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ABSTRACT

.Existing tests of musical ability or aptitude, with the exception
of the Seashore baftery, have largely been drawn up from the musician's
standpoint. The use of musical material.in the construction of test
items has been-almost universal; this approach‘being to.a considerab]e
extent the result of the view that only measurements taken 'in situ',
that is in-a musical context, have any value. This does not_accord
with the psychometric position which places emphasis on the predictive
value of test items, but makes no statement about what the nature of
items must be. -

The present study is an attempt to construct a battery of tests
of musical aptitude from the point of view of the psychologist. The
approach is simply psychometric, and involves the use of elementary
sfgna] detection, and information, theory. The result is a battery of
tests for use with schoolchildren between the ages of seven and eleven
years, The data for reliability and validity, though by no means
conclﬁsive, suggests that such ah approach is viable, In addition,
there are reasons for supposing that the types of material selected.
Have-less experiential and cultural bias than other testing systems.

The work described falls into two main categories. Firstly there
is an examination of existing test batteries, and of certain factorial
studies of these batteries. In this section an attempt is made to define
such terms as 'musical ability', 'aptitude’, and-'ability'. Secondly,

the construction of-a test battery is described, together with certain
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experiments performed. This leads on to the discussion of the results
obtained as a result of administering the tests to some 2,000

schoolchildren. In terms of reliability the results are comparable
with existing batteries. The indications from the validity data are

also on the whole favourable, but further studies are desirable.
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INTRODUCTION.

The work described in the following pages falls broadly
into two parts. The first part (involving sections 1 and 2)
is mainly theoretical; . the second (involving sections 3 to 5)
is an account of certain experiments performed. Underlying
this main division are the five sections themselves, the con-

tents of which are as follows:-

Section 1 devotes considerable time to the
consideration of factorial studies of tests of
musical ability, and to problems associated with
definition. Section 2 starts from a consideration
of all the types of material available for use in
a new test battery of musical ability, and con-
siders and evaluates each type individuallye.
Section 3 describes experiments leading to the pro-
duction of a first, pilot, version of a new battery
of tests of musical ability. In section 4, the
development of the material contained in the pilot
battéry is described, and the changes  necessary as
a result of administering the tests to over 2,000

children are discussed.



Section 5 gives the conclusions from the study as a whole.
These are fairiy brief;-and specific. Many accounts of the
broader implications of musical research of this type have
been given by other wrifers, and little purpose is served here
by repetition.

Originally, the aim of the research was to produce a short .
battery of tests of musical aptitude for use in schools;, which
might have certain advantages in terms of freedom from certain
cultural influences. As the work progressed the aims became
wider, and the original intention was to some extent reformulated.
A large number of test batteries for measuring various aspects
of musical ability already exist, and the mere addition to the
pile of one more battery seemed to some extent superfluous.
Instead, it seemed more constructive to examine certain types
of new test material, and to compare these with existing tests
and measures. Final results would be regarded mainly as a guide
for further research rather than as a fait accompli.

The general approach is psychological, and involves psycho-
metrics, elementary signal detection, auditory measurement tech-
nigues, and other aspects of this discipline. This is in con-
trast to most other work in the field of measurement of musical
aptitudes, where the approach has been basically musical. The

end results of the two approaches are perhaps surprisingly




similar, but'there are different criteria underlying certain
testing procéedures. The principal point made by the work is
that adeguate measufes of musical variables can be constructed
without the adoption of the criteria used by musicians them-
‘selves. Whilst the approach adopted is in essence a simplé
'job analysis', based on existing work and certain experiments
verformed, it is thought that the general line of investigation
is not unsympathetic to the musicians viewpoint.

It is hoped that the research described, and thé final ver-
sion of the proposed test battery, might be of some assistance to
teachers of music in junior schools; particularly when parents
seek guidance on the purchase of musical instruments. Note, how-
ever, that nowhere is the intention to provide means by which
children can be prevented from enjoying music as far as their
abilitieé permit. The intention is solely to contribute, in some

small way, to the advancement of music in education.




SECTION 1.

Musical Ability; +the problem of definition.

Arnold Bentley suggests a possible definition of musical
ability as "that characteristic, or those characteristies,
which distinguish 'musical' persons from 'unmusical® persons",
(Bentley, A., 1966). He acknowledges the difficulty of defin-
ing 'musical' as distinet from ‘unmisical. Seashore-gives a
more elaborate definition; "Musical talent is not one but a
hierarchy of talents, branching out along certain trunk lines
into the rich arborization, foliage, and fruitage of the tree,
which we call the musical mind. The normal musical mind is
first of all a normal mind. What makes it musical is the poss-
ession, in a serviceable degree, of those capaciiies which are
essential for the hearing, the feeling, the understanding, and
ordinarily, for some form of expression eof music". Though a
little more detailed, this is fundamentally the same as Bentley's
definition, (Seashore, C. E., 1938).

On the other hand, Herbert Wing defined it operationally,
in' the following manner; '"Many restrict the first term (musical
ability) to the ability to play some musical instrument. But
the teacher of music uses it in a wider sense that includes

speed in learning to play, ability to perform the !'aural! tests



discussed in the next chapter, and ability to carry out such
musical acti?ities as composing", (ﬂing, H., 1948).

The definitions of Bentley and Seashore are circular,
since they define musical ability in terms of its own existence:-
musical ability is an ability possessed by people who are said
to possess it. We can make some kind of assessment of whether
a person is musical or not by taking the consensus of opinion
of a group_of judges or experts, though such methods can be
unreliable where personal bias or prejudice creeps in. If all
that is required is the 'diagnosis' of mngical ability, this
type of definition will serve to some extent. However, if we
wish to study individual aspects of this ability perhaps with
a view to quantification or analysis, this kind of definition
is no longer adequate. Viewed in this light the deiinition
appears little more than a name or title for a group of un-

.défined and as yet intangible phenomena;x

On the other hand the type of definition offered by Wing
attemps to define musical ability in terms of certain tasks
which can be said to manifest the ability. The main difficulty
here is that an almost endless list of tasks can be compiled,
all of which can be said to 'have something to do with' musical
ability, but which do not help in the search for a more basic,

elemental, definition.




The problems of definition are not unlike those encountered
in the literature on intelligence. Intelligence has been vari-
ously described as "the power of combining many separate impres—-
sions" (Spencer, 1895), or as the capacity for "the elaboration
of a whole into its worth and meaning by means of combination,
correction, and completion of numerous kindred relationships".
(Ebbinghaus, 1897), or "the ability to select and maintain a
definite psychic direction". (Binet, 1916) Definitions in terms
of problem solving, "adaptation to new situations", abilify to
learn and many others have been put forward. To a great extent,
the dilemmas épparent here are analogous to those éncountered in
attempting to define musical ability. Guilford, 1967, states ™A
definition that satisfies the needs of univocal communication must
contain.referents in the real world or must point unambiguously to
something that points to referents in the real world". There are
no such empirical referents for words such as "impressions", "whole",
"worth", "psychic direction" and so on. The same applies, in the
musical field, to words like "characteristic" and "musical mind".

The first truly operational definition of intelligence came

from Boring, 1923, "...intelligence as a measurable capacity

must at the start be defined as the capacity to do well in an
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iﬁtelligencé*test". We can adopt a similar approach here énd
define musica} ability as 'the capacity to do well in tests of
musical ability'. We need to know, however, what it is that
tests of musical abilify or aptitude measure, if indeed the&
measure the same thing at all. Eviéence on this point is by no
means clear. One of the better investigations in this area was
carried out by John McLeish,(1950). " In this paper three dif-
ferent tests were-exémined; Standafdised Tests of Mugical
Intelligence, by Herbert Wing; Measures..of Musical Talent,
by-Carl Emil Seashore; and the Oregon Music Discrimination
Test. Using a factor-analytic approach, McLeish claimed to
havé found the same'common factor in all three tests. This
common 'musical ability! factor he called Musical Cognition,
and he defined it as "the ability to recognise and understand
the nature of changes in musical or‘quasi-musical materials".
This definition ié important and raises several points which
will be referred to later.

A definition of musical ability in terms of tests of
musical ability (i.e. that musical ability is that which is
measured by tests of musical ability) leads logically enough
to the type of study carried out by McLeish. The following
extract is from Guilford , and refers to intélligence, but the

argument applies equally well in the present context of musical



abiiity. "We are thus thrown completely on the tests for a
-definition of intelligence, and without proof that one intel-
ligence test measures the same thing or things as another we
have as many definitions of intelligence as there are different
intelliggnce tests". Similarly, in the field of musical ability,
we need proof that the existing tests are in fact measures of
the same thing. The usual way of obtaining evidence on this
point is to make factorial studies of tests which purport to

or would appear to, measure certain common aspects of musical
ability. Before proceeding further on this point, it is neces-
.sary to look at existing musical tests, in order to determine
which appear to be tests of aptitude as distinct from tests of

attainment.

Aptitude and Attainmente.

The term 'musical ability', as used in much of the liter-
ature, does not distinguish between aptitude and attainment.
Briefly, we can describe aptitude as a potential for certain
types of development, regardless of experiential or environmental
factors. A£tainment on the other hand, is something that has

. been acquiredlas a result of the interaction between aptitude
(or latent ability) and -certain environmental conditions more

or less conducive to the development of the potential behaviour.
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'Theoremibaﬂly' fhere is a clear-cut line separating tests of
attainment from tests of natural aptitude, but in practice

this is not so. Whilst it is fairly easy to devise tesitsof
attainment, legsed on material that has been or should have been
"(according to some criterion) mastered, it.is very difficult

to devise aptitude tests that do not, to some extent, involve
factors of experience or environment. Ideally, a test of
aptitude should be such that anyone, regardless of past experi-
ence, approaches the test with precisely the same advantages
'and disadvantages as anyone else, apart from the constitutional
factor to be measured. No such test has ever been devised; all
we have are various approximations to this state of affairs in
test batteries that involve greater or lesser degreces of experi-
ence.

At the outset, even though no formal definition has as yet
been offered, it is necessary to redefine the term musical
ability in such a‘way as to indicate its precise relationship
with attainment and aptitude. Clearly, the definiiions offered
at the start of this section, in terms of 'something that musical
people have', ability to play an instrument, ability to compose,
or to perform certaip musical tasks, and so on, have the two
concepts inextricably bound up together. 'An easy way of clari-

fying the situation is to say that musical ability is something

that enables a person to perform tasks of the type mentioned;
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with the implicit assumption that if a person cénnot in fact
perform any of these taéks, there may nevertheless be something
in his make-up which would enable him to learn such tasks. It

is in this sense that the majority of musicians use the term
'musical »ility'. Teachers remark that a certain child "hasn't
got an ounce of music in him", though they have consistently
poured music into him for the.preceding three years; the impli-
cation behind a remark of this kind is that the child in question

is lacking something basiec, and that this lack frustrates all

attempts at musical attainment. On the other hand, Bell, F, ( (*% %)

reported that her son, Hugh Lowthiah Bell, was 'full of music!
at an age when he had no formal musical skills of any kind. It
seems then that experience in the form of tuition, and even the
acquisition of 'a certain level of skill, does not necessarily
indicate the presence of musieal ability; and also that its
presence can be detected with confidence before any formalised
musical training has taken place. Thus, although a psychological
definition of 'ability' would involve both innate and environ-
mental factors, it appears that the term 'musical ability' has
been used to denote something much more like 'musical aptitude'.
With this distinction in mind we can examine existing test

material to try and determine what is orientated towards attain-

ment, and what towards aptitude.



In some cases it is easy to see which tests are attainment
tests and which are not. For instance, the Kwalwasser Test of
Music Information and Appreciation can be seen to he, and was
intended to be, an attainment test. In this battery, nine types
of question materialwere used, involving: 1. Classification
of artists. 2. Nationality of composers. 3. Composers of
famous compositions. 4. Classification of composers.

5. General knowledge of composers and compositions. 6. Tone
of orchestral instruments. 7. Classification of orchestral
instruments. 8. General knowledge of instrumentation.

9. General knowledge of musical structure and form. On the
other hand, the test battery of Carl Seashore was clearly
intended to be a test of aptitude, involving tests of an almost
psycho-physical nature concerning pitch, time, intensity, con-
sonance, memory, rhythm. The position is less clear with some
other batteries, however. The Wing Tests for example combine
tests of appreciation with tests of aptitude. This in itself
would present no difficulties, if the two types of test material
were kept separate; but they are not. Scores for both types of
item are lumped together and an overall total score is obtained,
on the basis of which Wing suggests a formula for calculating
'musical age' (Approximate musical age = EEE%:EE ) and ffom_this,
a 'musical quotient',\from the formula, based on I.Q.,

musical age X 100.
chronological age




This lumping together of scores on all parts of the battery
contrasts with Seashore's approach, in which the different sec-
tions of the test are represented separately, each on an indi-
vidual histogram. Wing and Seashore represent opposing views
in a dispute about the nature of musical ability. On the one
hand Wing sees musical ability as being 'unitary' in nature;
Seashore.takes an 'atomistic' point of view. The 'unitary!
theory states that musical ability is a single entity, and that
the ability to perform musical tasks in general is dependent
upon a common underlying ability. It is generally conceded by
supporters of this theory, however, that this common underlying
ability is in some way 'complex'.  Wing, who worked with Cyril
Burt, stresses the 'essential oneness' of musical ability, basing
his evidence on inter-test correlations. A detalled account of
a factorial study of inter-test correlations is given in the
British Journal of Psychology, (1941, p, p. 341, Wing, H. D.,

A Factorial Study of Musical Tests.) Other workers who follow

this viewpoint include Mursell, and more recently, McLeish,

and Shuter. The opposite point-of view is crystallised in Seashore's
Measures of Musical Talent, which utilise a "profile' system of
écoring with each part of the test represented individually.

The implication behind this approach is that high scores on one

section of the test in no way imply high scores on other parts,

and that there is no intrinsic reason why they should do so.
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Evidence pere is of an opposite nature to that adduced by the
'unitary' theorists, and studies have been performed showing
that inter-test correlations are lowe. Supporters of this point
of view include Spearman, Semeonoff, and more recently,

Arnold Bentlsys None of the evidence from either side is con-
clusive, however, and further evidence along the same lines is
iikely to be largely redundant, for the following reasons.

A study of the literature suggests that the kind of evi-
dence produced is very closely tied to the type of tests used.
Thus, evideﬁce for the 'unitary' theory is drawn largely from
test material based on the 'unitary' theory, and evidence for
the 'specifics! or"atomisticf-argument tends to be drawn from
tests based on the'atomistic'-approach. Whether the theory or
the test came first is a chicken and egg argument; the point
is that one only gets out of a test what is in it to start with.

The-way in which different viewpoints lead directly to the
production of test material of certain types can be seen clearly
from'the.following extracts. One of the most formidable pro-
tagonists of £he unitary approach was J. L. Mursell, who launched
a scathing att?ck on the Seashore Tests, from the viewpoint of
the 'unitary! school. On testing musical ability in general,
he wrote:"Only the observations of the subject in various musical
situations are a guide to the degree to which talent is present."

(Mursell, J. L., 1937). On similar lines Lowery, H,(1932) writes,

"If it is required to test for the presence of innate musical
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tendencies, the entire isolation of constituent factors in music
is not likely to be of great service; rather ought a factor
which is considered sufficiently worthy of special attention
be brought into prominence with a musical background, the con-
ditions of the testing being therefore analogous to those occur-
ring in musical performance". It is interesting to note that
Lowery devised a series of.tests requiring.subjects to.make_
judgements about virtually intact musical structures, with no
attempt to isclate separate component abilities. Subjects had
to compare cadences and make jﬁdgements about 'completeness'! or
Yincompleteness', and there was also a series of tests of phrasing
and of theme recognition. (Cadence, 1926. Also B. J. P., 1929,
Musical Memory).

On the other haﬁd, Seashore wrote of Mursell's approach,
"It is my humble opinion that no creditable test of musical
talent can be built on that theory". A defence of his point of
view, as exemplified in his tests can be found in the Music —
Educatofs Journal, December, 1937. Spearman writes, on the
subject.of a general music factor, "Most of all perhaps, it
might have been expected in the sphere of music, where not only
innate ingtinct but also environmental encouragement are incom-
paraﬁly more favourable for some individuals than others. And

yet just here the expected broad factor has been convincingly
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disproved; the abilities to appreciate, for instance, the
relation of pitch, loudness and rhythm have extiremely low
intercorrelations; no more, in fact, than must be attributed
to G* alone". (Spearman, C, 1927). Semeonoff wrote, "The
statistical trea%ment of the data suggests that it is impossible
to postulate the existence of unitary musical ability".
Of the results found by Spearman, ﬁerbert Wing wrote "Spearman's
opinion was, however, in the main formed from results obtained
with the Seashore tests, and his failure to find a group factor
is, in my own opinion due to the doubtful nature of the tests
used, for they did not involve appreciation in any marked degree".
Semeonoff was also criticised because his tests were 'unmisical'.
The above arguments are in some cases confused and none 1is
entirely convincing; though they illustrate the point that con-
clusions about the 'atomistic' or 'unitary' nature of musical
ability are closely tied 1o evidence concerning the presence
of absence of a common factor in the intercorrelations between
qertain types of testing material. It is also very clear that
the results obtained are closely related to the type of test
material used in the study. Thus, Spearman's results are derived

from the psycho-physical tests of Seashore, which test more or

¥ For detailed explanation of G, see Spearman and Joﬁes, We.

Human Abilities, London, Macmillan, 1950.
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less discrete physical capacities. Wing‘s results are based
on his own test battery, in which variables are often con-
founded. It is clear, for instance, that he regarded as being
of a 'doubtful nature' any test which did not involve Yapprec-
iation in any marked degree'. It is difficult to reconcile
this attitude with Wing's suggestion that tests 1 - 3 of his
battery (which are not tests of appreciation) can be used in
isolation from the rest of the test in certain.circumstances.
It is doubtful if further factorial studies along the same
lines as those descriﬁed, and using the same test material,
.will be of great help ih suggesting any evidence which might
cﬂarify_;the situation, until certain fundamental issues are
settled.
ey !

On the subject of intelligence tests, ;Gﬁ%}fp;g points
out that some common referent or starting point is essential
for all workers involved iﬁ test construction. "Such agree-
- ment could be achieved on a pureiy conveﬁtional baszis as by
popular vote or by the imposition of a constant test battery
by some bureau of standards. A far betier way of achieving
unanimity of reference would be to find a foundation in psycho-
logical theory to which by experimental demonstrations those
who construct tests would feel'persuaded to assent". In the
field of testing musical ability, no such foundation exists.
In fact the greatest emphasis has been, perhaps, on test pro-

duction with ‘experimental-demonstratioh' taking a second place.
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In this sense, much of the work by such writers as Stumpf,

Kohler, and Guttman seems to have been lost sight of.

Evidence from Pactor Analysis.

6ne of the major problems arises from the tendency of
workers in this field to take data dbtained from a particular
approach to testing, and then to imply that'results can be
generalised to include other approaches. For example, a com-
prehensive factorjal study was performed by ngbert Wing, on
his own tests. This consisted of three factor analyses, one
in 1936, ;nd a main and a subsidiary study in 1941, Common
factors emerged from all the studies, though whether the dif-
ferent studies produced the same factors is by no means clear.
Wing's conclusion that there is a "general ability to perceive
ard appreciate music" must be interpreted with caution; his
reéults certainly tell us something about the structure of his
own tests, but do not necessarily tell us anything about the
construct of musical ability, nor about other test batteries.
Similarly, the finding that another test battery also yields
a common facfor suggests nothing, unless we can show that the
factor in question is identifiable as the same one in both
batteries. Finally, if a-factor emerges, which is identifiable

in several batteries, it must be shown that the factor in
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guestion is pertinent fo the construct in question, and not

merely an irrelevant by-product, or an artefact of measurement

technigues. It has already been stated that several variables
appear to be present in the Wing battery; for instance, tests
of aptitude and tests of appreciation* appear side by side; in
thé memory test, as will be shown later, melodic memory and
pitch discrimination are intermingled; and there are several
others. In a re-analysis by Holmstrom, 1963, seven significant
factors were found, but at the end of this no meaningful inter-
pretation was possible as residuals ﬁere still too high. How-
ever, another study by Faulds (1959) found factors, using the

Wing tests, that were comparable with those found earlier by

Wing. On the other hand, Spearman's study of the Seashore Test

battery produced a series of low inter;test correlations.

Though the results were speéific to the one test, tﬁé conclusion

implied things about musical ability in general, namely that the

existence of a general factor for musical ability had béen "con-
vincingly disproved".

* The fact that tests of appreciation and of aptitude occur
side by side would not in itself matter if both were
measuring the same thing. There are reasons to suppose
that they are not, however. Scores on tests of appreciation
are far more likely to be a function of environment or
experience than scores on certain other types of test mat-
erial, and it has already been suggested that musical ability,

defined in terms of 'aptitude', is not a function of environ-
ment or experience. (see p. 5).
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A comprehensive summary of the main factorial studies of
musical ability is included in Shuter's book, appendix IX.
Unfortunately, very few of the studies described here compare
complete batteries with other complete batteries. Instead,
the tendency is to compare selected items from various bat-
teries. In this respect Mcleish's study is the only one com-
paring comﬁlete batteries; his finding of a common factor,
underlying batteries as different in conception as the Wing
and the Seéshore, is thus doubly impressive. The identification
of.common factors underlying complete and undoctored test bat-
teriés- ié likely to be of more fundamental importance than
similar results obtained from selected sub-tests, where initial
choice might select for a specific factor; only the former can
provide convincing evidence for a group factor theory of musical
_ability. In certain studies it would also be most useful if
the actual intercorrelations between the sub-tests of the test
examined were included, since it is possible to obtain high
factor loadings even if the general degree of relaiionship bet-

ween the parts of the test is fairly low. Finally, on the topic

of factorial studies in general, the interpretation of results
is often very difficult in this field. On interpretation,
Anastasi writés, "Once the ..... factor matrix has been computed,

we can proceed with the interpretation and naming of factors.




17~

This step calls for psychological insight rather than statist-
ical training. To learn the nature of a particular factor, we
simply examine the tests having high loadings on that factor

and we try to discover what psychological process they have in
common. The more tests there are with high loadings on a given
factor, the more clearly we can define the nature of the factor".
In the field of musical ability, however, the data from factor
analyses is by no means clearly defined, with the result that
interpretation is rather more difficult. Below is given a

brief list of some selected analyses, in which it is difficult

to see a common 'psychological process'!:-

Karlin, 1941. 1st factor:-— Drake Memory. 732,
Retentivity. 625, Intervals. 564, Pitch. 448, Rhythm.443.
Holmstrom, 1963. 1lst factor:- Pitch. 59, Memory. 61,
Rhythm. 54 and .53, Musi-c marks*;. 46, Chords. 32 or .28,

Intelligence. 27.
Shuter, 1964. lst factor:— Chords. 753, Memory. 569,

Pitch. 470, Intensity. 466, Phrasing. 388, Harmony. 296.

It is important to bear in mind, when examining data of this
kind, that one person's concept of a pitch test, or a harmony
test, is not necessarily another's. For example, two sub-tests

from different test batteries might both bear the same name,
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such-as 'Pitch' or 'Memory'. However, the sub;tests might be
quite different in nature, and may in fact measure different
things. Similarly, high factor loadings on tests from different
batteries are difficult to interpret where the comparable load-
ings have been obtained in different factorial studies. Though
the loadings are comparable, and the sub-tests have similaf
titles, the factor loadings might have entirely different mean-
ings.

One point does emerge from the factorial studies, however.

There is a tendency for tests of 'memory', even though these

are by no means of uniform type, to have high factor loadings

- on the largest factor. This is important for the present stud&,
as memory is seen as being an important factor in all perceptual

tests of musical ability.

The Study by John McLeish.

The difficulty of infering psychological processes from: the
factor analyses performed has led to the formulation of several
more or less unsatisfactory definitions as to what the common
factor might be. It has been variously described as 'musicality'
(Holmstrom), 'music factor' (Faulds), 'musicél cognition!
(McLeish), and ‘simply 'music' (Holmstrom). Several writers

refer to it simply as a ! general' drw{broéd' factor without
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further definition. (Wing, Vernon) In the study by John Mcleish,
1968, an attempt is made to suggest what in fact the common fac-
tor might be. This definition is perhaps the only one which
suggests in an explicit manner what the underlying psychological
processes are. Musical cognition is defined as "the ability to
recognise and understand the nature of changes in musical or
quasi-musical materials", followed by the commenf, "The size
and nature of the intercorrelations are such that we may be
certain that if Wing measures musical ability so does Seashore".
(The last sentence seems to be a cautionary one, implying that
even if we can identify the same factor in the two batteries,

it is possible that the factor is not a 'music factor' but some-
thing arising from similarities in the nature of the test material
itself, and specific to thé testing situation) The two crucial
words in McLeish's definition are 'recognise' and 'understand'.
It is by no means clear what is meant by 'understanding' in the
field of music, and no real attempt will be made here to clarify
this problem. The word 'recognise' however has fairly specific
connotations in the psychological 1literature. Specifically,
recognition is used as a yardstick for retention; and it par-
ticularly implies the ability to pick out certain stimuli in

the presept situation on the basis of past stimulation or exper-

ience. Recognition is in fact a type of memory.
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Below is given a table of the results found by McLeish
in the study quoted:-

Tests analysed separately. Tests to-

gether.
First Intelli- First First
Factor. gence. Factor. Factor.
minus
Intelli-
gence.
I Seashore Tests.
Pitch .62 22 «59 .66
Intensity .48 .13 : 46 48
Consonance «39 .03 o43 47
Memory .87 032 : .87 .82
Time -42 013 ) 039 030
Rhythm .28 «17 27 . 37
% of total variance )
: ' 29.0% 3.6% 25.8%
'.II. Wing Tests.
Chord Analysis .70 .13 Tl «65
Pitch Change .76 023 .76 <78
Memory <76 25 .76 .78
Rhythmic Accent 54 «30 <50 i 45
Harmony .66 .39 .60 .66
Intensity 52 «34 3 52
Phrasing 46 23 . «39 41
% of total variance , '
45.06  7.75% 37.3%
III Oregon Test.
Appreciation ' 1T
Nature of Change .66
Percentage of total variance 38.8%

The frequency with which tests of memory consistently achieve

high factor loadings has already been mentioned. A few workers
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have actually aefined their main factors in terms of some
form of memory. For instance Drake (1939) chose to call
his main factor 'Memory'; and Karlin (1941) used the term
"Memory for Form'. In the above table the high loadings
for memory are again observable. On the Seashore Tests,
the memory sub-test has the highest loading of all, when
analysed both separately and in combination. " The second
highest loading is for pitch. On the Wing Tests pitch and
memory are joint highest in factor loading. Here again, it
ig very hard to see what psychological process underlies
tests of memory and of pitch, to account for these loadings.
The conclusions that McLeish drew from his study were

briefly as follows:-

1. "That Seashore was in error in that musical
talents are NOT specific in their nature,
in other words there is a group factor of
musical ability.

2. That Burt was in érror inasmuch as Wing's piano
tests, using musical stimuli, measure precisely
the same factors as do Seashore's laboratory-
contrived psycho-physical 'measures'.

3. That in the structure of musical cognition,
musical memory, pitch discrimination and ability
to analyse chords have greater weight than the
ability to discriminate differences in rhythm,
time and intensity. "

In general one would agree with these conclusions, with the

following reservations:-
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Firstly, though Seashore's theory of complete specificity
has been disproved by the finding of a group factor of
music%} ability, there is still considerable specificity

in the tests. Secondly, though pitch discrimination and
musical memory have considerable weight in both test batter-
ies, the conclusion that chord analysis_is also a major com-
ponent cannot be substantiated since néither version of the

Seashore Tests contained any chord analysis materiale.

The Analogy with Signal Detection.

The prominent position occupied by memory and pitch in
this study is dup}icated in many other studies. A brief des-
cription of the nature of the test material used in certain
studies may help to throw some light on why this should be.
Bearing in mind the high loadings often found on memory tests,
and specifically the high loadings found in tﬁe McLeish study,
we can examine the material used in the tests in the light of
the literature on memory, and especially short term memory.
Basically, there is no difference between the "memory' tests
of Seashore and Wing. Both involve the subject in listening
to a short tune; the tune is then repeated, but with one
note altered, and the subject is asked to indicate which note

in the seguence was different in the second playings. There

are two minor differences in procedure, namely, Wing used a
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number of items in which the two renditions were the same;
also, whilst Wing used overtly 'melodic' material, Seashore's
material was "purposely selected to form no melcdic line."*
Viewed as tasks in short term memory, the two memory tests
are virtually identical, except that they are not matched
for codability or length. The processes leading up to a

U

correctresponse are as follows:-

The subject hears the first rendition, and
holds it in short term memory. He hears the second
rendition and compares each constituent tone, as
it arrives, with his 'copy'. When we hears a
tone which is discrepant with the copy tone he
indicates that that particular tone has been changed,
by markiﬁg on his paper. In fact, in making his
answer the subject has, compared two Epnes, one el e 1
which he heafs, and one which is a memory 'copy' and

made a decision whether they are 'same' or 'different!.

* There are reasons for doubting the implied clear-cut
digginetion between melodic and non-melodic. It seems
more probable that there is simply a continuum of
codability. Gardner, S, writes, "There are no
unrelated tones in music." (School for Violin Study
Based on Harmonic Thinking, Carl Fischer, Inc. N.Y.

1939).
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We can represent this situation diagramatically,

as follows:-

s |s Is is ls bAs |s ls .

> 3 g 7 9 FxAe 4 8 First Tunee.
e

s |s |s|s |8 ¥D A48 |S |8 |gceond Tune.

1 {3 16|71 |9 p4q6 |4 |8

In the diagram, numbers indicate tonal elements of the tune
in two successive presentations. The letters 's' and 'D!

)
indicate whether elements are 'same' or 'different'. Ifa

subject correctly selects the two shaded elements as being

different, he héS#made a successful pitch discrimination,

and the remaining material serves simply as intefference.
"An analogy with signal detection theory presents itself,
since we can describe the distribution of *game' and 'dif-
ferent' elements in the form of a signal to noise ratio.
Now, if we compare the two shaded elements above with the
pitch tests used in the Seashore and Wing batteries, some
interesting comparisons can be..made which might throw light
on why Memory and Pitch seem to be associated in the present

study. The main point is that the situation represented in
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the shaded portion of the above diagram is also a represent-
ation of the situation which obtains in tests of pitch dis-
crimination. In the Seashore Pitch test, a subject is presented’
with a pure tone of 500 ¢, p, s.; this is followed by a tone
which the subject has to compare with the first one, indi-
cating whether it is higher or lower than the reference tone.
In the Wing Test a similar situation obtains.l Basically, two
consecutive tones are sounded, and the sbuject has to indicate
'up', ‘down', or 'same'. . Admittedly, ih the pitch tests a
judgement as to which direction the change takes is required;
this is not asked for in the memory tests. However, the com-
rarison of two stimulus tones, and the initial detedtion of
any change, is common to both the pitch and the memory tests.
There are two minor differences in the procedures. Firstly,
Seashore called for much finer levels of discrimination, up
to one two-hundredth of a tone, whereas Wing askad for judge-
ments on the tempered scale. (This difference in the level
of discrimination called for affects the present argument in
no way whatsoever). Secondly, Wing's compared tones were in
fact middle notes in a series of triads. The effects of the
differences will be as follows. The finer levels of dis-
crimination called for by any particular item will make that

item more difficult than items calling for less fine degrees
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of discrimination. We might thus expect a person scoring
low on the Wing test to score at least as low (if scores
were comparable) on Seashdré% test. On the other hand the
Wing test is rendered more difficult since the tfones:to be
compared are presented along with other tones. We canmll
these extra tones "masking' tones,; the effect of such
masking tones is to make discrimination tasks more diffiéﬁlt.
This situation can also be viewed as a signal detection prob-
lem, with the relationship of the stimulus tones to the mask-
ing tones described in terms of a signal to noise ratio.
(T. Dean Clack, 1967, Ritsma, 1966, B. L. Cardozo, 1967).
The analogy between the typss of tesﬁ used in musical test
construction and signal deétection is not just a fortuitous
circumstance: signal detection really can provide a body
of experimental data that can help to.provide the body of
"experimental demonstration™ that gives common ground for
future test constructiom. It could be argued that con-
structors of fests of musical &ility have been io some extent
intuitively qonstructing signaldetection tasks.

We have already stressed the importanée of 'recognition!
in McLeish's study. On the topic of recognition, D. M. Green

and J. A. Swets write, (1966) "In order to obtain a more
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sensitive measure of retention than is provided by a direct
measure of unaided recall, a variant of the recognition
procedure is often used. In one form of the recognition
procedure, the subject's ability to remember stimuli to which
he has been exposed is tested by presenting those stimuli
intermixed with other stimuli to which he has not been
exposed, and by requiring him to state for each stimulus
whether it is "old" or "new". (Woodworth and Sclibsberg, 1954)
The subject, in effect, responds "yes" or "no" depending on
whether or not he thinks the stimulus is an old one". 1In
fact, this describes the Memory Tests of Seashore and Wing
very accurately, and also test material by many other writers,
including Bentley, Drake, Whistler and Thorpe, and others.

In fact, if we look at all the items from he tests used in
McLeish's study, we can describe them all in terms of signal
detection tasks; though some are more amenable to this than
others. Signal-detection theory was developed initially as

a method for measuring psycho-physical phenomena; 'however its
applications are now much wider and a considerable amount of
work has been done using signal-detection as a measure of
retentiop.* (Egan, 1958. Norman and Wickelgren, 1965.

Murdock, 1965. Pollack, Galanter and Norman, 1964). Since

* Much emphasis has been given to the psycho-physical nature
of Seashore's tests, as contrasted with the approach of
workers like Wing. 1In a signal detection situation,




we can describe virtuslly all the different sub--tests of
musical ability in terms of signal-detection tasks ( in the
McLeish study, only Wing's chord analysis test, of the tonal
items, is difficult to fit into this scheme) it is hypoth-

esised here that all the test items are in fact concerned

with the measurement of some aspect of short-—term memory,

"and that the common factor found by Mcleish is in fact a

memory factor. This hypothesis is.-advanced on the basis of

the observed correspondence between types of test material
used in tests of musical ability and situations obtaining in
signal-detection type experiments. It is hoped that it will
be an aid to understanding better the results:6f certain
selected factorial studies of music tests.

In interpreting McLeish's findings in detail, the above
hypothesis can be of.help in the following manner. If we
look at the tests of Wing and Seashore, we can perhaps observe
how the highest loadings are obtained on those tests which
we might expect to have the highest saturations of 'signhal=
detection', and hence of memory. Highest loadings afe obtained

on the 'Memory' parts of both tests. These items, individually,

* Continued from overleaf.

recognition seems to behave very much in the manner of a
psycho-physical variable, however. Green and Swets state,
"This memory task is much like the yes-no task of detection
in psycho-physics and, understandably, models of the memory
process have developed in parallel with models of the detec-
tion process. Specifically, recognition memory has long
been viewed as a threshold process,ee..."
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‘have the longést.duration of all the ;aptitude' tests, and
length is varied whilst 'signal' stays constant, which affects
the Qifficulty of items. By altering length, the signal-noise
ratio was intuitively being manipulated. The fact that this
type of procedure was clearly a measure of memory is reflected
in the names given to tests of this type by test constructors.
The similarity between the Pitch tests, which tend to have
almost equally high factor loadings, and the Memory tests, has
already been pointed out, (p. 21 ). In the case of Wing's
Pitch Test the 'noise' takes'the form of masking tones (that
is, the interference occurs simultaneously with the signal in
each presentation, rather than being spaced, in a temporal
sense, around the signal); Seashore's on the other hand is
not masked, but calls for finer degrees of discrimination thus
making decision more difficult.> It is important to note that
only the first version of the Seashore test contained any test
of harmony or 'consonance'. In the revised version this was
replaced by a test of timbre. McLeish's findings with regard
to harmony or consonance are thus applicable only to the un-
revised version of the Seashore tests. The only other test;
in the two batteries which are in any way_comparable are
Seashore's test of consonance and the Wing test of Chord

Analysis, though ‘there are considerable differences here. Of
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the two tesis, the Wing loads the more highly on the common
factor; so we would expect, in view of the present hypo-
thesis, that the Wing test would have more of the charac-
teristics of a taskvin recognition memory than the Seashore.
It is fairly easy to see that this is so. The Seashore test
of consonance involves the subject in liétening to two con-
secutively played pairs of notes, (i.e. a chord of two notes
is played; then after a pause a further chord of two notes
is played). The subject must say which pair 'blends better'.
The point here is that 'better'! or 'worse' is a value judge-
ment; and in an aesthetic sense it cannot be described as

a threshold process. The criterion for making the judgement
is external to both presentations Af the stimulus. In the
Wing test, the subject must listen to the presented chord,
and then by a process involving tonal imagery, compare a cdpy
of the chord as heard with a series of hypotheses about the
notes it might éontain. The amount of sub-vocal or even
vocal singing of different elements of the chord during the
performance of this task suggests that a process of hypothesis
and acceptance/rejection is taking place. (It is possible
that the subject stores the chord in short term memory; then
produces a series of tonal images asking the question, '"Is

this note in the chord you just heard?"). The criterion for
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answering is internal in this case, and we can regard the
ability to perform the task as a threshold process, in the
manner of the tests of Memory and of Pitch.

The remaining tests in each battery are entirely dif-
ferent in conception and purpose. The intensity, time and
rhythm tests of Seashore are all concerned with aspects of
rhythmic ability, which may be different from abilities
measured with tonal material. Even protagonists of the
group factor theory have conceded that rhythmic abilities
may be different from tonal abilities. Shuter writes, "A
separate factor of rhythm seems to lurk in the shadows of
several studies where ftests of pitch and memory have been
highlighted. Both Karlin and Wing acknowledge the possib-
ility of its existence. Inspection of many of the cor-
relation studies shows that the tests of rhythm seem to be
the odd man out (McLeiSh, 1950; Bentley, 1955; Rainbow,
1965). In both Mcleish's and Wing's factor analyses, the
rhythm tests had the lowest loading in the general musical
ability factor. In Franklin's study, the two tests that he
adapted from Revesz form a sparate factor of their own,

unrelated to the Wing rhythm test". The remaining tests in

the Wing battery (rhythmic accent, harmony, inténsity and

phrasing) are in no way comparable with the tests of rhythmic

ability in the Seashore battery. The former are thoroughgoing

4
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tests of appreciation, which Seashore's are patently note.
Examination of the results obtained by MclLeish shows that
factor loadings for the tests described in this paragraph
are somewhat lower than for the three types of test material
which were comparable, (i.e. pitch, memory, consonance)e. It
is difficult to account for the fact that the appreciation
tests of Wing seem to load more highly on the first factor
than do the tests of Seashore. However, if we take the view
that rhythmic ability is a separate entity from the maiﬁ
musical factor we can account for the low loadings obtained
by Seashore's rhythm tests. The higher loadings on the Wing
appreciation tests are more difficult to explain; but we
may note that Franklin's study showed that the Wing rhythm
test did not measure the same thing as his own adapteditests
which formed a separate factor of their own. It seéms likely
therefore that the Wing rhythm test does not attempt to
measure rhythm in the same‘way that Seashore's does. It has
already been suggested that the common factor in musical
ability tests is an aspect of shordt term recognition memory.

From the factor loadings on the Seashore test and Wing test

found in Mcleish's study, we might also observe that as a
general rule, items which do not involve tonal material tend

to have lower factor loadings than those which do. Thus,

though Wing's appreciation tests do not load as highly as
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testsof memory or pitch, they still have higherloadings than
Seashore's rhythmic measures, which involve no tonal meterial.
If we regard the commoﬁ factor as being a memory factor for
material of a tonal nature, then although Wing's last four
tests involve no internal criterion for discrimination, we
might expect slightly higher loadings on these since they
involve two compared presentations of tonal material; whereas

Seashore's do not involve tonal material.

Conclusions from the Factorial Studies.

The main conclusions from factorial studies of musical
ability are not incompatible with the conclusions reached by
McLeish. It has been shown that a common factor is present,
even in tests as atomistically orientated as Seashore's
battery, and this factor is apparently identifiable as the
same one present in the Wing tests. However, it is perhaps
unjust to say that Seashore was wrong on the grounds that his
tests were not mutually exclusive; a considerable degree of
specificity exists within the testé, and there is evidence to
suggest that in fact tonal and rhythmic abilities are more
or less specific. Neither is Wing entirely vindicated in his

comment that the Seashore tests were of a "doubitful nature,.e..
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for they did not involve appreciation in any marked degree",
since his own appreciation tests were shown to have lcadings
on the common factor which were without exception lower than
the loadings on those of his tests which did ggj_involve any
appreciation.

As far as.test batteries, and the degree to which dif-
ferent items correlatelwith the common factor, are concerned,
McLeish's conclgsions as to what are the principal 'components'
of 'musical cogﬁition' are perhaps not entirely satisfactory.
Certainly, in the structure of musical cognitidh, tests of
pitch and of memofy seem to give the highest loadings; but
it has been suggested here that in fact tests of pitch and
of so-called meﬁory are in fact both tests of.mémony for tonal
materials, and both can be viewed as tasks in pitch dis-
crimination. The conclusion that chord analysis is alsb a
major component cannot be accepted without comment. Seashore's

tests did not contain any items involving chord analysis; in

the first version of his tests, subjects had to choose the
pair which 'blended better', this being a response to the
sound created by a fusion 6f tones, which can in no way be
viewed as an analytic process. (No test of consonance or
chord-analysis appeared in the revised version) Also, when

the tests were analysed together, Wing's chord analysis test
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correlated with the group factor no more highly than certain .

of his appreciation tests.

Musical Ability — A Mental Process.

In Qiew of the assertion by Green and Swets that recog-
nition memory can be treated, as far as its measurement is
concerned, as a threshold process, the argument against
Seashore that his tests were 'psychophysical! in nature, with
the implicit assumption that a psychophysical measure was
inappropriate in this situation, needs re-—examination. (An
excellent example of the application of psychophysical tech-
niques-to musical problems is given in Trotter, J. R., 1967).
Firstly, insofar as Wing's tests are tests of recognition
memory, they are also psychophysical tests. (This clearly
does not apply to his appreciation tests, which involve
external criteria) It is necessary therefore to redefine
this particular attack on Seashore by saying that, in testing
the merely peripheral functions such as sensorx“thresholds
he chose the wrong thresholds, this accoﬁnting to some extent
for the rather low validity of certain of his tests. Further
evidence foi this is provided by the fact that Seashore's
Toﬁal Memory test, which is the one test thaf does in fact

measure by psychophysical means a central process of memory
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(as distinet from a sensory threshold), has far greater
validity than any other of his sub-tests. Psychophysical
methods then are not innappropriate in themselves. The ﬁain
point must be that musical ability is a mental ability and
not a peripheral capacity, and that whatever method of
measurement we choose, it must measure something more than
simple sensory threéholds if high validity is to be.obtained.
The fact that musical ability is a mental and not a peri-
pheral function is crucial from the point of view of test
construction, and Seashore's pre-occupation with the 'nature
of the medium' (that is, the physical properties of sound)
led him té an approadh which concentrated on ways in which
the physical properties of music were detected by people. As
a result the bulk of his tests measure sensitivity to any

sound stimulus, rather than response to specifically musical

spunds as distinct from noise. Only his test of melodic
memory, of the tonal items, is specific to musical material.
Mursell stressed the essentially 'mental' nature of musical
ability, and wrote as follows. "This crucial fact, that we
hear mentally created patterns.rather than }mposed sensations -
that the mind selects and organizes and gives shape to what

we hear - is the foundation of all musical organizatioﬁ and

the secret of the expressive possibilities of music".

(Mursell, J. L., 1937)

N
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Further to this, Madison writes, "Mursell, therefore, sees

a gap between responses involving-simple sensation and those
which perceive musical relationships. This gap, he points
out, can be accounted for only by mental activity which
functions by means of selection and synthesis of sound stimuli
in the conception of meaningful musical configurationse.
Throughout his whole work Mursell sees great danger in con-
fusing the laws of the physics of sound with the psychological
laws governing the perception of musical values expressed
through the medium of sound stimuli". And later, "A certain
school of psychologibal thought adheres to the assumption
that, by virtue of the medium of musical expression, musical
talent is controlled and made possible through sensitivity

to physical differences of the sound wave. Another school

of psychological thought regards the true basis of musical
talent as being the power of mental synthesis of the materials
and structure of music as expressed in this medium of sound.
This school does not discount the importance and need for

sensoxry keenness".

An Attempt at Definition.

Much of the preceding argument has been an attempt to

find some sort of rationale behind studies of musical ability
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tests, and partiéulariy factorial studies. The hypothesis
has been put forward that the common factor found in many
studies is some aspect of short term memory. Initially,

this hypothesis suggested to the writer that in fact the
short term memory factor was general; with the implication
that the common factor referred to by writers as the "musical
factor', or 'musical cognition', or something similar, was

in fact nothing to do with music buﬁ was a general rather
than a group factor. This conclusion was later rejected
wheny experimental evidence was obtained showing that ability
to remember certain musical materials did not correlate with
ability to remember other non-musical materials. A common
factor for musical ability, as distinct from other abilities
seems a likely explanation. It seems probable, therefore,
that tests of musical ability have in common a short term
memory factor which is specific to musical materials, and the

following attempt at definition is pﬁt-forward:—

As measured by tests of musical ability, the

common musical factor is a short term memory factor

which is specific to musical materials. It enables

persons to hold in short term memory certain musical

elements, in the form of musical images, long enough

to permit a process of comparison and recognition of

subseguent elehents to take place.
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It is possible that a separate short term memory factor
-exists which is gpecific to rhythmic, as distinct from

tonal, materials.,

Conclusions from Section 1l.

Accepting the above definition as a hypothesis, it
remains to propose ways of devising test material that will '
help to assess its validity. Very little of the existing
test material can help to throw furtﬁer light on the matter,
éince the majority of it is far too factorially complex.

Je. P. Guilfofd, 1952, writes, "Too many experimental var-—
iables are factorially complex. Rotations and interpretations
would be much simplified if each variable were of complexity
one; that is, if it measured only one common factor to any
appreciable exteﬁt. This is an ideal that we achieve in

test construction only once in many attempts. There is little
excuse for taking almost any variable that is Eandy. Such
variables, where there has been no effort to restrict them,
are very likely to measure two or more common factors".

We have above a definition of musicecal ability in terms
of short term memory for specific materials. It would be
advantageous, therefore, if by manipulating short term

memory variables we could produce a test battery which, in
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view of Guilford's comment; produced substantially only

one common factor. We might then suggest that the common
factor was related.in some way to the short term memory
variable. It would also be most important, in the present
context, to show that such a test battery met certain
criteria as regards reliability and validity. If such a
battery gave good reliability and validity we might be
tempted to hypothesise something about the nature of musical
ability in general, as-distinct from musical ability as
measured in the specific test situation.

It has been noted that in the study by John Mcleish,
moderate loadings on the group factor were obtained on Wing's
tests of appreciation. The same factor also appears in the
Oregon Music Discrimination Test, which is essentially a test
of musical taste and appreciation. The point shouldlbe made
that in such cases high factor loadings might give a distorted
impression of the value of certain measures. In the case of
the Oregon Test, McLeish's results show that this.test has
the highest loadings on the common factor. McLeish concludes,
that "the Oregon test is the best measure of musical &ility,
insofar as it is moét highly saturated with the factor of
musical cognition. In fact, the particular musical talent

measured by the Wing and Seashore tests is better measured
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by theIOregdn test, even though this is a piano test which
uses classical piecés". The Oregon test involves the sub-
ject iﬁ listening to extracts from the compositions of
'accepted composers'. 'Two renditions, one of which is muti-
lated, are played, (an earlier versidn in which no less than
four extracts were heard was discontinued as being too dif-
ficult) and the subject must indicate which is the original.
Clearly, short term memory is required in order to compare
the first rendition with the second. However, the criterion
for judging ‘original' or 'mutilated' is external to both
presentations, and influenced by environment and experience.
Thus, the factor of short term memory for musical material,
whilst essential to the task, is not in itself suffiqient to
permit the performance of the task. Hevner's finding that

her tests discriminated well between psychology students and

‘advanced music students is hardly surprising; and McLeish's

high factor loadings do not imply that this kind of test

material is the best for incorporation in a test battery. Of

the Oregon Tests, Shuter writes, "The Oregon Tests have usually

been regarded - as tests of taste and appreciation, as dis-~
tinguished from ear acuity tests. However, ability to per-

ceive the differences between the accepted and distorted

.version is obviously required. Moreover, building up a

listening repertoire of good music with which to compare the
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versions must partly depend on general auditory effiéiency".
In this context, Shuter clearly meant to imply that these
tests were to some extent acuity measures. The main point
however centres around the need for "building up a listening
repertoire of good music with which to compare the versions".

Without such a repertoire, the ability to discriminate

between the versions is no.help at all in performing the
task. This clearly places severe limitations on the circum-
stances in which such a test can be used. In short, thé
Oregon tests inclq@e a strong experiential/environment&bfactOr
which is not linearly independent of the musical factor.

In devising any test material for use in picking out
potential musical ability (musical aptitude), items between
which the intercorrelations are the result of combinatiens
of factors such as appreciation and experience/environment
are best avoided. Guilford writes, "There are a number of
situations in psychological investigations in which specific
and error variances actually contribute to interéorrelations
where théy should not be allowed to do so". In selectiné

items for any test battery it is best therefore not to be
too easily seduced by high factor loadingss The proof of the
pudding lies not in the recipe, but in the eating; and the

proof of a test battery lies not in factor analysis but in
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reliability and validity.

Several definitions of 'musical ability' have been
advanced by different writers. Some of these are of little
help in suggesting ways in which 'musical ability*' might be

measured or gquantified. We can define musical ability as
something which tests of musical ability measure; however.

It then remains to examine certain factorial studies in order
to discover what it is that musical ability tests measure.
Unfortunately, many such studies bring to light various fac-
tors whose nature and definition is no more precise than the
original definitions of musical ability.

Several studies, however, have produced high loadings
on tests of memory; and a few writers have chosen to identify
common factors as being some aspect of memory. Also, the
situations obtaining in by far the greater proporiion of test
batteries are exact parallels of situatioﬁs obtaining in sig-
nal detection experiments; particularly those concerned with
the measurement of recognition memory, which is seen as a
threshold process. The hypothesis that musical ability, as
measured in tests, is in fact a type éf short term'recognition
memory specific to musical or guasi-musical materials, is put
forward. Itremains, therefore, to see if, by manipulating

test material in accordance with the above hypothesis, we can

produce a pilot battery that satisfies certain cfiteria of

reliability and validity.
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SECTION 2.

The Form of .the Present Test, and its evolution.

The Proposed Battery: ‘An Qutline.

The battery of tests proposed here differs in its fund-
amentals from existing types of psychologically orientated
tests, and also from the types of test materiai used by
musicians and music teachers in their selection procedures.
The present battery consists of four sub-tests; Part 1 is
styled melodic memory . The task, as it was first envisaged,
involved listening to a short piece of music (statistically
derived) consisting of perhaps four or five notes, and trying
to hold these in memory. The short tunes were to be followed
by a rather longer piece of tune containing twice as many
notes. The task involved locating the short tune in the
longer one. In general terms it was hoped to make subjects
report (a) whether the short tune occurred in the longer one,
answering "yes" or "no", and (b) make some kind cf judgement
about where the short tune was located within the longer one,
whenever the answer to part (a) was "yes". It was thought
that a task based along these broad lines would involve the
recognition of the overall shape of short tunes, without

placing undue emphasis on any single tone in the material used.
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Part 2 of the test battery is called Pitch Recognition.

This task; in contrast to all existing tests of pitéh,
demands the locating of a previously heard tone in one of
several different sweep fregquency tones. Only one of the
sweep frequency of 'glide' tones would pass through a fre-
guency the same as the tone heard at the start. The emphasis
here is placed on localising a given tone within a brodd band
width; +this contrasting sharply with existing pitch tests
which place a premium on finer types of pitch response, but
do not demand 'localisation' of the same types
Part Three of the test battery is an interval measure, titled
Auditory Transposition. As originally conceiVed, subjects
would be presentéd with two temporally separated tones of
different frequency. They would then be présented with several
more pairs of tones, and asked to pick out which of these
pairs had fhe same tonal separation as the pair first heard. .
In order to obtain a correct answer, subjects would.ﬁave to
respond not to the absolute fregquency of the tones used, but
to the frequency ratio of the two tones used. This ratio can
stay constant, and belrecognisable as a constant interval,
even though the absolute frequencies of the tones in the pairs

compared may be very different.
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The fourth part of the test is a Rhythm Test. This is an
attempt to embody in a single sub-test a complex task which
can give a good indication of rhythmic ability. Basically
the task invélves making a match between a steady metre in
2/4, 3/4, 4/4, or 5{5} and a more or less complex, subdivided
rhythm. This type of task is a very important one in musical
performance, which often demands the reproduction of complex
subdivided rhythmic patterns overlaying a stated or impliéd
steady metre. Patterns of three over four, or two over three
are fairly common examples of this. -

In brief outline, the above formed the basis for the
test battery, though certain of the tasks changed in detail
as a result of preliminary test runs.. It should be noted that
there is no test of consonance (harmony) included, nor any
test that makes use of consonant material. Also, the tests
used are in no way intended to be a total coverage of all
aspects of musical ability; in particular, no account is
taken of motivational factors, which are consideresd beyond
the scope of this battery. Finally, the rhythm test is not
an exhaustive meaﬁs of assessing rhythmic abilities; rhythmic
patterns can be described in terms of émplitude or accent,
temporal spacing of elements, and duration of-elements. The

present test incorporates only the first two of these;
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the omissipn of duration of elements is not serious because,
provided temporal spacing and accent are kept constant, the
basic underlying metre and the imposed complex rhythmic
~pattern remain essentially unchanged even when duration of "
individual elements is altered. On the positive side there
are advantages to using punctate stimuli, not the least of
which is eclarity.

It remains now toldescribe in some.detail the evolution
of these four types of sub—test,'énd the reasons why tests

of this type were chosen in preference to others.

Types of Material Available.

The first fully standardised tests of musical ability
produced in this country were the-tests 6f Musical intelli—
gence devised by Herbert Wing. In assembling his battery he
chose tests of Chord Analysis (how many notes in a chord),
Pitch Change (detecting change *up' or 'down' of d;e of the
tones in two éonseéutive chprds, or no change), Memory
(detecting an dteration of note in a short melody). In
addition to these three tests he also used four more tests
of a rather different nature, in which subjects had to make
value judgements of.bne type or another. These were Rhythmid

Accent (choosing the better rhythmic accent in two @erformances),
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Harmony (judging the more appropriate of two harmonizations),
Intenéity (judging the more appropriate mode of varying
loudness—crescendo, decrescendo, etce. — in two performances
of the same melody), and Phrasing (judging the more appro-
priate phrasing - grouping of notes by pauses, legato and
staccato playing; etc, — in two performances). 'In arriviﬂg
at this particular selection of test material, Wing had
reason to rejedt certain other methods of assessmeﬂt. His
reasons for rejection are of interest, since in some cases
" they apply almost directly to the present studys.

Wing giveé'the following comprehensive list of the types
of tests set by musicians, divided into three categories which

he calls Aural Tests, Paper Work, and Performance. (B. J. P.
Mon. Supp. XXV II, 1948.)

(a) Aural Tests: 1. Intervalse.

2. Chord Analysis.

3+ Cadences.

4. Discord Resolution.

5. Key Changes.

6. Time Pattern Dictation.

T. Dictation using tones:
(i) Melodic Pattern Dictation.
(ii) Harmonic Pattern Dictation.

8. Recognising Music.

9. Memorys.

(b) Paper Work: 10. General Musical Knowledge.
*12, Rhythm.
13. Melcdic Shape.
14. Harmony.
15. PFitness.
16. Creative Ability.

* In the reference quoted above, no item bearing the number 11
appears.
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(¢) Performance: 17. Intensity.

18. Phrasing.

19. Pace (accuracy and variation).

20. Emphasis of a Part - implying
an appreciation of form.

21. Pitch Accuracy - for variable
pitch instruments. (a test
of ability rather than appre-
ciation).

It should be noted initially, that all items in parts
(a) Aural Tests and (c) Performance are in fact applied by
musicians a8 individual rather than group tests. The sucdéss
which is achieved with such methods is perhaps due as. ‘much to
this fact as to the efficiency of the tests themselves.

Wing devised a battery of tests, dealing with almost
all the above types of material and concluded that not all
these 'musicians' tests could be adapted profitably to a more
psychologically oriented test procedure. Some of his reasons
for rejecting certain types of item are sound, and as valid
today as when they were first written. Clearly certain of
the above tests rely on either past musical experience or
acquired knowledge to an extent that makes use in a so-called
culture free test impossible. In the first place one can
discount all'tests demanding answers in the form of musical
code, such as note names, time values, or any aspect of
musical notation. Any person without training in these skills,

or knowledge of the terms used annot hope to do well in the

tests. Even if preliminary instruction in these types of
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things is given thé situation is still unsatisfactory since
differences between scorés could still be accounted for by
the differing degree to which subjects had mastered. the
material. This argument prohibits the use of any type of
musical dictation test, items 6 and 7 in Wing's list; and
also item 5 except under very modified cifbums&ances, since
the concept of ‘'key' is a specifically musical one. and we
cannot simply ask our subjects to indicate when 'a key change
takes place' or similar. Care must also be taken that‘any
items chosen do not favour certain individuals over others
in respect of specifically musical experience, or of more
general home background which in itself can lead to differences
in musical contact or experience. Much care must be exercised
in satisfying this requirement as influences here are much
more ingidious, and almost all types of material will be
influenced at least to some degree by cultural/environmental
influénces. Items 3, 4, 5, 8, 10, 15, 18 and 20 are all
likely to be influenced in ﬁarked degree by these factors,
even if tests are modified to minimise such effects.
'

Item 3, cadences, for example is pa:ticﬁlarly liable to
be affected by learning, especially when subjects areasked
to make judgements about 'completeness' or 'incompleteness!'.

The Lowery cadence and phrase tests have been mentioned in an
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an earlier chapter. Of these tests Shuter says; '"Cadence
tests are difficult to apply to subjects without musical
training owing to the -difficulty of describing them and
because, in any case, two chord cadences present a certain
ambiguity of kéy'. Wing also found these tests unsatisfac-
tory for this reason and also the fact that in his early

" battery he found them too easy; these two facts are admit-
tedly a little difficult to reconcile.

Item 4, discord resolution, is also unsatisfactory.
Early theories of hearing implied that parts of the inner
ear acted simply as natural resonators. 'The ear is a tiny
piano' wrote Mrs. Spencer Curwenf Helmholtz also clearly saw
the basilar membrane as an elastic body which operated after
the fashion of one of his resonators;.....'the sonorous
vibrations of the air in the outer auditory passage are
finally transferred to the membranes of the labyrinth....!
(sensations of Tone, Chapt. VI, Part I) These early theories
led, naturally enough, to certain views on the subject of con-

sonance and dissonance; Hemholtz for instance writes (pp 330)

¥ Mrs. J. Spencer Curwen; Psychology Applied to Music
Teaching. London: J. Curwen & Sons Ltd. (Ko date)

"If the eye is a little camera, the ear is a tiny piano,.

a piano with a keyboard for the air to play upon, with
11,000 strings behind the keyboard, and with a damper to
stop the movement of the strings after they have sounded".
pp 21, Mind and Body.
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'When voices move forward melodically in part music, the
general rule is that they must form consonances with each
_other. For it is only as long as they are consonant, that
there is an uninterrupted fusion of the corresponding aud-
itory sensations. As soon as they are dissonant the indi-
vidual parﬁs mutually disturb each other, and each is a
hindrance té the free motion of the othef. To this esthetic
reason must be added the purely physical consideration, that
consonances cause an agreeable kind of gentle and unifor@
excitement to the ear which is distinguished by its greater
variety from that produced by a single compound tone,.whereas
the sensation caused by intermittent dissonan;es is distress-
ing and exhausting'. One of the more interesting things
about this extract is the impiicit assumption that sounds can
in fact be readily classified, even with complete disregard
to any context, as 'consonant!' of 'dissonant'. Modern views
on the function of the cochlear and the basiiar membrane
suggest that the above are an over-simplification, (von Bekesy,
1960; Whitfield, 1967). Two pieces of expériﬁental evidence
may provide food for thoiight here:- J. H. Dewson (unpublished)
used monkeys in an operant situat;on in which they dbuld hear

two continuous pure tones. They were taught to move a lever
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by which means they could vary the interval between the tones,
a task in which they acquired a certain skill. Attempts were
made to see if the monkeys preferred any intervals over others.
In fact no preferences were shown, and no evidence could be
obtained to suégest that they found so-called 'dissonances?

any more exhausting or distressing than so-called 'consonant!
intervals. The suggestion here is perhaps that the perceptidn
of consonance and dissonance is based on something other than
natural processes at a cochlear level as suggested by Helmholtz.
Also, work by A. Hickman (uhpublished Ph.d. thesis, Manchester)
points to a similar conclusion. In one of his experiments,-
subjects were played various chords and asked to indicate how
many separate tones made up each chord. However, the chords
wére compounded of mixed pure (sine—wave) and compléx tones.
The complex tones were synthesised from phase linked pure
tones, at frequencies identical to the expected natural occur;
rence of fundamental and upper partials. Subjects reported
more tones to be present when the complex tones were used than
when oniy sine wave tones were present. The important point

is that he found his' results unaffected by the synthesising

of tones in which the artificial upper pertials did not corres-
.pond to the natural harmonics of the fundamental. If any part

of the auditory system operated, as far as consonance/dissonance
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is concerned, in the fashion of a free resonating body, then
more tones éhould be heard for the tones with the 'false
harmonics' than for tones compounded from 'true' harmonics.
This did not take place.

In the absence of any convincing evidence that consonaﬁce/ :
dissonance stems from within the system, we must assume that
it comes from outside the system. Iﬁ this case, experiential
and learned factors will have’lan influence. There is musical
evidence to suggest that the concept of consonance is very
much influenced by cultural factors, and the climate of com-
position at various epgchs. The use of natural and flatted
sevenths is common nowadays; also flatted fifths (f sharp in
a'c major'chord for instance) can be regarded as pleasant
harmonic variations._ There are a host of other chord positions
that illustrate this, and even whole chords made up eﬁtirely
of tongs with competing upper partials are acceptable as true
and good examples of harmony. Certainly they are not the dis-
tressing, exhausting experiences tﬁét Helmholtz suggests.‘ In
summary; then, the step from consonénce to dissonance is not
the simple one it might first appear, and can not be a@equately
explained in terms of beats betweén upper pértials. Experience
of, and exposure to, deyeloped types>of harmony leads to

increased !'tolerance' for the new forms, and what was dissonant



yesterday is not so today. Thus any test depending on an
assumed clear—cut distinction between consonance and dis-—
sonance (concord and discord) is unlikely to prove satisfac-
tory, and will be inhefantly culture biased.

Item 5, Key Changes, is unsatisfactory since the con-
cept of key is a purely musical one and non-musicians can be
expected to have only a very podr notion of what key is. We
cannot therefore ask them to indicate when key changes take
pPlace. As already stated preliminary instruction in the
musical terminology is not desirable. Also the concept of
key, bound up intimately with tonality and shifts about tonal
centres is not one that can be taught in five minutes prior
to test administration. Briefly then, many subjects would
certainly be unclear as to what precisely they were supposed
to be looking for. On tests depending upon detection of key
change, Wing writes, 'The test on key change, e¢......gave
resglts which showed a satisfactory scatter and which indicated
that it had promise of being a good diagnostic test. However,
it appeared essential to give a short introductory lesson
which included practice with suitéble examples, before apply-
ing the test, in order to make clear to the listeners exactly
what was required of them. This considerably lessened its

value as a psychological test, and it was therefore rejected'.

(pp 48).
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The implications of testsalong the lines of Number 8,
Recognising Music, are surely very clear. This type of test
can not be viewed in any way as one of ability or aptitude;
but only as a test or measure of past experience. Wing makes
the point tha£ tests of this type 'were found to be particularly
subject to the effect of opportunity'. As further evidence he
points out that little agreement was found between measures of
this type and écores on more satisfactory test material. "He
concludes that they were 'probably inefficient'. (pp 44)

The effects of homé environment upon mugical opportunity have
already been mentioned.

- Much of what has been said about Test No. 8 can be applied
to Test lQ, General Musical Knowledge. Thoﬁgh in some sit-
uations, ‘tests of this type may have undoubted value (as in
assessing previous musical experience) in the present context
they have no place.

The idea of fitness (Item No. 15) is closely bound up
with much that has been gaid already. The making of Jjudge-
ments about the fitness or appropriateness of certain aspects
of a performance implies thatl the person making the judgement

has a background knowledge, based on previous experience,
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against which he can make his judgement. Without such a
background, the situation is meaningless. Any value judge-
ment, if it is to be useful, demands such a store of exper-
iences. .Basically,aktest of this nature merely measures the
correspondence between the subjective views of the testee
and the subjective views of informed judges. The difficulty
here is that the musical Basis upon which the experts make
their judgements is very highly culture specific. What is
'£fit' in BEuropean mﬁsié is not necessarily fit in the music
of ot#er_cuitures. For example, the-We%térn concept of keéy,
or-of cadence, cannot be generalised in any way to Indian
music. The whole concept of tonality in Indian musié is dif-
ferent, such that Western listeners hear the music from an
enfirely different tonal centre than the Indian listener,
(i.e. it is played in a key different to the one we think it
is in). The intervals in the scale (mode) are also different
froﬁ the Western syétem based on the tempered scale. These
are; howéver, extreme differences between the two culture
patﬁerns, and it-hight be argued that such tests could never-
" theless work quite a&equately within a single culture, or
.between cultures with éome moderate degrees of difference.
This also is unlikely to be the case since; . even within a

single culture, there are sub-cultural differences that render
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this type of item still unworkable. Shuter ({géil related

the Wing scores of 189 junior musicians from fhe Royal

Marines School of Music to the socio/economic levsl of the
father's occupations. Musicians whose fathers were rated

as being in the highest social class gained over twice as

many scores in the two top classes of the Wing Tests as those
whose fathers came from the lowest social class. The findings
on this point are by no means unequivocal, but Shuter (1949)

A—’—\_‘,.

. sums up the situation as follows:- '(Rainbow) found that the
correlation between socio-economic status and home envirénment
was about .3. This would confirm the everyday observation
that there is a tendency for musical activity in the‘home'to
be related to socio-~economic status but that highef social
status and a regard for music do not always go together'.

Generally we can safely say that children of parents in higher

social orders stand a better .chance of being exposed to more

satisfying forms of music than children of parents who are
manual workers or similar; perhaps through encouragement to
learn an instrument, devoting funds to the purchase of suitable
-instruments, vigits to theatres or concerts, or participation

in local groups of various types.
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In addition, diffefent people prefer, and are subject
to, many different types of music within our culture. Some
may prefer to listen to classical music, otﬁers to 'pop!
music, other to 'folk' and others to nothing in particular.
This creates great difficulties in the devising of 'fitness'
tests which are equally appropfiate to all forms. 'Y do not
like classical music because it is boring and miserable';
most music teachers must have heard something similar to
that said by their young charges from time to time. Faced
with such a remark we tend to put down the lack of parti;lity
to what we regard as superior forms to lack of sufficient and
proper exposure to, and experience of, such forms. Note,
however, that Herbert Wing writes; 'Jazz music.was not
included, as this would be unlikely to yield examples of
really good harmony,eee.....and would waste the children's
time if they were listening to poor music'. Perhaps we can
put this attitude down to similar reasons. Certainly the
choice of one type of music to the virtual exclusion of all
others cannot be justified in these terms. In this instance,
the author's sense of 'fitness' does not extend beyond the
field of classical music, afd in jﬁdging jazz he suffers
from exactly the problem described above; certainly the
generalisation that jazz contains little, if anything, of

harmonic interest and is generally 'poor' cannot be sub-
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stantiated. The reasons for not using tests of this type
then are twofold. Firstly, there are within any societyl
different sub—cultural groups who can be to some extent
differentiated in terms of musical experience; and secondly,
even within sub-cultural groups different people have dif-
ferent preferences, and opportunities. Thus, without rig-
orous selection procedures we cannot ensure that any sample
of people have a common store of musical experiénces on the
_basis of'whiéh to make value judgements concerning fitness
or appropriateness.

Item 18, Phrasing, cannot be used for many of the reasons
gi&en above. That is, good or bad phrasing, or correct or
incorrect phrasing,is under the influence of subjective
opinion, based on what is normal or.habitual within any cul-
fure. Also, when applied as a group test the situation becomes
almost the same as in items involving fitness. Certainly,
anyoné nét familiar with the type of material used in existiné
tests of this type is at a distinct disadvantage. Note that
Seashore has described the use: of glissando by negro singers.
This is used as an aesthetic ornament; many Western musicians
would tend to regard such slurring of sung notes as slovenly
or in bad taste. Similarly, the conception of what is accept-

able, or even desirable, in traditional jazz, or some other
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type of music, might clash sharply with a classical musician's
conception.

Item 20, Emphasis of a Part, is described as implying an
appreciation of form. Tests involving appreciation, or dis-
crimination between good and bad form, demand previous experi-
ence of analogous situations, or a store of musical experiences
sufficiently large to allow the formation of concepts of good
or bad form. Also, the testing methods advocated by the
present writer are in no way intended to be measures of appre-
ciation, so items of this type cannot be included.

In the light'of the above arguments, only ten types of
item emerge from Wing's original list of 21 ag being suitable
for development in a psychological test battery. These are
items 1 (intervals), 2 (chord analysis), 9 (memory), 12 (rhythm),
13 (melodic shape), 14 (harmony), 16 (creative ability),

17 (intensity), 19 (pace), and 21 (pitch accuracy). There is
a fair correspondence between this short list and the list
from which Wing drew his final test battery. Note, however,
that no test of phrasing is present in the 1list, though tests
of phrasing were used by Wing, and also Lowery (1929); and
that item 1, intervals, is retained even though this test- was
rejected at a _late stage by Wing. It is useful to remember

that in deriving his own short list, Wing did a comprehensive
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testing of all types of musical tests, and:.produced a quantity
of statistical data on the basis of which much of his rejec-

tion procedures were carried out. Altogether, he used twenty—
six different tests in his preliminary survey, and in so doing

provided an invaluable basis for other researchers to work on.

Selection of Items for Use in the Present Battery.

The initial list of 21 types of testing material has
been reduced to ten; mainly on cultural, environmental or
experiential grounds. Statistical evidence on this is provided
by Herbert Wing, and more detailed examples of this will be
given later. However, the restrictions imposed on group tests
in terms of length and time avallable make even a battery of
ten items too long to be workable in the present contekt. It
was thought desirable therefore to reduce further the number
of items since (a) a test utilising all the ten remaining
items would be too long, and (b) there are reasons to suppose
that not all the ten items are completely satisfactory as
potential test material. The reduction in the number of items

took place in the following manner:-
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Briefly, reduction took place on the basis of three

sources of information:

l. Types of item contained in existing tests
and measures, and information on the
derivation of such items.

2. The literature on the psychology of music,
and the more specific literature on the
function of the ear and experimenis in
hearing.

3. A survey carried out by the present writer
on a sample of high grade musicians and
music teachers to find out what musical
abilities they thought most pertinent to
the performance of certain specific
musical tasks.

On the basis of the above, it was thought desirable to elim-
inate certain of the remaining items, and to bring together

certain others which had a degree of redundancy; 1leaving

only items concerned with memory, pitch, interval and rhythm.

The Case Against Harmony and Chord Analysis.

The most striking omission from the present battery when
compared with other batteries is items involving 'harmony',.
or any material using simultaneously prbduced sounds. Reasons
for eschewing anything involving judgements about 'consonance!
or 'digsonance' have already been given, but there are impor-
tant objections to any material using simultaneous sounds even

when subjective judgements about consonance or dissonance are

not called fore.




~64~

The proposed battery of tests is intended primarily for
use in junior schools, that is with children in the age range
of approximately 7 — 11 years. Bearing this particular age
group in mind certain evidence concerning the use of harmonic
material (material using simultaneously produced sounds) is
of particular interest. Wing's tests of appreciation, con-
cerning rhythm, harmony, intensity and pbhrasing have a cer-
tain musical value and use a certain amount of harmonic {
material. On these paris of the tests the scores of children
below the age of 11 do not exceed chancé level, except on the
rhythm'test where chance level is exceeded at age 10 (Shuter,
p 84). This fact clearly stems to great degree from the very
nature of tests of appreciation, and cannot be attributed to
the use of harmonic material. However, there is’ the impli-
cation here that differences between consonance aiid dissonance
are not apparent to most of the children with whom this study
is mainly concerned, since chance scores were not exceeded on
the test of harmony.

On this point, Shuter says, 'It is generally held that
most young children have no great appreciation of harmony,
finding 'every hérmonic accompaniment equally good, whether
consonant or dissonant'. _Valentine, (1962), writes, 'No appre-

ciable preference for concords before discords is discernable
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before the (average) age of 9....'. In other words, the type
of spontanecus musical activity in which children participate
is not characterised by its harmonic content. There are
several studies of the development of musical abilities with
increasing age, all serving to cénfirm that the music making
of young children, whilst contaiﬂing material of rhythmic
interest and melodic interest, is weak in harmony. In the
light of these facts it becomes difficult td justify thé use
of harmonic material in tests for this age group. The fact
that Western music, as written and performed by adults, is
characterised by its harmonic richness perhaps misleads some
writers into thinking thét any test battery must contain a
test of this, and that its omission makes the battery in
soﬁe way incomplete. This is not the view taken here. The
musical development of the young child is well described by
Shuter. Development is broken down into three main_stages
which she calls 'The BEarliest Years® (age beloj 6), 'The
Middle Years of Childhood' (age between 6 and about 10) and
'Musié in Adolescence' (age about 11 or 12 up to adulthood).
Although these stages are not clearly defined, and cannot
be, no mention is made of the development of harmonic skills
in 'The Earliest Years', and only in the second chapter in
order to point out that no great skill iﬁ harmony begins to

appear till the age of about 10 in the normal child.
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The fact that sense of harmony emerges later than other
abilities raises certain other proslems concerned with
experience; 1in particular, why the ability should emerge
so late. It seems unlikely that an ability of this type,
after being absent during the early years, should emerge
at a later stage purely on a develofmental basis. There
is likely to be a éonsiderable cultural influence leading
to the emergence of harmonic abilities. Otherwise, how do
we explain why the type of harmonic dability to emerge is
always of the- type piesent in the sociefy,in guestion.- 4
final poiﬁt here is that children of different nationalities
reared inlthis country find our owh music natural and the
type of music present in their native country often strange;
this is hardly surprising, if one takes the.view that cultural
influences play a major role in musical development.

There are cross—cultural reasons for not including any
harmonic material. The music of young children bears a
resemblance in some vways to the spontaneous muéic making of
primitive peoples. In particular, the use of chants and
simple songs, often produced on the spur of the moment and
linked closely to some activity, seems a feature of children
everywhere. Shuter cites Moorhead an& Pond (The Music of
Young Children) Chant is 'the most primitive musical art

form, for such it is sui generis, to be found among children
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and, indeed, among men in general. It is part of the living

.experience of primitive peoples everywhere ... as a primi-

tive, pagan, unsophisticated musical expression arising from
those things which the child feels instinctively to demand
such expression'.

~The main point being made here is that certain aspects
of so-called 'unskilled! musical performance are common to
many cultures Similarities have been shown betwgen the
primitive music of oﬁr ovn society (e.g. the spontaneous
chants or songs of young children) and similar music in other
sociéties; even though the formalised and developed musicél
forms in those societies are very different from our own
develéped'forms. In-pérticular, certain features of melody
and rhythm'seem to be cross—cultural, both in the societies

characterised by primitive music, and in the primitive music

.of societies with more formally stylised forms. Now, whét-

ever direction later musical development is likely to take

as a result of difference in formal musical styles or con-
ventions, these simple tasks form a basis upon which all

such development takes place. We have here, then, a strong
case for supposing that these are something near to being

the bedrock from which develop all types of musical abilities.

If we wish to make culture free measures of potential musical

development, we must use suéh basic material. Harmony, and
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in particular the Western idea of it, just does not qualify
here.

A cértain amount of evidence exist; showing similarities
between the music of certain cultures, though the range of
cultures from which it is drawn is perhaps not as wide as
one would like. In particular, the so-called primitive music
of many cultures is remarkable for the lack of emphasis placed
on harmony. On the other hand, rhythmic complexity is oftgn
far greater than anything found in Western Music.. The music
of Islam, India arid the Far East all give compardtively little
importancé to harmony. In Indian music, harmony is supplied
only incidentally, by the sympathetic resonance of strings;
there is no structured harmony. Similarly, the ancientt@rééks
used no consonant material; the Greek word "harmonia' from
which our present word is derived, was used simply to imply
a succession of tones, rather than simulténeous 'chords' oxr
similar consonant_material.

In addition to cross—cultural reasons for not using har-
monic material, there are alsoc practical reasonslstemhing
from the physical nature of sound. These raise proBlems
about what kind of answer is really right or wréng in situa-
tions like Wing's or Bentley's chord analysis tests. Briefly

the problem concerns interpretation of subject's responses in
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view of the complex sounds generated by chords which ostensibly
consist of-only two or three notes. Whenever any chord of two
of more notes is played, a number of extra tones, or combin-
ation tones, are produced. Helmholtz describes these tones

as follows:~ "The pitch of a combinational tone is generally
different from that of either of the two generating fones, or
of their harmonic upper partials. In experiments, the com-
binational are.readily distinguished from the uppsr partial
tones, by not being heard when only one generating tone is
sounded, and by appearing simultaneously with the second tone.
Combinational tones are of two kinds. The first class,es...,

. *
I have termed differential tones, because their pitch number

is the difference of the pitch numbers of the generating tones.
The second class of summational tones, (have) their pitch
numbers equal to the sum of the pitch numbers of the generating
tones". These tones are not simply subjective phenomena; - they
really exist and their amplitude can be measured. When the
generafing tones are produced from a source having a constant
output for the duration of each tone, combinational %ones can

often be heard quite distinctly. Such a source would be an

* The pitch number of a note is commonly called the pitch of
the note. By a convenient abbreviation we often write a!
440, meaning the note a' having the pitch number 440; or
say that the pitch of a' is 440 vib. that is, 440 double

vibrations in a second. The second term, frequency, which
I have introduced into the text, as it is much used by
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organ or an electronic signal éenerator. The_situation vis
a-vis combinatiénal tones is less clear Whefe a piano' is
used, as the output from & struck string decays. .This will
be discusseéd in more detail in a later chapter._
The'sitqation is further.complicafe& because chords con-

taining certain intervals, or played in certain positions on
.the piano, seem to coﬁtain more notes than others, even there
"this is not the case. The following extract is taken from
Tepiov, discussing certaih findings of Stumpf, who asked
children how many notes they heard in certéin chords. "Il
suffit_en effet d'avoir quelque habitude du timbre des sons
du piano pour etre en etat de'juger, a partir du seul éritere
~de timbre, si 1'on entend un son unique ou deux. Les enfants,
d'qrdinaire,'suivent precisement cette voie lorsgqu'ls essaient
~ de resoudre le probleme pose par Stumpf. C'est ce que érouvént
tres claireﬁent ies experieﬁces faites avec des enfants du
plus jeune age sous la direction de Stumpf lui-meme. Ces
resultats peuvent etre decrire ainsi: 1'octave est percue le

Continued from overleaf. .
% acousticians, properly represents the number of times that

any periodically recurring event happens in one second of

time, and, applied to double vibrations, it means the same
as pitch number". A. J. Ellis, in The Sensaticns of Tone.
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plus soﬁvent comme un son unique, la quinte comme constituee

de deux sons, et en ce qui concerne la tierce et la seconde
majeures, les enfants les percoivent en general comme con-
étituee de trois sons, la seconde majeure 1l'etant meme assez
souvent comme faite de quatre. Ceci s'observe aussi bien

chez les enfants "tres musiciens" du flus je&ne age que chez
les enfants "peu musiciens" des ages plus avances. Ces
experiences prouvent directement que les enfants repondent

a la question: "Combien entendez~vous de.sons?" en usant

du critere du timbre, et non d'une veritable analyée auditive.
L'analyse auditive ne péut aucunement decouvrir dans un accord
pluﬁ_de sons qu'il n'en existe en fait. Or noué voyoﬁs qqe
dans les secondes et 1e$ltierces majeures les enfants'entendent
generalement plus de deux sons. Visiblement, leurs jugements
n'ont pas.pour objet le nombre des sons distingues par 1'oreille
mais la planitude relative de la sonorite.”

Translation:

It is necessary in fact to have some familiarity ﬁith the
quality (timfre) of the notes of the piano in order to be able
to judge, aside from the single criterion of timbre, if one
hears one sound or two. Children, ordinarily, use precisely
this method when they try to solve the problem set by Stumpf.

It is this which is demonstrated very clearly by the experi-

ments, using very young children, performed by Stumpf. The
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results can be described in‘the following manner: +the octave
is most often heard as a single sound; the fifth as being
composed of two notes; and as for major seconds and thirds,
children usually perceive them as comprising three sounds,

and quite often the major second as comprising four sounds.
Thié is observed as much in younger children who-are "musical"
as in older children who are not so "musical”". These experi-
ments show clearly that children respond to the guestion,

"How many notes do you hear?" by using timbre as their cri-
terion, and not a true auditory analysis. Auditory analysis
could not find more notes in a chord than were really there.
Now we have seen that.with major seconds and thirds children
usually hear more than two sounds. Clearly, their judgements
are not based on the number of sounds distinguishable by the -

ear, but on the relative 'fullness' of the resonance.

This fits in véry well with the findings described on
page 70 suggesting that judgemeﬁts of this type are influ-
enced to great degree by the position and nature of the chordal
items used. The main conclusion from the evidence available
is that whilst existing tests of sensitivity to certain aspects
of chords and.harmony concentrate on the 'How many notes in
this chord' aspect, demanding what Teplov calls "1l'analyse

auditive", most children do not tackle the problem from this
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point -of view, or even hear chords in this way. Rathef, what
they are conscious of in the transition from single sounds to
diads and triads and so on is an.increasing sense of richnesé
or fullness in a single sound; not a group of separate sounds.
It is also clear that this sense of richness or fullness can
be influenced by the choice of material within the chord.
(Note that Bentley writes 'So far then, we have found three
basic musical abilities that we can attempt to measure in
young children - tonal memory, rhythmic memory, and pitch dis-
crimination - and it would appear that thesé'three are indis-—
pensable in any musical operation'. (MasicalAbility in Chil-
dren pp 36) and later (39)) 'we have now proposed three
abilities as basic, elémental, and essential for music making:
tonal memory, rhythmic memory, and pitch discrimination. We
have added, as highly desirable, the ability to analyse
chords'. So, Bentley sees chord analysis as highly desirable,
but not as essential. In view of the fact that-much music
making places no emphasis at all on this aspect, one is temp-
ted to ask what his criteria for desirability are.)

Let us reconsider the situation in a different light;
instead of trying to find out whether subjects can correctly
say how many notes there are in a chord, and marking answers

right or wrong, try instead merely to discover what normal
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untrained people, hear. If we derive our standard or norm
from experiments oriented in this way there can be no doubt
that, for example, a major third seems to have more notes:in
it than an actave. Such an approach demands that we reconsider
our notion .of right and wrong answers. Otherwise, if we per-
sist in the old 6rientation we are merely, to some extent,
picking out those children who use "1'analyse auditive" from
thogse who do not. Needless to say, there are a variety of
reasons why a child might use the analytic rather than the
syncretic method, and these are not necessarily a reliable
guide to nmusical aptitude. Certainly, music teachers when
they use their ear tests (some of which involve chord anal-
ysis) concentrate on the analytic method; the majority of
children without training of this type do not. Thus in
respect of this task, trained and untrained children do not
start on an equal footing.

Brifly, the arguments against chord analysis can be

summarised in the following manner.

l. Children below the age of approximately ten
years have no harmonic 'sense', and do not
perceive the difference between consonance
dissonance. A test using harmonic material

is in danger of selecting in favour of earlier

developers, rather than in favour of a pure

musical criterion.
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- 2 The music of children, and of 'primitive!
peoples places emphasis on rhythm and
melody. Harmony is either incidental or
absent. It is possible therefore that
harmony, and particularly the Western con-
ception of it, iS very much under the
influence of environmental and experiential
factors. The wider distribution throughout
different cultures, and in children's musiec,
of rhythmic and melodic elements suggests
that these are ieSs influenced by specific
musical culture patterns. If the above argu-
ment is true, then any test of 'western' har-
mony demands a degree of past experience of
this type of sound, if it is to be performed
successfully.

3. The normal untrained ear perceives complex
sounds differently from the trained ear. The
perception of complex sounds is also affected
by the nature of the sound source, and by £he_
parts which constitute the complex sounds.
‘The untrained ear, however, is not necessarily

-an unmusical ear.
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On the basis of the -above it was therefore decided not
to include any material of a harmonic nature, or demanding
any type of chord analysis, or any item using consonant
(in the widest sense) material. From our original list of
twenty-one types of test item, we are now reduced to eight.
These are (1) intervals (2) memory (3) rhythm (4) melodic

shape (5) creative ability (6) intensity (7) pace (8) pitch.

Further Reduction of Test Materidl. A Questionnairee.

T#o points have already been made in the introduction:
that an approach demanding the use of material having musical
value would not be adopted here; and that the reactions of
musicians to the type of test material would not be an import-
ant criterion for test selection. However there is no doubt
that in certain circumstances the informed opinions of mus-
icians can be invaluable to an endeavour of this nature.

Before the final selection of test material was ma&e a
short questionnaire was devised to try to obtain certain
information about musicians' assessments of their own partic-
ular skills. Answers were regquired about certain specific
topics central tq the construction of a test battery, certain
less central topics, and some general introspections. A
questionnaire consisting of five short sections was compiled,

each part becoming progressively more open ended. A facsimile

> |
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of the quesfionnaire is to be found overleaf from page T8.
The group of mus{cians chosen to fill in the questionnaire
was selected in accordance with the following needs:-
l. If the findings were to be most valuable, the
sample should comprise only musicians with
the very highest degree of ability.

2. A sample of skilled professional performers

was desirable, as qualifications in music
which did not demand a high level of executive
ability tended to produce a sample with less
uniformly high abilities.

3. It was desirable that the sample be drawn from

a population.with teaching experience, as membérs
of such a sample would not be entirely unused to
the analytic examination of certain musical tasks.
Some degree of bfeaking down a task into certain
simpler eléments is helpful in teaching complex
musical tasks.

The three criteria listed above were met by drawing a. sample
from the teaching staff of several well-kKnown music colleges. Many
of the members of the teaching staff of such colleges 'are full time
orchestral players, particularly in Manchester and London, where

most of the colleges are situated.
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Method.

Letters were'sent to the principals of all the major music
colleges in England and Scotland, briefly describing the area of
the projected work, and the nature of the questionnaire. Strict
anonymity -when refering to contents of individual questionnaires

was guaranteed.



Please complete the following questionnaire in accordance with
the direction printed below. Where an opinion is called for
rather than a factual answer, try to make your answer as objec-
tive as possible, and attempt to avoid any purely personal fac-
tors which might otherwise influence your judgement.

PART I. .
Please supply the following information:-

* Name:

College at which you give
instruction: -

What is your present status as a teacher
at the college?

Instrument on which you give instruction:-

Are you primarily (a) a full-time teacher?
(b) an orchestral or 'performing'
musician, also giying instruction?
(tick whichever appropriate)

PART II. Below are given a series of paired alternatives. Each
pair of alternatives is concerned with some specific musical
ability. You are asked to place a tick opposite one of the alter-
natives in each pair in accordance with the following instructions:-
If you feel that the degree of ability required for the performance
of the musical task in which you specialise is on the whole no
greater than that required for most other musical tasks, tick the
first alternative. ‘If you think that the performance of your
musical task reguires a greater degree of the ability in question
than do most other musical tasks, tick the second alternative. If
you feel that the ability in guestion is not necessary, or is
irrelevant to the performance of your particular musical task, put
a tick in the 'Rejection Box' which you will find after each pair.

TICK:

—§§I;_TT_1 _ HERE -

Good sense of pitch '
Exceptionally good sense of pitch
Reijection Box

Pair 2. l

Good sensitivity to change of intensity
Exceptionally good sensitivity to change of intensity
Rejection Box.

air 3.
Good musical memory
Exceptionally good musical memory
Rejection Box

‘Pair 4. |
Good muscular co-ordination i

Exceptionally good muscular co-ordination.
Rejection Box




Continued.

TICK
‘ HERE
Pair 50 l
Good sense of time and rhythm
Exceptionally good sense of time and rhyt m
Rejection Box

PART ITI. Below is given a list of different specific musical
capacities. Place a tick opposite those which you feel are
necessary for the adequate performance of the musiczl task in
which you specialise.

1. Creative imagination |

2. Above average intellectual level . J, |

3. Musical taste

4. Interest in listening to music,
live or on record

I

5. Emotional response to music

PART IV. Are there any particular physical or bodily character-
istics which help in the performance of your particular musical -
pursuit? (For instance, these might be thin lips, sirong hands,
long fingers or similar). If you do not think there are, write
'NO', for your answer. If you think there are, please state
briefly what you think- these are.

PART V. This section is provided for you to fill in any abili-
ties which you think help in the performance of your musical task,
and which may not have been included in the questionnaire so far.

Sincere thanks for your co-operation.
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The following colleges were approached:-

~ 1. The Trinity College of Music, Mandeville Place,
London, W.l. ] :
2. The London College of Music, Gt. Marlborough
Street, London, W.l.
v 3. Royal Manchester College of Music, Oxford Road,
M/cr 15.
4. Royal Academy of Music, Marylebone Road,
London, N.W.l.
v 5. Northern School of Music, Oxford Road, M/cr 1.
6. Royal College of Music, South Kensington,
London, S.W.7.
v T« Guildhall School of Music and Drama, Victoria
Embankment, London, E.C.4.
8. Birmingham, College of Music.)
9

. Edinburgh, College of Music.) °° reply.

*
From these nine, the following were willing to help in the project:-

The Northern School of Music, the Royal Manchester College of
Music, the Trinity Collegé of Music, and the Guildhall School
of Music and Drama. Thirty copies of the questionnaire were sent
to each of these colleges, except the-Guildhall who requested

forty copies. 115 replies (completed questionnaires) were. -received.

Form of the Questionnaire:- Examination of the two previous pagés
will give‘the general.lay out of the questionnaire. (N.B. Actual
guestionnaires were printed on two sides éf a single sheet.)
Briefly, the main points about the form of the questionnaire are
as follows:- Part one is purely factual, seeking certain infor-

mation about the subject. Part Two calls for subjects opinion

* The reactions of some of the colleges who were unable to give
their assistance are of interest; however these are outside
the scope of this study.
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on five specific aspects of musical performance. Part Three
calls for the subject to select any number of attributes from
"a total of five. Part Four asks about physical attributes,

but there are no specific questions. The final part is entirely
open—-ended and allows the subject to raise any matter not con-
tained within the first four sections of the gquestionnaire.

This form was chosen because the answers to certain specific
questions were requiréd; and it was felt that a series of more
open—-ended questions would allow any other significant frends
of opinion to emerge. The reason why the instructions to Part
qu of the test take the present form are two-fold. Firstly,

it was felt that subjects might be encouraged to theorise at
length if they were asked questions about- general musical per-
formance. It was hoped to reduce the degree of subjectivity in
" which subjects might be inclined to indulge by keeping questions
in this section specific to the musical task in which they
specialised, rather than general. Secondly, it was hoped to
find which musical attributes were general to all musical tasks,
and which specific. By asking for data in this particular form,
any general trends can be found even though for individuals the
questions are task specific. On the other hand, if guestions
had been about some more gereral musical aspect, no specific

data would have been obtainede.
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130 copies of the questionnaire were sent to high grade
music teachers (that is, teachers of executive ability rather
than teachers of history of music or similar) currently on the
staff lists of four high grade music colleges. Numbers sent
and institutions concerned have already been described. 115
completed papers were received back; a few individual items
on the papers were spoiled, s6 N = 115 does not hold true for
all items on the questionnaire. Totals for items are given in

the results.

Results.

The resulfs obtained for Part Two will be given first.
These are described in Fig. i overleaf. Columns show ratings
for pitch, intensity, memory; muscular co-ordination, and timé/
rhythm. Ratings are expressed as fractions of 100%. The shaded
portions show percentage of 'exceptional degree' ratings, un-
shaded portions show percentage of 'good' (ordinary degree)
ratings, and solid block portions show percentage of 'not rele-
vant' ratings. Number of ratings in each column is given at
each column head.

Bear in mind that subjects were asked to indicate whether

an 'ordinary' degree or an 'exceptional' degree of each attribute
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was:- required for the performance of the task in which they

speéialised. Two things are apparent from the data received

on this part of the qﬁestionnaire. A significant-majority'of

subjects rated pitch as being required to a greater degree for

the performance of their specialist task than for the performance

of other specialist tasks. On the other hand, memory seems to

be required to a good degree for all the tasks examined, but

few subjects claimed their task required it to a greater degree

than other tasks. Very few 'not relevant! ratings were obtained.
The table below gives the distribution of results shown in

Figs. 1 - in terﬁs of z - scores, discounting 'not relevant'

responses.
Z — Score.

MEMORY 6.4 | p = 000000002

PITCH 4.7 | p = 0000068

MUSCULAR CO-ORDINATION 3.1 | p = .00194

TIME AND RHYTHM 2 | p = .0456

INTENSITY 2 | p = .8414
TABLE I.

Distribution of 'Good' and 'Exceptional' Responses.

It can be seen from Table X that the distribution of ratings
between 'good degree' and 'exceptional degree!' for memory and

pitch is extremely significant. The distribution for muscular



-83-

co-ordination is also highly significant. . Taken to the nearest %

the distribution of 'not relevant' responses was as followss-

Piteh 1%, Muscular Co-ordination 1%, Time and Rhythm O%,

Memory 4%, and Intensity 12%. By far the greatest percentage

of 'not relevant' responses thus fall in the Intensity sectione.
Part Three: In this section subjects could select, as being

necessary to the performance of their specialist task, ény of

five given alternatives. fhe peréentage of the total subject

pool voting for each alternative is given in the table below.

CREATIVE IMAGINATION 52%'
ABOVE AVERAGE INTELLECTUAL LEVEL - 31%
MUSICAL TASTE 91%

INTEREST IN LISTENING TO MUSIC, LIVE OR ON RECORD| 91%

EMOTIONAL RESPONSE TO MUSIC 79%

Questionnaire, Part 3. Distribution of votes (%)

The relationship of musical aptitude to intelligence and creat-
ivity will be discussed later, but the results above show that

the sample of teachers tested had a certain insight into these

relationshipse.
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Part Four: This section was open—-ended, and results are
shown below. The data can be viewed mést usefully in relation
to the tasks in ﬁhich the different subjects specialisede.
Basically there are three ways of viewing the division between
tasks. From the 115 replies, individual Jjob specialisation was

as follows:~

Piano' ieevesocscncseel?
Timpanieesecceeescecces 8
Violineeeeoeseosesseell
ViolBecssaeacvacesseees 4
'CellOesseecesesesssesll
Double BasSSeerecaesselD
Clarineteececcesescsesell
ObOCscecccscssescscasas D
BaSSOONeeecccasossces b
Flut@eceooecessnnssese 8
Trumpetecescecceccsee 5
TrombONEescescsccccssecs 4
HOrNeosooooososancsee |
VolCCeosasoceacsoecsaeld

These can be grouped as follows into instrumental 'families’'.

STRINGS......Violin
Viola
'Cello .
Double Bass Total 35.

WOODWINGs...sClarinet (single.reeds)
Oboe (double reeds)
Bassoon (double reeds)
Flute - Total 30.

BRASS e ssesesTrumpet
Trombone
Horn Total 16.

OTHERe . o« s+ Timpani
Piano!
Voice Total 34.
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On the basis of the type of overall operation called for in the .
performance of the musical tasks listed, the following general

categories can be formed:-

BLOWING INSTRUMENTS¢«ssecesseClarinet
Oboe
Bassoon
Flute
Trumpet
Trombone
Horn Total 46

SCRAPING INSTRUMENTSesessssesViolin
Viola
'Cello
Double Bass Total 35.

BANGING INSTRUMENTS eeessses.Piano
Timpani Total 20.

OTHEReseoaseesoscnsssssesseeVOice Total 14.
The category 'banging instruments' is less clearly defined than
the others. A quick examination of the above will help in inter-
preting the results which will be presented in accordance with
one of the above systems. Results here provided no surprises,
and were very much what one would expect. Individual subjects
occasionally included material of a bizarre or irrelevant nature,
but the following broad trends emerged:-

Blowing Instruments (N = 46)

97% of subjects specialising in blowing instruments stressed the
importance of sound, even or normal teeth, and normal lip form-
ation. Mention was frequently made of the disadvantages of

abnormally formed top lip, or protruding 'horse' .teeth.

°r



—86-

Scraping Instruments (N = 35)

Over 90% of performers in this category stressed the importance
of both strength and flexibility of hand and more especially
fingers. Approximately half of the subjects stressed the advan-
tage of large hands, and half the advantage of broad but not
necessarily large hands. |

Banging and Other Instruments (N = 34)

No major trend was apparent in this group; perhaps because the
classification here is less homogeneous than the previous ones.
In general pianists suggested the following:— 30% large hand
or good span, with gtrong fingers. 40% no particular size of
hand necessary as 'skill develops to suit the individual type'.
Timpanists generally gave no special requirements, but 33% stressed
strong supple wrists and good co-ordination of arm merments.
Voice specialists (80%) stressed, fairly unanimously, the import-
ance of good breathing apparatus, and 'good, well formed larynx'.
Within the category 'blowing instruments'-differences weré
apparent between the requirements for brass and woodwind players.
These centred around'finger and hand movement. Normally formed
hands and fingers, of average strength were listed in some way
by all woodwind players. Brass players made no mention of hand
or fingers. The fingering on the woodwind instruments is gen-
erally muéh more complicated than on brass instruments; wood-

wind instruments call for a unigue position of keys for each
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note; brass instruments demand combinations, none of which
are unique or specific to any one note, on (usually) three

. 3 T
valves only. Also, brass fingering involves only one hand;

woodwind both.

Part FPour: This part was completely open-ended. Certain sub-
jects uséd this section for brief exposition of personal theories
or- bias, and much material was not usaﬁle. 41% of subjects made
no answer in this part of the questionnaire. However, of those
supplying answers to this section 30% stressed that no account
had been taken in the questionnaire of various motivational fac-—
‘tors. Words actually used by the subjects often included
'dedication', 'application' or 'devotion'. In these results,

all such answers were taken as beng motivationally orientated.
Other points Weré raised by small groups of musicians, which
were of interest but not sufficiently well-represented to provide

any significant trend.

* Certain brass instruments, like the modern horn, may have
four or even five valves. However, two of these are
primarily for key change operations, and are often used
in an open or closed position for long periods. '
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Conclusionse.

Any conclusions drawn from the féregoing results must be
of a tentative nature. Although the overall sample size was
115, the numbers specialising in different specific musical
tasks is rather small. However, the questionnaire was intended
only as a poiﬁter in the selection of types of materizl to be
included in the proposed test battery.

Part Two of the questionnaire yielded the most interesting
results. The number of 'exceptional' votes given to the five
attributes placed them in the following order; 1. Pitch.

2. Muscular co-ordination. 3. Time and rhytlm. 4. Intensity.
5. Memory. The vital role of pitch in all musical tasks is

thus confirmed by the results. Since all existing batteries
also include some kind of pitch test we would have ihe greatest
confidence in including some test of this nature. The results
concerning memory are rather strange. Although 80% of subjects
rated it as necessary to a good degree, only 16% thought it
necessary in the 'exceptional' degree. This result was not
anticipated. The 1§w number of 'irrelevant' responses suggests
that all the attributes included were of some importance at leastf

In Part Three of the questionnaire, the percegtage of the
total subject pool voting for each alternative has already been
given. The most interesting results here are those for creative

imagination and intellectual level. Of the five alternatives,
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these two received the fewest number of votes, suggesting that
subjects had made to some extent a realistic assessment of the
relationship between these and musical ability. The relation-
ghip between creativity and scores on perceptual tests of
musical ability, and I.Q. and musical ability scores will be
discussed in more detail later (Sections 4 and 5 ); studies
have shoﬁn that the relationship with I.Q. is generally between
«3 and .35. A study of mqsical creativity and scores on a per-
ceptual test suggest that a similar low correlation exists here.
On thé open-ended sections (parts four and five) any con-
clusions drawn must be of a very general nature, and are ﬁore
appropriate as guides in selecting suitable musical tasks for
certain individuals than for selection of test material. These

results are discussed later.

Discussion.

The questionnaire.was sent out during the early stages of
the investigation, before any conclusions about type of material
had been reached. It is necessary to point out initially that
much of the material obtained from the questionnaire turned out
to be redundant at a later stage. Part Two was the only section
which had any direct influence on choice of items for a percep-

tual test; +the remaining parts provided information which has
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value primarily from the point of view of guidance and selec-
tion of instrument. (Noble, 1964, Lamp, C. J. and Keys, Ny
1935)

Part Two of the qﬁestionnaire contaiﬁed four items which
could be used in a battery of perceptual tests (viz. time and
rhythm, memory, intensity, and pitch). Muscular co-ordination
was also included as at the time it was hoped to devise a simple
test of motor skills to supplement the perceptual material.

This attempt was later abandoned, though the high rating given

to this aspect by the musicians suggests that such a test would
be most useful. The central position taken by pitch in all
musical activities has been stressed by many workers. By far

the greater proportion of the extant test material contains some
measure of pitch. There are a few exceptions (Madison, Gordon
and Drake). This is hardly surprising as music consists, apart'
from rhythmic elements, of structures compounded from noises
which differ from one another in frequency, i.e. pitch. Exist-
ing tests also suggest the importance of rhythm and some form

of musical memory. On the other hand, the importance of inten-
sity has, with the main exception of Seashore, not been stressed.
In view of the above we might anticipate that in any questionpaire
type survey these things would be reflected. In fact, pitch doeé

receive the highest rating, followed by (of the perceptual items)
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rhythm, and then intensity. Memory scores very low, which was
not anticipated. We would have expected that the relative
positions of memory and intensity woula be reversed. There
a?e reasons why memory scored so low, based on certain inade-
quacies in the gquestionnaire.

The concept of memory, when applied to music, is very gen-
eral; and insufficient information was given on the questionnaire
as to the precise meaning of 'musical memory' in the present con-
text. The sample chosen to fill in the guestionnaire consisted
entirely of 'performing' musicians; of these, 68% were primarily
orchestral musicians also involved.in giving instruction. It
seems probable that for many of these peopie, musical memory
meant the capacity to 'memorise' and play 'by heart' certain
passages of classical music. In general, the only musicians
required to do this are solo performers. The ordinary orchestral
player always has his music to guide him. It f&llows therefore
that "memory' of this type is not requiréd in exceptional degree
by the majority of players. This situation was reflected in the
answers of a small number of subjects who wrote footnotes to the
memory question stressing that memory was more important for solo
performance than for general orchestral work. One violinist in
particular wrote, at the very end of the questionnaire, "About
prlaying from memory, memorizing. Shouldn't memory be listed

separately from memorizing?". Clearly, in this instance the




musicians' concept of 'musical memory' was not the one intended
in the question, and the dilemma is crystallised in the above
quotation. Generally, the two types may be distinguished as
follows. The musician is apt to interpret 'musical memory' as
the capacity to reproduce with complete accuracy lengthy passéges
of classical music upon a certain instrument, in the absence of
any written parts. 'Musical memory' as uséd in the questionnaire

referred to a far less complex task; namely the ability to hold

in short term memory the general, overall characteristics of
short musical extracts, such as would enable a person to make
comparative judgements about two similar, but not identical,

: ext?acts, played one after the other. No type of physical re-
production is involved or implied here, least of-all any re-
pfoduction demanding memory to perfection of long pieces of
written music or intricate series of complex executive movements.
The typé of musical memory intended in the questionnaire is des-
cribed in the following manner by Bentley; "In order to make
‘accurate response to melody, a child must be able to perceive,
and then retain in memory for at least a short period of time,

a given order of pitch intervals and note lengthsees.... When he
can remember these in sufficient detail to identify a change in
the melody, he has reached a stage of analysis". It is suggested
therefore that the unexpectedly low rating given to 'memory' is

due in considerable part to the fact that the above definitions
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were not made apparent in the questionnaire.
Results for the remaining parts of the questionnaire are

self ekplanatory and no further discussion is included here.

Final Selection of Test Items.

We have a short list of eight types of item wﬁich merit
further coﬁsideration for inclusion in the test battery. These
are: 1l. Intervals; 2. Memory; 3. Rhythm; 4. Melodic Shape;
5. Creative Ability; 6. Infensify; 7. Pace; 8. Pitch.

It has béen stated (page 73) that Bentley saw as indis-
pensable tonal memory, rhythmic memory, and pitch discrimination. .-
The importance of some pitéh measure has been stressed by other |
writers also, and most tests include a measure of this type.

The questionnaire confirms that musicians also regard this type
of ability as being very important. Without the concept of pitch,
any kind of melodic development is impossible in music, and we
are left'with only a bare rhythmic skeleton. In short, pitch
variation is what turns rh&thms or time patterns into tunes.

Some type of pitch measure is therefore selected with the utmost

confidence as an essential part of any proposed test battery.
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Acgording to Bentley, some type of rhythmic measure and
some sort of tonal measure are also necessary. However, -in
Bentley's system these two are inextricably tied up with
memory. All three aspects remain in the short list, but memory
is postulated here as a separate entity. More needs to be éaid
therefore about the relationship between.éertain spacific
musical capacities and 'memory', either general or specifice.

On the basis of observation of children's musical behaviour,
and a certain amount of experimeptal data, Bentley makes a dis-
tinction between two types of musical nfemory, one 6f which is-
specific to tonal material .amd one to rhythmié material. This
distinction is reflected in his test battery: and no other
battery makes the same distinction. WMost indeéa have a separate
'memory’' section. Ben£ley'é distinction is a valid one, but
does not unfortunately suggest any basically new approach to
problems of measurement for the following feasons. Consider
some of the existing test batteries; Seashore used tests of
memory in which a subject had to detect a change 6f one note
in two consecutivé playings of a tonal sequence, and rhythm
tests in which subjec%s had to make comparisons of two tapped
time patterns on a 'same' or 'different! basis. Wing included
a memory test demanding detection of change of a single tone

in two consecutive playings. The Kwalwasser-Dykema uses rhythm
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tests of, again, two rhythmic patterns demanding 'same{ or
'different' response. Whistler and Thorpe devised tests

called Melody Recognition and Rhythm Recognition. What form

do they take? Once again the comparison of pairs of identical
or almost identical pairs of stimuli calling for the response
'same' or 'different'. This 'comparison of pairs' method-is
very common in the test material available. Now consider the
Bentley Tests. Eis 'Tonal Memory' items use the 'comparison

of pairs' method, and so d6 his 'Rhythmic Memory' tests, though
thesé include a counting element as well. The distinction
between two types of musical memory is merely reflected in
Bentley's system as a change of name. Examination in detail

of the material contained in the systems mentioned above will
show.that writers have almost always tended to refer to what
Bentley calls 'tonal memory' as simply memory; and 'rhythmic
memory' as simply rhythm. Thus Bentley's atfempt to break down

the memory aspect into two parts unfortunately does not lead to

~any major rethinking with regard to test construction.

On the distinction between tonal memory and rhythmic memory,
Bentley writes the following: "Memory for melody, then,is an
ability that develops at an eariy age; and this ability can be
measured. When we come to devise means of measu?ing this ability

we recall that the two fundamental characteristics of melody that
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make one tune distonguishable from any other tune are the
tonal and rhythmic aspects. We also note that the errors
of detail that we fipd children spontaneously corrscting in
fhei: performances are errors in both tonal configuration
and in rhythm. The rhythmic aspect frequently seemns to cause
less trouble than the tonal; but when the rhythm is right
children concentrate entirely for the moment on the tonal
aspect. Similarly, when the tonal aspect is right they devote
their whole attention to the rhythmic correction. They dis-
tinguish these two aspects, and deal with them separately."
"This would seem to indicate that separate measurements
should be made for these two essential and distinct aspects
of memory for melody". Although the distinction has perhaps
never been made in.thiS-form before, a great many existing
tests do in fact ﬁeasure these two 'distinct aspects' though
under a different name.

The above discussion provides an insight into certain prob-
lems associated with musical memory in the present context, as
follows: Bentley showed £hat in solving problems of melody and
rhythm two types of memory were distinguishable. No mention is
made of memory in the chord analysis or pitch tests, and yet
these also involve a degree of memory. The problem centres

around types of memory which are postulated as being either
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(a) specific in some deéree to certain types of musical task or
(b) more general. The very nature of perceptual group tests
ensures that these two are often inextricably bound together.
Bentley has produced evidence showing differences in memory for
melody And foxr rhythm. Evidence is also given in a 1éter sec~
th31(s90£ﬂn1 5 ), showing that memory for rhythmic patterns
can be differentiated from memory for other types of material.
In the-testing situation however, the very nature of the test
means that all its parfs demaﬁd short term memory; the sub-
ject hears sometﬁing and has to store it in order to make a
comparison with what he hears next. In fact the memory com-
ponents stressed by Bentley are not the only ones present in
the testing situation. Tests such as Bentley's pitch test
demand storage of the first stimulus tone in order 1o compare
the second with it. Similarly for Wing's Pitch Change Test.
Even chord anglysis as envisaged by Bentley and Wing demands
storage of the“ﬁarmonic material while the analytic process
takes place. (The point has already been made that if a sub-
ject responds to the.overall sound in a non-analytic manner,
his answer is 1ikgly to be in errors) The point being made
here is that all aspects are in fact memory tests of some kind
in that storage and then recall of materidl, of different types,

is demanded. And by saying that certain types of memory are

specific we mean simply that people store different types of
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material with different degrees of accuracy.
In the present thesis, the relationship between 'memory
factors' and musical ability is envisaged as being rather

special, and the following section is devoted to this:-

'Memory'! and Musical Ability.

In this section it is proposed only to givé-the very bar-
est outlirie of a theory af musical ability baéed almost en-
tirely on certain memory factors, namely processes of encoding
and deco&ing, and recall, of certain types of material. Con-
‘siderable space is.given to é discussion of this topic in
séctionr 3 , where it is more appropriately situated. We have'_
stated thaﬁ all the test material availéble callé for the stor-
age in short term memory, and manipulation of, certain tyfes of
material. The implication hefe is that what is being measured
in these tests is just this ability (i.e. sto;age and manip-
ulation) and that what is meant by musical ability, as far as
tests are concerned, is just these things. It has been hypo-
thesised earlier that this in fact comes close to being a useful
ana operational definition of musical ability in more general
terms, but this discussion need not concern us here. If we
accept that éll fhe existing test material is concerned basically

with memory processes vis a vis certain types of material, it
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becomes clear that to give certain tests the.title of siﬁpij
'Memory' in an all inclusive manner, and to describe fhe
other tests as though they'wére measures of sométhing else
is illogical. Similarly, to-.devise tests of 'Melodic Memory'
or_'RhythmiétMemory', and then to compiete the battery with
the implipit assunption that memory is somehow not pertinent
in the remaining items, is also illogica}. It also follows,
if we accept the argument, that in devising test material we
can manipulate the order of difficulty by altering the ease
with which material can be remembered; that is by altering
the length, and the codability, of items. (The effects of
manipuldting these variables is described in Section 3.)

On the impliecit understanding, then, that all test items
proposed-heré are regarded as being measures of coding and
recall processes, all items proposed will simply be given the
name of the specific musical task in which context these pro-
cesses are being assessed. No separate 'memory! test can be
proposed as it permeates all items used;‘ the test relating
to coding/decoding and recall for pitch méterial will simply

be called 'Pitch', and so on.
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On the basis of the above, item (2) on the short list,
memory, can be discarded; not because it is irrelevant, but
because it is central to all material used, (e.g. Wing's
'memory' test, for instance, would probably be referred to as
'melody' in the present system, since it measures memory for
melodic material).

Many of thg existing test batteries use some type of test
of melodic material. The Wing 'memory' tests have &ready been
described; Seashore also used the method involving two nearly
similar playings, but his materizl was selected 'to form no
melodic line'. (But what differentiateé a 'melodic' from an
funmelodic' line is not_clear.) Kwalwasser-Dykema (tonal
memory), Gaston (melodic memory), also used a similar method
of assesément. When_discussimg children's music and the
variables by which it ié characterised, thé prominent role of
melody was stressed. Also, the stromg role of meiody extends
to many cultures, and is a world-wide feature of music. These
points have already been made in detail. On the basis of the

-above, some test of melody was selected with confidence as being

an essential part of the proposed test battery. From the short
list of eight tYpes of material, 'pitch' and 'melodic shape®
have thus far been selected, and 'memomy' has Eeen deleted for
the. . reasons given in the previous paragraph. The remaining

items are (1) intervals (3) rhythm (5) creative ability
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(6) intensity (7) pace.

The central role of rhythm from a cross-cultural point
of view has also.been stressed. Many existing test batteries
include some test of certain aspects of rhythmic abilitiese
Together with melody, rhythm is. one of the foundation stones
on which all tunes, from the simplest to the most complex, are
built. Thackffy's studies have indicated that rhythmic abili- -
ties are complex, as reflected in his battery of seven dif-
-ferent tests of rhythmic aptitudes. Though the present lmttery
could not absorb such a detailed examination due to pressure

on time for administration, some test of basic rhythmic cap-

acities is necessary, and the one finally chosen here is one
not included in the Thackray battery.

Creative ability is unsuitable as test material. Though
studies of creativity can be scientifically orientated, the
major problem of criteria remains unsolved. What in fact is
musically creative and what non-creative? Eithef we have to
assume that something else is a reliable indicator of creat-
ivity, such as number or uniqueness (Getzels and Jackson,-l962;
Wallach and éﬁgan, 1965) of responses, or take note of informed
opinion as to what is creative. The other major problem in the
field of musical creativity arises out of the need for subjects
to have some familiarity with musical material in order to be

able to manipulate it and display their creative talents.
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Details are given in a later section of certain exyperiments

in devising tests of musical creativity; one of the findings
from these was that scores on the creative tests did not
correlate highly with scores using the t&pes of perceptual

test material so far described. It would seem therefore that
creativity,.as measured by certain types of test, is an entirely
different‘k'ind of ability from the abilities measured by the
other test material so far proposed. It is not therefore suit-
able for inclusion in the present- battery.

Of the remaining items, intensity and pace are also re-
Jected as unsatisfactory. Ihteﬁsity has been used as a measure
by some Workers, most hotably by Seashore. Wing also used a
" test of intensity, as an appreciation measure, (i.e. "Judging
the more appropriate mode of varying loudness..;.. in two per-
formances of the same melody"). These two approaches illustrate
perfectly the dilemma arising from the use of tests of intensity.
In the first place, Seashore's fest, which takes intensity out
of the musical context, requires subjects to state which of two
‘buzzer noises ('first' or 'second') is the louder. This approach -
has been justly criticised on the grounds that it is a purely
psychophysical test and has little.to do with musical ability.
This is reflected in'thenlow validit& of this item. (First Ver-
sion, validity of intensity test .13, with music grades and

: —~

teacher's ratings. In the data on the revised versionf-valéde

.
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data available only for Pitch, Rhythm and Tonal Memory. Cete—ze_
Validity for other items described as 'questionable'. Shuter,
Appendix 1, p 281). A general conclusion would be that this
approach is a test of sensory capacity rather than musical
ability. On the other hand, Wing's approach is equally un-
suitable for inclusion in the proposed battery. In the musical
situation, variation of intensity takes place in a purely aes-
thetic manner. Sensitivity to changes of intensity in a bsyché—
physical sense is not nearly so important as when and how the
changes are made; but when and how changes are mades is very

much a stylistic consideration, influenced by certain conveﬁtions.
Any test of dynamics (intensity) in the musical situation is

based on these considerations and can only be a test of appre-.
ciation, depending oﬁ the familiarity of the subject with thé
conventions.

A closer examination of the role of intensity in music will
help to clarify the situation. Variations of intengity are used
primarily to convey emotional states in music. Typically, loud
passages ténd perhaps to confey anger, or ebullience or more
overt emotional states; quiet passages convey sadness, wistful-
ness and so on. The actual changes in intensity, in terms of
sound pressure, are however readily'discernable. If any part

of this eludes the listener, it is the subtlety in the use of
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intensity change and not the actual change itself which is
almost invariably well within his physiological capacity.
Below, is reproduced a table showing the minimum perceptible
change in intensity level of pure tones as a function offre—

quency. (Fletcher, 1953).

o
&
& %
R~ N
S 2

o
3 b h
oo "
e § \\ \g s
2 N ¥
8 o 4 : >~ 4
;2 S 4 TNl il)!
A 0 e Qh e
g 8 g 2 KN; T nd

o - —~ =
g 50 ~NATH 2 [ THHH— ' L TH
o H o] 1 : — f-
Sad % = — 513
al — —
= oeH A OM 700 1000 10000

Frequency in Cycles per Second.

Numbers on curves indicate level above thfeshold.

It will be noted that sensitivity depends on the frequency of
the tones, and that sensitivity is greatest around 3,000 c.p.s.;
also, there is a aifferential effect of level above absolute
threshold (usually taken as .0002 dynes per sq. cm.) Note that

under the most unfavourable condition (i.e. 40 c.pe.s. 5d. b.
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above threshold) the minimum perceptible change is 8d. b.

A table gi%ing the intensity ranges of various musical
instruments under controlled conditions is given below, and
serves for interésting comparison (Olson, H. F., 1967), with

the previous figure (page 104).

Violin |
Contra |Bass
Pigno

Guitiar

Organ |
lute | ’
Clarinet y

Saxopljone
Oboe o
Bassogn
Harmonica it
Trumpét i
Tuba
Male Vbice
Female Voice
Kettle |Drum
Bass Dxum
Snare Jirum
Cymbal

0 20 40 60 80 100 120

The intensity ranges for various musical instruments
at a distance of 10 feet. O decibels = 0.000204 dyne
per square centimeter, or 10 - 16 watt per square
centimeter.
Unfortunately no really reliable data is available on the
range of intensities, measured at the ear-drum, produced in

various musical performances. There can be no doubt, however,



-106-

that the intensity differences which are used in music to give
certain artistic effects are greatly in excéss of the figures
given for minimum perceptible change. For example, in a 'normal
room' with no individual sound sources discerﬁéﬁle (such that
the room would be regarded as 'silent' in a non-scientific sense)
a sound level meter would probably register between 30 and 40
decibels. The sound. of a piece of paper dropped in such a room
would register an increase of somethiﬁg in the order of 12 4.b.
-K?t. from the meter. From the graphs given on page 105 we can

observe that for sound level of 40 d.b., the minimum perceptible
change in decibels is between 2 and 3. Measurement of threshold
sensitivity isvlikely to be unreliable as a guide to musical ability
therefore. The low validity of Seashore's intensity test confirms his.

Finally on this point we may note the following, from Seashore:
"There are two measures which are basic to all dynamic* aspects of
tone, sensitivity and discrimination. The first is the measure of
the natural capacity of the ear for becoming aware of sounds; the
second is a measure of the cépacity of the ear for hearing dif-
ferences and, therefore, the power to use the ear in a‘musically
significant way dynamically, that is, to assign musical meaning
t0o loudness characteristics'". Seashore's test is based.on this
premise, with the resulting difficulties described above. The
¥ In the musical context the meaning of *'dynamic' is quite

specific, and refers to any variation in intensity. 1In

such written music, there are indications about the loud-

ness or softness of particular phrases or passages. These
indications are known as the 'dynamics".
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fact is that we can now see that measuring "the capacity of
the ear for hearing differences" does not imply, as Seashore
suggesté, that we can say anything about the ability "+to
assign musical meaning to loudness characteristics". On the
other hand the approach of Wing produces tests of appreciation
rather than aptitude, with difficulties described earlier.

( pages 13, 56 - 57).

Pace was rejected on the grounds that as an ability it was
insufficiently central as a component of musical ability to
merit its inclusion in a test battery where tiﬁe and space
were at a premium. Also, pace is essentially a temporal-element
and as such can be regarded as an aspect of rhythm. It has
already been stated that the rhythm test finally derived in
this work is not intended to be an eiﬁaustive coverage of rhyth-
mic abilities.. A comprehensive battery of rhythm tests has been
devised by Thackray (1969). In this battery the notion of pace
is referred to as 'tempo'. Pairs of stimuli are presented and
subjects are asked to indicate whether the 'tempo' of the paired
items is the same, or if not, which one was quicker. In a fac-
tor analysis of the tests he devised, Thackray found that the
most satisfactory test to use, where maximum predictability was
required from the use of only one type of test, was one in which

the subject was asked to reproduce the rhythmic pattern from a

piece of heard music. This is hardly surprising since a task




-108-

of this nature is complex and to some extent involves all the
separate tasks .in his battery. However, the use of melodic
material in tests of rhythmic ability has certain drawbacks;

these are discussed in Sectionr 3 , when the proposed rhythmic
test is discussed in detail. It is interesting to note that in

a paper given by Thackray to the Annual B.P.S. meeting, Education
Section (Music), September, 1968, he described 'Tests of Rhythmic
Ability'. This differed in some respects from the battery des-
cribed in Music Education Research Papers Number 4 (Novello, 1969);
no test of 'tempo' was described, and a test of 'steadiness' was
included, which does not appear 'in the latter.

Conclusions from the above, @ far as the production of rhyth-
mic test material is concerned, are that where it is possible to
use only a single test then best results will be obtained from
items of a complex rather than a simple nature. The exact nature
of various rhythmic tasks will be discussed later, but in con-
clusion we can say that it is desirable to devise a test demanding
the appérception of several variables including pace or *tempo'.
In the present battery, this is achieved by produciné tasks
demanding a type of pattern recognition in which the subject has
to extract and compare information from two different types of
source. No test of this type is contained in the Thackray Tests

of Rhythmic Aptitude.

y
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In summafy, examination of certéin existing data leads to
the conclusion that in the present battery no separate test of
pace is warranted. It is possible nevertheless to devise rhythm
tests of such a nature that good predictive value can be obtained
from test material of a complex nature. Unfortunately no validity
data is yet available for the Thackray Tests, but the nature of
the items suggests that coﬁplex tasks will have higher validity
than the simpler ones included in ﬁis batterye.

The single remaining item from the original short list is
interval.. In the development of his test_béttery, Herbert ﬁing
tried two interval tests, one in Whiéh subjects -had to name the
intervals, and one in which two intervals were played and a 'same/
different' type of answer was required. Of these two tests he
writes (selection of the most suitable items, pp 44 - 45), "The
test on stating the names of intervals,+......, Zave.-a high cor-
relation with the total scores, but that on comparing intervals,....
which was desighed as an easier variant of the same asﬁect, showed
very little agreement". The first of the two forms, clearly is
unsatisfactory since formal musical knowledge of interval names
is demanded. The second form Wing rejected because average scores
were so low as to exceed guessing level on only four items. It
was also shown that in the performance of these tests musical
subjects often gave the wrong answer due to an inability to con-

sider the two stimﬁlus intervals independently, and instead they
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-6ften compared 6ne of the intervals with the interval between
the two paired stimuli*. Similar difficulties are reported

by Heinlein, H. (1925) in.a study of the Seashore Consonance
Test. Tests of interval discrimination were also used in a
test battery -by Méﬁison (1942). Separate studies showed relia-
bility of .74; .76, and .84.

Notwitﬁgtanding the difficulties that musical subjects
found in understanding the nature of the task in Wing's interval
tests, Wing also wrote, "When the subject was told to analyse
the first_interval ana then the second, and finally to write
down whether the two were the same or different, the musician
was undoubtedly superior to. the unmusical person in this task"e.
In other words, the tests discriminated betwegn 'musicians' and
'unmusical persons"but the discrimination was based, at least

to some extent, on formal musical knoﬁlédge needed for the 'analysis'

* Tt has heen pointed out that much test material has been
devised from the point of view of the musician. Of the
problem described here, Wing writes, "When the subject
was told to analyse the first interval,. and then the
second, ‘and finally write down whether the two were the
same or different, the musician was undoubtedly superior
to the unmusical person in this task. However, this is
a departure from the normal habits of the musician in
listening to music. Obviously, any test which penalizes
the subject who follows good habits of listening.to music
must be-discarded". This passage is a logical outcome
of "..... the standwint of this investigation is nearer
that of the musician than that of the physiciste....", but
illustrates the dangers of such an approach. If we select
all our items so that they accord nicely with 'the subject
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of the items. It will be argued here that it is possible to
arrange an interval measure in such a way that no formal
analysis is necessary, so that untutored but not necessarily
unmusicgl persons are enabled to score highly on the tests;
and to arrange instructions so that musicians are quite clear
as to what is required.

The evidence from previous studies is not sufficient there-
fore to rule out the possibility of devising workable tests of
interval. There are reasons to suggest that an interval measure
is an essential component of any test of musiéal aptitude. The
manner in which interval material has been used in previous test
batteries can be viewed as an extension of harmonic test material.
In the present study, it is an extension of melody. This dif-
ference arises out of the fact that in previous batteries the -
sounds comprising the intervals have been played simultaneously,
in the form of a chord. In the proposed battery the sounds com-
prising the interval are played separately, one after the other.

Whereas the first approach presents interval as an element of

% Continued from overleaf.

who follows good habits of listening' we penalise the person
who does not listen. Clearly, we do not want to select
against the person who has an experiential advantage; but
we must not select for him either. The fairest way of doing
this is to select material with which he is as unfamiliar as
the person without any experiential advantage.
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harmony, the second presents it as an element of melody. We
have already examined the reasons for not using any harmonic
material; and described how, in Stumpf's experiments, the
number of notes heard in a diad depends on the interval bet-
ween the constitﬁents. It is clearly meaningless to ask per=-
sons to compare the differences between intervals when the
normal ear hears different numbers of tones in the different
intervals. (The experimenter is in effect asking 'how far
apart are these two notes' when the subject hears perhaps three
or four tones.) Also, 'l'analyse auditive' is called for when-
ever subjects are asked to attend to individual tones in com=
plex harmonic structures. We have also noted how there is no
cross—cultural basis for harmonic material, and how it is a
feature absent from the music of children in their spontaneous
music making. (Thése arguments are expounded in detail on
pages 63 - 76) .The above.arguments do not apply when interval
is taken as an element of melody. To distinguish it from pre-
vious treatments of interval, the present interval measure will

be referred to as ‘auditory transposition'. The importance of

a test of '"melodic shape' has already been stressed. Any 'melodic
shape' is characterised by tones of certain-frequency (pitch)
situated at different points of the frequency spectrum, that is

notes separated by intervals. There may or may not be a rhythmic
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element, but a test of this has already been included. It is
important %o show that interval is something different from
melodic shape and pitch, however, if redundancy is to be
avoidedf This difference can most easily be grasped if we
look at these three 'tonal' abilities (as distinct from rhyth-
mic) iﬁ the following manner. To perform pitch tests we have
to listen to a standard frequency, store this at least for a
short time, and be able to respond by recognising tones of the
same frequency when they next occur. This also implies that we
can tell when subsequent. tones are of a different frequency.
Melody or melodic shape calls for a response to a series of
different pitches, and involves the storage, at least for a
short time, of. the relative frequencies of the constituent
tones. Note, however, that absolute accuracy with individual
tones is not essential, nor even aesthetically desirable.
Provided the main relationships are graéped, the melodic shape
can be said to have been retained. Interval, or 'Auditory
Transposition', is not a measure of retention of individual
tones, nor a measure of retention of longer series of overall
relationships. It involves storage and recognition on the

basis of the frequency ratio of two tones.

It is true that we can describe any fragment of melody in

terms of the intervals between the constituent tones; a melody
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(apart from any rhythmic aspecté) éan be viewed as a succession
of intervals. It might appear therefore that by proposing a test
of interval we are merely dupliéating the 'melodic shape' test
on a more elemental level. There is evidence to show that per-
ception of interval is quite different from percepfion of melody,
however. Firstly, memory for melodic shape seems to be quite
different from memory for intervals. .Exferiments by the writer
have shown that in testing memgry for melodic material, provided
that the degree of randomness or organisation of the melodic
material is kept constant, then_longer passages are more dif-
ficult to remember than shorter passages. With progressive
shortening of items, more accurate responses are obtained, until
the material has been shortened down to two notes only. An
increase in difficulty is observed when this stage is reached.
This is not due simply to key change faotors either. Subjects
can recognise tunes ﬁhey know regardless of what key they hear
it in.. The memory is for the pattern of relationships and not
specific to the key in which they first heard the material. Thus
most people can récognise 'God Save the Queen' regardless of

stérting note, even though they will almost always have heard
it in the key of G major. Memory for interval then cannot be
explained as simply a form of memory for very short bits of mel-

odic material. Teplov distinguishes two aspects in the correct
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perception of melodic material (as distinct from melodic shape)
which are: 1l. +that in which all that is perceived is "la
courbe melodique", that is to say that the only thing perceived
and stored correctly is the direction of movement of the con-
stituent sounds, "ia succession des montées et des descentes”.
2. not only the direction of movement is perceived and retained
correctly, but also the actual size of the interval steps.
Meissner performed experiments with 700 children aged 8 - 14
years. They were asked to reproduce a melodic extract which
they had never heard before, after a single presentation. Of
those who failed to reproduce correctly (Whiéh was the majority)
over 50% correctly reproduced the 'meiodib shape', that is what
Teplov describes as "la courbe melodique", but failed in the
accurate reproduction of the intervais. (Meissner, 1914) The
difference between perception of melodic shépe and interval has
also been shown by Brehmer (1925), and Stern (1927). Gesell and
Ilg (1943) also reported how children aged 3 years could repro-
duce whole songs recognisably, though not in pitch (i.e. the
intervéls were not rendered correctly). It seems from the.avail-
able evidence that the correct perception and retention of com-—
piete melodic material hinges first of all on a grasp of the
general shape of the melody, and a later stage when the exact

separations of the various intervals are perceived and retained.
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If we accept the importance of melody in music, and wish

to devise satisfactory tests then both aspects mentioned above

(melodic shapé and intérval) must be included, since the absence

of either will hinder the development of general melodic sense.

On the basis of the above evidence it was concluded that a

test of interval was an essential part of any proposed test

battery.

-Prom the final short list the items selected as most essen-

tial are:-

1.
2.
3.
4.

Pitch.
Melody.
Rhythm.
Interval.

All othér items have been examined and rejected on the grounds

that they were unsuitable, or if suitable not sufficiently

important to warrant inclusion in a test battery of limited

length.
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SECTION 3.

Development of Test Materiale.

Some Additional Considerations in Test Construction.

Regardless of whether one takes the 'atomistic' or the
'unitary' view, one can observe that musical ability manifests
itself in a great many ways; and no single act can be said to
be the total manifestation of musical ability since all demand
some degree of specialisation. Three broad categories of musical
behaviour are commonly cited (Wing, Bentley and Seashore all make
the same categorisation). These are listening (in a "musicall
fashion), performing, and composing. Bentley says, "The person
who composes music may be safely regarded as musical, even if
there are differences of opinien about the quality of his com-
positions. The performer who never composes may also be safely
regarded as musical, although in a different way; he recreates
in sound the ideas the composer has imaged ahd recorded in the
score by means of visual symbols. The listener who neither
composes nor performs may also be a musical person; for the
composers ideas, recreated in sound by the performer, still have
no meaning until they have been heard and understood by the
attentive listener".

"All three, composer, performer and attentive listener,
are 'musical'; all three possess characteristics that dis-

> -
tinguish them from those who neither compose, nor perform, nor
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listen to music".

Generally speaking, writers agree that the composer possesses
the highest degree of musical ability, followed by the performer,
and lastly the attentive listener. The above implies that there
.are differences of some kind between the three types of musical
person.. Clearly there is a difference between performing skill
and composing skill. The position of the attentive listener is
less clear cut, though listening is a basic requirement for all
musical development. However, it is not the differences between
these three types of musical activity which are important; the
most striking things are the similarities. It is suggested here
that the 'complexity' of 'musical ability' stems in no way from-
the variety of gross musical tasks available, but from the rela-
tively few psyéhological tasks which are common to musical activ-
ities of all kinds. ‘'Musical ability', whatever it may be, is
essentially a mental ability; and its complexity stems only
from the variety of purely mental processes involved. (For
instance, the muscular. co-ordination necessary for handling a
violin bow is only pertinent to the development of violin play-
ing, and nét directly to the development of musical ability,
except through facilitation.) In other words, given fhat a com-—
poger ha; a very high degree of ‘'musical ability', the best per-

former will be the one who, in addition to perfect technique,
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has the same musical abilities as the composer. Similarly the
listener who is able to 'appreciate'! and 'understand' a piece’
of music will possess the same mental musical abilities as the
performer and the composer, though perhaps to a lesser degree.
Note-that almost without exception, all performers cén.and do

e

compose to some extent, most composers perform, and all are
S

attentive listeners. From this we may conclude that the dif-
ferences of kind between them stem not from differences in the
type of musical abilities, but from differences in skills
resulting from specialisation.
This view ig directly opposed to Seashore's statement,
"As we have seen, musical talent is not one but a group of
hierarchies of talent. The musical person may be distinguished
in voice, in instrumental performance, in musical appreciation,
or in composition; each of these is an independent field in
which one may gain eminence without giving evidence of marked
ability in the others". If such a view were wholly tenable, to
use any single battery of tests of musical ability for assess~
ment of general musical potential would be impossibls. It is
the fact that the mental abilities underlying various musical
tasks are broadly similar that makes 'musical ability' measurable.
Mﬁsicai ability manifests itself in a variety of behavioural
and mental responses. Each separate type of behaviourai response

depends on a combination of acquired skill and natural aptitude,
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which combine to produce a certain ability level in the per-
formance of that response. These responses can bé categorised
on the basis of the operations necessary for their adequate
performance. However, ifaparticular mental response is, in

a particular case, deficient to a significant degree, we can
éay with some confidence that 'musical ability' will not be
present to a high degree. By this, we meén only that the absence
of the particular mental ability may prohibit to some extent
the adequate performance of musical tasks which are the truest
evidence for musical ability, since a minimum level of pro-
ficiency in that task is essential to the performance of the
complex musical task as a whole. In measuring these things,
however, we need not concern ourselves with the problem of
whether 'musical ability' is in fact greater than the sum of
the parts, requiring that it be pbstulated as a separate entity
permeating all the individual parts; or whether it is merely

a term to describe the suﬁ of the parts. If sampling certain
qf the parts gives a useful guide in terms of some misical cri-
terion} then the study of the parts is all that is necessary.
It is not necessary to put all one's eggs in the same basket,
and follow either the atomism of Seashore or the unitarianisﬁ

of Wing, in order to draw up a test battery.
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NATURE OF THE TEST MATERIAL.

Meny existing test batteries use material of an exclusively
musical nature. The argument against this approach is, briefly,
that questions or problems based on formally musical ﬁateriél
are influenced by the subject's familiarity with such material.
Herbert Wing writes of his own tests, "....the standpoint of
this investigation is nearer that of the musician than that of
the physiciste...". He also stresses that any proposed tests
"must be acceptable in their basic principles to musicians",
and makes tﬁe point that tests which do not have intrinsic
musical value are unlikely to be adopted by music teachers.

This point of view is not the one taken in the present study.
The researcher in this field must have a completely free hand,
at least in the initial stages, to produce test material with
validity and reliability as the only ends in view. Possible
lines of investigation must not.be passeﬁ over simply because
music teachers find the items dull or uninteresting, or because
they do not find a certain type of analysis attractive. Note
also that, from the point of view of testing, there is no reason
for supposing that tests of musical ability or aptitude should
ﬁecessarily be composed of musical material. Anastasi writes,
(1961), "It shéuld be noted in this connection that the test
items need not resemble closely the behaviour the test is to

predict. It is only necessafy that an empirical correspondence
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be demonstrated between the two". And later, "It is entirely
possible, for example, to devise a test for predicting how weil
an individual can learn French before he has even begun the
study of French. Such a test would involve a sample of the
types of behaviour requirea to learn the new language, but
would in itself presuppose no knowledge of French. It could
then be said that this test measures the individuals '"capacity"
or "potentiality" for .learning French".

Compare the above with Mursell's statement, '"Only the
observations of the gubject in various musical situations are
a guide fo the degree to which talent is present”.

In this context, we might make a comparison between tests
of musicali"potential" and Anastasi's suggested test of French
"potential". The futility of measuring potential for learning
French by presenting a subject with a test, all the items of
which are in French, is easily seen.

There is no attempt, therefore,.in the present study, to
produce items with any musical value whatsoever. Since the use
of such material carries a heavy penalty in the form of experi-
ential or environmental. bias, it was decided that nc such mat-
erial be used here; +the material used is best described as
guasi-musical.

The problem of medium of presentation also presents itself.

Two broad methods are available for the production of musical
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sounds; one can use orchestral instruments or recordings of
them; or electrénic means of production can be employed.
There aré several facts suggesting that the electronic method
is likely to prove most satisfactory.

Teplov, reporting on experiments by Meissner (1914) and
by Stumpf (1883) shows that familiarity with the 'timbre' or
tone quality of the pianoforte is a crucial factor in the per-
formance of certain tasks, particularly chord analysis tests
of the type later devised by Wing. All instruments have a
characteristic tone quality (timbre), and the person familiar
with fhis sound is at a distinct advantage. (Teplov) In
addition to such cultural considerations, there are other as- -
pects of using musical instruments, and particularly instruments
like the piano', which make them unsuitable for the présent
purpose.

The sound response produced by a piano is deéigned to give
the most aesthetically pleasing sound, rather than the purest
or most 'simple' one. To this end the hammers are so arranged

that they strike the strings, on the majority of instruments,

at a point about one seventhuof the length of the siring from
the end. Harmonics are produéed in a certain arrangement by

this means; in particular the first twq inharmonic partials
disappear (Helmholtz). These are the seventh and ninth partials.

The seventh approximates to a minor seventh, and the ninth to
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a major second, relative to the prime (fundamental). Clearly,
other inharmonic partials do occur above the ninth partial,
but these becomé progressively fainter, so that their overall .
-effect on the nature of the sound may be considered negligible.
The -following diagram shows the mode of occurrence of the par-
tials, for a tone containing all partials. The first ten par-
tials only are given, as any remaining ones are likely to be
very weak. The fundamental is given as a 'C' one octave below

middle 'C'.
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The above shows all harmonics from a struck string, up to the
number ten. In pianos, the string is_so sounded that certain
partials are weakened so ag to be virtually absent, in the
following manner. When a string is struck, partial tones are
produced by wave fofms set up within different sections of fhe
stfing;' however, all those wave forms will be damped ﬁhich |
have.nodes at the point at which the string is struck. This

is because the string is displaced at a .point at which it would
have to remain stafionary if certain wave-forms were to be pro-
duced. By striking the string at a point one seventh of its
length, the sevénth’harmonic, formed from vibrating sections

one seventh the length of the string, is effectively damped out.
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The ninth partial is also considerably weakened. (Seventh

and ninth partials are in brackets in the above diagram) The
described arrangement of harmohics gives the piano its charac-
teristic sound. In a similar way, all other instruments of

the orchestra have their own individual sounds by virtue of a
unique arrangement of harmonics; and the final !'tone colour®
of the instrument is a product of the arrangement of harmonics
and also their relative intensities. In the case of the piano,
for éiample,-the upper partials can be rendered more, or less,
powerfﬁl by using harder or softer hammers. Note also that the
relative intensities of the various harmonics are not constant
throughout the freqﬁency range of the instrument. For example,’
.a bassoon playing 'C' 523 c.p.s. has 87% of its energy in the
first partial. For the note 'E' 163 c.p.s. there is no energy
in the first partial (i.e. this note ha; no produced fundamental)
but the third partial has 87% of the energy. In the piano this
situatioﬁ is further complicated by the fact that every note is
represented by a different set of strings,_and there are three
strings per note. There is no guarantee that the response
characferistiqs of all the strings are the same; and taking .
into account changes of material and of diameter, this is most

unlikely.
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The main point is that all. these instruments produce
sounds which are compounded from different tones. The fact
that these are phase-linked does not guarantee that a single
percept will result in the case of a particular subject. Con-
versely, where tones are not phase-linked, there is no guaran-
tee that a single percept will not be heard. Helmholtz (1885)
showed that with practice it was possible to hear particular
partials in phaseflinked musical sounds, (in the case of tones
of very low frequency, such as those produced by a drum, the
pitch of the fundamental can often only be inferred from the
harmonics) and Stumpf (1898) showed how chords (sounds composed
of several non-phase-linked tones) could be perceived as single
percepts. The above obserﬁations are clearly relevant to any
musical testing procedure, and particularly for tests of har-
mony or consonance. For example, consider the case where three
tﬁnes are struck on the piano', and the subject is asked to say
how many notes are pregent. (We have already noted how choice
of constituent tones influences a subject's judgements) The
test constructor makes the decision that 'three' is the correct
answer, because he has played three notes. In fact, if we
viewed 6n an oscillascope the wave form that results from his
pressing down of three piano' keys, we could well find that
upvwards of thirty tones were present. By using pure (sine-wave)

tones in this situation the number of tones present can be
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drastically reduced. In fact, we can never reach the sit--
uation where only three tones are present, since difference
tones, aural harmonics, summational tones, and sounds due to
sympathetic resonance in the testing room, can never be elim-
inated in a group-testing situation. They can nevertheless
be reduced by using sine-wave tones.

Two reasons for not using musical instruments have been
put forward. Namely, that subjects familiar with the sound of
the instrument used have an advantage over those who are un-
familiar with the sound. By using sine-wave tones we use a
sound with which both musical and unmusical groups are unfamiliar.
There is no reason for supposing that musical children are, in
the main, any more familiar with sine-wave than unmusical chil-
dren. Secondly, the number of partials present in the complex
utones of musical instruments raises problems of measurement in
chord-analysis and pitch experiments (vhere a subject might
match a tone with one of the stronger partials). In these sit-
uations, it is impossible to be sure whether the response cri-
terion of the subject is the one intended by the experimenter.

A much more important consideration with respect to complex
tones is that a subject's ability to perform certain tasks is
a function of the complexity of the sounds used (Slawson, A. W.,
1968; Schouten, J. F., 1968). Studies have been performed

showing that, with complexity held constant, complex tones are
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_more easily matched than sinusoidal tones; and that octave
errors are very common when two different types.pf periodic
complex sbunds are matched. (Ritsma, 1966) The upper partials
of complex tones provide extra cues that are not present. in
'sinusoids, which makeé them easier to match proQided they are
both of the same complexity. Where tones are of different com-
plexity, matching is more difficult. A series of experiments
was performed by the present writer in aﬁ attempf to clarify

thig situation in relation to 'musical' and "non-musical' groups.

Experiments in Pitch Matching.

Introduction.

In view of certain evidence on the effects of '"timbre' on
pitch judgements, it was desirable-that the exact influence of
'timbre' in certain relevant situations be investigated. Many
existing test batteries have 'timbre' as a largely uncontrolled
variable. For gxample, the use of pianos in pitch matching
experiments means that the 'timbre! of the different tones
presented to the subject is constantly changing.

In addition to measuring the effects of changes of 'timbre',
it was proposed to compare the performance of 'musical' and non-
musical"groups in certain pitqh matchiné situations, to find

whether it was possible to discriminate between groups by these .
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Finally, a method was devised by whichi all subjects could.
attempt matching on a simple instrument, so that the influence
of such a 'personalised' means of tone production could be

investigated.

Preliminary Considerations.

For the purposes of the following, it is essential that
the difference between "pitch' and 'frequency' be clearly
understood, as the two are in no way synonymous. - Pitch is the
entirely subjective impression of 'highness' or 'lowness!
experienced by a person attending to a tons. Frequency is an
objective measure of the peribdicity of a tone. Although as a
general rule we can say that increases in frequeﬁcy result ih the
subjective experience of inereasing 'highness' in pitch, the rela-
tionship is in no way simple. Egual increases in fregquency do
not result in equal pitch jﬁmps, but in successively smaller and
smaller pitch jumps. Other things being constant, a doubling
of the frequency results in a pitch jump of one octave. Thus,
to move from a tone with the pitch A, the standard frequency
of which is 220 cycles per second, to a tone of pitch A, 440
cycles per second, requires a jump of 220 c.p.s. (Herz) To
move from A to A , a jump of a further octave, requi&es an

increase in frequency not of a further 220 herz, but of 440 herz,
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since the standard frequency of A' is 880 herz. Fréquency ié
therefore, from the point of view of the physicist, a logarith-
mic function of pitch. This relationship of frequency to pitch
is liable to considerable distortion in certain circumstances:
in the testing situation, and it is vital that all such influ-
ences be controlled.

The relationship between pitch and frequency is liable to
disruption whenever there are changes in intensity (amplitude).
The effects of amplitude on subjective'pitch'have been described
by étevens and Davis, who produced a table of equal-pitch con-
tours showing apparent change in pitch as a function of change
of amplitude. (N.B. 'Loudness' is the subjective experience
resulting from the amplitude of a tone. A change of amplitude,
which is an objective meésure, results in a subjective change in
Noudness'. The relationship between loudness and amplitude, and
loudness and frequency, will be discussed later.) The table of

equal pitch contours is reproduced oveérleaf.
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"Contours showing how pitch changes with intensity. The per-
centage change in frequency necessary to keep the pitch of a
tone constant in the face of a given change in intensity can

be taken as a measure of the effect of intensity upon pitch.
Pitch in this case is the parameter, as indicated by the numbers
attached to the curves. The ordinate scale was arbitrarily

chosen so that a contour with a positive slope shows that pitch

increases with intensity". .(After Stevens, Introductory
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Acoustics, Van Norstrand, N.Y., 1933)

The graph is intended to show that "fof low tones, the
- pitch decreases with intensity, but, for high tones, the pitch
increases with intensity". (The left hand axi; on the graph
is, in the opinion of the writer, incorrect, and taken at face
value mekes the graph uninterpretable. In a later article, in
the Journal Acous. Soc. Amer., 1935, Stevens presents basically |
.the same graph but with a different vertical axis, which is
more meaningful. Basically, the axis should show that for the
lowest intensity levels there is very little distortion of
apparent frequency (pitch), but that distortion is pfogressively
greater as intensity increases. On the right hand axis, the
writer has added a different set of figures, based on Stevens
later article, which it is believed makes the graph under-

standable.) Basically, then, an increase of intensity (ampli-

tude) makes high notes sound higher, and low notes sound lower.
There is also an interaction between signal intensity and sub-
Jjects judgements about the duration of auditory stimuli.
(Tanner, Patton and Atkinson, 1966)
In the testing situation it is important that the inter-
action of amplitude and apparent frequency (pitch) be controlled.
(Cohen, A., 1961) Similar effects are observed in the relation-
ship of loudness to amplitude. (Steveng and Davis; Fletcher, H.

1935) Stevens and Davis write of this function, "In general,
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the lower the freqﬁency'the more rapidly does loudness grow as

a function of intensity, at least for intensities below the

10C db level. Thus a tenfold (20-db) increase in the intensity

. of tones whose loudness is 0.l sone produces,.in a 50-cycle

tone, a two-hundredfold increase in loudness, but only an eleven-
fold increase in a 1000-cycle tone'". There i a similar type

of relationship between loudneés and frequency. Fletcher and
Munsen (1937) produced a graph of equal—lbudness ccntours, fof
tones of various loudness levels (in phons), as a function of
frequency. In general terms, it can be said that with amplitude
held constant, very low or very high tones soﬁnd subjectively .
less loud than tones in the middle of the frequency range. From
the graphs it would appear that the greatest loudness level is
experienced with tones qf from about 500 c.p.s. to about 5000
é.p.s. There is fairly rapid fall off in loudness below and
above this range. The apparent attenuation outside this range
_is greater for louder tones; for tones 10 to 15 d;p. abcve
threshold there is an almost.linear relationship. ‘A more general
coverage of the phenomena associated with the subjective percep-~

tion of pitch is given by Ward, W. D. (1954).




Aims of the Experiments.

There were three main aims. These were, firstly, to show
the effects of differential timbre on various pitch matching
tasks;_ secondly to demonstrate what differences, if any, were
apparent in pitch matching experiments involving a variable
pitch whistle as opposed to the more orthodox function generatof,
(audio-oscillator); and thirdly to show what differences, if
any, existed between musical and non-musical groups, in the per- -

formance of the above tasks.

Pilot Study.
Method:

A pilot study was carried out initially, which though un-
satisfactory in certain respects, suggested ways‘of carrying out
the main experiments. The pilot study was basically an attempt
to relate ability to match tones from an audio oscillator, with
either a variable pitch whisfle, or by singing, to various fac~-
tors of home environment as meaéured on an ad ﬁsc questionnaire.

Details of the equipment used in the pilot study are given below:-

Variable pitch whistle.

This was constructed from two close fitting lengths of brass

tube, which formed a variabie length pipe, and a cheap, plastic
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recorder purchased from a branch of Woolworths. Basically,
construction consisted of cutting the brass tube tc a suitable
length, (to glve the required "lowest"-note), and inserting

this by means of an adaptor into the sawn off mouthpiece of

the recorder. A cork was inserted into.the top end of the

inner tube to produce a stopped pipe. Finally, a screw acted

as a limit-stop at the top end of the range, since it was found
that pushing the inner tuBe in to its fullest extent produced
undesirable harmonics, especially on overblowing. A description
of the operation of stopped and open pipes can be found in The
Sensations of Tone, Helmholtz, 1877 (2nd English Ed. 1954). The
resulting 'instrument' is similar to the 'Swannee Whistle',

devised many years ago and now difficult to obtain. A diagram

_\;T______. Recorder mouthpieces.

is given below:-

Fipple 5
hole.
.——J
A Variable-Pitch
Ea____———— Corke.
Limit o+
stop.




The subject blows gently into the mouthpiece, and can alter the
pitch of the note by sliding the inner tube in (to increase
frequency) or out (to decrease fregquency). The frequency range
of‘;he whistle was from ébout 500 ce.p.s. up to about 1200 c.p.s.
There were very slight variations with individual performers,
causing variations in this range of no more than a semitone;

the range was over one octave, from approximately B up tolbz.

Electronic Apparatus.

In the pilot stud&@}this was very simple, éonsisting of an
Advance Type J-2 audio—oséillater, a single telephone type head-
phone, and a 10" Stentorian double-cone loudspeaker in a suitable
cabinet. There was a simple switching mechanism. A diagram is

given below:-

Speaker.
. Headphone.
3 Pole Switch.
N\ ©

Audio Oscillator.

Apparatus for Pilot Pitch-Matching Experiment.

Using the above apparatus it was proposed to relate pitch matching
(on a variable pitch whistle, and vocally), to standard sine-wave

tones from an audio-oscillator, to scores on a questionnaire on

musical background.
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Procedure.

The experiment was conducted in a normal office type roome
Background noise registered 30 to 35 d.b. during periods of no
sigﬁél (registered on a Dawe battery operated transitor sound-
level meter, type 1400E; fast response, 'normal' weighting).

The subject and the experimenter sat on opposite sides of a
table. Qhe dial oflthe oscillator faced the experimenter and
the speaker faced the subject.

Initially, the subject was allowed a few moments to accus-
tom himself to the sound, and to the mode of operation, of the
whistle. Experimental procedure was then as follows: A stimulus
tone was pfesented for ten seconds. (Timing was by a stopwatch.)

Subjects had been insiructed, upon cessation of the tone, to

attempt to match the tone with a tone of the same pitch by using
the whistle. This procedure was repeated nine times. In the
nine trials, thfee stimulus tones were used, presented in random
order. Following this a further nine trials were givenwhich
necessitated the subject matching by singing tones. qu the
'vocal! part of the test, the subject was initially gsked to
sing or hum (whichever he found easier) a tone which he could_
'comfortably‘produce; the three”test tones were then given about
the tone produced, and were simple 'doh, me, soh' intervals,

using the initially sung tone as the third.

N
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Subjects.
These were undergraduate students, from a variety of dis-
ciplines. Two groups were used:
(1) An unselected group of 20, comprising

eight females and 12 males.

(2) A group selected for its 'musicality!',
using membership of the music department,
or a high degree.of executive skill in
classical performance as qriteria.
This group comprised 10 suﬁjects, 6 male
and 4 female. .
All subjects were given the identical testing procedure; follow-

ing which they were asked to complete a guestionnaire.

Questionnaire.

This was concerned with the musical background of the sub-
jects, and involved questions on musical behaviour, concert
attendancé, preferences, past training, and certain specifically
musical questions concerning time signatures and key signatures.
The questionnaire was very lengthy. An arbitrary scoring system

was used. ’ s
. S‘--1I"J
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Measuring Technique.

Subjects responses on the pitch matching task were measured
in an unsatisfactory way, though the achieved accuracy was later
shown to be quite high. The subject produced tones on the whistle
whiqh were attempts to duplicate standards of 600, 750, and 950
¢c.pes. These tones were chosen as being well Wifhin the range
of the whistle, yet leaving room for considerable error. They
were not harmopically related. The experimenter measured the
frequeﬁcy of the 'sung' or 'whistled' sounds by means of the ear-
phone. With the switch in a left hand position it was possible
to hear the subject's response in the uncovered (non-earphone)
ear, and the oscillator in the other, via the earphone. The sub-
ject's tone was 'tracked' by E on the oscillator, and matched by
beats. On the 'singing' section, octave errors were scored cor-
rect; on the whistle, octave errors were possible only on the
600 c.p.s. tone. (These were very rare in all cases.) The main
criticisms here are the uncontrolled background noise, lack of
control of amplitude by E in making the measurements, lack of

control over the subject's distance from the speaker, and the

fact that errors were not quantified but judged merely 'right!

or 'wrong'.
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Results.

It is not proposed:here to give any detailed account of
the findings, since more detailed studies are described later;
and also the experimental design was not entirely satisfactory,

as indicated above. The main findings were as follows:—

(1) When matching on both the whistle, and with
the voice, the musical group scored sig—
nificantly more hits than the unselected

group.

(2) No relationship was found between question-
naire and matching scores for the unselected

gTroupe.

(3) No relationship was found between question-

naire and matching scores for the musical group.

(4) When both groups were analysed together, there
were éignificant differences between question-
naire scores for the two groups. Since the
questionnaire confounded factors of.formal
leafning, musical habits, and environmental
conditions, this finding cannot be interpreted

in any meaningful way.
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{5) Those subjects with high scores on the

whistle scbred high scores on singing
-also. Ability to match by singing, however,

did not necessarily imply the ability to vle e
match on the whistle. This is probably T
because subjects were more familiar with

the timbre of their own voices than with

the timbre pf the whistle; and certain sub-

jects were unable to isolate the variable of

pitch from a novel sound stimulus which.dif-

fered in timbre and frequency from the standard

tone.

Conclusions.

In the two pitch masking.tasks, it appeared that music
students were superior as a group to a group of unselected stud-
ents, though individuals in the unselected group obtained high
scores. It also appeared that the change from whistle to %oice
was more easlly made by the music students than by the others,
though the small numbers make this only a tentative conclusion.

It is interesting that ﬁo relationship was found bétween matching
scores and questionnaire scores for the unselected group, but
this méy have been due to the over—complex nature of the question-

naire. On this point, follow-up studies were performed by Davies
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and Jackson (1967, unpublished report), in which musicai atti-
tudes and social environment were examined, and Davies and
Billings (1968, unpublished report), in which musical behaviour
and the presence of 'circumstances favourable to musical develop-
ment' were examined. Neither of these minor studies showed any
relationship between the musical and environmental variables.
Both studies involved administration of questionnaires to samples
of 50, and 150, college students respeétively. The reason why

no relationship was found is almost certainly a function of the
sample used. By selecting college students, we are in effect
selecting subjects from a.very restricted social bracket. Bergel
(1962); Kahl (1953) and Mui]_igan (1952) all show that a high
degree of restriction exists in the way in which.different social
classes are represented in universities and colleges. A study

by Davies (unpublished dissertation, 1966) showed a relationship
between musical behaviour and scores on a standardised test of
musicality, however.

.The findings from the above pilot study suggest that more
detailed comparison of musical and non-musical groups in various
pitch matching situations might shed light on differences in the
ways in which the two groups deal with pitch material. Also,
the need for more rigid controls over the s%imulus stiuation is

apparent if conclusions are to be ahything more than tentative.
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The failure of. the present guestionnaire, and the need for
deriving standards of reliability and validity coupled to the
computation of accurate loadings, (which are necessary if any
questionnaire is to be used with confidence) led to the aband-

onment of any further questionnaire studies in this context.

First Pitch Experiment.

This follows on direcfly from the pilot study, and is an
attempt to obtain meaningful, quantitative data from pitch
matching situations, Many workers, (e.g. Béké;y, Ritsma, Stevens,
Guttman, et al.) have performed matching experiments of various
kinds. A general finding is that complex tones are more easily
matched than sine wave (pure) tones. The relative ease of match-
ing complex sounds is attributed to the greater harmonic rich-
ness, the upper partials being a guide to matching which is not
present (except for aural harmonics:- see Aural Harmonics and
Combination Tones, Stevens and Davis, Hearing, p. 184) when pure
tones are used. Ritsma, R. J. (1966) and Schouten, J. F.,
Ritsma, R. J. and Lopes Cardozo, B. (1962) showed that pitch
matchings between a periodic pomplex sound and a pure tone are
difficult. It ﬁas hoped to investigate further the effects of
matching tones of similar, or of different complexity; and also
to find out if the responses of musicians diffgred in any way

from the responses of an unselected sample.
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The wider aim of these experiments, namely, to provide a
basis for the construction ofva group testing battery in
'classroom’ coﬁditions, should be born in mind. This aim was
a primary consideration in the choice of the type of auditory
experiments to be performed. No threshold tests oflthe type
performed by Stevens (1947), von Békésy (1960), Guttman (1962,
1963, 1965) et.al., were performed here. The reasons why per-
ipheral threshold measurements are inapt in musical testing

“have been discussed earlier. Also, no tests of perfect pitch,
in any form, were included. For discussion of perfect pitch

and its various forms, see Neu, D. M. (1947), Bachem, A. (1948),
Boggs, L. P. (1907), Mull, H. K. (1925) (this study showed that
people could be trained in the acquisition of pérfect pitch),
.Weddell, C. H. (1941), Though in the past, the possession of
vrerfect pitch was regarded as being important in the development
of musical skills, this is not the modern view. A sense of
relative pitch is regardéd as being more important. Although

a great many musicians, especially those with early musical train- -
ing, seem to pdssess perfect_pitch of one form or another,(ﬁachem
(1940)% and e#ceptionally musical children possess absolute pitch
in a majority of cases;(Teplov (1966), it is by no means indis-
pensible in the deVelopment of an ear -for music (Teplov). Shuter

also concludes that "the possession of absolute bitch ig not a
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‘necessary component of a high degree of musical talent". Music
teachers of the very highest calibre (Dame Ida Carroll, Principal,
Northern School of Music; Ronald Wright, Senior Clarinet Tutor,

" Northern School of Music; Sidney Fell, Professor of Claéinet,
Réyal College of Music, Manchester; Edgar Hunt, Trinity College
of Music), in personal communications, have stressed jhe import-
ance of relative pitch as opposed to perfect or absolute pitch.
Perfect (absolute) pitch is thus regarded as being outside the |

scope of this study.

Method.

It was proposed to measure the pitch-matching abilities
of musical and non-musical groups. Pitch matching would be to
standard tones which were pure; +the matching being carried out
under two condifions, namely with either the variable pitch
whistle described in the pilot study, or with an audio oscillator.
By using headphones and a sound-proof cubicle, interference was
to be minimised. Thé experimental layout, and apparatus used,

are described below:- .

Variable Pitch Whistle.

As in the pilot study.
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Electronic Apparatus.

A general diagram of the layout is given overleaf in
fig. 2 . The layout enables the experimenter (E) to select
one of five possible conditions. Withswitches B in position
no. 1, and switch A in the closed position, the subject hears
the sound he makes (in both ears) on blowing the variable-pitch
whistle (v.p.w.) close to the microphone; whilst E hears dicho-
tically the sound produced by the subject (S) on the v.p.we and
the tone from the audio oscillater (a-o) A. With switches B in
position 2, and switch A closed, both S and E hear, in both ears,
the tone from a—o A. With switch A élosed, and switches B in
position 3, S hears the tone from a-o B in both ears, whilst E
hears dichotically tones from_a—o A and a-o B. With switches B
in position 4, and switch_A'closed, S hears nothing, whilst E
hears tones from a-o A and a-o B dichotically. Finally, with
switch A in the open position, no sound is heard by either S or E.

Oscillator A was an Advance Type J-2; (described in the
pilot study); oscillator B was a Marconi Audio-Tester,
Type TF 894A. Both generate pure (sine-wave) tones.

The sound-proof cubicle was an I.A.C. (Industrial Acoustics
Company) sound-proof chamber, type 401 A3.

The stereo-phones A, used by the. experimenter, were Koss

stereophones, model Pro 4. The 'phones used by the subject
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(mono-phones B) were Sansui stereophones, type SS1, with iden-
tical inputs to each ear.

The amplifier was a battery driven, transistorised Sinclair,

model 212 (total harmonic distortion .01, on 9 volt supply, 50
ohmslload). All switches were brought together on a simple panel
‘ which could be operated by E. The layout permits no verbal com-
munication feom E to S. Since trials in which S had to match
using the whistle or the oscillator were rotated in a random
fashion, a subsidiary circuit was installed, not shown on fig. 2.
This was used to operate a simple light display situated in

front of the subject, which indicated Whefher a 'whistle' res—

ponse or an 'oscillator' response was required.

The microphone was of the ribbon type, by Reslosound,

model RBT/L, 30 - 50 ohms; a floor stand was used.

Procedure.

Subjects were introduced into the sound-proof chamber (S.P.C)
and alloﬁed time for acclimatisation. A trial period was given
with the v;p.u. Sﬁbjects were theh given instructicns; a written
version of the instructions appeared in the s.p.c. to help sub--
jects remember the sequence of events. This sequence was as

follows:—~ The subject was seated comfortably, and fitted with
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the mono-phones in a correct manner. Upon commencement of the
first test item, the subject heard a tone, in both ears, of ten
seconds duration. Upon cessation of the tone, the subject had
to match a tone, frém eifher the whistle or a.o. B, as directed,
to the stimulus given, in terms of pitch. After the subject had
achieved a setting on either the whistle or the a.o., he was
asked to signal that he had madg his finél choice on that item.
When using the whistle, he did this by saying "0.K." into the
microphone; when using the a.o. he depressed the 'range change'
switch once, which had the effect of introducing a high pitched
note into the tone finally selected. Subjects were asked to hold
the note finally selected for a few seconds before signalling
that final choice had been made, and then to wait for a visual
signal, given by E via a mirror, before returning either the
whistle or the a.o. to a standard position. The dial on a.o. B.
was covered by a circle of card, so that the subject would receiye
no cues from the position of the pointer.

Six randomly arranged trials were given on both the v.p.i.
and a.o. B. making a total of twelve trials per subject. The
standard tones, against which the matching took place, were sine
wave tones from a.o. A., having frequencies of 950, 750, and 600
c.p.s. The range of tﬁe v.p.i. was a major consideration again,

in the choice of standard frequencies.
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A problem encountered in this situation is the difficulty
of controlling, and measuring, the sound pressure level that
actually impinges on the subject. A measure of the output to
the earphones is not likely to be of any use, unless corrections
are made for the response characteristics of the earphone.
Earphones can be calibrated, but the process is costly and time
consuming. Also, different heads produce different degrees of
acoustic impedance,. so that the values obtained from calibration
may not be an accurate guide to the sound level which impinges
on the subject's ear when the headphonés are worn. To overcome
this problem, calibration can be performed using a box which has
the same acoustic properties as an average human head. In some
headphones, provision is ﬁade for the installation of a calibrated,
microphone, which gives a measure of sound pressure level.inside
one of the headphones, whilst being worn. None of these methods
was available to the experimenter. Subjects were instructed,
upon commencement of testing, to set the level on a.o. B to a
'comfortable level'. The tone used for this setting was 750 c.p.s.
When S had done this, E matched the same tone from a.o. A. to the
level set on a.o. B. by dichotic listening. When two tones of
the same frequency are heard dichotically, an imbalance in the
sensation level is reflected in an apparent change from the median

in the location of the sound source. For a tone of 800 c.p.s.,

40 d.b. above threshold, a difference of about 2 - 3 d.b. is
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sufficient to cause a noticeable displacement frém the median
position of the sound source. (Stephens and Davis, 1936).
Once these settings had been achieved, no further change in
the output of either oscillator was made. Bearing in mind the
range of frequencies used, and the fact that no extremes of
amplitude were used, from Stephen's and Davis' data, very little
distortion of pitch due to interaétion with loudness would be
expected. From the data presented on page 131 , 1t can be
observed that in the present situation, assuming that no extremes
of amplitude were selected, pitch and frequency have an almost
linear relationship. Similarly, dataly Fletcher and Munson
(1933) shows that, for the tones used here, any change in loud-
ness as a result of change of frequency is likely to be of the
order of only one or tﬁo decibels for the 600 c.p.s. tone, and..
virtually no change for the others. Finally, it must bé added
that ultimately it was hoped to use results obta;ned for the
derivation of material for use in a group test battery. Clearly,
any tests which proved sensitive to the differences mentioned |
above would be unlikely to prove satisfactory in a classroom.
Once S was seated in the s.p.c., and the prelimina;ies were
completed, a signal given by E (via a mirror) indicated that the
first frial was about to bé given. E then selected the appropriate
frequency on a.o. A, with switch A open, and switches B in position

2y closing switch A then presents the stimulus tone from a.o. A.

-
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to both S and E. After ten seconds, timed by stopwatch, swit-
ches B were immediatély thrown to position one (for a whistle
response) or position three (for oscillator response). Simul-
taneouslj, the light display, indicating either "whistle' or
'oscillator! was activated. S would then +try to reproduce by
the appropriate means a tone of the same frequency as the stim-
ulus. Since there is a virtually linear relationship at the fre-
quencies and amplitudes used, frequency is an accurate indicator
of pitch in the present situation. No time limit was imposed,
and the subject was allowed to continue his matching attempts
until he.gave the signal indicating that the last tone played
was the one to be judged by E. S then waited a short time (six
or seven seconds) before returning either the whistle or the
oscillator to the starting point. Marks on the cardboard screen
attached to a.o. B. indicated the beginning and end of a fregquency
range within which all tones lay. Thilis range was the same as the
range of the whistle. The 'zero' or starting point for each trial
was taken as the lowest point in this range, a tone of about
\500 CepP.S. A groove was filed on the tubes of the whistle to
indicate the correct 'zeroing' point.

When the subject indicated that he had made his final choice

on a particular matching trial, the frequency chosen was measured
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by E, using a dichotic listening procedure. With switches B
in position 1 (whistle response) or position 4 (oscillator
response) E hears the sound produced or selected by S, and the
standard tone to be matched, from a.o. A, dichotically. Any
difference between. the frequency of the stimulus and the res-—
ponse tone is readily discerneble. The error is found by E
performing a pitch match of his own. The tone from a.o. A is.
matched to the tone selected by S; but note that E hears the
tones simultaneously whereas S only hears one tone under all
conditions. Matching is performed by E, using the method of
beats. This method proved to be extremely accurate, and far
more rapid than using an electronic counter. After.E's match-
ing,.the error (difference between tone selected by S and the
standard) was read from the dial of a.o.A.

As a check to the accuracy of this method of measuring the
error, a series of matchings, over a far wider range than used
in the study, (to check for the presence of octave errors) was
performed by E. After'each matching, the reading given by E
was checked, using a Racal Universal Counter Timer, Type SA 535.
Results of this check are given below. The table gives the
difference bhetween the measurement using the "method of beats'
and the freguency measured by the counter timer, on ten trials;

stimulus (matching) tones were selected randomly by an assistant.
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Trial 1. Error

2.

3

4-

5
6.
Te
8.

9.
10.

Mean error in dichotic matching by E = 0.16. cep.s. This
level of accuracy is-regarded as being very satisfaétory.

' As a further check on the overall pitech matching accuracy
of E, two further series of ten trials were run, in which E |
performed the task normally performed by S. (i.e. in the sound-
proof cubicle, with matching carried out after the cessation of
the stimulus tone; -that is, using the remembered pitch of the
stimulus, and not the method of beats as above). It was antici-
pated that errors here would be greater than for the dichotic
listening procedure. Results are given below; tones were again

selected randomly by an assistant.

Trial 1. Error 5 c.p.s. Trial 1. Error 2 c.pes.
2 1 . 2. 1
3. 4 - 3- 3
4- 3 4' 3
5. 15 5 5
6. 12 6. 8
Te. 5 Te 8
8. 1 8. 9
9. 12 9. 2
10. 0 10. 6

Mean error 5.8 c.p.s. Mean error 4.7 CeDeSs
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The left-hand series involved matching sine-wave to sine-wave
tones; resulits on the right were obtained in matching square-
waveltones to sine-wave ;ones. Measurement was again made using
the counter—timer;

The calibration of a.o. A. was such that a degree of inter-
polétion was' necessary on all readings; measurements were there-

fore taken to the nearest 5 c.p.s. on the experimental .ruas.

Sample.

This comprised university students of both sexes, from dif-
ferent disciplines, and in various stages of advancement in their
.courses. Two groups were chosen; one group was selected as a
'musical' group, using membership of the music school or a high
degree of performing skill, as criterion; +the other group was a
randomly selected sample;

——

Resultse.

In the.randomly seiected group, 56 subjects were measured in
performance on thé whistie and on the oscillator. For each sub-
ject errors were placed in two c;tegories. These were, errors
when matching with the whistle, and errors when matching with the
oscillator. Tota; deviation (error) was computed, between chosen

tone and stimulus tone, ignoring sign, for each subject. Mean
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error (in c.p.s.) per subject was also calculated.

Similar procedure was adopted for a sample of seventeen
'musical' subjects. Total and average error in c.p.s. was
calculated for whistle and oscillator for each group. 'These

are given below:-—

Total error. Mean error. N.

Musical group Whistle 629 Ca.peSe 37 Cepese. 17

Oscillator 289 cepes. 17 CoPese 17

Non-Musical Whistle 43305 CePese 773 Cepese 56
group. Oscillator 20295 cCep.S. 362 ce.p:Se 56 _

Differences between the two groups (musical and non-musical)
in terms of matching performance on both whistle and oscillator,
are extremely significant,.

If we adopt a nul hypothesis that there is no differehce
between the likelihood of errors on the whistle exceeding éfrors
on the oscillator, and oscillator errors exceeding whistle errors,
we would have a chahce expectation that-SO% of'subjects would per-—
form better on the whistle, and 50% would perform better on the
oscillator. We can compare the expected ratio with the obtained
ratio and sée if the difference is significant. The re;ults of

Z-tests comparing the ratios are given below:-

Subjecté with more Subjects with more
errors on whistle. errors on oscillator. Z-score.

Musicians. 9 8 0 (not sig.)
Non-— 49 T 6.26 (very
Musicians. . highly

sig.)
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The above is a more meaningful way of looking at the
resulté, since t-tests between errors in c.p.s. for the two
groups -result in degrees of significance that are_almost mean-—
ingless. It is clear from the above that non-musical subjects
on the whele find the whistle much harder to match than the
‘ oscillator; whilst the musical group appears to show little
difference beéween the two. (However, two of the musicians did
find the whistle very much harder, which accounts for why errors
in c.p.s. are different Tor oscillator and whistle in the musical
group.) Also, the base rate of errors in c.p.s. is mﬁch greater
for the non-musical than for the musical group. Two musicians
did find the whistle more difficult. If results from these two
are taken out,'mean error on the whistle for the musical group
drops from 37 c.p.s. to 11 c.pis. Certain individual musicians
then do display the same difficulties as thcse experienced by

the non-musical group.

Discussion.

The above results show that matching on the whistle was mére
difficult than matching with the oscillator. The difference in
the degree of difficulty, however, was greater for a non-selected
sample than for a sample of musicians. The difference in the

difficulty of matching under the two conditions could be due to
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tw6 factors, however. Firstly, the tone of the whistle was com-
plex whilst the oscillatcr tone was pure. Unlike tones are
harder to match than like tones (Ritsma, 1966). Secondly, the
whistle involved a degree of psychomotor activity analogous to
normal musical performance; whilst it could be argued that the
oscillator (involving just the turning of akiob) did not involve
this to the same degree. Thus, whilst the experimental task dis-
criminated well between a musical and a non-musical group it is
nof possible to say what factor in the situation was responsible
for this. The second pitch matching experiment clears the sit-
" uation to some extent.

In a sense, the results obtained above are paradoxical.
Pitch matching tasks involving complex to complex matches have
been found to be more easily pérformed than sine to sine matches.
The relative ease with which two complex, as opposed to two sine—
wave, tones are matched has been attributed to the greater har-
monic richness of the complex tones, which is said to give more
cues to the subject. (See references on pageld3) In the present
situation, the subject hears a stimulus tone which is pure; this
is presumably difficult to 'locate' in terms of pitch, due to the
absence of upper partigls. He then has to perform a match using
'either sine-wave or complex tones. 1In the latter case, he should

be able to locate the pitch of the note better than in the former .
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However, due to the difficulty of locating the pure sitimulus tone
initially, one would not necessarily expect pitch matching on the
whistle to be better than on the oscillator, even taking into
account the presence of upper partials. It is very difficult,
however, to explain why pitch matching on the whistle should in
fact be worse. The above findings, and those of Ritsma et al.,
make sense if one assﬁmeg that upper partials only influence pitch
matchings to any great extent when the wave form of the compared
tones is similar in Both cases. Where wave forms are perceptibly
- different, the difficulty of comparing in one dimension (pitch)
sounds which differ in two dimensions (pitch and timbre) swamps
any effect of timbre in an absoclute sense.

To clarify the situation it is necessary to standardise the
psychomotor aspects of the task, by devising means of synthesising
complex tones electronically; and also to discover whather the
results obtained above are specific to sine stimulus tones and
complex matching tones, by alternating trials of this type with
trials having complex stimulus and sine matching tones. The second

experiment provides evidence on both these points.
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Second Pitch Matching Experiment.

The basic aim of this experiment was to throw further light
.on the influence of timbre in pitch matching situaticns. Prob-
lems arising from the comparison of matchings on the variable-
pitch whistle and mafchinés on the audio-oscillator, in the first

pitch matching experiment, have already been outlined.

Method.

This was broadly the same as for the first pitch-matching
experiment, except that the variable pitch whistle was replaced
by a specially constructed harmonic generator. Experimental lay-

out, and electronic equipment is described below:-

Bxperimental layout.

A diagram giving the general layout is included overleaf in
fig. 2. In this layout, E can select seven possible combin-
ations of events. The complex function generator A (cefogahs)
and the siqe—wave generator (s.w.g.A.) can be selected by switch A,
and presented to S's mono-phones. In this position, E and S both
hear the stimulus in both ears. For presentation of stimulus

(from either c.f.g.A. or s.w.g.A.) switches B must thrown to pos-

ition one. After presentation, switches B are thrown to position
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two for a c.f.g.B. response, or position three for a s.w.g.B.
response. When'measuring the error of the subject's matched
tone, the samé dichotic listening procedure used in the first
pitch matching experiment was employed. Although E has a choice
of either c.f.geA. Or seW.ge.As as a "tracking' tbne, the pure
tone was used in all cases, as pure tones produce stronger beats
with the tone to be tracked. With switch A in position two, no
tones are heard by either E or S. The layout permits matchings

of the following type:-

Stimulus Tone. " Response Ton=2.

1. SiNe WAVCeessosssasssscessssseeseline wave.
2. CompleXeeecosscsssosssssscosssssCOmplex.
3. Sine Waveeesssssseescscecncesse.Complex.
4. COmpleXesesessscssssssenssnssossSine wave.

Production of Stimulus Tones, and Response Tones.

The sine wave tones were produced on commercially available
signal generatérs. These were of the following type: s.weg.d.
was an Advance Type J-2, as used in the first study; s.we.g.B.
was the Marconi Audio-Tester, also used in the first study.

Production of complex tones presented a serious problem, and
considerable time was spent in finding a solution. It was felt
that for future experiments, a layout which had flexibility both

in frequency and in harmonic content was desirable. To this end,
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a pair of generators, one having continuous frequency but discrete
harmonic capability, and the other having discrete freguency steps
but continuous harmonic capability, was thought desirable.

An all solid state van Gogh low (audio) freguency function
generator, type TV 1A was used to produce sine, square or saw-tooth,
wave forms over a continuous audid—frequency range. This was an
easily portable machine, operatgd from six 1.5 volt bar batteries.

The other complex function generator (harménic generator) was
built in the workshops, and gave five differen@ operating fre-
quencies, with variable intensities on four partials. A harmonic
generator giving three fundamental frequencies, and controllable
intensity over five partials is briefly desc¢ribed by Hickman, Music
Education Research Papers, number 3, Electrohic Apparatus for Music
Research. The unit used in the present study gives a frequency
range slightly greater than that used by Hickman, but one harmonic
partial fewer. A circuit diagram of the unit in final form is
given in fig. 4. Note that no diagram is given here of the
povwer supply unit vhich was entirely conventional; also, the
switches controlling frequency are shown with three poles only,
for the sake of clarity. There is no reason for limiting the
number of poles to three, and in the present generator five were
used. Considerable time was spent in the developmént of the final
version of the generator. Earlier attempts to synthesise tones

‘using sonic wheel, (production of tones and partials from small
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generators, adapted from electric motors; these were linked by
a system of gears and driven by a single motor capable of main-
taining a steady speed. The result was a particularly dismal
howling sound) and beat-frequency oscillator (which failed due
to instability) were unsuccessful.

The generator used consisted of an inductance-capacity

oscillator, and three multipliers. The first upper partial was

obtained.from a doubler, the second from a tripler, and the third
from another doubler linked to the first déubler. High Q coils
were gsed throughout. A tuned filter was placed betweeﬁ the out-
put and the oscillator. Coils were wound on a home-made coil
winder, and also by means of a technique involving a lathe. Total
cost to build was about £15. The performance of the uhit, though
probably not good enough for extremely accurate measurement of
thresholds or similar psychophysical measurements, was entirely
satisfactory for present purposes, where a wide range from sub-
jectively pure to complex tones was required. Graphs afe given

iﬁ fig.5&6, showing the performance of the unit when producing
(1) its 'purest' tone, and (2) its '"most complex' tone. The graphs
were.produced on a Bruel and Kjoer wave form analyser, by direct
l%ne.from the harmonic generator. Improvements could be made by

‘adding further resonant filters between stages.
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Procedure.

Subjects were introduced into the sound-proof chamber and
given time for acclimatisation. Subjects were then given their
instructions. A card béaring the more important points, par-
ticularly the need to '"zero' the apparatus after each trial, was
displayed in the chamber. Experimental procedure was much the
same as in the first pitch experiment. Subjects were preseﬁted
with a tone for ten seconds. This tone could be either sine wéve,
from s.w.g.A or complex, from the harmonic generator in the 'most
complex'! mode. Upon cessationd the stimulus tone, subjects hear
a tone from either s.w.g.B. (sine) or from c.f.g.B. (complex),
depending ‘on whether E throws switches B to position 2 or 3. He
has to match the new tone to the pitch of the stimulus tone. The
accuracy of S's judgements is measured By the same dichotic list-
ening procedure as used previously.

The tones used were this time dictated by the frequencies
which the harmonic-generator was capable of producing. The five
freguencies used were 650, 700, 750, 850, and 1050 cycles per
second. Trials on the four conditions given on page 160 were
alternated randomly. Each comfination of frequency and timbre
was presented three times, giving a total of 60 trials. The
experiment was carried out with each subject tested on two suc-
cessive days, half the items being given in each session. Two

sessions of twenty to twenty-five minutes were thought preferable

'\
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to a single length&-session.

Subjects.

These were 20 randomly selected persons from the university,
ineluding students of both sexes, and laboratory technicians.
There were 8 females and 12 males. Examination of the data

shows no significant sex difference.

Results.

The main finding is that the results obtained in experiment:'I,
in which matchings on the whistle were found considerably harder
to perform thén matchings of sine tones from an audio-oscillator,
by an unselected (random) group of subjects, are confirmed. Matchs
ith'of pairs of tones that are very different in timbre aré harder
than matchings of like tones; so the hypothésis gtated at the end
of experiment I, that differences might be due to- the different
nature of the whistle task as opposed toﬂthe'OScillatqr task is
rejected. 1t seems that the main influence was the timbre differ;'
ence, andlnét the difference in the physical nature of the tasks.

In the present study, a significant difference was found
between matchings of tones that were alike and the matching of
tones that were of different timbre. No significent differeﬁce was

found between the sine-complex and the complex/sine match however;




so the main influence again appears to be timbre difference, with
no effect accruing from using sine stimﬁlus/complex matching tones
as opposed to complex stimulus/sine matching tones. A table of

the results obtained is given below:-

Both Both Pure Comglexz
" Pure. Complex. Complex. Pure.
7 Mean error. 118.9 156.7 696 606.9
(in c.p.s.)
S.D. 67-19 59.7 |  310.4 284.1
tAlike! 'Different!
Matchings. Matchings.
Mean error. 137.45 651.45
S.D- 66055 300.9

The above gives means and standarddeviations for all four groups,
and also for the two groups of ‘'alike' matchings and the two groups
of 'different' matchings. A table of the significance of . 't' is
given below:-

Significance of the difference between the means
for various groups.

Difference between 'alike' matchings t 10.5487 Highly
and 'different' matchings. Significant.

Difference betweeﬁ 'both. pure' and 1
'both complex'! matchings.

1.836 (.15 p ».05)

Difference between 'complex/pure' and t = 0.95 Not
! pure /complex' matchings. Significant.
Difference between 'both complex' and t = 7.65 ' Highly

'pure/complex' matchings. Significant.
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Whilst the general finding that tones of different complexity are
harder to match than similar tones is cénfirmed, the paradox con-—
cerning ease of matching complex tones mentioned earlier is again
present in this experiment. The results show that in the present.
situation, the complex to complex match was performed with greater
difficulty than the sine to sine match. The.conclusions reached
by other workers (Ritsma et al.) suggests that the opposite
situation ought to obtain. The result obtained hére is therefore
of particular interest, though the significance level of the dif-
ference between the 'both pure' and the 'both complex! groups is
such as to prevent any very definite conclusi&ns being drawn.
Nonetheless, it would have bheen expécted that any difference between
fhese groups would have been in the opposite direction from the one

obtained.

Discussion, and conclusions from the pitch matching experiments.

During examination of existing tests and measures of musical
ability, in an eérlier section, the point was raise&;that certain
batteries used stimulus tones in which the variable of timbre was
not controlled. The two pitch matching experiments show clearly
that phe Jjudgements of subjects are very much affected by the nature
_of the sound stimulus used. The usual argument against this is that

the uncontrolled timbre, in the group testing situation, makes no
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difference, since whatever 'tone colour' is.used and however this
might vary between items, the stimuli are the same for all sub-
jects. The first pitch matching expériment shows that this is not
necessarily so, since a sample of 'high achievement' musicians
showed less distortion in their judgemenis due to timbre change,
than did a sample of 'non-selected' subjects. At present, we can-
not assume that this difference between musical and non—musical
groups is due to some constitutional or hereditary factor in the
musical group. Certainly, the musical group has had far greater
experience of a wide range of musicalltones with different timbres,
than has the non—selecfed grou?; ana évidence has already been
presented showing that familiarity with tones is an important fac-
tor in determining the.degree to which pitch tests of various kinds
can be performed. (Stumpf) The implications from ithis experiment
for the construction of test material would seem to be fairly clear;
namely, that the use of stimuluz material of varying tonal complexity
could produce misleading results in certain circumstances.. The
proposed test battery uses only stimulus material of a sine wave

or 'pure'! %ype. The material could have been standardised on any
particular Wavé form; but Téplov showed that the subjective change
in the 'size' or 'sharpness; of a tone (low tones tend to be des-
cribed by subjects as being 'fat' or 'heavy', whilst high tones

are described as sounding in some way 'small' or 'thin') is greater
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for complex tones than for pure tones. This effect is attributed
to the différing numbers of upper partials that are audible at
different frequencies, resulting in the perception of differing
percentages of the total output by the listener. With sine wave
tones, provided\they are within the normal range of hearing, 100%
of the energy is heard.

All items in- the proposed test are composed of sine wave
material, with the exception of the rhythm test. The further
influences of the pitch experiments on the construction of the

pitech test for use in the battery will be discussed later.

~elts cme, = $Ce -0 ®r 1 i

First Version of the Test Battery.

The Pitch Test.

Existing pitch tests, almost without exception, involve éub—
Jects in hearing two temporally spaced stimulus tones, and rgquir—
iﬁg them to male either a.same/different judgement or an up/down/
same judgement. The simple detection of change in the above.manner
is a fairly rudimentary process, which does not necessarily have
implications for more complex, and possibly more important, pitch
tasks. Basically, the argument is that there are so many cues to
a simple change of pitch (changes in éuhjective quality, loudness;
and pitch) that a great many people can perform the task who

would be unable to perform a more complex, and from a musical point
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of view, more pertinent, task such as pitch matching. The capacity
to teli that two sounds are different does not imply the capacity
to adjust them till they are the same. This latter task is much
more important in instrumental performance where playing 'in tune!
ig important. This point is supborted by a considerable body of
experimental evidence. The evidence takes the form of studies of
the correlations between ability to perform 'same/different' tasks
and the performance of other musical tasks. Highsmith (1929),
McCartﬁy (1930), Brown (1928), Mosher (circa 1930), and Lamp and
Keys (1935) all performed studies of the above type. Individual
correlations range from 0.l1l7 to .49. Average correlation is about
0.335. A detailed examination of these, and other studies, is given
in Teplov, La Sensibilite a la Hauteur du Son. Teplov refers to
the same/different test situation as being one in which 'la sens-
ibilite differentielle a la hauteur' is involved. His conclusion
is that 'nous pouvons dire que la sensibilite’differentielle a la
hauteur n'a aucun lien avec le sens musical en general, et notamment
avec 1l'oreille musicale'. (Translation: We can say that ;ensitivity
to the difference in the pitch of notes bears no relationship to
genersl musical ability, and especially not to !'the musical ear'.)
For the present test battery, some way was needed of getting
away from the standard group testing techniques of pitch testing.

The experimenté in the sound-procf room had shown that the method
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used for individuals could discriminate well between a musical
group and a non-musical group. However, certain subjects from
the non-musical group, without any formal musical training, per-
formed the tasks very well; whilst two low scoring "musical!
subjects showed that formal training was not a guarentee of a
high level of performance on the tasks used. There was considerable
variability in both groups. The case, that tests in the sound-proof
room discriminated between groups on the baéis of environmental or
experiential factors, has not been shown to be obviéusly false;
buﬁ sufficient indicétions exist to make deeper examination of these
methods seem profitable. |

Examination of the manner in which subjects performed the
pitch matchiﬁg experiments, described previously, suggested ways
in which the method might be adapted to a group testing procedﬁre.

The experimental task involved the following:-
(1) The subject hears a tone for several seconds.

(2) Upon cessatien of the tone, § tries to keep a

tonal image of the note played.

(3) He manipuldes an oscillator, or a whistle in

such a way that he kears a rising glide tone.
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(4) He continues the upward sweep until a 'clang'
(in a Helmholtzian sense) occurs between some
ﬁarticular frequency in the glide tone and the
remembered tonal image of the stimulus. 1n the
most successful subjects, fhere is probably an
increasing sense of the nearness of the 'clang'

at different points on the glide tone.

(5) Since considerable experimental evidence exist§
to show that !same/different' judgements on the
whole are fairly easily-performed, a failure to
score a hit in the above situation will be due
to an inability to store the tonal image in most
cases, rather than an inability to perceive the
'clang'. The task therefore involves the ability
to select from a continuous frequency range, a
tone which willgcoincide with a particular tonal
image. This is the type of task performed habit-

ually by performing musicians.

The experimental procedure was adapted to suit the needs of
a group test in the foliowing manner. Iirst, subjects would be
presented with a stimulus tone, in the same way as in the experi-
mental situation. They would be expected to remember this tone.

After a short pause, the subjects would be presented with a glide
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tone, and expected to locate the stimulus tone at some point in
the glide tone. The main problem lay in devising a means by which
a subject could indicate whereabouts in the glide tone the 'clang'
occurred. In the first vefsion of the pitch test, this was done
by producing a long glide tohe, which was broken into four segments
by short bursts of white noise. Subjects had to say whether the
stimulus occurred in the first, second, third, or fourth segment
of the glide tone. The duration of the stimulus tones was five
seconds; each stimulus was presented twice, with two second inter-
vals between. After the second presentation, three seconds elapsed
before the onset of the glide tone. The duration of the stimulus
tone.'was chosen on the basis of papers by Wayne A. Wickelgren (1966),
Turnbull, W. M. (1944), Aaronsen, D. (1967) and Bachem A. (1954).
Wickelgren shows that although the most accurate perception of
pitch takes place in the space of about one second, consolidation
of the memory trace takes considerably longer. It appears.that;
up to 8 seconds duration, the longer the standard tone is present,
the stronger the memory trace for that tone becomes. It was thought
that two presentations of five seconds, giving a total time of ten
seconds, would give time for consolidation without the stimulus
tones appearing to be unnecessarily long.

Three versions of the glide tones were used. These tones all

traversed the same frequency range, but took different lengths of




~173-

time to do so. Before hand, it was difficult to see how the dif-
ferent sweep speeds would affect the difficulty of items; thus,
although the slowest sweep speed would allow the longest time for
comparisons to take place, and also produce the most prolonged
'clang', the time between stimulus and 'clang'.would be greater
than for the faster sweep tones, permitting greater time for the
decay of short-term memory trace for pitch and also interjecting
the greatest amount of tonal interference fhoise) between stimulus
and response. Results from the first test run‘suggested that the
middle speed waé most suitable. The frequency range traversed by
the glide tones was from 500 ce.pes. t0 130C Cepes., With .1 secC.
of white noise interjected at 500 (start), 677, 888, 1100 and

1300 c.p.s. (stop)

Construction of test tapes.

The frequencies at which interjection took place, and other
peculiarities in the material, will be more clearly understood if
a brief description of the manner in which the test tapes were
constrﬁcted is given. All items for all parts of the test battery,
except the rhythm test, were constructed from sine wave recordings,
using a Revox full track tape recorder, at 15" per second. Ampex
professional tape was used throughout. In order to construct the
tapes, a tape 'bank' was constructed, consisting of lengths of tape,

each bearing a recording of a particular sound used in the tests.
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Test tapes were then consiructed by splicing together sections

of tape in the required order. Whilst this is-a very time con-
suming process, results are extremely worthwhile, since extremely
accurate control over length of tones is possible by cutting tape
to exact lengths; and also any distortion or wobble due to turning
on or switching off oécillators, or stopping and sfarting tape
recorders, is absolutely eliminated.

The glide tones were produced by fitting electric motors (high
quality Crouzet clock motoré) to the frequency tuning spindle of
the Marconi audio-oscillator. Three different motoﬁs were used,
.having speeds of 4, 8, and 12 revolutions per. minute. After record-
ing, - the glide tone tapes were cut at the correét tstarting' and
'stopping' points, and then divided into length:{of exactly one
quarter. 1%" of white noise was then spliced bétwe=sn each section
(l%“ = .1 éec. at 15" per second). This procedurg ensured fhat the
"blips! of white noise were exactly egually spaced in time. The
frequehcies at which the blips occurred were then measured, and
are given above. Recording level was kept constant at 50% for all
recording.

In the above form the test was admipistered to five graduate
students. As yet} there were no étandardised'instructions, so the
task was explained verbally. It rapidly became apparent that the

test was far too difficult; before any trial runs were made in
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schools, the test was reconstructed so that the glide tone had

only three segments, separated'by four blips of white noise. The
number of possible alternative answers was maintained at four by
introducing a 'ﬁone' category for stimulus tones that did not

occur in any of the glide tones. Six 'correct' responses occurred
in each answer category, giving a total of twenty-four items. Within
each segment, stimulus tones were spaced at equal distances apart,
in a temporal sense. It was thought that those tones occu;ring in
the middle of any glide'tone segment would be 'easier' than tones
located at the ends of élide tone segmenta. "None' answers were
spaced three above the glide tone range, and three below; extremely
high énd extremely low tones were contained to give a proportion of
easy.items.. Frequencies used will be given for later versions of
the test only, since many of the oneé used in this first version

were never administered to test groupse.

The Tonal Seguence Test (Tonal Memory).

Existing tests of memory are usually directed toward measuring
a persons ability to remember certain characteristics of tonal
sequences. For the purposes of this argument, all tonal sequences
will be referred to as "tunes'. The point has been made in section
1, that the often used procedure of presenting two identical or .
almost identical tunes, and asking subjects to.state vhether they

are the same, or if different to locate an altered note, are in
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some ways simply pitch tests with a high ratio of noise to signai.
(see pages 24 - 25) A means was therefore sought to test subjects'
capacity for recognising whole !'tunes', using a short-term memory
method. From the literature on short term memory, there would
appear to be a paucity of data on memory for tonal sequences, though
a considerable amount of data exists Ffor short term memory for singlé
tones. or sounds. (D. J. Corcoran and D. L. Weening, 1967, Turnbull,
W. M., 1944, Bachem, 1954, et al.) ‘Quastler however describes
gxperiments inveolving pianists, in which subjects were presented
with musical material of differing degrees of 'organisation'. The
material was composed from various tonal 'alphabets' containing

from three up to gsixty-five notes. 8Speed was also varied. The
number of errors made by pianists increased as a function of speed,
and also as a-function of alphabet size. (Quastler, H., 1956) Also
relevént to the present problem is a study by Miller and Selfridge,
1953, and a study by D. Howes and C. E. Osgood, 1954u§E§_E?54:N

In the Miller_and Selfridge experiﬁents, the effects of varying

the degree of statistical'appréximation t0 normal English on short
tefm memory for lingﬁistiq material was examined. The percentage

of the words correctly recalled was founa to be a function of the
length of the word lists used and the degrée of statistical deter-
mination in ahy word list. The method used for producing the
statistical languaée was adapted in.the present situation to per-

mit the production of strings of 'statistical music'.
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Using 'quasi-musical' tunes of a statistical nature seemed
an attractive approach for several reasons. Firstly, it is of
. intrinsic interest to find out whether the findings of Miller and
Selfridge with regard to length and codability would be duplicated
for musical memory. Secondly, the method of producing statistical
music offered an attractive alternative procedure for producing
material with a controlled degree of codability; many workers
have been content tc make up material themselves using some com-—
pletely internal criterion, or to draw material from the formal
compositions of celebrated composers. Thirdly, the method offered
a possible way of controlling the order of difficulty of items.

"Statistical Approximations to Music! were constructed in the
following manner. Small groups of high grade musicians, all of
whom met some composing criterion, were drawn together. As a
further test, a check was made to ensure that they were in fact
familiar with musical notation, by asking them to name certain
well-known tunes from glancing at a score. Musicians from a variety
of backgrounds were used, including jazz players (modern and trad-
itional) and folk musicians, as well as classical musicians. They
~were seated in a comfortable room, and presented with the piece of
apparatus showp ovérleaf in diagram 7 . Two such contraptions were
constructed in order to speed the process. Tﬁe apparatus, briefly,

consists of a cassette which is loaded with several feet of paper
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bearing the five lines of the musical stave. The cassette is
mounted on a 'sandwich' of two pieces of hardboard, ane of which
has a viewing window. The stave paper can be drawn past the
window by the user. In operation, a person is presented with

the apparatus, and, according to the level of contextual restraint;
sees several notes in the viewing window. He writes one more note
that he thinks might reasonably be expected to follow those dis-
played and then pulls the paper along to cover up one note. The
apparatus is then passed on to the second member of the group, and
SO oOn.

Subjects were teld that all notes were assumed to be in treble
clef, and that ali notes must be of standard crotchet duration.
Apart from these two points, the subjects had a completely free
hand in ghoosing their notes; they were simply instructed to add
notes as though they were trying to construct "the strongest mel-
odic line". 1lst, 3rd, 5th and Tth orders of approximation were
cénstrgcted. In the third.order material, subjects had to add
notes to groups of three that were presented to them; in fifth .
order, they were presented with five notés, and so on. A list of
the material derived by the above method is given in appendix 2.

The above proved a satisfactory method of deriving musical
material of different degrees Sf'codability, but with no particular

stylistic bias. Length could ezsily be.varied by cutting the
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material into suitable chunks. The major remaining problem of how
to devise a test of true tonal memory rather than a pitch test

with high noise to signal ratio, (see pi24 -25) was appfoached

in the following manner. The major requirement of any satisfactory
test of tonal (melodic) memory is that it must test memory for

whole tonal sequences, and not put all the emphasis on one isolated
element of a tonal sequence. It can be convineingly argued that
considerable deviation of individual tonal elements can be tolerated
by tonal sequences without the seguence as a ﬁhole lcsing its
identity. Many writers (Shuter, Teplov, Wing, Bentley) give in-
stances of the attempts of children to.sing short tunes; songs,
nursery rhymes, etc., stressing the point that tonality is often '
imperfect. The fact that an indiYidual tone is wrong, hbwever, does
ndt.justify_the assertion that the child cannot remember the tune.
.If such an assertion were true, no-one could have recognised the
tune in the first place. The inclusion of wrong tonal elements
remaips a problem of intervael perception, and not of melodic memory;
thoughmnaturally, as the number of wrong tonal elements increases,
the effect on the integrity of the 'courbe melodique' also increases.
The following test was devised as & means of removing the overwhelm-
ing emphasis on individual tonal elements found in certain memory

tests;
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Firstly, subjects Would hear a short extract from the store
of statistical music. After a short pause, a longer piece of the
guasi-music would be played. Subjects would then be asked to
indicate whether or not the second extract contained the first
extract. In this way the emphasis is placed on entire tonal
sequences, and individual elements become relatively unimportant.

In the earliest version of this test, tunes of five different
lengths were chosen, comprising 8, 10, 12, 14 and 16 notes. The
tunes were randomly picked from the store of statistical music.
The shorter tunes, which subjects were asked to recognise in the
longer sequences, compriéed half the number of tornes contained in
the long sequences. For each length, one item each was taken from
each order of statistical approximation, making a total of twenty
items. In this earliest version, subjects were simply asked to
answer 'yes' or 'no', giving a gueésing'score of 50%. Eacéh stim-
ulus tune was given two presentations.

As with the pitch test, the earliesf version was administered
to a small group of graduate students. Scores were very closely
grouped-about_50% correct, suggesting that (a) items were on thg
whole far too difficult, and (b) some way of decreasing the chance
score was needed. It was also apparent that the test was far too
Jong to be of practical use with young chiidren. The following mod-

ifications were made before the test was used in schools. PFirstly,
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the numbef of items was cut to fifteen. The length of the indi-
vidual items was cut radically to make the task easier. Five
items with stimulus tune lengths of three notes and longer tune
lengthg of six notes; qnd ten items.with respective tune lengths
of four and eight noteé, were included. Finally, in order to
reduce the guessing score, a new element was introduced into the
tests; subjects were asked to count Yhow many notes were left
overlafter the shorter tune had stopped' on every occasion when
they answered 'yes'. At this stage, it was by no means certain
whether children would understand such a complicated task. Below
is a diagramatic fepresentation of the task to be performed, when-

ever the correct answer is 'yes':

Short Tune. . Long Tune. Correct Ansﬁer.
Y : (Number of
BGD F| BGD|C*' A Yes 2 notes left
over)

Statistical approximations were distributed randomly and in egual
numbers over the fifteen items, except that first order approximations,
which should have been the most difficult, occurred only three times
instead of four. The answers were distributed in ithe proportion of
eight 'no'é' to seven 'yes's'. Number of nolbtes left over on the
'yes' items varied from one to three.

Again, test tapes were constructed by splicing together pre-

recorded segments of tape.
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. The Interval Test.

In the present batitery, the test of interval can be regarded
as replacing the test of harmony or chord analysis which freguently
occurs in existing test batteries. The evidence for leaving out

: -

tests of harmony or chord analysis has been given at length in
gsection two. The importance and the function of interval measures
have been discussed in the same section. Unlike the teéts of tonal
memory and of pitch memory already described, there are very few
precedents for the type of test material described here. Interval
measures have been used by Madison (1942) and by Hickman (1969),
but both these workers used intervals in a harmonic (simultaneous
ﬁresentation) context, rather than in a melodic (consecutive presen-
tation) context. (Full description and discussion of these methods
appears in section two). The test proposed here uses the melodic
approach to interval; the nature of the test material suggests
that a better, more self explanatory name for items of this type
would be 'audito;y'transposition‘. The Lundin Musical Ability Tests
are the only other group of tests that include items. with a directly
transpositional bias. (Lundin, 1949) In the Lundin teéts of Melodic
Transposition, subjects hear pairs of melodies. The first melody
is in a different key from the second melody, and one or more notes
in the melodic line may be changed in the second playing. Subjects

must say whether the two renditions of the tune would be the same
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or different if they were both in the same key. This task is
extremely complicated, and involves two quite separate abilities.
In eésence, the task is exactly the same as the type cf memory
test pioneered by Wing and Seashore, but involves a transpositional
element as well. It will be remembered that the Wing test of mem-
ory bears a close resemblance to a pitch test having a’high noise
to signal ratio. The Lundin test certainly overcomes Phis objec—
. tion, but raises another in its place; one can describe this type
of test simply as a test of interval (in a melodic sense) with the
same high noise to signal ratio.

Below is given a diagrém showing the situation that obtains
in the Lundin transpositional test.

The diagram should be compared

with that on page 24 which pertains to the Wing memory test.

Tune | A-C -Gl G-B / B-é /' C-F P~¢ | G-D D -F
1. dim /

Key 3rd 5th 3rd 7ty %‘th 2nd 5th 6th
1. / / ,1

Tune | B-E -Al A-C / -E|/ E-G G-A | A-E E -G
2. dim ya /

Key 3rd 5th 3rd 6th / 3rd 2nd 5th 6th
2. yav4 Y,

Same V / / .

or S S S D D S S S
Dif. / / /

of test, in which the two compared tunes are viewed as a series of

The above is a diagramatic representation of the Lundin type




-184-

intervals following one after the other. Note that the alteration
in the fourth_cell of tune two automatically causes & change in
cell five. In order to arrive at a correct answer of 'different!
the subject mﬁst compare cells four and five of tune two with'a
memory copy of cells four and five in tune one. To cetect the
change, he must perceive that in some way the intervel of a seventh

in tune one is'different from an interval of a sixth in a different

key in tune two. The correct performance of this task means that
the 'signal' has been picked up by the subject; and the remaining
material is merely 'noise'. Note however that in order to perform
the task correctly, the sﬁbject must be able to make accurate.inter-
val judgements, and must also be able to hold the complete tonal
sequence in short term memory. Thus, two quite separate abilities
are involved, and the absence of either one makes performance of

the task impossibie. A paper by J. P. McKee and D. A. Riley (1962)
suggested that a transposition test might be suitable for use with
young children. Children with a mean age of 6.7 years were trained
to discfiminate a 'correct' stimulus tone from an 'incorrect'! tone.
When the actual pitches of the two tones were altered, but the tonal
relationship between them was kept constant, 50% of the children
showed 'spontaneous transposition'. A similar effect was observed

for pairs of tones which differed in amplitude.
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In the present battery, a test of tonal memory is already
included. The proposed interval teét is based directly on the
type of problem set in cells four, and cells five, above. Briefly,
the proposed test would involve subjects in making judgements
about certain melodically presented intervals. However, it is
vital that any proposed problem can be solved without the need for
any knowledge of interval names, or of any other musical symbols.
This is achieved by devising a taslk which places emphasis on the
apparent 'distance' between two tones of different pitch. An analogy
may be made in a different context, with visual experiments in which
subjects have to judge differences in the distance of objects
(Holwéy and Boring, 1941, 1942) - or in the apparent size of
perceived objects. (Hastorf, 1950; Bruner and Goodman, 1947).
Note, that apart from the general comparative method used in these
studies, no serious parallel with the present material is intended.
The first version of the interval test was as Tollows. Sub-
jects were presented with 2 stimulus interval. After a short pause,
fﬁrther intervals were presented, each having a different root note
from any other, and also different from the root of the stimulus.
One of the non-stimulus intervals would be the same as the stimulus
interval, but in a different key. The éubject performs the task
- by listenihg to the stimulus interval aﬁd remembering how far apérﬁ

the pitches of the constituent tones are. He then has to pick out



-186-

the subseguent interval which contains tones with the éame tonal
separation. Each item consisted of a stimulus interval, of two
consecutively produced tones. The second tpne was always higher
than the first, éo that all intervals were ascending. The stimulus
interval was presented twice, wi%h three seconds between presen-
tafions. After this, three 'comparison' intervals were presented,
with two-second spacihg. These intervals were also ascending. Sub-
jects had to indicate which of the three comparison intervals had
the same tonal separation as the stimulus interval, by answering
one, two or three.

A fuil chromatic scale from tonic to tonic contains thirteen
tones. DBach possible combination of tonic and one other note from
the octave above was used twice in the stimulus tones. This made
a total of twenty-six items for this tést. It was impossible to
pair each stimulus with every other possible combination of intervals
without the length of the test feaching agstronomical proportions,
(22464 tria}s). Comparison intervals were therefore assigned
randomly to the stimulus intervals.

In this form the test was administered to a small group of
graduate students, prior to being tested in any schools. This.
task proved by far the most difficult of the tests devised. Average
score barely exceeded the chance score of 8 - 9. The test was

altered in the following manner. Firstly, the third alternative

' comparison' tone was removed from all items, and possible answvers

reshaped into the form 'one', 'two', or 'neither'. The eleven items
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which had seemed to be the most difficult were discarded, leaving
fifteen items, with five 'right' items in each response category.
A certaiﬁ amount of re-organisation was necessary 1o achieve this
state of affairs.
The same splicing technique was again used in construction

of the test tapes.

The Rhythm Test.

This test was the most difficult to produce, since it is
almost impossible to isolate any rhythmic aspect which is culture
free. Thackréy's approach of breaking 'rhythm' dowa info simple
component parts, much as other writers have done with tonal abili-
ties, is clearly the best approach. In the present baitery, however,
a single useful measure is needed. A major problem is that the
classical music of the Western world is, with a few notable excep-
tions, extremely elementary from a rhythmic point of view when
compared with African, Afro-Cuban, Moorish, and Indo-Asian rhythms.
In a study by C. S. Myérs (1904) an assessmenf vwas made of the per-
formance of a rhyfhmic task by a Sarawak Malay. The study was
carried out.fin gitu' in Borneo. Myers noted that a variety of
gong-like instruments wére used by the Malays in their music making.
One large gong, the tawak, was beaten in what appearéd to be a more
or less random fashion, regardless of who was playing it. In one
study, Myers substituted a morse-key for the tawak, and then

analysed the time intervals between strokes. Though at first, he
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was inclined to think that performers on the tawak had poor rhythmic
sensibilities, he rapidly éhanged this opinion and his final con-
clusions were extremely perceptive. He concluded that the musicians
he heard were cabable of remembering, using, and improvising upon,
rhythmic structures in which the main pulses were separated by dif-
ferent, and varying, time intervals. (This contrasts sharply with
Western music, where the music is almost invariably formed around
measures made up of two, three, four, five, or occasiopally seven,
equally spaced elements.) Myers goes on to write: "This faculty
(the one described above) they carry to a degree which lies so far
beyond the power of ci%ilized musicians, that the latter may rea-
sonably be sceptical as to the possibiliiy of its occurence among

- less advanced people". Many other examples of a similar type may

be given: Indian music splits its rhythmic sequences up into long
lengths containing as many as twenty or thirty beats known as the
Ytala'e This may be subdivided into groups of different lengths,
such as three, thirteen, seven and four, giving a basic meter of
twenty-seven beats; modern jazz is characteriéed by extreme rhyth-
mic complexity, based on rhythmic styles from all parts of the world,
but with a predominantly African/Afro—Cuban influence. Often, the
basic meter is completely unstated, and becomes submerged in cross-—
rhythms which give the untutored listener a feeling that the rhythm

is constantly variable, or quite random. As a final example, the
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writer possesses a tape recording of a young, very musical V.5.0.
worker, rehearsing with a choir of Africanse. The sdng being sung
falls naturally into two measures of triple time and one of four, the
seguence of ten beats being repeated. , In his attempts to make the
choir sing it in a manner which he believes to be 'right', the
V.5.0. worker tries to impress a quadruple meter on the tune, by
clapping loudly. The clapping clashes sharply with the native
rhythmic accompaniments, and amid shouts and hoots of glee, the
rehearsal breaks up. If he had perhaps listened more carefully,
the mere concordance of the natives' own rhythmic accompaniments
should have convinced him that they knew what was going on, even
if he did not. It is understood that he eventuaily resorted to
teaching them hymn tunes.

In a single test, it is impossible to measure all aspects of
rhythmic ability; the main problem is to find a basic rhythmic
ability, which is as culture free as possible,and yet has the
greatest possible importance among rhythmic abilities. Examination
of existing test material failed to produce any line of approach
that might meet these criteria. As a result of a factor analytic
study of his own tests, fhackray suggests that the most satisfactory
test for measuring general rhythmic ability, where only one test
is required, is one "in which the subject is asked to reproduce
- the rhythm'.of a melody". Such a test is unsatisfactory in the

present contiext, however. The main attempt in the present.work has



-190-

been to igolate separate components as far as possible; +the notion
of intefmingling rhythmic abilities with tonal meﬁory, expecially
when factorial studies suggést that separate factors exist for
rhythmic and tonal abilities (see section 1), does not therefore
,fit in with the present scheme. Though no studies of the interac-
tion of rhythmic with tonal material have besn performed, it is
possible that in Thackray's proposed test, good melodic memory
would certainly be a help rather than a hindrance in the performance
of such a 'rhythm' test.

The test préposed here arose from & consideration of the dif- -
ferences between "'metre' and 'rhythm'; and the feeling that a
fundamental rhythmic ability, common to the complex tala of Indian
music, as well as to the duple, triple and quadruple times of
Western music, involved the ability to infer the presence of the
'metre' from complex 'rhythmic' patterns. In this context, metre
is intended to describe the basic steady pulse, which underlies a
rhythmic structure that may or may not be regular. To understand
the nature of the proposed. task it is vital that this distinction
5e understood. An attempt at explanation follows:-

In a certain town, the lamp posts are separated by a certain
number of houses. Différent streets have different numbers of .
houses to each lamp. The streets represent different time sig-
natures, or 'metrgs'. A certain street has a lamp with every fourth

house. (Regular accent on first beat)
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A person familiar with the ways in which lamp posts, mailboxes,
etc. can occur will be able to infer from these groupings the
basic metre of four houses which underlies them.

The proposed rhythm test presents subjects with simple arrange-
ments of 'mail boxes', 'litter bins', etc. (rhythms) and asks them
to infer how many houses occur between '"lamps' (metre). In prac-
tice, this takesi:ithe form of tasks involving the comparison of simple
tapped metres with simple tgpped rhythms.

Clearly, in some circumstances, the arrangements of the rhythmic
elements are ambiguoug, and two possible metres emerge. This is
often used to great effect in musical composition, with the result
that the perception of the listener switches automatically, and
involuntarily, between the two possible ways of hearing the rhythm,
in a way almost analogous to an 'auditory' Necker cube. Leonard
Bernstein's "I want‘to be in America" from West Side Story is a
well-known example.of this. The two ways of hearing this tune are
illustrated below, and the vertical dotted lines show the two pos-—

sible arrangements of 'houses' or pulses of the basic metre.
g .
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Implied quadruple time.
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For the purposes of the present test, it is imperative that
no such ambiguity be present, to eliminate confusion. In the first
version of the rhythm test, the task was as follows. For each test
item, subjects heard three paired presentations of a metre, or
regular time pattern with the first beat of each measure accen—
tuated by a bell, and an irregular rhythmic pattern. The metre was
the game for each presentation, but the rhythmic pattern was vari-
able. Only one of the rhythmic patterns would it with the metre.
Subjects had to state whether the first, second or third pair was
the one that fitted. .Altogether there were twenty items, with five
items each in duplej..triple, quadruple and gquintuple time. No .
}compound' time signatures were used, as these are all combinations
éf the above. A theoretical guessing score of five was obtained
by introducing a 'none' answer category, for items in which none
of the pairs of metres and rhythms fitted.

The time signatufes,'or ﬁetres, were recorded from a metronome'
with a syncronised bell. Six measures (bars) of each rhythm were
presented éach time. In térms of duration, this meant that the
quintuple metre was over twice as long as®*the duple; however, the
subjecf establishes the metre by £he clicks occurring between any'
two rings of the bell. The bell ig the one énd only cue to this.
By using measures as the criterion, rather than temporal duration,

there is the same informational content, and redundancy, in each
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item regardless of time pattern. Rhythmic patterns were produced
by taéping on a wooden block; note that none of these stimuli
have any temporal duration (apari from the decay of the bell).
Thackray emphasises that any rhythmic pattern is characterised

by the relative loudness, the temporal spacing, and the temporal
duration of elements. In ac¢cordance with these three character—
istics, Thackray's teéts, and those of other workers (Bentley)
present rhythmic material using tones rather than shorter, punc-
tate, stimuli, in order to give each element a certain temporal
duration. The present battery adopts a slightly different approach,
for the following reasons:-—

It should be remembered from the outset that the,tést proposed
here is different in nature from any of the Tﬁackray tests, and
places its emphasis on a subject's ability to attend to the position
of arious rhythmic elements, relative to a certain metre. In such
a task, duration of elements is,consigned to a relatively unimport-
ant position, when compared with position (temporal spacing) and
accentuation of elements. With the emphasis on the onset of ele-
ments, it is of little consequence whether the time between elements
is filled or empty. If the correct inter—-element spacing is removed
then amplitude and duration give insufficient cues for the establish-
ment of the correct rhythm; .and even in tests using elements of cer-
tain durations, there is still a finite pause between elements, in

order to indicate where the onset of a new rhythmic element occurs.
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_If there were no pause, elements would merge into continuous tones
of longer duration, with a certain amount of amplitude modulation.
Note also that in existing tests, the elements having duration
above and beyond a punctate stimulus, are presented as tones, rather
than wﬁi%e noise or a gimilar non-tonal sound. The interaction of
rhythmic and tonal material, for which separate factors may exist,
is not kn&wn.

In the proposed test, and also in thé tests of Bentley (rhythm),
the information reguired by the subject in order to perform the task

comes entirely from the onset of rhythmic elements. Therefore, in

the present situation, rhythm is taken to imply something that

remains unchanged by differences in duration of elements, provided

accent and temporal spacing are kept constant. Note that in
A.B.R.S.M. examinatioﬁs, subjects are asked to clap or tap the
rhythm of a tune played on the piano. This is a meanihgful task,
even though the examinee usés punctate stimuli as opposed to the
examiner's tune composed of elements of much longer duration; and
if the examinée's clapping indicates that he has correctly perceived
the ofiset times of the different elements he is judged to have per-
ceived the rhythm correctly. Given then that we can devise a satis-
factory teét uging the onset.times of different rhythmic elements

as criterion, there are definite advantages to using punctate rather

than continuous stimuli.

It ig desirable that in such a testing situation, factors due
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to attention or accuity be kept minimal. Regardless of the nature
of the test stimuli, information about the onset of rhythmic ele-
ments is extracted very soon after the onset of each element.

Thus even where elements have considerable duration, the information
about their onset is obtained, if at all, during the first few mili-
seconds of presentation. (Guttman usediélick durations of 70 micro-
seconds., These were readily pérceived by subjects. (1965)). Below
is a 'signal detection' type diagram, showing the situation obtain-
ing when punctate stimuli are used for presenting the rhythmic

materials-—

é
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The latter is clearly a much 'noisier' system than the former.
The difference between the signal and no-gignal condition is much
greater for the punctate than for the continuous stimuli, so the
former is a clearer, less confusing, mode of presentation.

The rhythm test, in the form described on page 193 was,
tested on a small sample of graduate students and téchnicians. It
was very clear from the outset, that the test was far too long in
its present form. Before preliminary trials were held in 'schools,
the first version of the rhythm test was reshape@ ags follows.
Instead of a separate presentatioﬁ of the same metre before each
compérison rhythm, only one metire presentation of six measures was
given at the start of each item. After three seconds delay, the
two comparison rhythmsg were given, separated by two seconds. Sub-
jects had to answer one or two, or 'neither' if neither of the com-
parison rhythms fitted with the initial metre. The number of items
was reduced to fifteen, by reducing the number of times each time
pattern occurred from fi%é to four; and the number of, trials in-
volving quintuple time, which proved the most difficult, from five

‘.
to three. Five ‘correct' response items occurred in each response
category. The speed for all items was J =144, which is a fairly
brigh£ andante.

In constructing the test tapes, a splicing-procedure wasg again

used. All parts of the rhythm test were recorded acoustically,
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whereas items in the previous sub-tests were recorded électronic—
21ly (direct) to reduce distortion. Metres were recorded from a
Maelzel (Swiss) metronome, which possessed a synchronised bell.

The early recordings showed that the bell was insufficiently loud;
a hand operated, spring loaded (for constant amplitude) bell was
subétituted, synchronisation being by hand. Rhythmic patterns

were tapped by fhe writer, using lengths of dowel on a hollow wood
block, constructed in the workshop. Several minutes of both rhyth-
mic patterns and metre were recorded, and the most accurate rend-
itions selected for inclusion in the test tape. Rhythmic patterns
used were selected by the-writer, froﬁ a variety of sources, includ-.
ing classical, folk, and modern jazz music. Complex ethnic rh&thms
and alternating or ambiguous rhythms had proved too difficult even

for some musical subjects in the earliest versions.

. Barliest Test Version:~ Preliminary Run.

Before any serious attempt was made to administer the test to
large samples, it was necessary to try out the test with groups of
children in order to find ocut if the tasks demanded by the tests
were intelligible to the children. To this end, a shortened ver-
sion of the test was administered to children in the Middlesborough
area, through arrangement with the Durham University Department of

Education. TFor this pilot run, only the firgt five items from each
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sub-test were included. The only aim of this study was to discover
if the tasks ifvolved were in fact meaningful to children within

the age group for which the batiery was intended.

Administration: The Answer Blank.

It was thought advisable to produce a new style answer blank
for the test battery, which would present more information, in
non-verbal form, than existing answer blanks. The Wing answer
blank is perhaps not ideally suited for younger subjects. Though
instructions are given verbally on the tape, they are also written
out on the test sﬁeet. In the present battery, no such redundant
information was included. This was also advisable to prevent any
reaction on the part of non-readers, or thosé who only read with
difficulty. Similarly, the type of layout used by Wing in the chord
analysis test was avoided, since experience with the tests showed
that some younger subjects tended to follow the columns across
rather £han down, or simply to cross out the multiple alternatives
in a random fashion. The Bentlsy asnwer sheet is more satisfactory,
since the choosing éf multiple alternatives is avoided. In the
present blank, however, it was hoped to supply information about
each event taking place in any one item, rather than merely supply-

ing a series of squares in which answers are placed.
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To do this, the time scale of each item was represented as a

" horizontal line. Any events taking place in that item (tones,
clicks, etc.) are represented by blocks drawn on the line. Answer
tones are distinguished from stimulus tones by shading or filling
in the stimulus blocks. By following each item from left to right,
in a way analogous to reading, the subject sees pictorial represen-
tation of each sound he hears. This tells him where he is in each
item, helps to prevent him from becoming 'lost', and gives a clear
indication of when he has to make his answer.

There is no point in including complete answer blanks for any-
thing but final versions of the test. The diagram below should
give a clear indication of the form of the earlier blanks , however.
The first illusiration shows the pitch test blank in its earliest

form. Only one item is shown.

A rZAl Tt 3 t=

The two shaded blocks represent the two stimulus tones. The verticgl
stroke separates stimulus from answer toneg; the long rectangle
represents the glide tone, and the arrowheads show where the blips

of white noise occur. Subjects answer by placing a tick in the
.appropriate segment. In the earliest versions subjects were imtruc-—

ted to place a cross to indicate their choice; an observer suggested
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that ticks would be better, as there might be something inconsis-
tent in asking children to indicate 'correct' items with a cross,

which is always used as a symbol for 'wrong' by teachers. After

the modifications described, the nature of the first answer blank

used in schools was as below:—

5. U 77) 777,1{ 5 3 N

Here the number of choices in the glide tone is reduced to three,

and a 'none' box has been added for stiﬁulus tones not included in
the glide tone. Answer blanks for other sub-tests were along similar
lines.

Before administration to the Middlesbrough sample, three prac-
tice items were produced, for presentation before the test material
itself. Overleaf is an illustration of the practice items, as they
were represented on actual answer sheets. Note the minimal amount
of verbal instructions. )

In this first pilot run, only the first five items from each

sub-test were used, as the main aim was to discover if the tasks

were meaningful to children.
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The Test Run.

In the form described above, the tests were administered to
two classes of children in a primary school. Average age of both
classes was 10 years, 3 months. There were 44 subjects. Instruc-
tions were given verbally; and at this stage questions were ans-—
wered, which reduced the degree of standardisation of the insiruc-

tions. In all later runs, instructions were always standardised.

Results.

There were no apoiled papers in this run. Scores and stan-

dard deviations for the parts and the whole were as below:-

Part 1: Rhythm. Mean score, out of five:- 3.356 S.D. = 0.968
Part 2: Auditory transposition. Mean score:— 3.556 S.D. = .856
Part 3: Pitch. Mean acore:~ 4.022 S.D. = 0.857
Part 4: Melodic Memory. Mean gcore:— 3.689 S.De = <864
For total battéry. Mean score:- 14.804 SeDe.= 2.195

Total possible overall was 20. Total possible on any sub-test was 5.

Conclusions.

The above results showed that a high mean score, of almost 75%

was obtained. The low standard deviation showed that this short
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version of the test discriminated rathertmdly, but this was attri-’
butable to the small number of guestions used, and copying on the
part of subjects. The high average score, and the absence of any
significant deficit on any one sub-test, suggested that the tasks

were indeed meaningful, and that there was little difficulty in

" understanding the nature of the tests. On the basis of this test

run, it was "decided that a vproperly conducted run on a larger
sample, and with completely standardised presentation would be
wérthWhile, using the unabridged version of the test. The fact
that. the results of this first full scale examination of the com-
plete test's performahce indicated that considerable modification
was necessary merely illustrates how misleading the results obtained
with the above group were. In fact, the results obtainea on sub-
sequent runs lead the writer to conclude that the classes used in
this first pilot run were highly -‘atypical. It seems poésible that
the Education Department, in their endeavour to secure 'good' classes
for the experimenter, had selected classes of exceptionally bright
children. Certainly the high mean scores of this group were not
duplicated in the test runs immediately following. The éonclusion
that the task was meaningful was not in fact born out, and modi-
fications to test material, and to administration, were made. Also,
subsequent testing was performed in schools selected by the experi-

menter, in an endeavour to cover a more representative cross-section.
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Section 3 shows the development of a pilot test battery,
stemmihg from ideas presented in sections 1 and 2, up to.the
point where final evaluation of the testing méthod could begin.
Seétion 4 is an account of the results obtained in administering
the tests to over 2000 schoolchildren, an& the. changes that
became necessary as a result; leading to the production of a test

battery that met certain criteria.




—~205-

SECTION 4.

Final Test Version.

First Test Rune.

Develooment of the Test Battery, leading to the

The version of the test described at the end of section 3 ‘
was administered to a sample of 117 children for the first test ‘
run. The subjects were from two different schools, situated in ‘
residential areas of Durham City. One school contributed classes
of 8 =9 (35 subjecté) and 9 - 10 (27 subjects) years; classes’
of 9 - 10 (24 subjects) and 10 - 11 (31 subjects) came from the
other school. There were 47 female and 70 male children in the
sample. Standardised instructions were given on the tape; so
the tests were self-administering in the saﬁe way as the Wing and
the Bentley testse. |

" Reproduction was by way of a Tandberg tape recorder, model 12 -

21. This was situated centrally in front of the class. The nature
of fhe tasks is such, however, tha£.variations in the siting of
the sound source,.and variability in room acoustics, are extremely
unlikely to influenée-the difficulty of the test material. (This
is not true for other tests, however. The Seashore, and even the
Bentley pitch test call for the perception of very small tonal

differences, which might be influenced by interaction with external

factors.)
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Method.

Subjects were seated comfortably. The room was kept airye.
Adjustments to seatihg were made wherever this was advisable, to
eliminate cheating. Subjects were informed that they required
only something to write with. Answer papers were disiributed,
usually with the help of 'volunteers'. The first task involved
the filling in of a simple administrative form attached to the
front of each set of answer papers. A sample of this form is
shown below. All detalls except name, aée and sex were written
on the blackboard for the benefit of subjects who found difficulty

in compieting the form.

New TesTs of MuSicAL APTITUDE
J. B, DAVIES. DEPT, OF PSNCHOLOGY, DURHAM_UNIV,

PLERSE CoMPLETE THE FOLLOWING -

ToDARYS DATE _ _ _ _ _ _ .

€LASS _ _ _ _ . _ __
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After completion of the administration form, subjects folded their
papers over to the first test sheet. Each sub-test answer form
was on a separate foolscap sheet. On this run, tests were in the
order melodic memory, pitch, auditory transposition, and rhythm.
Subjects were instructed to attend to the tape recorder, and toid
that all the'necessary information was contained on the tape.
Before instructions for the first sub-test were given, there
were some general instructions, to allow time for adjustment to

the situation. These general instructions were as follows:-

"Today, we are going to play a little game. I am
going -to ask you some simple questions about some noises
that you will hear séon. Now, make yourself comfortable,
ﬁick up your pen, and be ready, because the game goes on
fairly quickly. Ready?

You answer by choosing one of the shapes on your
answer paper, and crossing out the one you .think is
right. You will see how to do it from the practice items.
Ansver every question, even if you have to guess. No
copying please. Your neighbours answer is probably
wrong if it is different from your own'! And remember,

it's just a game, so do not worry".
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Instructions for the specific sub-tests were as follows:-—

Instructions for melodic (tonal) memory test.

"Here is part one of the test. In this part you have to
remember some little tunes. First of all, you will hear a short
tune. Some have three notes, like this. (Three note tune is
played) Some have four notes like this. (Four note tune is
played). You will hear each little tune twice, in case you did
not hear properly the first tiwme. After the second playing, you
will hear a longer piece of tune, like this. - (Six note tune is
played) Say whether the longer tune has the little one somewhere
in the middle of it. If the little tune is not in the longer one,
answer 'N' for No. If it is, answer 'Y' for Yes. Now listen
carefully. If you answer Yes, count how many notes are left after
the ;ittlé tune has stopped. There may be one, or two, or three,
or four, or there may be no notes left over at all; Write how
many noteé ére left over every time you answer Yes. Try the first
practice item.

Here is the little tune. (three note tune) And again.
(three note tune) Here is the longer tune. (six note tune, not
containing shorter tune) The answer there was 'N' for No.

Here is the second practice item. Listen to the little tune.
(four note tune) And again (four note tune). Now here is the
longer tune. (eight note tune) The answer there was Yes; and
one note was left over, so your answer should be 'Y' for Yes, and

the figure 1.
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Now try the last practice item on your own. (Complete item
is played) The answer was 'yes', and one note left over. Now
try the test, remembering that your answer will be '"N' for No,
or 'Y'" for Yes. Whenever you write 'Y' for Yes, your answer will
be followed by the figure 1, or 2, or 3, or 4, or-nought". (First

sub-test commences.)

Instructions for Pitch Test.

"Here is parttwo of the test. 1In this part you have to say
how high, or how low a note is. Listen to this note. (Stimulus
tone is playéd). Here it is again, in case you did not hear it
properly the first time. (Tone is played again.) Now listen to
this strange sound. (Three segment glide tone is heard.) The
note slides uﬁwards; and you also heard four louder, shorter
noises, or blips, dividiﬁg the sliding note into three sections.
IP'ollow them On'your paper. The white shape shows the sliding note,
and the arfowheads sh&w where the blips come. Listen to the note
at the beginning, and then say which part of the shape has that
note in it. If you do not think any part has a note as high or
as low as the one you heard, write 'N' for None.’

Now try thée first practice item, at slow speed. Practice item

number one. Listen to this note. (Stimulus tone is played.) Here
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it is again (tcne is repeated). Now.....;., is it here? (the

first segment of the glide tone conly is played). Or here? (the

segment of the glide tone is playea) Or here? '(fhird segment is
played) Or in ﬁone of them? The right answer was 1. Try it
again but at the proper speed. Ready? (the complete item is
played, but with the glide tone intact)

Now try the second practice item. (Complete practice item
is played.) The answer waé 3. Now try the third practice item.
(Complete practice item is playgd.) The correct answer fherewas
'N' for None. Now try the test, remembéring that your answer will
be 1, or 2, or 3, or 'N' for None".

(Second sub-test commences)

Tnstructions for Auditory Transposition (interval) Test.

"Here is part three of the test. Listen to these two notes.
(stimulus interval is played.) The second note is a little bit
higher than the first. Now listen to these two ( a different pair
of tones is played). The second note is a lot higher than the
first. Listen to the notes, aﬁd remember how far apart they are.
Then see-if you can pick out which two notes that follow are the

same distance apart. Like this.
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Practice item number oné. Here are two notes. (Stimulus
.interval is played.) And again, in case you missed them. (Stimulus
tones are repeated.) The second note is justa little bit higher
than the first. Remember how far apart they are. Now listen to
these two notes. (First comparison interval is played.) And these
two notes. (Second comparison intér;él is played.) Pick out the
two no£e§ that_are the same distance apart as the first ones you
heard. The right answer will be the two notes Wﬁere the second
one is only just a little bit higher than the first cne. Listen
to the first practice item again. Here are the two notes. (Stimulus
interval is played.) And again, just in case you missed them the
first time. (Stimulus interval is repeated.) They are very close
together. Now..... are these two close together (first comparison
interval is played? Yes; Are these two close enough? (Second
comparison interval is played.) .No. So you should cross out the
square marked number one. | ’

. Try the second practice item. Listen to the two notes. (Stim-
ulus interval is played.) And again. (Stimulus interval is reé-
peated.) They are very far apart. Now, are these two notes.!far
apart? (Second comparison interval is played.) No. HNeither of
them was far apart. So your answer would be 'H' for Neither.

Practice item number three. (The two presentations of the
stimulus intervals are given.) Far apart. (The first comparison

interval is given.) Close. (The second compaiison interval is
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given.) Far apart. So number two is correct.

So what you have to do is listen to the first two notes,
(&ou will hear them twice), and remember how far apart they are.
Then you have to pick out tﬂe two notes that follow that are the
same distance apart as the firét ones. Now try the test, remem-
bering that your answer will be one, or two, or 'N' for Néither".

(Third sub-test commences)

Instructions for rhythm test.

"Heré is part four of the tést. Listen to this noise. (Six
measures of triple time metre are played.) On every third click
a bell rang. Listen again and count. (Metre is repeated.) Now
‘listen to this. (Six measures of duple time are played.) The bell
rang on every second click that time. Sometimes the bell will ring
.on every second click, sometimes on every thirdcdick, sometimes on
every fourth, and sometimes on every fifth. Count, and decide which
it is. After you have heard this sound, you will hear two short
bursts of tapping. These are called rhythms. Say which rhythm
fits with the clicking and ringing sound you heard at firét, like
this. Here is the first 2ractice item. Here are the clicks. (Six
measures of duple metre are heard.) The bell rang on every second
click that time. Here is the first rhythm. (First comparison rhythm

is heard.) And the second. (Second comparison rhythm is heard.)

The first was the only one which would fit properly. Listen again,
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and count 'one... two... one... two' This may help you to see how
the first rhythm fits. (Here four measures of duple time are
played, with the sound of E's voicé superimposed, counting ‘one,
two, one, twol, etc)

Try the second practicé item. If the first rhythm fits, write
the figure 1. . If the second rhythm fits, write the figure 2. If
neither fits, write 'N' for Neither. Practice item rumber two.
Here are the clicks. (Six measures of quadruple metre are heard.)
The bell rang Qn every fourth click then. The first rhythm. (First
comparison rhythm is heard.)._And the second. (Second comparison
rhythm is heard.) ‘The right answer was number two.

Now try the last practice item on your own. (Complete item
ié heard.) The right answver was 1. Now try the test, remembering
that your answer will be 1, or 2, or 'N'.for Néither,

(Fourfh sub-test commenées)
On all sub-tests, E merely calls out the number of each item before

it commences.

Scoring.

On this version of the tests, scoring was as follows:-

Part One: Melodic (tonal) Memory. One point was scored
for each correct choice of 'Y' (Yes) or 'N'

(No). An additional point was scored for

each correct insertion of a number, on items
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where "Y' had been correctly selected.
Since there were 7 correct 'Y' answers,

total possible score was 22.

Part Two: Pitch. One point was scored for each correct
selection of 1, 2, 3, or 'N' for None. Total

possible 15.

Part Three:Auditory Transposition (intervals). One point
was scored for each correct selection of 1, 2,

or 'N' for Neither. Total possible 15.

Part Four: Rhythm. One point was scored for each- correct
selection of 1, 2, or 'N' for Neither. Total

pogsible 15.

Total possible for whole test battery 67.

Resultse.

The data was examined primarily to discover the state of
balance of the test. Mean scores for the parts of the test, and

for the whole battery, are given below:-

Melodic (tonal) Memory. Mean = 10.47.
Pitcho Mean = 5.72.
Auditory Transposition. Mean = 4.93.
Rhythm. Mean = 4.945.
Total battery- Mean = 26.06.
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It is apparent that the obtained scores are rather low. This is

indication that the tests as a whole are too difficult.

Below are given the difficulties of individual items in the

sub-tests expressed as percentage of correct responses. N for

each sub-test is also given. The difference between N for any

sub-test, and the total sample size of 117 gives the number of

'spoiled papers.

Item Numbere

HuEBEqW®w

1] 234 |5 16|71} 8] 9]0 1112 ]13]|14 |15
M.M.] 76 | 44.5] 56 | 51.8| 406 |46.6] 48.351.9|42.4 4765 34 | 295 413|561 47
B. 138549223 38.1} 42 .249 6| 62.215.93|24.4 [20.1] 391 3593 32.8/39.1(81.9
AJT.§ 27| 34 |561|20.3] 40.3130.8] 32.9123.4[434| 35 |27, 7|48.7}25.6[23.5[23.5
R. [51.2[5.9[15.4164f38.6 33.3}37.5459[22.8] 27 {40.7]22.8{29.141.7]|45.9}

e - i
M.M. = Melodic (tonal) Memory. (N = 110)
P. = Pitch. (v = 109)
‘A.T. = Auditory Trenspositiom. (N = 105)
R. = Rigthm. (N = 111)

In constructing tests, a state of balance of the order of dif-

ficulty of the items is sought. Though there are no hard and fast

rules, the following distribution of difficulty would normally be



regarded as satisfactory in cases where the discrimination sought

is based on the normal distribution:-

(a) About 20% of the items should range in difficulty
from O - 40. .

(v) About 60% of the items should range in difficulty
from 40 - 60.

(¢) About 20% of the items should range in difficulty

(d) Only a few very difficult and very easy items should
be included. (Guilford, 1954.)

The scores obtained on the first test run are thus clearly

too low.

éonclusions from the First Test Run.

Firstly, the pilot study on the Middlesborough children, with
the short version of the tests, needs.reconsideration, since the
high scores obtained on that occasion were not reproduced on test-
ing the larger sample. The conclusions that the test was meaning-
ful, and that subjects readily understood the nature of the tasks
also needs re-examination in view of the rather high number of
spoiled_answer papers. (10.25% on the auditory transposition test.)
The results show that, though none of the sub-tests approaches the
ideal Qery clozely, the tests of auditory transposition and of
rhythm are particulariy unsatisfactory since thg mean score on both

these items failed to exceed the chance guessing score of five.
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Balance of the tests is unsatisfactory; there are far too
many items in the O - 40 range, and a deficit in the 40 - 60, and
the 60 — 90 ranges. Modifications were therefore necessary;

these took the following form:-—

Modification to the first version of the tests.

In making these initial alterations to the test material;
the basic layout, aﬁd mode of presentation, was preserved. The
modifications at this stage consisted purely of changes to the
material contained in individual test items. Redundant items in
the O -~ 40 range were discarded. An attemft was made to replace
them with easier items, by using existing items in the 40 - 60
and the 60 - 90 ranges of difficulty as a guide in the selection

of new items.

Melodic Memory.

In this test, which was the.most satisfactory of any, items
10, 14, and 15.were removed. These were replaced by one harder
item, since the 0 - 40 range actually had a deficit of one item,
and two easier items. It was hoped these adjustments would improve
the balance. Also, one note was removed from all the comparison
tunes, in an attempt to increase the average score by reducing

the noise to signal ratio.
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Pitch.

Here items 1, 4, 10, 11, 8, 9, and 13 were removed. An
attempt was made to raise one very easy item into the 60 - 90
range, and the remainder of the changed items into the 40 - 60

difficulty range.

Auditory Transposition.

In this test, items 1, 2, 6, 7, 8, 13, 14, and 15 were
removed. An attgmpt was made to produce three items in the 60 - 90
range, and five items in the 40 - 60 range. Changes made involved
increases in the difference between 'correct' comparison tones and

Yincorrect' comparison tones. The stimulus tones remained unchanged.

Rhythm:.

Here items 2, 3, 4, 5, 6, 10 and 12 were replaced. Three
items in the 60 - 90 range, and a further four items in the 40 ~ 60
range were required. No change was made to any of tae metres, but
the complexity of the comparison rhythms was:reduced considerably
in the items indicated. |

No change was- made in‘the instructions for any of the sub-
tests. The changeé made had no effect on the total duration of
the battery, which remained at 36 minutes and 35 seconds, including

instructions.



-219-
In its modified form, the test was given the title of fhe
'A' scale. In this form the tests were -administered to a second

sample of schoolchildrene.

Performance of the 'A' scale:~ Second Test Run.

Method.

Phe 'A' scale was administered to a sample of 691 subjectse.
These were schoolchildren ranging in age from 7 years to between
11 and 12 years. The subjects were from five schocls in the-
Durham and Sunderland areas. Three schools wére in the Durham cilty
area, and one of these was closely annexed to a council housing
estate. The remaining two were in outlying areas, in semi-rural
communitieé. The sample comprised 47.76%'ma1es and 52.24% females.
-Conditions of administration, and instructions, were the same as

for the first test run, within the 1imité.possible.

Results.

'No detailed results, such as sex differences, or performance
of different age groups, are given for the second test run. It
is apparent from examination of the overall means, and the item

difficulties, that the adjustments made on the basis of the first
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test run, had failed substantially to effect the necessary changes
in the performance of the tests.
Means and standard deviations for the parts of the test, and for

the whole battery, are given below:-

Melodic (tonal) Memory. Mean 11.863 S.D. 3.341
Pitch. Mean 6.504 S.D. 2.894
Auditory Transposition (intervals). Mean 4.747 S.De 2.194
Total Battery. Mean 29.211 SeD. T«942

(Variance 63.081)

Comparison of the above with the results obtained on the first

. test run shows an increase in the scores on all parts of the test but
auditory transposition. Differences between the means for melodic
memory, pitch, and rhythm, on the two test runs were significant

.at the 1% level. Differences between the two runs for auditoxry
transposition were not significant. Although the modified version
shovs some improvement -in the mean scores, the megnitude of the-

.improvemént is too small; obtained means are still too low. Item

difficulties for individual parts of the test are given below:-



Item Number.

o

6] T

-9 110

11

13

14

15 |

II 1 |2

T2.7

755

46.8

67.3 632

559

43.6 | 645

311

41.8

3.6

624

45.9:

P‘LM- 42.7 37-3.
P

. l20.2 61.5%

266

48,6

463

5144523

1457

321|227

505

404 -

505

B4 .4}

b.r.d362 24.7

42 .8

17.3

362

27.6|27.6

27.6

4281305

3

314

23.8

3343

08 .4

R. 784 |283

30.6

36

378

49 5

5491576

378120.7

324

0 .7

28.8

532

48.4

For the total test Battery, 12.7% of the papers were spoiled. -

No further analysis of the data was carried out, since it

was apparent that the tests were still not operating at a satis-

factory level.

Conclusgions.

From the low scores, and the imbalance .in the item difficul-

ties, it was apparent that the tests were still too difficult.

In particular, the failure of the auditecry transposition test to

respond to the modifications made is particularly striking.

The number of spoiled papers suggests that too many subjects

either (a) are unable to understand the nature of the tasks, or

(b) due to the difficulty of the test items, become disconsolate,
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with lessening of attention and perhaps an increased tendency
toward random response.

It should be born in mind that the sample used in the second-
test run comprised the entire age range T to 12 years. The first
test run did not. Thue, the effects of the modifications made
are likely to bé attenuated to some extent by the lower scores
of the younger age groups, and the possibly greater difficulty
of understaﬁding experienced by the younger children.

It was concluded that if the tests were to operate satis-
factorily, congiderable re-organisation of the test materiél was
necessax&; further minor modificetions gimilar to the ones already
carried out would be unlikely to bring about the desired improve-
ments.

In addition to the above, certain behaviours exhibited by
the children during administration of the test gave cause for con-
cern. IThe mbs£ disconcerting was the gfimacing, eye closing, and
'thands-. over ears' shown by a small percentage of subjects during
the pitch test; discussion of the tests with subjects, and with
class teachers, involving re-runs of ‘certain parts of the tests,
revealed that the source of discomfort lay in the white noise
"plips'! used to break up the glide tones into ﬁheir different

segments. Clearly, some different signal was needed here.
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Finally, the duration of thirty-six minutes was felt to be
excessive especially for the very young children.
The main requirements for the new battery would be, there-

fore, as follows:-

1. The actual test items would need to be made easier
on the whole.

2. Presentation of stimuli would need to be made clearer;
to this end a general slowing up of the rate of
presentation was thought to be desirable.

3. Instructions would need to be made clearer at certain
points, and perhaps expanded at others.

4. In opposition to points 2 and 3 above, it was very
desirable, for the younger children, that the duration
éf the test battery be cut to something in the order

of twenty minutes.

The attempt to meet these somewhat conflicting demands, and
the production of an extensively revised battery, titled form 'B!,

is now described. .

The Revised Test Battery: Form 'B!.

In the construction of the new revision of the tests, no

fundamental alteration to the nature of the tasks was made. Major

changes, however, were made to the presentation of the test items,

and narrower limits were set to the response categories.
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Though the early experiences with the test material had not
begn varticularly encouraging, therewas no reason to suppose that
the basic methods proposed could not bé incorporated into a satis-
factory test. A small experiment was carried out at this point
which suggested that the basic methods might be aloné the right
lines. This briefly consisted of the administration of the test
form 'A' to a sample of 12 adults, five of whom were practising
music&anS. The mean total score for the musical group was 59
(range 54 - 65). For the non-musical group the mean score was

35.8 (range 29— 47). Results for the sub-tests were as follows:-

.M. Pitch. A.T. Eh yth.
Subject No. 1. 18 14 12 1
2. 22 15 %)
. . 3. 19 14

Mugicianse. 4. o1 14 124 14
5 22. 14 14 15
6. 8 T 5 7
Te 14 T 6 6
8. 12 9 4 4

9. 16 11 9 11
Musioiame. 10 1 7 6 12
' = 11. 12 10 T 12
12. 14 6 6 8

With the exception of the three results circled, the scores of the
two groups on all parts of the test are mutually exclusive. The
method then is capable of discriminating between criterion and

non-criterion groups to a very high degree. Whilst the groups




tested are exceedingly small, the results obtained added further
evidence that the testing method could be made to work. Unfort-
unately, the need to produce a children's battery meant that no
further, extensive, studies of the performance of ' A' scale with
adult populations could be made. Two further minor studies using'
the 'A' scale will be referred to later. The 'B' form of the
test, and the ways in which it differed from the 'A' gcale will

now be described.

Form 'B' of the Tests.

The four sub-tests used in the 'A' scale are retained, and
keep the same names. Methods of producing 'statistical approx-—
imations to music', rhythmic and metre patterns, sine wave tones,

and splicing of tapes, are all as for the 'A' scale.

Test of Melodic (tonal) Memory.

All the tones used in both stimulus and comparison tonal
sequences were lengthened. In the "A' scale, individual tones
were of .53 seconds (4" at '%" per second).. This was increased
to .63 seconds (43" at 73" per second). Inter stimulus time on
the 'B' form was 2.26 seconds (17"), and time allowed for answer-
ing was 3.33 seconds (25"). To compensate for this increase in

the length of items, it was necessary to remove the second (repeat)
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presentation of the stimulus tune; this resulted in an overall
shortening of the duration of the test compared with the original
'A' form. This modification represents an attempt to 'trade' the
advantages associated with slower rate of presentation (greatér
time allowed for consolidation) with the advantages associated
with two presentations of the stimulus tune. (Strengthening of
memory trace.)

The order of difficulty of the items was reduced by increasing
the signal to noise ratio of each item considerably. This was done
by shortening both stimulus and comparison tunes, as follows. Ten
stimulus tones of three notes and five stimulus tones of four notes
were used. This represents a considerable shortening of ;timulus
tones compared with the 'A' scale. The comparison tunes were also
shortened; .comparison tones of four and five notes were paired
with the three note stimulus tunes. There were five of eache. Five
comparison tunes of eiéht noteg were paired with the four note
tunes. All the practice items couprised three note stimulus and
five note comparison tunes. This shortening of the items, by re-
ducing the nunber of tonal elements, is also advantageous from the
point of view of the interference theory of forgetting. (Ceraso, J.,
1967).

In addition, the material was so arranged that all items to

which the correct answer was 'Y' for Yes would have either 1 or 2
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notes left over. It was imade absolutely explicit in the modified
instructions, that each 'Y' answer would be always followed by
either a figure 1 or a figure 2. This raised the guessing score

to 9.125 out of 22.

Test of Pitch.

In this test, the procedure of reducing the number of presen-
tations of the stimulus tones from two to one was again adopted.
Though Wickelgren found differences in memory for the pitch of
tones when these were increased in duratign from 2 to 4 to 8 sec-
onds, the differences, though consistent, were small. Also, the
effects he observed.were perhaps heightened by interference tones
placed between stimulus and matching tones. The suggestion that
short term memory for pitch decays more rapidly under certain
types of interference, and the implication that greater exposure
to the stimulus tones is necessary for a suﬁject to perform accur-
ately under greater degrees of interference, was born out by the
- following experimental study, pgrformed by the author and
J. Berriman. The study was carried out to find what differences
in short term memory for pitch resulted when white noise, 'random'
music, or silence, was interjected between stimulus an& matching
tones. The finding that recall is rendered worse by the inter-

jection of material between stimulus_and response is widely known.
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(Conrad, 1959; Broadbént, 1958). There is also the implication
that relevant interfering material is more damaging than irrelevant
material. Below is glven a very brief outline of the study per-

c

formed: -

Method.

Two criterion groups were selected to perform the experiment:-
a "musically trained' group of 15 subjects who were members of the
Durham University Music Department, and a "musically untrained group'

of 30 subjects with no musical training.

Aypparatus.

The apparatus used was similar to that used in the pitch match-
ing'experiments. Both S and E were seated in front of audio—oscil;.
lators, producing sine-wave tones. S could be presented with a
matching tone from E's oscillator; throwing a switch then enabled
S to hear sound from his éwn oscillator, on which he had to match
the stimulus tone. Both oscillators were balanced for outpute.

Both S and E heard.tanes via headphones.

Between the stimulus and matching tones, E could interject a -

burst'of white noise, or a sequence of random piano music, from a

two-track tape recorder; or a period of silence.



Procedure.

S. was presented with a sepies of stimulus tones. Before
being allowed to match these, he was subjected to a five second
period of one of the three types of interference. Stimulus tone
duration was 10 seconds. Controls, method of measuring responses,
and procedure in the sound-proof room were the same as for the
pitch matching experiments. Three stimulus tones were used.
Thére were three conditions, and each tone was presented twice.

Total number of trials per subject was therefore 18,

Results.

There: was a large difference in the mean errors for the two
criterion groups. As shown in the pitch matching experiments,
the musical group p;oved'fér more accurate than the non-musical
group. The effects of the three types of interference were as

follows:~

Subjects. Random | White Simple
Music. Noise. Delay.

Musical. 43 3.9 3.1
Non-
Musical. 51.0 49 .6 45.5 -

Average error, in cycles per second, for each condition.
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Whilst an analysis of variance showed difference between
groups significant at the 1% level, differences between conditions
were not significant for either group. However, when differences
between conditions are expressed as percentages of the error when
only simple delay is present, the following differences emerge:-

1. Inc?ease in error due to white noise delay;

‘as percentage of error under simple delay;

Musicians-ooo--o-0-00025.8%
Non~-MusicianSeeeececseee 9.01%

2. Increase in error due to random music, expressed
as percentage of error under simple delay;

Musicianseeseessesssee38.7%
Non-MusicianSeeeseses«12.08%

Differences between musicians and non-musicians are significant.
It appears then, that though the base line performance of the
musical group is superior to that of the non-musical group, the
interjection of white noise or random music causes greater ﬁer-
centage performance decrement for the musicians than for the non-
musicians. Under all conditions, the effects of the interference

were in the same direction for both groups.

Conclusions.
The above is & very brief summary of the study. Only those

results directly relevant to the present work are given. The
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implications of the study for the pitch test are as follows.
Firstly, it is clear that the interjection of bursts of white
noise in the comparison 'gliée' tones does not merely serve as

a cue to the start and finish of the different segments of the
glide tones;. it is almost certainly positively interfering for
all subjects, and possibly more interfering for musical than non-
musical subjects. Secondly, since longer presentations of stim-
ulus tones are necessary Whep'interference is-present (Wickelgren),
the need to keep the present test battery as short as possible
suggésts the need to keep interference between stimulus and res-
ponse minimal.

In jhe revised version of the pitch test, ohly one presen-
tation of the sfimulus tone was given. 'fhough this was not as
long as the 8 second period necessary for complete consolidation
of pitch found by Wickeléren, the minimal amount of interference
between stimulus and response in the presént test makes the use
of shorter stimulus tones practicable. Also, it may well be that
the subjects with the highest musical aptitude can internalise
thé pitch of tﬁe tone more rapidly than other subjects, and that
this sub-test operates on this criterion. The glide tones were
separated into their segments by simple silence, énd the number

of segments further reduced to two. The items were thus as fol-

lows:~ after the announcement of the nuhber of the particular



item, the subject héars a toné of 3.2 seconds duration. After
two seconds pause, the glide tone commences; affter the first
segment of the glide tone there is a silent period of l.3 seconds,
after which the second segment of glide tone is heard. 3.33 sec-
onds are then allowed for answering. The subject answers 1, 2,

or neither, depending on whether the stimulus tone occurs in the
first segment, the second, or neither segment, of the-glide tone.
This reduced the number of alternative answers to three, raising

the guessing score from 3.75 to 5.

Test of Auditory Transposition (intervals).

The length of the tonal elements was again increasea, in
exactly the same fashion as the melodic memoxy test;. The nature
of the task performed by the subject was changed, in the following
manner. Instead of hearing a stimulus interval, followed by a
series of comparison intervals (as in the 'A! sqale) the subject
merely - hears two consecutive intervalsz. There is no emphasis on

selecting one of a series of comparisons. The subject listens to

the two intervals, and is asked tc say which pair of notes are the

closest together, in a tonal sense. The exact nature of the task

is made clear in the instructions.
On some items, both the intervals presented are identical

musicel intervals, in different keys. The subject is asked to

write 1, or 2, to indicate which interval contains notes that are
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closer together; or to write 'same' if the two intervals are the
same. This gives three alternatives, and a guessing score of 5.
The actual difficulty of items was reduced by selecting inter&als
that had produced the greatest number of correct responses in the
TA? scalé. Few difficult intervals, such as flatted fifths and

flatted eixths, were included.

Tgst of Rhythm.

Mode cof presentation was again changed. Instead of hearing
two comparison rhythms following presentation of the metre, sub-
jects now hear oniy one. They listen to the metre and the'rhyth—
mic pattern, and then merely answer ‘yes' or 'no' to iﬁdicate
whether or-not the comparison rhythm has-the saﬁe time signature
as (i.e. 'fits' with) the metre. In order to reduce the guessihg
score from 50%, subjects were also asked to indicate whether the
metre was duple, triple or quadruple, by writing 2, 3, or 4 on'
their answer sheets. One point was scored for each correct selec—
tion of one, two or three. Total possible score thus became 30,
with a chance guessing score of 12.5.

An obvious poinf of contention in the above test, is that in
asking subjects to indicaté the nature of the 'metre! we are test-
ing-a counting ability, which has little to do with rhythmic abil-

ity; and therefore penalising those who have poor counting or

numerical ability. Two studies were performed which suggest that
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this is not so.

Initially, from Piaget, 1941, we may note that a child aged
6 to 7 years usually has little difficulty in counting objécts
in excess of ten. The present task involves counting up to four
6nly, but invol;es sonic rather than concrete objects. (for def-
inition of 'sonic object' see A. Moles, 1968) The following

study was performed, to test the hypothesis that the perceptiop

of the rhythmic metre was simply a numerical ability.

Method.

The sample comprised 127 children, all aged between T and 8.
Thére was an approximately equal sex division. Subjects were asked
to count various objects presented to them Ey the experimenter. A

short answer blank was prepared, a sample of which appears below:-

J

1y HOW MANY @oggS: |

i, How MANY polLs J

L, HOW iy Tabs 7 j

b How MANY WHSTLES ¢

00 e e e A Sp— S 1+

E Haow MENY  Sinms ¢

}
L, HOwW PMANY  ENES { |

M, How pmany JARS ( L

. . - . "‘ I
3. How mANY Boxes? N
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The objects used in the study presented various types of infor-
matioh, all demanding the abstraction of number. The highest

number used was five.

Procedure.

A1l the objects were placed in a large cardboard box, so they
were not visible to subjects until produced. Before each item, E
made the following speech: ~
"I am going to show you some things,vhich I want
you to count. Now! How many (books, dolls)?"
The objects used, and the types of information they provided, were

as follows:=

1. Books (3). These were held high in the air.
Visual objects.

2. Dolls (3). These were held high in the air.
Visual objects.

3. Taps (4). E taps firmly on the desk with a ruler.
Subjects close their eyes. Auditory only.

4. Whistles (2). E blows firmly on an Acme whistle.
Subjects close their eyes. Auditory onlye.

5. Slams. (1). E holds up a book, and slams it closed
vigorously. Visual and auditory object, ébstract.

6. Snips (5). E holds up a pair of kitchen scissors,
and snips them vigorously. Visual and auditory object,

abstract.
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7. Jars (2). E holds up, and shakes, scme small
jars containing s few dried peas, which rattle.
Visual and auditory, concrete. |

8. Boxes (4). E holds up, and shakes, some small
boxes containing a few dried peas which rattle.
Visual and auditory, concrete.

Results.

Out of the whole sample, only one incorrect result was obtained.

This was an error on item 8, which was scored 3 instead of 4.

Conclusione.

The counting of various types of objects up to the number of
5 was performéd with extreme ease by a sample of seven year old
children. Effectively, there were no errors. The much higher
number of errors obtained on the 'counting' part of the rhythm
tests suggests that more than simple counting is required, and that
differences between scores on the'fh&thm tests are unlikely to be
due to differences inocounting ability up to the number 5. ;

The second study déscribed here is an investigation into short
term memory and rhythmic abilities, supervised by the writer, and
carried out by V. Pomfret, 1969. Only one aspect of the study will

be referred to here; namely, an investigation to show if the factor
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of "general rhythmic ability' postulated by Thackray was simply

a general short term memory factor.

Method.

Four groups of sixteen subjects were selected randomly from
the age groups 5 6, % and 8 years. Each subject'was given four
tests. Two of these were tasks in short term memory, involving
digits and words respectively. The other itwo were 'rhythm' tasks
involving " clapping %he rhythm of a2 melody", as described by Thackray,

and "marching on the table with both hands, in time to the 'music".

Results.

The results obtained in the study were extremely detailgd;
only the broad findings and conclusicns are given here. The main
findings were, from an examination of partial correlations, that
clapping the rhythm of a tune did not depend only on short term
menory, but involved other things 23 well. Rhythmic performance
of the 'marching in time to the music' type did not correlate at all
with short term memory. It was also found that performance at the
short—term memory tasks correlated significantly with intelligence.
but that performance on the rhythmic items did not correlate with

intelligence.
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Conclusions.

The main point from these two studies, as far as+the present
work is concerned, is that abllity to perform well on the rhythm

tests proposed is unlikely to be influenced to any significant

degrée by counting abilities, or by general short term memory, or

by intelligence.

Thehypothesis that the 'metre' part of the test introduced
into the 'B' form is simbly a test of counting, or of short term
memory, is not substantiated, therefore. In the revised form, all
quintuple items were removed, to reduce the number of more dif-
ficult items. The complexity of certain of the comparison rhyth-
mic patterns was also reduced, using easier items from the 'A!
scale as a guide. The form of the rhythm tests was now as follows.
The subject hears six measures of a metre, in duple, triple, or
guadruple time. This is followed by a pause of 3.2 seconds (24“)
during which S writes the figure 1, 2, or 3. The comparison rhythm
then follows, after which subjects must say whether it was in the
same time as the metre, answering 'Y' for Yes or 'N' for No. Time

allowed for answering was 3.33 seconds.

Modifications to the Test Answer Blank.

Ixamination of the spoiled papers from the TA' scale results

shoved that some subjects found the test blank confusing. There




was a tendency for answers to be placed inside shaded blocks,
other than the answer blocks. The additional information pro-
vided by the pictorial representations of all the events in any
item was clearly misleading tc some subjects. On the '"B' scale,
all blocks representing stimulus events were therefore deleted.
The blocks pertaining to comparison or 'response' events were
retained. Subjects thus answered by selecting one of the shapes;
there were no "non-response' shapes. A sample of the 'B' form
of the answer sheet is given overleaf. No further modifications

were made to the answer blank, which now proved satisfactory.

Modifications to the Instructions.

Though remaining basically the same in form, the verbal
instructions wers médified slightly to fit in with the new test
situaﬁions. Ce?tain 'doubtful' points were clarified. The gen-—
eral instructions were the same as for the 'A' scale. Instructions

for the specific sub-tests were as follows:-

Instructions for Melodic (+tonal) Memory.

"lere is part one of the test. In-this part you have to
remember some little tunes. First of all you will hear a short
tune. Some have three notes, like this. (Thfee note tune is heard)

And some have four notes like this. (Four note tune is heard)
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%fter thé little tune has stopped, you will hear a longer piebe
‘of tune like this. (Six note tune is heard) Say whether the
longer tune has the short one somewhere in the middls of it. If
you do hear the short tune somewhere in the middle of the longer
one, angwer 'Y' for Yes. If you do not, answer 'N' for No. Now
listen carefully. If you have answered 'Y! for Yes, count how
many notes were played after the little tune had stopped. There
will be either one note, or two notes, left over every time the
ansver is Yes, sa write how many notes are left over every time
you choose 'Y' for Yes. At.the top of the page there are three
practice items with thé ansvwers already filled in for you. After
you have heard them carry on qnswering in the way shown. Here is
the first practice item}. Here is the little tune. (Three note
tune is heard) Here is the longer one. (Four note tune is heard)
The little tune was in the longer one, and one note was left over
at the end; so your answer would be to cross out the letter 'Y
for Yes, and write the figure one. This has already been done for
you in the first practice item. Here is the second practice item.
Listen to the little tune. (Three note tune is heard) Here is
the longer one. (Tive note tune iz heard) The little tune was
not "in ~the longer one, so the answer would be 'N' for No. Here

is the last practice item. (Complete item, with three and five
note tunes, is heard) The answer there was Yes, and two notes

were left over. Now try the test, remembering that your answer
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will be 'N' for No, or 'Y' for Yes. Every time you choose 'Y'
for Yes, your answer will be followed by the figure 1, or the

figure 2. (Test commences)

Instructions for Pitch Test.

Here is part two of the test. In this pexrt you have to say
how high or how low a note is. Lizten to this note. (Tone is
heard) Now listen to these two strange sounds. (Two-segment
glide tone is heard) You heard two notes, both sliding upwards.
This is what you have to do. Listen to the note at the beginning,
and remember it. Then listen to the two sliding notes. Say which
of these has the first note in it. If you think the Tirst sliding
note is correct, answer by crossing out the number one. If you
think the.second sliding note is correct cross out the number two.
If you do nét think that either of the two sliding noles have a
sound as high or as lowras the one heard at first, choose 'N' for
Neither. Here is the first practice item. Here is the notee.
(Tone is heard) Now, is it here? (First segment of glide tone is
heard) Or here? (Second segment of glide tone is heard) Or in
neither of them? The right answer was number one. Try the second
practice item. Here is the note. (Tone is heard) Is it here?
(First segment of glide tone is heard) Or here? (Second segment

"6f glide tone is heard) Or in neither of them? It was in neither
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of them, so your answer would be 'N' for Neither. Now try the
thi;d practice item. (Complete item is heard) The right answer
there was number two. Now try the test, remembering that your

ansver will be one, or two, or 'N' for Neither. (Test commences)

Instructions for Auditory Transposition (intervals) Test.

Here is part three of the test. In this part you have to
say how far apart two notes are. IListen to these two notes. (A
melodic interval is.heard) The second note was just a little
bit higher than the first. Now listen to these two notes. (Interval
is heard) They were much further apart. The second note was a lot
higher than the first. Here is what you have to do. TFirst of
all you will hear two notes. Remember how far apart they are.
Then you will hear two more notes. Remember how far apart they
are. You have to pick out the two notes that are the closest
together. If the first two notes are closer together than the
second two, answer one. If the second two notes are the closest,
answer two. If both pairs of notes are the same distance apart,
answer 'S' for same. Here is the first practice item.__Here are
the first two.notes. (Interval is heard) They were very far
apart. Here are the second two notes. (Interval is heard) Much
closer together. So the answer is two; the second two notes were
much closer together than the first ones. Here is the second

practice item. (Interval is heard) Close. (Interval is heard)
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Far apart. So the right answer would be one. Here is the third
practice item. (Interval is heard) Close. (Interval is heard)
Close. They were both close together; so the answer would be

'S' for same. Now try the test, remembering that your answer will

be one, or two, or 'S' for Same. (Test commences)

Instructions for Rhythm Test.

. Here is part four of the test. Listen to this noise. (Six
measures of triple tige metre are heard). You heard a clicking
sound, and a bell rang on every third click. Listen again, and
count. (A-further six measures are heard, with E's voice super-
imposed, counting one, two,three, etc.) Now listen to “this. (Six
measurés of quadruple are heard) The bellirang on every fourth
click that time. Sometimes the bell will ring on every second
click, sometimes on every third click, and sometimes on every
fourth click. Count, and decide which it is. After the clicking
and ringing ;ound, you will hear a short burst of tapping. Say

~vwhether this tapping sound fits with the clicking and ringing
sound ébu heard fifst. This is what you have to do. Listen to
the clicks and the bell, and decide whether the bell rings on
every second click, or every third, or every fourth. Decide which
it is, and write fwo, or three, or four in the first square. Then
listen to the tapping sound, and say whether it would fit ﬁith

the clicking sound, answering 'Y' for Yes, or 'N' for No. Here
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is the first practice item. Here are-the clicks. (Six measures
of metre are heard) The bell rang on evéry second click, so the
- figure two should go in the first square. Can you see the figure
two on your answer sheet? Now, here is the tapping sound.
(Rhythmic pattern is heard) Did it fit with the clicking and
ringing sound? The answer was 'Y' for Yes. Here is the second
practice item. Here are the clicks. (Six measures of metre are
heard) The bell rang on every fourth click. Here is the tapping
sound. (Rhythmic pattern is heard) The answer there was 'N' for
No. Here is the third practice item. (Complete item is heard)
The answer there was the figure three, and the lettér 'Yt for Yes.
Now try the test, remembering that your answer will be the figure
two, or the figure three, or the figure four, followed by 'y!' for

Yes or 'N' for No. (Test commences)

Administratione.

This was the same as for the 'A' scale, with the following
addition. As a visual aid, a large version of the practice items
was constructed for each sub-test. These were drawﬁ on cards size
1' 8" by 2' 6", E displayed these cards when the appropriate
instructions were being reproduced. A selection of ticks and
numbers was made, cut out of card. These symbols were affixed

to the larger sheets as the instructions directed. This additional
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aid seemed particularly helpful to the younger children. Dura-
tion of the total test battery was now 30 minutes 15 secondse.
The first version of the "B' form was administered to a

further sample of schoolchildren, in the form described.

The 'B! formﬂ First Test Run.

The tests were administered to 448 schoolchildren, in the
aée renge T to 11 - 12 years. The sample comprised 46.8% males
and 53.2% females. Four schools-from the Durham City, Leamside,
and Sherburn.areas provided the sample. One of fhe schools
(Durham Bluecoat School) was a C. of Es: school and did not neces-
sarily draw its children from the immediate neighbourhood;
though the fact that it was 2 day attendancé school restricted
its hinterland effectively to the Durham City area. (No residen-—
tial c*choolswrrr-;*re used in any of the test runs) Appearances sug-
gested that the schools covered a wide soclo-economic cross-
section. With the exception of the visual-~zid described above,
administration of the first version of the '"B' form was the same

as on previous runs, within the limits possible.

Results.

Mean scores and standard deviations for the sub-tests and

the whole battery are given below:-



Melodic (tonal) Memory.
Pitch. '
Auditory Transposition.

Rhythm.

Total Battery.
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Mean 11.86
Mean 6.9

Mean 6.42
Mean 18.19

Mean 43.4

S.D. 21823
S.D. 2.68
S.D. 2.154
S.D. 5.8

S.D. 8.208

(Eipected guessing score lor whole battery

Item difficulties for the different sub-tests are

31.

6)

Test Itemse.

given below:-

SHuEa3ggw

1) 2 3 4 51 &6 7 8 9| 10)11 | 12} 13 |14 | 15
w.id757| 416 | 715 | 654 518(695| 89| 373[399| s01 | 356|587 | 527|424 | 478
P. §437)5651{ 24 | 504 48 |599| 582| 343{385| 522 | 603|411 | 428]385 | 402
A.Tf53 | 581 | 409 | 64| 324|589| 58| 504 {221 | 427 | 392|221 | 342|239 | 469
R. 615|572 | 478 | 561) 615|598| 658| 521|70 | 666 | 555|624 | 641|649 | 641

Sﬁoiled Papers.

Down from 12.7% to 3.125%.

Conclusions.

Differences between means for the sub-tests and the whole bat-

3
tery on the 'A' and '"B' scales are all highly significant, with the

exception of the melodic memory test.

3

The most significant effect of

¥ When comparing the means, scores were reduced toapercentage, on

the rhythm.test, and thé total battery, in order to make the

sceores comparable.
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the 'B' form however is the drastic reduction in the number of
spoiled papers. This suggests that the new form of the test was
more readily understandable, and that random response due to
lapse of attention was reduced.

The balance of item difficulties on the 'B' form was very
different from balance on the 'A' form. The preponderance of dif-
ficult items 'in the O - 40 range has disappeared. DBelcw is given
a table of the numbers of items occurriqg in each of the difficulty.
categories; .results for the second version of the 'A' scale are
given in brackets. TFigures for the rhythm and auditory trans-

position tests are particularly interesting.

% Difficulty.

MMa | (2)] 3 (7% 7 || (6)
P. (5)1 41 (8) 10 [ (2)
LT, @3 6 2] 8 | (o
“R. ] off (s 6 [ (1)

O ] = U

BlEgSwmagw

Ideally, there should be about 3 items between O - 40, about 9 items
between 40 - 60, and about 3 between 60 - 90. Examination of the .
above table shows that the balance of tests one and two approximates
roughly to the desired distributioﬂ. Test three, which was grossly

imbalanced in the 'A' scale, is improved, but still hag.far too
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much ceiling. The rhythm test is iransférmed, however, from a

test with too much ceiling into one with far too little ceiling;

- the balance on the 'B' form is almost a 'mirror image' of the

balance on the 'A' scale.

Comparison of the two test forms reveals a slight reduction
in the standard deviations for sub-tests in the 'B' form. Though
this is difficult to interpret, the cause is almost certainly the
small increases in- the possible guessing scores. In view of these
increases to the guessing scores, means and standard deviations
are remarkably sfable. This perhaps suggests that little syste-
matic guessing was going on, but that wrong answers were genuine
false positives. 1t may also indicate that the difficulty of the
various tasks is not unduly influenced by the mode of presentation.

Before detailed item analysis, some minor adjustments and a

further test run were thought necessary.

The 'B' Porm. Final Test Run.

Adjustmenis were made to items in the four sub-tests on the
basis of the data obtained from the last test run. No further
changes were made to instructions, tlest blanks, or to the mode of
presentation of the material. A complete description of the tests
in their final form is given in appendix one. A description of the

'A' scale is also given, which serves for comparison.
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The final version of the '"B' form differed from the earlier
version in two ways. TPirstly, the mcoring on the rhythm test
was altered. Instead of one point being scored for each correct
selection of 2, 3, or 4, plus an additional point for each correct
selection of 'yes' or 'no', one point was awarded for each correct
'yes' or 'no' and this was made contingent upon correct selection
of a number. The total possible score thus now became 15. This
change in the marking served two purposes. On the first run of
the 'B' form, mean score overall was 60.6%L The guessing score
was 47.7%. By altering the scoring system, the overall mean score
is reduced, andﬁ#he difference between obtained mean and 'guessing!'
mean is increased. Thus with the new scoring method, mean obtained
score vas 41.6%, and the guessing mean was 16.7%. Secondly, the
new system of scoring is perhaps logically more apt. Under the
old system, a person who wrongly perceived the initial metre still
had a 50% chance of scoring one point on the 'yes' 'no' part of
the test even though a correct answer to the second part presupposes
correct perception of the metré. Under the new system, correct
perception of metre is made 2 condition for scoring a ﬁoint on the
second ?art of each test item. |

The second change involved the transposition of the entire
test into a lower 'key'. (All items were moved down the frequency

spectrum by the same amount perceni) Bentley (Musical Ability in
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Children) and Cleall, C. (The Natural Pitch of the Human Voice)
have both shown the effects of change of range on pitech judgements.
In the present case the findings of Bentley are confirmed, in that
scores are improved as a result of trénsposition of itemg into the
natural raﬁge-of fhe voice; the findings of Cleall were used as
a model for trangposition in the present case.

Finally, changes were made to individual items in the various
sub-tests in an attempt to improve the balance of the difficulty

of items.

Method.

The test was administered to a sample of schoolchildren in
the age range 7 to 11 - 12 years. Details of the sample are given

below: -

Total number in sample: ecoeeececcscaecsa53Te

Numbers in each age group:

7 — 8 yearSeeeseessssssesensseessl06. (N.B. children were
: grouped according
to actual age, and
QO —10 yeaTSececsessosennssssssseslid not merely by

y average age of
class or grade.)

B = O YEOTSeeceansacavsonasenseesld5,

10 —11+yea.I‘S......................14-7

Sex distribution: .....................46.18% malee.

...l..h...‘..l.ll--.l53.820/0 female.

The schools providing the sample were all in the Durham City and

surrounding areas. Four schools were involved.
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Administration, and the use of a visual aid, were exactly

as on the previous test run, within the limits possible.

Results.

Means and standand deviations for the individual sub-tests
and for the whole battery are given below:-

1. Melodic (tonal) Memory e...Mean lle73ees.eSeDe 3.071

2. Pi‘tch.......................Mean 7.78.....5.1). 2.682

3. Auditory Transpositionesecss.Mean Te3lees..5.D. 2.784
4. Rhythm.-...----......---.-..Meal’l 7.16.-.-.5.1). 3.267

Total Batteryeeescsecessesssolean 33.93.....5.D. 8.516
(0.05 discrepancy due to rounding errors)

'Guessing score' for the whole batterye.eeee..e2leb

Note that for this final version of the tests, possible total scores
for the sub-tests are:-

1. Melodic (tonal) MemOTyeeceessesesel
2. PitChecesecsccesscnnsracessnsonnsld
3. Auditory TranspositioNeeescecases.el5
4o BhythMeeeeeseoceeccesnsnossaasesoeld

Total.lilOIOOI..ll..lll....l.lll.67

Item difficulties for all items in the different sub-tests are given

below:-
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42

1 2 3 4 5 6 T 8. 9 10 111112 {13 |14 115
84 |40 1 78] 631 40721 64] 29|48 53 {24153 |55 |49 |46
P. 164 {5044 6749|631 52| 371 52] 46 {42{ 37 |68 {50 |42
AT, 161 [55159) 62 28 | 63] 51 554 47] 41 |58] 52 |31 |26 {43
R. l4a9 (31 lm 501 44] 61] 391 59| 6113657 [48 |53 |42

Ixamination of the balancé for the sub-tests shows that all are

reasonable approximations to the desired disgtributicn.
given a table of the distribution of item difficulties.

tribution is given in brackets;

Below is

Ideal dis-

plus any relevant comments.

5d 20

40 - |60 60 - PO v
m— — oo Comments.
Obtained |IdealjlObtained {Ideal |Obtained [Ideal
oMo 3 (2) 7 (9) 5 (3) [|Two of the
SRR items in the
60 - 90 range
have ratings-
of 63 and 64.

P. 2 (3) 9 (9) 4 (3) liTwo items in
the 40 - 60
range are rated
42. One item
in the 60 - 90
rated 64.

A.T. 3 (3) 9 (9) 3 (3)

R. 3 (3) 10 (9) 2 (3) llone item in thel
40 - 60 range
has a rating
off 59.
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It will be noted from thedbove that in those cases where the
3-9-3-distribution did not oﬁtain, a change of only two or three
percent on two items at the most would be sufficient to bring
about the ideal balance of difficulty. The obtained balance is
thus fairly satisfactory.

In order to determine the effects of age on test scores,
mean scores for the sub-tests and for the whole battery were com-
puted for each age group. Note that the age groups used are ‘real!
age groups and not class or grade groups. Thus, theefects of
brighter children who may be a year ahead, or less bright children
who are retarded a year, do not confound the results. Means for
the different age groups are given below, for sub-tests and for

the total battery:-

- . Total
M.M. F. A.T. R. u Battery

7-8 9.765 6.41 6.65 5.6 29.253
years.

-- t
8 -9 10.96 Te35 T.21 6.72 32.24
years. ’ n
9 - 10 11.506 7.805 Te33 Te49 344131
years. "
10 - 11+ 12,77 8.68 T.99 8.33 3777
years.

The results show small but consistent increases in scores on all

parts of the battery, as a result of increasing age.




In terms of mean scores and balance, the test may be regarded
as being fairly satisfiactory. All means for all age groups are
above guessing scores, but there is still ample 'ceiling' in the

test to permit high scorers to be picked out.

Conclusions.

Though far from being perfect, the means for the different
age groups and the distribution of item difficulties suggest that
in its present form the test battery operates in a fairly consis-
tent and meaningful way. Further test runs on very large samples
would certainly improve the battery, and produce more data in
terms of which its performance can be reviewed. The final test
run produced the following 'standard' scores. For each age group,
and for each condition, three figures are given. The central fig-
ure is the mean, and the two flanking figures give the scores which
cut the distribution of the subjects into equal thirds. (Tertile
scores) The figure in the red square is the only one which is in

any way anomalous. (It ought to fall between 6.22 and 6.86)



M.M. P. A,T. R.
_—f.‘——=t=——.— = =*-——-—'—' —_—
8.78 5.69 6.08 4.16
7.8 ) }
yoars. 9,765 6.41 6.65 5¢6
11.18 7.88 8.21 T7.67
9.92 6.67 6.22 6-07
8 -9 T " p
years. 10.96 Te35 T.21 6,72
12,67 8.57 8.52 8.73
: 10.43 6.91 |5.9 I 6.6
9 - 10
years 11.506 7.805 Te33 T.49
13.25 9.32 8.9 9.7
11.6 . 7.58 6.86 ST e34
10 - 11+ -
years. 12.77 8.68 . 7.99 8.,5_')
14.36 10.22 10.28 10.28
Standard §Epres:— Meagi and- Tertiles.

It is possible now to interpret scores on the tests in a meaning-
ful way by comparing obtained scores with the standard scores.

The majbr part of the experimental work, involving the selec-
tion and organisation of certain types of material, and bringing
these to a point at which further large scale sampling would be
valuable, have been described. It remains ﬁow to describe the
results of an individual item analysis, and introductory studies
of reliability and validity; the results of which show how further
development of the test material mighttake place,and the direction

which future research might take.
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PERFORMANCE CF THE TEST BATTERY.

Form 'B*. TItem Analysis of the IMnal Test Run.

The following simple item analysis was performed on the
results obtained from the above test run. The method inwolved
the calculation of the double fetrachoric coefficient of cor-
relation between each individual item and total scores on the
sub~test involved. The method used is outlined in P. E. Vernon,
(1948). The tertile scores for each sub-test are calculated.
Then for each item, two correlations are calculated. One compares
scores in the top two tertiles, or in the lower tertile, with
right or wrong for each particular item. The other compares scores
in the bottom two tertiles, or the top tertile, with right or
wrong for the particular item. This produces a 'chi-sguared!
type of layout for each coefficient. For each item, two values
of rt are obtained. Comparison of the twovalues obtained shows
wvhether the item operates better in the upper or the lower part

of the scale. The average of the iwo obtained coefficients gives

‘an overall index of discrimination for the individual item. Number

of calculations performed was 2 x 4 x 4 x 15 = 480, scparate sets
of coefficients being obtained for all age groups. I% should be
noted that the cosine-pi tables for the rapid determination of the
tefrachoric correlation coefficient (M. D. Davidoff and H. W. Goheen,

1953) are accurate only when variables are dichotomosed at the
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median. The error is only.=zlight for near-median splits but
becomes appreciable when one or both variables are dichotomised
far from their medians. Error also increases with the size of

r cos-pi for any given condition of unequal dichotomisation.
Corrections to all the coefficients obtained were made with the
help of correction graphs. (Norman C. Perry, Norman W. Kettner,
Alfred F. Hertzka, and Eugene A. Bouvier, i953) A1l coefficients
given have been corrected for non-median dichotomisation. A copy
of the correction graphs is given overleaf. The graphs given are
for use when pl or p2, but not both, is greater than 0.5. Dif-
ferent graphs are used where these conditions do not obtain.
Results from the item analysis are given on the pages following

the correction graph.

Item Analysis: Discussion of Results and Conclusionse.

Though double tetrachorics, and means, are given in the pre-
ceding tables for all items, a meaningful inferpretation can only
be made by examining the upper and lower tetrachqric coefficients.
No conclusions on the performance of individual items can be made
from examining diffefences or double rt's alone, since results can
cancel each other out. Though there are slight differences between
the numbers in different age groups, all coefficients of 0.25 or

over may safely be regarded as'significant at the 1% level or higher
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The data sh%T; that the majority of items have good o1 fair dis-

crimination in both the upper and lower ranges; on the wvhole, dis-

crimination seems to be slightly better in the upper range than the

lower. Note that on test batteries of this type, low scores are
always likely to be less reliable than high scores. With the excep-
tion of the items indicated on the results sheets, all items have a
discrimination of at least 0.3 in one range. The majority exceed
this vaiue in both ranges. Two items show very poor discrimination.
These items, in the red squares, are item 11 on the melodic (tonal)
memory test, and item 15 on the auditory transposition test. The

latter item is particularly bad; but its late position in the test

might exaggerate the weakness. In addition, two further items, in

the green squares,. are picked out as being weak, in that coefficients
do not exceed 0.3 on either upper or lower parts of the scale. It
should be noted that removal of either of the very pocr items would
have an adverse effect on the balance of both sub-tests. Alsmo, it
is not necessarily beneficial to have several items with extremely
high discrimination, as this leads to redundancy in the remaining
items. (Generél Ref. Thorndike, R. L., 1949)

The main conclusion from the item analysis is that performance
Zg—most items justifies their inclﬁsion. There is room for con-—

siderable doubt in the case of four items. Two of these are par-

ticularly bad, and should be replaced before further widespread
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testing. On the whole, the results are remarkably consistent;
examination of the mean U and L scores for the different age
groups show small but consistent increases in the power of dis-

crimination with increasing age.

Form 'B'. Reliability of the Test Battery.

Two assessments of the reliability of the battery were madé.
The first involved calculation of correlation coefficients from
scores obtained from a sample of 97 children testea on two sep-—-
arate qccasions. The second involved administration of the bat-
tery to 118 children, with subsequent analysis using the Spearman-
Brown formula for split half reliability. There wéds a certain
discrepancy in the results ébtained with these two analyses; but
it should be remembered that the Spearman-Brown is more a measure
of adequacy of item sampling, and that temporal stability does not
enter into this statistic. The temporal stability of the test
was méasured by administering the tests to classes of school-
children on two separate occasions. Over one hundred were tested
on each occasion, but absentees reduced .the number who performed

the test twice to 97. Four months and one week elapsed between

the two trials. The group tested included subjects from all age

groups. The coefficients obtained for the sub-tests for the whole

age range are not as high as one would like them. This is due to

two reasons. Firstly, examination of the data for individual
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age groups shows a steady decrease in the size of the obtained
coefficients of reliability with decreasing age; this probably
reflects the greater difficulty of the younger children in main-
taining attention, or the greater liability to fluctuations of
motivational state. Seéondly, the use of a normal sample, rather
than a high motivational criterion group, lowers the coefficients.
Reliability figures would be considerably improved if higher age
groups only were used; (Bentley's reliability data wﬁg\obtained
from a sample with a mean age of 10 years 9 months. Range was.
from 9 years 10 months to 11 years 9 months.) and the use of high
motivation groups would cértainly improVe the figures.

Results. obtained, are given below, in two tables. The first
table'shows results obtained with a sample of 37 children in the

top two age ranges.

Reliability of Sub-tests, and whole battery, for
age ranges 9 - 10 years, and 10 — 11+ years.

Part one. Melodic (tonal) Memory. 0.76

Part two. Pitch. : 0.58

Part three. Auditory Transposition (intervals) | 0.54

Part four. Rhythm. ' 0.63

Reliability of total battery 0.82
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Below are the reliabilities for the younger age groups. (¥ = 60)

Reliability of Sub-tests, and whole battery, for
age ranges 7 — 8 and 8 - 9 years.

Part one. Melodic (tonal) Memory. : 0.73

Part two. Pitch. 0.412

Part three. Auditory Transposition (intervals) 0237

Part four. Rhythm. 0.46
Total Battery; 0.701

The reliability for the older children, talking the battery overall,
is-fgir; and approaches the figures found for the Bentley and the
Wing tests. Note that the upper age group in the present study
.has a lower mean age than in Bentley's étudy. Figureé for the
younger children, especially on certain sub-tests, are rather poor.
In the absence of data on the reliability of the Bentley and o?her
tests when used with very young children, it is difficult to make
any comparative statements; it is very likely that otﬂer test
batteries would suffer in é similar way with these age groups.
With both groups, the réliability of the melodic (tonal) mem-—
ory test is quite good; énd with the younger children actually
exceeds the reliability of the whele battery. This may be due to

©
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the more involved scoring system on this part; which gives a
total out of_22, rather than 15. 1In a way this may be equiv-
alent to lengthéﬁing the test; increasing length has a bene-
ficial effecf on feliability coefficients. Also there may be
a primacy effect.

In conclusion, the data on the reliability of the testsis
rather limited} waeVer, there is little doubt that reliability
.falls off éuite markedly when the test is used with younger chil-
dren. With children in the age range 9 years to ll+ the present
battery compares favourably with the Bentley, the reliability
data for which was obtained with slightly older children.

Note that product-moment coefficients were used for all the -
above; some workers have used rank-coefficients, which take into
account only relative positions of testees' scores. No account
is taken of magnitude of difference betweeﬁ scorés; results from
the two methods are discrepant. Product-moment coefficients make fullest
use of the data available.

As an indication of the adequacy of item sampling, split
half coqfficients were calculated for all sub-tests separately.
All age groupswere analysed together. The coefficients obtained

from the Spearman-Brown formula are given below:~-




-263-

Split-half Reliability of the Sub-tests.

Part one. Melodic (tonal) Memory. 1 0.64

Part two. Pitch. 0.86

Part three. Auditory Transposition (intervals) | 0.64

Part four. Rhythm. 0.91

Item sampling is therefore fair for parts one and three, and good

for parts two and four.

Conclusions from Reliability Studies.

For older children, aged 9 yéars to 114+ years, the reliability
figures obtained for the present battery are comparable with those
found for the Wing and the Bentley tests. Reliability of the
sub-tests was rather poor for younger children, however. It would
appear essential, therefore, that all workers should state clearly
what sample was used in the derivation of their reliability coe-
fficients, as these are probably subject to effects similar to
the ones found in the present study. It also seems clear that
the criterion for accepting or rejecting certain levels of relia-
bility should vary in stringency for different age groups; it is
certainly easier to obtain high values with older populations,

and an acceptabilityilevel of about 0.8 for adults may well be
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a less stringent criterion than a reliability coefficient of
0.7 obtained with young children. Clearly, it is desirable
however that workers should attempt to maximise reliability
under all conditions.

The observed effects of age are probably due to the greater
fluctuation in attentional and motivational-stateé in the younger
children, and no test of the present type is equipped to compen-—
sate for these things.,

Results from the split half reliability study indicate that
item sampling varies from adequate to good on differqnt parts of

the test.

Form 'B'. Validity of the Test Battery.

The validity data on the present test battery éérrather
sparse. A thorough examination of the validity of the measures
is a séparate study in itself. However, a certain amount of data
on test performance has been obtained, results from which are
discussed below. .First, however, certain difficulties associated
with the assessment of validity are discussed, with special ref-
erence to the present study. Generally speaking, three broad
methods are available for %alidating test material of the present.
type. These are: 1. validation longitudinally, that is over a

congsiderable time, against a criterion closely tied to the con-

étruct the test is intended to measure. 2. comparison of the
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scores obtained by so-called ‘criterion' and 'non-criteriont
groups. 3. examination of thé correlation between test perfor—
mance and the ratings of 'experts' or people presumed to be able
to 'rate' in a meaningful way. The following problems arose from
consideration of these methods. In the present study, concerned
primarily with the sékxﬁion and development of test material,
ﬁethoa 1. (longitudinal vélidation) ig clearly impossible within
the scope of a three year study.

Alternative two (comparison of scores for criterion and non-
criterion groups) is not entirely satisfactory. In brief, the
validities obtained from such studies tend to be in excess of
those obtained when the test is given to ﬁofmal non-selected sam-
ples. This is partly due to the increased motivation of the cri-
ter;op as opposed to the non-criterion groups. There are other
important reasoﬂ; why cross-validation between criterion and nor-
mal samples may be unsatisfactory. (For detailed account see
Meehl and Roseé? -Briefly, the value of a test is very closely
related to the nature of the sample to be tested. Unforiunately,
in the present study, no figures for%the.penetration of musicality
(according to some criterion) in the population as a whole are
available. Neverthéless, thé following argument might apply.

For instance, the penetration of schizophrenia in the normal_pop-

ulation is about 0.85%. If a clinician always diagnoses 'not

schizophrenic' he will be correct 99.15% of the time. Suﬁpose,
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by comparing criterion and non-criterion groups, he finds that
a certain test picks out 80% of the schizophrenic group as being
schizophrenic. On the face of'it, the test is a most useful

tool. However, if he diagnoses from this point entirely in

accordance with the test, he will make 20% errors. Previously,

by guessing-'non-schizophrenic; his error was only 0.15%. Now,
he incorrectly classifies as schizophrenic 20% of the non-
schizophrenic population. Thus, in the above hypothetical case,
the test will only be a useful tool where comparison between
schizophrenic and non-schizophrenic groups is necessary. With
an unselected sample, the clinician Wili be more acéurate if he
me;ely guesseé 'non-schizophrenic'. Similarly, with tests of
musical ability, any validity data obtained from comparison of
criterion and non-criterion groups can only be interpreted use-

fully if the base rates for certain levels of musical ability are

} known. Any attempt to determine these levels would be most useful.

In the absence of .such data, validity results from this type of
cross—validation do not give any clues ag to the overall useful-
nesé of the test.

Alternative fhree, validationlagainst teachers' rankings,
also presents certain difficulties. The basic assumption is that
teachers' rankings are in some wa& a useful criterion. Yet what

do we conclude in the case where a child who is rated as being

very mediocre or poor by his teachers scores very highly on an
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\i:é; teé}? Cronbach and Meehl argue as follows (1955) "Teacher
‘gadgements once constituted the criterion against which fhe indi-
vidual intelligence test was validated. (Note the use of the
past tense:- author) But if today a child's I.Q. is 135 and three
of his teachers complain about how stupid he is, we do not con-—
clude that the test has failed. Quite to the contrary, if no
error in test procedure can be argued, we treat the test score
as a valid statement about an important quality, and define our
task as that of finding out what other variables-personality,
study skills, etc. modity achievement or distort teacher judge-
ment". In the present case, the value of this method of validation
is further called into éoubt by the overall lack of agreement bet-
ween the rankings of various teacheré. Correlations between rank-
ings obtained from various teachers were almost without exception
insignificant, and coefficients themselves were low. The question
arises as to the_value of validity coefficients obtained with the
use of some criterion_which ig itself unreliable,

The above paragréphs underline briefly the major problems
confronting the prgsenf.ipvestigation. ane of the froblems has
in fact been solved. Data,'obtained from comparison of'various
small criterion and non-criterion groups, and from the rankings
of one teacher, are given below. The only defence wﬁich it is
possible to offer is that the objections faised above apply equally

to the results of other workers. Results are also given from a
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comparison’ of the Benfley Tests and the tests of the present
writer; but since the Bentley tests are themselves validated
in ;arge part against the type of criteria described, it is
difficult to interpret the results obtained.

Overleaf are the results obtained from four small samples.
The groups consist of 1.20 choristers from the Durham Choir
School (avérage age 1l years 4 @onths), 2,8 musical adults with
performing skill as criterion. (These were all unconnected with
the University) 3. 11 non-musical adults (unconnected with the
University) 4. 13 raﬁdomly chosen children with average age 11
years and one month. For each group, means and stancard devia-
tions for the sub-tests and for the total battery are given.

I+t will be observed from these figures that both musical
groups are superior to both non-musical groups on all partis of
the test. Also, musical adults are slightly superior to musical
children, but non-musical children score slightly higher than non-
musical adults. The theory that musical abilities may decay
'through lack of use after children leave school is well known,
though the present finding cannot really be regarded as confir-
mation. A short series of t-tests was performed on the total
‘scores of the various groups. The results of the comparisons,

and a key showing which comparisons were performed, are given below:-~




Musical
adult

Key to t-tests.
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Non-musical
adults.

on-musical

.
Choristers

comparison 1. (M.A./N_M.A.) t
Comparison 2. (C./N-M.C.)

Comparison 3. (M.A./N-M.C.) %

children.

Results of t—-tests.

t

6.934 significant at better than
«001

4.615 significant at better than
+«001

6.506 significant at better than
001

Non- ~Adults.

Musical. N =11

M.M. P. AeTe Re . Total. - '

13.0 8.909 6.509 8.571 38.091 MEANS
2.558 2,152 1,929 2,922 6428 S.D.
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Musieal
Adults. N=28
M.M. P. ) L Re. Total.
20.4 13.75 11.5 13,625 59 .46 MEANS
1.9 1.479 3.122 1.576 6.265 SeDe
Musical Choristers.
Children. | N = 20
M.M. P. A.T. R, Total.
15.65 - 11.75 12.25 10.75 51.45 MEANS
3.9 2,98 2.277 2.624 T.606 | S.D.
Non- Children.
Musical.. N=13
= —_——
MoMo Po A-_.T. : Ro Total
12.9 8.71 8.4 © 9,01 39.02 | MEANS
2.559 2.559 2.801 2.5 6.877 SOD.
Comparison 4. (C./N-M.A.) t = 4.805 significant at better
‘ than .CCl.
Comparison 5. (M.A./C.) t = 2.546 not significant (p greater
| : than .01)
Comparison 6. (N-M.A./N-M.C.) t = 0.328 not significant (p greater
- than ¢:6)
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All differences between musical and non-musical groups are

e i

therefore hlbhly s1gn1flcant. leferences Wlthln the non—mu51ca1

_groups are not, though the dlfference between mus1cal adults and

B R, .. .

c@gflsters 1s 51gn1f%pant at better than the 5% 1eve1.

Finally, a comparison of two samples of college students was
performed by D. Hargreaves using an earlier version of' the tests.
He found that a sample of students studying music scored signif-
icantly more highly than a sample of students not studying music.
There were 12 musical and 28 non-musical students involved in the
study. Differences between the mean scores (47.3 for the musical
group; 33.67 for the non-musical) were highly significant.

The attempt to validate the tests against the rankings of

teachers was almost entirely unsuccessful. This was largely due

to the lack of agreement shown by the teachers who supplied rank-

ings. Even simplified rankings, such as picking the 'Best' five
children and the 'worst' five, failed to produce any consistent
‘results. The ways in which music is taugh% in many Jjunior schools

in the area is probably responsible for this. Two situations are

frequently encocuntered. Firstly, there is often no specialist

music teacher in the schools, and several teachers may take:the

music sessions. Their perception of a child's performance is in-~

variably clouded by general behavioural and performance criteria

not related to musical performance. Secondly, the teaching methods

v
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aré often not suited to the observation of individual differences

in performance; frequently, music lessons consist entirely of
listening to classical records, (so-called 'appreciation' sessions.
The problems of 'appreciation' in the absence of any basic found-
ation in terms of wider musicel activities have been discussed
earlier.) or group singing. In this latter category, the endless
repetition ('rehearsal') of hymn tunes for morning assembly seems
asllimiting in terms of 'musical exploratiocn' as it is widespread.

. There were notable exceptions, where Orff type instruments were

in use, in'coﬁjunctipn with certain excellent B.B.C. broadcasts; y
and composition and individual or small group performance éncouraged.
Such instances vere very rare, however. (Only two out of all the
-schools tested could be described as progressive in the approach.

to musical educajion.) It is possible that the North East is par-
ticularly poorly endowed in the above respects, or that the sample
-chosen was ..atypical. However, certain other areas do seem to be
rather better organised.as far as the mﬁsicaleducation.of thé young
is concefned.

A rank coefficient was calculated which showed close agreement
between test performance and general musical performence, for the
choristers of the Durham Choir School. The cathedral organist and
choir master supplied a tentéfive ranking. The close association

between Conrad Eden and the musical lives of the choristers suggests

that this ranking would be more reliable than most of the other




|
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rankings attempted. Spearmén's rank correlation method yielded
a coefficient of 0.68, between rankings and test performance.
Dr. Eden showed great enthusiasm and subsequently expressed a
desire to use the test as an aid in selection of future choris-
ters.

lastly, a comparison was_made between scores obtained on the
Bentley tests and the present battery. Both.tests were adminis-
tered to some 30 children in the 9 - 10 age range. Absentees
reduced the number who worked both tests to 25 subﬁects. Product
moment coefficients were calculated for the totals of both test
batte:ies, and also for the different sub-tests. Results are

given below:-

Comparison of Bentley an@ Davies testing systems.

Correlations Obtained.

1. Davies ﬁ.Bentley 'melodic memory' (tonal) ﬁemory)......0.297
2. Davies v Bentley "pitch'eeeeccescccscrencnsssccssossseelel?
3. Dévies v Bentley 'rhythm';.....;.......................0.256
4. Davies ;auditory transposition' v Bentley 'chords'.sese0+39
5. Davies total battery v’ Beiitley total batteryeeceocsasse0e65T

None of the coefficients for the sub-tests is significant
except that for the pitch test, which is just significant at the
5% level. The coefficient for the total batteries is highly sig-

nificant, at better than the 0.1% level however.
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Test form 'B'. Conclusions from the Validity Data.

Three types 6f study have been attempted. For teacher's
~

. e
rankings the data ?F/}ery sparse indeed. The point has been

-

rade, that in thg ultimate analysis, only a longitudinal study

can provide really definitive data about test validity. The prob-
lems associated with other procedures have been briefly outlined.
Data from other sources is presented above; notwithstanding the
difficulties described, sufficient evidence exists to suggest that
the test can be described with caution as 'valid'. In particular,
the results from cross-validation using groups, .show complete
separation of musical from non-musical subjects, independent of
age. Since in the large non-selected samples used in the main

test runs,.very high scores occurred in small but consistent num-
bers, independent of musical training, it seems unlikely that the
test discriminates simply in terms of musical tuition. The results
obtained from the one ranking sfudy do not merit further comment..
The comparison with the Bentley measures shows that, with both
tests in tofo, results are in fairly good agreement; sufficient

to suggest that both batteries are measuring the same thing overall,
at least to some extent. The low correlations obtained between

the four sub-tests, however, suggest that these are on the whole
not comparable. This is not surprising when the differences in

the naﬁure of the test material are considered. It is interesting
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to speculaté where the overall agreement of the total batteries
comes from, in the absence of any close agreement in the sub-

tests.

Footnote:

General references for the methods employed in determining
reliability, validity and norms for the final version of
the test battery included Phillips, B. N. and Weathers, G.
§1958), Lorge, I, and Thorndike, R. L. (1957), Cureton, E. E.
1950), Cronbach, L. J. and Meehl, P. E. (1967), Ebel, R. L.
(1961) and others. Since these all deal with fairly general
issues and procedures, no specific references are given in
the text.
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SECTION .

Conclusions from the Study.

Sections 1 and 2 of the présent work reﬁresent a general coverage
of work in the field of musical ability, leading to the selection
for further studj of certain types of material. éections 3 and 4
are céncerned solely with the experimental development of the sel-
ected material, leading to the préduction of a test battery. A
better perspective of the work overall is obtained if certain of
the goals staﬁﬂhmﬁmplied in sections.l and ) are re-stated in the
light of the experimental firdings.

Initially, it must be stated that the value of the work, if
any, lies not simply in the production of a different test battery,
A fairly comprehensive array of test material is already available,
and the addition of one more battery to those already existing is_
not in itself particularly meaningful. The'results are likely to
be of more use as sources of information about musical perception,
testing techniques, and the application at a very rudimentary level
of signal detection and information theory in a field where such
applications have been somewhat sparse. By applying simple, purely
psychological, criteria to the selection and development of cértain
material, it has been shown that in the field of mugical measure-—

ment such methods are not inappropriate; within certzin limits,
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the test. works, and compares favourably with other‘batteries; The

S .

point is that the approach adopted is shown to be a reasonable one
in the light of the results obtained. Secondly, if the type of
test matefial chosen does operate in a satisfactory way,'we are

in a position to say more about the nature of basic musical abil-
ities; to see what is fundamental to certain tasks, and what
merely 'noise in the system'. The Mursell type of view, that
musical aptitu&e can only be measured in a thoroughgoing musical
situation needs, at ieast, clarification.

Section 1 of this work dealt in some detail with factorial
studies of musical ability, using data obtained from certain better
known test batteries. The point was also made regaréing the draw-—
backs associated with variables which are factﬁrially over—-complex.
Guilford has underlined the need for greater simplicity; "rotaﬁions
and interpretations would be much simplified if each variable were
of complexity one; that is, if it measured only one common factor'
to any appreciable extent". Though the simplicity of the present
data would probably not normally merit such detailed analysis, a
simple factor analysis wa§ performed on the results obbtained from
the present tests. (Thurstone's centroid method) Before giving
the results of this simple analysis, the reader is referred to |
page 39 of this thesis, and the following passage. "It would be

advantageous, therefére, if by manipulating short-term memory
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variables we could produce a test battery which, in view of

Guilford's comment, produced substantially only one- common factor".

A matrix of the correlations between the sub-tesis is given

below: -

M.Me.
P.

A.T.

M.M. P. A.T. R.
0.356 | 0.269 0.256
0.356 0.362 | 0.3125 Inter—sub-test
0.269 | 0.362 0.283 Correlatiqns.
0.256 | 0.3125 | 0.283

Analysis of the above produced the following main factor loadings

for the four sub~tests.

Melodic (tonal) MemOTYeeeeececeeesss0e524
PitChecososvrsoccscosscscesccncoceec0ebld5
Auditory TranspositioNeecscesecssecee0s551
RhythMeeesoosooscosssccccsssasesesse5H0

No further analysis was carried out, asthe above accounted for

rather more than 95% of the common variance.

From the above, it is clear that inter-sub-test correlations

are on the whole rather small.

Insofér as the sub-tests do measure

common variables, the extraction of the one main factor accounts

for virtually all the variance.

The factor loadings themselves
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are moderate rather than high. The conclusion from the above must
be that on the whole the sub-tests measure fairl& specific aspects
of musical ability; under normal circumstances the size of the
obtained inter—correlatiéns would hardly merit a factorial study.
It is interesting that insofar as the tests do measure common or
group factors, one single factér accounts for most 6f the variance.
In view of the way in which the test has.been constructed, it is
tentétively suggested that such a common fabtor is concerned wifh
short term memory for musical and quasi-musical materials.

A detailed study of the relationships between the present test
battery and other abilities would be a considerable help in the
task of more positive identification of the common factor in the
test battery. At present such a body of information is not évail—
able. There are a few helpfﬁl indications from certain of the
studies so far described, however. A brief comparison of classes

from schools in which 'streaming' effectively takes place shows

that there are small but not significant differences between streams.

Very high or very loVIScores seem equally likely to occur in either
group. The highest score obtained was from an eight-year o0ld girl
from the lover stream in a school at Leamside. This school was
notable for the very low social and economic status of many of the
children, and the rather low rate of examination success achieved.
Teachers fregquently found results surprising, especially in cases

where 'bright' children achieved low scores.
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Also, a study hés been described showing the absence of any
significant relationship between intelliggnce and scores in siﬁple
rhjthm tests. The factor analysis shows comparable loadings on
the common factor, for all parts of the test, implying that the
other sub-tests do not measure intelligence to any appreciable
extent. Finally, if the sub—tests-were substantielly tests of
intelligenbe, one might have expected higher inter-sub-test cor-
relations.

An interesting study was performed by D. Hargreaves,to show v411
the relationship between scores on the 'A' scale of the tests,
and the fype of 'creative intelligence'-(divergent preduction
abilities) discussed by Getzels and Jackson (1962), Wallach and
Kogan (1965), MacKinnon (1962) and others. Hargreaves devised
various scales for measuring divergent musical thinking, involv-—
ing re-arrangement of elements, number and uniqueness of responses,
detection of similarity, auditory imagery, and devising questions
to test various aspects of appreciation. The musical material
used was varied, ranging from 'pop'! to modern jazz and classical.
No frivolous material was included. His findings to some extent
parallelled ;Egse of Getzels and Jackson, but ig\a_specifically
musical context. IPerformance on the 'divergent'! tests he devised

showed little relationship with scores on the 'convergent' test

of musical aptitude. We can fairly confidently conclude that the
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present test battery does not measure creative talent in any waye.
. S

In the musical sphere, as well as in the field of more general-

'intelligénce', creativity must be treated as something separate
from the simpie convergent skills involved in tests of the present
type, and different ways for measuring, and encouraging, its |
development must be evolved. (Terman, L. M., 1954, Mednick, S. A.,
1962)

A point emerging from examination of daté on other test bat~

teries is the vital need to specify at all times the age group

T e o 4t e e

from which data was obtained. This is of the utmost importancet”

—

for producers of children's tests, but less importance for adult
tests. Where tegts are designed for administratioﬂ to children
whose abilities and natural talents are still developing, different
results are obtained for different age groups. In the present
study, it bhas been noted how mean scores.increase throughout the
age range. This is easily anticipated, and test comstructors in-
variably give age norms rather than overall norms. However, it is
necessary to go beyond this. In the present work, we have observed
how the reliability of the tests, which is comparaﬁle with other

———
——

batteries in the upper age range, falls to a very disappointing

———— e

level for the younger children. In a similar way, validity is

- —

also a function of the age range used; gluctuations in attention
and motivation being primarily responsible. In this respect, the
—_— sl bl ts SR bl |
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use of older children, or even adults, and criterion/non-criterion
groups in the derivation of validity data may tell us very little
about the test performance.'in situ', and can cover a multitude

of sins. Lastly, it is equally misleading to give one overall
figure, with children's tests, as a measure of the relationship
between test.scores and intelligence. Though no hard data has
been extracted to confirm this in the present study, observation

suegests (if it is not 1ntu1t1vely obv1ous) that the relationship

——

—
e ————— e o e =

between test scores and 1nte111gence is inversely related to age.
[ - P L -

Given that a certain m1n1ma1 degree of intelligence is. necessary

to master the test situation, and that this remains constant for

age gréups, the task is likely to be nearer to the intellectual

'celllng of a young ch11d than an older child. Thus, when a

coefflclent of 0.3 is given as_ a descrlptlon of the ralatlonshlp

with T.Q., t thls may mean that whilst there is virtually no rela—

T e e . s e s = A

tlonshlp for 12 or. .13 year. olds, there may be a cons1derab1e one

for 6 or 7 year olds. The person using the tesis needs data that
— e e e — -—— - .

are applicable to the sample he is using, rather than some overall
measure. All data should be closely related to age therefore, if
test users are not to be mislead about the effectiveness and
efficiency of the tests in certain situations. It is necessary

to make a final point about the present study. All the testing

described hes taken place in the North East. It is impossible
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to state with certainty just how far the findings might be specific
to the area, and how far they might be general. Certainly, studies
have shown fluctuations in intelligence in different areas, and it
does not seem unreasonable to suppose that the present findings
might also vary within certain limits if -the tests were administered
in different geographical regions. Caution should be used, there-
fore, in interpreting standard scores; though it is unlikely that
any of the general principles will be fundamentally alfered by
location of festing.

Some of the findings from the present s£udy-perhaps help to
clarify one of the centpal issues in the psy&holbg& of music, namely
the 'omnibus' versus the 'atomistic' viewpoints. As so often hap-
pens in cases of this type, the truth will probably emerge, even—
tually, in a position somewhere Between the two. This seems very
likely, as far a$:the.present test is concerned, since the brief
factorial stuay shows that the tests have considerable specificity,
yet all have loadings on substantially one common factor. We might

o T
conclude with caution that some evidence has been produced by tlhe

present study which suggests that the common factor is a short-

e 2.

-

term memory factor of a highly specific nature, (i.e. specific to
————

musical materials). There may exist, within this general category,

differences in the short-term memory capacities of subjeccts for

different types of musical material, but memory for these different
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materials is not totally exclusive for each type. Clearly, high

T —

scores on one sub-test do not necessarily imply high scores on

the others. The 'complexity’ of musical ability, which even the
'omnibusf theorists concede, may stem from the variety of musical
materials involved in the tests.

It is not proposed to give any detailed account of the role
of this type of research in the general sphere of musical educa-—
tion, or education as a whole; nor to give.any explanation of
the possible value, if any, of this work. The former has been
déalt with fully by Wing, Shuter, Bentley, and others, and no
purpose . is served here by mere repetition. With regard to the
value of this type of research, the comments made along the way
must be the only guide; no deeper, pefhaps pseudo—philosophical_
discussion, is given. In the ultimate analysis the individual
reader must evaluate the work and reach his own conclusiopé, as
he sees fit. Neither is it proposed to discuss the undoubted
value of music in therapy (Gaston, T., 1968), in the study of
pefsonality (Payne, E., 1967), applications in industry and effocts
upon industrial performance, (Yééhida, Te, 1965) or any general
problems concerning the "mystery of music". (Wing, H. and Bentley, A.,
1966). Ail these things-are seen as peripheral to the main point

of the present study.
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It remains finally to look briefly at the position of the
present work in the overall picture of musical and auditory
research, and to suggest directions for future researche.

Work in the field of musical abilities, and work in auditory
perception, have oftep been regarded as quite separate areaé of
research. There has been very little carry'over from the iabora—
tory-experimental studies of hearing, to the less experimental '
studies of music and musical perception. There are signs in recent
years that the more thoroughgoing experimentaiists a¥e becoming
more and.more interested in problems concerned with the percep-
tion of musiéal material. Newman Guttmann, R. J. Ritsma, S. S.
Stevens, Merle Lawrence, B. L. Cardczo and many others have per-
formed work on musical perception in a purely experimental setting.
The mutual effepts of this drawing together can only be beneficial.
Test constructors, and musical educationalists can gain insight
into certain perceptual processes, and better appreciate the extent
of certain abilities, by an examination of more purely scientific
data. This must effect their aims, methodology, and selection of
material in a beneficial manner; and also help to show what is
‘musical truth' and what mere 'musical humbug'. The present work
can be regarded mainly as an exercise in psychometriqs; and an
attempt to modify the type of maﬁerial used in test batteries in

the light of simple psychometric and psychological thecry. The
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result, it is hoped, is firstly a battery of tests that works;
and one that may possibly have certain advantages over others

in terms of 'culture freeness'. Secondly, the work dsmonstrates

—- - T —————

the usefulness and viability of the general approach to measure-

. e . .
ment; one does not have to usé the musicians own criteria when

measuring his skills

On a wider froﬁ%, certain of the experimental 'studies have
shown problems to exist where the non-experimental worker never
suspected them. In particular, séme animal experiments have pro-
duced pesults that are very difficult to explain. The work of
Dewson has been briefly mentioned in an earlier'chapter; he used

monkeys in an experiment-which showed that the animals showed no

preference for (in an operant sense, could not discriminate bet-

ween) consonance and dissonance.’ Two pieces of experimental work

are particularly interesting. Blackwell and Schlosbenrg showed,

as early as 1943, that white rats showed quite marked octave
generalisation in an operant situation. However, D. Allen (1967)
recently showed thaf 'normal' non-musical adult people do NOT show
octave generalisation, though musical subjects do. What can we
conclude from these pieces of information? Is the 'normal' rat
more 'musical' than the normal adult human? Though we may fairly
easily explain the difference between the musical and non-musical
humans, it is difficult to see why the rat should diswvplay such

superior performance.
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Finally, research of a physiologicél nature will inevitably
. take place in these areas, once a sufficient amount of behavioural
data has been accumulated. A recent paper by Diana Deutscgléyt-
lines certain physiological possibilities for music recognition,
and it is only a matter of time before the investigation of the
physioclogy of hearing reaches the same levéllas investigations of
the eye.

In a sense, however, the music educator faces problems that
are much broader than those facing the pure experimentalist. He
is always confronted by vast variations in individual performance
and capacity; there are no nicely bhalanced control groups for
him. Also, he has not the time to sit back and theorise, and in
due course of time come up with an answer to a specific question.
He is confrpnted‘ggg with the offspring of the country; amidst
the clamour he must find the 'right' answers to broad questions
which themselves are not precisely formuiated. And he must give
his answer now. In concluding, it is perhaps fitting to restate
the six tenets of 'The Child's Bill of Rights', draﬁn up by the

Music Educators National Conference, in America, 1964.

L
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1.

Eﬁeny child has“the right to full and free opportunity to
explore and develop his capacitieé in the field of music in
such.wayé as will bring him happiness and a sense of well-being;
stimulate his imagination and stir his creative activities; and
make him feel so responsive that he will cherish and seek to renew

the fine feelings induced by music.

2.
As his right, every child shall have the opportunity to
experience music with other people, so that his own enjoyment
shall be heightened, and.he shall be led into greater appreciation

of the feelings and aspirations of others.

3e
As his right, every child shall have the opportunity to make
music tﬁrough being guided and instructed in singing, in playing
at least one instrument both alone and with others, and, as.far

as his powers and interests permit, in composing musice.

4.
As his right every child shall have the opportunity to grow
in musiecal appreciatioﬁ, knowledge and skill, through instruction
equal to that given in any other subject in all the free public

educational programmes that may be offered to children and youths.
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5.
As his right, every child shall be given the opportunity to
have his interest and power in music explored and developed, to
the end that unusual talent may be utilised for the enrichment of

the individual and society.

6.

Every child has the right to such teaching as will sensitize,
refine, elevate and enlarge not ohly his appreciation of music, but
also his whole effective nature, to the end that the high part such
developed feeling may play in raising the stature of mankind may be

revealed to him.
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APPENDIX ONE.

This section contains brief descriptions of some of the better
known musical ability tests. Also included is a table showing
the various types of material which have enjoyed wide use, together

with a list of workers who have employed them.

The Seashore Measures of Musical Talent.

This battery has undergone two revisions (1939 and 1960) since
it first appeared in 1919. There.is little difference between thé
versions of 1939 and 1960, aﬁd the 1939 version is the one described
here. (In the 1950 version, the title is changed to 'Measures of
Musical Talents') The tests are based on the 'atomistic' concep-
tion of musical ability, and with-the exception of the test of tonal
memory all'tﬁe tonzal items are tests of auditory acuity. All mat-
erial in the test is of a non-musical or quasi-musical anature.

Seashore writes of his tests (Music Educators Journal, October,
1937): "They reﬁresent fhe theory of specific measurements insofar
" as they conform to the two universal scientific sanctions, on the
basis of which they were designed; namely, that (1) the factor
under consideration must be isolated in order that we may know
exactly what it is that we are measuring, and that (2) the conclusién

must be limited to the factors under controle.
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FEach of these six tests purports to measure one of six cap-
acities or abilities for the hearing of musical tones. There is
little overlapping in these functions, and their isolation for the
purpose of méasurement has been criticised only in.the case of one".

The six measures in the battery are as follows:i=

Pitch.
The subject is presented with a pair of tones, one after the
other. He is asked to indicate whether the second tone is higher
or lower than the first. Differences, according to Shuter, vary
from 2 cep.s. to 17 ce.pes. The smallest interval (calling for the
highest degree of discrimination) is about one cenﬁ which represents
a one-hundredth part of an equal semitone, or a change of about
1/17th% of a given frequency. DPure tones are used throughout, and

‘there are fifty items.

Time.

The subject is presented with a pair of tones, consecutivelye.
The pitch of the tones.remains the same for both presentations, but
the duration of the tones is different. The subject must indicate
whether the second tone is longer or shorter than thé first. (In
the 1919 version the subject had to compare two intervals of 'empty;
time, as distinct from 'filled' time in the present version; that

is, the subject had to compare the duration of two silent periods,
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the onset and finish of which were indicated by clicks.) Dur-
ation differences range from .5 to .03 seconds. Theres are fifty

items.

Intensity (Loudness).

Two consecutive tones, or buzzer noises, are sounded, and
the subject has to indicate whether the second one is louder or
softer than the first. Range of intensity differences is from

4 decibels down to O.5 decibels. There are fifty itens.
Timbre.

Two complex tones are sounded, consisting of a fundamental
and five upper partials. The energy of the third pariial is
reduéed and added to the fourth in steps of 10, 8:5, 7, 5.5, and
4 decibels. The subject is asked to choose the 'best' timbre,
which is judged, in the test, to be the one in which the fourth
has the lowest intensity. F sharp is used as the standard ref-
erence tone, and there are fifty items.

(The above test replaced a test of consonance in an earlier
version of the Seashore Battery. In the 1919 version, two inter-
vals were sounded and the subject had to indicate which of the
intervals blended bettér. This type of test material involves
certain éssﬁmptionsnabout the nature of consonancé'and dissoﬁance

which are open to question. (see page: 286 )
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In the 1960 version, the timbre test is as above but subjects
are merely asked to indicate 'same! orr'different', rather than
make some type of value judgement with an external criterion.

(Shuter, 1968)

Memory -(Tonal Memory).

A tonal sequence, "purposely selected to form no melodic line"
(Wing), is played. A second playing follows in which one note is
altered, and the subject is asked to pick out which one is different.
There are ten items each of length three, four, and five tones;

the total therefore being thirty items.

Rhythm.

The subject hears two tapped time patterns, one after the other,
and is asked to indicate whether the two are the same or different.
(1919 version) |

In the 1939 version, toﬁes are used in place of the taps. Thé
stimulus thus has the three parameters of loudness, inter-element
(teﬁporal) spacing, and duration. Modern workers (Thackray) main-
tain that all three must be present, and imply that tapping sounds
do not in fact have duration in the required sense. it is not
thought by the pfeéent writer that the taps used by Seashore were
particularly inadequate, especially when the alternative. is to use
tonal material, for which a separate short term memory factor, as

distinect from memory for rhythmic material, exists. %btal time

to administer, about one hour.




—-294—

The above six tests comprise Seashore's battery, which is
available in the form of records. The following are cne or two

other points of interest about the Seashore battery.

Scoring.

This is based closely on Seashore's conception of musical
ability as being 'atomistic', and consists of the construction
for each individual of a scoring profile. The profiles obtained
were classified according to score, as A (highest), Safe; B Prob-
able; C Possible; D Doubtful; E (lowest), Discouraged. Below

are given some sample profiles for an early version of the test.
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The profiles sketched above are from Seashore, Psychology of
Music, and refer to one of the earliest forms of the test. .The
horizontal rows are labelled with the first letter of one of the
specific abilities, and are the same as for recent versions, with
the exception of 'C' for consonance, and 'Im" for imzgination.
The profiles still serve as an illustration of the scoring method.
Of his measures, Seashore writes, '"These measures are not in
thegselves an adequate measure of musical talent as a whole. They
are merely a selected battery of measures of specific talents in
which a certain degree of capacity is essential to success in-
music, and in which a certain degree of incapacity is often the

basis for failure in music”. (Psychology of Music, p.314)

Herbert Wing's Standardised Tests of Musical Intelligence.

Wing first started éo work _in the field of mﬁsical ability testiﬁg
in 1933. The basis for the present test battery-is contained in
an M.A. thesis, Tests of Musical Ability in School Children, 1936;
and a Ph.D. thesis, Musical Ability and Appreciation, 1941. There
has been subsequent revision of individual items since then, but
the test has remained basically unchanged in form. All items are
presented on a piano, and thé material isqf.a formally musical
nature. Wing believed in the 'essential oneness' (Shuter) of

musical ability.
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Wing wri tes of.his tests,'(Manual for Standardised tests of
musical Intelligence), "The present set of tests were compiled
to correspond to the main characteristics of good music, and are
of such a nature that they need no knowledge of musical technical-
ifies for their solution". "The tests can point out possibilities,
but cannot guarantee success where interest or the power of persis-
tence is lacking, or in cases where the necessary nervous muscular
control does not exist'. |

There are seven tests in the:battery, the last four of which
are tests of appreciation. ' "There are practice items. for Tests 1
to 3, but ﬁot for Tests 4 to 7. With the later .tests (on apprec-
iatioﬁ) there should be no explanation, e.g. on what is-good or bad
harmony™.

The seven measures in the battery are as follows:-

Chord Analysis.

A chord is vlayed, and subjectéuare asked to indicate how many
tones comprise the chord. The anéwer sheet provides for a range of-
answers from 1 up-to 6 notes, though in fact no item contains more
than 4 notes: In this sectioh, as in a}l the sections of the béttery,
subjects are instructed to guess, whenevgr the& are in doubt about

an answer. There are four practice items, and twenty testitems.
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Pitch Change. (Detecting an alteration of a single note in a repeated
chord)

The subject hears two consecutive chords. The second chord may
or may not contain one note that is different from the constituents
of the first chord; the subject must indicate whether the chords
are the same; or if they are different, whefher the altered note
has moved up or down. There are three practice items, and thirty
test itemé. There are 12 correct.'up' responses, 12 correct 'down!
responses, and 6 correct 'same! reéponses. This means'that if a
person is unable to do thé task,.a bias towards guessing 'different!
kthat is 'up' or 'down') rather than 'same' will probably eafn him

a far higher score, (i.e. 12 points as against 6).

Memory.

The subject hears a short tune. After a short pause the tune
is fepeated, and one note is altered. The subject must indicate
which note was altered in the second playing. The notes are given
numbers to enable the subject to identify them. If the two tunes
are the same the subject is explicitly asked to "write S". There
is no indication on the answer sheet as to where the "S" should be
written, and no provision in the individual items for this. In fact,

all the items are different, and the "S" response was included in

an attempt to reduce the guessing score. Since the approximate
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guessing score without the 'same’ category is only 5.5 out of 30,
the reason for this is not apparent to the writer. (Wing writes,
"The marks obtainable by guessing were reduced to one third of the
total by including some items in which the two perfdrmances were
the same", refering to his appreciation tests. This would only be
true if the_likelihood of any one of the three alternatives being
correct was equal, and this accounted for all possble outcomes,
iece probability of correct guess on any response = .%. This sit-
uation does not obtain in Wing's battery) ﬁ |
There are three practice items} and thirty test items. The

ﬁhne; used var& in length from 3'notes up to 10 notese.

The remaining four tests are tests of appreciation, with the sub-
ject having to pick out which rendition is 'besi' according to some

external criterion.

Rhythmic Accent.

The subject hears two renditions of a tune. Both renditions
are identical in tonal terms, but the plaéing of the accentuated
notes may be different. Tﬁe subjéct hag to indicate whether fhe
two.items are the same; 1if they are not he must indicate which
rendition has "the 'style of pléying which you (the subject) think

better fits the tune. The material used consists of short extracts
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from selected "good" music, e.g. Bach chorales, folk songs, etc.
There is unequal distribution of correct responses. There are

14 test items. (An earlier version had 20 items in each of the
last four tests. These were cut to fourteen for reasons of length,

and resultant fatigue.)

Harmony .

As above, except that the two renditions are the same in all.
respects except harmony. The subject must indicate which perfor-
mance he thinks is the better; or ﬁhether both renditions were the
same. There is unequal distribution of correct responses. 14 test

items.

Intensity.

As above, except that the two renditions sometimes have the
louder and quieter portions in different places, being identical
in other respects. The subject must indicate whether the two ren-
ditions are the same; of if they are not, state "which style of
playing better fits the tune". There is unequal distribufion of

responses; and again 14 items.

Phrasing.

As above, except that the second playing sometimes has the

notes differently grouped. Wing describes this test as follows:-—
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"The same piece of music is played twice. Sometimes the second
playing has the notés differently groﬁped (different groups of
notes may be played with short sharp strokes, or so that they
follow on smoothly, etc.). The general effect may be compared

to punctuation - that is the use of commas, etc., in ordinary
writing. If the two playings are the same, mark 'S'. IXf they
are different choose the style of playing which you think better
fits the music. If in doubt, then guess".  There is unequal dis-

tribution of correct responses. There are 14 items.

The tests are available in the form of a pre-recorded tape, with
;nstructions given verbally, in addition to the written ones on the
ansver sheet. Duration is about one hour, though the-first three
items can be used in isolation and last only about twenty minutes.
There is probably a fatigue effect towards the end of tﬁe full bat-
tery. The front page of the answer sheet contains a short question-
naire on general musical attitude and musical experience. On three
test tapes&uéed by the present writer there was considerable 'print
through', an induction effect which causes each sound on the tape

to be followed by several distinct 'echoes'.

Scoring.

One mark is scored for each correct ansver, and scores for

each section are lumped together into a single total scecre. The
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total possible is 136. Frém fhe score it is possible to compute
the 'Approximate Musical Age', and then the musical quotient or
M.Q. Formulae for these have alréady been given. (page 8 ) .
Norms are available for all ages from 8 to 17 years, with scores
divided into five categories, generally along the same lines as
Seashore. Separate norms are available for tests one, two and
three, as . these ma& be used in isolation from the rest of the test.
Experiences with young children incline the present writer towards
the opinion that . the length of the total battery is far in excess
of the capacity of the'dhildreﬁ to concentrate, at a single session.
Of his approach to testing, Wing writes, "It would......appear
that at the present stage in music testing it is not possible to |
name ' a priéri'isolated factors which, when added together, make
up general musical capacity, and which can be tested for in isol-
ation from music as normally heard. It would fherefore seem pref-
erable to approach the problem from an empirical viewpoint by find-
ing out those tests which prove the most efficient as judged by
their agreement with the music teachers estimates. This is the

method I have adopted”.
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Arnold Bentley. Measures of Musical Ability.

The Bentley Measures of Musical Ability appeared in 1966, in con-
Junction with a book entitled "Musical Ability in Children and its
Measurement'. In some degree, the Bentley tests represent a position
midway between the extreme 'atomism' of Seashore and the eitreme
"unitary ability' position of Wing. Low interest correlations lead
him to favour the 'atomistic' view, but hig test matérial is on the
whole much less oriented towards peripheral measures than that of
Seashore; though the pifch test does involve discrimination of
.smaller—than—semitone'differences.

The four sub-tests in the battery are as follows:-—

Pitch Discrimination Tes®t.

In this test the subject is presented with two consecutive tones.
He has to judge whether or ﬁot the two tones are the same. If not,:
he must indicate whether the second tone is higher or lower than
the first. Concert 'A' (440.c.p.s.) is used as a reference tone,
and all pitch differences are deviaticns from this tone. Pitch dif-
ferences range from 3 ce.pes. t0 26 CePese (Sﬁuter) There are .20

items. Tones are produced on a sine-wave audio-oscillator.

Tonal Memory (Tunes).

The subject hears a little tune of five notes. After a short

pause a similar tune is heard. The subject must state whether or
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not the two tunes are the same; if theyuare not he must indicate
the number of the altered note, in a manner similar to tﬁe Wing
test of meﬁory. In the tunes,.all notes are of egual length, so
there is no rhythmic complexity. Although the subject has the
option of answering ‘same'; all the items are in fact different.
From a point of view of decision theory this situation is perhaps
not ideal. The material is played on a pipe organ, using four-foot

and eight-foot flute stéps. There are ten itemse.

Chord Analysise.

A chord is played, and the subject must state how many notes
are in the chord. The test is:hade up entirely of two, three and
four-note chords. There is no indication in the instructions as to
what possible alternative answers exist; though this situation is
the same for all éubjects. (Bﬁt one might expect an increase in
the scores of some low scoriné subjecfs if possible alternatives
were made clear) Material is again played on a pipe organ, using
an eight-foot open diapason stop. This does not produce a sine-wave.

There are twenty items, (shuter gives the number incorrectly

as 10) and each chord has a duration of three seconds.

Rhythmic Memory.

This consists of a serises of 'paired-comparisons® after the

fashion of the tonal memory test. The subject hears a rhythmic
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pattern, based on an underlying metre. (All items are in simple
quadruple time) After a short pause he hears another time pattern.
He must state whether the two patterns are the same; if "they are

different, he must give the number of the beat (not the number of

=3

the note as in the tonal memory test) on which the change occurse.
Each half of each item is one measure (Ear) long. In this test,
'same' items do in fact occur in equal proportions .to other correct
answers.

Thefe are ten items; meansof presentation is via a pipe organ
using eight-foot small diapason and two-~foot fifteenth stops. Pitch

ig kept constant throughout the tests. There are ten items.

Scoring.

One mark is awarded for each correct answer, the total possible
being 60 ﬁarks.. Scores are again placed in‘fivé categories, A, B, C,
D, and E, in groﬁpé of 10, 20, 40, 2C, and 10 percent according to
relative score.

The tests are aVailgble in record form. The actual tests last
only about twenty minutes, and total administration time rarely
exceeds a half hour. All instructions are given verbally on the
record.

Bentley writes, "It is interesting to note that, in spite of

their criticisms of the analytic approach, when the adherents of
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the 'music is a unity' school of.thought themselves attempt to
measure musical abilify the very complexity of this ability compels
them to use separate tests of the different factors in it.

It has to ﬁe accepted that the measurement of musical ability
has not yet progressed beyond a rather rudimentary and unsatisfactory
stage. Nor could it be otherwise whilst there exists no agreement
on what musical ability is. We may be able to recognise ié, or

think we can, but we cannot as yet define it

The above is a brief description of the three tests which are
judged by the present writer as being perhaps the most representative
of the existing batteries, and also they have had fairly widespread
use in this country. A considerable number of otﬁer tests exists,
however, which it is not proposed to discuss here. References for
these may be found at the back. There ias a certain amount of redun-—
dancy.in much of the test material, and below is given a table showing
the broad types of test material used by different writers, wherever
overlap occurs. The table is not exhaustive, but points out only

major similarities in test procedure.
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AUTHORS USING SIMILAR TEST MATERIAL.

Pitch Tests. l. Mainwaring. 2. Seashore. 3. Kwalwasser-
: Dykema. 4. Bentley. 5. Wing (but with
masking tones)

Chord Analysis l. Wing. 2. Bentley.
Tests. :

Memory Tests (a)| 1. Wing. 2. Bentley. 3. Seashore.
- 4. Kwalwasser~Dykema. 5. Gaston.
6. Whistler and Thorpe.

Memory Tests (b l. Drake. 2. Kwalwasser.

Interval Tests. 1. Madison. 2. Lundin.

Rhythm Tests (a)| 1. Seashore. 2. Bentley. 3. Kwalwasser-
Dykema. 4. Whistler and Thorpe.
5+ Thackray.

Phrasing. l. Gordon. 2. Wing.
KEY .
Pitch Tests. Paired comparison of two tones, requiring
*same/different' and/or 'up/down dis-
crimination.

Chord Analysis Tests. "How many notes in this chord?"

Memory Tests (a). - Paired comparison of tonal sequences,

; requiring 'same/different' discrimination,
with possible 'location of changed note!
required.

Memory Tests (b). Paired comparison of tonal sequences,
requiring 'nature of change' discrimination.




Interval Tests.

Rhythm Tests (a).

Rhythm Tests (b).

Phrasing.
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Comparison of simultaneous (harmonic)
intervals, requiring 'same/different'
discrimination.

Paired comparison of two rhythmic sequences
or patterns requiring 'same/different' dis-
crimination, with possible location of
changed element required.

The subject must continue to count a steady
beat established initially by a metronome,
through a period of silence, until the
signal to stop is given. If the subject
continues to count steadily and at the
proper speed, he will arrive at the correct
number by the time the signal to stop is
given.

Paired comparison of two fragments of music.
The subject must indicate which performance
ig better in terms of musical phrasinge.
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THE 'A' SCALE.

Part One:

Melogy .

Practice Items:

1.
2.
3.

E D C

¢ A B ¢

F Ao ¢!

Test Items:

1.
2.
3.
4.
5.
6.

70

8.

9-
10.
11.
12.
13.
14.
15,

B A G

B Bb B ¥

Eb Bb-Eb
B D

BPA @

Cl
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F FFG D

gg -y

BEoQratYa
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Part Two:

:“
[~

A
Habloa

*

Pitch.

Practice Items:

1.

580

Test Items:

1.
2.
3.
4.
5.
6.
T
8.

790
990
720
600
990
450
390
560

2.

9.
10.
11.
12,

13.

14.
15,

970

1260

570
1060

790

740
600

350

-5

. APPENDIX ONE.
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SPECIAL APPENDICES.

Letters indicate tunes
comprising the test items
in alphabetical notation.

Numbers indicate frequencies of stimulus
tones in cycles per second.

R




Part Three:

—ii-

'Auditony Transposition.

Practice Items:

1.
2.
3.

DEb FF¥F DE'
cc' DEP coF
EEY' FF¥ DO

Test Items:

1.
2.
30
4.
5.
6.
7.
8.
9.
10.
1l.
12
13.
14.
15.

Part Four:

ce  Fc' ABb
Bt* cB* D'
GA DE' FG
AF¥ DA oF
AGF DC¥ EG
GC' DG¥ Ac¥
AA EF¥ DD
EG# BD¥ oD
cF DE EDF
DD EE FC

CF DE
DF¥ CU CE
AC' DA

FG CE
FB CD EE

Buythn,

comparison

Items comprising the rhythm test are given overlezf.

First column gives. stimulus interval.

Second column gives first comparison

‘interval.

Last column gives second comparison

interval.

rhythms are labelled 'a' and 'b' respectively.

The two

The

number at the end of each pair indicates whether the preceding

. metre was duple, triple, quadruple, or quintuple.

The items comprising form 'B' of the test are laid out in a

similar manner to the above versioﬁ, but on most parts of the 'B*

form there are fewer comparison items.

(see text)
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Part Four: Rhythm.

Practioce Items. :
e JRRLBSL b DIBIIRIIPII 2
2« JIRVARNNI RIS & 1128 DR A &
- o )M b BN 3

Test Items.

s a Lol v BABRSMABAM K 3
2 o 1VEVBIENs b NI 2

5. o SBAIMABIA b IO NN s §
w o SN b DU D 4

s. a b v iR 3
6. o BENBN s b I DY TIN BN & o
a2 s dBm B 4
e. o JppEBs b DB Ap] 2

’ O D)l@)l»))@})l»»@}) b pnnil §
w.o D b omimbin) 3

woa JabaBIN B v FINFNDIN| 3
o YA b TMANITARN AN 14 &
.0 BBWEN s b haslBaN RS S .
w.o 5)BIB)BIE) A s b DTNRINP) 2 .
o JANANIBI s b NI & 4




THE 'B' SCALE.

~Part One: Melody.

Practice Items:

l. P A G

2. D E F¥
3. D F A
Test Items:

1. B ¢ D

2. B B cil,‘
3. EP BV EP

4. F E! D!

5. BP A G

6. G FHE

7.. F FF A

8. ¢ oFEY
9. A F¥FD
10. G F# B
11. ¢ o ¢ ¢
12. P Eb g¥gG
13. ¢ D-¢ A
14. B, D B G
1S5. G D' E' F¥
Part Two: Pitch.

Practice Items:

1.
2.
3e

610
387
786

Test Items:

1. 235 9.
2. 400 10.
3. 255 .11,
4. 650 12.
5. .390 13..
6. 150 14.
Te 420 15.
8. 310

SR
o

RFEP ¢ G#F
B A G F
¢ C E ¢
B F A C
¢ B D¢
BPA B, D
c, &4 ¢ D
175
525
350
220
800
455
210

—iv-



Part Three: Auditory Transposition.

Practice Items:

1. E E! F G,

2. D E F WF

3. G A EP F

Test Items:

1. C E D D 9. D A E FH#
2. ¢ cf G A 10. ¢C FF 1» BP
3. E®MF E ¢ 11. C E D F¥F
4. D F¥ F A 12. D E F c!
5. G B D ¢ 13. D Bb F A
6. ¢ ¢! DD 14. C CF B ¢
7. E g¢ F D, 15. E cF ¢ &
8. E G ¢ Eb

Part Four: Rhythme.

Items comprising the rhythm test in form *B" sppsar
. overleaf. Numbers following each item show whether
metre was duple, triple, or guadrupls.

Special appendix two (statistical music) follows on page

’

vi.




\0-./ . N

¥ éé_\a:s% 14 s
< :_E?ssaﬁ blULY | fife| Ly
. YLl |(ey|fer]iey st

. _w:_nas? (Al 8T ¢ [P0l i) idatelrge (e
¢ 444 %EQSQEEEE:Q "oI

e |rfladlries e _

s uss(laaeler|oe
9 ¢ Iai|taeia i)ty {

¥ W %B:&s&:
8Lt i) o1

[/
L+

velliglr v Y s ddeatiee s
_M sl ledatiee = ¢ E_§_§_§ T
: ; _ . *swesl 9.0“

 sflieulnali e * w:_a:_asq: -
£ slirglieloes Y O000{00r

*smeql 0073091




vi

Examples of statistically derived approximations to musiec.

SEVEN NOTES RESTRAINT

N -
+ 1 11 | :
414 1— + 1
L L -
M a —_— 4
v A | 1 T
. I T
1 — o
L %

FIVE NOTES RESTRAINT

L ¥
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F=sErscamea
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FINAL VERSION OF THE TEST BLANK.
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