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Foreword.,

The judgement *that person is musical' 1is commonplace
in our daily lives. The present writer has grown up 1n an
intellectual environment coloured to a marked extent by interest
in music and the related arts. To him it had always been a very
natural phenomenon that a person should be regarded as 'muglcal‘
or *not-musical®, and it seems justifiable to state that his
attitude was but typical of his fellow-men.

There appears to have prevailed ror some timg Fhe idea
that musicality represented some 'innate permeating SplrlE'
which distinguished the possessor of the 'musical spark' from
his brethren of more common clay. This implied that certaln. .
human beings had some general musical capacity or Yturn of mind
which was not possessed by others. Is there any justification
for such an assumption? It was a question such as this which
first stimulated the writer®s interest towards a scientific
investigation of the problem of musicality. This interest was
refreshed almost continuously by a consideration of a number of
further gquestions inevitably bound up with the consequences of
the initial problem: Of the musical individuals themselves, was
it true to say that their musicality was evidenced homogeneously
either in degree or in guality throughout dirfferent musical
operationg? Was, for example, the music student who was keesnest
at discrimination of pitch also best at the wmemorizing of his music?
Could anything definite be stipulated, either on a priori grounds or
on the basis of experience, about the relationship existing between
one's musicality and one's general intelligence? &and what of the
so—-called. allied arts; did literary ability, for instance, likewise
involve =z special quality, and was this ichor ‘the same as was to
explain musicality?

It was as an attempt to provide a scientifically-
investigated answer to such and similar gquestions that this analysis
was originally undertaken., &t the time of writing the field of the
problem was entirely virgin soil; and though the writer would like
to feel that this work does take an appreciable step towards
clearing the. obstructing growths of ignorance on the subject, yet
he is obliged to point out the severely limited nature of the scope
of this thesis, owing partly to the brevity of time at his disposal
and partly to the amount of wasted labour attendant upon all
"pioneer" endeavour.
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Any value in a study such as this will lie, surely, in

its effectiveness in dispelling illusions of existing ideology and

ointing the road for further workers. The results of the analysis,
it is hoped, will not be regarded as altogether uninstructive or
uninteresting, but they are far from fully or categorically
providing a solution to the many questions about musicality with
‘which the intelligent thinker must be confronted. It is hoped,
however, that perusal of these pages with reference to musicality
will show the shallowness of deductive logic arm-chair conclusions
about the nature of mental traits. It is becoming increasingly
clear that the only scientifically valid hypotheses are thoss based
upon data which have been experimentally trzated to a vigorous
analysis. So, if the general verdict passed on this work may
justifiably be written as: Disciplina vitas scipio: then it does
not seem over—much to claim that this first delving into research
of the present writer will not be considered altogether devoid of
scientific interest both to the gensral reader and the future
musical-research worker.
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_ The primary object of this treatise was to apply the
methods ofi wental Factor Analysis as an 2id in answering the
question: What is musicality?

Historically, the analysis of any intellectual
capacity has been shown to be a task of the greatest complexity
attended by theories and obJjecticns, hypotheses and counter-
hypotheses. Thus we had mental abstracticns provided carte blanche
by the Honarchic doctrine, the Oligarchic or Faculty psychology
theory, and the Anarchic or 'pooling' method of the treating of
human abilities. Each of these approaches has generally been
condemned officially; yet many of the points raised by these various
doctrines have survived in modern-day theories. Perhaps the two
best-known and most widely accepted of contemporary methods of
analyzing humen ability are Spearman's Two Factor theory (29) and
Thurstone's theory of lMultiple Factor Analysis (35). It is with the
methods and principles implied in two-factor and multiple factor
techniques that we shzll be concerned here, .

To enable it to be trezsted by such methods, musicality
had to be approached in a special way: 4&n attempt was made to list
the basic operations of individuals in which one might reasonably
conclude evidence of musicality to be nmanifested; where possible,
there were devised or adopted tests which would in addition admit
of the grading of individual periormances on the tasks prescribed.

A difficulty here was immediately apparent., There being no
satisfactory definition of musicality, hcw could one tell in which
operations musicality was manifested? As will be described in the
next seewtion, recourse was had to current hypotheses and what
experimental evidence already existed in the Tield. This procecure
resulted in a final selection of tests of musicality. It must be
stressed here that these tests are by no means exhaustive. The
shortness of the experimental periocé, the difficulty in persuading a
sufficiently largs number of subjects to spend more than a Tew hours
for testing purposes, and the restricted renge of suitsble apparatus,
are but a Tfew of the reasons why the selection of the tests must be
regarded as eclectic only. But it does seem feasible to contend

tha* ths selecticn is such that representative tests of a1l the major
divisions of musicality ars here included. Reference to this point
will be made again when the topic of 'relevent literature'! is
discussed in the next section.

A tantalizing iassue has always been the debated inter-
dependence of musicality and intellizence. It was hoped that one
of the relatively definite results of this analysis would be the
providing of an estimation of any such relaticnship; and it may
fairly be held that, in so far as the intelligence. and music
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batteries of tests were valid for their purpose, an answer to this
question has been arrived at. It will perhaps be generally agreed
that music and poetry are commonly thought to be closely zllied
arts; So at some future date there will no doubt be research made
into the existenmce of a possible common *artistic' element in the
human mental equipment. 4As a first step towerds such an end, it was
thouzht of use to attempt a2 rough estimation of the psychological
connections between musicality and literary ebility. Hence what
appeared to be three valid tests of literary ability were included
among the total tests., Probably it will be said that such tests
are greatly inadequate for their purpose, since the attempt to
gauge literary ability of individuals must necessarily be lengthy
and couplicated. On the other hand, while admitting that the tests
of this ability given here make no prstence to exhaustiveness, we
may point out that they will, however, be sufficient for our present
urnoses as, threcuszh them, we can obtain an approximate index to the
individual's knowledge of, and facility in the use of verbal ideology.

de must make one apolozy. During the investigation the
anzlysis of the intelligence and literary tests shed light on some
unexpectedly interesting features of these tests, and, consequently,
these tests were for a time analysed and <iscusses par se, for their
own worth. In the end various conclusions about general intelligence
and literary ability were drawn although such conclusions had no
direct bearing on the problem of musicality.

It is heoped that the results of the analysis of a battery
of tests such as this, including, as it does, tests of musicality,
general intelligence, and literary ability will throw suificient
lizht on the problem of musicality for that little-understood aspect
of the meke-up of ths human mind to be amenable to more precise
and exhaustive research.
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11. A Survey of Literature Relatad to this Stndy.

In this country music iz an ari, but nct yet a
science. The musical world restricts itself to the training of
mugsical performance, music teaching, comrosition and the enjoyment
of music listening., But not a word has been written about the
scientific side of musicality, about what it is and to what else
in our intellectual lives it may be related, <ror this reason,
a1l the literature pertaining to our present purpose will be seen
to have been written beyond our native shores, and that principally
in different journals by various writers, and two weighty tomes
by C.E.Seashore (25,27) who has done a tremendous amount in the
purely experimental 7ield but has not applied the technique or
factor analysis to his results. 7e will deal {irst with the
1iterature relevant to music testing, then that relevant to the
relationship of musiczlity and intelligence, and finally that
relating musicality to literary ability.

4 surprisingly large amount of literature may be
fobtained on the subject of music testing, yet very little of this-
is relevant to the present problem. it the time of writing
Seashorets two books (25,27) remain the outstanding general works.
jAlthough only one of the tests used in the present investigation
was taken 'in toto! frox this source, much useful advicg yas
gleaned from a study of the contents of these works. Revecz (22)
Jproposes eight measures of musical capacities based on his study
of the prodigy Nyiregehazil, and insists that musicality is unitary
rather than atomic. Tais is in line with a point of view such as
the previously mentioned Oligarchic doctrine and implies that
various operations in which musicalitly is manifested are all
governed by the quality of the individual's 'nusic rfaculty'.

Possible music tests may be devised-in great numbers,
end for the experimenter who has te rely on just a few on which
to base his calculations, the selection ¢f a round dozen or sc
0f these represents an embarrassing task. The problem is then:
which kinds of tasks would test the basic aspects of musicality?
The schematization of the tests finally adopted was based upon
eashode's theory#, The relevant quotation is as follows:-
he normal musical mind is first of all a normal mind., What makes
it musical is the possession, in a serviceable degree, o0f %those
capacities which are essential for the hearing, the feeling, the
understanding, and, ordinarily, for some form of expression ol music
with a resulting drive or urge toward Husic". From this he derivss
his 'chart!' of the musical mind, the regions being:-
(i) The Sensory Capacities;
(ii) Lusical Imagery, Imagination, and ilemory;
(iii) Gilusical Feeling.

*'Psychology 0T dusics pele
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(1) The Sensory Capacitiss are evidenced in the appreciation of
| the psychological attributes of sound, namely, pitch,
intensity, duration, and timbre. These are the four ultimate
tonzl attributes, basic for all musical effzcts. These he regards
as arising from the physical properties of the sound wave (i.e.
frequency, amplitude, duration, and form) to which he insists we
must return for any scientific account of musical phesncmena,

As early as 19C4, however, keyer (13) had advanced thes view
that these are net 211 independent attributes, tut in sociae cases
are separable for convenience only. Today we find significant
divergenzies from Seashore's position awmonz various workers e2.g.
Rich (23}, and in particular an insiztence upon the importance of
tonal volume.

For our present purpose it is sufficisnt that we pass over
fsuch controversial peints and use sufficisnt tests for the
Jdefining of the sensory capacities in question., ie regard this

branch of musicality as having four aspects: the tonal, the dynanmic,
Jthe temporal, and the gualitative, Seeshore regards sach of these
fas being the 'main trunk of a type'. Concerned with the tonal
ftype (peculiarily sensitive to pitch and timbre) there were tests
of discriminatien of pitch (Test X), ebsolute pitch (Test L) and
{discrimination orf interval: (Test L); wmith the dynamic type (fine
facuity of hearing and sense of loudness) discrimination of
Bintensity (Test S); with the temporal type (peculiarily semsitive
ko time, tempo, and rhythm) discrimination of tims (Test 0) and
Piscrimination of rhythm (Test P); with the qualitative type
sensitive to timbre and harmonic constitution of the tone? the
test for discrimination of consonance (Test N).

The division of the tests according to Seachore's typology

s, from our point of view, purely descriptive. Seashore finds
ghese sensory capacities largely inborn and functioning from
garly childhood. He goes on to say, that, after a comparatively
garly age, they do not vary with intelligence, with training, or
ith increasing age, and hence diagnosis of musical talent is
Possible before training is begun and the way pointed out for
gertain very definite principles of musical education. Furthermore,

he apparently complex forms of sensory capacities alsc tend to be
Wlzmental to a considerable degree; that is, a young child has these
gapacities long before he begins to sing or know anything about
gusic. It is the meaning, and not the capacity of these forms of
papressicn which are trained and which matures with age in

have *thus seven tests of nusical ssnsory capacities; we proceed
re to outline the literature relevant to the features of the
gre specific individual tests.
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(a) Discrimination of Pitch:
. Kéhler (12) suggests that too much
attention has been paid to pitch and urges ths importance of
tonal bedy., From the Iowa laboratory come a nuwber of studies
dealing with pitch, and the measurement of its differential
1imen. Seashore (26) shows that for this purpose the tones
should be rich, constant in intensity and loud enough to be easily
heard. ©Smith (28) showed that pitch discrimination gives a meager
response to training., Seashore (27) finds that the physiological
1imit for the sense of pitch does not vary significantly with
intelligence. He says: 'the moron may have as keen as sense of
pitch as the philosopher.' Likewise he can discover no concomitant
variation between sense of pitch and age. He supports Smith's
findings with regard tc¢ the effect of training on the sense of
piteh, pointing out that training, like maturation, results in the
conscious recognition of the nature of pitch, its meening, and the
development of habits of use in musical operations, but that it does
not modify the capacity of the sense organ any more than the .
playing of a good violin may improve the quality of its tone. For
Seashcre, since pitch is the fundamental character of a tone, and
gitch discrimination is. a measure of the capacity of this sense,
'it ordinerily may be regarded as the most basic measure of musical
capacity that we have. It determines not only what we shall hear,
but fundamentally what we shall remember......and shat emotional
reaction we shall have",

(v) Absolute Pitceh:

Previous work on absolute pitch serves to
emphasize the complexity of the phenomenon both in its psychological
basis and as an index of musicality. Kohler (12) insists that it
does not arise exclusively from the sense of pitch; Gough (8)
likewise recognises the signiricance of non-pitch factors in the
introspections of her subjects; Seashore (27, thinks that the
identification is not only in terms of pitch but also in part in
terms of timbre or tone guality, particularly in_relation to a
similar instrument; Jough further shows at some length that it can
be produced by training, a conclusion emphatically substantiated
by kuall (17). Revecz (22) suggests that it indicates unusual
musicality.

€)] ~ Discrimination of Interval:

There has been very little work
done on discrimination of interval as the ability to judge the
spatial distance between two notes sounded either simultaneously or
gsuccessively., all in all, there sesms to be a tendency to regard
interval as a configurational phenomenon depending on many factors,
and unstable alike in its outlines and its affective vzlues. Noran
and Pratt (16), among others, have shown that small variations in
size of intervals do not change there essential character
as thirds, fifths, etc., a result which
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Ogden (18) explains as due to the differential limen for volume not
coinciding with that for pitch. Farmsworth (7) chows that with
.increase of musical training there pgoes an increasing tendency to
judge the pitch of a combination of tones as the pitch of the upper
tonee.

(d) Discrimination of Consonance:

This is 2 more complex musical-
mental phenomenon. OfFf the older work reference must be made to the
classic view of Helmholtz which explains disscnance as due to
beating partials, and to Stumpi's (32) explanation in terms of
tonal fusion., liore recently the multiplicity of criteria is seen
in the work of Guernsey (9) who has shown that our reaction to’
intervals is governed by fusion, smoothness, and unpleasantness and
that these are more or less independent. ©Concerning the influence
of learning, experience and tradition, Valentine (37) shows that
practice is a potent factor in evaluating discords; Ogden (19)
postulates a factor of racizl adaptation; and Peterson (21) explains
the system of interval preferences largely in terms of musical
tradition and use. Doubt as to antimgphy between consonance and
dissonance is cast by licore (15) and Heinlein (1C) whose work
indicates that no absolute distinction is possible betwesn consonance
and dissonance. Bugg (3) points out that consonance is affected by
a plurality of conditioni and advocates the correlation of sets of
conditions with types of discriminatiocns obtained. Seashore (27)
combines the three consonance criteria, blending, smoothness, and
purity, and arrives at a final Norm for Rank of Consonance and
' Dissonance., This last was employed in the present investigetion.
Seashore finds discrimination of ccnsonance to be relatively
independent of age, intelligence, or training. ZFor him, consonance
is an affective process.

(e) Discriminatioan of Intensity:

iost of the significant work on
intensity has been carried out in the Iowa laboratory. Seashore (27)
points out the follecwing results:
That there are two fundamental aspects of the hearing of intenszity:
first the hearing acuity measured in terms of the faintest audible
sound; and, second, the =z2bility to hear diiferences in the intensity
of sounds, which is measured in terms of the least perceptible
difference and is usuzally called intensity discrimination (the
aspect that was tested here); that there is no evidence to show that
intensity discrimination varies with age, intelligence or training.

fimal

) Irvestigation into the temporal aspect of
muslicality has mainly been into the problem of rhythm, and of the
little that has been done on the sense of time, Zsashore's (25)

1,

(r) Siscrimination o
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contribution alone is significant, He regards time as a basic
condition of the perception of rhythm, but alsc stipulates that
precision in the sense of time 1is not essential to the feeling of
rhythm, Zor him, the sense of time, unlike the sense of pitch or
intensity which cdepend on the sansory mechanism of ths ear, is
capable of large variasticn for different individuals, and he explzains
it by a motor theory of time which is bound up with a time imagery
complex, Individual dirferences are explained, thererfore, in terms
of a characteristic predisposition of the individual, resultingim-a
particular degree of favcurableness for the grasping ol time
intervals in terms of his own action., 1ile finds 1little correlation
between sense of time and age; training has but small effect on this
capacity; intelligence appears to vary independently of the sensc of
time., He finds a correlation of .17 (p.e. .02) between sense of time
and sense oi pitch.

() Discriminaticn of Rhythm:

e are dealing here with musical
rhythm, a mental function whose s1bn1;10unce is only Qartly
exhausted by ite musical meniiestations. =Stetson (31) formulates
an". ingenious and convincing motor theory of raythm. Tuthill (36)
shows that the presence of rhythmic factors cause time deflectiens
in the reactions of highly trained musicians, A correlatien of .71
is found between rhythmic value of successive intervals and
judgements of pleasantness by Sterzinger (30). Woodrow (38)
oroﬂuces results which are, however in conflict with those of
Sterzinger. Seashore (25) regards rhythm, the instinctive
disposition to group recurrent sense impressions, as being more
complex than attributes of sensation, like time and intenoity.
Z1sewhere®he postulates a s1m11ar1tj between rhythm in mus ic and
rhythm in poetry based on the 'attention wave®.

(ii) )

Following Seashore's schema of the elements of the
musical mind we pass on to the next ‘'region' which he entitles
dusical Imzgery, Imzgination, and wemory. We quote®: "Granting
the presence of sensory capacities in adequate degree, success or
failure in music depends upon capacity for 11v1n~ in a tonzal world
through productive and reproductive imagination". He elaborates
upon the related topics of sensaticns of a motor and kinaesthetic
nature, and upon the mental imagery imagination all associated with
the possession of the elusive 'musicel temperament'. Unfortunztely
the conditions of the present investigation did not allow tests of
such a nature to be used. But if the affective side of musicality
is to be analysed in additiocn to the intellectual aspect here treated
such tests will be both relevant and necessary.

The other section of this branch of the field was
1 meaory! For Seashore, "while retentive and serviceable
Rezcey is a ~reat asset to a musical person, i%t iz not at all
an essential condltlon for musical mindedness. A person may have

K. CE. \:Asuake {»v) }\.u;o. ¢ . daw. I\—f‘-
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naturally very poor memory of =211 kinds and get alonz well in
music, Jjust as an absent-minded philosopher may get oa very well in
his field. - A reproductive and an unretentive mind may be =qually
musical."

It was possible for our purpose to obtain twe/, or if
absolute pitch (memory for isolated tones) be includad, three,]
mezsures of this capacity. These were the tests on kusical ™~
liemory and lusical Retentiveness. Seashore (25) regards nusical
memory as being capable of much cultivation. The work on musical
learning and memory is meager. In passing we note merely that the
Musical iiemory test was constructed to measure memory for melody
jtgself, while the llusical Retentiveness test measured the more
elemental factors of melody.

(iii) The literature relevant to nine of the ten music
tests employed has now been dealt with., The tenth test, 'Emotional
Sensitivity to iiusic', applies to yet another *region' of
Seashore's scheme, viz., ifusical feeling, '

Beaunis (1) discusses the derivation of musical emotion
from the factors of rhythm, duraticn, intensity, pitch, and
timbre, and emphasizes the importance of mental adaptation
to nusic. Hevner (11) postulates that rhythm, tempo and pitch,
but not melody, harmony, or modality, give the best guide in
l interpretation of the affective tone of music. Seashore (25)
contends that it is possible to clessify persons intc characteristic
types of listeners in terms of affective responsiveness. The
response to a musical situation, in his view, is dependent on and
will vary with the acuity orf the sensory capacities; further,
the limits and characteristics of the affective 1life are set largely
by the limits of intelligence and natural aptness in motor skills.

This concludes the discussion of the literature on the

i possible consequences and implications of the music tests. Before
passing on, we point out various other fields in which work will

have to be done before an axhaustive inventory of the capacities of
the musical mind can be sai? to have been completed. Such fields are:
Musical Imagery and Imagination, lusical Psrformance and Creativity,
end sensory capacities like the sense of timbre., The literature dealt
with here is by no means indicetive of the amount written on
musicality, but it is representative of and relevant to the work done
on those aspects of musicality which are analysed in the present study.
The literature discussed here is restricted te points upon which

ESome light may conceivably be thrown by this analysis.
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The inclusion of the intelligence and literary tests in the battery
was, as already explained, the result of 2 mors or less original
interest in ané theory as to the relationship between these two
sub-groups and the musical sub-group. The literature describing
experimental evidence on any such relaticnship is extremely scanty:-

Hiller (14) made a study of the school achievements of
826 students from eighteen to twenty one years old, to ascertain
the relation of musical ability to other capacities, and confirms
pther students in finding that musical talent is ordinarily
accompanied by good all-round ability. GSeashore (25) postulates
a musical intellect based on the view that though a psrson may be
poor in mathematics or other sciences he may be a good thinker in
music. His general position*is that "on account of the emotional
bent and the necessary activities in art, musicians live largely
in the world of feeling and as a class have sacrificed much in
intellectual pursuits for their gozl. Their lezrning is more
contingent upon the feeling of appreciation and emctional action
than upon facts and reasoninz. Therefore, the cultivation of
scientific and abstract thinking has been generally neglected in
musical education. ©On the other hand, the musical profession makes
as high a demand upon the intelligence as any other profession,
Rating on intelligence as a supplement to measurement of musical
talent is one of the best indices for the prediction of success in
musical education or a musical career....."

The correlation between abstract intellipgence and art
appreciation was shown positive but low as a result of an
investigation by Carroll and Burlich (4), from which was concluded
"only that when abstract intelligence appears in excess, it preascludes
the possibility of an unusually low score in art appreciation; when
there is a deficit, as in the case of the near feeble-minded, it does
not preclude the possibility of a comparatively high score in art
appreciation. -

' Spearman (29) estimates the ratio orf general intelligence

to musical ability as 1l:i4 & systematic investigation into the
correlations between music, poetry and intelligence is described

by Rigg (24). Unfortunately the statistical population in tais

case was only 65 in number. He finds that the correlation

between discrimination in music and discrimination in poetry is

low, and is lower still if intelligence is partialled out. Doubt

is cast on the existence of a speciiic aesthetic discriminatien factor.

¥ c.z.Seashore (27) p.177.
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111. The Nature of the Problem,

(i) Statement of the Problen

The purpose of this investization is,
primarily, to determine what capacities,be they sensory,
intellectual, aifective, or what you will, are needed for their
possessor to be dubbed ‘musical's At a time when the advent of the
factorial analysis of human ability has given guite a new complexion
to the face of psychologicel resesarch, experimental data based on
human operatiocns are being ladled in a2 wholesale fashion into the
mathematical melting-pot ané the resulting mental ore is thereby
moulded by the experienced tools of the psychologist into finished
components of human abilities. To the best of the writer's
knowledg2, no such work on musicality has been attempted, and it
geemed to hia that both the time and the subject were ripe for
treatment. Accordingly the question was asked!: In what human
operaticns might musicality be supposed tc be manifested? Ten
buch operations were produced as a result of this enquiry.

To these were added were added six more. tests in the hope
hat 2 solution might be obtzained to the "guesticn which has been a
ogey of the musical prrofession and the butt for scurrilicus remzrk’
ever since music became =z serious art: 'Does musicality imply a
1ow intelligence!?

Thege sixteen tests, finally had their number augmented
y three further tasks all of an undoubted literary nature. as these
ast thrze tests wers deemed by compatent authoritiss to be guite a
air meaguare of an individuzl's literary ability it was hoped that
heir inclusion in the total battery would at least provide an
mbryonic pointer to the existence of an aesthetic or artistic factor
hich would show itself in operations dependent upon more than one of
he Nine Arts. 4t the same time it was thought that it =might be
nteresting to test for a relationship between literary ability
nd intelligence.

The exposition of our thesis, then, is: ‘'iusicality:
hat is it; through which mental factors is manifested; how is
t reiated to innate intelligence; is it explained by the same
ental compenents explaining literary ability? How is literary
bility itself related to intelligence'?

11) Need for Its Investigation.

An analysis of musicality,
ystematically -and scientifically carried out, must yield results
f great service to musical educators. Apart from the intrinsic
alue of such a work per se, academic and scholastic fields of musie
@ sorely in need of some absolute standards round which to
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systematize their tenets of education. There is also a social need
for such a dissection of the body of nusical education. The fact
that contemporary music is of the lowest quality in centuries; the
fact that numerous children in every 1little ftown are put to

musical training because 'thair parents like music! or 'think it
would be so nice if their children could play the piano or the
violin'; the fact that meny young men and wowmen are studying ausic
teaching as a means of livelihood because as chiléren they were
thought to be musical, and =who are now compelled to Tinish their
training althouzh they have come to detest the drudgery aszsociated
with part of their education; and the fact that general public
interest in music is waning for want of a better type of music
performer, composer, and teacher, are but some of the reasons why
the services of science are called for in the task of keeping music
as an art in a scientific age.

(iii} Its Practical Value.

, If we can analyse musicality and ir we
can isolate the mental factors which the musical person possesses,
then we can perferu a derinite service to the musical world and to
society in general, Xnowing the primary musical abilities, it
represents but a step to the formation of prognosis tests. 4nd if,
as seems likely, musical abilities are evidenced at an early age,
then long before the maturing child is raquired to be set to the
learning of its task in 1life, such prognosis will reveal its
capacilities, The civic order of the highest efficizncy must be
that in which, as in Plato's Republic, all do that task which by
nature they are baest fitted to periorm, It se=ms not over-
much to anticipate that when we have students of music.who have
been proved (zs far as psychological methods can do so) to be
musical in high degree, then the world of music is due for a
rejuvenation, The state around the musical world, being
untroubled by any fortuitous 'bohemian' section of the population,
will be better orzanized and more efficient; the typicz2l individual
within the musical world happler and mors conmpetent,

the future., II this analysis helps
ep nearer the present, that is wmore

This picture is one of
hat went into it.

0
to bring that future but onz s
than recompense for the work t
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Apparatus, iaterials, and Procedure,

1. oSubjects:
The tests were ziven to students drawn from three depart-

1 ments of the University, thmre being in all 32 from the iiusic
1 department, 23 from the English department, 15 from the Speech-train-
ing department 107 from the Psycholozy cdepartment, 2ndé, in additien,
30 rrom the kusic department, Stellenbosch University.
8 The restricticen of the suogects to students was notivated by a desire
d to meintain a relatively similar cultural and intellectual beckground
§ rne« the population tested. The diversity of the departments from
which the students were drawn was due to:
§ (i) There being no departiment with an enrolment of students suifi-
#ciently large for the purposes 0f the present anzalysis i.e. to keep
§the probable error of rallible correletions within reasonable 11m1ts.
§ (i1) It was thcought that as the investigation was concerned with the
lnropartles of mus1callty, zeneral intelligence and 11terarj ability
it would be of use to number among the subjects representatives of
% those speciric depariments whose training pertained to the develop-
fment of the abilities under consideration. fhus the isolaticn of the
fmental factors of the total battery would be fzcilitated by the
;prooortlonat ly heavier loads settled upon any such factors by thes
geffect of superior training of the vearious groups of students in re-
g§card to abilities rnculred in their departmental work. Hence a
gpossible 11Ler,ry fact: r besncke students of Znglish language and
literature; rusic ctudents would then emphasize any musical Tactor;
fpsychology students were to provicde the 'leaveninp' effect of too
much specialization and help to act as material for the intelligence
esting.

(iii) The inclusion of the afrikaans speaking students from the
Conservatorium of nusic, Stellenbosch University, arose primarily
Bfrom an insufficiency of music students at this University., The
language difference prasented no difficulty here, since the main body
0f the music tests were such as to be independent of the influence of
anguage, a 'x', a o', or actual musical notation being all that was
required to answer anj susstion. The scores on the literary testse,
g@certainly, and perhaps the scores on the intellizence test mizht be
Wsupposed to be adversely arfectsd by a relative unfam111 rity with

he lanpguage in which the tests were given., This obstacle was over—
ome, as rfar 2s possible, by treatment which will be described in the
Bection on ‘ilethods of Scoring'.

There. . were in all 206 subjects, but as the tests required a total
@testing time of 5% hours, manj of the subjects ommitted one or more
goortions of the total tesis I'he number of subjects perrforming each
est is indicated in +the descrlntlon of that test.

The subjects were evenly drawn rrom both sexes, their being per-
aps a slight preponderance of the female element.
RNe eges of the subjects showed little variation, 80% of the students
‘:eing between the ages of 17 years and 21 anrs,
Bt vas assumed tha 1, °part from the actual tegte inelundead in the
Pattery, the three me ‘or indluences upon test performance for the
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purposes of this study, wers age, cultural and intellectual back-
sround,and speciiic training in musical or literary subjects.

73@9' veriation was desmed too slight to warrant correction - a
conclusion supported by thes current psychological view that maturity
of mental avilities do not substentially, and, at 21l events, rapidly
change after the age of 15 years.® This inference is especially
emphasized in the realms of music, where the earliness of appearance
of talent and ability in the mzturity cycle of the individual is <co
#well known to bear further emphasis, Therefore age was not included
as & variable in the test battery. 4As previcusly stated, the
cultural and intellectual background of the subjects waz considered
gufficiently uniform to przclude zetting this feature as a separate
variable in the battery.

The third influence, that of specific training, differed from group
to group, but this very difference was desirable for reasons already
givene. This difference, in a way, constituted a2 variable element,
 put was not included as such in the battery as it would alresady be
operative in magnifying the loads of the factors likely to be extracted.
Hence, all other things having been made equzl, it seemed lsgitimate
to conclude that the results of the tests could be affecied only by
the capacities of the subjects themsslves; and, in this statistical
population, may be regarded as having a bearing on derinite and
relatively pure zbilities as analysed by the centroid process.

The choice of tasks was determined on the basis of severszl
criteriai~ .
(1) To have as varied a sample of material for each suspected factor
& as possible,

i (11) to use, where possible, standardized tests with prasdetermined
high relishilities,

(iii) to grade the difficulty of each test, so as to have, at one

end of the scale, certain questions which everybody could answer,

and at the other, questions which nobody, even with specialized
training in the mental processes involved in the test, could answer
altogether satisrfactorily. IThis, it was hoped, would yield precisely
graduated coefrficients of efficiency, and

iv) to euploy tests which would be suitable for as extensive a

range of marking as reasible in order to obtain a true dispersion

of the subjects' abilities.

3. Belecticn of waizrial and wetheds of Scoring.

s

cti
The tests of the entire battery fell naturally into three
e

(i) Intslligence.
(ii) Literary.
(iii) Husicel.

(1) Inteliiszncs.

An index to the general intellectual capebilities
of ecach individual wes arrived at by the use of the Cattell
Intelligence Test, About half the subiects compieted Zcale 111:
Form B, "and the other half Scale 111; “o¥a A,

: = ryes e ey . ot ]
x C. Zpezrmen, 'sbilitiec qf an
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The 6 parts of the ftest were completed during two different periods
separated in most cases, by 24 hours, but in some few cases by a week.
There were six parts toftest, all of which were of the multiple
choice type i.e. for each question or problem, the subject had to
detect the corresct answer rrom among four incorrect answers, The
parts 0i the test were all of the 'speed' variety, strict regard
being paid to the imposed time-limit for the performance of each task.
Each part was graded, starting with easy problems and ending with
difficult ones. Furthermore, the test as a whole became increasingly
more difficult as each part succeedsd the previocus one.
Various points arising from the results of this standardized intelli-
gence test raised doubts about the purity of the 'z' factor it was
held to isolate, 2nd consequently the six parts of the *test were
treated as independent varisbles in the ensuing analysis. The various
parts oI the test were:-

(A) Zynonynms Tast.
There were 20 items requiring the choosing of an appro-
priate synonym of a given word. One me=rk was avarded for each corrsct
ancwer. 180 subjects completed this test..
B) Classilication Test,

This consisted of 25 items; of these 21 reguired the
picking out of a word which represented an element roreign to the
rest of the words in the itgp. The remaining 4 items involved
similar selection, oniy thisvieometrical figures were employed. One
mark was amarded for each correct answer. 180 subjects completed this
test. '

(C) Cpposites [lest.
. This was composed of 20 items, in ezch of which the
opposite of a given word had to be chosen from the list of possible
antonyms. One mark was avarded for each correct answer., 180 subjects
completed this test,
- (D) Analogies Test.

In each of 21 items the subject was rsquired to choose
from a selection, words related to a given word in such a way as to
make the relationship analogous to a previously stated relationship,
8.0
'Palace is to King', as 'Kennel' is to (man, animal etc.). In each
| of 4 further items the same principle had to be applied to geometrical
figpures., One mark was awarded for each correc¢t answer, 179
subjects performed this test.

(E) Completion Test.

Four short continuous passagss are given, each with
§ or 8 gaps breaking the continuity of the passage. ZIZach zap must
be filled in with a word chosen irom the given alternatives. One
mark was awardecd for eash correct word chosan. 171 sutjects completed
this test, ’

(F} Infsrences Test,

This consi

{

ed of 12 items each presenting 2 problenm
requiring a good <eal o 2o Zach

st
reesoning power ILor its solution,
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problenm had between 4 and 8 glven solutions; the subject was
required to choose the correct one or cnes, as the case demanded,
Yihree marks were awarded for each problem correctly solved. The test
Ywas attempted by 169 subjects,
(G) This niche in the battasry was kept vacant to be used as a
composite variable representing the total scores of individuals in

4it was seen that lhis variable could perrform no function not already
foperating through the combined erfects orf the individual parts of the
ftest, and so 'G' was discarded as a variable. In view of possible
confusion between variasble 'G' and Spearman's 'z', it was decided to
ame the next test 'H', Hence 'G' dozs not exist as a test variable
t all in this work.

f(ii) Literary.
' Three sets of tests of literary ability were used. None

(H) Readin; Comprehenzion Test,
This was a stendardized test taken from the 'Iowa
ilent Reading Tests'. Subjects read through a passage of varse of
1 lirnes in length, various phrases of which were under-lined and
umbered. Adjacent to the passage was a number of guestions relating
o the full understanding of the literary content and each question
ad to be answered by filling in the number of the under-lined phrase
est answering the question.
ne mark was awarded for cach correct answer. 135 subjects completed
his test.
(I) Vocabulary Test. :
This was composed of 100 words, each of which had
ttached to it 5 words or phrases. <lhe subject was required to put
ring round the word or phrase eguivalent in meaning in each case.
he first 50 words were taken from the lerman test; the second 50
ords were originally selected in conjunction with the head of the
sychology department.”
fhe words were graded in difficulty; there being a good number that
verybody would be-likely to know, and a sprinkling with which nobody
ould be likely to be acguainted.
e regard was paid to the avoidance of technical, archaic and
olloquial words. The criterion rfor the inclusion of a doubtiul word
as! ould an intelligent student accustomed to indulge in a
easonably high standerd and extensive range of reading be likely ever
0 encounter the word in question?
merk was awarded for e ach correct meaning selected, 143 subjectis
erformed this test.
(J) Poetical Asnreciation.

The Abbot and Trabue 'X' and 'Y' series of poatry tests
8re given here. ZRach of the two series had thirteen narts. Zach
art consiszted of a verse written by a poet »f renown, and accompanied
¥y three malversions of this verse in whic! the poetic quality is
Wered by introducing a 'sentimental! version (insincers feelings,

X PrvOﬁe- Ho Reyburno

the couplete intelligence test. as the mathematical analysis proceesded

of these tests were of the 'speed! type i.e. no time 1limit was imposed.
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' gushy emotfoms etc.), a 'prosaic! version (reducing the poet's
Yimagery to a more comnonplace level), and a 'metrical version'
$(neking the movement awkward).
The subjects were recuired to state which of the four versions of each
¥roem they considered best as poetry.
here were thus 26 tests in all. 4#gain the tests were graded in
Hqifficulty, the first of each series being the easiest, and the last
he most difficult in which to discriminate between version and mal-
ersion. Each poem had been pronounced superior to its varients by a
f-roup of experts including poets, literary editors, critics, and pro-

$ressors of literature. v = £ Ry
87-cording to the Pearson Formula —.xgiaq;

he reliability coefficient between the two ‘series 'x' =2nd 'y' was 723
ence the sy<tem of scoring was one mark for each correct response
hroushout the 26 tests,

(iii) Husical. .

: The music tests comprised hzlf the total tests, and were of
he 'goodness of response' type, no attention being paid to speed of
esponse, The tests were ten in number:-

K) Pitch Discriaination Tast,
Ten items were given, the procedure for each item being:i-

standard tuning-fork of 435 vibrations per second, was struck side~
Brays against the tines with a felt hammer, allowed to sound for two
$Ecconds, and was then immediately damped down. «nother tuning-fork of
(435+30) vibrations per second was similarly sounded and damped down.
he subjects were reguired to state which of the two sounds was the
Bicher in pitch. Zfor each item there were 4 such comparisons. The
gprocedure was such as to require two responses each of 'higher' and
& lower' for each item., The order of appearance of ‘'higher or lower!
n each item was entirely random. The next item had the comparison
uning-fork 435, and (435-+423) vibrations per second. Discrimination
Pecame increasingly difficult as the items progressed, the order of
yibrations per second being, (435+ 35),(435+ 23), (435+17),(435 +12),
35+8), (435+ 5),(435 +3), (435+2), (435+ 1) and (435 +.5).
n all thers were 40 responses and one mark was awarded for each
orrect response., 135 subjects performed this test.

L) absclute Pitch Test.

This consisted of 7 items. In each item a note in the middle
ange of the key-board was struck, onge only. The subjects had been
reviously instructed to memorize thepitch of the given sound. After
lapse of about 5 seconds a part of’the next test (i) was given and
swered appropriately; a second note in the main test was now struck
ind it was required of the subjects that they stipulate whether the
Pitch of the sound of this latter note was, or was not identicz2l with

that of the former. A similar procedure was adopted with the 5 other
tems. One mark was awarded for each correct response. 134
bbjects completed the test.



(&) Interval Discriminzticn Test,

This was based on a standardized test devised with due
respect to validity and reiiabiliity. The test required the compzrison
of two musical intervals played on the piano to 4ete“m1ne whether the
last intsrval wes larger or smaller in range of pitch than the first,
There were 20 peirs of intervals to be compared. The first intarval
of each trial =zalways begen in ths region cof the octave below middle C
on the piano; the second interval was always given above the first
intervzl to avoid over-lanpingz between thas two. The intervsals all
proceeded in an upward directisn. Trials 10 to 2C were the reverse
orders of trials l. to 10, =ith the interval in each trial also
reversed, Diffic¢ulty was increased in the Tirst half of the test,
wharezs the last half became easier The difficulty was bascd on the
ratio of the difference in length of two intervals. Thus in trisl 1,
C to B contains 11 semi-tcnes; its coumpanion interval, ¥ to & has 4
semi-tones. Dividing 11 by 4 zives 2,75, which was tzaken as a
measure of the diificulty, expressed as a ratic between the two
intervals. One mark was awarded for each correct discrimination., 1
subjects completed the test.

IsN
[

+

(N} Consonance Discriniaztion Tzst,
This test was modelled upon the results of a specific study

of the conditions 1nf1uancing consonance digerimination carried out

elsewhere*, The test was given in two groups:-

(i) 15 pairs of intervals wers presentsd on the piano each interval

being damped down before its companion is sounded.

The subgects were instructed to state which of the two intervals of

each pair was the smoother (i.e. relatively freer from beats and

roughness). Ihis is taken to be the more consonant.

One mark was awarded for sach correct respcnse, |

(ii) 15 pairs of intervals, diiferent from the previous group, were

now similarly preson*ed. Here the subjects were to state which of the

intervals in each pair had its two component notes blending better

(i.e. whether the two tones agreed or belonged together). This again

represented =z test of éonsonance. One maric was awaerded for each

correct answer. 138 subjects completed both parts ol this test.

The problem of scoring in this connection represented a
well-known difficulty in nusical tests of consonance, owing to the
subjective methods of preferasnces for different tonal combineations.
The method of scoring finally =adopted was that ziven by the moot
competent authority on the question known to the present writer.®

1. R.N.Drake (6) Weslyan College U.S.A,
2. Z.G.Bugg Vanderbilt University U.S.4. (3)
3. C.Z.Seashore Chap V11 page 152 (27)
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The characteristic basis of judgment iz indicated in

the following graph:
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(0) Rhythm Test.

It would have been convenient to have used the Seashore
phonographic tests for this and the follgming tests, but as
the opinion of both the wrifer and an expert on musical topics
was that the tests were of too difficult a nature for the average
student not musically trained, it was decided to leave the
devising of the rhythm and the time test which follows to a
member of the music staff competent and experienced in aural

testing under local conditions.X®

These tests were 16 in number and ranged from very easy
tests to tests which few, even of the music students, could answer
correctly. Bach test consisted of a short melodic phrase played
on the piano with reasonable accent on the 'strong' beats.

The subject had to cdecide whether the phrase was in

2 ! 5, 40r 6 tine, The significance of these last tempi was

4 4 4
amply illustrated with examples, and the fest proper was not begun
until all present had signified their coamplete understanding =

of what was required.

One mark was awarded Ior each correct answer. 139 subjects

attempted this test,

(P) Time Test.

As in the previous test, a practice experiment was performed
and each subject had explained to him the significance of the
relative tlme—values ninim (), crotchet (&), quaver (£),
seni-quaver (5 ’ and comblnatlons of these values. Illustrations of
the explanations were given until each subject professed adequate
understanding of the material to be used. The subjects

g Dr. W.Bell. Ex-Dean of lusic Faculty, U.C.T.
x Mr. J.aAndrews, Vocal & Aural Dept. ilusic Faculty,
U.c. T, .
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were informed that'no notes othsr than the above 4 would be used,

Twelve melodic phrases, chosen from the 16 phrases of the
previous test in order of difficulty were then played, and the
subjects were required to write down the symbols equivalent to
the phrase played;

e.g. the phrase @t r—t c'ggggj

| 2o
o

;s

ap!

would be

m@!
o_

written as

As in this test it was obviously not a case of an answer being
wholly right or wholly wrong, 4 marks were allowed each item,

and each response scored according to how much of the question
was answered in a manner showing comprehension of the principles
involved. In this way a better dispersion of the 'sense of time'
abilities of individuals could be obtained then by awarding one
mark or none to an answer., 139 subjects attempted this test.

(Q) iusicel idenmory Test.

Both this and the next test were suggested by ingenious
tests devised elsewhere.X This test follows the practice of
having the material as near like the function to be tested as
possible. The test consists of 12 trials for which there are as
many original 2 to 4 bar melodies. All of the melodies were
originally composed to obviate any poesibility of familiarity
with the material. ZXach one of these 12 melodies serve as a
standard of comparison with four possible variables: change of
key; change of time; change of note; or the same melody repeated.
Thus in trial 7 the original melody or standard is:

S

T
A o
rl

A
g

{
- {

} I
J + -

) NER
R

to which each of the following are to be ccmpared and identified
(the original melody 1is not repeated for each comparison):

. (i)
. N ey
U) ol 1Y m
; L T 1 17 1
s \ T ¢ ) 4. { _r .
J i ’ — +~ -+ !
4+ .
' - q — {\ (\",
- o A A i T4 i
L“\) CD_’L :r"l 1 . LA 1 {1 L I!J, " i
— = Pk B
J pE + - i

x R.N.Drake, Wesleyan College, U.S.&. (6)
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The first variable is the same melody as the standard except that
one of the notes has been altered; the second variable has the same
notes as the standard, but the time values of some of the notes zare
altered; the third variable is the standard melody played in another
key, and the last variable is identical with the standard melody.

Bach variable is identified by the first letter of the
four possible variables. Thus 'S!' stands for same as the
standard, K stands for change of key, T stands for change of time,
and N, stands fer a change of one or more notes. Only one kind
of change is made in any one variable, All that need be recorced
for trial 7 would be i.T.KeT. which are placed in a specially
prepared form as shown in Fig, I,

Fig., I, showing the correct responses to all 12 trials,
indicates hew with each two trials there is one additional variable
requiring to be indentified. The order of the variables in random
generally, but care was taken both to avoid stereo-typed presentation
and to have each variable occurring about the same number oi tinmes
during the entire experiment.

Figure I,

1. S. N.

2. K. T.

3. N. T, S.

4z, T. X. N.

5., N. K. T. S.

6, T. N. K. T.

7. N. T. X. T. S.

8., K. S. N. I. T.

9. N. T. N. X. T. N.
10, T. K. N. S. N. T.
11, T. N, N. X. T. S. T.
12, N. T. N. K., S. 3. N,

The standards begin with two-bar melodies and increase
slightly in length and complexity irom one trial to the next. Here
again, the practice experiment of thoroughly explaining what 1s implied
in S,K,T,N, was perrformed and illustrated and only when all present
quite understood the nature of the test, was the test proper commenced.

One mark is awarded for each letter correctly put down.

124 subjects perrormed this test.

" (R) Retentivity Test.

This test was constructed to measure mewmory for the more
elemental factors of melody than for melody itsslf as was the purpose
in Husical Memory. It was, therefore, different in character. There
were 10 trials each containing two sections. The firest section is
comnposed of threze items which must be remembered to compare with the
three corresponding items, arranged in the same order, in the second
section, The items are:-
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(1) An interval played on the piano.
(2) A rate of time given by a metronous.
(3) A chord of three notes played on the piano,.

The three items are ziven in a certain order. 1In the second
section, diiferent items ares given in the same order. Jhere there
is an interval it is to be compared (larger or smaller, L or 3)
with the correspecnding interval in the first section; where there
is a rate of time, it is to be compared (faster or slcwer, F or &)
with the rate given in the first section; and where one note is
given it is to be compared with, or identiiied as different from (D),
the first (1), second.(2), or third (3) of the three notes given in
the first section. The same order of presentation of items as
in the above tast was followed,

The metronome rate of 78 beats per minute was taken as the
standard to be compared with the "rate of time" variables ranging
from 164 to 88 beats per minute. The standerd comes first in
5 trialsand last in the other 5 trials arranged in chance order.

The metronome is allowed to beat for a short random length ¢f time in
gach trial (if the same length of time had been used for 2ll casses
it would have been possible marely tc count the number of bezts in
each section and get the correct -answer —ithout »aying any attention
to the rate of beats.)

To illustrate what the test reguires with trial Vi-

Thers is first given a chord of 3 notes
on the piano; this is followed by the metronome
beating at the rate of 110 bsats per minute; znd then =z’ musical
interval is given o
ﬁ;:;;:::
< <~ . X .
These zre the thres items in the [{irst secticn, all of
which must be kept in wind to compare with the respective items
in section two, viz:-

one note %?32:? is presented on the piano and has tc te identiiied
2 or 3, I
e

as D, 1, of the threz notes prezented in the Iirst s=cticn;

then a rate of time is given on the metronome oif 73 beats per

minuate which must bte compared to the rate given in the firet section
t

to determine if it is fasgter (&) or slower (S; than that in
the first section; finaily an interval gEEEEEE?

is given, and the testee must determine g;;;;;::
if this interval is larger (L) or smaller (SY than the intsrval

given in section one,

In addition, for the benefit of students who cculd place
the =ingle note as being part of the gensral harmony ci ths
previcusly given chord, hut who could not be expected, owing to
leck of training, to know which one of the three netes it woulsd be,
provision was made for such subjects to simply place an !'4! instead
of 1, 2 or 3,



One mark is awarded Ifor each correct resconse, 134
subjects performed the test.

(S) Intensity Discrimination Tas%,
For this purposs the Seashore phonographic test

was used. & record is played upon which are sounded 50 pairs of
isolated notes, In each of the 50 cases the subject is required te
decide whether the second note of each pair is louder or sorfter than
the firSLo

g One mark is awarded for each correct answer. 132
subjects completed the test.

(T) Zmotional Sensitivity Test.

This was a test of emotional aopre01at10n 0f extracts
from musical works played upon gramophone records. The work were
selected in accordance with expert advice.X regard being paid to:

(1) choosing works all of an orchestral “nature to preclude any
zuide being given to the emotional character of the piece by the
nuances and timbre of solo artist performance (especially vocalists);

(ii) choosing works little known to the average music public,
to obviate responses of a convantional nature,and

(iii) choosing extracts of works which, in the unanimous oninion
o7 members of an experienced and critical adv1sory board, K] typnified
the emoticns in ques+1on beyond doubt, Some of the works wers
redolent with their specifiic emotion, while others were more subtle
and controlled, and regquired greater power of appreciation.

Sach record was accom oanled by a list of & adjectives;
the subjects' task was to choose the 3 words in each case which best
described the character or emotional mood of the music played. The
ad jectives were chosen by the aforementioned advisory boerd. OFf the
8 words in each case there were 4 which described the mood of thes work
with varying degrees of accuracy. Of these the choice of the best
word was awarded 4 marks, the next best 3 marks, then 2, and finally
one mark. The other 4 adjectives were irrelevant to the task and
carried no marks.

There were 12 records, and each was played ior
about two minutes. The works pleyed were extracts rromi-

1, Blarch of the Caucassian Chief - Ipoletov;

2. Prelude to Fervaal - d'Indy;

3. Tristan Prelude - dagner;

4, Cverture to Casse-Noisette Suite-Tschaikowsky;
5, iarche Joyeuse - Chabrier,

6, heistersinger Cverture - Wagner;

7. Symphony No. 4, 2nd #ov. Tschaikomwsky;

8. Danse Chinois - Tschaikowsky;

9. Trauime - JVagner; B
10, Parsifal Prelude - Fagner;
11. Siegfried Funeral #darch - Gotterdammerung - “agner;

Iristan Prelude Act 111 - ‘agner.

x Dr, 1. Bell
g Members of the Starf, Music Dept. U.C.T.
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132 Subjects performed the test,

Stellenbosch Scores, :

If the scores of the Stellenbosch students were to be
considered relatively lower all round for any test owing to un-
familiarity with the BEnglish language, then certain statistical
/ results are to be expected and allowance can be made for such
- constant errors.

The procedure adopted was:

(i) To calculate first the arithmetic Liean of the combined
scores of the Capve Town Liusic students on each of the tests, and then
the ilean for the scores of the 3Stellenbosch students on the same
tests., i.e, £ x

= o f;g. J ke x - L e —7-«¢Lu14e']

(ii) From the ilean of each test for each of the two groups the

Standard Deviations was worked out, i.e. 5.D. = T
) —r
‘.MJ:—"—'I
- (where)(*] are deviations from the iean)

(iii) The probable error of eech kean is then calculated

[l‘: 75 x 8.0, , L = 6srxdD,
= - S

(iv) The Probable Error of the difference between the two
Lieans for each test is found. This is given by

Jereg

f "(v) If the difference between the two lkisans concerned is
equal to or greater than 5 times the Probable Zrror of the

- difference between the ieans, i.e. if <x _ % = e
| = _ﬁ%: = Th

l.e.

then it was assumed that a chance factor was insufficient to account
for such a difference, and the Stellenbosch scores were raised in the
proportion of the Cape Town iean to the Stellenbosch kean,

To illustrate this method, an exanple is cited of what
was done in the case of the vocabulary testi-

A
i

' Cane Town: kean = 49
n 5. Du= 15.91

Stellenbosch: Mean 26

S.D. = 9,198
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P.E. of difference between the Heans = '}(Nu.z,)"-l-(p(,};)"

3.037

This difference, 349-26, = 7 P.E.
| = =5 P.E.

Each Stellenbosch student's score in the vocabulary test was
multiplied by_49. This corrected score was used for
26

computation of subsequent correlations.

Other tests requiring this correction were those on Reading
Comprehension, Poetry Appreciation and the first five parts of the
Intelligence Test.

General iusic-tsst Scores..

It iz natural to suppose that the Iisan scores of the
nmusic students as a group would be higher than those of the students
lacking a specific musical training. But, as the correlational
technique is largely unaffected by such differences, raw scores
for both music and non-music students were taken.

4, The Experimental Procedure,

All the experiments, Nlth but a single exception®
were carried oat under group test conditions. The stress of the
experimental period would have been greatly lightened had it been
possible to organize the subjects into about three different
groups; in this way the testing might feasibly have been completed
in a week. 4&s it was, owing to harassing difficulties for any
would—-be experimenter, the subjects haéd to be tested in small
groups, and so the testing was not finally completed until seven
weeks had passed, In retrospect these difficulties czan be seen
to have advantages., Lo group was composed of more than 15 subjects
and consequently many random factors atiendant upon group testing
could be eliminated: there was no possibility of subjects copying
the answers of their neighbour; with the watchful gzze of the
experimenter constantly upon them, subjects could not 'fool!,
become disinterssted, or otherwise give irrelevant responses; in
addition to subjects being encouraged to ask questions I{reely
about difficulties in the comprehensicn of the task in hand, the
experimanter was able, on sevaral occasions, to notice puzzlement
amnong various subjects who were of too retiring a disposition to
ask these cuestions. In such cases, the task was re-cxkplained
uentil comolete comprehension oi all was evidenced.

x vicde appendix 2.



The intelligence tests, alone, were given to groups of
30 subjects or more, The Znglish and iwusic students di? the
test in zroups of about 30, while the Psychology students did theirs
in groups of 80, 15 and 15, In all tests there were quite a
nunber of isoclated cases of subjects being unabkle to join any ¢
the groups, and having to be tested for the entire battery
individually.

The conditions under mhich the tests were given were, with
the exception of the case of tie music studpntw, conditions of
quietness, and frese from disturbances., The music student had to
be tested at the Colleze of fusic in a room into which muffled
sounds of music-playing penetrated almost constently. =« certain
interference with the attempt at concsniration by the students
here might be contsnded, but, against this distrazction should be
recorded the fact that the music students involved ware accustomed
to do- 21l their work under exactly similar, if not worse, condi-
tions, and hence a certain immunity might be supposed. 1t was
finally decicéed to leave the scores of the music studzants unchanged.

The 1nte111bence tests were given under regulation condltlons
according to the instructions laid down by the deviser of the test.x'
The giving of literary tests presented no difficulty. The nmusic
tests were given as deseriked in the previous section, stress being
lzid on familiarizing non-music studenis with the tasks by the use
of ample illustration,

The test for d1°0r1m1n1t10n of intensity presented a good

deal of difficulty which was to a certain extent overcome by use
of the technical advice of an electrical engineering expert."
dithout going into the qusstion of acoustical dynamlcs it may be
pointed out that:

=

(1) persons seated at different parts of the room with
respect to the sound-box of the gramophone, would not
be subjected to exactly the same amount of audifory
stimulation, :

(ii) the reception of an auditory stimulus by a subject
would depenc beth upon his distance from the sound-box
in the frontal-parallel plane, and, if the sound box
iz paraliel to the back wall of the room, his distance
away from the perpendicular line Jjoining the sound-box
to the wall. In the diagram

Snae f8. A0 7 < Drirecreon
{

WaLe ) - ! eF
' < fovno
[-174 .74

Subject A receives more stimulation than B; B is more favourably
placed than C for scund recepticn; and D is in the lzast favourable
position for sound rscepiion.

%' R.B.Cattell.

x" Dr.Gulke,
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(iii) the distortion of pure sound in a closed room which has
not been accustically-ireated really makes it desirable
that tests of this nature should be performed in the open
air,

These difficulties were partly surmounted by the
following procedure:

The subjects, of whom there were never more than
15 at a2 time in the experiment (often there were only 6 or 7), were
placed closz together, three on a rirst bench, then three exactly
behind on the seccnd hench,and the rest s1m11ar1y in the next
benches, :
The position was: £ . D

The distance C to D was abour 8 feet which
would cause a very slight difference between sound reception in the
first row and in the last row. The distance D to E was bout 3 feet,
and as the horn of the gramophone was 3 feet in diameter at its
opening we can presume that the three subjects in each row would
be subjected to sgual intensities of auditory stimulation.

This was the final procedure adopted. The
objection that the Seashors test employed was not a test of pure
sounds was deemed to be of nezligible importance in this experiment.
The validity of the test seemed proved by the reasonably wide disper-
sion of the results obtained,

) The intelligence tests were given in two periods
of three—-quarters of an hour each; the literary tests wers done in
one period for the comprehension and vocabulﬁry tests, and another
periocd for the poetry tests. The music tests were §E,1v:=n to about
one half of the subjects in one testing period of 27 hours
the remaining subjectis spread the performance of the test over
three hour pericds,
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. Results.

(i) Statistical Analysis.

Both the raw scores of the 206
subjects on 211 tests, and the scatter-~diagrams of the 171 inter-
correlations between the fests are given under =z separate cover,
as the number of subjects performing each test varied appreciably,
the constants of distribution had to be recalculated individually
for each one of the 171 correlations. 4 fair idea of the actual
number of the statistical population upon which the dirfferent
correlations are based may be gained from a diagram:

_ Irreccicenc €| Lirernry SJvsec

Inreccicerce /73 ‘30 /73

éJnERAKy /3¢ VA /7o
STvsee /73 1¢0 /27

Ne begin here with the {irst table of the raw coerfficients of
correlation. It should be noted that the entire analysis is
based on correlation between sets of fallible data. No attenmpt
has been made to corrsct the correlations either for effects
of zttenuation or for unigueness. The correlations may therefors
be regarded as being, at the least, as low as they could be. It may
be pointed out thal the errors attached to fallible acores help to
Stores

nake up the rawvand yet are uncorrelated; they make up a part of
the factors which the two tests do not have in .common and thus
they reduce or attenuzte the apparent degrese of relation. The true
correlation between two variables can only be arrived at by making
some correction for this attenuation’ in the raw coefficient.

The correlations were computed by Pearson's
Product-Yoment formula, viz.,

=2 (Ve V)
groy X—#

where K z2nd Y are deviations from the mean (i.e. y— )
and \{K and Y'7 are corrections for the adoption of guessed averages,

Y =

The entire battery was composed of 19 tests. In the
correlational table these were arranged, after the Least 3Squares
nethod of Burt, in an order which was predisposed to an a priori
zrouping of tests involving possible similar factors. %hus,
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tests A to F were the six parts of the Cattell Intelligence

Test; H to¥ were the three literary tests, while K to T
represented the tests of musical ability. Owing to the size of

the tabuldted correlational data involved it was deemed advisable
to give sach test an alphabetical connotation for economy of space.
The letters used are repeated herei-

Letter Test Tyve of Test

Synonyns

Classification

Opposites _

Analogies Intelligence
Completion of Sentences

Inferences

onnitted

Reading Comprehension
Vocabulary f Literary
Poetical Appreciation

Pitch Discrimination

Absolute Pitch

Interval Discrimination
Consonance DPiscrimination
Rhythm

Time Music
lusical =emory

Retentivity

Intensity Discrimination
Zmotional Sensitivity

HNYWOYOREEPR GHID @ <“EHOQW>

Given an initial table (katrix Ro) of the raw correlation
coefficients™®, the procedure was to use Thurstone's Centroid -
method for the extraction of the first factor involved in the data.
This table (1) is reproduced below. In the table:
D= iv = z-vw(==5um of the individual columnar correlations with

kzp ! respect to sign.

y+_T££ —_ total sum of correlations oi the table.
= v.

=2 = €Y. _ factor load (saturation coefficient)
| A7 vy, of each test od lst. factor.
N & M Jv . This is' a check on the arithmetic of computing

' i the saturation coefficients of the tests,
K=E with respect to alteration of signs due to reflection of the
individual tests,
The communalities, in view of the number of variables, are estimated
as being equivalent to the largest correlation coefficients in their

# 211 results were calculated to 4 decimal places and are
given corrzct to 3 decimal places,
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The Kagnitude of Residual Coefficients,
o Tme theory underlying this
criterion is, briefly:- V'
The raw corrslations represent fallible data and ars thus partly
constituted of chance error elements, " when all the systematic
material in the correslations has been exhausted by extractiion
of sufficient factors thare will bte residue a varying Guantity
couposed solely of error due to saupling. Hence, when the analysis
has reduced the correlational data to propnortions entirely
explicabls by chance, no further factors need be extracted., But
then we have the snyuiry: when can the residus be considersi as
expleinad entirely by chance? There are two answers »nrovided here:
(i) ¥ When the median resicual coerficient is equal to or
less than the probable error of the median raw coeificient in the
orizinzl correlational table multiplied by (r~%)', where 'n' is the
number of tests, and 'r' the number ci factors hithertoe

‘extracted. i.2. 2~ o r
e = (I~L) &

It is probable that this formula will allow the minimum amount of
attenuaticn ¢f error likely.

(i1) Fihen the median rssidual coefficient is equal to or less
than the probable error of the median raw coefficiapt in the
orizinal correlational table multiplied by (—%+£.), where, again,
'n' is the number of tests, and 'r' the number of factors
ithert axtracted, i.e. . ~ v
hithertoe &= Cl“%"'{",)'é’;—'

Such a formula permits 2 maxinum amount of attenuation of error,

Both the above formulae agree in principle thzt the
median residual coefficisnt should not be ol greater magnitude than
the probable error of the median original correlation coefficient.
In both cases the comparison is not =with the probable error as such,
but with the probable error decreased by an amount allowing for the
amount of error that it, so to speak, removed irom each correlation
coeificient by each factor extraction. The second formula (/—%-+4k, )Y
decreases £z Dby a greater amount then the first, in that it
assumes that more of the error incorporated in the co-variance is
taken out with each factor extraction than is assumed by the first;
hence it allows more of the correlation coefiicient to be trsated
as systematic material than does the first.

For Thurstone's view of the matter see aAppendix 3.

The Digpersion of Residual Cosificients.

: Criteria based on the
dispersion of residual coefficients represent the theoretical appli-
cation of various characteristics 6f the normal curve to the
problen in heand,

I3

*

Prof. H.A. Reyburn, ¢I-Zr.J.C-. Taylor.
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The argument here is: although thers sezms no reason +hy the
distribution of [fallible corrzlations should follow any known
nmathematical law, it may Jjustifiably be supposed that the errors
incorporated in the co-variance of the test correlations will be
normally distributed. Hence, when the systematic material in the
correlation table is completely exhausted, there will remain
residuals smaller in magnitude then the errors orf the original
correlation co-efficients (smaller, since each factor removes

with its loading some of the error,) The distribution of these final
residuals should be normal. -

The problem is thus one of normality of dispersion, and
may conveniently be treated in two sections:

(i) Pearsoﬁ*giVes the equations of different types of
curves and has develcped criteriz which enable a given distribution
to be derined as belonging to one of these types. The type of curve
depends upon thes value of two constants, /% =4 , derived from the
2nd., 3rd., and 4th, moments about the mean. The 1st., moment about
a given point is £¥-0 where x=deviations from a given point, which
is normally the working origin corrected for arbitrariness. (i.e. 4 )
The 2nd. moment about a given point is €x* 3 (- & )
The 3rd. moment about a given noint is e (- . «, )
It is the 2nd. moment, thererfore, which is used for calcu~-
lating S.5. (e),

(a) Let us suppose, first of =211, thst we are desling with
half of a normal curve i.e. that the curve is folded back from its
centre. Corresponding points on the negative portion of the curve
will then completely coincide with those on the positive portion.
In such a normal curveﬂﬂg=v(‘§'4€are found from deviations equally
on either side of the mean; hence positive and negative values
cancel each -other out) '

/3, is given by (45)*(in such a normal curve this = o )
@)z
5, is given by( Dy
(28

In the Gaussian or normal curve, folded over,

/4( =~ 0 acd /'_ - 3
I$ the dispersion of the residual coefficients is such that ./Aﬂ + o
and/ﬁ%ithen we have a skew curve; the gievn distribution does not
fit its theoretical distribution and it is thererore evident
that something more than error is incorporated in the materizl and, ;
hence, a further factor should be extracted. ©Cn the othor hand, !
if it is evident that A, =¢ , and/c=3, that f2ct alone could not !
certify that the systematic material® exhausted; it would simply
mean that a normal curve woulé zive the best £it to the data but
this best fit may be a bad fit in comparison with other kinds of curves.

¥ _ . +i

Karl Pearscen. 'Tablaz for Statiscians and Biometricians'. Part 1.
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It would thus be necessary to. test the goodness of fit, as desribed
belO“.'. :

In actual prectice/e would not be exactly zero, no:/‘-exactlj
3; both these constants are: aub ect to probable erro”s depnndlnb on
tna size of the population andvvlven by Tables 37 and 38 in Pearson
Part 1. These values must be mu1t1p11ed LY 6 1%T

r
(b) In the case where the curve is not folded over /‘ $0 | Tne
values off, andp.must therefore be calculated from 4, 43 , and &, 2s
follows: _ 4
I Whorex_ls the deviation from the mean,
M

3
L
v “‘“Vx—‘-T
ﬂ-&m/étl:vb ‘\1" v
- yV-t~7- 2
“3 =V =0 2 ¥ v)+7
a, = _Qy‘y3+6\’, V-3V 'LV -Y) T

3gain (‘( CU )™ N ' 4, -

agal -

& ’ /4‘ "(,_)l""“‘l/g’- = gt

In all other respects, what applies to the folded curve applies to
the entire curve.,

(ii} Pearson likewise gives table=z for the calculation of the
Probability Integral and for the Test of Goodness of Fit, and these
tables may be used to apply further cha;“cter;stlcs of the normal
curve to the solution of the present problam. The argument her=,
again, is simply that if the residual coefficients are due to .
chance error, their calculated distribution should tally with a
corresponding theoretical distribution, The method of testing
such correspondence may be brisfly outlined as follows:-

(a) The case where only a half of the given and half of :
the theoretic curves are compared:
The residuals are strung out according to magnitude, irrespective
of sizn (since equally pos1t1ve and negatlve values coincide when the
curve is doubled) and the deviations of their clzss bounding ordinates
expressed in terms of 3.D. as unit. Record the values of the
probability intesral corresponding to these S.D. deviation units,
bezinning with the value of the integral for deviation O,
(The geometrical picture of the concept of the probability integral
may be represented by the diagram facing this sheet. The successive
values of the probability integral recorded represent the shaded-in
"-portion i.e, records the successive vealues of I as r varies. (This is
the case of an entire curve, not folded))

Successive differences between these values are found. These give the
proportions of the area in each of the classes, which must now be
multiplied by 2n to give the theoresticzl freqguency of each class, To
test for the goodnesa of fit, ©ind the difference between the theorstical
and observed freguencies. _aouare the differsnces znd divide by the
theorsticeal frequenc;es. This gives a value X* ,P (goodness of Iit)

i1z found from Pearson Table 1~., by entering the teble in column 'n' (no.
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0f cells in distribution) and taking }K; as argument,

h) here the entire observes and theoretic curves are com-
the procedure is similar except for the rollowing points:i-
Regard is paid to the sign of tkn re51cual coaificients;
henco zero is in the middle of the class stribution with =
sulting greatest fregquency at the mean 1nd a tanerlnﬁ 05
elther end. At zero the probability intesral for '“L”"“‘”6°Jf
is taken. The differences in areas cut off are multipliszd by n
(not 2m). The observed frequencies are clubbed together a2t the
2ils owing to the limited number of cases. Thereifore Table 12
is entered at column 'n whers n' is the number of cells in the
diztribution mith raspect to the 'clubbing' tegesther of the tails
o7 the curve,

This somewhat lsngthy exposition of the argum
which these criteriz are based is given because at sous
pther o7 the analysis all were employed, and because, as a
of the present work, their theoretical significance will be
farthsr discussed by us. at cach stage o the analysis one cr mors
of these criteria were suployed to test for re=sidual systemzatic
matzrial. ©Only one worked-out example of each type of criterien
will be given; in all other cases ths results only, and not the
working out of these criteria will be recorded.

The resifual coeificisnts in Table 4 are surveyed and two criteria
are enployed to judge whether the residue is systematic material
or noti-

m ®
cr 3
fo ¢t
[9)]
o

(1) dedian Residual Coefficisnt = ,048,
wecdisn p.e., of original coe:ificients = .C62.
if the residue co-variznce is exhausted of
systematic material, then

owg sl = (I~£)" % 062
= U~L) reoc2

= C"?’n,)"x-aaz.

-

- O
Hence, accorcding to thls criterion the residue in the
table can be satisfactorily exnlained by chance.

(ii) Prepare a folded over curve of the dispersion of
the residual coefficisnts and discover P (Table &)

The fit here is exc2llent; again, it must be concluded
that random errors of sampling suifice to explein the residue., Had
the curve not been folded over the 7it would not have been =o
extremelj high, but neve”theless, it would havs guite high enough
for a similar conclusicn to be arriv=zd4 at,
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Nevertheless, in spite of this apparently strong svidence, it
was decided to extract a third factor, whicheould, if necessary,
be rejected at will., The 3rd. factor loads'’are given by row K of
Table 4 and are written down as column three in the Factorial
matrix in Table 6.

We are now left with a tzble of 3rd.factor residuals.
These are given in Table 5.
Y |

To test for systematic material in this table 2 normal
curve was fitted (without folding) andfcalculated again. (Table B)

The 7it again is quite good encugh, and hsnce the analysis
of the battery eof 19 tests we deemed complete., This result was
conflrmed by a test used here only and not described elsewherei-

062,
Gorrectlng this for meximum atten+1on we have
6_‘;- _— .044.

Of the 171 correlations in the table, 72 are greater than
.044 and 99 less than .044, Of these 5 correlations are greater than

3 e Csy)

According to the Table of the Probability Integral in which the
argurent is expresssed in terms of the probable error, 4 corrslations
zbove 3 h-¢. are to be expected by chance. The 5 obtained is

dezmed a close esnouch approximation. Hence 3 factors sezm to be
sufficient, at this point, the conclusion was that the co-variance
of the entire bvattery of tests coulé be adeguately explained by

3 factors. The factorial matrix thus derived is pgiven in Table 6

(ii) Psycholozical Considerations
_ : The above result is, a priori,

unsatisfactory. The make-up Of the battery is so varied that an
explanation of its coaplexity in terms or three factors does not
seem likely. It was felt that more should be known about the
constitution of the factorial compon&nts beiore the avove result
was accepted as valid and final. It was proposed, thereiore, to
split up the battery into its obvious groups:-

(1) Intelligence group

(ii) Husic group.

(iii) As there were only 3 literary tests, these could
not be treated analytlcally*'by themselves, and hence the literary
tests were combined with the intelligence tests to form a third
sub-battery.

Fach of these sub-batteries was independently treated to a
factorial analysis., By this method it was hecped that if any factors
had been 'swemped' in the entire battery and rendered, so to speak,
specific, they would be drought to light in the swmaller analyses.
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The music battery was the first to be analyzed, This
constituted a battery of 10 tests. The table of raw correlations
is given in Table 7., There being only ten veariables,another
method of estimating the communalities had to be devised, Finally,
Spearman's formula for this was adopted:i-
i< -3 - h ;"Yl?z In this case, the product of the two

l.')

“highest correlations in the column were divided by their inter-

correlation, The theoretical justification for this method of
computing the communalities is outlined by Thurstone ( p¥7 “V&rows' )
as follows:i— If the test battery is so constructed that sach
postulated ability is represented by several tests, it can be expected
that the 3 tests will be represented by test vectors with relzativesly
small angular separations. Hence, the 3 vectors can be represented
approximately by their progectlons on a common centroid factor.ces..’
The formula here may be written as h = ik Ve The communalities
.,?__
were calculated afresi at each stage of the ena1y51s.
Row K becomes the first column of the fzctorial matrix in Table 1Z2.
The residual coefficients are given in Table 8.. One factor is thus
extracted., Does it, byitself account rfor the inter-cerrelations in
the table?

(i) A comperison of the median residual coefficient and
median correlation coeificient corrected for minimum attenuation
gives: ,053 052,

(ii) Fitting half a curve %o the data, we have /° = .369.

Both these criteria postulate the advisability of extracting
a second factor.
Row K in Table 8 represents the second factor loadings duly corrected
for reflection, and are writfen down gs the 2nd. column of the
factorial matrix in Table 12, The résidual coefficients are

given in Table 107 Do these two factors sufficiently
explain the correlations?

) ( ~-.03% - E?'(tquui‘d *ﬂ MINInve ATTEMYAT o )= 0%T . <l 'O‘K’O‘ﬁﬂ?

According to this standard of judgement, the systematic

materlal has been exhausted. .
(1i) Testing to find whether thefifL constants of the equation

of the normal curve are satisfied we have Table C.

’ */4L are not exactly O and 3 resp tively, The error
permitted in/4 is 3, 30(from table of /A? Pearson) X
.10055(S,D, from Table 5 , Pearson) .33
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The ,3569 obtained 1s reasonably close tc the theoretical ,33C,
Similarly the error for /4 = ,996. The observed deviation — o441
which is within the permitted deviaticn.

Altogether the position is doubtful/qtfq- may represent a
normal curve, Is this a gocd curve? Applying the test of goodness
of fit tc an unfoléed curve, we have P = .245, lanifestly, this
critericn indicates a third factor.

Here we have a dilerma, Different criteris vield different
solutions to the problem. It was eventually declided to proceed
with the extractidn of a third factor.

The table of 2nd factor residual coefficients is given in
Table 10, - Row K represents the third factor loads and becomes the
3rd colurm in the factorial matrix in Table 12, The residual
coefficients are given in Table 11. Applying tests for systematic
residue to the table after the 3rd. factor extraction, we notice:-

(1) Comparing the median residual coefficlent with the
medlan probable error corrected for maximm attenuaticn,
.034 é% .029, This indicates the existence of systematic
residue,

(11) A similar comparison with ﬁ\e. corrected for minimum
attenuation yilélds: ,
034 = ,040, The assertlion here 1s that there 1s no systematic

material left,

There beilng no conclusive metrcd of declding -the issue, 1t
was declded to leave the analysis of the nmaic battery as resulting
in 3 factors only. It was hoped that as the analysis progressed
there would be thrown further light on the justifiasbleness of such
a procedure,

The factorial matrix thus derived is given in Table-.12,

The intelligence battery was the next to be treated to an
analysis, This was composed of the 6 parts of the Cattell test,

In view of the smallness in number of the variables, the
comminalities were agaln estimated by the Spearman formulza,

- The first factor lcadings extracted from the intslligence
battery are given by row K of Table 13, and are written down as
column one of the factorial matrix in TableI6. The residual
coefficients are conteined in Table 14, If the intelligence test
is a pure test of intelligence there should be only thls one general
factcr present in the battery. Is this the case?:-

(1) né = .086 ,>£_:"; > ok
o ooy plllBG -oF6 X (""é.‘\)

(. o9 Ho Ll Z "o%e
Cb¥icusly, one factor is insufficient to account for the residue.
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. We have now the results of four distinct gnalises 65,
of parts of the same battery, producing factcerial matrices for
the entirs battery, the music battery, the intelligence and literary
battery, and the intelllgence battery. How far are the factors
thus isclated valid? L1t has been shown tha® the criteris for
determining the point at which tc stop extraeting factors ére
speculative and giving far from coincident verdicts, It might
trerefore be reasonably supposed that the 'core'! of cach analysis 1is
= vouched for but that the factors with lighter 1éads on the fringe
g of the analysis, as it were, are uncertain., Is there asny way in
which we .can judge the validity of all the factors from a fixed and
decisive point of view, or are the factors vague entities relative
to the specific battery from which thev are isolated?

Thurstcocne's answer to this questlion implies that factors
extracted must have 2 certain degree cf objectivity, The factors
must be such that, in ancther context, the test in which they are
mani fested will reproduce very 51milar loads cn the same factors,

He writes ¥: ‘'one of the important restrictions that rust be
satisfied by any acceptable sclution to the factor problem is that
the factorial description of a trait or test rmst be tnvariant
when it is moved from one battery tc eanother. Nc¢ form of unigue-
ness can be sc*e“tifiﬁa’ly meanlncfu’ which viclates this principle,”
Again we quote from the 'Vectcrs" 'The factcrial description of
a trait must remain inveriant when the tralt 1s moved from one
battery tc another which involves.‘same common factors or sbilities,
_ From our point of view, there can be no doubt that the sub-
battery does involve some of the same common factecrs cencerned in
the entire battery. Such a procedure for the testing of factorial
validity. requires that the test in juestion should be transported
into a different battery and the analytlc process gone through again.
Such a method was impossible in the present case and go the matter
seemed to Yest there., Fortunately, however, during a discussion
of this point. which the writer had with a merber of the staff of
the department # he had sug ggested to him 2 solution to the problem

= which seemed not only neat and convenient but also decisive: If the
facters explaining the tests in the entire battery were objectively
valid, then when the tests were treated independently in the sub-
tattertes, surely they should yleld a factorial ¢owposliticn similer
to that of the tests 1In the entire battery?

In place of thekonventional procedure of comparing one battery
with another, we here proposed tc compare a battery with part of
_ itself. The principle underlying this theory aopeared socund and a
- technique wasg devised tc test for sauisfaﬂtion of the theory in the
S present instance. If the factorlal make-up of certain tests in the
entire battery 1s to be the same as 1ts make-up In the sub-battery,
then it ought to be possible, by means of an orthogonal transforma-
tion, to convert the orthogonal reference frame of the ore factorial

X 'Vectors of M:nd! Preface p,viii, |
g Mr., J.CG.Taylor. i
l
|
-




66.

matrix intc the orthogonal reference frame of the other. The
issue, therefcre, reduces te discovering the necessary trans--
forma&tion matrix.

Since the entire battery ylelded three factors, we have,
in matrix notation:

S pAfflel = XN

where A represents the coefficients of the unknown directinn-cosines
L the reguired direction-cosines, and X the constants of the
equations. Thils glves three equations in three unknowns and hence
the requisite direction-cosines can be found.

In this menner there were worked out two transférmation
matrices, one for rotating the intelligence 4+ literary test loads
In the entire battery intoc the loads of the intelligence -+ 1literary
tests in the sub-battery, and the other for a similar purpose with
the nusic tests 1n the entire and sub-battery. Botk these trans-
formation matrices, if they are orthogonal should have direction-
cosines such that the sum of their squares should be sgual to unity.
This conditicn was not fulfillled for eitker of the transformation
matrices thus obtained. Hence, 1t can be concluded that the analysis
of the entire battery is not equivalent to that of 1ts 2 parts,
Before this equivalence was finalky obtained it proved necessary
to extract ~three more factors from the entires battery. As an
example of the method employed, there 1s given below Table 21 by
which 1t will be seen that the extraction of 5 factors renders the
analysis of the entire battery equivalent to the analysis of the
intelligence + 1literary battery.

Table 21,

Given the factorial metrices:

F. Entire Battery F. Intelligence + Litsrary EBatisry.
I T IIT IV v I - IT I1I

A ,518 .,383 -.,279 .197 -314 647 ~-+228 359

B, .492 .266 -,445 ,243 ,153 «357 .066 350

G, .503  ,384. ,106 ,020 .086  ,536 .138 .054

D, .535 .351 ,109 ,201 -,175 ,837 .317 -.231

E; .490 .11 ,0687 ,022 -,171 «H35 +03L -.249

Wa canwrite down the necessary e-~uations:-

( Let A,‘ ~~~~~~ A:- be the requirsd direction-cosines of the
required transformation matrix,)
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The solution of these 5 simulitan€ous linear equations
will give the 1lst column of the transformation matrix. By
substituting the 2nd. column oI 1actor loads of whe intelligence+
Literary tactorial matrix in theplace of the consbtanis on
the right hand of the above equations, the second colimn of the
transformation matrix may be derived., The third column of the
transformation matrix will be such as fulfills the condition
that the sum of the squares of the direction-cosines for each
axis will be unity, By this method the first two columns of the
transformation matrix are seen to be:

\, = -z 273
A ey —~-112
l\; = ‘v (-orc
A, = ‘ovp =3y
\ = “gvv ~or7?

Tine sum of thelr cross products snould be reasonably close to zero.
Le€s “qre Y -4y} = -Gy

e X ~.93 — 66Ty r
wvo K (eepyr = oivep (A Z/{ = tTortd ) =~ 4
“ovo )L 9 ‘o d=¢

~evy ‘ .om - .« LoV
This gives a sufficiently close approximation,

It should be noted that the direction-~cosines here calculated
are not the real direction-cosines but cosines in proportion to the
real ones, Hence, although the first condition of orthogonality of
the transformation matrix is satisfied, it cannot be expected that
the second (sum of squares 1} should be directly satisfied, It is
necessary to normalize the cosiness obtained in this found bvefore
this latter condition can be satisfied, If the two axes implied
in the direction cosiness are to form part of an athogonal frame

they must be rutually perpendicular, IMNormalizing the cosiness we
find:

e
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This is very close to 909, Perfect normality will be obtained only
when "n' factors are exvracted - a futile position,

Hence we see that the analysis of the entire battery is
equivalent to the analysis of the sub-batiery; the factors extracted
in either case have an objective reality, The theoretic implications
of the this method would seen to be of some significance. ‘/here
the routine testing of factors is to place the tests concerned in
another battery, we can point out that the splitting up of a battery
nrovides an alternative and f=r nowrn convenient nmethod of testing for
whe validity of the factors. At the same time, a check unon the number
of factors that may justifiably be ezxtracted from the table is
indicated. 1n view of the speculative and unsatisfagtory nature of
the criteria for determining the existence of systematic residue
such a check is doubly of value, From the psychological point of

view it would apvear of more use than anvy of the more mathematical
devices.

The three tables from which the 4th,, 5th., and 6th, factors .
are calculated are Table 5, Table 22, and Wable 23,

In the case of having to find the transformation matrix of
a factorial matrix of & diamensions, the arithmetical labour involved
in oalculating d-cosines is prohibitive and can hardly be reckoned in
mere hours. The shortest method for solving for 6 unknowns appears
to be the method of calculating the inverse or reciprocal of the
given matrix of coefficients,

ce. of JAQ- Ny = /(x//

then the required pyo g gt WA X
, If we can calculate uhe cells of the maurlx which is the
inverse of the matrix of the coefficlents of the unknowns, the
problem is solved, Two methods of achieving this solution are
generally used:

X e s v s . y .
, (1) Calculate the adjoint of A, This gives the inverse
0 g A et 3~
A with elements j:" - :f‘.|
1A )
x ‘hurstone. Vectors p. 35

._M,L.« =

T
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(11) It is the given q&trix , then by Aitken's Method
of Pivotal Condensation, %ﬁ can be found, such that

-‘ s
ﬁﬁ*'“}ﬁ "[j!, j] = |

If there is any impression that the extraction of
six factors from the entire battery seems overmuch it will
perhahs he corrected by reference to the original correl-
ation coefficients in Table 1. It will be noticed that
the correlations bBetween the music tests and either the
intelligence or literary tests is small., The median cor-
relation here is only:rslightly above zero. From Pearson
Table 5 it can be shown that for 113 cases, as we have
here, a zero correlation has a vprobable error of 063,
Among the correlations concerned roughly half the corr-~
elations are less than ,063, This makes it reasonahle to
suppose that the three factors involved in the musiec
battery are independent of the three factors invelved in
the intelligence and literary tests, Hence an analysis
yielding six factors in the entire battery is not unexpected,

¢ Thomson. (34) p, 190,
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CONCLU3ICNS,

The anzalysis of the entire battery yields six Factors.
Bach of the two main sub-batteries is explained by 3 TFactors.
Inspection of the entire correlational matrix shows a nraciically
zero correlation between the music tests, on the one hand, and the
intelligence and literary tests on the other, This lack o7 signifi-
cant correlation between the two sub~batiteries tends to show that the
3 factors in the music battery are probably distinct from the 3 factors
in the intelligence and literary battery. It might therefore be
deduced that the & factors 1n the envire batiery comprise no more or
less than the two lots of 3 factors of each of its half-batieries.

This assumption as to the general nature of the six
factors in the entire battery appesrs reascnable, 2nd so it was
decided to examine the two grouns of 3 fectors produced by each sub-
battery before deciding upon the necessity of attempting to give
meaning to the 6 factors of the entire battery.

The first group of factors to be examined was that in
the combined intelligence and literary bvattery. As a preliminary to
this examination 1t was thought of use to examine the 3 factors of the
intelligence battery alone, It might be that the 3 factors of the
combined intelligence and literary hettery were ecuivalent to the 2
factors of the intelligence battery and a third factor introduced by
some additional element in the 3 literary tesis,

The important result emerging from the arelyvsis of the
Cattell Intelligence Test was the establishing of a definite second
factor essential for success at the test. The test was devised as a
pure measure of 'g'. According to the present evidence, the test
Tails to achieve this nurity of measure of 'g'. The loads of each
of the variables sre treated as co-ordinates and a bi-dimensional graph
is nlotted of their loerztion in the co-ordinate field. The graph
obtained is shown in Fig. I,

It will be noticed that all the points plotted fall with-
in an angle of 76 , hence whatever intervretation is given to the
factors, the existence of a - zn::- L factor is indisputable. This means
that there is 14° latitude for the swinging of the co-ordinate frame,
The problem of how far to rotate the axis depends upon the validity of
the hypothesis of the moment, '

Various hypotheses were tried out and found wanting in

some important respect. For example, if we asmme 2 general factors i.e,

that as the tests are all concermed with words, .each test may depend
both upon *'g' and a verbal factor for its covarilance. In that case
the axis can only be rotated less than 149 vast B or D. If we rotate
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> past B we get i.e, with test D having a negligible load on

/8 u/ either 'g' or 'verbal' factor.
// * R Similarly with 8/ A Here tests
i/ E ¢ f ,
~. NG
S y

> B have negligible loads on either 'g!' or verbal factor. By
tating the axis about 7° as a compromise between the above 2

sitioq;,}the problem is still insolved. In such & plot,

! "?~R if axis I is 'g' then tests D & F (both

b . : tests of logical relationshipns) must be
/. teken to indicate general intslligence
’ z, L to a far less degree than test A

4{ ¢ (synonyms), 7This is a hizhly unlikely
. o suvate of effairs, If, on the other hand,
4

i3]

L [ -t
\\\\\i\ axis II is 'g', then tests E & 4 have
£ lmost zero loads on intelligence - again,
ry improbable, 7 '

The hyvothesis finally adopted was that success in the

belligence tesvs was dependent partly on '3', but also cuite
pstantially on a factor of ~ercisierce.

e graph indicating the Tactor loads on 'g' and persistemce is given
Tig 2, and was obhtained by the following reasoning process:

By pessing an axis through poin®t B it is clear:

) That all the loads are positive, In point of fact there is no
zson to gapnose that any of the Lests contain nesesive loods on
7 Tactor lilkely to be contained in ticecse btests.

1} that all the tes®ts have suwvstansial loads on this axis. It seens
zitimate therefore to conclude that this factor is rgr.

11) thet if evother axis iz dravm at right angles %o the first

= we have a factor which is not” represented in the co-variance of
st B, hnardly renresented in A, and mostly represented in D. A & B
rs the first uwwro tests of thé@ntelligence battery and D wvas the

3t to be given in the Tirst session or experimental period. This

ints strongly to the influence of a factor of 'persistencer’,
e detailed results are given in Table 25,

e centroid loads are »ost-multivlied by an orthogonal transiorma-~



7= <.
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tion to give the final factorial matrix.

As the test period proagressed subjects w1th greater persistence
vould tend to maintain their interest and energy in the test situation,
while others would lose interest and give a poorer guality of response,
deteriorating as a direct function of the length of time of the testing
situation, Had all & parts of the battery been completed at one sitting,
tests B & ¥ would probably have had even hirsher loads than D on versis-
tence, As it was, tests i & I were done ?t a second vperiod, when
interest in the tests for all subjects was partly reawakened; even here,
tests I & T have not the atiraction of novelt ¥ enjoved by A & B. Hence
ve might expect tests E & F to have moderate loads on persistence.

It wrould anpear, bthen, that success 2t Tthe Catitell Intelligence Test
Scale IITI, denends upon the individual's innate 'g!', but also to an
appreciable extent upon his powers of persistence, i.e. nhis ability to
paintain interest in a test situation for »ny length of time,

The I.7. as given Ly this test, would avnvear to be dependent to some
extent upon whether the test was given at one sitting or not. Liore
persistent people rate relatively higher on the test than non-persistent
subjects, when the testing period is long enough for the latter subjects
to begin to experience 'an*ng interest in the test and put forth concen-
tration prohreoo ively falling off from the ovtinal conditions, The
inference here seens o be either that the Cattell Intelligence test is
too long, or that it should ne snlit u» and ~iven in, say, twd Vit ferent
experimenval nerlods. L5ois casumed Thay 20 and persisteics are
satistically pdevpndeqU, as. in the granh, and so the measure of t'g!
should not be influenced by the effect of persistence,

Thc rotation of the two axes of the intelligence battery showed
Rl v
the two factors 'g' and 'nersisuence', That 1s the efTect of analrzing
a battery comnosed of the same & intelligence tests, with the addition
Yy T ’

of the 3 literary tests? The centroid rnalysis gave clear evidence
of 3 factors in this combinnd hattery. It was tiousht nossible
tiat of these 3 factors two were 'g' and 'persistence!, with a third
faCbOT, yet to be ldenti fwed brought in by the lluevar" tesis. le have
thurs 3 axes. It was a thot two facbors were similar to the two
in the intellizgence bhattery; therefore the first facteor loads were so
extracted as to be identical with the LSU Tactor loads of tThe 1nuelll—
gence battery, The method employed was to pair off the 86 intelligence
test loads in the conbin d intelligence and literarr battery according
0 similarity of nposition on the gra vh, average their co-ordinates and
equate them to consvants represented by thelr loads on the lst factor
in the analysis of the intelligence bhatiery. “'he relevant rizures awre
Zgiven below,.

otited analysis of Intelligence pattery.
S

I ('0‘) IT (t'Persistencets}
2 g 1025 I i
B 775 + 000 $775 .013 T
C “38 «495 ,
- .367 e 270 551 = I
F ] rv } . 4;9/1- } * PR =y Lil
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Centrold analysis of Intelligence plus Literary Battery

(Kveraged)
I IT II
A ,
B 502 -.081 +355 I
C} '
D +6536 252 -,084 IT
E _
F 0516 0141 . -0113 III

Equating the I, II, IIT of thls analysis to the I, IT and III
of .previous a1a¢ysis respectively:=

borh ~ore ALt 3 AL =70 7
AR N2 S N 352 7
AR S TR NERY A B N L /7
from which, | |
A, 2 w7
AL = =-293
A 2 Fa

These direction-cogsines are not the true d-cosines of
this 1lst axlis, but are proportional to the trus ones, Thersfore,
the true d-cosines may be derived by normalizing the above
co-ordinates. These are:

A T -6 %3
X = -—-1-7?1‘
A = T
: Pre-multiplyinﬂ this column of the transformation matrix by
the centroid matrix we have first factor loads of the tests in the
combined battery equivalant to the loads on the 1st factor in the
amalysis of the intelligence hattery.
The remaining two columns of the transformation matrix may
be rapidly and convenlently computed by a method devised in this

department;l The principle of this method may be 111ustrated oy
an artificial illustration:-

1, Mr, J.G.Taylor,
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"The product of 2 orthgonal matrices is 1tself an orthogonal
matrix, 1.e.

VA X L = Z: §

[ =

oo o~y o o '
o h ‘}?' 7 x /Aﬁy /\n -3 '

09
From which follows, ° ° ’ 2')( /‘
)L+J)(AL+ZL)
Vet (hegy) 2
oy {—/Jn') ti' 20

o«

VA
)
\=2
1

Hence, by subszitut;ng the obtained values of A L ) ¥ (‘
in the 1st column of Lz, it 1is possible to calculate the "emalning
columns by using the ejuations glven above. Eadh set of direction-
cosines thus obtained rust of course, be normalized as usual,

The transformation matrix thus derived 1is:

5413 -.2820 0
-12585 -e3273 -,9317
7225 «9147 -.3632

This transfdmation gives the loads on the remaining 2 factors, ~

Plotting the varlables graphlcally and taking the axes in
pairs, we have first of all Flg, 3 obtained by plotting axis I against |
axis IT,.

This plot appears to indlcate a 'g' factor and a verbal factor
quite reasonably, except that test F has rather a higher load on
the verbal factor than one might expect.
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But, plotting axis I against axis III gives a graph which
appears to lack psycholecglcal meaning. This is Fig, 4,

No sultable rotation counld be determined for thls plot,

Finally, plotting axis IT against axils III (as in Fig, 5)
we agaln encounter a situation difficult to explain, Axls II might
be a somewhat poor fit to the theory of a persistence factor, Wut
the loads on axis IIT is quite unintelliglible if that axls i3 any
sort of factor connected with verbal usage. Tests A and B can
hardly be oppossed to H, I and J, since both, and espscially A, are
intrinsically verbal., Thse attempt to graph the variable points 1in

two dimensions by taking the axes two a time was therefors gbandoned,

The next atep was to locate the termini of the test wvsctiors
in a tri-dimensional space, and to view the disperslon of the test
vector termini directly. he most convenlent apprcach to the

problem 13 the plotting oF the test vecior terminl od the surface of

a sphere, ine centroid loads, as they stand, have communality
vectors of diffsrent lengths and hence buried at different depths
in the sphere. To bring these vactor endings to the surface of

the sphere where thelr dispersion may be noted it i1s necessary to
extand the vectors by differsnt amounts. This is done by normeliz-

ing the co-ordinates of each test in the centrdéid matrix, For exampI%”

Tegt A in the centreld matriz, hes facicr loads of 547
- 4228, ,359; 1ts communalliy is ,599474; hence, the lsngth of the
vector is f,599474 which is ,77426. The reciprocal of ,77428
1s 1,29156, Multiplying each of .547, -.228, ,359 by .29156 we
have the normalized co-drdinates for tast A &£ (,836, -.294, 1464)
which defines a polnt on the surface of the sphere, In this way
all the other vsctors are asugmentad to unit length,

The augmented loads thus obtained are given in Table o<

L ]
The plot of tress points is given In Fig, S,

X S =]
The parts of *the 4 guadrants intc which all the points fa1l

are positive for the X axis and sither positive or negative for the
Y and Z axes, The directions are:
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It 13 seen that mmme sort of simple structure prevails in
the plot. The hypothesis finally tested satisfactorily was
obtained by minimizing the loads of tests F and D on one factor,
and A on another, The axis to which the plane DF 1s normal 1is
taken to represent a verbal factor;,that to which the plane con-
taining A'l1s normal, a persistence factor; the 3rd factor is g,

The method of finding the direction cosines of the orthogor
co-ordinate frame contalned in the plot is as follows:

The axls of the Verbal “actor.
Lines D and F both lie in the plane _{ ,4§
requlred axis:

D: 637 A 4314, — -3 Ay =0
F: T??A,+~Lrlhl+~~ouih3 = o
1§ L L - .

N oA+ A > !
Hence, : )
)" = - 3§C7
A 220573

Ny =TT (%0

The axis of the Persistsnce Factor,
Again, since # and the terminus of the verbal
factor axis just found line in the plane | required axis -

A )\‘A'c"‘h\_);'f’/’,(‘; ~o
A 'G*l'n\"“-t_u'«‘.'_#n";,\(‘:d
(A:)L"“(I\,'_)L'F(A;)l‘—o

Substituting for

Ao AL = Ay, e Jr&«;«]_-,

A, = -5y

AL =~ 3289

>
]

3 - T %6y
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The axls of the General Factor,

Both the end of the persistence factor axis and that
of the verbal factor axis lie in the plane normal to the Zeneral
factor axls, hence:-

AN £+ A A"
R'A” AL At + A’A" :,
(A)“+(A“y~+(av)

From which,
N ey
A = /12

X“ T e¢rLr

Multiplying the centroid loads by this 3 columned transformation . .-
matrix we have the following final loads for the tests in the
combined literary and intelligence test tattery: (Tabla/AQ ).

It will be observed that the test communalities of this
factorial matrix are identical with those of the centroid matrix,
This equivalence 1is a check upon the orthogonality of the trans-
formation,

We have therefore substantiated our initial hypothesis, viz:
that the 9 test battery can be explained by the same 2 factors
a3 explained the co-varlance of the 9 tests,with the addition
of a further factor introduced by the 3 literary tests, i1.e, a
verbal factor,

At this point it seems in place to discuss the factorial
make-up of each of the 3 lliterary tests., Their ldads on the 3
factors are repeated here:

I (g) } II(PersistII (verbal)

tence)
Reading Com- H .256 367 © +503
prahension
Vocabulary I 450 .407 - .529
Poetical J 368 «430 «451

Averaging the saturation coefficisnts we notice that the
londs of literary ability as a whole on the several factors are:-

I II ITI
.358 .401 .494

The inferencs to be drawn from this result is that in con-

ifruc+1nw prognosis tests for literary ability regard should be paid
O:

ll'

T




“a
91

(1) testing the candidates familiarity with verbal usage,
as, for example, in understanding the meaning of the matter
read, having an extensive vocabulary and the desire to
widen 1ts scope, and an appreciation of the rhythym and
nuances of poetry,

(11) estimasting the amount of gereral per31stence or persever-
ance possessed by the candidate, the s tudy of literaturs
calls for a high degree of thls gquality; the reading of a
novel or a play, for example, 1is vnrv apt to become an
intsrminabls task unless the reader's persevarance is such
as to allow of no falling off of  concentration from
beginning to end of the operation;

(1ii)showing that the candidats has a* 1sas% a reasanabls gensral
intelligence., The correlations betwsen the literary tests
and the general intelligence tests, ranging from .264
to .564, are amongst the highest in the entire battery;
hence, ceteris paribus, the greater the general intelli-
gence the more promising the literary ability.

Such a conclusion seems quite in order when it 1s remembered that
a vocabulary test has long been considered a good test of general
tntelligencs. In fact, were 1t necessary to decide within the space
of a single interview the amount of literary ability possessed by a
candidate, probably the best method of doing so would be tc use a
langthy intelligence test 1like the Cattell test, This would, of
‘course, glve his I.0.; it would alsoc show his persistsnce quilte
decistvely; finally, 1t would yleld quite a falr index to his fami-
liarity with verbal usage,
All in all, our conclusions about the nature of intelligence

and literary abllity are rather in:conflict with those of Carrol
and Eurlich (p, 9) who found low corrslations between intslligence
and art appreclation, WVhat they meant by 'art apprecliation' is some-

thing wider than the literary aspect of 1t; but as far as the literary
side of art appreciation is concerned we definitely find a high
correlation between literary appreciatlon and general 1intelligence.

When we commenced analyzing the combined literary andintelligence
battery we had a preconcelved theory as to the nature of at least one
or perhaps two, of the three factors, Turning now to a consideration
of the music battery we find that our approach was not the same as in
the previous battery. There was no bbvious factor to be looked for or
any immediate clues as to any factor. Even the ubiquitous 'g) could
offer .no help. A glance at the correlation table of the entire battery
(Table I) shows that of the 60 irter-correlations betwsen the music
and intelligence tests, only 17 coefficlents were as high as ,1; the
average correlation belng about .05, There could, thereforée, be no




I R I T

7«

G‘E STRUT

gl 7w T
> - -
- e ~ 0 - by
-feoy “Lovre ~-«61C
S A —-52Y) LY
119, “059% —~-((69
-Ye¢20 “4ryo S LFT
- 914 —-jLLn ~ - el
S0 3730 —-ta¢f
N 2A) -35¢3 1329
LIy —-%v19 . Fr
L -3vy “¢q L6
F/&U/?L:
7
RM/UVG‘
AR N
2

TasL s 26 .

e e L



4

93.

general intelligence factor present in the covariance of the rusic
battery. Similarly, the correlation between the music tests and
the literary tests ls so low that no literary factor can be assumed
tb account for any appreclable portion of the co-variance of the
misic battery,

The operation of defining the 3 factors in the music battery
began with obtainlng & perspective of the vector termini on the
surface of a sphers. Accordingly the co-ordinates of the centroid
matrix were normallized and a factorial matrix of the augmented
loads obtained., This is shown in Table 26,

The variable pcints are plotted on the sphere, as in Fig,7.
Here agaln, a species of simple structure appears indicated, Test
S is rather an anomaly. Its comrmnality in the music battery is
almost negligible (,047); hence, although in the plot 1t appears
to 1lie without the spherical triangle showlng the simple structure,
in reality its vector 1s so short as to bring it close to the
centroid of the sphere, From the point of view of locating the
axes of reference for the required factorial matrix the point S
may be neglected for the time being.

The position for the spherical triangle in Fig, 7 was,
after a good deal of experimentation, determined in this wise:

Test N (consonance) seemed most likely to be dependent upon
the physiological mechanlsm of the ear and hence lsast subject to
training influence. The axls normal to the plane passing through N
was therefore taken to represent a training factor, A second axis,
memory, was passed through K (pitch discrimination) as being the
test least likely to be dependent upon memory for success at 1ts
operation.
The . third faector plane was observed to pass through T,
The axis normal to this plane seemed to be a sort of "zestalz’
factor, the abllity to percelve images, whether its nature be
visual, auditory or kinaesthetic,

The transformation matrix necessary to obtain t hese rotated
loads was worked out in the usual method:-

Trom Point N and the end points of the sphericel triangle
we havei- '

-n3624, *’0?7£}L_— - 6c¢ ) Jl >~ o
‘ﬂﬂ’\r*‘ﬁf’)t\,_ + -loer (\, = o
I A -
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Since the second plane passes through 'T! and the extremity
of the plane through N, we have 3 further eguations, giving:

(
A, = .5946
7‘).' -~ .2348
A = .7e9
) .

Finally, the thlird plane passges through the extremities of the

triangular sides of both the previous plenes, resulting in; al

"
}\( =~ 5111

M= L8487
}\‘;’ ~ <1359

Postmultiplying the centroid matrix by this transformation
matrix we obtain the loads in Table 27,

That the centroid and the rotated analyses are equivalent is
evident from the completeness cf agreement as to communalities,

Unfortunately this rotated factorial matrix shows up several
incompatibilities of 10ads which were partly obscured in the
spherical frame owing to the augmentation of the co-ordinates to
unit length., The position of a test variable point on the surface
of a sphere must always be modified by 2 consideration of the
communality of a test., To illustrate some of the above incom-
patibllities:-

(L) Test K (pitch discrinm,.) shows a heavy load on the training -
factor, All the current evidence (v,.,page 5) 1s against
such a ccnclusion, -

(11) Test C (rhythym) has a negligible load on the gestalt factor,
while P (time) has a very high losd on the same factor. The first
is far too low, and the second too high. PFYerception of rhythym -
cbvicusly involves a marked gestalt, since judgments of motor effects,
must depend on a gestalt of a standard motor effect, protably '
largely kinaesthetic in nature.

We are confronted then with an analysis which appears to
satisfy wvarlious psychologlcal consideratiomsin .the main, but which
is contradicted by the 'perwverse' saturaticn coefficients of some
of the tests. The position here adopted appeared to be the best
posslible position for the spherical triangle on the sphere. Is
one justified in leaving the matter here, Before answerling this
query in the affirmative it was decided to try one more method.
Perhaps, it was argued, the lengthening of the test vectors to unit
' length/




R4 4

-<

R R

7

-2kl e f
‘03 ~716)
-3¢ (%0

oL —~- 156

Ly iSO

—ru /87

291 T3
137 ‘136

—llo —177

- /5D 197

TABL & )_f'.'

N AN

~-519

Lo9y

"33
20§

~-3501

o

460
RZ272

\\\_

‘$¥4
1y

-ofg
‘229
“bey
- 383

T¥s L

17 7
> v
2?) — /M
Y - me

CLWT —/2 5

1373 ks

77 ‘LS'a»
e TUO%)

4¢3 379}




e l.;....& YT YT ~.:::tt.:::ﬁ:;:.:_. LEESTLERRET STTRRRRN R R L N LA ELL RS 112 3 200 A A S EARRR AR RS TR

S

A
|
i
{




. X : |

length had rather distorted the true factorial picture. b %
Recourse was had again to the spherical pladt, Test K
(pitch discrim.) seemed as simple a test as any. What 1if some such
pltch factor were the sine qua non of musical ability? One can :
scarcely imagine any musical ability where insensitivity o S Co
plteh would not lower the gquality o7 successful performance at that
ebilitv., It seems at least feasible to postulate the existence Y
of a general factor of the nature of piltch sensitivity. :
An axls was therefore passed through K, the assumption being
that the covarliance of test X waz entirely explained as being due .
te this general factor, with zero loads on both the other axes, 1
The direction cecsines of this first axls prove to be o

},:,8157 |

- «2117 : el
L .

— «2695 ‘ 1? 'k

By means of the arbitrary transformation matrix described s ”
previously it is possible to find the 2nd and 3rd columns of the o

transformation matrix, Converting the centroid loads to the new Lok
loads determined by the axis through test K, we have Table 28, ?:ﬁ

In the rotated factorial matrix the loads on factor I (pitch ‘?!w
fector) all lie in the lst co-ordinate plane and are therefore - i
determined. The test vectors may now be rotated in two dimensions al
(their racdisl position in the 3rd dimensicn being fixed), Plotting (
exis 2 ageinst axls 3 we have Fig. 8,

The interpretation of this plot offered difficulty for a long Jwi
time. It was obvious that axis II represented a memory factor, e
the two highest factor loads being those of the memory tests. But i
the 3rd factor had to be such as distinguished between what a ]
appeared at filrst sight to be pairs of tests of a similar nature,
viz,, Tests C (rhythm) and P (time), and R (Retentivity) and ¢
(misical memory). It seemed definite that no cognitive factor could il
thus separate success at the above palrs of tests, A solution was i
finaily found in the functions cf the factor !'perseveration! 1.e, "
the tendency for mental processes tc have a certain leg or inertia B
and in this meaning to perseverate, Spearman has shown that per- v
severaticn 1s independent c¢f 'g';we have shown here that nusical ;
ablility 1s independent of 'g'; hence there appears no ohjection ’g?&
to assuming that perseveration i1s associated with musical abillity, R

Perseveration here is opposed to memory although both processes g
are concerned with the retaining of sensations in conscicusness, ip
Perseveration may be regarded as showing the more or less momentary
physiological and reflex after-effect of an isolsted stimulation
of the perlphery. Memory, however, 1s concerned not with the
immediate after-effects of single impressions but with a conscious (
endeavour, centrally aroused, to retain in consciousness over as
long a period as possible, a group or succession of stimuli in the ]} |
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form of a gestalt., Thus, the difference in factorial make-up between
tests apparently as allke as O and P, and R and Q, is more understand-
able, if we argue somewhat in this strain.

In test 0 (rhythm) a good deal.of successful prformance depends
on the conscicus effort to discern the pulse or beat of the music
which is irmanent in the music btut not cbvious., In test P (time) the

vbject will tend tc hear the phrase played, and will be able, on
account of its shortness, to retain it in memory with little consclous
effect, the perseverating effect of the stirmlus being sufficient

for the purposes of symbolization,

Again, test R {R=tentivity) was complex, the subject being required
to memorize three different sets of stimull presented in close succes -
sion. Here the perseverating effect of each stimulus, in turn, would
be oblitersted by th@%ffect cf the one succeeding, and, consequently,
success at this test requires z maximyum of consclcus effort at

‘memorizing.

Test @ (musical memory) was the dlscriminating between a musical
phrase ss 1t stood and a s8lightly distorted version of it. A fair
amotnt of success at this operation cbviously depended on conscicus
mermorizing; but, In addition, the stimulus was 2 single short phrase,
and hence perseveration might be expected to play an important »nart
in such discrimination, as, for example, when a subject would !feel!
thet the phrase playsd was not identical with the ccrrect phrass, but
is not certain in what respect it differs, Ihe after-effect left in
the periphery 1s different, although the subjsct did not consciocusly
distingulish in what respects 1t was different,

The transformation matrix for the two-dimensional rotation was
thus calculated and the finel lcads of the 2Z2nd and 3rd factors on the
tests computated. The process 1s given in Table 29, ‘

The correlational or trait configuration of the music battery
has thus been anzlyzed in terms of 1lts orthogonal reference vectors,

It is necessary now to turn tc a ccnsideration of the complexity
of each test, 1.e. a more precise factorlal deseription of the refer-
ence vectors that are involved iIn the linear description of the trait.,

itch Discrimination {Tess K.

The covarlance of this trait 1s attributeble entirely tc a pitch
sensitivity factor. The evidence here is that this is an innate
guality and may be equally developed among music and non-misic students

We agree with Smith, (p. § ) in saying that pitch discrimination
gives a meager response tc training; with Seashore (p. 5), that the
physkolcglcal 1limit for the sense of pitch does not vary significantly
with intelligence, the inter-correlation we found being .06 (p.e. .06),
Finally, our postulate that pitCh sensitivity 1s a general musical
factor finds strong corroboratiocn in the view of Seashore (P, 5) who
states that since pltch is the fundamental character of a tone, and

F
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character of a tone, and pitch discrimination is a measure of the
capacity of this sense, it ordinarily may be regarded as the most
basic measure of rmusical capacity that we have,.

Adsciute fitca { Test L),

According to the present analysis the conventional view
that this tralt is complex is fully substantiated. Its communality
1s only 131, indicating tkat many more factors than are present
in the battery will be required fto give 2 facticrial description
of 1ts nature, It has positive, but low, loads on the three
reference traits; 1its inter-correlationo in the battery are mostly
very low, the exceptions belng a slight correlation with interval
discrimination and a significant correlation with retentivity
( ¥ = ,262 with a lcad of ,173 on the memory factor} and memory
( v = 250 with a load of ,267 on perseversiion}, Since abtsc-"
lute pitch is the memory for isolated tones, these latter correla-
ticns are not unexpected.

We agree, therefore: with K8hler (p. 5) that it does not
arise exclusively from the sense of pitch; with Gough (p. 5)
that it can be produced by training, just as ordinary memory can
be trained, We cannot, however, substantiate Révécz! {(pe 5 )
contenticn that it indica+es unusual musicallty, as success at this
operaticn was by no means found to be predominant amons music
o students,

Interval discriminsation,

Like pitch discrimination, this trait is almost entirely
explained by the general pitch factor. The correlation with éis-
crirination of pitch 1s naturally significant (,.,343), There is,
however, also significant correlation with the memory tests which
is not borne out in the factorial composition. It is probable here
that the angle of rotaticn for the axes ghould have been slightly
different to account for a lozd on the memory factor, as it seems
almost certain that this trait is capable of some development by
training. It 1s significant that its correlation with senseé of
consonance is negliglble (.095). Theklb ‘1ity to judge the spatial
distance between two notes sounded simu’taneoasly is probably
a cognltive functlon, whereas the ability to judg: the fusicnal
effect of twc simultaneously presented tones seems largely affect-
ive in nature,

-y
Samgs ~7 Urmmsrnnmcs ("*_\,-L N
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The traditional complexi ty of this trait is hardly
lessened by the present analysis, It has no appreciable relation-
ghip with the basic pitch factor, its correlations with the other
pltch tests being .061, .001 and ,095

Tts communality 1s ,057, indicating an extreme specificity.

Its highest correlation 1is with memorv (4191), giving 1t some sort

of/




e 2. {;
|
I

of loads on the memory and perseveration factors. Y
The slight correlation with memory is prcbably due tc the SR EED
rapid, aimost unconscious, comparison of the auditory stimulus to a
certain relatively well-defined standards of affective judgment o
of such tonal effects. We must agree with the general view that 1
conscnance 1s due to innate properties cof the tympanic structure;
in this connection we find Valentine's (p. &) assertion that the
procegs of evaluating discords changes with practice rather sur-
prising. Seashore's (6) findings of an independence of consonance |
and intelligence, and consonance and training 1s more in lins with '
the present results. The attitude that consonance is a direct pro-
duct of scocial factors like learning, expsrienge, and traditicn
seems only partly justified. The results here indicate clearly trat 1]
certain types of fusional effects are almost invariably judged as
consonant or dissonent. The soclal fecrces appear to exert an i
influence chiefly on the fusicnal effects of the middle class where i
conscnance or dlisscnance 18 not amphasizad to the normal ear.

Trntensity Discrimiration (Test 3) 1
Of all the tests 1n the battery, least light is thrown on the yu
nature of this trait., Its communality is .047; as far as the fac- i
tors tepped in thils aralysis are concerned this trait shows 1tself '
to be an almost entirely specific element, Its saturation with qy
perseveration alone can be taken to be significant, _E
This last inference 1s quite intelligible in view of tke b
nature of the test. One tone is produced and is very closely succee- m!~
ded by another. The perseverating influence of the first upon the ‘”

$&dgment of the intensity of the second tone can scarcely'be doubted.
he tralt has not a single correlation as high as ,100 with the :
remaining music tests,

Like Seashore (p. 6) we can assert that this trait varies ~‘@'
independently of intelligence or training. Like sense of consonance, :;?]
it is probably a function depending upon the inherent properties of ol
organlc structure. ‘

Sense cf Rhythm (Test O}, ‘

This tralt has an appreciable lcad on the general pitch .
factor (,279). Although this trait is usually thought of is invol- |
ving & large motor factcr 1ts successful operation does vary witk the |
pitch facter. The discrimination of vhythmic patterns of monotones
is not the same as that of mmelcal notes, Music 1s so structured as
"to be compatitle with and emphasizing rhythm and 'swing' in a way )
not found, for exampls, in the beating of a drum, o

Seashore (p. 7) finds the correlaticn between this trait i ]
and pitch to be ,17. q:

ihen we come to consider the 2nd and 3rd factor locads of by
this variable, we find ourselves faced by a problem, Dces the i b
gbllity to listen to a phrase and discern its rhythmic pattern tend |
to be a cognitive or a motecr function? Our answer assumes that
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some kinaesthesia 1s involved, but that the relating of the
amorphous motor effects depends largely upon the cognitive aspect
of discrimindtion, Thers must be a conscious effort to remember
and resolve the kinaesthetic tone established. The load on the
cognitive memory factcr 1s therefore large (,446) and the load on
the perseveration factor negligible (,019).

We agree with Woodrow (p.7) when he questions the validity
of Sterzinger's (p. 7) finding of a corrsliation c¢f ,71 between
rhythm and consonance, The present correlation corresponding is
.110, Agrain, we are in agreement with “®sashore (p. 7) when he
postulates communalities are ,277 and .581., We cannot, however,
find the basis for his extension of a 2imilar hypothesis for time
and sensation.

The conventional view that muslcal rhythm is only part of a
wider phenomenon is expressed by Seashore (p. 7) in finding a
similarity between rhythm in music and rhytkm in poetry, According
to our results, however, the correlation between rhythm in music and
poetical appreciation (in which verbal rhythm played an important
part) is almost negligible (.,095 with p.e. .065).

Rhythm seems to be eapable of belng trained, and there seems
to be a strong tendency fcr a somewhat low positive correlation
between sense of rhythm and intelligencs.

Senze of Time (Test P!},

The surprising f2ature of this trait is thes high loed it has
on the general pitch factor., It seems feasible to suppose that time
values are better established when added significance is given them
by melodic continuity, but it seems hardly likely that the influence
of pitch is so marked in the perception of time. This would appear
to be ancther weaxkx link In the factorial chain., On the other hsnd,
it should be noted that sense of time shows correlations of ,353,
.203 and .439 with other-pitc: tests. Whether these corrslations
are high enough to justify a load of ,644 on the pitch factor 1s a
matter for individual judgment. The fact that time has a load of
only ,077 on memory and .400 on perseveration indicates that it is
opposed to rhythm in this respect, According to our way of *thinking,
the reproduction of symbolis time wvalues is possibls with am almost
minirum amount of consciocus effort, The impression of the temporal
pattern as l1eft by a short 3-bar phrase tends to perssverate long .
enough for the reproduction of the time valuss directily from the
kinaesthetic tensions set up. Viewed iIn *this light, the writing
down of the symbollc time values 1s simply a resolving of the
¥inaesthatic tensions and requires the minimum of centrally arcused
direction.

This hypothesls is substantiated by the correlation of ,532
which this tralt has with the test Involving the greatest amount
of perseveration, i.e. musical memory (Test 2).




1that tne compLeXily and covariance of thils treit 1s largely
explained in terms of the three factirs here 1solated 1s evident
from the highness of the comrmunality (.582).

Seashore (p. 7) thinks that time and rhythm have something in
cormon, With thils we are qulte in agreement. Both the traits
involve appreciable loads on the pitch factor; the inter-correlation
of the two tests 1is significant (.228). Like him, we will contend
that this trait and Intelligence vary independently. Since the
two highest factor loads for this test are on pitch and perssvera-
tion nelther of whiczh alters appreciably with trzining, we can
further corroborate his point that tralning has but small effact
on this tralct.

Musical liemory {(Test Q)

The cases of musical memory and retantivity have already
been dilscussed in some detall In connection with the general
difference between memory and perseveration. We add here a few
more observations, .

The load on the piltch factor 1s evident by virtue of
part of the memory test belng the recognition of pltch changes in
melodic phrases. i3 trait appears to have the most general
and representative loads on all the factors, and there is a temp-
tation to treat 1t as being a very good index of general musical
ability. Yet Seashore (p. 7) states specifically that retentive
and serviceabls memory, while a very grsat assat to a musical
person, i3 not an esasntial conditlion for musical mindedness, In
the present cese:swe are inclined to form our own opinion in view
of the number of cases upon which the results are based.

Retentivity (Test R).

There 1s little that has not yet been said about this trait.
Its similarity to rmsical memory stops short of any load on
perseveration for reasons already cutlined. The magnitude of its
cogrmnality (.503) indicates that the 3 reference trait vectors .
explain much of its covariance, <t 1s probable that this test i
measures memory for the more elsmental factorg of melody than .
melody itself, as in musical memory.

Fmotional Sensitivity (Test T§ y

Thls appears to be a highly complex phenomenon., Its N
communality here 1s a mere ,150, It has a load of .232 on the 1
general pltch factor with a correlation of .176 with pitch dis- ]
erimination; on the memory factor it has a load of ,316, a result
well supported by its correlation with rhytim, (.218) and with
retentivity (.,231); 1ts factor loading on perseveration is small .
and negative, and since the appreciation of lengthy or continuous 'ﬂ
passages of music does not appesar to have any connection with lag .
of audltory stimull, this last saturation coeffielent is not at ;
all surprising.
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As regards this trait we can offer proof to Beaunis!' (p. 8)
contention that musical emotion derives from rhythm, duratlon and
pltch, but must differ from him when he would add to this list
intensity. The correlation of this trait witha intensity 1s -,023,
Hevner's (p. 8) finding that the requisite qualities are rhythm,
tempo and pltch 1s fully substantiatzad by the pressnt rssults,

In reviewing the general position wes notice that the
Intelligence and literary tests were included in one battery, and
the music tests in another., Both these batterles were analyzed with
respect to the general covariance of the battery and the specific
covariance of each test., The final question may be asked: what
would happen 1f the covariance of the entire battery of 19 tests
wers analyzed? Tne statistical analysis showed the nroductlon
of 6 factors in such a case. It was stated previously that these
& factors were the combined groups of 3 factors extracted from
the sub-batteries. <Lf such an assertion is true, then the gereral
covariance of the music battery should have 1littls to do with that
of the infelligence and literary battery, 1.2, the average corre-
lation between the 2 batterles should be approximately zero. A
cursory glance at the table shows this to be a correct reflection
of the true state of affairs,

Testing the matter more prscisely, we have the following
procedure:~ '

Let the above curve represent the dispersion of the correlations
. between the 2 batteriea, If the averace correlation is zero it
would fall on AB. In that case?

Sy _ .5745 (since »-~ o0 ) where -~ 1is size of
o - U= sample.

But since we are dealing with fallible data, the average willl

not fall prscisely on ths line AB, 1.2.

EA -~ E7, Where -4’ 18 the number of coeffi-
clents,




- This means that the averaze correaltion is ,005 siizhtly too big to

Q-

10s.

If the corrslation between the two batteries i1s zero, the 1

average correlation should notaxceed 3 ﬁsc of the theoretic zero
correlation,

tx ¥ fladd = 3 x Crer
.-

TR I
L33 W a= 3 X 6T
%o -
Urr2a0

fx, A% - . 0/9

—

ﬁ“‘*t "A'(' < sy T Cf/.-(,

be entirely explained as a zero correlation of fallibls data. The
discrepancy 1s so small as to make it of negligibie importance..Hence

we may assume that the two batteries have nothlng in common, ani that
the covariance of each of the 19 tests 1s as fully explained iIn-an
analysis of its own battery as it would be in analysis of the entire
battery. The 6 factors of the entire battery may therelore be taken
to be the & factors together isoclatsd by the 2 sub-battery analyses,
Tt would be po=sidle te esiablish a 6-dimensional transformation
matrix which would rotate the entire battery in such a way as to make

the respective 3 factor loads of the intelligence and literary tests o

the same as those in the intetligence and literary sub-battery. The
loads on the 4th, 5th and &6th factors would be zero. Conversely, for

the music tests in the entire battsry the 4th, 5th and 6th factor ;

loads would be equlvalent to the 3 factor loads computed in' the music
sub-battery, while the tests would have zero loads on the 1lst, 2nd
and 3rd factors,

The lahour of calculating the direction-cosines of the axes

of the transformation, as we pointed out previously, is prohibvitive. ¥

We are compelled to leave the matter while, at the same time, drawing
attention to the fact that although the task has not been attempted

1t was proved that the 5 factor loads in the entire battery repre-- f

sented an analysis equlvalent to that of the 2 sub-batteries,

What conclusions may be drawn from the results of this analy~§ 

sis concerning the nature of musicality, What we have really accom-
plished in this investvigation is an answer to the gquestion of which
are the basic factors underlying musical ability. Arse 'musical l

ability' and (musicality' synonomous terms? GCenerally, ther eply i

must be In the negative., But it may falrly be contended that them» are !
certain traits which are basic both for musicality and musical ability;.
such tralts, we suggest, are partly measured by ths tests employed in

this analysis. No matter whether rmusicality or musical abillty is i

meant, we cannot see elther of these having any valid meaning unlcss a
fair measure of the 3 factors extracted from the Music tests 1s inclu-
ded in the individual's mental make-up., We may say definitely then

L2
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does not measure all sspects of it. Many more tests, upon the lines
sugzes sed previously (p.8) must be analyzed factorially before an
adequate account of musicallty can be given. Therefore, it should bs
remembered that our final judgments about the naturs of rmusicality
will apply only within the limitations imposed by the number of tesis
used in the analysis,

that the present music battery does measure musicallty, but that it ‘f
i

The question remains: When 1is : 1vi 3 o (1 v
mnce (58] SR T RN SRS B 1R, AL e el Y
and remember an octave, a fifth, and 2 third, even if only for the .
time of the experiment. Stumpf (2) (32) p syulated sense of I
pltch or sense of consonance. (Crzellitzer ?5 demands a sense of B
pitch and moderate memory capacity; Billlroth 4 (2) believes one y
should have a talent for rhythm, pltch and intensity. There are k
other views of the nature of musicality, hut those glven above gl one ;
appear to be based upon any sort of experimental evidence., It will
be seen that all the above conceptions could be explained in terms P
of the 3 basls reference tralts or factors that were isolated during i
the present analysis. If this analysis has been built up on logical eﬂﬁ
grounds, then we give thefollowing ultimate conclusions:- 1
Musicality will probably not be antirely defined in terms i
of the trio of basic mental factors isolated in this analysis. But ‘
of one thing we may be confident: nobody can be musical unless they
have:
(1) an inherent sensitivity to pitch;
(1i) a power of retaining peripherally-aroused impressions
in consciousness for varying lengths of time; and it
(111) a normal perseverative reaction of the bodily mechanism '
te auditory stimuli, i

R

Before closing this section of the study it would perhaps be |
advisable to relate the consequences of our more general findings .
to the points raised in the discussion of the literature on musicalityv,g

AR I

Révéez's (p.3) insistence upon musicallty being unitery rathe |
than atomic is by no mesans compatible wita present results. DMasi- e
cality is complex, there being at least three statiscally independent ;b
factors which a&re essential to the individual possessing marked ) g
mausicallity, )

We must emphatically contradict Miller (p.19) who finds that
rusical talent is ordinarily accompanied by good all-round ability.
The relation of rmsicallity to lIterary ability or to general intellil-
gence has been found here to be well-nizh zero, ¥e would find sven
the low dependence of music abillity upon intelligence postulated by
Spearman {(p.9) not borne out by the facts. Carrol and Furich's (9)
result that in the main intellisznce and art appreciation are_not -
appreclably. related, is mors in line with our findings., Similarly
Rigg (p.9) can discover no significant correlation between dimcrimina-
tion in muslc and discrimination in poetry., With him we must cast i1
doubt on the existence of a general aesthetic discrimination factor, q
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We conclude this discussion by relating cur position to that
of Seashore (p.3). For him the musical mind is a normal mind
which possesses, over and above the normal quota of these quallties
the capacities essential for the hearing, the feeling, the under-
standing, and the expression of music. Such a definition, In the
preaent writer's opinion, merely »oints out the obvious. The
classification here 13 ‘'a priori! and deces not really touch the
fundamental aspects of the problem. It describes but does not
explain, What are the ssgential and least number of reference
traits that will account for the difference betwsen the musical
and the aon-musical normal mingd? We suggest that underlying
Seashore's classification of the musical functions there are at
least the three mental factors, sensitivity to pitech, memory, and.
perseveration., There will, no doubt, be further factors required
before we can state definitely why 1t 1s that, to be musical, one
must be more than ordinarily capable of "hsaring, fesling,
understanding and expressing" music. But, in the meantime, the
three factors we have 1solated in thls analysis may be considered
to supply three fractiondl parts of the solution to the problem.
How many more will be needed to make up the integer remains for
further investigators to decide.

What, finally, can be said about the part played by general
intelligence in the phenomenon of rusicality? The correlation
between the two has been shown nezligitla, Toes this imply that
rusicians are unintelligent? We think not. Consider Seashore's
(p.21) attitude: "a person may be a poor thinker in: science but
a good tainker in music ........muslcians, by the nature of their
art, sacrifice intellectual pursuits for a 1life in the world of
feeling.....intelligence 1is one of the hest indices for prediction
of succe3s in a musical .career," For us, the inference to be
drawn from the present analysis does not lle in any invididus com-
parison between a person's msicality and intelligence; 1if
intelligence and musicality were opposed we would expect a signi-~

&ia

icant negative correlacicn betwssn the two, This 1s most decidedly

not the case, Assuming that 'g! or general intelllgence can be
identified with mental energy, as Spearman would have 1t, then 1t
becomes a most difficult task to deiermine which type of operation
involves the greatest amount of 'gt, According to the Law of
niversal Mental Competltion, the more one dces along one line,
the less can one do along anotrer. The problsm seems really to be:
doss a musical career demand for 1ts success morse or less than the
normal amount of 'gz' recuired in other professions? There appears
to be no adequate reason why music should not involve as much of
the mental energy, as say, mathematics,

From this point of view Seashore must be judged as legiti-
mately postulating Intelligence as being an index to musicallty.
Un the other hand, if 'g' or general intelligence be not the vague,
amorphous mental ensergy, but speciflcally, the intellectual aspect
of it, as Thurston appears to think, then we cannot pass verdict
om Seashore's ruling, It would seem likely that as musicians work
moxre by feellng than by cognitlon, far less of this intellectual
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general factor 1is necessary for their successful application to
music than in spheres like scisnce where feeling 1s entirely sub-
servient to intellect,

One definite result does emerge from the present investi-
gation, Persons rusically trained have normally less of %he
general intesllectual factor than persons trained in sclentific,
philosophiz and literary subjects. The importart word is 'normelly!
The distribution of the mental processes of nmuslc students must be
deemed subject to the laws of normal dispersion, The inference Iis
thet the average rusic student may possess greater or less wusical
ability quite independently of his stock of general intelligence.
Normally, the more the individual ccmes to 'think musically', the
less adapted té:the general envirommental demends will his thoughts
beccme., )

The inference tc be drawn 1s reversible in its appllication:
if a student te generally intelligent, possesses an interest 1n
music, and 1s not lacking in the three factors isolated as a result
of this analysis, viz., pltch sensitivity, memory, and persevera-
tion, then there seems tc be no obstable tc predicting undouttsd
mesicality in his case; ,on the other hand, if the student possesses
the 3rd and 2nd qualifications, but not the lst (general intelli-
gence) we stlll have no guarantee that he will not possess a failr

egree of musicailty. :

_ 411 in all, general Intelligence is not indispenssble for
musicality, and normelly is not associated with 1t. Musicality
appears to depend directly toc a far greater extent upon such Tacters
a3 pltch sensitivity, memory and perseveraticn than upon the
individual's stock of general intelligence. Any further conclusion
is nct justified by the present evidence,

|
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1. The object of the present study was to analyse the
phenomenon of musicality as displayed in }C tests of musical
ability. It was hoped that further light would be thrown on
the phencmencn by relsting 1t to general intelligence and
literary abili ty

2. The bibliography,though fairly extensive, cffered no
direct guidance in the application of the methed of thils
analysis, since the latter was only possible as a result of
psychological technique developed in very recent years.

3 It was felt that should any significant evidence be
adduced from this investigation, the task of prognosis of
musicallity would be greatly facilitated. g

4, There were in all 206 subjects drawn from both sexes of
whom 60 were undergéing a full-time musical training. The
remaining 146 were samples of a homogeneous university popu-
lation, '

5. Nineteen tasks were selected on the basis of the four
criteria mentioned in the text,  The tasks were: 6 intelll-
gence tests (synonyms, classificaticn, opposites, analogies,
completion of sentences, inferences), 3 litérary tests (reading
comprehension, vocabulary, poetical appreC1ation), and 10

music vests (discriminaticn of pitch, interval, consonance, time
rhythm, intensity, absoclute pitch, muslcal memory, retentivity,
emotional sensitivity). These tests were given in five differ- j
ent perlods: the intelligence tests In two sessons of ¥ hour
each; the 1iterarv tests in two € Four sessions, and the rmuusic
tests in one hour session.,

6. The entire battery ylelded 171 inter-correlaticns. The
analysis of the correlaticn tatle was carried out by the
centrold method. :

7 Three factors had to be extracted from the entire battery
before the various criteria for indicating the unrellability of
residual correlational material were satisfled,

|
|
8, It was noticed that the correlations between the nmusic !
tests and the rest of the battery were extremely small, and it w
was declded that it might be advisable to split the battery in |
two, the one half comprising the intelligence and literary tests|
and the cther the music tests, In additicn, doubt had been i
cast on the purlty of the measure cf 'g' which the intelligenceﬁ
battery was held to underteke. The 6 intelligence tests were, !
therefore, enalyzed in a separate analysis. |

9, Analysis of the intelligence batitery proved declisivel ﬁ

. ) ;_,m._w._.J
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that there was a second facter being measured by the tests. This
second factor appeared to be !'persistence!,

10. Analysis (in this and in 2ll cases by the centroid method)
cf the intelligence and literary battery ylelded 3 factors bvefore
the relevant criteria for sufficient facters were satisfled,

11. Analysis of the music battery similarly resulted in the
extrection of 3 factors,

12, Rotaticn of the axes iIn the 1st battery showed the presence
of g, persistence, and a verbal factor,

13, Rotaticn of the axes of the 2nd battery pointed to the

existence of 3 factors, plteh sensitivity, memory,and perseveration.

14, ©No attempt was made to gilve meaning tc the & factors 1lsolated
in the entire battery, since 1t apgearei that these were merely

the 6 factors already described, t was shown possible to rotate
the loads of the tests 1n the entire battery on the six factors
into their corresponiing loads in the sub-batteries,

15. The process of analyzing different parts of the same battery
trought out a pdint ¢f some importance tc *he theory of facterial

=3

-analysis, viz,, that when the covarlamce of a test is analyzed

first when the test is part of an entire battery, 1t should resclve
into the same factorial make-up as that obtained by anslyzing the
sams test in a sub-battery. Such an equivalernce indlcates the
degree of stability of tke factors 1isolated,

16. Success at the Cattell Intelligence Test was shown to depend
not only on the innate 'g' but also quite appreciably on the

.possession of 'persistence', The inference 1s that the tesdls tco

lengthy or, preferably, that it should be given in about three
sessicns,

17, According to the present results, a zood prognosls test of

[

|
|
|
|

literary abillity will Include tests of a verbal factor, perslstencs,:

ard 'g!,

18. Music ability is not necessarily dependent upon 'gt; 1t
appears to be bound up far more clesely with such factors as pltch
senglitivity, memery and perseveration,

19. The reletion of musicality to literary gbility 1s negligible,
thus casting doubt upon the existence of any general 'aesthetic!
or 'artistic'! factor,

20. The tests of musicallty used here are by no means exhaustive,

|
|

|
|
1
{
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It seems probable that musicality is not entirely explained in

terms of the three factors here isolated , and that further tests
. of the nature described in the text will be needed %o isolate

any further Tfactors underlying the manifestations of musicality,

€ | |

=
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. It was orwglnallv 1nuended to wnc ude in the test battery

variable test of the e - ; R The
; annaratus emnloyed was tiae GaltOﬂ ﬂhwcbl cn was clamped 1in
@? a stand, Yo the nozzle of thae whistle was connescted a long
viece of rubher tubing of narrow bore, Thsi tubing, in turn
A 43

ras joined to the moutih of a wash-botile, and air was pumped
into the wash-bottle by means of 2 rubber bulb, not unlike

the everyday scent-spray. The wash-bottle had attacned to it
a glass tap which could be turneddon or off, thus conserving
or allowing tiarough a constent and steady surean of air into .
the tublﬂg and thereby socunding the whistle. some ldea of
the experiment can be gained fromithe sketceh below.

—— s e i

The test was actually performed on all the subjects, but.
as. the results proved too variable owing to the shortcomings of
the (Galton whistle, the test was omitted from the battery,

For the benefit of any future experimenters on this
auditory feature, 1t can be sug_ested that a turbine machine,
electrically-driven, might vield more reliable resulis,

Ze aAnother test droobed from the battery was that tasting .
A cuanticavive grwvionzl Jognonse to the hearing
. of a musical work, The subject is placed bv himself in a !
darkened room, seated comforvably on a chair wita his left hand
resting naturally on a table. 3
The experimenter is seated in a neighbouring room and !
by $alking into 2 microphone is shle to issue instructions
to his assistant(in the darkened room) who is wearing ear-phones,
without danger of the subject over-hearing the words. The
assistant ensures the comfort of the testee and fastens an.
electrode to his resting palm, instructing him to relax and
enjoy the musical performance,

()-‘_l)\ __-ua\,.‘_ C.L,.L
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The experimenter, next-door, meanwhile measures the elec-
trical resistance of the subject on the Theatstone~bridgse and
adjusts the spot-lignt from the psycho-galvanometer to register
a zero value on the indicator,

The music 1is now played, and the deflections of the spot-
light are noted. Unfortunately, the test recuiring individual
testing, could only be tried on aboubt 40 suhjects before the end
of the academic term, and this relative »vaucity of material
resulted in the onfission 0f the test from the bativery.

The resulits, hoveTer, were indteresting end instructive,

In all cases, without any exception at all, where a subject
registered a high initial resistence, +the resultin g changes in
resistance during

*he heering of the nmusic were slight., Turther
more such cases coincided with each subject's introspective des-
cription of himself or herself as being a 'steady! sort and little
given to emotional varlabllity without substential csuse, It may,
therefore, be concluded thet “hiz zroun renresented an emotionally
phlegmatic type, to whom the hearing of music is relatively an
impersonal sort of affair,

There was, likewise, another clearly-defined groun with
low initial resistances, marked changes during the progress of
the music, and introspectively described as 'emotionalt and
'changeable?, This type of velsSen is easily moved by emotional
stimulation as expressed through a musical medivm,

This tests appears to indicate a promising line of encuiry
for future research~workers,

3. Thurstone, inthe "Tectors of i1ind' is by no means definite
about 1no'“tculonq as to when to stop extracting factors in an
analysis of fallible data. is general attitude 1s to ezxtract
factors until the correlation residuals are so small as to be
negliginle. He does not, however, define tnezligibilitv'.

In his 'Primary ilental bilities?® he takes *the mean Telue
of the residuals at any cne stage and divides them by their mean
value at the previous sbvage. This quotient, he scoys, should reach
a limiting value given by (/=% +.£_)

This is ezactly the same formula as the one described on
nage o L v

because, if the systematic materlal is eXhHqued,,thn according
to the formula, the next stasze will result in the residuals being
reduced in proportion to ( /— L £L )

e ~ T
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