
Resul ts. On the whole, this group gave similar resulis fo
the first group.
Teats 1,3,4 A and 4B gave almost identical results as
in group 1.
Test 2 proved a2 good test with these boys(figure 13)
It 8till needs slight regrading, however, and items 5 and 6
are 8till too diffdeult. ©*his difficulty is probably due to the
Text. .

The actual text of the items was dxamined to see
" if therein lay the solutien. Item'S is perhaps not
quite a fair process of pure elimination(see Test 2, Item 5,

- appendix p.l. ), the logic being too involved for
even this age.

Perhaps the use of another flower in item 6 would be
an advantage and help to overcome the difficulty encountéred.
Since these tests are for South African children, to whom the
buttercup is unknown, it may be better to use the name of
a South African flower. In this item, the child has not merely
the loglic with which to juggle, but he has alao to mrke himself
fakqijér with an unfamiliar thing- the buttercup, the colour
of which he is given in the text above the problem. 'Perhape
the problem could ﬁe tried out using the name of a South
African common flower and the results recorded. It might
here be added that it would be useless to inseri "aloe"
as only 10 per cent of the younger children knew this flower

when used in the vocabulary list of Test 1l.

Although Test 5 was regrasded it gave no results of any
ValuB/
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value, since the whole of the test is too easy for age lé(figure )
fPest 7 gave a better result when the altered problem(number 4

was given (figure 15). The test is 2 very good one for this

age and now that it has been tried on boys,ages 9 to 11, 2nd 13

A
to 15 it .13 ready for regrading.:
Item 3 still offers slight difficulty. The recorded answer®
were re-read and the answer was invariably found to be 2/3.
Bvidently the children were careless and read the problem as
"4 pears for 3d". There may be no need for a great chanze here,
were the examiner in future be allowed, in the case of such
an arger being received, to diverge from the instructions
“accept the answer whether it is right or wrong" and to ask
the subject to re-read the problem carefully. Were the probiem
to read "4 pears a2t 3d. per pear®, the difficulty may prove less.
Pfoblem 8 appears to be too difficult even for these
ages (13 to 15) and it is suggested that this probl@m be either
omitted from the Test or given as the last problem of the test.
A further suggestion is made here for Tést 7, with regard
to the last four problems, viz., 12 to 14 inclusive( appendix p.p)
Problem 11. is of guite fair difficulty but as soon as it
hecomes neces'sary to throw water away, as it is in problem}ss 18,
13 and 14, the children find the problems very difficult. As
thesé problems are used by Terman for adults, younger mubjecta
migﬂt be given h}ltp am told that any water they do not require
can be thrown away.
&l though Test 8 was so promising with the first group it
was unfortunately very disappointing with this group (figux_'e 16).
From the graph it appears that wnile items 1 - 7 are too easy,
and therefore of little value for age 14, yet items 8 to 10
inclusive are not of any more value since they are too difficult.
This is due to the words chosen for the sentences = wofds p
incomprenensible to children.
Test 9B gave excellent results. About half of the statercngs ’
are rather easy for tauis age(figure 17) while the other half are
quite fair tests. The test needs further regrading sc that all

the easy statements together lead up to the mof§re difficult ones

- wihich should farm the latter part of the tesg a?:i thus be valid
L—’ or

e e e o TR i — - e e AR

v~ —-—



i

i B A . A

-
for ages 9 to 1l4.
It is interesting to note that no one managed to explain
the absurdity of number 12 of this test 9B.
Test 10 was given to these older boys as a &rial for the
new method of marking. This marking proved of no
avail however, for only 1 boy scored lower than 77 per cent.

Test 11, the vocabulary test, again proved an excellent test.

gumming Upe

Oon the whole the results resemble those of the lst group.

Tests 1,3,44,48,5 and 10 are valueless as tests for ages 13

and over.

Tests 2,7,9B and 11 are good tests, but still need slight
regrading.

Test 8, alﬁb&ugh 80 promising in the 1lst group, was disappointing
and needs an entirely new latter half, as the words in numbers

8,9 and 10 are beyond the comprehension of these boys.
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COMBINED RESULTS.

Reviewing the results of the testinz of both groups, it
appears that Tests 1,3,4A,4B and 5 yield but poar results while
Tests 6, 9A and 10 are usekss for children of age 9 and over.
Test 8 yielded :00d results with group I.

Tests 2,7,9B and 11 gave excellent results in both testings
but in each test, regrading is essential.

For this purpose the 100 subjects were considered as
one group so that the tests could be made walid for ages
9 to 1l4.

The performanse scale of the I00 subjects in Tests 2,7,3,9,
,Meﬂgtmm ,rwns, in order of difficulty was based ,'J:',‘
e

¥or Test 11 the percentage correct for each of the 20M words

was calculated.

Regradirg of Teatﬁ- 2!?.. 8;93 a!‘ ~

Test 2. From the graph(figure 18) items 5 and 6 appear too

difficult, and the suggestions for regrading ziven under the

heading"Pesting of the 2nd. Group®™ were followed. Item S

could be changed slightly so as to exclude Funanie's chance

of being called the .thief, as many ansers given for this

problem were "Funanie". Thus, the worda®"The sheep must have been

carried there as there were no sheep marks"™ should be inter-

polated. In Item 6, the name of the flower could be changed

fran butter-cup to sunfjower 2s few children in South Africa

know or have ever seen a buttercup whereas éunflowers are

common in this country. The order of presentation should be

changed to : 1,35,2,4,6,7,8,9,5.

Test 7. This test needs but slight regrading(figure 19). Item 3

can ﬁe made a little more emphatic by saying"4 pears at 3d. per

pear", while in Item 4 the altered figures used for the 2nd.

group testing"If 2 pencils cost 6d. how many can you buy for

24d". should be retained.

Item 8 is far too difficult but could be retained were it given

as the last problem of the series. ¥or problems 12,1& and 14

the inclusion in the instructions of the words" yow can throw

away any water you do not rdgquire®™ should help the childe "I P
Pest 8/
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Test 8. This test reeds rather much alteration(figure 20). Items
.2,4,and‘6 should be retained in the changed oraer ag given to the
2nd. group, w:ile items 8,9 and 10 must be omitted and
substitutes formed. :

The following substitutes ar; suggested but need trial.
Ttem 8 now reads"Genera lly those vwery us who to are love we kind".
ITtem 9. "Some a pity do that is work it not like people"™. and
10 "It better the win like is a harder the to game we it".
Test 9B. Here, the change of order of presentation seems to
be all that is necessary. fTaking this order from the graph(figure 21
the items should be as follows :- 1,2,7,6,4,5,9,8,3,11,10,12.
Test 1ll. The vocabulary test includes.Eoofwords and from these 100
words have been selected which are suitable for ages 9 to 15.
These are given in order of difficulty chosen from the percentage
correct for each word. The first 50 words are chosen from the
results of the testing of the 1lst. group amd the second 50 words
from the results of the testing of-the 2nd. group.

3
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PART 2, 4

INTRODUCTION.

The general analysis of the tests as given in Part I
is confined entirely tb the consideraticn of the suitability
of the form of presentation of the tests, both as to order of
difficulty and the age limits for which the tests are valid.

Such a general analysis based for the greater part on observations
during the actual testing, although valuable as a means of

ad justment of the tests does not yield any numerical index of

the value of the tests.

The greater number of the standarcised sets of tests
in existence to-day were compiled on the evidence of general
analysis alone, their value as tests were based on trial and
error, and it is surprising, as has been pointed out by Spearman
that they have proved so efficient. Such methods are not justifi-
-able to-uay when means are available of obtaining definite
numerical indices of the qualitative factors measured by such
tests, and the quantitative measurements of those factors.

Before proceeding with the general outline of the
methods used in the statistical analyeis of the data it may be
well to give some consideration here to the controversies which
have arisen around the measurement of inteliligence. It is only
natural that with the development of specialised statistical
methods for the analysis of measurements of mental activity
that controversies should arise around the interpretation of
observed phencmena a%e due to the unavoidable limitations imposed
by the gradual evolution of the statistical methods.

The basis of the modern development in the statis-
-tical processes of analysis of mental activity measurements
was in the observation by Spearman (I904)fthat the correlatior
coefficients tended towards a" peculiar arrangement which could
be expressed mathematically". The mathematical expression is
the now well known Tetrad Equation. Spearman postulated his
"Two Factor Theory" as the uirect outcome of this equation, the

"g" factor which is general in all ueasurements, and the "s"

factor which is specific to each measurement. He stated that
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if the measurement of any mental ability is aivisible into these
two factors only then the tetrad equation is obeyed.
Thomsonfl)however, by an artificial arrangement of dice was able
"to obtain hierarchy without a general factor and advanced in
opposition to Spearman’s "two factor theory"” his " sampling
theory". Thompen prefers to consider that in any mental activity
a number of factors ("e") are used by the individual , these
factors &eing merely a samnple of the mumber of factors which
the individual has at his command.

At this stage in the controversy it appeared that

®

an impasé#&ad been reached. Garnettﬁpn purely mathematical

)

grounds was able to prove that Thomson's "e" factors and the
“G" and "s" factors of Spearman were merely mathematical
s$ransformations of each other and he proved the converse of
Spearman's theorem - that if equiproportion exists then "g" and
"s" alone are present.

¥ factors

Since the "e" factors and the "g" and "s
are both able to satisfy the Tetrad Equation the selection of
the interpretation rests entirely with the immediate aims in
view. "It is generally agreed upon that for the purpose of
measurement and prediction of mental ability the "g" and "“s"
factors are far simpler and more useful, (.'b""u'(")) .

"

Adopting the "g" and "s" factors as indices it
is possible to submit mental activity data to a fairly
comprehensive analysis as laid down by Spearman in " The Abilities
of Man ". The procedure as given by Spearman is therefore
adopted throughout the statdstical analysis of the present data.
The results of a statistical analyssof the tests
singly and as a team is presented in part two. TfThe set of data
for this analysis is taken from the scores of the two groups:
tested (I00 boys ) as enumerated in part one.
Test 6 and 9a are omitted from the statistical
analysis as they proved to be valueless for the age of subjects

tested. As lists Ila a®d IIb gave a high correlation coefficient

(.77) only the first list was taken for analysis in part two.



Weightihg of Scores.

The scoring of each test is designed with the

idea of simplicity and accgyracy as the chief factors. Bach
test calls for its own method of marking to attain these ends.
Hence when the auestion of aggregating the scores for the team
of tests arises, the summation of the scores for the individual
tests does not give the true aggregate for the performance of
each subject, Subjects W;Q:L score relatively highly in those
tests with high maximum marks, as compared with their scoring
in tests with low maximum marks, obtain an aggregate score which
is not commensurate with their general performance. To obtain
true aggregates it is therefore necessary to balance the scoring
of the different tests so that each test will have equal weight
in the pooled scores. The equalising factor is obtained from
the Standard Deviation of the tests. Making the largest
S.DY unity and expressing the remainder as reciprocals ef their
relation to the largest S.D., a factor is thus obtained for multi-
-plying the score of each test. The summation of the corrected see:
scores for the tests thus gives a true aggregate for each subject's
performance.

The standard deviation is uerived from the formula'

o = .g.}-:-—
N

ZI xz= summation of squares of all deviations.
N = number of subjects. (100).
The S.D. for the eleven tests under investigation and the
equalising factor for each test are presented in table I.

The magnituae of the equalising factors is surficient
explanation in itself to stress the necessity of balancing each
test in " poolii g" the scores. In order to estimate the magnitude
cf the errors involved in ranking on aggregate scores without
balancing the individual tests , <2 boys from one class were
ranked according to the unbalanced and balanced scores and the

deviations in position found. The maximum deviation was 8 ana the

average deviation was 2.2.




TABIE 1I.

NG.of Test: S.D. Equalising Factor
I 2.10 8.55
a 2.49 7.21
3 I.69 10.63
4a I.20 14.97
4b I.34 15.40
5 2.23 8.05
7 2.79 6.44
8 2.20 8.16
9b 2.17 8.28
I0 0.85 2I.13
I1 17.96 1.66

Inter-correlation of Tests

In a set of tests which are eventually to be pooled
to yield an index of intelligence, a fairly close agreement is
essgintial between the various tests. It is not sufficient to
select tests inaciscriminately and pool them; the tests forming
a team must show a significant coefficient of correlation amongst
themselves ana the higher they are inter-correlated the better

b will be the final index of the factor which they measure.
Applying this criterion to the set of tests under investigation

| the coefficients of correlation of the eleven tests aB: 8cen in
Table 2 were czlculated by the "Bravais- Pearson product moment

formula"

lxy.

T = ("Zzt. zy;

The probable error of each coefficient of correlation

pe = s Lor

accoraing to the formula

1s included in Table 2,
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Table 2.

1 2 3 4a 4b " 5 7 8 9% 10 Ila
+.04 +.06 .06 ¥.06 =Z.06 =. ¥, =, =, =,

B0 T .50 .40 .28 W22 .51 8L .41 .43 .58

' +.05 *+.05 #.06 #*.04 +.0%8 £.02 =.03 +.06 +.02

.60 .44 T .52 .35 B6 .74 LA .74 .35 -BX

+$.06 +.06 +.06 £.06 *£06 +.06 +.,06 +,06

.30 .44 .38 .33 .32 .25 .40 .42 .34 .40

+.06 +.06 *.05 #05 +#.05 +.06 £.05

.40 .52 .38 .35 .37 .52 .50 .86 .30 .50

+.06 *.06 #.05 +.06 .06 ¢.05

.28 .35 .33 .35 36 .41 .53 .35 .55 .45

+.05 +.08 1.05 +.06 +.05

L8R .66 .3 W .36 .43 .48 .46 .30 .51

#0353 +.04 +.06 +.03

B o4 .25 B2 .41 43 .73 . ~.61 32 .78

+.03 +.05 #.02

BT .8 .40 50 .53 .48 .73 .70 .53 ~.85

+.05 +£.,04

41 .74 .42 .45 .35 .46 .61 .70 .47 .67

+.05

.43 .39 .34 .30 .36 ,30 .32 .53 .47 W43
B8 BT  ,40 ;B0 .45 5L ~ ,78 .85 .67 .43

From the above table it may be seen that while no

coefficient is insignificant (each being greater than three times

the P.E. ) yet some are prominently high. On closer inspection

it will be noticed that these high coefficients all occur in inter-
correlations between five tests viz, tegts 2,7,8,9p, and Ila,.

One suspects from this, that the factor measured by these tests,

is common in some degree or other in all five tests. They are all
literary tests and not performance tests, but how far this is respons=-
ible it is impossible to judge until further analysed.

Oualitative Determination of lental Factors lieasured by the Tests

The coefficients of correlation, valuable as they are
in providing an index of the efficiency of the tests in relation to
each other give but slight indication of the true efriciency of each

individual test as a measure of intelligence. According to Spearman

the mental abilities measured by most 1nt¢lligence tests are highly

inter-correlated and that in all probqelty the cprrelation is due

tc the presence of one general factor. This factor he designates
"‘“g". He does not preclude the posslblllty of the measurement of
'factors other than "g",; factors whlch while common to some tests
are not common to all. These factors he uesignated as specific

factors "s". As specific abilities will naturally vary from individual
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to individual and from test to test, the inclusion in a team of
tests of any tests with overlapping specific abilities will
vitiage the results when a measure of general ability is required.
The fundamental criterion which must be applied to a
team of teéts devolves thus into an analyeis of whether any two
tests measure the same specific abilities.
The Tetrad Equation
a-k Y‘.’ Y‘/ f‘_’ = O

- the proof and derivation of which is given Gy the(appendlxpfi ")
is the criterion which is applied for this purpose. If the
coefficients of correlaticns are submitted to the above equation
the resulting tetrad differences should tend towards zero
provided there are no overlapping specific abilities measured

by the tests in question. All the possible coubinations of
coefficients of correlation h1ave to be subwitted to the eyuation
Errors of saumpling cannot be eliminated in practise and
ldeviatians from zero will occur. .The significance of the tetrad
d¢difference thus depends on the magnitucve of its probable error.
| Itis possible to calculate the probable error of each tetrad
difference and differences to be accounted for by sampling must
be within three times its probable error. The calculation of

the probable error of each T.D. is much too laborious hence the
procedure is adopted of arranging the T.D.sin a frequency distrib-
-ution and obtaining the Median by observation. The probable

error of all the T.Ds is obtained from the formula (SFRM"W'HH" P\“"

pe. - LBE[re-r) 1 (- "’)5]‘

“-4 _ 3 BB,
where R"’ Ir S a r n -3

Where :=- = number of subjects.

N

n =number of tests.

r = mean of coefficients in the table.

S = meaun squared deviation of the coefficients.
and should agree closely with the median of the tetrad difference
if overlapping specific abilities are absent. If the agreement
is not close then it may be taken as evidence that group factors

are included in the measurements.
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The question arises of how close the agreement betw en the
P.E. and the Median of the T.D 8 should be. The P.E. of all the T.D4«
is itself subject to errors which are inherent in all probable
.errors calculated from small samples. It is however possible to
determine these erfors by calculating the probable error of the

probable error from the formula
4769 RE
‘b.c. of PE. = i

The P.BE. of all the T.Dg and the Median of the T.DS

ghould agree within three times the p.e. of the P.B. in order to
account for the tetrad differences by errors of saupling.

The 990 possible T.D s of the tests under investigation
were calculated from the table of_correlation and graded into groupes
the class cistinction of which is 0.02. The frequency distribution

is given in table three and in graphical form in Figure 22(Appeadix).

- ’
Clags Distinction Frequency.
0.00----0.0199 218
0.02----0.0399 219
0.04----0.059¢ 188
0.06=--=0.079¢ 143
€.08--~-=0.0999 9%
0.I0----0,1199 65
C.I2----0.1399 29
0.14----0.1599 20
0.16----0.1I799 6
0.I8=--~-0.1I999 ' 3
990
Observed Median-=-==«--= 0.050
PEB.--meemccccmnceee oo +.034
p.€. of P.B ccccmcanan % .0005
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The difference between the lMedian and the

P.E. of the T.Ds in this case ( 0.0I6 ) amounts to 32

‘times the p.e.of the P.E. and has definite significance so

that the Tetrad Equation is not satisfied by the data.

The disturbing influence may be accounted
for in one of two ways - the inclusion of gwoup factors
in the tests and/or the effect of spurious correlation.

Before further analysing the data for the
disturbing influence, the results obtained from the
Afrikaans set of tests were examined. The Afrikaans set of
data is based on the testing of about 400 subjects .

The P.E. of the T.Ds. is given asX 0.0I95 and the
observed median as 0.0383. The investigators of the
Afrikaans tests accepted the figures as being sufficiently
close to satisfy the Tetrad Equation. Calculating

the p.e. of the P.E. as above we obtain¥ 0.0003 and a
difference between the P.B. of the T.Ds. and the Median
of 0.018s. The difference in thés case is even more

significan®, being 62 times the p.e. of the P.E..

In searching for the disturbing factor in the
data of this investigation, consideration was first given
to the effect of spurious correlation. Spearman enumcrates
the disturbances which are likely to gives rise to spurious
correlation as follows ;

(I) Diversity of Ages.

(2) Diversity of Training.

(3) Diversity of Sex.

(4) Pilurality of Bxaminers.

The first two disturbances enter into the present
data while all four enter into the data analysed for the

/ Afrikaans
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set of teats.

The present data is based on the scores of 100 boys drawn from
two schools with ages varying from 8 to 15. All the testing was
carried out by the writer.

Thex:o;ata for the Afrikaans set of tests was obtained from a
large -numher of schools all over the Union with children of both
sex and covering a much wider range of ages. The testing also,
was carried out with the aid of a number of students as well as
the two principal investigators.

It thus appeared that the distwbning factors would in all
probability be accounted for by spurious correlation and in order
to eliminate these as much as possible a new set of correlations
was calculated for 60 boys of average age 9 but ranging from 8
to 10. Unf artunately the two schools had to be included as it was
impossible to obtain a group of over 30 boys of average 9 in any
one school in Cape Town.

The correlation coefficients with their p.e. for the eleven tests

based on the score of 60 boys are given in Table 4.

Table 4.

1 2 3 4a. 4b. 5. 7. 8 Sb. 10 11A
*.06 .08 *.08 1.09 *t.08 t.07 £.08 +.08 +.08 =*=.,08
50 .28 .21 o1 .05 «42 .34 «21 g . DL
+.08 £.07 +.08 +.06 =.07 =*.06 +.06 +.08 *.05
.50 .‘8 .‘l .28 .56 .48 '59 ..5_2 024 ‘6.]_-
+.07 +£.08 +.08 £.08 =#.07 +.08 +.08 =.07
«28 -48 « 3T 32 33 «ab «44 .%‘ 29 45
2-—_33 1063 _f_oﬂ ‘_‘_'653 *.0 :'_"-65 ,4_-.65
o231 .41 + 30 24 .22 38 .33 .28 od3 -28
: .08 £.08 +.07 +.08  +.08 <+.08
+ 23 28 . D .24 +26 18 .42 +38 .27 .
+.08 *£.08 .08 +.08 +.0
005 -56 035 022 025 018 .35 035 '22 oaé
toO' tuai ioﬂ L‘C-O?
42 +48 . 26 « 306 .12 .18 43 «35 .08 43
m _1_-.0’ i’-O‘.
o34 .59 -44 DD 42 + B3 43 « 53 43 .69
:'_"oOl 1-03
B .56 o3l .28 18 o DD P11 B3 41 -
. :.Ot
.53 .2‘ ‘29 .ls .27 .22 008 .43 Qu 028

114..32 .61 45 .28 .21 .38 .43 .69 .58 .28

It will be noted that the coefficients of carrelations
are all much lower than the previous set but that the gemeral
trend is much the same - the high wefficients occur in the
intereorrelations of the same tests, viz, 2,7,8,9b, and 1l.
The frequency distribution of the tetrad differences of these
new correlations are presented in table form (5) and in graph
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form in the appendix (figure 23).

Table S.

Class Interval. Frequency.
0.00 =--- 0.0199 214
0.02 ---- 0.0399 218
0.04 ---- 0.059¢ 180
0.06 =-=--= 0.0799 151
0.08 ==== 0.0999 a2
0.10 ==== 0.1199 51
0.12 ==== 0.1399 44
0.l4 =-=--- 0.1599 19
0016 ===~ 0.1799 8 .
0.18 ==== 0.1999 1
0.20 ==-- 0.2199
0.22 ~===- 0.2399 1

990
Observed Median = 0.047

P.E. of Tetrad
Pifferences = «042

0
p.e. of P.B. :t 0.0006

'+

The median and the P.B. of the Tetrad bifferences show much
closer agreement than in the previous data. The difference
between them is slightly over 8 times the p.e. of the P.E.

The Teirad equation is thus not yet satisfied.

The effect of eliminating spurious correlation is demonstratel
very forcibly in this analysis in the reduction of the
differences b-tween the median and the P.E. of the tetrad
differences from 32 to 8 times the p.e. of the P.B. This
indicates the vast importance which must be attached to the
planning of the scheme of investigation.

The disturbances which are likely to produce spurious
correlation are present to a far greater extent as well as in
actuwsl number in the data for the Afrikaans set of tests. Since
the tests are almost identical to the English set of tests,
and as the divergence between the p.e. of their Tetrad Dif ferences
and their olserved median is also much greater, it is .juartiffiable

il e

to assume that spurious correlation also enters into that datse,

but for s ane reason or other this was not detected by the .

investigators _;,__1
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investigators and all subsequent steps in the statistical analysis
of their data is not valid since their data does not satisfy the
Tetrad Equation. It is more than likely that their very high
coefficients of rﬁ? are also due to these disturbing factors ( app,24)

Since the tetrad equation is not satisfied even by
the data for 60 subjects, it is possible that all the effect of
spurious correlation has not been eliminated since the subjects
were drawn from two schools. In order to test this, the set of
data for 30 subjects from one school was. submitted to the same
statistical analysis.

The following values were obtained.

Observed Median = 0.0580

. P.B.of Tetrad =*0.0468
Differences

p.e of P.E. =£0.0007
The difference between the median and the P.E. of the tetrad
differences is 16 times the p.e. of the P.E. and hence this set of
data is again unable to satisfy the tetrad equation.

The fact that this set of datd shows greater divergence
between the median and the P.E. of the tetrad differences than the
set of data for 60 boys is not easy to explain. [}t may be that
the influence of spurious correlation has served to reduce the
effect of group factors in the set of data for 60 subjectsg:T

Reviewing the results of the analysis, it is obvious
that spurious correlation is not alone responsible for the data
failing to satisfy the tetrad equation. It is necessary thus to
extend the analysis of the data to obtain more specific values for
the individual tests and thus see whether the elimination of tests
which are not highly saturated with "g"™ will remove the disturbing
influence.

As an empirical method, the set of data which most
nearly satisfies the tetrad equation (viz., the data for 60 subjects) 3
was taken as a first approximation and the vaiues of Tag wWere

#
calculated from Spearmands formula:-

- —

#’Spearman, The Abilities of Man . Appendix pp. .
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¥
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- 5 (T - 2a )7

where A= sum of correlations between "a" and every other test.

A'= sum of squares of correlations between "a"™ and I
every other test. &

T= sum of correlations in the whole table.

The values of r are given in table 6. 1

?

Table 6.

Test r%?.
b § 0.48
2 0.84
3 0.60
= 0.47
4b 0.40
] 0.48
7 0.52
a 0.80
9 0.62

I0 | 0.44

Ila 0.74

These values are an index of the efficiency of each test as a
measure of "g".
Selectinz from the above table the six tests most highly
saturated with "g" (viz., tests 2,3,7,8,9 & II) and submitting the
inter-correlations of these tests to the tetrad equation the following

-

frequency distribution was obtained ( table 7.).
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Table 7.

Class Interval Freguency

.0 ---0.0I99 : 17
.02---0.0%99
«04---0.0599
.06---0.0799
.08---0.0999
»10---0.1199
«I12---0.1399

H & MM O O

«I4---0.1I599

Observed Median = 0.028

P.BE. of Tetrad =2 0.045
Differences :

p.e. Of P.E. 3.1'-0.005

The difference between the median and the P.B. of the tetrad
differences is 0.0I7 and is more than five times the p.e. of the P.E..
The tetrad equation is not yet satisfied even on the data for the
selected tests.

There is still present in this set of data some
disturbing factor which may be accounted for by spurious correlation
or overlapping specific abilities.

Since the set of dada for 30 subjects is free from
the first possibility the analysis was extended to this set and the

following values obtained from the data on the selected tests.

Table 8.

‘Intercorrelations of selected tests for 30 boys.

" 2. 2 8. 9. II.
M 36 <40 .60 .67 .61
3, .36 .24 .02 30 .21
7. .40 24 .60 .52 .53
8. .60 .02 .60 .37 .62
9. .67 30 .52 +37 .59
11. .61 .21 53 .62 .59
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Table 9.

Frequency distribution of the Tetrad Differences.

Class Interval Frequency.
e 0.0399 7.
«04-=---0.0799 I4.
+08-=---0.1I199 II.
I2----<0.1I599 5.
«I16-=-=--0.1999 5.,
«20-----0.2399 2.
- R 0.2799 I.

Observed Median = 0.090

P.E. of Tetrad =2=*+0.078
Differences

p.e. of P.E. =*0.006

The Tetrad Equation is at last satisfied.

The assumption that disturbing factors other than
spurious correlation were present is fully justified. The elimination
of these factors is concomitant with the rejection of those tests
which have a low correlation with “g". Althoéigh no definite analysis
of the data has been made for these, the suggestion may be made here
that a group factor is present in the rejected tests or that one
or more of the rejected tests may have an overlapping specific
ability with one or more of the selected tests.

Considering the three sets of data - which have been
analysed above - with the view of obtaining true wvalues of the
correlations of each test with "g" and of the team of tests with "g@"
the sets of data for I00, 60 and 30 subjects for the complete team
of tests are ruled out as they are affected by either spurious cor-
relatioé} r group factors. The analysis to follow is thus based
on the only valid set of data ( 30 subjects) in the six selected
tests.

The true values of r47 of the six tests which satisfy the

tetrad equation were calculated and are given below. ( table I0.)
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Table IO.

Tests. r,’,
2. 0.66
Se 0.29
7. 0.69
8. 0.64
9. 0.75

IT. 0.79

" Weighting " of the Individual Tests.

Since each test has its own level of significance
as a measurement of "g" it becomes obvious that even the balanced
5 scores of each test ( taﬁle I.) are still subject to errors in giving
a true aggregate for the performance of each subject in the pooled
tests. The weighted scores for the individual tests must again be
corrected relative to the different levels of significance of each
test as a measure of "g". Spearmaﬁ#aas shown that the weight “"wW_ "

of any correlation :ﬁf has to be made proportional to

<

4
I -2
( s )
B The values of " W, " are given in table II.
Table II.

Tests. ¥
2. I.17
3. 0.32
7. I.32
8. I.08
9. I.71

II. 2.10

gff Spearman; The Abilities of Man, Appendix pp. #



The number of subjects being reduced to B0 for this analysi s
necessitated the recalculation of the standard deviation and
equalising factor for the scoring of the tests. These, for the

six tests are presented in table I2.

Table I2.
Tests Standard Deviation Equalising Factor.
2. 1.769 5,37
3. 1.789 5.31
7. 1.663 5 81
8. I.591 5.97
9. 2.281 4.16
II. 9.491 I.00

The scoring of the tests has been subject to two distinect correct®”
the first in correcting for the different levels of significance
in the correlation of each teat with "g™ and the second in the
equalising of tne standard deviation. The application of tweo
corrections becomes cumbersome in practice and since the application
of the product of the equalising factor for 85.D. and W, amounts to
the same as applying each correction separately this was adopted.
The new factor thus obtained (table I3.) is again too cumbersome
as it involves too much arithmetic for routine testing. The new

factors were reduced to the nearegt whole numbers.

Table I3.
Test. L/ X 8.9 = Equalising Approximate Equalist
Factor Factor. Factor.
g. I.I7 B.37 6.28 6.
3. 0.32 5.31 1.70 2.
7. 1.32 5.81 7.67 8.
8. I.08 5.97 6.45 6.
9. I.71 4.16 7.11 7.
II. 2.10 I.00 2.1I0 2.




-3l -

Correlation of Team of Tests with 'g”.

Now that the set of data has been subjected to
thus much analysis - that the "g" and "s" criterion has been
applied and obeyed, that the tests have been individually valued
as to their saturation with "g" and that their true weights have
been found - the final step in the analysis may now be taken.
This step is the conclusive one &n testing the value of the whole
tests as a team, i.e., in the value of r€7 ( correlation of team
of tests with "g" ). It issthe final "checking up" of the
whole method of analysis . If the tests have obeyed the
tetrad equation and have been correctly treated as to weighting
and scoring then rff should give a high correlation coeriicient.

The formula " /
S -

where § = summa Fron ’f W . r“f‘

~is

was applied and the coefficient equalled I.0
It appears thus that the six tests which have been
selected have been weighted in the best possible manner to

yield a team of tests for the measurement of "g".
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GENERAL CONCLUSIONS.

It may appear that the method of attack in the
statistical analysis was rather indefinite on account® of the
repeated restrictions of the data submitted tothe Tetrad Equation
criterirn. In the first instances ( viz., reduction to 60 and
30 subjects) there was no other alternative since spurious
correlation was known to influence the data and the quickest way
of eliminating this was by the narrowing of the age limits of
the subjects and avoiding diversity of training. The
faildure of the data, for the group of 30 subjects for the
eleven tests‘to sétisfy the criterion offered t&b avenues of attacks
the more direct methcd of analysing for overlapping specific
abilities or group factors and the elimination of any tests
involved or the more indirect method of choosing the six tests
which were most highly saturated with "g" and again submitting
these tc the criterion. The latter method was chosen since only
six tests were required for the final team of tests and since
little further calculation was invo;ved as all the tetrad
differences were available. The indication of the presence
of disturbing factors other than spurious corredation is interesting
and is deserving of further study and it is regretted that it
could not be included in the present analysis. It is alsc to be
regretted that the analysis of the Afriksans set of data was not
purdued until the tetrad equation criterion was satisfied by that
cata as this would give confirmation or contradiction of the
indicationg of group factors.

In resrospect the outstanding feature of the
statistical analysis is the vast influence of spurious correlation
and the ease with which spurious correlation may be introduced
into any set of data. The tetrad equation is no mean
criterion and the presence of any spurious correlaticn in the
data is immediately incicated. The planning of an investigation
into the validity of a team cof tests is thus of primary
importance as the inclusion of fagtors which give rise to spurious

correlation which cannot later be eliminated from the data is



58

tantamount to courting failure.

It is also of the utmost importance that the tetrad
equation criterion is correctly applied and that the further
criterion of agreement between the P.E, of the T.Ds. and the Median
of the T.Ds. be also applied and not merely judged by observation,
since the validity of all further stages in the statistical
analysis is dependent on the data satisfying the tetrad equation.

The investigators of the Afrikaans set of tests applied the criterion
but ommitted tc degérmine the significance of the tetrad diiferences,
with the result that they faiied to detect the presence of
spurious correlation in their data. Since their data does not
ocbey the criterion no validity can be placed on any of the subsequent
stepsi of their statigtical analysis.

The six tests which have been selected as the
result of this investigation can be accepted with a considerable
degree of confidence as being suitable and reliable tests for
the measurement of "g" . In their final form as given in the
appendix and in conjunction with the equalising factors they are
suitable for presentation in order to determine their respective

age norms.
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SUMMARY .

The object of the investigation is the collection of data to
determine the value and wvalidity of the Tests arranged for South
African children.

A description of the teasts and their sowrce of origin is given.
In Part (1) the general observations on the tests is given amd
the results of testing .of two groups of boys ages 8 to 10 and 13 to
15 respectively.

Regrading of the tests based on the arder of difficulty.of the
iitems constituting the test is suggested.
Difficulties due to unsuitable forms of the test are treated.
In Part (2) the statistical analysis of the data collected is
given.

Equalising factors for each test have been calculated in order
to yield true aggregate scores.

The coefficients of the inter-correlations of the tests together
with their P.E. are given.
The Tetrad Differences reveal the presence of disturbing factors
and the data from the 100 subjects fails to obey the tetrad
equation. This is shown to be due to the effect of spurious
correlation introduced by the diversity of ages of the subjects
tested. The data for 60 boys of average age 9 reduces the influence
of the disturbing factor but still fails to obey the Tetrad
Equation.
By assuming the Tetrad Equation to be obeyed the values of r47
are given.
9ix tests show high saturation with "g" and the data on these tests
far ig subjects of average age 9 obey the Tetrad Equa®ion.
The true values of each of these six tests (viz.2,3,7,8,9b and 11)
with ”g;iés a team with "g" are given.
Purther "weighting" of the tests to compensate for their difference
in saturation with "g" is made and the two weightings are combined
to yield one factor. The final equalising factor is further
simplified to whole numbers.

The reduced set of tests in its final suggested form is presentecu

in the asppendix.
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Appendix(p 4 )
TEAM OF TESTS AS COMPIIED BY THE COMMITTEE.

TEST 2. REASONING.

Tom runs faster than Jim.
Jack runs slower than Jim.
Which is the slowest of the three 9

OfF

The person who sole Brown'®s purse was neither dark,
nor tall, nor clean-shaven.

The only perscons in the room at the time were ;-
(1) Jones, who is short, dark and clean-shaven;
Ez; Smith, who is fair, short and bearded;
3) Grant, who is dark,tsll, but not clean-shavene.
Who stole Brown's purse ?
Three girls are sitting in a row:
Mary 1s to the left of Susan;
Kate is to the left of Mary;
Which girl is in the middle ?
All insects have six legs.

This creature has eizht legse.

Is it an insect 9

one of my sheep had been stolen. Jater on T found it
dead under a bush where it had been hidden. Beside the
sheep was a pipe and on the sheep's wool wes red clay.
There was only the footmarks of one man, and he had lost

a toe on his right foot. I found out that the thief

— was one of four kaffirs: Belamie, Dunisie, Funanie

and Wmtile.

Matile does not smoke, and Dunisie does net use red claye.
Belamie has five toes on his left foot. PFunanie is a small
boy and cannot carry a sheep alone.

Who was the thief ?

Jack said to his sisters: "Some of my flowers are

~ buttercups ".

His sisters knew that all buttercups are yelloWe
Annie said 3 ™All your flowers should be yellew "
w

mry said, ¢ "Some of your flowers should be yellow

Hester said : “None of your flowers are yellow"

Wnich girl was right ?
e e
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Jim, Tommy and Jack paid me a visit one eveing: Jim
drinks tea and milk but not beer s.-nd coffee. Tommy drinks
milk and coffee but not tea and beer. Jack does not
drink tea and coffee but does drink milk and beer.

I wish to give them all the same thing to drink.

What must I give them ?

My brother wrote to me: "To~day I walked from Rietfontein
where I had an accident yesterday and broke one of my
limbs "“.

Can you find out from this what he had probably broken-
his right arm, left arm, right leg or left leg ?

X started from the door 6f my house and walked 100 yards.
I turmmed straight to the right and walked 50 yards.

I turned straight to the right again and walked 100
yards.

How far am I from the doar of my house ?
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TEST 4. REPETITION OF DIGITS.

ETY B. =
6=4-1 1. 2-8-%
3-5-2 2 4=2-7
8-3-7 3.  9-5-8
4~7-3-9 4. 6-5-2-8
2-8-5-4 5. 4-9-3-7 '
T-2-6-1 6. 8~6~2=9
3-1-7-5-9 . 3-1-8-7-3
4-2-8-3-5 8. 6-9-4-8-2
9=821-7-6 e ¥ 5-2-9~6-1
3=7-4-8-5-9 10, 4-7-1-9-5-2
§=2~1=T=4~6 11. §~8-3-2-9-4
2=1-8-3-4-3-9 12. 7=5-2-6-3-8
9=T7=2-8=4~T7=5 13. 4-1-6-2-5-9-3
T=2-5-3-4-8-9-3  1d. 3~8=2-6-4-7-5
4-9-8-5-3-7-6-2  15. 9=4=5-2-8-3-7.

8~3-7-9-6-4-8-2
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TEST S. Comprehension of Situation.

Wha t must you do when you are sleepy ?
What ought you to do when you are colad ?

Wha t ought you to do when you are hungry ?

L4

what is the thing for you to do if it is raining when you
start for school ?

What is the thing for you to do if you find that your house
is on fire 9

What is the thing for you to do when you have broken something
that belongs to someone else ? '

What is the thing for you to do when you notice on your
way to school that you are in danger of being late ?

What is the thing for you to do if another child hits you
without meaning to do it ?

What ought you to day when someone asks your opinion about
a person you don't know very well ?

why should we judge a person more by his actions than by
" his words ¢ '
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TEST 7. ARITHMETIC.

On youwr birthday you receive 7 permies from your father and five
pennies from your mother. How much money will you have then %

John's grandmother is 86 years old. If she lives, in how many
years will she be 100 years old ?

You buy 4 pears at 3d. €ach. How much change will you receive
back out of half-a-crown ?

If 2 pencils cost 5d. how many can you bu,, for 50d.

If a lad's wage is 25/= a week and he spends 14/« a week, how
long will it take him to save 300/- ?

A gardener plants 5 rows of potatoes, putting 12 in one row.
How many rows will he have if he plants only 4 in a row. %

If Prank can ride a bicycle 300 yards while George runs 20Q
yards, how far can Frank ride while Gearge runs 300 yards ?

If a wire 20 ins. long is to be cut so that one piece is two-
thirds of the length of the other piece, how long must the longest
piece be ?

A man starts on Monday on a journey of 100 miles. He walks 30
miles fhe first day and 5 miles less on each succeeding day. On
what day will he finish his journey ?

' A motor-car goes a mile in 3 minutes; if it took 6 minutes less
on a 22 mile journey, what would be its speed in miles per hour ?

Given a three-pint measure and a five-pint measure, how will you
measure out one pint exactly using nothing but these two
veasels and not guessing at the amount. Begin by filling the
three-pint vessel firste.

Given a three-pint and a five-pint vessel measure out exactly
7 pints.

Given a five-pint and seven-pint vessel meéasure out exzctly
eight-pints. =

Given a four-pint and nine-pint vessel measure out exactly
% pinta »
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TEST 8. DBESSECTED SENTENCES.

GIVE NIIXK Cows.

SUN DAY THE SHINES BY.

CANNONS LOUD MAKE NOISE A.

DOG TREES CLIMB A NOT CAN.

TAILS HAVE SOME SHORT VERY MONKEYS.

WATER CORK ON FLOAT WILL AND WOOD.

FOR THE STARTED AN WE COUNTRY BEARLY AT HOUR.

NOT GOOD WORTH BE OF BASILY A OVERESTIMATED THE NALE

HARDEST TEE US SOLUTION GIVES THE SATISFACTION OF
PROBLEMS GREATEST < THE.

QF SO MANY AS VIRTUES FOR CLEMENCY ANSWER THE C.RIMES‘TO

NONE HAS.

CAN.

r B R, T e®
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TEST 9B. ABSURDITIES.

A man said; "I know a road from my house to the chureh which is
downhill all the way to the church and downhill all the way
back home LIS

A man was thrown from his horse. He stiruck his head against

a stone and was instantly killed. They picked him up and carried

him home and they do not think he will get well again.

A man had a cat and cut a hole in the back door to let the cat
in and out. Then the cat had a kitten, and so the man cut
another and smaller hole in the door to let the kitten in and
out.

A lady said." I am expecting five people at the dinner table
today"™, and so she only set places for four.

In a letter to a friend 2 man said; " If you don't get this
letter, please send me a telegram to let me know".

A man had 40 sheep, 10 horses and 10 calves. He said he had
60 sheep.

A hunter who had used up all his bullets was chased by a tiger.
4 bright ideg struck him: he would climb a tree. When

he got to the top he remebered that the tiger could also climb
a tree; but e got out of his difficulty by pulling the

tree up after him.

Jack said: "Don't those two girls loak much alike ¥ "Yes"
said Peter, "especially the one on the other side".

The moon is more useful than the sun, for it gives us light
in the night when we really nced it, while the sun gives
us light in the day when we don't need it.

"I don't like onions™ said the boy "am I'm glad fRat I
don'ty for if ¥ did, I should be eating them all day, and
I hate the beastly things."

The three men laughed; then stopped suddenly as the eyes of
each met those of the others across the table.

ﬁery rule, even this one itself, has an exception.
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SUGGESTED FORM OF REVISED TEAM OF T=STS.

Teat. /, Reasoning. 1 to 8.

Tom rune faster than Jim.
Jack runs slower than Jim.

Which is the slowest of the three ¢

Three girls are sitting in a row:
ary is to the left of Susanj
Kate is to the left of Mary;

Whch girl is in the middle ?

The person who stole Brown'®s purse was neither dark, nor tall
nor clean=-shaven.

The only persons~in the room at the time were :-
1) Jones, who is short, dark and clean-shaven.
2) Smith, who is fair, short and bearded;
3) Grant, whao is dark, tall but not clean-shaven.

Who stole Bromm's purse ?

&ll insects have six legs.
This creature has eight legs.

Is it an insect %

Jack said to his sisters: "Some of my flowers are sun-flowers".
His sisters knew that all sun-flowers are yelilow.

Annie said; "All you flowers should be yellow %.
Mary said: "Some of your flowers should be yellow.
Hester said: ™None of your flowers are yellow ".

Which girl was right ?

Jim, Tommy and Jack paid me a visit one evening. Jim drinks

tea and milk but not beer and coffee. Tommy drinks milk and
coffee but not tea and beer. Jack does not drink tea and coffee
but does drink milk and beer.

I wish to give them all the same thing to drinke.

What must I give ?

My brother wrote to me: "To-day ‘I walked from Rietfontein
where I had an accident yesterday anml broke one of my limbs."
can you find out from this what he had probably broken - his
right arm, left amm, right leg or left leg %

»

I started from the doar of my house and walked 100 yards. I
turned straight to the right and walked 50 yards. I turned
straight to the right again and wmalked 100 yards.

How far am I from the door of my house %

One of my sheep had been stolen. Iater on I found it dead under a
bush where it had been hidden. Beside the sheep was a pipe and on
the sheep's wool was red clay. There was only the footmarks of
one man, and he had lost a toe on his right foot. The sheep must
have been carried there as there were no sheep's marks. I
found out that the sheep had been stolen by one of four kaffirs
Belamie, Dunisie, Fumnie and ¥atile. Matile does not smoke, and
Dunisie/
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Dunisie does not use red clay.
- Belanie has five toes on his left foot. Fuanie is a
small boy and cannot carry a sheep alone. :

Which kaffir stole the sheep ?
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TEST 8. _CUBR TESTS.

o
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TEST 3. ARI THMETIC 1l - 14.

l. On yow hirthday you receive 7 pennies from your father and five
pennies from your mother. How much money will you have then ?

2. John's grandmother is 86 years old. If she lives, in how many
years will she be 100 years old ?

3« You buy 4 pears at 3d. per pear. How much change will you receive
bagk out of half-a-crown ?

4. If 2 pencils cost 6d. how many can you bu¥ for 2442

: S
5. If a lad's wage i¥ 25/~ & week and he spends 14/- a week, how long
will it take him to save 300/- ?.

6. A gardener plants 5 ro¥% of potatoes, putting 12 #n one row. How
many rows will he have if he plants only 4 in a row %

7. If Frank can ride a bicycle 300 yards while Georgze runs 200 yards,
) how far can Frank ride while George runs 300 yards ?

8s A man starts on Monday on a journey of 100 miles. He walks
30 miles the first day and 5 miles less on each succeeding day.
on vhat day will he finish his journey ?

9. A motor-car goes a mile in 3 minutes; if it took 6 minutes less
on a 22 mile gjourney, what would be its speed in miles per hour ?

10. Gdiven a three pint measure am a five pint measure, how will
you measure out one pint exactly, using nothing but these two
vessels and not guessing at the amount. Bedn By fillinz the
three pint vessel first. :

11. Given a three-=pint and a five-pint vessel measure out exactly
seven pints. You can throw away any water you do not require.

12. Gkven a five pint and seven pint vessel measure out exactly

- 8 pints.

13. @dven a four pint and nine-pint vessel measure out exactly 7 pints.
14. If a wire 20 ins. long is to be cut so that one piece is two

thirds of the length of thc other piece, how long must the longest
piece be ?



X:
2.
3.
4.
-I 5.
6.

7.

= "l‘

Appendix (p /7. ).
TEST 4. DISSBCTED SENTENCES. 1 -10.
GIVE MIIK COWS.

DAY THE SUN SHINES BY.

CANNONS I0UD MAKE NOISE A.

DOG A TREES CLIMB NOT CAN.

TAIIS HAVE SHORT VERY MONKBYS SOUE.

WATER CORK ON FLOAT WILL AND WOOD.

FOR THE STARTED AN WE COUNTRY EARLY AT HOWR.
GENERALLY THOSE VERY US WHO TO ARE LOVE WE KIND.
SOME A PITY DO THAT IS WORK IT NOT LIKE BOPIE-.

TO
IT BETTER THS WIN LIKE IS A HARDER THE (GAE W&

II' *
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TEST 5.  ABSURDITIES. 1 =12

1. A man said: " I know a road from my house to the church, waich
is dowmhill all the way to the church, and downhill all the
way back home"

2; A man was thrown from his horse. He struck his head against
a stone and was instantly killed. They picke 4 him up and
carried him home and they do not think he will get well again.

Se A hunter who had used up all his bullets was chased by a tiger..
A bright idea struck him, he would climb a tree. When he
got to the top he remembered that the tiger could also elimb
a tree: but he got out of his difficulty by pulling the tree
up after him.

4. A man had 40 sheep, 10 horses amd 10 calves. ile said he had
60 sheep.
Se A lady said; "I am expecting five people at the dinner-tahle"

and so she only set places for four.

6. In a letter to a friemd a man said"If you don't get this
letter, please send me a telegram to let me know."

7. The moon is more useful than the sun, for it gives us light |
- in the night when we really need it, while the sun gives us |
light in the day when we don't need it. |

a. Jack said; "Don't those two zirls look much alike ¢ "
"Yea"sa;.d Peter,"egpecially the one on the other gidel

g. A man had a cat and cut a hole in the back doar to let the
cat in and out. Then the cat had a kitten, and so the mn
cut another and smaller hole in the door to let the kittén
in amd out.

10. The three nen lsughéd; then stopped suddenly as the eyes of
each met those of the others across the table.

11l. "I don't like onions" said the boy, "™ and I'm glad I don't
for if I'did, I should be eating them all day, amd I hate
the beastly things.

11. Bvery rule, even this one itself, has an exception.




Mprendix (p 20 )3 '_i

TEST 6. _REVISED VOCABULIARY LIST. 1 - 50 inclusive for
age 9 to 13. |
5¢ - 100 inclusive far
age 14 and overe.

1. Shame .

2. Imagine. |
3. Separate.
4. Town.
5. Common .
~ 6. Insult. :
T Ruin. |
8. Rog ue.
9. Turban.
10. Blank.
1. M tter,
12 Adventure.
13. Vengéan ce.
4.  wedt }
15. Mids ummer. F
16. Un‘b;idled. |
i7. Linger. ’
18. Develop. |
19. Chr ysanthemun. r
: 20. Pelt. r‘
21. Parch. ;
22. Protector. I
23. Chickle.
4. Scenery.
25, Adorn. ‘
26. Dab. %
27. Reverse. l
23. Slang.
29. Coronet. |
30 slash. *
al. Absurd.
32 Prank.
a3. Hover. ;
34. Hesitate. s




36.
37«

39.
40
4l.
42.
43
44.

46.
47.
48.
49.

66.
67

68.
69,

70.

Appendix (p 22 )

Iﬁdepend.ent .
Princely.
Polo.
Advance.
Household.
Behindhand.
Due.

Done .
Recharge.
Fluke.

' Array .
Grim.
Heroiam.
Aloe. '
Grest.
Isolate.
Ieisurely.
Mutineer.
Barbe.
Finality.
Tunic .
Corona.
Sprightly.
Universe.
Suppress.
Deformity.
Dominant.
Vitality.

Bject. ‘
Suppose.

Hanke.
Taunt.

Linguistic.

Monologue.,

Brotherhood.

Commoner



2.
73.
4.
75.
76.
79
78.
79

81.

end ix 23.) .

Discourse.
Definitive.
Bpoch.
Tincture.
Revert.
Uncouth.
Discord.
Authorise.
Refinement.
Cairn.
Consecrate.
Synopsis.
Coalition.
Lore.
Mutuale
Shenke.
Perennial.
offing.
Sentimental .
Sublime .
Theatrical.
Nullify.
Monitory.
Venerate.
Abstinent.
Grandiloguent.
Prosy.
Behoof .
Germane .

Expiate.
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Note on 5’ "

In view of the cons istently lower wvalues of Tag obtained for
ke Bnglish set of tests compared with those for the Afrikaans set
of tests; the values of Tay have been calculated from the data
on the 100 subjects. This data is known to be influenced by
spurious correlations duwe to diversity of age chiefly. ‘“These
values of Tag are given below together with the values after
eliminating the chief influence of spurious correlation as
described in the text.

Fo. of Test, T, (en 100 subjects) T,y after elimination

of" influence of
spurious correlation.

1. ‘6‘0 .w
2. 90 .84
3. «50 -60
4h. +61 ; w47
4B. «53 ' 40
5. +58 -48
I 17 52
80 Dgo .80
9B. 17 +62
10- «55 44
lu‘ 588 .?4.

It will be noticed that with the exception of Test 3
the values of r,;} are very appreciably increased through the
influence of spurious correlation.

Since the factors which introduce spurious correlation
are present to a greater extent in the Afrikaans data the values
of r.‘? as given in that data are wobably affected in a like

manner and exceed the true values by even greater differences

than shown in the table above.
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Key to Figures.

FIZUre J s> =i~ samiae o) LI woir=r-—= Group I.

Figure 2e==-==---=-== B o it . 1.
Figure 3.------------ B e TR
Figure 4.,-=-=-----=--= T — . 3.
Figure De---=-====-=- R P —— " 1.
Pigure . 8, soncc-ciicvn ¥ Bo mmmcm—e- " 3
FiguresI-2% inclusive
PLEER (o= —mmms e * 6y =—==--- » 1. shows the order of
difficulty of the
Figure 8.---=-=------ L B » 71, 8separate items of each
test as measured by
Pigure Qe---=---cw-=x " Bemmmmm—mee- » 1., the number of subjects
passing each item.
FigureIQ.----~------- L < - S A — w 1, Number of subjects
shown vertically. |
Figurell.,-----=--=---- " ghemmmm=——- * 1, Items of tests arranged
horizontally.
FLoUTe IBipa--momamas " JQ.~-mem———— LI e S
Pigure I3.----------~ e TS " 2,
Figure Ide=~--==m===-= " B, i " 2.
Figure 15.—~--——----; " . JAR—— " 9.
Figure I6.===~====--== B sdasae- " 2,
Figure ITe-~====~- —_— R ¢, s e ® 9,
Pigure I8.--===--m-=- " TR T
Figure JQe-===-wme---- " ST, 2
I
| Flgure Be---==c=-=n- ® 8, mmcmeea- " 3,
v A 2 9bh.=--m---- . 3,

Pigure 22. -- Frequency Distribution of Tetrad Differences

(No. of Subjects = I00.)
Pigure 23. -- » » " Yetrad Differences

( No. Of Subjects- 80.) M
Pisure 24.--Arrangement of Cards in Test I. !

- Figuré 25.-- Perspective view of cube showing positions of
8 missing cubes as used in Test 6.

F Figure 26.-- Set of Mazes used in Test IO.
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