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THE PERCEPTION OF PITCH IN MUSIC

Abstract

A battery of fourteen auditory tests was devised, partly from
tests already in existence, partly from tests made up for this study.
The tests examined various aspects of the discrimination of pitch, in
particular in musical and nommusical contexts. A fifteenth test was
intended to measure the auditory diglt span. The bhattery was given
to two groups of subjects: (1) 67 freshmen from the Westminster Choir
College, an institution specializing in music, (1i) 35 freshmen from
Princeton University. The sceores of the subjects on the separate
tests were intercorrelated and factored. On rotation three factors
identifiable as music, pitch, and memory were found. PFactor scores
were computed for the subjects and used as predictors of two criteria:
(1) an arbitrary criterion which assigned a score of one to every
subject in the first group, zero to every subject in the other. The
attempt with such a criterion is to predict the institution of any
given subject, or in other words to discriminate meximally the two
groups. The multiple correlation was 0.68. (ii) The results of an
eartraining test glven at Westminster Choir College were made available
to the author. A multiple correlation of 0.53 was found with this
criterion. The main contribution to the testing of musical aptitude.
1s In those tests which involve both pitch differences less than the

keyboard intervals snd a musical context.
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THE PERCEPTION OF PITCH IN MUSIC

CHAPTER 1
Introduction

In practically every field of knowledge the question arises as
+o whether it is better to run simple and straightforward studies,
whose conclusions are unequivocal but not very much use, or to run
studies whose potential usefulness is greater, but which also intro-
duce difficult_ies because of their complexity. Thus in music sounds
may be described in terms of duration, frequency, intensity and s0
on, and melodies in terms of rhythms and intervals; it is true also
that these rather physical qualities do not suffice to explain the
meaning and aesthetic appeal of music. A melody, for instance, has
been defined (Schoen, 1925, p.36) as "... a succession of tones
differing from each other in pitch and duration, and giving the
cffect of an aesthetic unity." Without the appeal to the aesthetic
unity the statement would be clearly inmdequate, and yet it is un-
satisfactory as it stands, with aesthetic unity being to many people
explanation by definition. In the psychologlcal testing for musical
aptitude both the simple and the sophisticated approaches are in evi-
dence. Some inve_stigators have examined the simple attributes of
tone, such as pitch and intensity, knowing that repeateble cbservatlons
could be had, and reasgonably sure interpretations put upon them. Others
have devised tests of a more sophisticated, musical , complex nature.
Such tests have perhaps better face validlty, but run the risk of

having low reliability, and perhaps disputed interpretations.



2.

This study takes one of the simple gualities of sound--pitch,
which, if precedence can be given at all, is perhaps the most im-
portant single quality in music. It attempts to examine the seunse
of pitch in a variety of situations, some musical, others not, with
the obJject of declding the relations between these areas: whether
people have one sense of pitch or severzl, how are they related, and

how do we best predict success in music studies.



CHAPTER II
Review of the Literature

The best known battery of all is that of Seashore (Seashore,
Lewis and Ssetveit, 1956). The tests in this battery are piteh, time,
rhythm, tiwbre, intensity and tonal memory, and as such 1t examines
what asppear to be rather simple auditory gualities. The scores which
the battery produces are reliable, but there has been much argument
as to its validity for predicting success in the study of music. The
field of music does not always produce as well-defined criteria as
many other subjects: where this has obtalined, the validity coefficienis
heve rarely reached 0.40. Lundin (1953, p.208) gives a summary table
of validilty studies. Inspection of this table suggests that memory and
pitch are the most valid subtests in the battery. |

Kwalwasser and Dykema developed a somewhat similar set of tests
in 1930. Several researches using the battery are reported in Kwal-.
wassery. (1955) .

Several tests vwhich attempt to use t}le more musical material have
since been developed. Some of them are no dc;ubt improvements on Seashore,
but others introduce difficuliies of their own in that they depend cn
taste and learned distinctions rather than on objective and physically
determined differences.

In 1920, one year after the Seashore tests Revesz (Franklin, 1956)
had a thythm test using musical meterial. it was given individuslly,

——

and has been 1little used. He also used tests based on intervals, an
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jdea that has been used by several later investigators. He also asked
his subjects to analyze chords, and noted that many of the mistakes
that were made showed that the subjects had been swayed by tonality:
that 1s, they reported an analysis in accord with standard harmonic
practice, even when a somewhat discordant stimulus had been presented.

Konig (1928) suggested memory tests analogous to the classical
digit span test. These were apparently very discriminating, but were
also given individually. He also found that tonal sequences were easier
to repeat than atonal for both musically trained people and unmusical.

Schden (1925) deviged a test of tonal movement. Its items consist
of four versions of 2 short melody. The beginnings are the same, but
the endings are .different, and the subjects are required to rank the
four in order‘of merit. As such, this is one test in which the correct
answer may be & matter of opinion. Franklin (1956) argues against the
test on this score.

In a similar position are Lowery's tests (1926, 1929) of cadences
and phrases. His tone memory test appears to assume too much sophisti-
cation in that the subjects are expected to ignore transposition, orna-
mentation, and tempo variations while still tfying to cobserve more
fundamental changes in the repetitions.

Wing (1948) has developed what seems to be the best tested battery
after the Seashore and Kwalﬁasser-Dykema batteries. Hiﬁ tests are de-
scribed as follows:

1. Detecting the number of notes played in a single chord.

2. Detecting and stating the direction of change of a single note in




a repeated chord.
3. Detecting changes of notes in a short melodic phrase.
%, Judging the more appropriate rhythmic accentuation in two versions

of the same melody.

5. Judging the more appropriate of two harmonizations of the same melody.

6. Judging the more appropriate mode of varying loudness in two versilons
of the same melody.

7. Judging the more sppropriate pbrasing in two versions of the same
plece.

They have been carefully standardized by ages in Britain. The last four

appear to concern largely matters of teste; the third is simllar ir; cers

tain respects to Seashore’s Tonal Memory; g.nd the second will be dis-

cussed in more detail later in this report.

Drake (193;3) added four tests to the field. Two of them treated of
memory, & third of interval discrimination, and the fourth, which was
called intuition, was not dissimilar to Schoen's test of tonal movement.
Drake has argued strongly the importance of musical memory, and in 195L
(Farnsworth, 1958) the four tests were replaced with just two: one on
memory, and one on rhythm.

Lundin (1.949) has a series of five tests. The first of these uses
interval discrimination, and is d.:asr:ribmed in a later section; a second
is based on the idea of melodic transposition, and as such 1s similar
to Lowery's test. A third test cslled Mode Discrimination requires the
listeners to note changes in mode in a repeated presentation of a chord,

and as such seems to be less comprehensive than Wing's second test; and
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the last two tests depend on rhythm.

Franklin (1956) noted that one characteristic of Western music is
its being written in a key. We commonly recognize a number of inter-
vals as such; but in any simple tune these are probably superseded in
importance by the relations of the various notes of the scale to the
key-note, or tonic. It is usually possible, having heard the first few
bars of a simple tune such as & hymn, to sing or play the final chord.
The first few chords suggest to the listener an idea of the key, which
then stays with the hearer through the tune. It is well known that one
of the commonest techniques of the composer to introduce variety in his
work is to change key. At all events it seems a reasonable assumption
that those with little or noc musical ability will have little key-sense,
or in Franklin's terms, Tonal Musical Telent, while those with much will
seore cdrrespondingly higher or a test of this Tonal Musical Talent, if
such an instrument can be constructed. To measure this is the function
of Frankiin's test. It is conceivable that a sophisticated musician may
get beyond the confines of tonmality--one could hardly imagine a Stravin-
sky or Hindemith being bound by a key--and in this event it might not be
too surprising if the scores on such a test were seen 1o fall at the
highest reaches of musicaiity.

Factor-analytic studies. Several of the investigators mentiorned
above have gone on to correlate the scores of their various tests. Today
the extension to factor analysis seems reassonable. As éarly as 193¢
Drake {1939), using only Spearman's teirad-difference criterion on a
battery of eight tests found that a general factor and specifics were

insufficient to explain the correlations. The tesis involved pitch, time,
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intensity, rhythm and memory, and with such a variety of test material
his result is not surprising.

Karlin (19%1) reported the analysis of & battery of nine musical
tests, mainly those of Seashore and Drake, and concluded that there
were three factors. On rotation he Gefined these as tonal sensitivity,
retentivity, and memory. This analysis would appear to have weaknesses:
one of the tests, Fmoticnal Sensitivity, is not described, but nas its
highest correlations with vocabulary and with Drake's Musical Memory.
Along with the Seashore rhythm test and Drake's Retentivity it is used
to define the retentivity factor. If we compute from Karliin's A'A

matrix the correlations of the primaries we get:

X Y Z

- 1.000 .538 .26
D(A'A) :LD = 53 4
1.000 052

1.000

This suggests that two of the primary vectors have a considerable
amount in common. We shall present confirmation of his factor of

Tonal Sensitivity, which was defined by tests of pitch and interval
diserimination. In our study the presence of certain other pitch tests
hes inclined us to call it simply Pitch. His memory factor 1ls alsts
paralleled ia our study, and it is possible that the factor wnich Kar-
1in called retentivity, and which is so closely correlated with the
tonal sensitivity factor, was represented by tests involving both pitch
and music. Drake's Retentivity test 1s certainly a rather complex
jnstrument from its description (Drake, 1933). The addition of tests

involving music in as pure a way as poseible was one of the objects of
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this present study. Karlin alsc analzed the table of correlations
thet Drake (1939) had computed, and tried to rotate to the same struc-
ture. Be had no way of deciding whether the structure persisted, ex-
cept from the appearante of the extended vector plots (Thurstone, 1947,
ch. XI): in fact the retentivity factor of his own study, is poorly
represented, if at all.

In 1942 Karlin (194%2) published a study of far broader scope, with
. tests intended to cover the whole field of auditory function. In addi-
tion to the commonly considered variables of piteh, loudness, quality
and time he postulated domeins of Auditory Anmalysis and Synthesis,
Auditory and Visual Memory. The items of the tests in the Auditory
Synthesis and Analysis damains used voices as stimuli, under various
distorting conditions, the task being to interpret and write down. With
a large battery be was able to define eight factors, including pitch,
loudness, one composed of time and intensity and loudness together,
three based on the apalysls of speech and the nonauditory aspects of
the battery generally, and two involving rather different aspects of
memory. The tonal memory test from the Seashore battery was included,
but this was, in fact, the most musical of the tests used. To this ex-
tent the study did little to clarify the retentivity factor of the pre-~
vious muslcally oriented study: it did, however, establiish the pitch
factor.

In 1941 Wing (1941) analyzed his battery of seven tests by the
simple summation method. This may be taken as giving approximately the

same results as the centroid method or principal axes method of fac-
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toring. Following British tradition he did not rotate, but described
his results in terms of a general factor accounting" for 40% of the
variance, plus two bipolar factors. The tests in his battery are all
based on the piano. Three of them involve percepticn only, while the
other four may require judgment of quality in addifion. To see results
comparable with U.S. traditions the author has rotated Wing's factor

matrix to simple structure as follows:

X Y Z
7. Judging best phrasing 301 .000 o744 D(A'A) D
1. Detecting no. of notes ATE LU36 002
in chord X Y 7.
2. Detecting change of L23  L078  .2k9 | 1,000 .667 -.106
notes in chord
1.000 .213 |
3. Memory 62k L002  .001 :
1..000
5. Judging best harmony .000 .kl 260
6. Judging best loudness A7k L0717 568
k, Judging best rhythm 000 066 .55k

This would suggest a factor, X, involving memory, another, ¥, involving
harmony, the primary vectors of these two separated by only 48°, and
then, more orthogonal, Z, a factor concerned with qualitative judgments.
This conclusion 1s not greatly different to Wing's, but is perhaps more
readily seen from the loadings. If we analyze the matrix by the princi-
pal components method, the reoots in order are 2.8607; .9326; ,226?4;.
J1512; .1376; and there is a better case for 2 rather than 3 being takenl

25 the rank of the matrix. This on rotation gives:
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Factor matrix of rank two, from principal components factoring, of

Wing's (1941) intercorrelation matrix. Rotated to simple structure.

Test: 7- 0092 '6%

1. |.665| 010
2. 53T <237
3. | -818}-.200 A = ‘
5. .29 |.350 -.835  .8a
6. .040 |.585
L

- 550 453

. ™ .114-8 - 571"

The distinction here again seems to be whether the tests call for
judgments or perceptions. The angle between the primary vectors
is about 600.

The study in which Franklin (1956) describes his test of Tonal
Musical Talent is dlso factor anslytic. Two studies were run. In the
first, of thirteen variables, four factors were extracited. One of them
is probably the same as the Jjudging factor or fumction of Wing's tests--
these being included in the battery--another loads highly on rhythm
tests, but the last two are of most interest, in that the first hinges
on piteh, and the second on memory.

From the second correlation matrix of eighteen variables elght
factors were extracted. This number is undoubtedly high, but the bat-
tery involvgd a rather large variety of material, including four in-
telligence-type tests. The patterns of loadings are not as clear as in
the first study, but the area of pitch-music-memory is at all events

pretty much restricted to three of the eight factors--A, C, and G in
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Franklin's listing.

McLeish (195Q0) in a comprehensive article factor analyzzd the
Seashore battery. In his first factor pitch and memory emerged as the
subtests loading highest with more musical material, such as the com-
posite score from Wing's hattery. He also compared the contributions
to the variance of the factors when correlation matrices of Wing's and
Szashore’'s tests were factored in the same way, concluding that the
Wing battery was more homogeneous, as indicated by its large general
factor, while the Seashore had a smaller general factor, but larger
specifics. This contention is reasonable if we bear in mind that all
of Wing's battery is based on the piano, and a goodly part of it on
qualitative Judgments: while the Seashore battery has for long been
known to consist of rather specific tests.

McLeish also examined the effect of age and intelligence on the
results of music test scores by computing the correlation tabie with
these partialled out, concluding that they had litile effect.

Many years before, Brown (1928} had also used partial correlation
as a means of determining that age or intelligence have little influence
on scores on Seashore tests. Brown's report was not factor analytic, but
he did find that with a group of 105 high school students, the Memory
score correlated highest with the teachers® ratings.

Growing out of the research set in motion by the war Harris (1957)
bhas reported studies on audition. In one 27-test study he found seven
‘factors. Pitch was one of these, though it had a strong memory CCOmMpoO-

nent: and the factor of next most interest was called melodic memory.
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On this factor tonal memory tests have large loadings. The interrela'%ion
of piteh and memory ie described by Harris: "We knew that pltch was a
factor, and believed 1t (erroneously) to be a single unitary trait. We
knew thet memory for tone progressions was distinct from pitch memory

or pitch discrimination, and from other types of auditory memory."
(Barris, 1957, p- 6).

Kénig (195"{) has reported comparative results of several methods
of determining the differential limen for pitch. He coneluded that if
the Seashore paradigm is used, 2 time interval of several seconds can
be introduced between the first and second stimuli before any subjects'
scores change notably, and that as this interval increases, scme Sub-
jects' scores fall more than otilers' . This suggests the operation of
two factors, one based on memory, and the other on pitch.

About the same conclusion was reached by Bachem (1954}, though
his subjects were musical--half indeed had absolute pitch. Bachem was
accordingly able to have much longer time delays than Konig, but found
that in the range of musical frequencies the most musical subjects had
better memories for pltch.

This survey has concentrated on those studies and tests which
seemed most related to the way in which music is heard, with particular
reference to pitch. It has ignored experimental work on aesthetics
(Farnsworth, 1958), tests of music knowledge {Lundin, 1953), and tests
of written music (Aliferis and Stecklein, 1955). All of these areas are

concerned with how we perceive or understand, rahter than hear, music.



CHAPTER IXT
The Problem

The examples noted in the literature of investigations of academic
knowledge and aesthetic appreciation are doubtless of importance in
assessing the individual‘s enjoyment or ability, but bypass an earlier
question which does not yet appear to have been satisfactorily answered.
The gquestion concerns the mechanisms by which music and sounds are heard.
The computer analogy or information thannel is a popular one today.

In these machines the input is of a certain form, punched cards, punched
tape, magnetic tape; it is read .into the machine by various devices--
sensing brushes, magnetic read neads--and is then processed by the
machine 's circuitry: in thesé terms we are interested in the way that
the machine reads its input, rather than the input itself, or the
subsequent processing of the input data.

Several of the writers mentioned above have speculated as to the
mechanism by which the hearer might perceive the nature and meaning of
the sound waves impinging on his ear. BSeashore's opiniog was that
people possessed a mumber of specific abilities, largely inherited,
and not greatly subject to training, The subtests in the battery then
measured the extent to which the individual possessed each of the
abilities. Since that time it has generally ﬁeeﬁ conceded that training
does have its effects--even in the disputed area of absolubte pitch
(Bew, 1947), but the first two hypotheses must still be regarded as
possibilities., The attacks on Seashore on account of the atomistic
nature of his tests have not shown him to be wrong, though they bave

brought to light other writers' theories.
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gome of the analyses gquoted in the previous section have sug-
gested a larger or smaller number of factors composing our sense of
music. These Tactors were not as simple as those that underlie
Seashore's tests.

At the other extreme, having noted the low correlations with
grades that music tests often show, Farnsworth once tried (1935) to
decide whether intelligence was not as much use as music tests in the
predictions of various types of music grades. In the study he used
only two of the Seashbre tests, pitch and memory, which is perhaps a
restricted sampling of musié tests, but these are very probably the
+two best in the battery for the purpose.

Another standpoint is taken by Revesz, (1954) . To him the musicel
person was characterized by the mental conquest of music as art. This
meant that music was not passively assimilated, but that along with
the hearing of 1t there had to be & heightened mental activity, co-
ordinzting, anslyzing, seelng structure and style, and fashioning one's
being to the mode of the music. This description is expanded in Revesz's.
book, but enough has probably been said for the general feeling to be
apparent. He could concelve of unmusical pecple who might have very
fine pitch diserimination and so forth. His several tests accordingly
fell into the more musical type, with relative pitch, chord analysis,
ete. Be was of the oplnion that there was but a sipgle talent, and
+thet all of the tests were an attempt to assess this single talent, though
he made no use of correlstional and factor-apalytlc techniques to test
this assumption.

The welght of the evidence so far suggests:

(1) +that the auditory domein is on the whole very complex. Seashore
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originally assembled his battery so that the mutual correlations of
the subtests would be low, and mahy other types of tests since added
to the field have also shown themselves to be rather specifie,
(2) that of the Seashore battery pitch and tonsl memory are the best
predictors of musical ability.
(3) that among the more recent tests there has been on the whole an
insufficient attempt 8t direct validation, such as multiple regression
on & criterion. Reports like Franklin's apd McLeish’s are in some sense
validation, in so far as they compare Wing's and other tests with the
Seashore in factor structures. One of the difficulties of validating
a test by means of an independent criterién in that the criterion itself
might be in error. Such criteria are often enough teachers' grades,
or based on tests which might, in fact, have little to do with {he
ability they are assumed to test. It seems probable, for instance,
that the Farnsworth study just quoted utilized poor criteria.
(4) 1if we take the Wing bﬁttery to be an example of the more musical
tests, then the McLeish feport suggests, in fact, that there may not
be as much difference between the atomistic and musical tests as
Seashore's c¢ritics have suggested,

For these reasons & study wvas planned that would:
(1) throw light upon the mannef in which a series of tests, partly
musical in content, partly physical, would work together, It would
ray particular attention to the borderline between music and pitch,
with tests both musical and involving small frequency differences.
This borderline has not, to the author's knowledge, been previously

investigated in a factor analytic study. Of the studies mentioned
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in the Review of the Literature, particularly those of Karlin {(19u41)
and Franklio (1956) both musicel and nonmusical tests are used, but
the pitch factor is tested for by tesis involving only pitech, and
similarly for the music factor. whet sort of factor structure would
be produced by such a battery, and which tests would be the best
predictors of musical achievement?

(2) pay attention to the role of memory and of pitch, and of their
intersction.

{3) ‘be able, hopefully, to answer questions of validity by examining

subjects whose musical ability could be independently judged, and would

show wide variation.



CHAPTER IV
Design

When we have a few concepts which might be independent, or might
be so closely related as to be two names for the same thing, factor
analysis is & design to “e considered. This is particularly the case
when the concepts canmot be exactly described, but--until more
information is available--represent a conjectural and scmewhat poorly
defined quantity. Even with a less then exact definition of one of
These quantities it may still be possible to decide that the conjectured
ability will enter into a number of other, known, measures. The pattern
of correlations of all the measures can then be inspected to see two
things. Firstly: those measures which were put in to stand for one
of the hypothesized domains--how closely do they in fact stand in
relation to each otheri If the members of such a group of measures
have very similar factor loadings or correlations, this is evidence
that they do all measure a single underlying ability. Secondly: if
these primary domains are identifiable, how nearly are théy related -
to the other domains? This wo&ld be described in factor analytic
terms as the angles between the primary trait vectors, in a Euclidean
space of dimensionality usually equal to the number of primary
concepts that have been h;rpothesized. Often in addition it is poessible
to devise tests which will contribute to more than one domain, and
if these prove to have heen .soundly conceived and constructed, the
experimenter's position is strengthened by the appearance of a

complete and coovincing simple structuxne.
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Just at this point we run into a difficulty: 1if we wish to compare
gpusicel with nonmusical tests, and the role of memory in both, it would
be ideal to define the corners of the hypothesized configuration with
the purest possible tests of music, memory, and so on, that we can
devise. However music with the variable of pitch held constant ceases,
to all intents and purposes, to be music. TIn this artificial case
rhythmic patterns and tempos may persist, and changes of timbre on a
given note are certainly possible, but the most important thing has
been lost.

Similarly about the only case in which two stimuli can be presented
to the ear without invoking memory are the dichotic experiments (Wallach,
Newman and Rosenzwelg, 1949}, which introduce complications of their own.
This means that a certain amount of compromise may be necessary in the
selection of tests.

Other considerations which influenced the selection of tesis were
testing time available, and the desire to use group testing sesaions

with multiple choice pencil-and-paper-type items.
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The test batiery

Description of tests

Some of the tests in the battery are described in the literature

by their authors, and for these the descriptions are accordingly bhrief.

Also in the Appendix & camplete test booklet is given, and reference

nay be made to this for details of test directions.

A listing of the tests is given with short descriptive names:

this is followed by more complete descriptions in terms of the hypothe-

sized factor structure.

l.

2,

12.
13.
1k,

15.

Pitch test, from Seashore

Detection of changes in a chord, from Wing
Intervel discrimination, from Lundin
Detectiné departures from tru.e octaves
Detecting departures from true scales
Detecting departures from the true, of a tune
Piteh test,; masked by white noise
Tonslity, from Franklin

Piteh test with bands of white noise
Piteh test with time delays

Mewmory in chord sequences

Timbre test |

Tonal memory, from Seashore

T™wmbre, with time delay

Avditory digit span.

Piteh, dlvorced as far as possible from Music and from memory,

was represented in the following tests:
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1. A shortened from of the Seashore pitch test. A 78 rpm record was
taped, and 35 items wexe takepn as the test. Numbers were read aloud
each five items.

g. Bands of white noise. This idea was used in & more crude form

ip the Karlin (1942) study. He hed a number of noises of various
descriptions on record, and the subjects had to say which of a pair
sounded. on the whole higher. Karlin used the majority decision to

key the items. The advances in electrical apperatus make it possible
today to produce white noises of any desired spectrum, and this avoids
the necessity of keying items on subjects’ judgmente. Such & %est was
developed during the war (Karlin & Stevens, 1946), but it was no longer
available, and the present test was made up specifically for the study.
A white noise generator was connected to high and low passe filters and
lengths of tape of different noise bands were recorded, From these the
items were spliced together. The choice of cutoff frequencies was
arbitrery, except that a range of items was chosen that would hopefully
be discrimipating as regards difficulty, and vhich would not use
frequency variations of such a size that allowance would have to made

for intensity. In fect an easy item was formed by the bands
12001 ¢ /5 and 15001 o /s
900 1000
and s difficult item by the noise bands

1200} 1220
900 c/s and 920 cfs

One or two observers Were asked at this stage to Judge on intensity

as a check, but could detect no differences.
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7. This test was similar to test l,_ex;:ept. that a background of white
noise was superimposed. It was originally included in the battery to
see whether the tests would group into two sections depending on vhether
or not any irrelevant stimuli were competing for the ears' attention.
This particular split is not evident in the structure, and is for that
reason little considered further in the rest of this report. In any
event the choice of items for this particular test proved to have been
too easy, to the sxtent that the test was relatively worthless.

Music cannot be divorced from pitch, as we have seen, but the
structure of western music is such that only a certain number of pitches
is used. On many instruments such as the pié.no the intermediate pitches
cannot be produced at all, and on instruments such as the violin where
it is possible to produce them, to do so is condemned as a fault. How-
ever the semitone, which is the smallest interval on the keyboard, is,
in the middle ranges at least, within almost everyone's powers of dis-
erimination. It seems 2 possibility then, to devise testis that will use
only these intervals, snd will therefore not depend on the subjects’
abilities to discriminate fine shades of pitch. What they are discrimi-
nating in this case is open to question. However let us now describe
. one or two tests which- it was hoped would define & corner of the con-
figuration, to be associated with & Music factor.

8. This is Franklin's test of Tonal Musical Talent. In this test the
items consist of the beginnings of melodies. The subjects are asked

t0 consider their endings and say whether they are wrong, right, or

left out. The manner in which the items are bullt up makes the rationale
clear. 1In the case of a right ending item the first part of the item

will establish the key, and the final chord will be the tonie Just
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estﬁi»lished. Similerly in a wrong item the last chord played will be
discordent, or will at all events not be that of the key established
in the first part of the item. And in the left out items the general
pattern leads up to & filnal tonic chord, which is then not played.
This system of expectations is ome of the baffling parts of music:
rhythm, rhyme,-énd grammer suggest situstions that are in some way
analogous, but the complete explanation is probably still to be given.
At all events we can conelude that the expectation in this case is for
8 pitch, or a chord-full of piltches, and that these pitches differ by
a semitone at least from any that are not expected. Even if the
actual pitch forthcoming should difrfer by a few cycles from that
defined by the perticular geale 1t is improbable that any except

the most acute will notice it. There is more than ome scale known
even in western music, and the equally tempered, which has carried

the field because of its adaptability to keyboard instruments has

no intervels tuned to the simple Pythagorean ratios except the octave.
At 81l events some people will know better what tg expect than others.
The reader is referred to Franklin's (1956) monograph for & full dis-
cussion of tonality.

3. Tnterval Discrimination. This was a shortened version of Lundin's
test. Forty_of the fifty items were used, and for this study the items
were cast as £hree- rather than two-choice; as the test is not
commercially available on records it was re-recorded on a Hammond
organ. The test items msk the subjects to compare the sizes of two
melodie intervals. As such it would appear to have little commection
with small differences in pitch. Intervals are & most important part

of our muslec, and the ability to Judge their gize independently of
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the notes forming them seems & reasonable ability to expéct in a
musical person.

2. This was Wing's test 2. The items of this test consist of two
chords played on & piano. One of the notes of the second chord may
be changed, and the subjects have to say whether the two chords are
the same, or whether the note which is changed moves up or down in
the second playing of the chord. The difficulty of the chords used
rapges from two to four-mote chords. The tests are available on tape
or record, and for this study the test items were copied directly
from a tape.

15. There is clearly a host of techmiques availsble for measuring
memory independent of music and pitch. Kelley (1954 ) devised a
battery of them. OFf the various types of memory factor that Kelley
discusses an auditory test was cobviously called for, and & span
tes% seemed more related to music than Rote or Meaningful memory.
Tt was decided to put into the battery an auditory diglt span test,
as similar to Kelley's test No. 5 as could be ,judg'éd. from his report.
In effect the test is an sdaptation of the time-honored digit span
items of the Binet scale, adapted for group use.

1h. Kariin's first study had suggested that there might be little
relation between sn intellectusl task and a test invelving sounds,
and for that reason there was scme doubt that the digit spen test
would be in the space 6f the suditory tests to any great extent.
Accordingly, another test was sought which would have no obvrious
relation to pitch or music, but which would 1lnvolve sounds. Two

which seemed possibilities are Seashore’s Rhythm and Timbre tests,
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with time delays introduced between the first and second stimuli.
The timbre test is based on the harmonics of a single fundamental,
and as such it involves judging intensities rather than pitches.
1t was decided to use something like this rather than the rhythm
tegt for two reascns: it was to have bad something in common with
Test 7--1.e., call for attention through a competing background:
and it was technically easier to meke. Rather than transcribe the
gesshore Timbre or Rhythm test on to tape and then attempt to cut
the tape between the first and second stimull of each item, sc as
to insert a length of blank tape as a time delay, it was decided to
use the harmonics built in on the drawbars of the Hammond organ to
supply the different timbres. That 1s, two slightly different timbres
were set upon the drawbars of the instrument's two manuals, intensities
were adjusted until judged equel by two or three Judges, and records
of the two notes were then made on tape. Clearly this 1s a method
which does not supply us with the figures for the energy spectrum
that are svailsble Por the Seashore test, but it was felt adequate
to order a group of subjects. The time delay was from five to seven
seconds.
12. This was the same as test 1k, but without the time delay.
13. This was Seashore's Tonal Memory test, This test uses the
keyboard intervals, and can be expected to that extent to enmter into
a music factor as well. On the other hand 1t 1s atonal, which is to
say that & fixed system of pitches is seldom built up; and therefore
the musicsl importance 1s probably decreased.

The last five tests to be described were designed so that they

would require a subject to possess two of the hypothesized abllities
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for successful performance -- in terms of & factor matrix, load sub-
stantially on two of the factors. Western music, as we have seen, is
based on & discrete number of tones, and although a small departure
from the mathematical fregquencies ié permitted and often found -- as in,
for example, the vibrato -- to diverge too much is an error. For a
singer to diverge systematically up or down -- that is, go sharp or
flat -- is an important technical fault, no matter how common. The
ability to detect slight amounts of sharping or flatting may then be
teken as evidence of two things. First, of musicianship, as exhibited
by a Teeling for, or expectation of, the correct frequencies. Second,. ..
of a good ear for pitch, as differences of much less than a semitone
will often be found. To do well on these tests, subjects may require
either or both abilities.
L. Piteh and music. The items of this test consisted of two notes:
the second could be twice the frequency of the first, or somewhat
more, or somevhat less than this, and the subjects were asked to say
whether the interval was exectly an octave or sharp or figt. An easy
item on the test might be 40O ¢/s followed by T60 c/s, and a difficult
item might be 400 c/s followed by 810 ¢/s. The test was based on the
octave, as being the simplest musical interval, and after a pretest
based on the fifth had failed.

Wward (1954) examined the relation between the subjective octave
and the mathematical, much as in the mel scale of pitch of Stevens
and Volkmarm (1940), and concluded that the subjective octave was

slightly wide of the mathematical.
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Lichte (1955) also had found that fifths were seldom tuned to
the mathematical ratios, in observations using adjustable oscillators.
These effects were, however, expected to be surpaseed in size by the
variation in ability of the subjects, though it was conceivable that
8 h00-790_c/s jump might prove to be more often Judged short of an
octave, than a 400-810 ¢/s jump be judged wide of an octave.

5. Piteh and music. Here an eight note scale was played, but some~
times dld not stay true, but went progressively sharp or flat. If
we write down the frequencies of a correct scale as:

360 Los 450 480 540 600 675 720 ¢/s,
then a sharping scale might, for example, be: )

360 408 456 489 552 615 693 Th0 c/s.
6. Pitch and music. This was similar to test 5, except thet instead
of & scale the item consisted of the first four bars of the tune
'Frere Jacques.' The original reason for putting in both a2 scale and
s tune was again in terms of the one having more within it than simply
pitch variation to compete for the hearerg' attention.

11. Music and memory. In test 1l sequences of 4, 5, or 6 chorde
were played, and the subjecte had to say whether the first and last
chords of a sequence were the same or different. As such it had a
similarity to Wing's test of Chord Changes, except that memory is
ecalled for, with the first and last chords being separated. KEven
more, though, it would seem that musicianship would be an asset:

the chords were for the most part smooth progressions, and in several
of the items the last chord wes deliberately approached as & cadence

to a tonic, which would give & sense of fipality, but would not for
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that reason be necessarily the same as the first chord. In standard

harmonic notatlion practice (Piston, 1948) such as ltem might be‘V -

v - Vv - 1I.

10. Pitch and memory.

This test was much like Test 1, except that

an interval of sbout six seconds was put in between the first and

second stimuli.

SupmmEATy .

The predictiocn was then
that there would be a
factor structure 1

capable of rotation 5

to something like:

13»

1k,

15.

Factor: A B €
Test Music Pitch Memory
Pitch, from Seashore - x -

Cherd Change, from Wing x - -

Intervel Discrimination X - -
from Lundin.

Octaves X X -

Scales b 4 x -

Flat or sharp tune x X -

Pitch, masked - x -

Tonality, from Framklin X - -

Bands of noise - x -
Pit».;:h-, time deley - x -
Chord sequences X - x
T nbre - - x
Tonal memoTry, - - X

from Seashore
Timbre, time delay - - x

Auditory Digit Span - - X
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Tests 4, 5, 6, 7, 10 were made by calculating all required
frequencies, recording lengths of tape at each of these at & tape
speed of 7 1/2"/sec, and then cutting and splicing required frequencies
together. An item from, for example, Test © might then have 22 splices
in it. Nevertheless this was easier than trylng to arrange sharping
or flatting by speeding up or slowing down capstan. heads. For these
tests the tone was 1ln the first instance pfoduced by a Hewlett-Packard
oseillator, with a Wave Counter to check the oscillator's accuracy.

In practice, when the equipment had warmed up it was frequently possible
to record for & minute or more without the oscillator's drifting by
a single e¢ycle per second.

Test 15 involved only reading, and an excellent microphone was
available for this and a1l recorded inmstructions.

Tests 8 and 11 were recorded from a plano.

A master tape of =ll the tests was then prepared: this included
such instructions, sample ltems, item numbers read aloud at certain
points sufficient, it was hoped to avoid subjects' losing the place.
From the master tape the working tapes were then copied, and these
were then free of splices. For this purpose two machines made by
the Ampex Co., were availsble.

An snswer booklet was prepared. One page of inmtroductory
renmarks was read silently by the subjects: :therea:t“ter s f;t*)'r each
of the fifteen tests the instructions were on the tape as well as
in the booklet. It was felt that as semple items were always given,
+there should be no occasion for subjects' not comprehending the

+tasks after each introduction had been read, and the procedure had
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the advantage of pacing all the subjects alike, The total playing

of the tests took somewhsat under two hours.

The Experimemt.

Subjects. One of the objects of the experiment being the prediction
of differences, the services of two rather different subject groups
were secured, (i) The Westminster Choir College is a smail institution
specinlizing heavily in musiec, and is the home of the Westminster
Choir. Its freshman class in the 1958-59 year was something over
seventy students, and this class formed one group of subJects. With
one or two incomplete scripts, and absences due to illmess, the number
of complete records was in the end 67. As the testing was done in
early December 1t can be seen that these students had had gbout a
semester of the Westminster -curriculum. This might not sound much
time in which to become musicians, but it should be borme in mind
that there is an undoubted process of selection to the school. This
1s partly the school's own screening procedures, but even without
this, the curriculum and policy of the institution mean that a large
section of the college-entrant population mever applies. In fact

for the most part only students_ interested and =ble in masic will
want to enter the College. Within this group there will be variation,
a5 always, but some indication of this variation of the students among
themselves will be amvailable from the college's own grades. The
testing was done in twe sessions =t the Coi.lege, an. Ampex tape
recorder and Speaker-Amplifier providing the source cf sound.

{ii) fThe other group was drawn from an introductory psychology

course at Princeton University. There were 35 volunteers, their
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incentive being extra laboratory credit in their course. In this
group a considerable variatlon in musical aptitude is to be expected.
Menbership in Princeton does not preclude high musical gbility, though
it probably means that music is a side imterest rather than a prime
object of study. Im the announcement the freshmen were told that
subjects were required for an experiment in hearing, that the testing

time would amount to two hours, and the usual arrangements with regard

to laboratory credit would apply.
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Results

The tests were scored, and some three or four of them appeared
to have rather skewed distributions, owing to the items being too
easy. For this reason the medians were computed, and the cutting
scores closest to these were found for ali the tests. From the four-
fcld tables so obtained the tetrachoric correlations were found,
rather than product-moment correlations. The matrix of tetrachoric
correlations, with the highest side correlation in the diagonal was
factored by the method of Principal Axes (Thurstone, 1947), and from
an examination of the characteristic roots a judgment was made that
three factors accounted for the systematic aspects of the correlation
nmetrix. The_factor loadings were found, and an attempt was made to
rotate the matrix to simple structure. At this stage it became evi-'
dent that Test 8, Franklin's test of Tonality had taken up a position
in the space that covld be explained only with difficulty. It was not
discriminating the two groups by much more than 1 1/2 points, with
the number of items 25, and appeared to have a negative loading on a
factor otherwise identifiable as pitch. The fact that tetrachoric
correlations had been used could be invoked to account for the strange
position -- with its substantially largér sampling error it was pos-
sible that several of the correletions with the other tests were
substantially in error, but on further consideration of the nature
of the test the idea was conceived that the category Left Out could
have been viewed on a number of occasions as wrong: to leave a melody
incomplete is certainmly not right -~ hence might be, on a quick

decision, wrong. It was conceivable also that the musical
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subjects, with their greater xnowledge of , and tolerance for,
ways in vwhich a tune can work towerds its close, would find fewer
use:s for the incomplete category. It was even possible that with
their greater familiarity with change of key, ﬁhat some of the endings
manifestly wrong to & less sophisticated hearer might sound instead
as though the intention had been to move into another key. At all
events it was decided to rescore the test combining the Wrong, and
Ieft 0@: categories, and if ‘the device succeeded in giving # more
convineing facter matrix without doing violence to the aififwrence
in means, it would be its own justificaticn. (n this system if a
subject had the response Left Out circled, whehi the test description
called for Wrong, it was counted as correct, and viee versa. Cilrcling
Right for either of these categories was counted an error, and cirecling
Wrong or left Cut for items coded as Right was also an error. In
fact the difference- in means does increase very slightly (l-.62 as
against 1.51) in what 1is now & test of two rather than three choice
items. The varisnce is low, put it was decided to repeal the factoring
with this chenge. The dimgonal estimates for this second factoring
were replaced with the communalities available from the first factoring.
Taple 1L in the AppendlX gives the means for the two groups on all
the tests, and the.mea.ns and standard deviatioms for the total sample.
Table 2gives the table of tetrachoric intercorrelations for the
fifteen tests in the battery.
A listing of the characteristic roots of the table of intercor-
relations (with estimated communalities in the diagonal) is given

in Table 3-1. From an inspéction of these roots three was Judged
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to be the rank of the matrix. Principal Axes factor loadings were
computed from the characteristic roots and corresponding characteristic
vectors; and appear in Table 3-IT.

The matrix of residusl correlations was computed, end is given
in Table 3-II3.

The factor matrix was rotated@ by the metheod of Extended Vectors
(Thurstone, 1947), and gave the rotated matrix of Table h-I._ The
transformation matrix A and its varicus derivatives are quoted in
Table 4-II and the sections following. The extended vectors plot

is showr in Figure 1.

Interpretation of Factors.
BEach factor will be discussed in turn. For the most part loadings

below 0.30 will not be considered.

Factor A Test 4. Ociaves .34
5. Scales A1

&. Flat or sharp tune .52

B. Torality, from Franklin .56

11. Chord sequences R!Te

In each of these tests the stimulius material is based on music,
either in beilng produced by the piano, or being based on a musical
structure such ﬁs a scale. For these reascns factor A is identified
with MUSIC. One other loading should be noted:

Test 3. Interval Discrimination, 00
from Lundin.
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This loading does not agree with that predicted for it, and the test
has appeared on the plot as, in fact, a pitch test. There is no
ogbvious reason why this should be so. The easiest explanation 1is
that with the greater instability of the tetrachoric coefficient
the zero correlation with Test 8, Frenklin's Tonality, 1s greatly
in error, and that because of this low correlation Tests 3 and 8
mst appear orthogonal to each other on the plot. Test 2, Chord

Chenges, also has a higher loading than the 0.24% on this factor.

Factor B Test 1. Pitch, from Seashore. .66
2. Chord Changes, from Wing .70

3., Interval Discrimination .88

from Lundin

L, Octaves .51

5. Scales .33

6. Flat or sharp tune .51

9. Bands of Noise R}

10. Piteh, time delay .35

13. Tonal Memory, from Seashore L6

In each of these tests there are changes in pitch and in six of
+them the changes are of magnitudes well less than the smallest of
the keyboard intervals. For these reasons Factor B has been
jdentified with PITCH. In Tests 2, 3, and 13, the items by thelr
nature could not involve aifferences smaller than the kevhoard
{mtervals: that is, differences mEny times the difi‘erentiai limen
for pitch. It appears +hat where there is almost any kind of

additional musicalbackground the pitch limen is greatly increased--
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those people who are poor at pilich discrimination in a pure situation |
like the Seashore Test will be correspondingly poor in a musical
situation. The stropg musical components in the Prctor as it stands
suggest that further vork might separate out two factors, one on

pltch pure and simple, the other a second kind of music factor,

though how this would differ from Factor A is uncertain. Test 7,
Pitech mskgd_ by white noise might have cast scme light upon the

exact nature of Factor B, but this test was bad in that it was too

eacy, and its correlations with the rest of the battery are low.

Factor C  Test 5. Scales .32

10. Pitch, time delasy .60

12. Timbre .38

13. Tonal Memory, from .65
Seaghore

1k, Timbre, time delay '.79

Of these tests the three with the high loadings were put in specifically
to test for memory effects, and hence Factor € 1s identified with
MEMCRY. Test 12, Timbre, was rather easy, and its similarity of form
to Test ih, Timbre with. time delay, should be borne in mind, as a
reason for its having its only large loading con & memory factor.

Test 15, Auditory Diglt Span had a very lew commmnality with the

rest of the battery, and for that reason 1t could not appear on

the extended vectors plot. The suggestion of Karlin's (1941) work

is to thls extent confirmed, that an Intellectuml task has little

to do with the auditory dommin., It is of interest that this test

glves a substantlal mean difference in favor of the Princeton group.
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The factor structure is a partisl confirmation of the (1941)
work of Kerlin. We have noted that his Tonal Sensitivity was defined
by & pitch test and an interval discrimination test. This study
has added other pitch tests as a check, In 'tinis study there is also
an interval discrimination test which losds on the factor, plus two
other tests using musical materié.l. These are Wing's Chord Changes
and the Seashores Tonal Memory.

The Memory factor has alsc been confirmed.

The singlie Music factor in th'is study is considerably less
correlated with Pitch than the Retentivity factor was correiated
with Tonal Sensitivity in Karlin's (1941} study, and has its
largest loadings on tests which were not available at the time
of Karlin's study. It is therefore plausible that Karlin's concept
of Retentivity can mow be subdivided into music and pitch. As
such there need now be no great disagreement with conclusions
such as Wing's (1941). It will be recalled that he described
a large general factor with smaller bipolars. The large general
factor would, in fact, be our music factor--which would also agree
with the finding of Franklin’'s (1956} first factor matrix.

The existence of three factors, of pitch, music, and memory
being indicated, let us now examine the effect that they will
have on the validation problem. The two groups of subjects bhaving
been selected such that differences in musical aptitude were highly
probable, we may then assess the efficiency of the testing by
attempting to separate out the two groups on the basis of their

scores. They are two ways at least of doing this.
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By the Linear Discriminant Function, (Hoel, 1647) a weighted
sum of the:scores is found for each subject such that in the resultant
listing the two groups of subjects are maximally discriminated.
Hoel gives a geometric analogy;

Secondly we can produce an arbitrary criterion by giving each
of the first groﬁp a score of one, and each of the second group a
score of zeroc, and then attempt to predict this criterion by the
methods of multiple régression. It can be shown that the two
methods produce the same weights for tbe predictors, or at all
events a simple multiple of them, but in addition the multiple
regression will enadble us to find the multiple correlation, from
which we may judge the efficiency of the discrimination achieved.

Any number of predictors may be used. Rather than use all
fifteen test scores we shall use the results of the factor anmalysis
t0 reduce these to three. This wiil save computational bulk, and
makes sense once we have judged the rank of the correlation matrix
to be three,

Let us define certain matrices. The order of each is quoted
after the definition, along with a statement of what the rows and
columms stand for.

5 Scoreg_of subjects on tests, in standard scores.
i for £ests, by J for subjects.

F Factor matrix of tests, from Principal Axes factoring.
i for tests, by r for factors. ,

P Factor scores of subjects.

i for tests, by Jj for subjects.
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A Rotation of the F matrix to simple structure.

r by 1, for factors.

v TRotated Factor matrix, i.e- FA = v

i for tests by r for factors,

¥ Factor scores obtained from rotated matrix V

i for tests by J for subjects.

Then: by the fundamental theorem of factor analysis
S = FP
Rearranging,

P

(F'F)‘l F'S ,
from which P may be calculated.
Also let X be defined by

S = VX .
Then

X = (v'\‘f)‘l V'S .

The relation of X to P may be found as follows:

8 =FP = VX .
Subst&tuxing for VWV
FP = FAX »
Trom which
x=a"tp

it is more useful with machine computation to compute X directly
from S by substituting for PF:

x =atFEpmtEs .
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P and X are then representations, in three rather them fifteen
scores, of the battery.

The multiple regression calculation is swmarized in Table 5,
vhich gives the multiple correlation, and the weights for the three
factor scores. The calculation was performed using both the P and
the X matrices of factor scores as predictors, since it was possible
10 use the same program on the computer. The multiple correlation
is the same in the two cases, because the transformation A hes
neither gained nor lost information, which was also a check on the
computations. The weights in the case of the rotated factor matrix
-are easlier to interpret. The large weight is the first, and has
reference to the column of the factor matirix which was identified
with music, These weights mean that those tests which load highest
on the musiec Factor A are the most effective predictors--in general
numbers 2, 4, 5, 6, 8, and 11. These are the tests which bave the
largest mean differences between the two groups. The other two
factors, which have been identified with pitch and memory have
positive weights, but smaller. The tests which load on Factors B
and ¢ are therefore of less effect in discriminating the two groups.

If we proceed to rompute the predicted score we arrive at the
listing of Table 6-I. In that table an asterisk &ﬂer any given
score indicates a member of the Princeton group. There is a nctable
concentration of Princeton scores &t the low end, plus.a smaller
numbey considerably higher, and the implication is that these would

have most ability in music. In Table 6-I an arbitrary cutting
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point has been indicated by the solid line at the T3rd score: a
frequency count of the TWwo groups about thié point gives the fourfold
Table 6-I1, as a short summary of the discrimination achieved.

We have the foregoing on the assumption that the Choir College
students had more ability in the area than the Princeton. The
results set forth suggest that this is reasonsble. Obviously the
students in any one institution will differ among themselves in
ability. The multiple regression analysis that we have run does
not take this into account. For the Westminster Choir College
group an external criterion was available in the college's own
grades, to which the author has access. There is a risk with
such a eriterion, that no useful confirmation is going to emerge
if this independent measure should happen t0 have nothing in
common with the predictors. The ideal criterion, which in this
case might be an assessment of the actual effectiveness in various
situations of the subjectis, is seldom avallable, 1e&st of all
while they are college freshmen.

In fact the measure consisted of a 120-item test covering
aspects of eartraining traditional in music~-telling sizes of inter-
vals, types of chords and so on. As such it would not involve any
use of pitches smaller than the keyboard intervals. Also it involved
domains which this investigation has not attempted to cover, such
as rhythm. The multiple regression calculations are sumarized in
Tzble 7. The multiple correlation of 0.53 is substantially less
that the 0.68 of the previous section-~an effect that has often -
enough been encoumtered in selected populations. Also the
largest weight is now no longer on the music factor, but on the

piteh, though in fact all three weights are now closer to each
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other than in the previous analysis. Many tests load on this
pitch factor, ineluding three that were thought to involve
music more than pitch. To have named Factor B piteh ig.for. that

reason prcbably an oversimplification.



CHAPTER VI

Sumnary. . and: .Conclusigns”

We attempt now to ansver BORE of the guestlons posed at the

peginning of the experiment.

1.

The factor structure suggests factors corresponding to pitch,
music and memory which are slightly correlated. Of these, the
pitch factor has been noted before by Karlin {1942), Franklin
(1956) and others. However we nave shown that several musical
tests also load upon this pitch factor. This was suggested in
Karlin's (1941) work as a Tonal Sensitivity factor defined by

two tests only. Some of the musical tests involved intervals

less than semitones, end their intimate connection with a pitch
factor is plausible, but others are based only on the keyboard
intervals. This result suggests that thos:e..who- cannot hear. very
small differences in pitch in & rather pure situation can ofien
not hear very much larger differences in pitch also if there is
any sort of additional structure .inithe stimili. This possibility,
which wvas not part of the original plan of the study, calls for
additional investigation.

A Memory factor has also been found by previous investigators.
(Xarlin, 19%2; Franklin, 1956). Pitch and memory being different
effects, it is evident that account should be taken of the
possible effects of memoryl in measures of pitch discrimination.
We confirm the finding of Karlin (1941l) and others that memory

in the digit-span intelligence-type test bas|little or nothing

in common with the auditory domain,

y
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. A Music factor has been found by some investigators (Wing, 1941;
Franklin, 1956), and suggested by others (Karlin, 1941; Drake,
1939). This study, with a group of music tests collected from
sévera.l sources, has given confirmation of this factor.

5. None of the factor studies considered hes attempted to assess the
value in & predictive sense of the fac¢tors found. The treatment
of the results here was to sumerize the fifteen test secores for
each subject into three factor scores. The factor scores were
computed from the rotated factor matrix, and so they preserve the
character of the three factors defined by that rotation. A subject
can then be spoken of as havihg & high or low score on music, memory
or pitch, meaning, iIn effect, high scores on that group of tests
underlying the factor. Subjects were tested from two institutions.
In the one they were all following & musical curriculum; in the
other music can be the cobject of study, but is more probably only
an interest. Using the factor scores as predictors of the in-
stitution of the various subjects, a2 multiple correlation of C.68
was found. The largest weight of these three is that of the
Music factor score. This therefore confirms the importance of the
music-type tests as sgainst the more physical type test. Within
the muslcal group of students, and against & criterion of an
ear-training test in music, the multiple correlation was 0.53,
and the most iwmportant predictor now becomes the pitch factor score.
It is precisely those tests composed especlally for this study,
which were designed to bridge the borderline between pitch and

music, which load on both the pitch and the music factors,
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which give large mean differences between the two groups of subjects,
and which are of most importance therefore in prédicting both

the institution of any one subject, and also the stapding of the
gubjects in the musical group. These tests are therefore viewéd

a5 one of the main contributions to testing of musical aptitude

of this study.
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Appendix T

Tables L-T

Figure 1



10.
11,
iz.
15.
1h.

15.

O ® -~ o o F

Test

Pitch, Seashore
Chord Change, Wing

Interval Discrimi-~
nation, Lundin.

Qctaves

Scales

Flat or sharp tune
Pitch, masked
Tonality, Franklin
Bands of noise
Piteh, time delay
Chord seguences
Timbre

Tonal Memory, Seashore
Timbre, time delay

Auditory digit span

Westminster Princeton Overall

50.25
26.75
25.85

20,77
16.36
19.55
3443
21.25
30.04
33.82
21.55
33.46
28.63
31.86
6.52

Table 1

Mean Scores

29.
21,

22.

15.
12.
1h,
32.
19.
A2
A6

30
n

19.
97
25,
30,

32

7

28
91
25

83
S
97
31
63

20

29
03

.91

29,92
25.09
24,61

19.08
15.05
17.98
33.67
20.70
30.18
33.01
20.75
33.29
27.48
31.23

7.00

Standard Deviation

QOverall

3.
4.

oW F

MW W W PR

488
499

oo

.283
882
073
. T84
959
.398
L1117
-035
.978
189

072
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Table 3-T
Characteristic Roots of Matrix of Intercorrelations

(Estimated Commmalities inserted in diagonal cells.)

1. 5.37670

2. 1.15119
3 .75949
b . 48700
5 Aheier
6. . 350k
T .15538
8 .05803
9 .05562

10. .02188

1. -.05372

12, -.loo21

15. -.18965

1L, -.26466

15.  -.27157



fable 3~-I1

Principal Axes Factor Loadings.

Test
I Iz
1 .583 -. 507
2. .860 | -7
-679 -.538
I, .T78 -.029
5. .708 112
6. 721 -.215
7. 465 .090
8. .188 o6k
9. .355 -.209
10. . T30 .28k
1L. .509 | -.009
12. .278 .30k
13. B2 .252
1k, 503 617
15. .015 -.0Th

Factor

ITI

.18k
LOL5
.22k
085
.182

L3502

.526

.129

2h2

.188
L1901

316
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Table L4-T

Rotated Factor Matrix

Test A
Music
1. Pitch, Seashore L0312
2, Chord Change, Wing .237
3. Interval Discrimination, . 000

Lundin

L, Octaves .336
5. Scales 408
6. Flat or sharp tune .518
7. Pitch, masked .261
8. Tonality, Franklin .560
g. Bands of noise .054
10. Pitch, time delay .126
11. Chord sequences .396
12. Timbre L0535
1%. Tonal Meﬁory, Seashore .106
14. Timbre, time delay .000
15. Auditory diglt span - 295

Factor
B
Piteh

655

.884

. 506
332
2911
.210
-.106
395
.3k6
-257
.003
L63
.000

A72

Memory
.102
.268

-.017

.284
.319
.17
.226

-.102



Table L4-IT

Transformation Matrix

A B C
I. .330 .665 L3
IT. .023 -.654 ST77
117, -.9kl 360 kT
Teble L-III
A'A

Correlations of Reference Vectors

A B c

A 1.0000 -.1354 -.2579
B 1.0000 -.0526
C 1.0000

Table L-IV
(ara)t
A B c

A 1.097k .1640 L2917
B 1.0273 . 096k

c 1..0803



Table 4~V

DA fz_x)“ln

Correlations of Primary Facters

A B C
1,0000 L1545 2679
1.0000 0915
1.0000

Table L-VI
At

I IT ITI
6001 LS -.8460
. 7803 -.5935 .2583

6390 L7832 2425



Table 5

Regression weighte for predicting College attended

Prinecipal Axes Factors
I
11

II1

Rotated Axes Factors
A: Music
B: Piteh

C: Memory

Multiple Correlation = 0.68

Weight
L4802
0631

Weight
6136
T L1312

1000



Table 6-I

Predicted scores for best discrimipation of two groups.

A score obtained by a Princeton student is indicated with an asterisk.

1. 5.9531 35. 1.3783 69. -1.2763
2. 5.8267 36. 1.3146 70. ~1.3787*
3. 5.3358 37. 1.20268 71. -l:3811
L. 5.3154 38. 1.0476 72. -l.b173
5. 5.2319 39. 1.0412 73. =1.h4766-
6. L.7631 4o. 0.9167 Th. -1.Lo40o¥
7. L4.2498 41. 0.9097 75. -~1.638L
8. 4.1368 ho, 0.8785 76. -1.7536%
9, k.2lC L3, 0.8297 7. =-1.8677
10. 3.9513 4. 0.7Shor 78. ~1.8911%
11, 3.8416 b5, 0.6997 79. ~1.9009
12. 3.7984 46. 0.6191 80. -2.1907*
13. 3.7630 7. O0.52h3* 81. -2.3802%
14, 3.7303 48, 0.3027 82. -2.4045%
15. 3.6315 kg, O0.2015% 83. -2.hs21
16. 3.Losh 50. 0.1902% 8h, -2.5800%
17. 3.4581 51. 0.0897 85. -2.9080%
18. 3.2713 52. 0.0523 86. -2.9802%
19. 3.2471 53. 0.0218 87. -3.180u4*
20. 3.2210 54, -0.02L2% 88. -3.4918*
21. 3.2174 55. =0.0272% 89. ~3.9690%
22, 3.2012 56, -0.07h7 Q0. -k, h3K1¥
23. 2.8552 57. -0.1552 91. -h.7015%
oh. 2.6780 58. -0.221h 92, -L,7ou8%
25, 2.669L 59, =0.2276 93. -k4,BoBgx
26. 2.6030 60. ~0.2795 94, =-5.0589%
27. 2.4835 “él. -0.3031 95. =5.11895%
28, 2.4132 62. -0.5191% 96. -5.6029%
29, 2.2966% 63. -0.5347 97. =5.786L*
30. 2.2051 64, -0.5887 o8, -6.3836%
3l. 2.1506 65. -0.8339 99. -6.72L2%
32, 1.9146 66. -L.078B1* 100, ~7.1h61¥
33. 1.5800 67. -1.1L97 101. -~7.8002%

34. 1.5554 68, -1.1521 102. -9.7056%



Table 6-IT

Degree of Discrimination achieved in predicting College attended.

Westminster Choir College Princeton University
Above Cutting Score &3 10

Below Cutting Score 4 25

Table T

Multiple regression of three factor scores of Westminster Choir College

students on Westminster ear-training criterion.

Rotated Axes Factors Regression Weights
A: Music .2356
: Pitch .6855
¢: Memory 3875

Multiple Correlation = 0.53
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The Test Booklet




TESTS IN PITCH PERCEPTION

NAME

INSTITUTION

B. D, Faulds
Fducational Testing Service
Princeton, N. J.

November, 1958



GENERAL DIRECTIONS

You are taking part in an experiment designed to investigate certsin
-aspects of hearing. You will) hear the test items played over a loudspeaker,
and for every item there is a place in this answer booklet vhere you will
record your answer,

Each section is explained for you &s you come to it, and there are
practice items before each test actually begins. These explanations are
both read over the tape, and printed in your answer booklet, so that you
can follow them in front of you as they are read out.

If, aefter the instructions have been read, and you have tried the
practice items, you are still not sure what you are supposed to do,
then raise your hend, and the experimenter can then play the instructions
over again, or else answer your questions himself,

In most of the tests the items are easy to begin with, becoming
more difficult. BEven though you should feel some of the items too
difficult, do not skip them. Give the best answer you can. Answering
every item gives you the best chence for a good score on any test.

You do not have much time to answer any one item, so do not delay
making your decision, or you may miss the next item.

Now look over a few of the following pages, to see what sort of
Instructions are given, and 1if you have any questions, ask them now,

Turn now to the first test, and prepare for the start of the recordings.



TEST 1

Listen t¢ practice item A:

H L

The second note was higher than the first. Circle the "B" in Item A.

Listen to item B:

H L

The second note was lower than the first, and you would circle "' in
Item B.

Fach item in the test will consist of two notes, and you are to
decide whether the second note is Higher or Lower then the first,

If the second note is Higher, circle "H" on your answer csheet.

If the second note is Lower, circle "L" on your answer sheet.

Here is practice item C for you to try:

Item C: H L

The second note was lower and you should have circled "L".

Now tiy practice item D:
Item D: H L

The second note was higher, and you should have circled "H".

How f.ry the test. In this test the number of every fifth item is
read out to help you keep the place. Mark every ltem, If you are not
sure of any item use your best judgment; but do not leave blanks.

Turn the page and get ready.



TEST 1

2l1.

22.

e3.
2k,
26.
27.

25.

N

b =B &m o m o m
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28,
29.

= 3

oo

N O = @ o

30.

10,

31.

11,

32,

33.

13.
1k,

3L,

35.

15.
16,

i7.
18,

L

B

19|
20.



TEST 2
Listen to these two chords:
D s 19)

4d you think they were the same? Well, they were; and if you were to
ircle "S" for Same, your answer would be correct.

Now try this:
D 8 U

me of the notes of the chord went Down, and you would have to circle "p"
‘or down.

Here is a more difftcult one, as the note change is in the middle
if the others:

D S U

e note change went lp that time, and had you circled "U" for up, your
wswer would be correct.

f¥ TRY THE TEST.

Ready :

1. D s U 11. D 5 U 21. D ] U
2. D s U 12. D S U 22. D S u
3.D 8 U 13. D S U 23. D S u
L, D S U i, D 8 ) 2k, D S U
5. D § U 15. D S U 25. D 8 u
6. D 8 U 6. D S u 26. D S u
7. 8§ U 17. D s U 27. D S U
8. »p s v 18. D 8 U 28. D s U
9% D 8 u 1. D S U 29. D s U
0. D s U 20. D 8 U 30. D 8 U



TEST 3

The name of the next test is Interval Discrimination. In music an
interval is the distance between any two notes on the scale. The object

Here is practice item A. You should circle:

L 1if you think the second interval is larger than the first,
= 1f you think the two intervals are equal,
S _1f you think the second interval is smaller than the first.

Here 1s the item:

: L - s

The second interval was larger, and so we should have circled the "L,
When two intervals are the sSame the number of steps on the scale

which lie between the first and second notes and the third and fourth

notes will be the same. Thisg does not mean that the ACTUAL notes are

the same, but the intervals are,

Here is practice item B, Again cirele:

L 1f you think the second interval is larger than the first,
= 1if you think the two intervals equal,
S if you think the second interval smaller than the first,

Here is the item:
L = S

Those were equal intervals. You should have circled the " = ",

Now try practice item C: .
L = 38

You should have circled "S", because the second interval was smaller,
In the first twenty items the second note of each interval is higher.

Turn the page and get ready for the first item.



TEST 3

1. L = S 11. L = 8
2, L = S 2. L. = S
3. L = S 13, L. = 8
h, 1L = S . L = s
5. L = 8 15. L. = 8
6. L = 8 6. L = 8
7. L = 8 7. L = 8
8. L = 8 18. L = S
9. L = S 19. L = S

10. L = S 20. L = 8

In the second twenty items the second note of each interval is
lower.

Here are three prectice items.

Item A: L = 8
You should have circled the " = ", as they were equal intervals.
Item B: L = s

Here you should have cittcled the "s", as the second interval was smeller,

Ttem C: ©L = S
These ¥Were again equal intervals.

Now turn the page and try the second twenty iltems.



TEST 3 (continued)

31.

21.

32.
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33.

23.
2h.

34,
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30.



TEST 4

Listen to these two notes:

They are exactly an octave apart. Here are two similar notes, but
listen for a slight difference:

The second note was too high for it to be a true octave any longer.

Or in these two notes:

The second note was too low, and the interval between the notes
was less than an octave.

Now in the test items you should:

clrele H if the second note is too high for the interval to be an exact octave,

cirecle C for correct, if the second note is the exact octave of the first,

circle L if the second note 1s too low for the interval to be an ocectave.

tp—

Here is practice item A:

H c L

The second note was toc low, the interval less than an octave, and you
should have circled "L”.

Here 1s practice item B:
H c L
The second note was exactly an octave above the first, and you should
have circled the "C", for correct.

The number of every fifth item will be read, to help you keep the place.

Now turn the pege, and get ready for the test items.
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16.

17.
18.

-

19-
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25.
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TEST 5

You have just tried to judge whether & single note was sharp or flat.

Now listen to this:

It was an eight note scale, but it went progressively too high,
and finished sharp.

We are going to play such scales to you, and they may finish too high,
toc low, or in tune.

Circle H if a scale finishes too high,
Cirele C 1if a scale finishes correctly,

Circle I if a scale finishes too low.

Here is a practice item:

E C L

It went flat, so "L" for low would be your answer.

Now try the test: the number of every fifth item is read out
to help you keep the place.

BE SURE TO ANSWER EVERY ITEM. If you are not sure of the correct
answer use your best judgment.

Turn the page and get ready for the test items.
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16.

l.

17.
18.

19-
20-

21.

22,

23.
2k,

25.

lol’

13.
1k,
15.



TEST 6

This test is very much like the one you have just finished, only

here we have the beginning of a little tune vwhich may go sharp, flat,
or end on pltch. '

Again you are to cirele H if it ends too high,

C 1if it ends correctly,
L 1f it ends too low.

Now try the two practice items.

tem A H C L

-

ITtem B: H C L

The first kept in tune, s¢ you should have circled "C", for correct.

The second finished too lcecw, so you should have circled the "L".

In the test the number of every fifth item will be read .o help

you keep the place. BE SURE TO ANSWER EVERY ITEM. If you are not sure
of the correct answer use your best Judgment. :

Ready:

1. H c L 1. H ¢ L 21. H C
2. H C L 2 H ¢ L 22. H c
3. ¢ L 13. B ¢ L 23. ® ¢
L, H c L 1. § ¢ L 2. H ¢
5. H C L 15. H C L 25, H C
6. H ¢ L 6. H ¢ L

7. H c L 17. B ¢ L

8. H C L 18, H C L

9. H C L 19. # ¢ L

10. H c L 20, H € L s

s s



TEST 7
In this test each item will consist of two notes played against
& background of noise. You are to declde in each case whether the
second note is higher or lower than the first.

You are to circle H if the second note is higher,

L if the second note is iggg{.
Listen now to practice item A-
H L
The second note was Higher than the first, so you shoﬁld have circled "H".
Here is practice item B:
H L

The second note was Lower, so you should have circled "L,

As you can see, the task is much like one of the earlier tests.
In the test the number of every fifth item will be read to help you
keep your place. BE SURE TO ANSWER EVERY ITEM. If You are not sure
of the correct answer, use your best judgment.

Ready:

1. H L 13. H L ' 25. H L
2. H L ik, n L 26, H L
3. H L 15. H L 27. “ H L
. H L 16. H L 28. =H L
5. H L 17. H L a9, H L
6. H L 18, H L 30. H L
7. H L 19. H L 31. H L
8. H L 20. H L 32. H L
9. H L 21. H L 33. H L
10. H L 22, H L 3%. H L
1. H L 23. H L 35. H L
12. H L 2k, =H L



TEST 8

Iisten to this little tune:

It probably sounded incomplete to you, as though the last note head
been left gut,

Listen to ancther little tune:

This one probably sounded as though the last note was wrong.

Here is a third little tune:

The last note of this one probably sounded right.

In a meleody the last note or chord is of some importance in
giving a sense of finality or character to the tune. The items of
this test will be short melodies like those we have played, and you
should consider their endings.

Circle the word Right if you think the last note ‘Ims right,
Circle the word Wrong if you think the lest note was wrong,
Cirele the words Left out if you think the last note was left out.

Here 1s a practice item:

Right Wrong Left out

There the last note was left out.

Here 1s apother practice item:
Right Wrong left ocut
There the last note was wrong.
It should be added that a wrong note need not always sound =8 a
strong discord. It might Just as eaelly be only a slight change from

what is expected. ANSWER EVERY ITEM. If you are not certain, give
your bhest Jjudgment.

Now turn the pa.ge 3 z_a.nd gét ready to try the test.
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TEST 9

1isten to these two sounds; try to declde whether the second is
higher or lower than the first:

They were noises, but they were not jidentical, and you might well
conclude that the second sounded higher than the first.
We do not think of nolses as having any particular pitch, since any

noise is s mixture of pitches, But if one noise does have higher pitches
within it, then it should sound higher.

Here are two practice items. Each will consist of two nolses,
and you should try to decide which noise has the higher pitch.

Cirele H 1if you think the second noise has the higher pitch,
Cirele L if you think the second noise has the lower pitch.

Here is l1tem A:
H L

The second noise was higher, and you should have circled g,

Here is item B:
H L

The answer to this was "L"; ‘since the second nolse was lower.
The number of every fifth item will be read to heip you keep the place.

Now turn the page and get ready to try the test,
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TEST 10

In this test we agaln ask you to decide which of two notes 1is the
higher. Here there is a time delay. One note will be sounded, and
then there will be & gap of from five to seven seconds before the
next is sounded.

If you think the second note is higher than the first cirele "H" for your answer.
If you think the second note is lower than the first circle "L" for your answer.

If you are not sure of any item do not leave it out, but make
your best Jjudgment, and fill that in.

Here is a practice iltem:

Item A: H L

The answer was "H", as the second note was higher.

Now try the test.

Ready:

1. H L 13. H L 25. H L
2. H L 1k, H - L 26. H L
3. . H L 15. H L 27. H L
b, B L 6. H L 28, L
5. H L 17. H L 29. H L
6. H L 18. H L ) | 30. H L
7. H L 9. H L 31. H L
8. H L 20. H L 32. H L
9. H L 21. H L : 33. H L
10. H L 22, H L 34, H L
11. H L 23. H L 35. H L
12. H L 24, H L



TEST 11

The items of this next test are made up of sequences of chords.
What you are msked to decide is whether the first and last chords
are the same or different. '

If they are the same circle "8" on your answer sheet,
If they are different circle "D" on your answer sheet.

Here 1s practice item A:
S D

The first and last chords were the same, and you should have circled "g",
Here is practice item B:

3 D

You should have circled "D", because the first and last chords were different.

Now try practice item C:

S D

Ybu.should have circled "S", because the first and last chords were the same.

Now turn the page, and get ready to try the test.
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TEST 12

In this test we shall present sounds which keep & constant p?l.tch,
but vary in quality. Each item will consist of two notes, and you
should decide whether they ere the same or different.

Circle S 1f you think they are the same.

Circle D 1if you think they are different.

So now you are listening for s change in quality, or timbre.

Here is practice item A:
|
S b
Those were different, and so you should have circled "D,

Here is practice item B:

3 D
Those were the same., You should have circled "s",

Practice 1tem C:

Those were different. -~ You should have cirecled "DV,

In the test the number of every fifth item will be read to help
You keep the place. BE SURE TO ANSWER EVERY ITEM, If you are not
sure of the correct answer, use your best judgment.

Now turn the page, and try the test,
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TEST 13

The next part 1s a test of Tonal Memory. In each item you will
hear a series of nctes plasyed twice.

In the second pleying one note is changed. You are to decide which
note is changed: the first, the second, the third and eo on, and circle
that number in your answer book. '

There is always only one note in the second pleying which is
different from the corresponding note in the firat playing., As you
hear the notes in each set count them silently to yourself: one, two,
three, and so on, so that you may identify the note that 1s changed.

There are thirty sets of notes in the test.

Here 1s practice item A:

1 2 3
The first note was changed, and you should have clrcled the S

Here is practice item B:

The second note wes changed. You should have circled the "2%,
The number of every fifth item will be read to help you keep the place.

Now turn the page, and get ready to try the test.
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TEST 14
This test 1s much like the one in which you were asked to listen
to the quality of the tone:and to decide whether two notes were the
same or different. However here the task has been made a little more
difficult by having a flve- or six-second interval between the two sounds.

You are to gircle S if you think the timbres of the two sounds
are the same,

D if you think the timbres of the two sounds
are different.

Now try practice item A:
S D

Those were different, so you should have circled "D".

Here is practice item B:
5 D
Those were the same, so you should have circled the "s",

BE SURE T0 ANSWER EVERY ITEM. If you are not sure of the correct
answer, use your best judgment.

Ready:
1. 8 D 13. 8 D 25. S D
2. s D 14, s D 26, 8§ D
3. S D 15., S D 27. s D
L. s D 6. s D 28. s D
5. 8 D 17. 8 D 29. s D
6. 8 b 18. s D 30. 8 D
7. 8§ .D 19, S D 3. s D
8. 8 D 20. S D . 32, s D
9. s 1 21. s D 33, 8 D
10, 8 D 22, 8 D 34, s D
11. s D 23. S D 35, 8 D
12, 8 Dh 24, s D



TEST 15.

This last 18 a memory tést, pure and simple, A series of numbers
will be read out, and then the word NOW. When the word NOW 1s read
you should write down all the numbers in the exmct order in which they
were called out.

Do not write any numbers until the complete series has been read.
The ennouncer will say NOW to indicate the series is finicghed and you
mey then begin writing immediately.

The series get progressively longer in the two halves of the test.

Here ere two practice items:

Seriles A:

Series B:.

Check your answers as they are read out:
SeriEB A y'Ou Bhould ha?e written N R RN R R R R R R T
Series B: yO'll BhO'Llld hB.Ve Written 4 ddA At arraanidoy
Some of the series will be too long for you to remember all the

numbers. If you do not remember some of them leave a blank space for
them, and write down the numbers that you do remember.

Remermber: write down all the numbers in the order that they were
read, and do not write-any down until you hear the word NOW.

Turn the page, and get ready to try the test.
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