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SUNMARY «

In this investigation a factorial analysis was made of Std iI and
Junior Certificate subjects with the special aim of finding out which
factors enter into aptitude for Science and Mathematics, The term science
here means particularly Physics and Ghemistry.,

The data used were the Cape departemental examination results for
std V1 (1942) and 8td VIIL (1944). A group of boys were chosen who had
been in the same class in Std VI and then moved over to the same Std VILL
claés two years later. Two groups were chosen from two schools respec-
tively making a total of 120 cases (boys).

The subjects chosen can be classified under the headings Lanéuage,

cilence and Mathematical.

Intercorrelations were worked out between.the eleven variables chosen
of which six were Std V1 subjects and four came from Std VIIL. The date
of birth was also included.

The correlation table was then factorised using the centroid methode.
Three factors were isolated before the median of the residual correla- -
tions fell below the average probable error. The presence of a fourth
factor was, however, indicated by other considerations and another fac-
tor was ektracted.‘ . |

‘ :'The rotation of the centroid matrix was then carried out by hypothe-
sis. In this the solution was retained which produced factors which
" could be recognised and agreed with the principles of common Sence. &

The following names are suggestive of the nature of these factors.

Their real meaning will, however, only become clear after reading the

full description in the text. The stroke above the roman figure indicates

that the factor h?s been rotated.

Pactor I : Insight. {a Fairly general Factor).
Factor IT : Memory. (a gqroup Faclor )
0}
Factor IIT : Language.(q_. grou/a Fackor ).
Factorfiﬂf: Flexibility in accordance with rules. (Mental

,manipulation).
( a group Fackvr))

As far as the school subjects were concerned it was ?ound that in

Science (Physics €hemistry and Biology) and problem Arithmetic the most
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In Mathematics and Mechanical Arithmetic again,the important factor
was ;yf Flexibility in accordance with rules, closely foliowed by the
factor "Insight".

Of all the subjects the ability involved in Biology appearsto be the
nearest approach to a socalled unitary trait which in this case is fac-
toz“]f. This must, however, be qualified by pointing out that this is on~-
ly so far as one has to account for the individual differences in this
sub jectes It does not mean, for instance, that it is possible to succeed
in Biology with é memo ry abilig& at the hypothetical absolute zZero. At
this stage however, everyone appears to have the minimum required.

As regards the prospects for differential forecasting at the end of

d VI, the indications are that difficulty will be experienced when, for—
\\instaﬁce,a separation of the literary from the mathematical ﬁupils are

— attempted. English (to.tal) and Mathematics, both Junior Certificate sub-
Jects , depend on "Insight" to the extent of over 30% of the variance.

The differential prediction of Science appears to be more hopeful at
this stage. The chief factor involved is "Insight",and it is here twice
as important as in the case of English.

It appears strange that Mathematics, which requires a strong "special
gbility" (factor IV')”can offer difficulty at this stage. This is however
.e to the fact that factor IV' is still very uncertain. It was extracted
from residual correlations which were already below the average probable

. 8rrore

CONCLUSION .

The following are the main conclusions of this investigation:

(1) At Standard VI pupils can definitely be separated into

(a) The academic “type asd ( tyPe used 1n khe popuiar sense)

(®m) Those whose abilities allow only‘ﬁgggiizipg work to be done.
(2) There is a gen€ral factor (intellectual), in the academic subjects
which mdkes‘it difficult to effect a separation of pupils on the basis of
the separate abilities involved.
(3) That these special abilities definitely exist but that Std VI is a
bit too early for a decision depending on the special ability involved
in Mathematicse.

(4) 1In Std VI a combination of Mechanical Arithmetic and Problem Arith-

metic promises to have a high predictive value for success in the Junior
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Certificate subject Physics and Ghemistry.
(5) A weighted combination, of Mechanical Arithmetic and problem Arith-

metic with the emphasis on the first mentioned will correlate high with

Mathematics in Junior Certificates.

THE RELATION OF SCHOOL SUBJECTS TO GENERAL INTELLIGENCE.

Science subjects appear to be largely dependant on only one of the
factors in "General Intelligence" and therefore not affected by variations in
the other”components.

.This hypothesis would be in line with the findings of Dr. E.M. Thompson-‘L
who studied the factors affecting school success in 8td VII and Std IX.
~"General Intelligence" was found to be important in both English and Mathe-~
matics and in the order stated. |

Success in Physical Science (Std VII) however, depended to a limited ex-

tent on "General Intelligence" and this dependance became negligible by the

time 8td X is reached.

In the case of Biology (std VII), it was found that "General Intelligencef

constituted one of the less important factors determining success in this sub=-

*

jecte

. The finding of the present thesis that scientific subjects tend to be

largely dependant on a unitary trait is similar also to the conclusions of
-éQ,M. Earle (3,pp45-46) who found, inter alia, that in the third year of high

~school Science correlated positively only with Analogies and Reasoning tests;

the correlations being *29 and +43. respectively.

1
Dr. E.Me Thompson: '"Factors affecting Sch ool Success"

(Unpublished Doctors Thesis University of Cape Town). 1943 pp 109-119.
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INTRODUCTION.

Statement of the problem.

When a pupil finishes with the primary school and begins with secon-
dary school he reaches an important stage in the ultimate choice of a ca-
reer., It would be of practical value to know if it were possible to give
educational guidance at this stage‘

The general problem selected at the start, was the prediction of
Scientific and Mathematical ability at Std VI level. As a preliminary ﬁo
this, it was decided to make a factor analysis of Std VI and J. C. subjects
in order to determine which factors,operating at this stage, produce the
C:ﬁividual differences in the examination results, The determination of
these factors and their relative importance in the ultimate presult - the

.pupils exam results in a particular subject - will then be the immediate .
problem of this thesis.

In the strict academic senge this thesis can also be regarded as test-
ing out the following hypothesis:

{a) All thé correlations between the school subjects can be explain-

ed by a general factor plus group factors.
| (b) All the factors have a positive influence
.(c) All the factors are independant of one another. (llathematically
%is means that the axes in the rotated matrix must be orthogonal). -
The above sub-divisions mus¥, however, not be regarded as alternative;
they 511 belong to the major hypothesis No. (3) given in the next chapter.
Mhe outcome of this theoretical guestion will ofcourse have its prac-
tical implication. The possibility of differential educational guidance
at 8tdvI level will to a great extent depend on the importance of special
or group factors in relation to a general factor.

Work already done on the subjecte.

The Encyclopedia for Educational Research (lﬁflsums up the results
achieved in connection with the isolation of-special abilities, and can
be taken as representative of what has been done in America up to 194l.

Easley (op. at pe 167) under the sdbheading "Special Abilities'in
School Subjects'" states that research findings have not revealed the ori-

~gin and nature of special abilities and their relation to general ability.

P o .. 1 . T .. T R - 2.
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APPENDIX

partmental Examination papers for Std VI (1942) and Std VIII (1944).

grassany wa o
[ese=Voae- B *
ooy waccuncay ()

= = Vo Make e dlowa, n-ulp o aebteiives anto u comples
E=0 Parca. 3. At res oy g sutable conjuiyens sud weking any
2 ) st eltviations necessary

She oo Charming woman.
NEe o tend e bauan shape
Uvannot wabe upomy mind,

CCPANVICINY CF PUDLLIS COUSAVIC.
CAPE OF GOOD HOPLE. \

1 Rownite the tollowing ecutvnevs putting w suburdinate clauss
w e place of the phracea {n italics:

w elee tle Lelied that death was vear he spent mnoney
Laviehly

"V He told b porenta A intention,

Muﬁmm&m&ndmmm&mmﬁmm.
1. (i) Wo ux phree coch ea * cafe and cound **; ““ balo ond
hearty *°.
Coapleta the following : -
(¢) 0dda and.................. ?
(b) Woys and........ ........
(c) Teath and.......... .. ...

(4]

Woratr dows

GV apposites o respeyitul. capable, understand, bravery.
¢ adverds corresponding o fame, anger.

[ YRR cad dry adsa e corresponding to gold, trouble, reasun.

R «vads vereapandiag 1o ruk, pure, dereription.
D o and wone. ) GaBe correaponsd ng to, stiong, opter, wise, prove.[16]
() N asd cpon. *
(.3 S and go 8l 4 ¢

Heantr the tollowming pacsoge in Dt Speceh :
The (Lairman sad that he could not let that

(ii) Write down for coch cf tho following groups of words ONI
wedicnee sezpert that ke had no replies to thoss dificult

word with tSo camw caricg. Exempls: ccooring overy
year uanaeally.

{a) ovcr cod over ogain.
(d) witlsut coy doloy.
(¢) not lawtually.

(d) connot be coen.

(c) liked by everybedy.

extazaticss that would catisty them.
St hen e the following passage into Indirect Speech:

e=dvis toserron when vour parests il bo in the school

K ' baitdicg ¥ [6)

(f) exoctly to time.
(p) now and cgoin.
(%) bos oo e=cll.

Nix matezads are pined belon,  The= six eentences, if
araexxd in their proper erder, would make a short story.
Write the catenres donn in their proper order, numbering
thema 1,2, 8. 4, 04, 6,

sy vach ef them went to fiod o weapon, _

Eodh nuit ) was selfish ond eanted the whole ficld
for i

Joot then o Lunl swaqns] down and swolloned them
txdd. .

(8]
2. (i) Write down tho cubordinats clotse in exch of tho following
. ccateness ond givo ity hind crd relation : —

(c) Tho ctronacr chowed © whore we chould Gnd o path
~ coresd tho folds, '

() Wo krmew ths tico whea the cignal weald bo givea.

(¢) Tl'gob:im woa very ol when be c:;nplctad his A trez ond o ncase e lived in the rame field.
. fight. (0] Ar=cd =it the cherp moint of a buirush, they faced
! o @ n UL VY R N Ve )

qoesticns, and be would thereforo devote soma tice to !
b

N

reat.’

= W it he expe ting tun much of you *', inquired the .
tcber of iz pupals, ** 11 ] oak sou cow to bohave your- |

8

{(d) Put tbo following :uto indirect speech. Your cnswer rhould be in one
porc.gr*_p‘;: end it chould read like an extroct {from o well-written
story. You may make what changes you think necexwary :—

“ Do rtop that eniffing, Robert. And why do you think it
nesesary to kick the table leg !’ said Mr. Wilson to his son a- they
3t ot breakfast.

“ Borry, Father. [ want to ask you something .

" What 1"

“You haven't given mo this month’s pocket-moncy yet. May I
have it today ! "

“ Pocket-money t  Didn't I give you ten shillings for your birth-
day?™,

“I've gpeat it all, and mgemxt allowancs is due now ",

“1 cannot give it to you before tomorrow . (15) [£0)

9. (a) Anawer Yez ar No to the following questions :—
(i) Does oo aaniversary occur more'than ones !
(ii) Do peaple who do manual labour work with their bazdat
(iii) 1s tho health of n convalescent improving t
(iv) Aroe fsh kept in an aviary !
(v} When a chip ia edrift, is it continuing on its course !
(+i) Ix ctubborn reaistance eacily overcowe !
(vii) If you wanted to be able to rub out work if mecessary, would
you nse an indelible peacil
(viii) Hea o veteran had experiencet
(ix) Are the eaves part of the floor of a builting t
(x) 11 a candidate who comes to an examinatioa with messota pinned
on his clothing super-tativu t ()

() Uso nny BIX of the followiyr wards in sentesnces in cech o way et to
+huw you urderztand their meaning - -

lag, prolonged, indolence, allay, oditivn, slovealy, eavedrop,
tulinga, pocture, (132)

{r) Write down the numbera | to 8 in your caswerbook, Below are
piven, fieet, the meaning of @ wand, and thea the first and last letters
uf that word.  Write down earh word in full.  Mako zure that your
rpelling in correct

() Hixactly to time.,.oo... oocos Ll puan 1
(1) Camipetent oo oo e, .oefde t.
() A plare fur -toring wateroooiiiii, ren r.

(v ) Maling Jight, or demv heavy oo, light o o L g
(v) 0 binds feather 000 o0 Loiiicc o oopb 0L e
(vi) Very pleatiful ool oo ab 0 0L
tva) A table of dav:, wmonthsy eteo . P T
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G.P.-5.90852—1942-3—2,900.
STANDARD WVI.
ENGLISH. .
(FInSY uununm ]
} SPELAIA. 191, iszy
|
o423 20 minwies,

DEPARTMENT OF PUBLIC EDUCATION. i

CAPE OF GOOD HOPE. i

i
% The words should be given in short sentences to oasure their &9'

. Name the province in which the town marked § is situated. j

G.h. 504110133 20,000.
SYANDARD Vi, . ( 32) )
GECCRAPHY. ’ .
"’ B,
Tt3 W, | §1

DEPARTMENT OF PUBLIC EDUCATION, - j
CAPE OF GOOD HOPEL. o

¥
7-40,

4.

Nams tbe towns warked 1 to b on the attached waup.

. Name the kinds of fruit that are grown in this provmue. 4L
. Name the most importent product of the province (8) Albgm 43,
vition, but the candidates should write the worls only. No (9) Manitoba. "
word is to be mpeated more than twics. 10. \u;eba iown iu ::af}‘d“ !:D which s large pmpmtmn of the ‘
e . Woollen. inhabitants epes ranc 45,
ll (;) Z“tn'l'_ g;)) G::I::r 11. Write the iielu:jr P op the suap to iudicate where Chile ﬁalt-
i {2) Campaign. 19) aoverpor. .. ... jpetre 15 found, 1 46,
i (3) Mechaniged. {16) Successful. 12. Lodicate by the letter K on the utiached 1wap where the muet | '
j e ras 13) Doceitfully v coffee is produced. 31-51.
E (4) Vahicles, ' (1 e T 13-15. Name the towus marked 13 o 1) vu the map. S
i (b) Aochieve. s (18) Challange. . 16. Nawe the cupital of the island marked A on the wap. [ L
i (6) Resources. {19) Dovelop. iI7. N zhm‘, the most iwportant town on the island mgrked B on w{:::f‘:
: ] L, " A o wiap. -0
f (1) Agrocable. 20) Duguus Cs 18. Lludicate by musus of arruws on the me }’ the dnreotum of t-h"t’ .
i {8) Disappoar. (21) Espocially. | winter winds slong the South cosst of Austiralin apd mark a8
1 ) X Bkl lﬂ) Soothe | thein with the letter W. 3 5%
| (9) Kuuckle. LT ; 19, Todieste by weans of arrows on the mep the direction of the ( Gh.
' (10) Moasles. {23) Eavelope. _ sgmmu uhm&: a}ong tlée South cosst of Australis sud mark) o
! 1) Kelruary (24) Couragoous. i them with the lotter 3.
i (;}: f:hmu’ :%; Cznﬁemn . 20. With w}ml (hmntl; ‘copdition huve the inlund fariers of 6.
(12) Chimney. o . ‘ Australia to cope ! .
{18) Exhsustion. [e0] 2. “}Mt ui:_n;;nl is the grest epeiny of the sheep farmer inj G-
; . : Australin? | I
Deduet oo muark for esch error. - .22, Nzazu? tjw most importast produst exported from NQWJ‘ME%'
’ . | wland. "
. T 23, Nune the mouutain renge in South laluud. E 66
) i 24, What Lard wood irec grows in New Zeulund? L
| '25-28. Nume the towns marked 256 1o 28 ou the mayp.
} ! ‘

. Nume the large river iu the weighbourhoud of ﬂw-h:wn
. Indivute by tivdis of strows o the wisp the dipsction of the

. Name the important coreal grown in the marshes aloug the'

GR.
marked (27). ’

6.
winds in the conl scason in Todia. .

Todian nwn !

. On which two days of the yeur is the sun directly ovarbead

. Whut is the uaue of the iustroment

.
)
-

Name the wost iwportant product of the Deoccan.

1. What grsiu is grows along the Tndust
. What is the religion of the wajority of the mhﬂb:tsm. uf

Indis ¥
At the wmouth U¥ whiek tiver §s the uwn U§)¥ -
Na:» the orean current which warms the coast uf Jupan.
Nuwe the seaports marked 37 10 40 on the wap.
Write the vame of the lake 2t the source of the White Nile.
Naw the other great tributsry of the Nile,
Wkat is ikie chief grain grown in Anglo-Egyptian Sudeu?

What export brings the wost money lo the Umon of South .
Africa®

Name the most important ngru.ulturnl pruduct exported from l
South Afries.

Name the most unpormm agnculturul produt-t expomsd from

Adstralis, ———
What kind of farnming is csrried ou in the districts
(47) Malmesbury; (48) Pasrl; (49) Prieska; (50} Vevburyg:

(61) Bsarberton? )

5. Name the islande miarked C, 1), E and F on the map. '
. What products are imported into the Union of Bouth Africu

from thse island €. and the island D¥

. What is the moat important product of the island EY
. What is the mnost important industry on the island 1y

'Wlmt "kiud oi‘ fruit is ‘gmwu ou t‘hg i!hwd A?

'.li u 8 Ll o'duLL (unun) in Luudou. wlml 14 ﬂ;e i’me in the i
towp 28 (120° E.)?

If it is 2 p.an. in Leningrud ¢0° 1,) what is the, e io
Pietermaritzburg (30° E)? .

at the equator? ’
by weuns of which:
pressure of uiy is megsured ¥ ;
What Lhaup,u will you see o this iustruinent whey wmin
threutens*

What instrutnent i used for vegisterin
ture during the day snd the Towest
With what iustrument

direction?
Whet 18 the freezing point of water on the Balirenbeit
thermomeier? :

t

the bighost tempern.
during the uight?
doea” the vavigutor determioe bin
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d .
e
ATANDARD VI f
WigTOony .
(4) 1.
(Owe hour.
ODEPARTYMENT QF PUBLICO SOUOATION,
VALK Ok doal Qo'
bebov anv giiem 0 o st of evonee wud (6o lst ot dutes |
Wuute the aumibers (13) vue bolow the ather, wud wiite the
sverwt date wpposite saeh nuribier.  Van must uol waite] }
down thy svem . . |
) Ve gme upation of the ( wiwe b‘\ I‘Iuninm(.
(2 The elevation of Simon van dee Stel st the rank o ’
troverioe .
@ The Nlawter’s Nek Hobwdlion.
4 Rasutoiand bmomier w Urowap Colouy '
" Natal bivonies o Republic, ;
Gy Honiuan's expadition o the haat
(1 The meck of the Stavrnisee, ’
8 Vhe n-ormin o« of the independence ot the Oiunge
Free State
b ISMLIRA0 1R 13 IRIR: 1eNE: 1600: 1884 !

)
Weite the nurilers (.15) one belon the other und next to ‘
each number, the anawer, .

(M What budy must

ssnction the ordinau:es pussed by
the Puwviocial Council before they can come int:, |

I

farre t

(i What bady maler provision for the expooditure in|!
mmunerting with prmary and ssonudary sducation |

(1) What Notive (hief gave murh trouble o the fariuers
of the Orongy Free Ntate®

(127 Who wae the leader of the raid on the Treucraal it .
1800 ¢

I¥ Who vas the ot Prime Minister of the Union ot
Soath \frica* i

8 Wie seversed Vit Renjamia 1 Urban's Native)!
nolicy o 1834 |

A3 Wh ;' “ished the first newspaper in South Africa$

[

26.

- Write a short essay

M

1
S chaose brom wwoeng the pomes
st e one wineds will muke the statement’
voaown only the cartect wmme, appuosite to the

o the gquesnon,
vl (vane Plettenbery, 1tvh
Stel) hus beew called

Boer °*.

Talbagh, W. '), suy e
“ The Vather of the Trek

(A7) The tfiest attempt to unity
South Mrica was made
Carnarvan, Sir (Feorge irey),

(i18) The Chairman of the National Conveution held iy,
Durhan in 1908 was (Cecil Rhades, Jo'n Merrima,
Lotd de Villiers),

(1 The first President of the thunge [Mree State was
- (Hofiman, Brand, Pretorius).
(20) The building of he Castlo

the diftesent stutes iy
hy (8iv Harey Smith, Lord

at Cape Town waa

comnenced by  (Joln Bax, [sbeand Gosky,
Swellengrebel),
(21) The wajority of the Hugnenots settled in the ulin!rictl

of (Ntelleubosch, Panrl, Tulhpgln,

(30 The Fish River was declured W be the custorn!
baundary of the Cape Colony during the role of
(van Plettenberg, Father Tuthagl, Lard Charles
Nomerset). f
A A hostile attitude  towanls the wisiounvies \\nu'
caused hy (Schmide. De, Philip, Mofint), .
(M) The first schoaluasier of  the childven of (he

Hugenots  was  (Sybrand Mankadav, Yierro
Simond, Paul Roux).

(23) (Panda, Dinizulu, Cotywayo) was the laat Kiug ufl
Zululand. |
Write from 15-20 lines on ONE of the following; —
{a) The ¥ree burgherx of 1657,
(b) Tahaka and the rise of the Zulua.

(¢) The emancipation of the slaves. .

of about 25 linee on ONY of the

fa) Lord Charles Somerset O Precident Rurgers, I
thY The visit of the T.ard of Mydrecht to the Cape.
(e} The decline of the Duteh Enst India Company.,

follawing : —

snaon eenmiricATs. (6) o
FIRST PAPER). L

* [Twe hours and a ball,
DEPARTMENT OF PUBLIC EDUCATION.
CAPE OF GNOD HOPE.

Examuza: Mas M. E. McKERBON, B
J. C. ROSS, MA.
Moomaaroas : {I;.P.J.v.n.WAI.‘l‘.B.A. .

., answer-beook, after
P = g o7 o h gy g e, ol

JUN. CERT.

*“ Subjec
ENGCLISH HICHER (FIRST PAPER).
Above sach answer write the aumber of the question.

Bection A as well as in the subject asa w

[ ra.-auu.s-m_wuwnmmmmuh

S8ECTION A.

ite & composition on ONE of the following subjects. (The componitior.
b m‘mamo-goomm«ohuh—

(o) During the last bolidsys you found all your favourite spots aver |
crowded

+by the many visitors to your town or village. Describe
mwm!cmplmmdmvu\dmmwww
the cromd

(a) A photograph album.

(¢) Write &

ition in which the following sentence is wesd i—

“Had I what lay the other side of the wall, I should

have acted differeirtly . You may introduce this sentence anywhars
in your cssay, but you must introduoe it just us it stands.

{d) A oew pair of boots {or shoes).

(s) Uncomfortable moments in wy lifs. (Do not limit your coraposition
to & single incident).

(/) Muodfiats Junction—1st Februnary—ihree o'clock in the .Mnooa;]

the follo lotters. The letter must be in correct form,
* wOMOmemnhh&MthwydthmM
oconsist of about 190 words, i.e. abont 15 lines :— .
(a) You have rocently had to make u difficolt decision. Write to a

103 degrees in the ahade.

friend telling him (or her) about it.



;3. Give the substance of the following passage in your own words i—

!

O

]
. (@) Aualyse into clauscs, aud state how caoh clause i related 1o the reat f |

2 v
T 4 '
(c) You are starting @ sports club at your s¢fipply ‘Write to & shop,
asking it to gupply you with ths goods yof.nied at reduced Prices,
_ Give good reasons Yor your requen for ‘:r«!uc 1 prices. ;. f2b]
& [‘ ,,'; ! L
‘7 . f/ ;
SECTION B, { 1

A murmurous sound stesle softly on my ear, .
And cloper steals. The leaves . taut bow, !

As murmur grows to torrent foud and clear.

The heavens have upened, and the rain is here!

Poor barzén veld ! Lift up your parched lips,
Unless perchance ealvation comes too late.
Not yours w drink in ahsllow measared eips,
At this last hour, your cruel thirst to sste. l .
Drink deep, drink long, poor veld, your need is great. L

Then silence falls. Yet bhark! Not ailence now ; !
|
|

_ Lay bare your breusttothess thick-falling epears,

And if tbe old plant die, yet who shall grieve!

Its day is over, but in coming years .
Tts seed &8 carpet for the veld shall weave.

Where one hss sowi, another shall achisve,

Drink long, drink decp ; ‘tis with uo niggard hand i l
Your draught is poured, Lut flowing to ths brim,

From new-filled tern thst ripples to its strend, '
And busy streaum soft-purling st its rim, )
Ancends in chorus one exultant bywn,

(Yary H. Hoyd). (30

of the seatencs :--
Unless the messengsr who has now besn sout aoroms the rorky
slopo increnses his puos, he will nut soocomplish what iv wanted.  (§1) .
(0) Btate the part of apecch of cach of the words In itelio In (0).  (4) I ‘
i

{¢) Comnbine the following sentences into ONE complex seutsuos, with uno §
wain verb, 1o not use and or bul.  You umy use the sontunves in ; ;
sny order you liks, and you wsy mske what chsnges you think 4
uecesary in order to produce & good Euglish sentonng =~ P i

An sccident ocourred in the sirest, .

1 was in the strost st the time,

The polics arrived luter.

They msde inguirion,

I could nut give them much infurmation.

5. (a) Below are nine BeLlenes.

6 (b) The senteuce on the left helow is the first senience of al
I

fr. Smith is rich but unhappz. lMonev is o wonderful thing.

’;...g:' . ,“f.ﬁ____i...._; e A‘é A

The firet seuience is underlined.
Two of the remaining e)ght sentonces mean the same as the
sentence underlined. Write down the 1wo sentences.

NoL o suund was o l»e heard

l\eryl dy was deaf.

All Was silem.

How I love silence.
Sounds are difficult 1o liear,
Everything was hushed.

I did not make a sound.
Noises were saldom Lesid, o
e Could 1 beur a noise? [6)

i

compogition. On the right below ure six sentences in
brackets. Two of theso six could act us the second sentencer

- ... _in_the-composition— ~Write down tlie two sentences.
( Mr. Smith has three sons,
| Such men are to be pitied.
A rich but unlappy man is Smith.

We caunot buy happiness.-
I'here are several kinds of money.

(6]

{¢) In each of the sentencas belou are five words in brackets.}

think is the best to use in each sentence:—
(1) I liave not seen him (in, to, of, vn, at) late.
(2) She is now able to be (in. out, well, down, over) and.
about.
(3) She is out and (along, round, away, up, through) the
best scholar.

(4) Don't spend a penny (when,
you can afford to do so.

Write down from the uords in brackets the one which voul

where, as, uuless, but)
(4]

4

|
!‘. 2) Punciaste the lsllowing pamage carafully. imtroducing capital letters
|

|

|

where sooeamry, sid artanging it as it would be arrangnd is & book —
huwnm@mmhhmm‘lmt .

wnanry abowt hise if i ware you hell mhmn“bﬂi‘
warrying abowt hite hes stil vary young and i dont think he
huuhnty (10)

) Each of the words coours ia & well-knows Koghah proverh.

the proverh compected with

Beect any FIVE of the words, write
-&ﬂml&mo{ﬁgmﬂﬁ You must give five

dilfetast preveris = ol !
broth, manger, Jack, worm, candle, iroos, stitch, ice. (15)

fc) Forin five Eaglich words frem the ot and roots given balow.
Each word chould contain a | Growp A, and & Toot from

Group B. &dpﬂ:‘mmm&oﬁlmumim
g f - ors mhnnyu‘.xmmht

| mmdmwm—;u Postcript
™~ ; FTitis _ betts ‘kvnmdmt o

(ij?ﬂm&cbknkqmmuchdths

wond opposite in meaning to the i ironl
write ot the whole senteace. Writs onlyuuwmd reqlund

(Exssnple : This fence is bigh, but that is low),
(1)‘)'oumyl.hin‘khE obable, but I think it
{u} Thoqghhougbtw\bummmus. be e
(i) He must cither ndnnt or. e —the charge.
(w)Tbe@cMumdlyvunbuLmﬂma&hcn ‘
(v) These wminute creatures are & vary great contrast (o Ahemm
crestures of prebistoric times, (8) (40).
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i 8. Make o sketeh of the pedal gear of U‘blbydﬁ ond i
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Exauustss: {Mn . 3. DE KOCK, B.Sc., B.Etc. }
Monegator: Me. S. J. MALHERBE, B.A.. “

- the words
Wri 1 ont cover of your answer baok after
Write on the fre; Subject of Ezamination'— .

]
JUN, CERT." PHYSIC8 AND CHEMISTRY. k

tion.
. " Above each snswer writo the number of the ques
(Answ.r ALL the questions in Section A, TWO questions from Section B and
1

TWO quostions from Section C. Keep, tho snswers in Esction A togother.)
SECTION A. |

# (szoruchquuwnn)

1 1. Express (g) 1-0203 kilowetres, (b) 2 inches as amhmems

| 2. Arrange the following cubic measyres from tho largest to the

}‘ emnllest s —
l A htn, a gellon, a bottle.

3. Which is the longer distance—
d or a metre; o . .
E(l‘;)) ?bzﬁ:lrcumfepnw of & circle or eix times its radiusf

... Gystems.

BE soessseveres rorrsea e

| 5. Mentivn TWO uses of & burowmeter.

. State TWO vouditions necessury for o chomical balunce to beo
eensitive.

. Define the Law of the Lever,

diceto the
positions of the fulcrum, resistance snd effort,

it

. is balancod st ite cenire. 16 0 boy A, wo
9. E?ﬂ’li%uum‘g h“ﬁ]m b:au; ¢ {1, from the centre, iy a hoy&ll,,

o

'

; the rmuwns given in questions 17 und |

220. Complete

4. Cowplete: 'We way ulso refer to the C.G.8.- und ¥.1.5.-systems |
and

| In the following THREE questions, complete the state-;

| ments 1 —

0. . solids cause the freezing point of water to ............

L1 The ............ of o body is the number of calories required tu’

. raise the ......... ... of that body through 1° C

120 is the passage of ............ from hotter to colder portm')a

i of u body. ’ -

| Say whether these are physical or chemical chouges in the
© next TWOQ questions:-—

“73

1

13. | ; Sugar dissolves in water. bi
i (b) Water changes into ice. ;i
14. (a) Paraftin burus. '
() ThT surfuce of o pluned pine board chunges gradually m :
‘colour. :

i.15. Name (g) o pbysical, (0) a chemical property in which lwdrogc.u »

| differs considerably from oxygeu.

‘,lG Correct the last part of the statement: To dissolve gnses un]

solids wore quickly in water, the water bas to be distilled und, ‘3
evoporated respectively.

Iu the uext TWO quesiions, unawme the substances furmed

1mi— ]
17, ‘Su‘l;i‘bu‘ric’ acid is addad (o u sddutivn of Barivm Chloride, o

oy . . P p p |

18. Jaad peroxide is hiested un a chareval Llock. :

19. Cheutical reactions are clussified under the following headiugs:
neutralizution, oxidation, simple chemical deuoumusmuu,

double decomposition sud. displucement.

Beleci the correct beuding under which you would olusslfy‘

ond write tham;

down in the correct order.

A reducing agent is a substunce which Lumbuu.a(“ nth

......... or liberstes ......... :mdllg *

Correct the vtotements in the nexi TWO questious, (Ouly the

correct word or phivase muy be written down) @~

2. tay 1f moist iron filings wre closely corked in o test tobe, the

iroy filings combine with the oxygen and the tube with ite!

coutents guin in weight, i

th) Mo cool the tubi of o Lichig condenser, water wust be mado ) 4
to run down the surrounding tube.-

22, (@) Calcivw salts moke water hard,

(L) The pwmrtu,g of a physiend wixturo we the sum of t.hu‘
constitucnts., H

.

The sults given under the uext TWO guestions are heoted until |

no perceplible change can be seen. Name the  prodvels
formod : — ]

23, Crystuls of washiug soda.

24, (‘lmlk sultpeire.

3

/ SECTION B

. (@) Explain the difference between spec:ﬁc grarzt_/ and the
density of a substance,

Describe briefly how you would determine the speclﬁc

vity of ; luss in the shape of a fairly large murble
g'lgte possnb rendings (instead of W gw. eic.) which

~may expect in this experiment and use them to calcu te

the specific gravity of glass. [i2)

(b) 1f you take the density of pure milk to be 1-03 gm. per cc., l

how would you_test in the laboratory whether water was:

added to the milk which is delivered at your house? [5)'

(¢} A speetfic gravity bottle filled with water weighs 60-5 gm.

40-8 gm. of mercwry (5.G.:=15-6G) is poure gemlv wto

the lmttle so thut some of the water in the botile 1s dis- |

placed. Fiud the weight of the bottle ingether with t]Je4
mercury and the remanung waler in it. s8]

{a) Explain the cliﬂerence between temperature and heat. !

You ure supplied with o iradunted Centigrade thernia-
weter. Describe in detail, with the aid of & sketch (without
retort stands), how you would proceed to test, without the
aid of another thermometer, whether the bo-lmg pomt on |
the thermometer is correct. .
(b) Convert a reading of 35° (. iuto degrees Falrenheit, [4]
(c) Briefly explain the term otmospheric pressure. .
Given that the burometer reading at sea lavel is 30
inches and that it drops'1 ineh per 1,000 ft.  Caloulate—.
i) tlm hiwmuetm reading at u place 2,500 ft. above sea
ieve
(i) the \olmua of the mercury column (in cu. ft.) in a|

, . barometer tube of 1 §q. in. cross-sgction, at the above-
wmentionod place;

(iii) the atmospheric pressure in pounds on an aren of 1 &q. !

inch at tlm abovementioned place. $.G. of wercury {
is 18-6.

{The ansawers amuy e left as unsimplified fr'm‘loua)x

(8]

. (u) Defing dechimedes’ Principle an applied to floating bodies, *

\8]

A small rectangular Wock of wood 30 e, by & cwm, by
em, floats with '/, of its volume uwnder water, Caleulate ,‘
v following 1 —

15 Volume of the Llock, .

(i) Volumo of water d\upluum! by the black, )
i) Weight of the black,

(iv) Dengity of the woudl.

(v) Additional woight required which would make the .

'
I
1
3
f

e



|4
!
i
|
L
i
i
L

¥

5. (@) Dry hydrogen is

4

(vi) The specific gravity of a eolution of copper eulphate
in which the block floats with 3/; of its volume,
submerged. - ‘ [12)i

(b) Describe briefly, showing a eketch of the apparatus, how
you would compare the conductivity of glass, iron and

copper. Stote clearly what you observe. . (10}

.

\ .
SECTION C.. t

such a'way tha e hydrogen which develops ecan be

burnad in air end the product which forms during combus--

tion can be collected. Neatly sketchthe whole apparatus,
(without retort stands) you would use to carry out this
experiment, Name all the products-formed. [13j;
(0) (i) Mention a physical test and (ii) describe briefly a
chemical test to prove that a given liquid is water.
(¢) Desoribe fully how you would prove that a given solution:
contains bydrochloric acid. . '

e e

N {a) Describe an experiment, menticning what !3&\11- ‘ohs;rve,‘,-\‘w.‘

)

j
;
I
y
{
"
i
i
|
i
)
]

'
s i

7. (1) Doscribo carefully how you would prepare dry crystals of al

carried out to prepare aud collect a number of cylindoss’
full “of dry oarbonic suid gas. Sketch the apparaius-und
name the product formed in the generating flask. {4 marks)
for eketch.) , {18},
(b) Three test-tubes labelled A, B &nd C countain powdered
caluium onrbonate, slaked fime and quicklime; but the

order in which the test-tubes contain thoso substarces is:

unknown, How would you determine what each test-tube;
containe P N o

_ (Begiu this question as follows sud test the contents of
gach tube fully: Lake throe test-tubes, put a little of A
into tho firet test-tube, a littlo of B into the second test-tube
and o little of © futo the thind . . . ) [12)

i
enit by noutralising £ g, Sodivww carbonate with suhihulngn

acid.  ‘What is 1he name of the solt? fi2

(b) Nome TUREE othor methods to prepare soluble salte. [3}
(0) Supply tho missing words in the following passago:— -
Maguosiugm burns in oiz with o ......... flawe formivg a
veoresany powdor eolled L.oiiiine When stiveed uwp with
watar, this powdor gradually dissolves forouing ..o
Litnius paper turag .....00 iu colour iu this solution,
showing thut ........... i formed. Most metallic oxides

0% .o thoas whioh are soluble in water form

Pastateaens

o fow, such ué ...ooi0nen, Torm oxides neuiral to litmua,
1

priﬂared from water and magnesium in -
Pabt .

(51!

X1

Moxt non-wctals form ,........... oxides, though;
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Write on the front cover of your answer-book, after the words |
! Subject of Eraminatior, ’'— '

JUN. CERT., BIOLOCY.

Above oach answer writo the number of the quostion. .

(N A —Answor FIVE t{\_wnionq, choosing TWO from Soction A, TWO from
' Boction B and ONE from Section C.) ‘

e e —

Q
) L ' . '
(0) How' are seeds dispersed hy— ;
(i) wind, aud ]
(i) aniwals¥ (10) {30}
;i

SECTION B. E

v. A. (a) Moke a clear, fully-lubelled skeich of the orguans of
excretion aud reproduction of the fomale frog. ]

s (16
(0) Describe in detui) how you would dissect o ‘frog)su as
to expose these organs. : O

take place in the frog?
oRr,

(6) [30)]

answer the following questions about each : —
{1} Why—ure-they of ¢conomic importance? (3)

SECTION A,

1. (@) Compure briefly the characteristics of sandy and clayey soil
witn regm‘d to aeration, wator capacity and !.ex,t.u{(;'.

h : SR

(4) Nome THREE different kinds of maenures (fertilizers) that
are npglmd to soils, and mention for each case one plant-|

food that it supplies to the soil., (©)

(c) With what port of the root does the plant sbsorb mineral
sults and water from the soil ¥ How are these soil-constituents
taken up? : 4)

(d) Make a fully-labelled sketch to show the different parts of |
) (3v]

tho tip of u root.

e, (g) What is trenspiration and how docs it benefit the plx:’nt?

- )
(b) State briefly how you would prove ihat itbe leaf of a plant
transpires more on the one side thon ou the otheg.

: 8
(c) Moke a fully-laobelled skeich of the apparautus you would
use to prove that green T)lants or germinating seeds respire.
Explain how you would prove that in this
oxygen was used up ond carbon dioxide was given off.

|

5 experiment|i

(16) {30},

3. (u) Duscribe the structure of u compusite flower {e.g. a sun-
flower or a | ,usb!om%‘. Ilustrate your' answer bg means
of fully-labelled sketchés, (20)

(r.r.0.

|
!

(i} During which stages do they cause wost harm?

(iii} Where do they lay their eggs? {3)
(iv) State whetber they have a complete or an incomplete

metamorphosis,
{v) How wany wings do they possess in the adult stage?
_ 3)
(vi} What type of mouthparts do they possess in t(hg adult
stage? . ®@)
{vii) During swhich stage cun they be controlled most.
easily? @

{viii) Describe in each case that measure of control which!

you consider imost important. 9) (30]/
5. {a) Why would you classify a spider as on drachnid and not:
as an Inscct? . (12) ]

(b) Compare the earthuworm und the millipede with regard to-—ve!'

(i) respiratiou,
{ii) movement,
(iii) eves. .
(c) Make s large, clear, fully-labelled sk :
which you baye siudied." ~a Hod shetch of any

(6)

Molluse
(12) [30]

G. {a) Mention ihe elusses
are characteristics:

(i) two condyles connecting the skull znd the vertebral

columa,
(1) a gquadrate bone couneclicg the lower juw to the
skeleton. ' o

{c} What is meant by fertilisation® How does this procesgI .

4. B. Mention THREE insect pests which you have studied and -

3 -

of vericbrates of which the following|



(ii3) possess lungs Lut mo diaphrogm.

{iv) the eyes bave
membrane,

(v) the heort is divided
ventricle. -

(V) Compare the body-covering of the different closses ((l){f) verte-

into one auricle and one
10

brates.

(¢) In the classification of the Cluss Mammals into different
orders the structure and number of teeth are very important
characteristics. Discuss this statement, giving examples,

~SECTION C.

7. Revrite the following sentences in your answerbook, fill in the
missing words aud underline the words you have filled in.

; (1) The chunges which frogs and ............ undergo io the
i course of their development are called ............

{2) When an alga and a fungus live together the phenomenor
is kuown as ............ because ....ocevnens derive benefit from
such ou association,

(3) The living being which lives on another living being is

called o ............ The living being which lives on the

1 dead remains of another living being is called a ............

{4) If the flowers of the same plant have only stamens or only

pistils, then the flowers are said to be ............ and the
plant is said to be ............

............

mation of from water and ............ in the
v e parts of the plant in the presence of ............

............

(8) The brightly-coloured petals of a flower serve to
iusects and i this way ............ is ensuved.

is called a ............

(10) The frog breathes by moving its ............ up and down.
'tI']‘be mammal breathes by moving its ............ up and
own,

(11) Plants in a sickroom duyring the night are harmiful

because they give off Waterplants arve
advantageous to water-animals because they give off

............

two eyelids -and o nictitating

(10) (303

(5) In the case of the bean the reserve food is found in the|]
............ and in the case of the mealie it is found in the|
(G) By photosynthesis (carbon assimilation) is meant the for- '

! (7) The radicle is ............ geotropic, the plumule positively

(9) A ripened ovary is called a ............ and a ripened ovule

et

| T

a0 The ascent of water aud wiverul slts in the stoan of o

FIVE of the following:— |
(1) Sunlight is the supporter of all living beings. :

. (2} Adaptation to environment.

} (3) The dificrences between living and neu-living things.

(4) Classification of the plant kingdom.

{6) The formation of soil.

| {6) The protection of plants aguinst plant-eating animals.

{TY Climbing plants. [30]

+

rl;mt is brought alwut partly by ... asud partly -
1), WP . "
t18) Amphibia represeut a transition stage betwsen ..
aud ... .« ... tpimals, Co
(14) A wmollusze breathes by menns of a vvenns The wuguu
of the molluse is covered with .....ooine (307

I8, Wrile short explanatary noics (not more ihan fre lines each) on |

; ' T

o ] (.1.5.1291 —1944-5—0,100.
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Writs on the wp :l‘tho front pago of your answer-book, after
the words ** Subject 07 Ezamination *'—

" JUN. CERY. MATHEMATICS,

Examisen: Ma. N. J. BASSON, B.A., B.Sc.
Mouvenaror: Mn. G. J. LOUW, B.A,

l Above each wnswor writo tha number of the question.
© (N.B.—All necessary work must be shown in its proper place with your

angwor, Tho | id page may be uzed for rough work.)

il. (o) In 8.A. we use morgen and miles to measure areas and distances.

Which corresponding units are used in Europe t 2)

(6) Express in centimstres: 5 dm. 3 cm. 7 mm, (3)
(6) Give the difference (a8 8 decimal) hetween the first and the second -

two in 17-233. . (3)

‘ . ‘ 1-2 X176

: (d) Write down the answer to — 012 35" {4)
{c} £1.1s. 0d. is divided in the ratio of 1:2:3. Calculste the smallost
part. 50 (4) |
(f) Find the equare roots of g oud -1 (to 2 dec. places). ®) [35)

]
2. (a) In AABC, AB=AC,

AB=5". BC=6" and o

AD is perpendicular to BC.

Calculate the area of '

AABC, - / '
a2 & ‘

| {6} A circular piece of ground is 44 ft. in circwmnference. Calculste the
il ooet to cover it with turf at 15. 6d. & sonare vard (7t — 22} (13} 251




—————— : .
e

;3. {e) ¥ a == — 2 calculate the values of — {a)?, (~— a)* (1) !
{ () If 4 a represents the number of pounds I possess, what will —a |
i reprosent 1 ) ‘

{c) Calculate the valucof (@ ~B)(b —~c)ifa =], b=, car ~— 3, (4)

{d) Complete the Tollowing : 2—’; -2 )

@

(f) What must be sdded to o — 2b — 3¢ to get zero? @)

(9} A room is z yards long and y feet wide. Write down its ates in square !
feet. )

F ,
{ {¢) By how much does z exceed gyt

¢)
(k) A borse can eat (3m 4 2n) bushels of fodder par week. In how many
weeks will it eat 12m? — Tmn —~ 104 bushels of foddert  (4) [24]
‘4. (c) Salve for z:— 2z — 2:;8— L. z;-__g + 6. 8)"

(b) Solve for = and y in the simultaneous equations
Jrrly=—8=z—6y. .

b
1

| value of Bif u=5, V= 3, f= — 4. 8) [24]]

- '5. {a) Factorise: gt — b2,
: ot — 2ab — 3b1,
: 36 + a* + 3b + ab.
; Write down the L.C.M. and H.C.F. of these three expressions. (11)
o v . PHET 46 . 2t—9 PR——
(b) Simplify : = pany B~ e g (9) ‘[201' :

. 6. A grocer buys 15 Ibs. of figs and 28 tts. of currants for £1, 1s. 8d ; by selling||
»  the figs &t a loss of 10 per cent., and the currants at a gain of 30 per cent. |\
t heglears 2s. 6d. on his outlay. - How much per pound did ke pay for “&hﬁ 4

(6)
@
c

7. {a) Calculate ten A if sin A=}
(&) Which is the greater sin A or cos A if A is less than 45° %

{c) Why can sine z never be greater
thap unity ¢ {4)

{, {d) In AABC /B = 90° BC.=3*

‘ AB =4°. Calculate AC and write

; down the values of sin A, cos A and

{ hence Fryy What is this last A P Y4 [

i trigonometrical ratio called ¢ (10)

H {¢) A ladder 20 feot long is pluced against & wall so that its top mskes an

(

i

angls of 30° with the wall. Calculate how far the foot of the ladder
musl: be placed from the wall. (Given cos 60° = -5] @®).

+8)
“#~—{¢)y Maké & the subjecc of the formuls V* = «? + 2fs and caloulste the '_

(f) A man wishes to find the width of s river. e stands at B immodistely ||
opposite an object A on the other side, ho then walka 100 ysrds along |
tEe bank to C and finds £ BCA to be 40°. Calculate the width of the

10) [40) |

' 8. The following table gives the weights of men st differeut heights from 6 ft. |
4 ins. to 6 ft. 2 ins. :-- 7 '
Teight in inches...| 6& | 67 | 69 | 11 | 74 |

{r

river (to the nearcest yard, given tan 60° == ] -1318).

Weight in 1bs... ... 140 | 152 162 | 172 | 1981 ’

From these .li%ums draw & graph and find from your graph the normal ;
weights of men of heights 5’ 8* and 6. . (
{Bcale: 17 of your paper to represent 2” in height, 1Y =10 1b. ; letl
the origin represent 64° in height and 140 1b. in weight.) ‘ ‘

|
:

|

8, (a) If y w= 3z -f- 7 is the equation of a certain straight line, write down the; {12,

oquation of a straight line parallel to this line and passing throagh the
origin. ) ;

{b) (i) On thesamé axes draw the graphs-of Sy-e=x—-3und 2z + 3y =9

T Use your graphs to solve the equations 3y — z == — 3 and
2z 43y = 3.

{ii) Join the point of intersection of thess two graphs to the origin and :

, find the equation of this Line. 0 21 |
10. (¢) In fig. T AOB and OC are straight <
Linea. -

If /COB =30° then LAOC =.... .
bocause if one straight line stands . ; ¢

upon another then . (4) -A o - Ak

Fig L 1

(4 1n fig 11 AC* = AB* + BC*

(c) Infig. TIL /ACD = ___
sud /ABC + £ACB +
LBAC = __ {4)

Fig. IIL

{<11. AB is any chord of a circle, centre 0. Cis any point ontle cirou'mfereuec

(16)

. £ '
@) In fig. IV AB is parallet - A~ ——p—————— g |
to Namo two pains '
of angles which are
equsl, C - . 0
F o T -
Pg. 1V, ) (14

of this aircle. Prove ZAOB =2/ ACB. {10)

A chord AB subtends an angle of 100° at the centre O, O and F are
two poiuts on the major arc AFCB. AD is a tangent to the circle at A.
Caleulate the magnitudes of the angles ACB, A¥B, OAB, BAD. (10) {20]
o) |

In a ADEF we have DE = DF. Prove /DEF = /DFE.

. In AABC, AB = AC, /ABC = 70°. D. E, F are the midpoints-ofi - -~ -
the sides AB,-AC,-BG;respestivaly.—Join DE snd DF and caléyul?alaa the,

magnitudes of angles BAC, ADE, DFC, FDE, (14) [24]

. A Eacqt leaves a lighthouss at the end of & Larbour and sails N 20° E (i.&,z
20° to the E of X) for 1,000 yards, then N 16° W (i.c,, 16° to the W of N)!

for 550 yards, and finally due Weat for 400 yards.
By sccurately drawing a figure to the scale of | om. representing.
100 yards, find the distance and bearing of the boat from the ‘ligfmoml.ng?

nn
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been adequately established.
The investigations of Burt (1, P 56) is representative of what has been

done in England. He claims that his findings establish the following abi-

lities:
General educational ability.

1
@) Arithmetical ability.
3

Manual ability.
4) A Linguistic or verbal factor.

He suggests that the linguistic factor may be composed of two parts:

(1) An elementary verbal factor (reading and spelling)and (iiﬁ,a literary

factor (composition'and essay subjects).
Professor Reyburn and Mr. Taylor (8) interpreted the five factors found

in a battery, composed of sub-tests of the ordinary intelligence test, in

‘he Iollowing way:

(1) Inmediate memory.
. 2) Eliminative reasoning.
mai, 3). Positive reasoning or insight.

— 4) Verbal ability.
5) Ability to re-arrange material mentally.

Novreal general factor was found.
Dr H.W. Smith (10} followed this up and made a factorial analysis of

19 sub-tests selected primarily for standards III -~ VI. Six factors were

found and designated as follows:

(1) Immediate memory.
2 Positive reasoning.

3 A verbal factor. . '
4 Flexibility in accordance with rules. (Corresponding to the

5th factor found by Professor Reyburn and Mr Taylor).

. (5) Fluency.
(6) Ability to profit by training. (Corresponding to Burt's Gen-
eral Educational Ability).
= 3
sub=-

¥ prom the theoretical viewpoint the results of the work done on the
jeet can be regarded as supporting one of the following alternative hypo-

thesés:

2 No general factor but only group factors.
3 One or more general factors, plus group factors.

glg A General factor plus specific factors.
The investigations up to the moment have indicated that (1) can safely

be crossed off.

x .
( The number in brackets refer to the sequence in the blollography.)
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CHAPTER II.

DESCRIPTION OF THE DATA.

The data in this investigation consists of the Cape of Good Hope examie
nation results in Std VI and Std VIII (Junior Certificate).

The lidea was to find a large group of boys in J.C. all of which had been
in the same class in Std VI two years earlier.

The procedure was to abtain the names of the pupils who had written the
JeCs. examination in 1944. This was most conveniently obtained from the De-
partmental examination results of that year and by kind permission of the
Department.

The names which appeared in the 1944 results were then traced back to the
Std VI examination results of the Jjunior school. All the names of the pupils
"ho had been together in Std VI and moved over in one group to the Secondary

xhool, were then retained.
“ Two schools were chosen in which the standard of teaching was about e-
gual. This information was kindly supplied by the inspectors of the circuik.

The following subjects were chosen - The numbér in brackets before each
denoting its reference in the correlation table:

std VI Elg English Grammar. (2).Spel}ipg. (3) Geography. -
4) History. (10) Mechanical arithmetic and (11) Ordinaby
problem Arithmetic (written paper).

Junior Certificate: 63 English (total). (7) physics and chemistry.
8) Biology and (9) lMathematics.

‘ To these were added (5), the Date of Birth.
The 8td VI results were abtained from the Department of Public Education

ct
‘.ass Schedule (form S12).
A .

The way in which the Std VI final examination results are arrived at is
as follows: : .

Examination guestions are drawn up by the Department and a detailed me-
morandwn furnished as a guide for marking the papers.

The teachers at the schools then mark the papers themselves with the aid

“of the memorandum. These results are then moderated by the inspector of the

particulér circuit in accordanée with the standard memorandun supplied.
The two schools chosen happened to be in differeht circuitse

On the class schedule also appears the pupils éverage mark for the year
in each subject. TThese makks are used when a decision has to be made in

- borderline cases.
l The J.Ce« results are of course all strictly departemental, the marking
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the examination consisted of two parts.

In Geography the written paper counts 70 and 30 makks are given for them=
es in .which the pupil does original work e.g. drawing and illustrating of
a map to show the various mining industries in S. A.

In History, the written paper counts 50 and themes also 50.

These marks do not always appear separately on the class schedule and in
both Goegraphy and History the total mark - out of 100 - had to be takene.
*cFor a discussion on the effect of this, see section on the reliability of
the measures.,

* Copies of the original examinationIQuestions are given in appendix B.

THE RELIABILITY OF THE MEASURES.

. The nature of the data used in this thesis 1is such that a true reliabi-

lity cannot be calculated.

mallh
—

done was to compare the class examination results with the Departmental re-

The measures used are examination results and the best that could be

sults.

If these two examinations -~ the class and the Departmental - could be re-
garded as exacﬁly parallel forms of the same test then the correlation bew
tween the two wbuld be also the reliability of the examination.

* fThis, however, cannot be said of the data used and the correlations shown
on table, is more in the nature of a validity of the examinations. It indi-
Qated to what extent one can rely on the class examination to give an esti-

vate of the pupils standing in the subject as measured by the Departmental

examination,.

Another difficulty is that at the big schools a class has to be divided

into sections under different teachers. For example sections (a) and (b)
may have Mr X for English while sections (c¢) and (d) have Mr Y for the same

~sub ject.

'»* The class examination results will suffer from differences in the.stan-
dard of maﬁking as well as the difficulty of the guestions set by the two
teachers. -

A way out of the last difficulty would be to take the group under each
teacher separately and then average the correlations of the separate groups.
This, however, made the fjunber of cases in the separate groups very small

and conseqguently the probable error very large.

. Tinallv Lthe classgification of a class into groumps is not randem:; usually
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togethere. This fact excludes the possibility of using the technique of
"equating the means'" and rescaling of the marks of the separate groups in
order to make them comparable,

The largest group available in which records ﬁere complete for the pur-
pose of comparing the class with the Departmental madlksg ﬁumbered only 43.
This is due to the way in which the pupils were selected as explained in
* Chapter II.
* mable I with due regard to each probable error must, therefore, be taken
as to some extent indicating which of the subjects are best for objective
scoring. The more objective a subject is the least will it suffer from all
the difficulties enumerated above.
. Only in the case of No. (3), Geography (Std VI)and No. (4), History
*(Std VI) were the whole class taught by the same teacher in each case.
:::’ Now leaving out correlations 89 and 51 i.e. those refering to Spelling
and English (total) we have correlations with a range from <69 to <8
which comes to *l1l. The”average of the probabie errors is +05 abproximately;

With these subjects, therefore,the variation appears to be mostly due

to the probable error of the correlation.

Correlatiom of Departmental Deépartmental v Probable |
and class Results. Class results. Error. N = 40.
1. | English Grammar (Std VI) 74 *05
‘2. Spelling .89 +02
3+ | Geography " 67 *06
4 , | History " : =77 04
‘5. English (total) (Std VIII) *51 «08
« | Physics and Chem. " *80 * 04
8. | Biolagy " Pata not available.
9. | Mathematics " *80 «04
10. | Mechanical Arith. (Std'VI) <69 «05
11. | Problem Arith. *69 -05
Table I.

! “ The objectivity of (8) spelling and the subaectlve nature of English
(r = *51) is, however, obvious as can be seen when referlng‘¥% appendix B
where examples of the respective exam papers are given.
The data of this investigation, however, are examination results in which
the same paper waswriitten by all the puplls and the marking done by refer-

encé to a detailed memorandum supplied by the Department.

It can be assumed that the true reliabilities of the measures will at

least not fall below the figures given in the table.

A i AT oo A T e o W U m  sande T 2 e ™ LY rrrmem et mdeTe manr delem s T O S A ottt A
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schools were pooled.

It was argued fhat if factors like differences in the standard of teach-
ing, ﬁahking and the like did affect the correlations, then higher corre-
lations could be obtained by taking pupils only from the same school. The
correlations will of course differ when calculated with a hetérogeneous
gset of pupils and the point to be decided was whether this:difference could
be agcribed as due mostly to the probable error or whether attenuation was
also present.

Now it can be assumed that the standard bf marking in the J.C. Depart-
mental examination would of neccessity be more uniform than the marking in
the final Std VI exmmination. The first obvious adwantage of the J.C. exam-

.ination results is that they are marked by paid examiners in the depart-

ment whereas the Std VI papers are done by the teachers of the schools them-

=selves with the aid of a memorandum supplied by the department.
In the case of subjective subjects.then, the correlations involving the
Std VI results would be the first to suffer.
"With this in view certain variables were chosen which appeared to be
most liable to error. These variables were subjects all chosen from Std VI
with one exception, namely (7) physics and chemistry.
Tables II and III show a comparison of two sets of correlations. In
table II the correlations were calculated using pupils f?om only one school.
.In table ITI the correlations were those obtained from the original oorre—Q

lation table where the pupils from two schools are mixed up.

Intercorrelations calculated from ' Intercorrelations ebtained where
the results of pupils all in the the pupils fro?gtwo schools are
same school. N = 70, mixed up. N = 10,
, 7)
(1) (3 | & | () (1) (3) (4) (7)
lish \ Geogra- Hist-|Physics - |English | Geography) S i At
Knglis eogra- - ' Grammnar. —
Grgmmar phy. ory. {and Chei. T -
—‘. <52 1. * 51 )
%, + 56 *35 3, , 63 37
Ts - 32 7. *38
9' '475 ‘ 90 .51 ‘6
10 34 * 39 * 37 * 64 110 43 -39 «31 ; 1
« 24 *29 *60 11 e 35 *29 * 30 0%
11 232
' goll 1-°16 *99 Le75 150
Coll. +98 1-08 174 1+ 59 total
Total - 5
' ! o - 04-4 L) O
. . 44 *53 Col 39 554
ggﬁ; 53 56 Aver.
A relation: ~*41l5
\verage correlation: °415 Average corce

MaAalT A TTT
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The average correlation, shown at the bottom of each table, comes to
the same in each case. It was decided, therefore that the fluctuation in
the correlations when going from table II to table TII coulq be explained
by the probable error and that the results from the two separate schools
could be pooled with confidence when wofking out the correlations for the
factorial analysise ‘

The above tables also tend to the conclusion that the system of maf@}ng

at the Std VI departmental examination produces very unifomn results.

oK o s e sk o fesfesfolesk st st ok kiR SR seofoR stk ol siokoR ook skRekel
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CHAPTER III.

RESULTS .
Having thus obtained the scores of each pupil in the eleven subjects as
described in the previous'chapter, intercorrelations of these sub jects

were worked out using the prbduct - moment formula. These correlations are

shown on Table IV.
Correlation Matrixe.

_ 1 (1) [2) 1 (3)] (@) (5)] (6)] ()] (8)] (9)f10)K1T)”

1.{English Grammar | (58) |41 |30 |51 |18 |45|38 |31 |34 |43 |35
sta vi.

2. |English Spelling | 41 [(45)[21 |33 |32 (35|30 |25 |39 |36 |19
Std VI. :

% |Geography 39 |21 69)[63 {11 |22 (37 |12 {31 |39 |29
sta VI.

4, |History 51 | 33 | 63 [(68)] 08 |34 |39 {31 |29 |30 |30
Std VI. ,

5 |Date of Birth. 18 |32 |11 |08 {37)|31 121 |01 |35 )26 34

6, |English (total) 45 | 35 |22 |34 |31 {(70)| 55 |61 | 51 | 43 49

@ | staviii.

(o |Physics. & Chem 38 |30 |37 |39 |21 |55 (82)[ 68 |71 |61 | 52
std VIIT. .

8. |Biology 3l |25 (12 |31 |01 |61 |68 [(74)| 41 | 43 | 53
Std VIII. ‘

9. |[Mathematics 34 | 39 |31 |29 |35 |81 {71 |41 |(81)] 69 | 47
Std VIII. A

10 [Mental Arith. 43 | 36 |39 |30 |26 |43 |61 | 43.] 69 |(79)] 57

.| Sta VvI.

11 |Arithmetic 35 | 19 |29 |30 {34 |48 |54 | 53 | 47| 57 |(65)
Std VI. '

Teble IV.

As a whole the correlations are definitely significant and of medium
size. The average probable error comes to + *064,

' All the correlations are positive .with the exception of (8) with (5)
which is, however, not significant when compared with its probable error

(5), The Date of Birth tendsto correlate positively with al§ith28§%ﬁer
sub jects. This is in agreement with the well known fact that the younger
pupils tend to be the brighter. It also indicates the amount of selection
that has iaken place. -

It will be noted that the highest correlation is °*71, between the sub-
ject Physics and Chemistry and Mathematics. Next comes *69, between Mathe-
matics and Mechanical Arithmetic. The combined subject Physics and €hemis-
try correlate "68 with Biology.

A curious result is that Mechanical Arithmetic (Std VI) and Mathematics

(std VIII) correlate higher than Mechanical Arithmetic and ordinary problem

Arithmetic, both Std VI subjects, which only comes to *57. At a first glance
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of two years between the two examinationsl"lechanicol Ruthmekic anc} Mathemalics

12

Further ingpection of the correlations shows that variables (3) and (4),
vegfrechively

Geography Std VI, and History Std V%('corfelate *63 with each other which
stands out when compared with the correlations of these two with the rest
of the subjects. Going down fhe two columns (3) and (4) the only other out-
standing correlation is *51, that between History and English Grammar both
S5td VI subjects.

This tendency for the subjects to fall into separate clusters will ap-
pear again when the resulis of the factor analysis is discussed later on,

This factor analysis was carried out on the correlations in Table IV

using the Centroid Method.

Cen!'vouJ
The resulting ee&fe%aﬁiaﬁ Matrixlappears in Table V.
Centroid Matrix
‘ I IT IIT Iv
L. English Grammar (Std'VI) *628 | —322 112 i—.1561
2e Spelling 513 -167 -349 |- 087
3 Geography oon 537 -476 232 262
4. | History o 599 -533 232 1~ 019
5, Date of Birth - 363 094 |[-362 |- 039
6. | English (total) Std VIII 714 171 | -047 |- 330
Te Physics and Chem. it 798 245 220 151
8. Biology " , 631 288 344 |- 248
9. Mathematics " 760 261 | ~185 320
10 | Mechanical Arith.Std VI 757 161 |~108 311
11 Problem Arith. n e 268 129 |- 141
Table Ve

15ee J.C. Flanagan "Factor Analysis in the study of Personality"
(Stanford University Press), 1935 p32.

Three factors appeared to be enough to make the median of the residual
‘éorre'lations drop below the average probable eprror. It was, however, thought
advisable to extract another factor and decide later on whfther a meaning

could be attached to it,or discarded as due entirely to error.

Leaving out factor IV for the moment,and using only factors I4 II and II]
the results shown in Table V can be represented graphically i.e. on the
surface of a sphere.,

Figure (1) shows this graphical representation. Inspection of this dia-
gram will indicate which of the subjects tend to cluster when only the first
three factors are involved. |

It must be pointed out that this diagram gives only a rough idea of how
the school subjects tend to group themselves. Before projecting the points
on the surface of a sphere, as described in appendix A, the points are lo—

cated in a three dimentional space and at various distances from the origin,
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then tend to distort the relative positions of points which are situated
near the centre.

It does show however, that the subjects (7) Physics and €Ghemistry, (8)
Biology and(ll) problem Arithmetic tend to go together. (Apex of the Triangle
At th; same time (3) Geography, and (4) History, appear to have much in

common.
ROTATION OF THE AXES.

The rotation of the axes was carried out by hypothesis. It is essantially
the same as the method followed by professor Reyburn and kir Taylor in their
factorial studiese.

The axes were then rotated in accordance with the followihg assunptions

(also given in the introductionary chapter):
Graphical Rotgtion of Axes I II and IIX.
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Graphical Rotation of Axes IIIYand IV.
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Note: The centr01d axis III, has now been rotated twice.
Fig. (ii).

L It I 1117 vt
1. English Grammar (Std VI) - 404 499 1 307 149
12 Spelling: 280 207 | 374 | 338
Bs Geography n 390 644 | =239 119
4, History " 425 717 035 014
e Date of Birth k 232 001 317 344
6o English (totalscore)" VIII 671 o070 440 029
7 Physics and Chem. ' 8568 . 050 —074 151
Be Biology " v 767 ~036 135 —231
O o Mathematics -~ - tr - 696 =011 019 545
10 .Mechanical Arith std VI 685 089 022 478
L1 Problem Arith. " ' 729 | —018 184 007

Table VI. Rotated Matrix.
(a) There is a strong general factor ehtering into all the subjects.
(b) All the factors have a positive ingluence. i.e. There must be no sig-
nificant negative wvalues in the rotated loadings.
(¢) All the factors are. independant. Mathematically this means that all
the axes must remain orthogonal when rotated.

Table VI shows that the first centroid factor - factor I -— to be a
fairly general factor. With this in mind it was decided to change its po-
sition as little as possible. This was done as shown on figure (i).

The apex of the triangle was placed rough1y>in the centre of the
points (7) Physics and Ghemistry, (8) Biology and (11) problem Af;thmetic.

This was the crucial point and really fixed the position of the other

two axes in advancee
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if they are to have positive loadings on the rotated axes.

Those points, when plotted on fhe sphere, form a pattern of which the
outline is roughly triangular. Having fixed the position of the first axis
in accordance with the hypothesis that varisbles (7) (8) and (11) have this
factor in common, the position of the second and third ames were prodeter-
mined within narrow limits by the stipulation (b) abovef previous Page) .

* The transformation matrix was then derived as explained in appendix A,
and the new loadings on factors I' II' and III' calculated.

It appeared then that féctors I' and II' allowed of pshchological inter-
pretation but that III' was somewhat obscure. Factor III' was thus rotated
a second time with IV as shown in figure (ii).

The axis IV' was passed through the centroid of (9) and (104 Mathematics
and Mechanical Arithmetic respectively. This, in other words is a negative
rotation of the axes through about 500. With this rotation axis III'' pas-
sed close to (6) which is English (total) Std VIII. At the saﬁe time the
negative loads inevitable on (3) and (8) was divided about‘equally between
the twoe. |

The Sine of this angle, when determined correct to 3 figures, comes to
~0-789 and its Cosine + 0-615. Using the transformation matrix

f «615 . *789
_~+789 615

the rotated loadings for factors III'' and IV' were calculated algelraicly.
The rotated matrix for the four factors appears on table VI.

FINAL ROTATION.

The first attempt at rotation produced a factor pattern which as a whole
‘was not ingonsistent. Refering back to table VI, however,.it wiii be seen
that there are two fairly Targe negative loads.

Variable (8) has a load of ~*23 on factor IV', and Geography, variable
(3)s carries a load of ~°239 on factor III't.

.Now these negative loads may be entirely due to error as the median re—
sidual, after extraction of factor III already fell below the average
probable error.

But in order to make a rigorous test of the hypothesis, namely,that all
factors should have a positive influence, the centroid axes were rotated
a second time with a view to minimise these two negative loadings and at

the same time preserve the factor pattern of table VI. This final rotation
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FINAL ROTATION OF THE CENTROID AXES I, II and IIT.

Fig. (iii). .

Final Rotated Matrix: ractor loads. -

| IV I IIitt v}

1. [English Grammar (Std VI). 202 | 4t | aio | sz01
. [Spelling 094 214 437 418
e |Geography " 226 700 | FOT 296
. |History " 278 761 147 156
. (Date of Birth. 129 070 340 372
. |English (total) J.C. 564 122 540 157
» |Physics and Chem. J C. 790 1194 060 323

8. ([Blology 757 137 250 084

9. [Mathematics u 578 013 110 661

%ﬁ» Mental Arithmetic (Std VI) 555 124 082 611
1 (Problem Arith. 677 091 288 | 140

|

Table VII.
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FINAL ROTATION OF AXIS III' WITH IV.
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Fige (iV)o
| Final Botated liatrixs:s Variance. i
l L) T IT'() | III'' () [ IVi(R) ]
1. 41 227 175 8«5
2a 0+9 46 19-1 175
3. 51 49+0 1+0 8+8
4, 77 579 2°2 2e¢4
Se 17 0°*5 116 13+8
6. |31+8 1.5 292 25
7. |62+4 38 0*4 10+4
8. |B7*3 1+9 62 07
9., |33+4 040 12 437
10. 308 1+5 Q-7 373
11, |45°+8 08 83 20

Comparing figure (iii) with figure (i), it can be seen that this se-

Table VIII.

cond rotation really amounts to making factor I' less general. This

makes the influence of factor I' less and increases the significance of

the other three factors.

I
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inﬁestigation it will be more illuminating to examine the factors found in
terms of the percentage of the variance due to each. This appears in table
VIII. |

The factor pattern on.tablé VIII appears, to some extent, to support the

hypothesis of one or more generai factors plus group factors. (This is gi-

ven as the third alternative in chapter I).

It must, however, be pointed out that the contribution of the first
factor (a fairly general factor) to variables (1) - (5) is slight when com-—
pared to its significance in varisbles (6) - (11). Variable (5), dateof
birth, is however, not relevant to the argument here.

in the Fotlowing chapter

The fedowing 1nterpretatlon of the data is to a large extent the out-
come of discussions with the following people who were kind enough to ren-
der every assistance: The Supervisor of the thesis, members of the staff

.of the University, officials of the Cape Department of Education, the in-

spectors of the schools chosen, and the principals of these schools.




CHAPTER  IV. ' (9

THE FACTORS FOUND.

FACTOR I': INSIGHT. This factor is best represented by the J.C. subject,

physics and €hemistry, followed by Biology, Arithmetic, Mathematics, Eng-
' 1ish(total score) and finﬁally IMechanical Arithmetic. In this final rota-
tion of the axes this factor appears to move away ffom the quantilative
sub jects. English(total),for instancé,has more of this factor than Mental
Arithmetic.
This factor is very much a border line case although for the present

it can be regarded as a general factor. Its lowest contribution is found

in variable (2), spelling, the percentage being 0+9.

The next question is whether this factor represents a generalzggﬁﬁity '
or whfther it can be produced by circumstances in the class room.

R.R.Wolf, Jnr. (12, p47),for instance,suggests that the failure of his

.tests to differentiate between the verbal and _quantétative abilities of
students may be due to the strong ingluence of thés?%entral factofz He |
suggests also that this central factor may in part be due to the fact that
pupils try to improve their scoring in those subjects in which they are
weak. This of itself would produce a general factor making for equaliéed
achievemént. |

He appears to be correct in ascribiﬁg the failure of his tests to diff-
erentiate the verbal from the quantitative to the presence of th$s§centfa1
factor. Fig. (i1ii) indicates that both English(total) and Mathematics have
factor I am: a common factér and to an amountvof over 30 percent of the var-

The fact that this factor is best represented by the sciences ign§§é+
next important point.

One may define a Science as a body of knowledge arrived'at in the fol-
lowing Way. First comes the collection of data, next the organization of
these data and finally its reduction to a few fundamental lawa revealed in
all the data. If this definition is accepted then faCtof"%ngiﬁhgﬁ.called

It conforms somewhat to Thorndikes definition of Abstract Intelligence
quoted by R.R. Wolf (op.cit. pb)4 as the ability to understand and manage
ideas and symbols such as words, numbers, chemical or physical formulae,
legal decisions, scientific laws =md principles and the like.

It also appears to fit into Spearmans definition of General Intelligence

as the ability to see relationse.
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regarded as reasoning factors. Factor II is however eliminative reasoning
and IIT positive reasoning or "Insight".

In the present analysis, however, the variables were examination results
and not tests with a cho&ce of alternativess. This sepération into two fac-
tors, both reasoning in character is therefore hardly possible., elimina-
tive ability is here excluded. | ‘

It is suggested then that factor I' of this investigation may well be
a combination of factors II and III found in the article guoted.

L.L. Thurstone and T7.G. Thurstone (11) in the introduction consideprs
that an inductive or reasoning factor has shown up repeatedly in their
analysis. |

At the end after analysing two batteries of tests the inductive or rea-
soning factor is shown as indicated by tests in which the underlying idea

.could be discovered. On page 36 they state that this factor has the highest
correlation with what they call "a seéondrorder general factor .... which
may perhaps be interpreted as Spearman's General Factor or as aLmaﬁuration

In summing up this factor one may speculate as to whethJ;f?gbggn.be re-
conciled with conceptions derived from the Rorschach test. Here the indi-
cations are that highly intelligent subjects display the ability to see the
the ink blot at a whole.

These people, as it were, can create a unity from material which to othex
people appear as chaos.

both.thb "Arts" and the "Sciences" seem to be influenced by a more funda-

This consideration would then tend to reconcile one to the fact that

mental common factor.

Judd (69 p343), for instance, defines a scientific law as essentially a
product of the creative power of the human intellect. For him it is a men=
tal shorthand.and he considers that a scientific law cannot exist outside
of the mind.

Now the total score in English in Junior Certificate is composed mostly
of literature and essay writing which can be called creative.

I1f, therefore, we want to assume that this tendency to embrace litera-
ture, as well as science is an innate quality of the first factor then the

can

nature of this factor perhaps also be described as synthetic. In the Rors-

chach Test terminology this should not be taken as indicating the "huilt
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It must be pointed out, however, that,statisﬁiéally;part of this factor
may be due to the way in which the vafiables were selected., The subjects
(6) English (total) (7) Physics and Chemimtry, (8) Biology and (9) Mathe-
matics are all Std VIII subjects and one would expect, therefore, that the
correlations between these subjects would be higher than between the lat-
ter and the Std VI subjectis; the variables intercorrelated here are separa-
ted by an interval of two years.

On the other hand inspection of the correlation table shows that even
with an interval of two years elapsing between the two examinations it
is still possible to get a correlation as high as «69 between (109 Hech—
anical Arithmetic (StdZVI), and (9) Mathematics Std VIII. This suggests
that the effect of the two years difference is not very substantial.

It must be conceded then that it is possible that both innate abilitj

.as well as external conditions,peculiar to the situation, contribute to
the appearance of this first factor.

As to whether it is a general factor or not,will depend on whéther we
are refering to practical life or only to the eleven variables in the cor—
relation table,

In the school situation, for instance, and whether innate or not, it
operates as a general factor which makes it difficult to distinguish the
literary from the scientific and Mathematical ability.,

Factor II'; Memory: A first indication of this factor appears in the cor—

-‘relation table (table IV). In the first four variables the only outstand-
ing correlatioh is between History and Geography which comes to *63 £ +037
This suggests a factor or factors common to both History and Geography.

In the final rotation of the axes the position of axis II' was already

* fixed by the restrictions as given in chapter III. These restrictions im-
posed on the rotation of the axes then tended to place II' near to (3)
and (4), Geography and History respectively.

In terms of variance this factor is best represented by Héstory in
8td VI closely followed by Geography and then to some extent by Spelling.
Of the other variables the highest is Phgsics: and @hemistry which however
comes to under 4. |
- As to whether it is a general factor or not, one may say that it is of

about the same order of generality as the Immediate HMemory factor found
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A student suggested that hhis factor confines itself to subjects that

2k

can be "swotted",

L.L. Thurstone and T.G. Thurstone (op. cit.) considers their memory
factor M to be the most independant primary factor with the smallest num-
ber of significant correlations with their separate tests. On page 5 (oppe
Cit.) they define M as the ability to memorize anything gquickly.

By referring to appendix B it wiil.be seen that empecially History in
Std VI is a subject which must be memorized. The fact that in History 50%
of the marks are rewarded for themes and in Geography 30%, does not seem
to to introduce a complication.

of Thurs lone .

This factor may then be assumed to be also this gEﬂEﬁEi‘memory factorﬂ

It is possible that its correlation with "Immediate Memory'" will be quite

high, assuming Thurston's definition, "the Ability to memorize anything

@ |
quickly", to be correct.

Pactor III': Language. In factor III'', English (total) is associated a-

gain with what one would expect. The highest factor load is that of (6),
English (total), followed by Spelling and English Grammare. The date of
birth appears also to be Jjust significabt. (11) Problem Arithmetic, and
(8) Biology has perhaps also some meaning here.

This can be called a language factor; a factor which already appears to
be firmly established in the literaiure.

In the article by professor Reyburn and Mr. Taylor (op. cit.) a verbal

~w ractor appeared and contributed 11% of the variance in the absurdeties

test. In the present analysis the variance due to factor III'f%oS% for
problem Arithmetic. This is explained &f one considers the fact that in
Problem Arithmetic most of the marks are awarded for a verbal setting out
of the sum in successive logical steps.

Arithmetic in 8td VI may therefore be regarded as to some extent a rea-—

soning test in terms of words.

Factor IV': This is put forth provisionally.

In the factor analysis the median residual of the correlations fell be-
low the average probable error after factor III was extracted. On reflec~
tion of the residuals, however, the no of negative signs remaining could

not be ex.plained by chance alone. Using the formulal = ’V@where pP=g=0+5,
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average we haves " . 121
Range = Average + 368= "2 + X525 .

il

60 + 16%5

= 43¢5 = 76+5° (hrom U35 Fo ¥6°8).
In the analysis the number of minus signs remaining was actually 28s This

suggested the presence of a fourth factor probabl¥ mixed up with some error

The two outstanding loads here are on (9) Kathematics in J.C. and (10¥
Mental Arithmetic in Std VI. Spelling is probablyg also significant.

One is tempted to call this a numerical factor; meaning the aptitude
involved in Mechaniecal Arithmetic.

Dr. H.W. Smith (op. cit.), however, isolated a factor which can be calle
mental manipulation according to set rules (the foufth factor given in his
analysis) e

This name appears to be more comprehensive andlapparently fits the ob=

.served-facts of the present analysis quite well. This factor has now .shown
up, with slight modifications, in the three separate analyses mentioned
and its existance can be assumed to be fairly well established. Purther
investigation is needed to determine its exact nature. ’

The fact that (5) date of birth, has a loading of 37 can be explained
as due to the amount of selection which has operated up to the sedondary
school‘stage. The meaning of this correlation between the date of birth and
the fourth factor is that pupils born more recently have more of this abi-

lity. This is inAaccordance with the well-=known fact that, in any sub ject,

e, {116 younger pupils tend to score higheste.
—
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CHAPTER V. , . 24

The application to Education.

Prediction of Scientific ability in 8td VI. The practical implications of

the investigation can now be glanced at briéfly. Pirst one may examine the
factorial composition of science in J.C..

The combined subject thsics and @hemistry, as taught and tested in the
Junior Certificate examination depends on "Insight", to the extent of 62%
of the total variancs.

The next most important factor in Physics and €hemistry is number IV?
which was called the ability to follow rules. It must be noted, however,
that it is responsible for only 104 of the variance. Both factors II' and

- III* appear to be negligible. This can be interprected by saying that every-
one appears to have enoggh of the little memorising and language ability
necaessary for success in ﬁhysics'and €hemistry.
| It must also be noted that in this subject the common factors account
for just over 76% of the variance. Only 25% is unique, i.e. due to factors
which are unknown at present.

Turning now to the major problem as butlined in the introduction one may
determine how these factors, making for success in Physics and Ehemistry,
are indicated in 8td VI.

One of these Tactors "Insight", is best represented by problem Arithme-.
tic in Std'VI.lThe table shows that 46% of the variance in this subject is
due to this factor. Mechanical Arithmetic, agaih, is the'best indicator of

;::the ability to apply a rule (factor IV').

A combination, therefore, of the two Std VI sub jects, (11) problems
Arithmetic, and(10) Mechénical Arithmetic,promises to have a high multiple
correlation ﬁith Physics and Bhemistry in Junior Certificate.

Mathematical ability. The tables indicate that the chief factor here is

IV! (The ability to apply a rulse). The factor "Insight" is not far behind
and accounts for 33% of the variance. Together these two factors account
for just over 75% of thé individual differences in Mathematics. Again a
1ittle less than 25% is due to unknown factors.

In Sﬁd'VI; therefore, one would expect a weighted combination of (10%
Mechanical Arithmeticsand (11) problem arithmetic,to have high predictive
value for success in Junior Certificate Mathematics. It 1is cleaf fhat in
ﬁhis multiple correlation more weight will have to be placed on Mechanical

Aagtdtarnned 2 A
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at the Std VI level children can with confidence be classified into the fol-

lowing two sections:

(a) Those with intellectual leanings; the academic type.am&

() Thbse who will do best at work involving only memory and work of a re-

productive kind. it is very probable that these chdldren will prove to be

the manual typee. These are the pupils who would cope quite well with, for

instance, Geography and History in 8td VI bpt would show little aptitude for
~Arithmetice

The essential difference between these two groups would be thaﬁ of amount
of "G" possessed by the pupils. The usual intelligence test mighﬁ also serve
to effect this separation.

When it comes to special abilities, however, this investigation appears to
confirm previous researches of which Wolfe (op.‘Cit;) is representative,

.' Due to the influence of a central factor = probably/partly innate and part
ly due to the external situation - the separation of empecially Mathematical
and literary ability bécomes difficulte It will be noted on table WII, that
both (6) English (total) and (9) Mathematics have a high loading on the first
factor. -~ ' | - |

This is in line with the results of Kelly, Rogers and King which are quo-
ted by Barle (3). |

These invéstigators drew up tests selected from the usual intelligence
test which, howéver,'failed to differentiate between the language group and

1€ Mmathematical g\z;:ooup of subjects)

The reason for“this can be seen by noting the relative importance of the
four factors involved; It must be remembered that in the factorial analysis
of the correlatioﬁ tabie only three factors were sufficient to reduce the
median residual correlations below the‘average probable error of the origi-
nal oorrelations.‘ |

The fourth factor, as it were, appeared to be still in the process of
emerging. At this stage the average probablé error of *054 is too large to
allow for an exact determination of the fourth factor. The average agé of the
@upils at the time of writing the Std Vi examination comes to 13 years 8 mths

Now it is well known that abilities become more differentiated as age
and training increases. (See for instance Earle Op. Cite). It would be of
value to know at what stage the factors become definite ehough to allow a

safe differential prediction to be made. This investigation really reprees
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put one is Jjustified to concluge that Std VI appears to be a little bit ean

ly for making decisions involving the fourth factor.

This factor contributes 44% of the variance observed in the scores of th
pupilé in 8td VIII Mathgmétics, while "Insight" is responsible for 33%.
This factor, — the ability to foilow a rule -~ appears then to be of gréat
importance in the differential predictionof success in Maﬁhematics. Unfor-
tunately, however, the fourth factor is only vaguely indicated at the
8td VI stage and its exact contribution is as yet unreliable.

The distinction between the subject physics and ehemistry and English
appears to be more definite. Here "Insight" is twice as important in Phy-
sics and €hemistry asdcompared to its contribution in English.

Finally however, it must be remembered that Science in the Junior Cer-
tificate is something different from what it is at university and in prac-

.ti_cal life. Here factors such as experimental technique come ingand the
treatment always tends to become more and more mathematical. One would
be inclined to discourage a pupil from teking up physics, for instance, as
a career;if he is lacking in the fourth factor; mental manipulation ac-

cording to set rules,
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APPENDIX A, } A

Rotation of the Axes.

Mre Taylor, under whose supervision this investigation was made sugges-
ted a method by which the centroid éxes can be potated graphicallye.

It consists, essentially, in projecting the points on the surface of a
sphere.

The first three axes only were used for the time being and their origin
taken as codaciding’; with the centre of a sphere (in this case an electric
light globe).

Theoretically one can then imagine the top half of the sphere as contain
ing the eleven variables and reprecsented by points plotted with reference
to axes I, II and III.

The points will all be in the top half of the bolbe if we take the first

centroid axis as being the "polar axis"; the first centroid factor loadings

.hefnq

ﬁfﬁaalways positive.

These eleven points can now be projected on to the surface of the sphere
by a mathematical'technique known as “"normalizing".

in'this, the factor loadings are converted to direction cosines and can
then be plotted on the surface of the sphere by means of circular scales
marked off in cosines.

Figures (i) and({ii) show the sphere when viewed vertically from above,

Mathematical Technigue. The three points where axes I II and III pass the

through the sphere can be seen to form an equilateral triangle on & sphe-
"rical surface. The rotaﬁion of the axes, three at a time, can then be car-
ried out graphicallysby moving this triangle so as to enclosc the area re~
~quired.

In the diagram the quadrants formed by the centroid axes are represen-
ted by the thin lines. The heavy lines show the quadrant formed by the ro-
tated axes. With this technique it is abvious that theT?gtated axes will
always be mutually at right anglese

The next step is to calculate the new factor loadings on the rotated
axes. This involves the writing of a transformation matrix in three dimen-
sions which Wili rotate the centroid axes to their new positions as shown
in the diagram. Figure (iil).

In order to a@btain the first caélumn of this transformation matrix, the

new position of exis I' must be detemnined. This is obtained with referenc
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5. 29
and calculating the third value knowing that the squares of the three direc—

tion cosines sum to unitye.

The accompanying table, which is due to Kr. Taylor, can then be used to
obtain an arbitrary matrix with the first eolwin containing the yalues mea-
sured as described &above.

In order to arrive at the finél transformation matrix which will rqpéte
the axes to correspond to the graphical positions, the arbitrary matrix is
post multiplied by a matrix of the form 1 0 0

0 Pl W
0 P2 age
If By and Bg éay are the values required in the second column of the fi-.

nal transformation matrix then p; and pg will be chosen so that:
by p1 + c¢1pg = Bq - (1?

and  bg pp + cgp, = By - (2)
where b and ¢ refer to the entries in the second and third columns of the
'.rbitrary matrix found from the tables. |
Now in the arbitrary matrix derived from the tables ¢ =0
also Py = 9 and p; ¥ qg, which enables us to obtain p; and pg as well as
q; and gy from equations (1) and (2).
This procedure of obtaining the final transformation matrix can then be

represented by the following matrix equation:

T aq by Cy - 100 Al Bl Cl' ) ,2-
al b cl ’ O pmay | ={Ay By C T —
2 p2 o2 0 As BS C° /
8z U3 Cg L boag 3 Dg Bl

~ Where the capital letters represent the cell entries of the final trans-

formation matrix.
L
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ORTEOGONAL TRANSFORIIATIONS

The accompanying table enables one to write an orthogonal trans-
formation in any number of dimensions from 2 to 15 when one column
is knowmn. '

The general procedure is to put the elements in the first column
of the symbelic transformation egual to the given direction cosines,
to solve certain eguations, detailed below, which yield numerical
values for all the terms appearing in the remaining columns, and to
substitute these values in the symbolic transformation. In what
follows some of the equations are marked with an asterisk; these serve
to check the computations, .

2 For 2 dimensions take the first 2 rows and columns and put c=1.
v X |
a2+b2=l*

3  For 3 dimensions take the first 3 rows and columns and put e=l.
b={i:;§§ c=be/b; d=bd/b; c2+3%=]1 %

4 For 4 dimensions take the last 4 rows and columns and put p=l.
wl+xS+y24z2 = 1 %

5 For 5 dimensions take the last 5 rows and columns.
q={1-p%; weaw/q; x=ax/q; y=ay/a; z=qz/q; weax4yP4? = 1%

6 For 6 dimensions taﬁe the first 6 rows and columns and put j=1.
b=yfl-a2; c=be/b; d=y/l-c2; e=bde/bd; f£=bAf/bd; g=bdg/bd;
h=bdh/bd; e2+f2+g2+h2 = 1 % | |

7 For 7 dimensions take the last 7 rows_ahd columns and put j=1.

=1{1- (p2+q2+r2) 3 w=sw/s; x=sx/si y=sy/s; z=sz/S}
wlix2+yS4z2 = 1 %

8 Tor 8 dimensions take the last 8 rows and columns.

k=ﬂl—j2§ p=kp/k; q=kq/k; r=kr/k; s=ﬁ1—(p2+q2+r2);
w=ksw/ks; X=ksx/ks; y=ksy/ks; 2=ksz/KS; wWo+xC+ye+4z2 = 1 X
9 For 9 dimensions take the first 9 rows and columns and put p=l.
r...._....é. ' -—ué‘. .
b=vl—a ;. c=be/bs d=4I;c ; e=bde/bd; f=bdf/bd; g=bdg/od;
h=\jl-(e2+f2+g2); j=bdhj/bdh; k=bdhk/bdh; m=bdhm/bdh; n=bdhn/bdh;
524k2m24n2 = 1 *

10 For 10 dimensions take the last 10 rows and columns and put e=1.

i - .
n:‘\il- (32+k2+m2) 3 P=np/n; g=ng/nj r=nr/n; S='Vll- (p2+q2+r2) :

w=nsw/ns; x=nsx/ns; y=nsy/nsj; 2=nsz/ns; w2¥x2+y2+22 =1 %



{)

1

11 For 11 dimensions take the last 11 rows and columns.

£=1-e2; J=£3/f; k=fk/f; mefm/f; n=|1-(3%+k3m?);

p=fnp/fn; q=fng/fn; r=fnr/fn; sivi-(p2+q?+r2);

w=fnsw/fns; x=fnsx/fns; y=fnsy/fns; z=fnsz/fns; wl+x+y24z2=]

12 For 12 dimensions take the first 12 rows and columns and put w=l.
b=Y1-a2; e=be/b; d=llsc ; e=bde/bd; f=bdf/bd§ g=bdg /vd;
'h=V1-(e2+f2+g2); j=bdnhj/bdh; ksbdhk/bdh; m=bdhm/bdh; |
n=Vl-(j2+k2+m3); =bdhnp/bdhn; q=bdhng/bdhn; #=bdhnr/bdhn;

s=bdhns/bdhn; p2+q24rl+s® = 1 ¥
13 For 123 dimeﬁsions take the last 13 rows|and column; and put e¢=1,
hévﬁ-(é2+f2+g2); J=hj/t; k=hk/h; m=hm/h; n£Vi~(j9+k3+m2);
. pshnp/hn; q=hng/hn; r=hnr/hn; s='Vl-(p2+q2+'r2);‘

w=hnsw/hns; x=hnsx/hns; y=hnsy/hns; z=hnsz/hns;

w4x2+ye+z2 = 1 ¥ | | .
14 TFor 14 dimensions’ take the last 14 rows and columns and put a=1,

a=)1-c2; e=de/d; f=af/d; g=ag/d; h=|[1-(eC+t2+g2);

j=dhj/dhy k=dhk/dhjy vm=dhm/dh; n£V&-(jz+k2ﬂn2);

p=dhnp/dhn; q=dhng/dhn; r=dhnr/dhn; 55Vi~(p2+q2+r2);

w=dhnsw/dhns; x=dhnsx/dhns; y=dhnsy/dhns; z=dhnsz/dhns;
wlHx2+y2+z2 = 1 ¥

15 For 15 dimensions the whole table is required.
bf)/1-a2; c=bc/b;‘d=\/.:l._-‘<‘:_§; e=bde/bd; f=bdf/bd; g=bdg/bd;
h|/1- (e2+£24+g%); j=bdhj/odh; k=bdhk/bdh; m=bdhm/odh;
rvﬂﬁ,(jz+k2+m2); p=bdhnp/bdhn; q=bdhng/bdhn; r=bdhnr/bdhn;
s£V&-(p2+q2+r2); w=bdhnsw/bdhns; x=bdhnsx/bdhns;
y=bdhnsy/bdhns; z=bdhnsz/bdhns; we+x2+y2+z2 = 1 ¥.

Department of Psychology,
Tmiversity of Cape Town.
April, 1942,
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Certificate subject flynica and Ghemistny.
(5) A weightod eobinetion, of Hechemiesl ,:'izm*e apd problen rithe
metic with tlo emphaesis on the first bontioned vill correlato high with
Eathemetios in Junior Cortifieatos

mzmmsmmmmmwm on only one of the
fagtors in "Generel Intelligence” snd thereforo mobl alfected by wiristions in
the ether couponento. |

This hypothesin would be in line wAth the findings of D .M. Teepson®
who studied the frotors ﬂxrec%w sochool ouceses in 088 VIX and 56 XX

"General Inteuigam*wa mnaﬁto e importavt in both Inglish and Hothe
matics and ia the oyxdsy nlatod.

Suscess in Plyeical Scionce (5td VII) however, depenicd to & limited em-
tent on "Gemeral Intelligence” and ‘E‘)in Gepenianes bocorw noglisible by the
time 9td X 18 reached.

Ta the onso of Diology (5%4 VII), 4% wis found thot "Ceperal Intellipencet
constituted one of the less inpoytent dactors deterzrining success in this lws
The finding of the presont thesis that selertific subjects tond to be

largely dependant on a unitery trall is aimiler alsc to the conelusions of
P.M. Barle (3,ppiB-d6) wio found, intor sliam, that fv the third yeur of Mg
sehool Seience correloied pomitively only with Annlogies ond Ressoning tostseg
the correlations being °28 and «43 respeetivoly.

S

1
DPe Helle Thompmon: "Foctors affesting Soh ool Success™
(opublished Doctore Tm:la Uaivorsisy of cape “oun)e 1963 7 109-119.
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PAPER A. A an |
(I Q) 188, '
1942.) {Thirty minutss. '.
DEPARTMENT OF PUBLIC EDUDATION. ' (' .
CAPE OF GOOD HOPE. 4
. SPEED AND ACCURACY TEST. |
(1ho inviligator must keep strictly to the ‘ime indicsted alove, or the I
tust: will be valuoless.) !
1. Find the interest on £750 l';u' 4 months st 3§ per cent. J
2. Write 8s. 6d. us the decimal of £1. ;

o

9.

10.

. Complete lg - ¢

. Simplify :
. A st comprised D
obtained 30 wurks, Whut percentage of the marks did he obtain?)
i. Al an olection o wandidote obtained GU per cent. of the votes.

. Whaut is the urea of u triongle of which the base is 8 feet and

. A bankrupt pays 165. Sd. in the £; what will a areditor, to whom

STANDARD WVi. . ’ ' —

S
96 — -24
<1576 . 045

uestions euch of 2D warks, aud a pu_pil

1f 900 people voted for him, how wmany voted altugether?

the height 13 yards?

bhe owes £1,200, lose?

If concrele casts 9 pennies per cubic foot, what will 8 piece 9
inches by 12 feet by 18 yards cost?

——

' 1. A concrete block is 2§ ft, -thick, 10 ft. wide aud 12 ft. high. |

A' tho alloy contains the three metals in the following propor- ||

G.P. 530408 —1942-3—28000. |
STANDARD VI, i
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Al §th of the block consists of cement, how many packets of |
cement 18 in. by lb'm. by 4 in, were uesded to build the block?
i

2. A certain alloy vonsists of three wmetals, A, B and C. A pisve of ||

tous: \\"eigh‘t»_of A w3 of the toia]l weight, weight of B= 475!
of the total weight, weight of C=14 1b. 1 ox. What is the tota}|.
weight of the piece of alloy? ‘

{Caleulation to be done in decimals. ]

!3. A mau builds a house for £1,200. He ‘%nys £48 annually for
repairs, insurance and taxes. He wants 6 per cent. interest on
What monthly reutal must he charge for the house|:

his woney. WV
th interest and running costs? [

to cover

}.-&. A wan buys a motor car for £500 and pays £100 cash as the 1}
first instalment. At the end of the first year he pays off £200
together with the interest on what he owes at 5 per cent.
A¢ the end of the second year he pays off the balance of what |
be owes, together with the interest. on it at 5 per cent. What
iz the total amount he paid for the car? -

5. The front of a house consists 6f & triangular gable on a
rectangular wall 12 ft. bigh. The top of the gsble is 20 ft. |

. TR 13-4 + So-iuf = 1
£1-16-8) + £150- 1~ 8 + £977.8 - 1t
- 67 4 -0l 4 £1-79 = ¢

t o+ ? + ¢ =

i above the grouud aud the wall is 30 ft. wide. The ares of |
I windows end front door is 30 sq. ft.  Calculate the cost of |
{ painting the frout of the house with two coats of paint at 13s. 6d. |
! a gallon, given that one gallon of paint covers 15 sq. yds. for
i = single coat. |
i6. A farmer has & crop of 2,000 hoxes of apples of which 40 per
} cent. are fivst grade apples and the rest second grade. He sells
1+ the firsi grade apples at 7s. 6d. per box and the second | 8
_at Bs. 94. per box. The boxes coet him £49. 10s. I)ar 1,000 and |
the packing muterials 3d. per Lox. If the rest of the farming
o o 2 % a. O™ 3 L B . e R

I Y Y .Y § L .

f

3

(Ons hour and thirty eslsutss. 7

1

2

The cash transactions of & schoolboy for the second yuarter of
the year are as follows: —
7th April: Pocket money -for the guarter, £1.
11th April: Bought a pair of football stockings, 5s. 6d.
16th April: Subscription for football club, 2s. 6d.
28th ‘April: Sale of old racquet, 11s. 4d.
2nd May : Bought a football jersey, 10s, 64d.
12th May : Sale of woodwork model, £1. 10s.
25th May : Eotry fees for sports, 3s. 6d |
4th June: Purchased camera supplies, £1. 5s. i
12th Jupe: Sale of snaps, 12s. !
-: Petty expenscs, 15s. 3d. |
|
!
1

I

Draw up & cash account and show bis bLalance at the end !
of the term. s . |

[ ) . ‘ . !
8. The graphs below :reivireu)ent the weights of two oys A (undotted '
e,

lins) and B (dotted frow their 8th to their 10th year. Use
thess graphs to answer the following questions: - :f
(a) What did B weigh when be wus 13 years old¥ !

{b) H{:ﬁ’ wuch beavier wos B than A when they were 11 years J
old] v

(o) Between which years did A show the least increase in
weight

{d) At what age did A and B have the esme weight? What

wes this weight? .

(6) At what age did A aud I ahow the biggest diff i
@ weight Qﬁﬂ‘w‘hat was the difference® © srasce i

(/) What did A end B weigh at the age of 14 years?

(¢) Whst was tho differenco in weight betwean A ‘sud B M!‘;
their 16th year?f ;

(h) At what age did B waigh 78 1b.F .

{§) What was tho cowbised weight of A wud U at the wge of)
10 yoars? ’ !

i

i
i
|

i



(1)

(2)

(%)
(4)

(5)

(8)

(9)

(11)

112)

(13)
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