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INTRODUCTION

In this thesis, an attempt will be made to discover
the functional unities underlying performance on the fEchelle
4! Intelligens s Mechglerl. To do this, Thurstone's
Centroid Method of Factor Analysis will be used?.

The following chapiers progress from the Btatement
of the Froblem in chapter I, to The actual Naming of the
factors extracted in chapter IV,

In chapter 1I, we see the population and the method
used in the Experimental Design. Thurstone's Method 1is
briefly described and the terminoleogy used therein is
defined.

The first and second factor analyses of the data
are commented upon in chapter 1II, and reasons are given
for the second analysiz. The reasons for not going further
on to & third factor are also given in both cases.

Chapter IV 18 concerned with the asctual names
attached to the two extracted factors after the process of
faetor analysis.

The Conclusions bring together all the data found
in chapters III and IV, Besides this are s number of

1 The French version of the Wechsler Bellevue
Intelligence Scale to be used In this study,

2 Guilford, J. P., Pgychometric Methods, New York,
McGraw-H111, 1936, p. 471 -
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suggestions of research which may be c¢arried on in the

continuanee of the work on this problem.

xi



CHAPTER ONE
STATEMENT OF THE PHOBLEM

Although intelligence zcts as though 1t were a single
factor, it has been found to be made up of a number of independ-
ent dimensions acting in unison. This statement is fundamental
in this undertaking. The statistical instrument called factor
analysis, is used in extracting unitary traits from the multi-
plex mental life of the human being. In Psyehology, as in the
other secliences, it 1s essential to know the least number of
factors in operation at any given time, or during any glven
function, and to state these in thely simplest terms,

The need of research in this region will become more
and more evident as time progresses, Fundeamental varisbles
operating in any field of resesrch lead us to our ultimate aim
in seience -- truth, It would seem, therefore, that in the
comparatively new gclence of psychology, we should strive to
find the essentials of every operation of the human personality.
The seemingly insignificant aspects, when sdequately ordered
and deseribed, bring us to a better understanding of man and
his response nechanisms,

A second consideration is in that of test construetion.
Little 1s known of the real validity of any test until we have
actually inspected the means an individual uses in vorking out
the problems placed before him, It is essential to know this

before we can construct tests, and so that we can be sure it
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is intelligence ve are testing and not some other facet in
the personality,
From this latter perception follows a third question.
Do ve really know what intelligence 158? There have been
numerous definitione of intelligence put forth by psychologists,
NHo two are entirely alike. Since we cannot know exactly what
i1t 135, and 4t 4s impessidtle to ascertain vhat it is by sinply
asking an individual, it 1s necessary to discover 1ts faectors
of operation in & posterieri investigations. Thig enables us
to see 1ts effects, and, knowing these, we will be sble te
apply them to the human being who uses them, Thus, in this way,
we approach the truth,
These three considerations point out the importsnce

of the use of fsetor analysis in psychologicsl research,

"By faetor analysis, we can acoomplish three endas:

(1) we can determine the smallest number of independent

abilities that rust be postulated in order to account

for the table of intercorrelations; (2) we can deter-

mine hov wmuch of each independent ability is represented

by each test; (3) we can set up regrassion equations by

which an individuval's amount of any primary ability can

be estimated from the tests that depemnd upon that ability."l

1 cuilford, J. P., Fsychometrie Methods, New York,
MeCraw~Hill, 1936, p. 471 - 513,
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The field of faetor mnalysis will gain importance as more and
rore research wnrkers make use of 1t.

ple was found to

make good vse of factor analysis teecause of the subtests within

the seale. Tris valuable approsch to intelligence has glven

us important facts on whieh further research may be based.
Three important studies have been made so far, using

factor analysis on the Wechsle

Jacob cohenl, working with an abnormal group, tested their
performance on the above-mentioned test, The purpose of this
research was to discover znd compare the factorial structures
underlying the schizophrenie, psychonsurotic, and dbrain-
danaged male veteran patients on a standard battsry of
intellectual tests (1.,e. the Wechsler-Bellevue Scals). The
subjects were selected Irom the records of the Psycholegical
Service fection of the Bronx Veterans' Administration Hospital,
The eriterion for the seleetion was according to the Definition
of Terms for the three groups. The selected groups comslsted
of one hundred individuals each, and were equated approximately

for theiy means and standard deviations,

1 Goheny Jecob, A Comparative Anslysis of Factors
Und e ring Intelligence , 5 PQ!IQI@QI!QE 0; Diffey ent Neuroe
5. ! S ot T8 v y a8 Y B :. Rz w i BLEL -

w)alg

T ; ~ aged Groups, Microfiimed Fhi.
i esis, Lnivers ty of New York, 1950, p. vii - 162,



STATEMENT OF THF PFOBLEM L

The s!gnificent losdings for factor A were as follows:
Voeadbulary .68y Information .595; Comprehension ,57;
Similarities M33 onnd Pletvre Completion JMl., Thie was salled
the Verdal Faator.

For factor B the loadings were: Ohject Assgembly .7);
Block Design w3 Pleture Completion by 2nd Pleture Arrange-
ment ,36. Cohen choss to eall this the Non.Verbal Organizetion
Faetor rather than use "performance”, as used by D. Weehalor,

The C factor loadings were: Digits forward ,52; Digits
backward .51; Arithmetic 153 Digit Symbol Mh; and Bloek
Design .36, This was the Distractibility Faetor because,
aceording to Cohen, it depends on the interference with the
subject's ability ¢tn a*tend to the material, and whether the
subject retains or loses the element during the crurse of
manipulation.

The three Common factors were found to be the sarme in
each of the three populations, althongh somewhat 44fffarert in
content.

F. Balinskylt, interested in finding out 1f any changes
in mental factors cecurred during the advance eof ags, worked

on different age groups using the Wechgler-Pellevue Intelligence
Sgale, Ha sclected the folloin- rnge groups: 9, 17, 19,

1 Balineky, B., "An Analysis of tha Vental Factors of
Variocus ge Crsupb from liine to oixty"
~ Vol. 23, first half, Feb. 1%1, e 101 = B34,
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25-29, 35«4k, and 50-59 years., These were drawn from the
standerdizetion group of the Wechsler-Pellevue Seale, and
€00 caser were us=ed,

A verbal factor, a performance factor, a memory factor,
a faetor of geeing relationshipes in socis) situation, a reason-
ing factor, & fectrr called “restrietion in solution”, snd a
factor which war not clearly distinguished were discovered.
2Jtrongh the faetors did not always appear in each zge group,
the verhbsl ~nd nerformanee factorg were falrly conaistent,

Ape grounps 25-20, and 35-40 were the only ones contaiming the
rewn-y faetor,

Balinsky econeluded that the "mental traits change and
amdergo raorganization over a sran of yeare, Therefore, when
intervreting tasts af irtelligence, 1%t is important to take
into sansiderstiom the agse 2f the 1ndividusl.®

e third invastigation was made by Wechsler, Israel
and Balinskyl. Thesa men eomvared the subtest scores of 82
borderline and 45 rentally dsfective cases. They found that
811 tmt the dieit span and object assenbly tests diszeriminated
effeatively between the two groups. BElock design and simi-

larities tegis war~ the most affective,

1 Wecrsler, D. H. Israel, and B, Balinsky, "A Study
of the Bub«Tests of the unilsvue Intelligance ocaie in Corder-
lino and Menfal Defective Cages”, in J

ental ficlenas VQJ,. 45, RT l& Af-’ril 9 1, Pe - 5530
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The twe groups did better on the performance tests
than on the veibal, and discrimination wos betier in the ages
from 17 - 16,

The test to be used in thip regearch 1eg the "Sehells
It 18 the French edition of

"The Ottava-i'echsler Intelligerce icale is prepured

for the bilingual centers where the Wechsler-Bellevue
ras alieady Leen used, It was felt that those cenvers
neesded an inmstrument that (1) would use the same
raterlels ag the origino:l, cnd f2) would furnish
results eomparable to those of the original. Hence
in thls Fiu ek version (1) the waterlials of the per-
formance subtests have been used and also standardized
on tre ¥1. ch Cunadian population of Oitaws, ard (2)
norms have been tentatively drawn up that would be
compersble to those cbteined on the Vechsler."l

Tt.¢ question .an now be asgked vhether the findings of
the suthors merticned alove also holl for the Ichelle &'

nte cuce Obtewa-~wocheler. Wit thie qvestion in mind, we
form the following hypothcsds: The Qitaxp~Wechzler memsures

congtant factors In the verlous age groups from 15 to %9

inelusive,

»
¥

2 Chagnon, ey danugl el Noimss 4s 1'None
d'Intelligence Qsigwﬁau y University Ott

Pe 3,

awa, 1953,




CHAPTER I1I
THE EXPERIMERTAL DESIGN

1, The Populatien.

The material used in this thesis was drawn from the
standardization group of the Ottawa-Wechsler. The follovw~
ing 1s a description of how the population was gathered
for this standardization:

A 1l'side des données du Rapport du Recense-
ment canadien, 1l &tait facile de trouver quel
pourcentage de sujets #tait requis dans chacune des
¢lasses de l'echantlillon. Avant de disztribuer les
sujets selon les niveaux occupatiomnels, 1l fellait
reclassifier toutes les occupations du recensement
eanadien dans l'échelle de Goodenough. FPour sub-
diviser les sujets du groupe "eux #tudes” selon
1'ocoupation du psre, nous n'avons pas fondd nos
ealeuls sur la distribntion dez occupations de toute
la population méle, mais nous_avons utilisé 1atgrauye
de 3% & 70 ang, dans ;'hypethése que cette gection
de la population représenterait mieux les pires
d'étudiants et d'étudiantes de 15 a 24 ans.

Les principes de stratification devalent
nous permettre d'atteindre toutes les sections de
la population et surtout d'obtenir des sujets de
tous les niveaux intellectuels. Les strate
nous permettaient d'atteindre ce but etaient les
suivants: 1© les groupes dtfges; 2° les sexesy
30 les oceupations, et 4© les niveaux sccio-
économiques, ainsi que les niveaux 4&'dducation et
d'occupation,

Le premier stratum divisa la population de
15 & 59 sns en hult groupes d'ages, comme suit:

1% ens 253k ans
16-17 ans a ans
18-19 ans .54 ans

20~24 ans 55.59 ans
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a Le deuxieme stratum subdivisa ohagge groupe
d'age en un groupe mageulin et wm groupe féminin,
selon les poureentages d'hommes et de femmes dans
l'univers outacuais. Le troisiéme stratum subdivisalt
les hommes et les femmes de deux fagons différentes:
d'abord les groupes d‘'ages de 15 a ans en trois
catégories, les gens aux études, les gens au travail,
les gens a la malson; et ensuite les groupes d'dges

de & 59 ans en deux catégories, les gens au travail
et les gens & la maison, Le quatridme stratum sub-
divisait encore les eatfgories selon leurs nivesux
soeio-fconomiques, leurrs nivesux d'@dueation et leurs
nivesux d'occecupation.

I1 convient de donner un mot d'explication
sur les gens aux Studes, au travail, & la malson,

1. Les gens "aux &tudes” - On s'attend bien
a retrouver ceux-ci s tous les Ages de 15 & 24 ansg.,
Il est asszez facile de tracer le niveau scolaire des
Jeunes entre 15 et 18 ans; mails la ehose devient
impossible au~dela de 18 ans. Comme 11 fallailt
trouver une bage commune pour tous les groupes de
15 4 24 ans, il nous a semblé préférable d'utiliser
la elassification de Coodenough et de subdiviser
les gens zux &tudes en niveaux soclo-&conomiques,
d'aprds 1l'oceupation de leur peére., Cette classi-
fication a maintes fols seprvi dans la standardisation
de tests d'intelligance: témoin, 1'&chelle de
voeabulaire preparée par le Dr. L. T, Dayhaw,

2. Les gens "au travall" « La elassification
générale des oceupations du recensement canadien se
fait 4'aprés les domaines industriels. Comme dans
chacun de ces domaines 11 y a des sujets de tous
les niveaux intellectuels, 1l pourrait arriver qu'un

tillon soit fidéle aux données du recensement
sand toutefols représenter leg niveaux d'intelligence,
I1 fallait done cholsir de préfarence une classification
fondée sur la distribution des capacités mentales,
comme celle preparée par Goodenough. Elle fchelonne
les gens “su travail” en sept classes différentes.

3., Les gens "& la maison' - Dans les cas ou
le nombre de sujets le permettait, nous avons sgub-
divisé ces groupes en quatre catégories selon les
annfes de secolarit@; sans scolarité, &cole primsire,
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éeole secondaire, colldge et universita.

Une derniére question: combien de sujets
faut-1l inclure dans chaque stratum?A Conme lesg
8chelles de Q.I. pour les groupes d'sges sont
indépendantes l'une de 1l'zutre, dang le proceds
de Weehsler, il n'est pas necessael>e de cholsir
un nombre gropmrtianna de gujets rour chacun des
groupes d'ages. \Il noug 8 donc paru suffisant,
peur notre preniére série de nrimes, de les
caleuler sur une base de 100 sujeta pour tous les
grouvpes d'ages, & l'exeeptlion du dernier, celul
des gens de 55 2 59 ans, Iei il n'y a gue 60
sujets 3 cause des difficultés rencontrées &
trouver wm pnombre sufflisant de gens pour certaines
subdivisions.

The method of chooging the porulstion for the sample
population is shown in Tables I to ¥III, The divisions or
stratification, as fully deseribed in the population desw
eription above, can be ¢learly seen in those tables., The
tables are by ege groups, and are subdivided into each

stratum with its particular subdivisions.

2. The Method.

This will be presented in two steps. In this factor
snalysls of the intellectual p-rrformance on the OLtawg-
Wechgler, Thurstone's Centroid Method of factor analysis will
be used. To dsts, there have been many metheds of factor
analysis expounded by such men as Speerman, Hotelling, Xelley,
Holzinger, ete, The reason for using Thurstone's method is
that, "These methods have been suppllied with a very complete
rational basfis in the mathematlies of matrix theory and they



Table I. Proportimmal Distribution (in Percentsge) of the Strmtified Tarent
Poprlation and Sumple for the 15 Years (1d Age Oroup Use in Fagtor Analynis

M%M' e z — T
Sax Ontegories Perceniage in Theber in Perceniage in
Stratified Fawent Sumple Sasinle
Population
l! I‘?&% 50 50-()0
A% Work 5.55 3 6400
I baly
‘\n%g%"‘: 3665 i 33.33
LA Shode 2 66,67
Vi1 367
AL 3chool 89.47 b5 90,00
I 954 h 8,89
I ' 15.38 <7 15056
111 20,00 9 20,00
Iv 15
v 8,85 B 50,30
L 2 T 3 .
264 .78 b 8,89
At Home he98 2 4 00
50,16 50 50,00
AL work bbb 2 4,00
I11 I X
v Yo 8 2 100,00
vil 1.8
A% Sehool 88,24 L 88,00




Table II. Froportional Distribubtion (in Persentage) of the Stratified Parent

5 EXPERIMANTAL O “IGH

9

Population and .ample for the 1617 Years 0ld Age Group Use in Paetor Analysis

of the Ottawa~Wechuler,

v
——— v

vl
NN

Sex  Categories Percentage in Wunber in  Percentage in
Stratified Pavrent Sample Sample
Popnlation
M 48,06 ] 48,00
A%t Work 33,54 33.33
I .70
11 .35
IXx 1101 2 12,50
Y 52, 3%, 9 56,25
vl 27.63 b 25,00
Vi 7.96 1 6.25
At School 58.48 28 58,33
I Pa 54 3 0.7
Ix 1%.28 g 14.29
I1Y 20,00 ) 21.43
\ 38,85 b 39.29
Vi 729 2 T1h
Vil 8,78 2 Te1h
F 51.9% 52 52,00
A% vork 35.02 13 25,00
1 Lb
11 b
I1I 25.60 3 23,08
v 70.55 9 69.23
vi «Th
V11 2,8l 1 7.69
At School 59427 L 59.62
9. 54 3 2.68
15.28 5 16.13
20,00 6 19.35
15
28,85 12 ».7
7«39 2 645
$.7$ 3 9-69
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Tahle III. Proportional histribution (in Peremtage i oo the Shoatified Parent
Population and Gample for the 18-19 Years 0ld se Croun YUse in Vaalor Anelysis

Percentsge in

Hunbar in
Stratified Parent Sample

rercentare in
Samnle

Yo

P rasbes i 1 0 e

iopulation
| h5.79 Wb 146,00
At York 5r,68 27 584,70
I 1,16
11 2,25 1 3.70
IIX 15.67 & 14.81
v 59.43 16 59.26
vi 1311 L 14,21
¥II 8,38 2 Tebd
at Zchool 30,480 14 0 bby
1 90% l ?cl‘l—
II 15,28 2 14 29
111 20,00 k. 21,43
v 15
v 78,85 6 L3286
VI 7.35 1 7.4
i 8,78 1 Telh
4 54,21 Shy Sbyeled
At Jork 62.06 3 61,11
I +60
11 32
i1 37.07 2 3. %
v 29.53 20 60,61
vi o 37
Vil 2a31 1 3.03
At Lenuvol 18,04 L 18,52
M 954 1 12,00
11 15,28 1 10,630
I11 20,00 2 20,00
1V kb
4 3,85 4 fo e
Y 7.%9 1 19,00
Vil 8,78 : NS
Wt Ho.o 19ec7 1L
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Table IV. Proportionsl Distribution {(in ersentega) of the Stretified rarent

[} '}ﬁ

Population and Sam,le for the 20U Years Uld Age "vu. Vse in Factor Analysis
of

aiex

Sex Categories Percentage in Yurber i rempentage in
Stratified Parent Sample Sumple
P'opulation
¥ 44,52 L5 45,00
At Work 78.95 35 71.78
i bhe35 2 571
11 5.38 2 5.71
113 2h 17 L] 22.86
v 54,456 19 54,29
VI 4.73 < 5.71
1291 6.7¢8 2 5.7
954 1 15,67
11 15.28 l 16,67
111 204,00 1 16,67
v «15
v 22,085 2 33.33
Vi 7.29
Y1l 8,78 i 146,67
? 5511&3 55 fyﬁnﬁkl
At ¥ork 70,81 39 70,91
I 2.7 1 2.56
I «7h
11X L0442 16 41,03
v 54020 21 53.85
VI 28
Vil 1.59 3 2.56
At Sehool 3062 2 3.6&
i D5k
11 15.28
T 20,00 1 50,00
Iv 15
:I ?. :?'9
¥iT B8.78
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Table V. Proportiemal “iastribution (in Percentnre) of the (tratified Parent
Population and 3ample for ‘e 2%=3; Years Old Age Gronp Use in Fuetor Analysis

of Abe Ottae-ivechsler,

P

Sex Categorise Vernentage in Rumber in “arcentare in
Stratifind Bayent  Sem.ls Aample
Pepulation
X b, 56 LS 15,00
A% Work 96,21 L3 95.56
1 10,00 & 930
h§ 10.53 5 11.63
171 16,55 7 16.28
1 4 46,08 20 46451
VI 10,07 L 2.30
Vi1 6,66 3 6.98
At Home 3.79 2 bre it
P 55.46 55 55,00
A% wWork TR 2, L3.64
1 k.57 2 2,13
bt 4 1.66
31 36.98 9 P7.50
v 52,56 13 54,17
24 o1
v1X .82
g * ‘53
Prim, 28442 9 29,03
See, 55.09 17 Sk o B
Coll. 15.96 5 16.13

Wmmmmwmmnmm
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Table 1, Froportional “istribution (in Percuntage, of the bratl.iod Papsnt
Population and Sample ror the 35-4ii Years uld Age Oroup ze in Factor Analysis
x. 0 “ i ahoacdtL B ] : o

Sax Catagories “eroentage in Tumbear in {ereentare in
Stratifisd Parent carle Sample
Population
M 45,18 LS 4£5.00
At work 9532 L3 75,56
1 Ga?h A 930
I1 14,65 6 12.95
il 19.09 8 18,61
v 10
v LO 87 18 L1.86
Vi 7.87 & 9,30
Vil Tohi8 3 6.98
At Home h68 2 holsly
r 54482 55 55,00
At YWork 2.1 18 3273
I 2,01
11 8,20 1 5.56
in 30.73 & 27,23
v o1
v 342 10 55,56
¥ « 50
Vis \ 475 1 5.56
At Home 67.89 14 67.27
¥il. 8
Priu. 36,12 13 35.14
eC. 50,35 19 51.3%
Goll, 12,64 5 13.51
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Table Vil. Proportional Tistribution (4in “oroantage) of “he Stratified Parent
Population and Sample for the L5-5, Years Qld Age Group Bse in Factor inalysis

of the Ottawsxiigchsler,

8ex Catsgories Jerentage in “uaber 4n “ercontage in
Stratified Payent Pausr e Samnle
Population
¥ A7.1% &7 87,00
At ok 93.14 by 93.62
B¢ 9. 31 b 9.09
II 1579 7 15.91
Yi1 15,90 9 248
IV 17
v B PEA 17 64
H 6,29 3 6,82
v1i 8,52 L 2.09
At Homs 6.86 3 6,38
4 52,86 53 53,00
At Work 25.75 i Y A
II a3 1 Telh
111 23,00 3 21.43
7 O
v 573,55 8 57.4
Y1 857
vIX 10,57 1 Tk
At Home Pha25 » 73.58
ﬁﬁc 1'0 80 . 1 20 56
Prim. 39.17 15 38,46
Sec. 6,13 18 48,15
Goli. 12.89 b 12.82




Yh

Table Vi.I. Proportiomal IHstribution (in leroentage) of the utratified Parent
Fopulation and Jample for the 3557 Years Uld Age Group Jse in Paotor Analysis
the Ottawa~Wechsler,

e e s et A o8 o A a4 " o 5 o121 1 A R

Sex Categories Tercantage in Thysbher in “opcentage in
sStratifled Parent Sanple Sstiple
Population
M 24,00 1 24,00
At Work 12,03 18 75,00
I 1469 2 17.11
11 248, 3 16,67
111 3.6 A 22,22
iv 02
v 6,60 6 3%33
73 1,22 1 5,56
vii 1.93 2 11,11
At Home 597 6 25.00
r 26.00 26 ' %.00
At vork 5,05 ) 2%.08
1 Uw l 16.6?
11 1941
111 1.06 1 16,67
Iv 00
v 3. 27 3 50,00
VI g
Vii 99 1 16,67
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THE EXPITIMENTAL DESICN 10

cen be rnade to lead to significant, meaningful variablas".l

Three ends can be accomplished by th- use of faetor
analysis:

"(1l) we cen determine the smallest number of independ-
ent abtilities that must be poztulated in order to
account for tre table of inter-correlationsg; (2) ve
can determine how much of each independent abllity
1s represented by each tests (3) we ecan set up
regression equations by which en individvals amount
of any primary ability can he estimated from tasts
that devend upon that abilsty."?

The second step will bde the comparison of results
betwveen age groups, Thisg will be done simply by the methed
of inspection. This 4g the finding and naming of clusters
of testz at each are greup., Graphical representations were
used to determine these clusters. It is here that our
hypothesls will be checked,

It may be ronvenient at this time to define the main
terme thot will be veed with thic wmethoed, The most important
item to be defined i1g factor analysis. It 1s "Any method of

snalysis of the inter-correlations or covarimnces of a set

1 guilford, J. P., Pgychometrie Hethods, New York,
MeGraw-Hill, 1936, p. 471.

2 14, Ibld,, p. W72
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of variables by which the piopoitions of the vairiances of
each variable which are associsted with ezch of the factors
ray be det@rmined."l More specifically, wo have vased the
intercorrelations of the ten subtesis of the ULtawp-wechsler.
The second technique to bo defined is that of
reflection,
Whenever t...re are a large number of negative signs
in some of the eolumna, we must proceed to refleet
some of the test variables, By this we mean chang-
ing signs throwghout some of the columns (and through
the corresponding rows) so as to maximize thg number
of plug signs in the new correlation matrix.<
Two other important items are factor loadings and
communality, Factor loadings reler to the "weight" or size
of the coefficlent, acecording to the importance the faetor
plays in a test. Commnality, symbolized by h?k, is simply
the sum of the squares of the factor loadings, This sum
should squal 1 if the test is perfect {(no errors of
meagurement) and there are no apeeific faetors.
These are the four most important definitions given
here, Other terms will be defined as they occur in the

text.

1 Kurtz, A. K., and H, A, Edgerton, Statistical
Rigtionary, New York, Wiley, 1939, p. 60.

2 Guilford, Psychometrie

ALY Ry NEW Yﬂrk,
MeGraw-Hill, 1936, p. 482,




CHAPTER II1I
THE FACTOR ANALYSIS

The steps in this factor analysis were followed from
the ovtline given by J. I, Guilford.l

1, The First Faetor Analysis.
The first factor analysis revealed only two faetors.
The second faetor residuals were low, and the highest of these
that were greater than ,100 were distributed as followss
Age Oroup Ir ,l0h
@ IT: L1157, 171, .100
" n ITI: -~
" " Iv: ,b109, .115%
" " Yi ahk2, ,120
" n vr: ,135, .11k, 103, 120
" " vITs ,106, 104, ,100, .123
" " VIITt: e
Nope of these residuals were found significant at the
If level of significance, using the formula 2,58 x =, The
average standard deviation () of the eriginal intercorrelat-
ions was approximately ,07. Therefore, the residuals must be
greater tham .191, Inspection reveals none higher than .157.

From these results, it was cone¢luded that there was ne point

1 Gusiford, J. F., z’.%gmmmmy New York,
HCG“W-Hill, 1936’ e 1"71 - [




Table IX.

A Comparison of the Estimated and Computed Communalities

Obtained in the First Fsetor Analysis of the 10 Subtests of the Dttawa-Wechsler.

Group 1 2 3 L e € 7 8 9 10
Estimated G613 11 376 LS50k 613 W27 W71 .c0k 50 W60
1 Computed L5853 .500h 2252 L3007 L6123 J24B€ 4221 L6088 L,3620 L3M36
" Discrepaneies < 0hC6 «+,1016 +,1508 +.1233 +.0007 +.1704 +.0489 - 1048 +.1420 +.11§&
Estimated 695 560 3h2  ,653  L680 WJM32 577 LBl N80 698
2 Computed 7727 160 L1907 (Sl 6201 L2516 L5373 669 3561 LWOWS
D serepancies = 0747 +.1520 +,1513 +.1086 +.0599 +.1804 -.0103 +.0741 +.1239 +.2935
Egtimated 0696 o€ 13 .1"61 .6‘*5 .608 0&8 0606 502 o!‘?ss .518
3 Computed L7095 L6233 3143 L5863 .5998 B439 . 5275 ka9 3686 5760
~ Discrepaneles =,0115 =,0103 +.1467 +,0587 +.0082 #.C741 +.0785 +.0591 +.0864 -.058C
Estimated o 7hO 492 R Te 639 oG 520 577 587 519 <587
4 Comvuted .ozhé 259 184k 663k 6184  J&37h  Lk395 5368 L3€10  M727
Diserepancies +.Cliskh +,2366 +,1556 <,024k +,1216 +.,0826 +.087% +.0502 +.1530 +.1143
Estimated «72C « 584 « 520 « 720 718 JH9E 631 £27 « 524 37
Eiscrsjg}ancii’-‘! "003*‘%‘1 +a0715 +¢1602 *00278 +* 06379 +.1665 "'3{}865 ""066& + 017}-}4 +09137
stimated 076.3 .628 . 51?1 0763 . m . 533 . 715 .5’43 . 51 ¢610
é Computed 8327 L4549 M916 6981 .5999 L3664 6M53 L5955 k2
Viscrepancies -.0607 +.1731 +.089%k% +£,0679 +.J401 +.16€6 +.06G7 +.0525 +.084% +,1204
Sstimated 752 6L €01 .72% 712 610 752  £h9 587 Egs
7 Computed 7566 L6124 (5177 L7065 L6757 5272 J70u9 L6157 L4798 hLB18
Digserepancics -.0060 +.0316 +.0853 +.0165 +.0363 +.0828 +.0471 +.0333 41072 +.,0832
Lstimated 0838 e??a . 5 08 8 0890 P .590 -?16 0612 .701
8 Computed 8559 Tuéh .2165 - 375 <7643 .2383 L8167 7250 L3881 5746
Discrepancies -.0179 £.0316 +.1285 4.0505 4.1257 4.0587 +.0733 +.0C00 +.2239 +,1264

SISXIVNY H0LOVY FHL

€1



THE PACTOR ANALYSIS 1y

in going on to a third factor, as the residuals vere probably

only chance values,

2, The “econd Faetor Analysis.

A eomparieon of the estimated and computed communali-
ties, as shown in Table IX, reveals very large Aiscrspancies.
It was decided, from this, to ro over the vwhole vrocess of
fastor analysis for the second time, Tt cen be seen from
Tables XVIII to XLY $n the Appendix that the communalities
used from the first snalysis approxinate more closely those
computed in the second znalysis,

It was found in this seecord factor analysis that it
vas sdvisable to stop after the extraction of the second
factor for the following reasonst

1. There is only one residual (,130 in Table XLI,

Age Group VIII) out of 45 in this age group, or
360 in the eight age groups that appears to be
aignifiocanty
2, Kvan the "t# 1s of doubtful value: the {ormuls
Tprpz=l1l-32 /W 15 a -ood enougk approximation
of the rtand:rd arror only when ¥ is large and r
is smell. In our cage, neither of these conditions
s fulfilled, since ¥ ig small and r is large.

The factor loadings and commun~lities as nbtained

from the secornd fector enalysig rre found In Tablesz X to AV¥II,
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It will be noted that the second factor (kp) is small in each
age group. This is especially true of Age Groups VI and VII,

We must now explain why the process of rotation was
not applied to our data. 8ince all of the tests are located
within a rather acute sector, the use of orthogonal axes
would place the tests close to one of the axes and none at
the other axes. Orthogenal axes were therefore not used.
This high correlation between test clusters was especially
noticeable in Age Groups VI and VII,

It was also not desmed feasible to resort to oblique
axes, at least for the purpose of computing nevw factor load-
ings, because: (1) interpretation of these axes 1s uncertain;
and (2) we might come to the danger of extreme obliqueness.

The idea of obligue vectors was, however, used for
the purpose of identifying the clusters of tests that were
furthest apart in the graphical representations.

The graphieal representation was the only means left
to use in the final interpretation of the fastors. The
product of the inspection of these clusters is shown in the
following chapter.,



THE FACTOR ANALYBIS

Table X, PFactor Loasdings (k) and
Communalities (h“y) for the 10
Subtests of the Ottawa-Wechsler
in Age Group 1

Test Y X, 0%
1 * 6 .% »
2 LA B ¢
3 23936  +.0073  ,15%0
5616 +.0947  .3266
5 . *.mg 5008
6 01"539 - 22% » 2 565
g * 6339 ht l""ﬁ ﬁh'23 5
9 a5 e 13399
10 5457 -.0859  .3052

i
11
r:

16



THE FACTOR ANALYSIG

Table XI. Faetor L adings (k) and
Communalities (h<,) for the 10
Subtests of the tawa-Wechsler
in Age Group 1I

Test Xy Ky hzk
1 .88 +.3136 8867
2 . 577 e 1‘4‘21 039*1
a 03939 L P l 80 nlm

.67&8 el .‘f‘?lf
5 o 7208 4,29 +6091
t o E oo oam
g 2%1 -Zzssg 3!5953
16 8 e L3ees

i
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Table XII, Factor Loadings (k) and
Communalities (héy) for the 10
Subtests of the Ottaws-Wechsler
in Age Group III

e A NS4 b et
—— oY m

.

Test Ky k, W

1 «7892  +.,3078 . 7175

3 '?2%‘7 2397 oo

b 3% ol 2%
s » 28 #01 3 czgls
!6507 “Ill31 ”t 3!62

9 05191 “‘32950 92565
lO . 06903 "0366? » 110
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Table XITI. Factor Loadings (k) and
Cormumalities (h<y) for the 10
Subtests of the Ottawa-Hechsler
in Age Group 1V

Test ky ko hak

8308 - 0609 £939
L&k  »,1524% 2352
3520 +.114) «1369
7976  +,1996 6760
. 7630 * 01316 .39 5
chap Ti3ous  ls07¢
07299  -.2544 59075
™ 5181 *e 128 » 2811‘9
6368 .27 L4812

’!S@mqmmrumw
*
o
ot
Y
~3

l
|
|




TLE FACIOR ANALYSIS

Table XYV, Faator goadiugs (k) ana
Commumalities (h<y) for the 10
Subtests of the Ottawa-Weshsgler
in Age Group V

Test Xy kK, b¥
1 8388 4.2707 7769
2 .6% +.1851 42§
3 o5 +,056)1 L3335
5 LA+
é T a5
g 07217 ’017% 0551

10 Iskgk ~e2000 .38

i




THE FACTOR ANALYSIS

Table XV, Pactor Loadings (k) and
Cormunalities (h ) for the 10
Subtests of the Ottawa-Wechsler
in Age Group VX

T e S ————

91 o G566
‘23h ’% N
6632 L5587
L1566 + w1 ou & hg
« ThOl .P§61 613
.'5’787 +.1913  .3718
JBUL -,2062 6569
e Tio3Be  0asd
& hadl 9 .
6439 #2453 Mug

gmmqm\umw -

2l
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Communalities (h%y) for the 10
Subtests of the Ottawa-Wechsler
in Ago Group VII

Table XV, Fmetor ﬁgadinga (k) and

Test '3 ¥, B
1 .8629 '1'.1151? 07579
2 o7311 +,0695 +5393
b 8302 41563 ,7136
5 ¢ 9 ‘.".2168 0669!"‘
€ #7129 ~¢1129 209
7 8320 +4,1055 72048
8 ‘7565 “‘0?528‘ 063£2
9 o€6310 4+ ,0499 M018
1c 070 40180 307




THE FACTOR ANALYSIS

Table XVII, Feetor lLoadings (k) and
Comrunalities (h%) for the 10
subtests of the f;”(‘.t.z:«wa-wec}mlm*
in ‘g= Group YIIT

Lest k3 ks hgk
1 9236  4,2599% 920

2 . 7%,65 +.§ggg .2'3225
37 4 0 632

‘3 :Q}ag dgrw.; 8322
«05% - 0L 5 Y

Z 006D —.i6h7 6702
7 8927 4,031 L7982

2 . 368g ke 7068

1C SLfor .30 6058

23



CHAPTER IV
THE FACIORS

In this chapter, we will handle the factors extracted
in the previous chapters in twve ways, Pirst we will name
the factors found in each age group. A4n explanation will
also be given for the elusters that are close to, or approach
either of the two factors.

Secondly, attention will be paild to the distribution
of these factors., If theose Tuctors are constant from age
group to age growr will =2lz2 he seen,

Before *he desoription of these factors, it will
be necessary tc give a 11st of the components in eaeh of
the subtests of the Ottawe-Beghsler. This rationale is
based on Rlpaportl, and an snalysis by us.

Information: vrecall, past lesrning, words, ability
to plck up information, and memory.

Comprehension: :e<call, past lcorning, words, evaluat-
fon, social intelligence, and ability to plek
up information.

Digit Span: recall, immedlate learning, numbers,
attention, and immedlate memory,

1 Rapaport, D
Vol. I’ Chicago, Year
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Arithmetic: recall, past learning, words and numbers,
evaluation, concentration, ability to pieck up
information, and memory,

Similaritiss: recsll, past learning, werds, evaluation,
concentration, sbllity to pick up Information,
and Remory.

Pleture Arraugsnents l=aarnligz, evaluation, soclal
intelligencs, pletorial, placuing, and ability
to pilek up information.

Picture Completion: recall, past lsarning, evaluation,
pictorial, concentration, and visual memory,

Bloek Design: evaluatlion, plctozial, vlanning, visual-
motor eo-ordinution, and ubllity to pick up
information,

ObjJect Assembly: evaluwlion, pizuning, visual-motor
ce~ordination, and wvisuval memory,

Digit Symbol: dwasslate learndng, evaluation, coneent-
ration, visual-motor co-ordination, =ability to
pick up information, and WewmOry.

This 1list of componeunts acted as a guide in naming the clusters
of tests given below,

In the deseription below, the word “"evaluation™ is
used a number of times. In thiz thesis 1t will mean the
ability to recognize and establish relationships. The rest

of the termsz used are self-explanatory.
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1. The Faetors in Each Age Group.

In the following list of factors in each age group,

ve have named the first and second factors A and B respect-

ively. As in the majority of the age groups, there were

clusters of tests whieh gravitated either towards the first

or second faetors.

If these elusters tended towards A,

they were listed as Al, and i the tendency was towards

B they wvere called Bl. The reasons for this gravitation

are given in each case,

In Age Group
Factor At

Factor B:

Ad;
Blt

In Age Group

Faector Al

Faetor B:

A1:

I, the factors found were as follovws:
abllity to aequire and use knowledge of
a verbal nature.

ability to evaluate and organize visual
material.

gravitates towards A because of learning
gravitates towards B because of evaluat-
ion of visual material.

I}

ability to acquire and use knowledge.
This is factor A + Al of Age Greup I.
this 1s the same as factor B - Bl

Age Group I, less subtest 10,

this is subtest 10, and it gravitates

towards A because of learning component,



In Age Group

Factor A:

Faetor B:
al:

Bl:

In age Group
Factor A:
ractor B:

als

In Age Group
Factor at
Factor Bs

Alz

In Age Group
Factor A

Pactor B:@
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III:

ability to aequire and use knowledge
of a verbal nature.

ability to evaluate visual material
subtest 3 gravitates towards A because
of acquired knowledge.

subtest 8 gravitates towards E because
of evaluation.

IV

ebility to acquire and use knowledge,
ebility to evaluate visual material
gsubtest 1 gravitates towards A because
of use of knowledge.

Vi

ability to mequire and use knowledge.
ability to evaluate vigual material,
subtests 6 and 3 gravitate towards

A beeause of evaluation of knowledge.
V1s

ability to acquire and use knovledge.
unidentifiable because subtest 2 pre-
vents using evaluation, and subtests

8§ and 9 prevent using learning.
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In Age Group VII:
Faetor A: ability to acquire and use knovledge.
Factor B: unidentifiable.
Alt subtests ¢ and 10 gravitate towards A
because of learning.
Bl: unidentifiable.
In Age Group VIIIs
Factor A: ability to acquire and use knowledge.
Factor Bt ability to evaluate visual material,
Al:  subtest 7 gravitates towards A because
of use of knowledgs.
Bl: subtests 5, 6 and & gravitate towards
B because 5 uses conceptual evaluation,
é uses practical evaluation, and 8 uses

inspeetional evalvation,

2. The Distribution of Faetors,

From the inspection of the fagtors, it may readily
be seen that Factor A 1s constant In each age group. This
factor is the ability to aequire and use knowledge. Age
Groups I and TTI delimit this, in that they add a verbal
component to the use and acquisition of knowledge,

Faetor B, on the other hand, is uridentifisble In
Age Groups VI and VII, The reasons for this are stated in
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the list of factors., The evaluation of visual material is
called Factor B in Age Croups 1, II, III, IV, ¥V, and VIII.
The organization component is added to the evaluation and

use of visual material only in Age Group I.



CONCLUBIONS

From the findings in Chapter IV, we may make the
following conclusions, Factor A i1s found in each of the
eight age groups. This factor 1s ecalled: the ability to
agquire and use knowledge. Age Groups I and JIT limit
this factor with an additional verbal component.

Fastor B is congtant in ige Groups I, II, III, IV,
V, and VIII, but it is vnidentifiable in the other two
groups. Although no sanelusive data has been found to
support it, it may be that, after 39 years of age, this
factor does not enter into the solution of problems in the
Ottawa-w .

These were the only two factors found in this factor
analysis, Future work on this problem, as suggested below,
may reveal additional group factors besides the discovery
of specific factors.

There are a number of possibilities left for further
work on this problem. A very important step open to inquiry
at this point is the finding of the reliability of the Qttawg-
Wechgler. With this data the factor loadings could be com-
puted, and together with this, the regression equations,

This would provide us with a ready-to-use meagure once ve
have a raw score and the age of the subjéet,

Another important area of investigation after the
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reliability has been computed, is that of the identification
of specifie factors,

The actual process of factor naming could be checked,
and probably enhanced, by the factor analysis of the per-
formance of an abnormal pepulation on the Dttswa-tiechsler.
In the abnormal groups we already know what mental functions
are deteriorated, and hence, we would nctice the negative,
rather than the pesitive ggpacts of the funetiop of differ-

ent faectors in each subtest.
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Borderline and Mental Defective Cases®, in Americepn Jo

of Mental Deficiency, Vol. 45, No. 4, April 1941, p. 555 -

553.
(An ineomplete report of factor analysis of the

performance of an abnormal population on the

¥echsler-Bellevue)
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APPRYNDIX I &s

Table IXVIII. First Factor Residudl s and the Oewputaticn of the fSecond Pactor Leedings of the 10 Subtests of the Lehelle d'Intelligense Ottaws-ischd ar in Age Oroup IV.
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Tatls XXXI. First Pactar Hesiduals and the Computation of the Second Pactor Loadirnge of the 10 Subtests ef the

APPERDIIX I
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Schelle d'Intelli snce ttawa-.echslar in Age Jroup V.
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APPENDIX I s7

Table L. First Pactor Residuals and the Computation of the Sscend Faotor Leadings of s 1U Mbtesta of ihe ohalls d'Intelligence Ottama-@wonslar in Age Oroup Viil.
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APPEROIT 8

ABSTRAQT OF:

In this theslis an attempt wes made to dlscover the
functionel unities underlylng performance on the Jchelle
4'Intelligepnes Cttawa-ieehsler, The hypothesis gulding
our purpose is.es fellews: the Ottawawieghsler measures

constant fastors im the .various age groups from 15 to 59

inclusive,

The subJeets used in this study were those of the

standardigasion.sample ef the Ottewa- .echsler., This group

(N = 750 divided inte elght age groups, 13 a atratified
sample of the Freneh-spesking population of Greeter Cttawa,
Thurstone's Centreld -ethed of “ector ..nalysis waes followed,
Faetor anslyeis indiocated only two factors. The
factors found by imspeetion of graphical representation of
test veotors by age group wer? as follows:
age Group I:
1, ability to acyuire and use knowledgs of a verbal
nature, |
3) Jbillty to evaluate and organize visual material.
g8 Group II: |
1) ability to acquire and use knowledge,
32) abillity to evaluate visual material.
Age Group IiI:

1) ability to aequire snd use knowledge.
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2) ability to evaluste visual material,
Age Croup 1V:
1) ability to acquire snd use knowledge.
2) abilisty to svaluamte visual meterial,
ge Group Vi
1) abillity to acquire and use knowledge.
8) abllity to evaluste visual material,
age Group VI:
1) ability to acquire and use knowledge.
2) unldentifiable,.
Age Group V1I:
1) ability to acguire and use knowledge.
2) unidentifiable,
Age Group VIII:
1) ability to asequire and use knowledge,
2) ability to evaluate visusl materisl.

In the Appendix I to thia thesis can be found 24
tables glving the original correlatbons, computation of first
faotors, first factor residuals, computatlion of zecond faetors,

and the asesnd fagtor residuals,



