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RECOGNITION OF TRANSPOSED
MELODIC SEQUENCES

LOLA L. CUDDY AND ANNABEL J. COHEN
Queen's University, Kingston, Ontario, Canada

Accuracy of recognition for short (three-note) transposed melodic sequences was
measured and compared with accuracy predicted by three models of recognition
each of which described a different degree of abstraction and synthesis of the
musical intervals contained in the sequence. For subjects with rausical training,
recognition was best described by a model that assumed abstrzction and synthesis
of the musical intervals between both adjacent and non-adjacent tones of the
sequence. For subjects without musical training, recognition was much less
accurste but there was some evidence that intervals between adjacent tones were
abstracted. Of major theoretical interest, however, was the finding that none of
the models provided a comprehensive account of the data. Not merely the size
of the intervals contained in a sequence determines accuracy of recognition
of the sequence, but also the order or configuration of the intervals. It is
suggesiced that particular interval configurations facilitate the abstraction of tonal
structure.

Introduction

An interesting problem of musical perception is that of transposition—that is,
the invariance of melodic form when the melody itself is presented in different

keys. When a melody is transposed, the absolute frequencics of the tones of the
melody are changed; thus an account of transposition must consider how rciation-
ships among frequencies are perceived.  More specifically, the question is, how

may a perceptual invariant be abstracted from different teinporal patterns of
tones in which the frequency ratio between successive tones is the only frequency
information preserved from pattern to pattern?

Deutsch (1469) bas suggested that a melodic percept results from the abstrac-
tion and synthesis of musical intervals between successive tones, and has proposed
a hierarchical neuronal-network model for the abstraction of frequency ratio.
The model is an auditory analogue of the model of visual processing developed
by Hubcl and Wiesel (1962) to account for visual stimulus equivaleice. In a

“manner similar to their representation of a visual pattern as a composition of
lines in particular orientations, Deutsch regards a melody as a sequence of succes-
sive musical intervals.

A melody or tune is shown in musical notation in Figure 1, with the musical
interval between adjacent tones given in semits below the notation.® (A semut,

*Readers who do not feel comfortable with musical notation may follow the descripiions of the

suditory patterns simply by remembering the definitions of semit and interval given in the
Introduction.
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the unit of measurement in Western equal temperament, is a ratio of two funda-
mental frequencies equal to 1059.) ln Figure 1, the +4- sign represents an
interval ascending in pitch and the -- sipn represents an interval descending in
pitch.  The melody in Figure 1(a) is the key of C; it is transposcd in Fijrure 1(b)
to the key of B flat, and, although the absolute frequencies are changed, the
semit distance between adjacent tones is maintained.
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FiGure 1. (a) Musical notation of a short melody. Size (in semits) and direction (ascending or
descending) of intervals between adjacent tones are shown benecath musical notation.

(b) The melody transposed.

If intervals between non-adjacent tones are also considered, the description of
a melody becomes more complicated. A simple three-note sequence generates
three possible interval abstractions—the intervals between the first and second,
the second and third, and the first and third tones of the sequence. Figure 2
represents these three intervals, again denoted in musical notation and in semits,
for a standard sequence [Fig. 2(a)], a correct transposition of the sequence [Fig.
2(b)], and an incorrect transposition [Fig: 2(c)]. The incorrect transposition
was obtained by lowering the relative position of the third tone by ene gemit;
this lowering results in a change of two of the component intervals. Thc correct
detection of either change, or both, would allow a listener to judge the melody of
Figure 2(c) an incorrect transposition of the melody of Figure 2(a). Further-
more, if the accuracy with which the listener was able to detect a change in the
intervals was known, it should be possible to predict with what accuracy the
incorrect transposition would be identified.

In the following experiment, accuracy of recognition for three-note sequences
was measured and compared with accuracy predicted from a separate test of
interval recognition. Three models were postulated to predict tue three-note
recognition accuracy. Each model assumes that accuracy of melody recognition
is dependent upon accuracy of abstraction of the component intervals, that sach
abstraction may be quantified by mecasuring accuracy of recognition of the com-
ponent intervals, and that abstracted intervals are independent sources of
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Ficure 2. (1) Three-note sequence. (b) Correct transposition.

(c) Incorrect transpesition. Size (in semits) and direction (ascending or descending) of
the two intervals between adjacent tones and size and direction of the interval between
non-adjacent tones are shown bencath the musical notation for each sequence.

information. The models differ in the degree to which the listener is assumed
to be capable of interval abstraction and synthesis. The assumption of model
MAX (Maximum Interval Information) is that all available interval information
is abstracted and independently combined—that is, intervals between both
adjacent and non-adjacent tones are abstracted and synthesized. The assumption
of model ADJ (Adjacent) is that only intervals between adjacent tones are
abstracted and synthesized. The assumption of the third model, model R.S.
(Random Sampling) is that intervals between adjacent tones and non-adjacent
tones may be abstracted but that for any given sequence judgment is dependent
upon the ability to detect one of the changed intervals, the changed interval being
randomly selected. Model R.S. implies that the listener searches for one changed
interval either between adjacent or non-adjacent tones but does not or cannot
appreciate the fact that two intervals are changed and that this information can
be combined in a probabilistic sense to improve recognition performance.

The models refer specifically to musical perception and, for this reason, musical
sequences and intervals were employed. In addition, since accuracy and structure
of musical judgment have been shown to depend upon practice or to be related
to musical training (Cuddy, 1968, 1970, 1971), the applicability of each model
was examined at three levels of musical experience.
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Method

Listeners

Forty-two volunteers from the student population st Queen’s University, ranging in age
from 18 to 40 years, constituted three groups differing in level of musical experience.
Fourteen subjects reporting neither musical training nor participation in musical activities
were placed in the “‘untrained” (U) group. A musical history was taken for each of 28
volunteers who reported some musical background. Subjects listed music degrees,
instruments played, years of training, and extra-curricular musical activities. Five judges
with advanced training in both music and psychology ranked subjects in order of musical
experience. The 14 subjects receiving the highest rank, averaged across judges, were
placed in the “highly trained” (H) group and the remaining 14 subjects were placed in the
“trained” (T) group. Median number of ycars of musical training was 10 for group H and
s for group T. ‘Typical members of group H played two or more musical instruments;
most members of group T played only one.

Three-note test

A test trial for the three-note test consisted of a standard sequerice followed by two
comparison sequences, one a correct and the other an incorrect transposition of the standard
sequence. 'The paradigm was thus two-alternative forced choice, with assignment of the
correct transposition to the first or second comparison sequence randomiy determined and
the subject was required to indicate which comparison sequence was the correct trans-
position.

Each standard sequence was one of the six possible sequential patterns of the major triad
(doh-me-sol). Figure 3 shows these six patterns with pattern label given above the line of
musical notation and semit values between intervals given below the line of musical notation.
An incorrect transposition for each pattern was formed by raising or lowering by one semit
the relative position of the first, second, or third tone of the pattern. Note that an alteration
of the first or third tone alters the intervals betwecen adjacent and non-adjacent tones ;
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FiGure 3. The six sequential patterns (A-F) of the major triad.

alteration of the second tone alters intervals between adjacent tones only. There were thus
six types of incorrect transposition for each pattern or a total of 36 three-note test conditions.

Three 36-trial blocks were independentiy composed with each condition represented
once per block. The trials were randomly ordered with the restriction that the same
pattern or incorrect transposition did not follow on consecutive trials. Each of the three
sequences per trial—the standard, the correct and the incorrect comparison—began on a
tone randomly chosen from the range of 25 musical notes from D, to Dy (156 Hz to 622 Hz),
approximately one octave above and below middle C. Octaves between the first tone of
the standard sequence and comparison sequences were avoided.

Tones were produced at equal loudnesscs by an experienced pianist on a Heintzman
grand piano recently tuned to A4, = 440 Iz in the recording studio of Queen’s Radio
Station CFRC, and were recorded on a Magnecord tape recorder using Scotch 202 magnetic
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tape.® Timing was determined by a metronome set at go beats per min so that the duration
between onset of successive tones was o-67 s.  Total duration of a three-note sequence was
2 8, duration between standard and first comparison sequence, 28, between the two
comparison sequences, 1°33 8, and between trials, 2:67s. Total testtime for three blocks of 36
trials per block was approximately 24 min.

There were five practice trials, identical in timing to the trials of the main test. Patterns
other than the major triad were used, and in the first two practice trials the incorrect trans-
position contained a shift of rore than 1 semit; in the remaining trials the shift was 1 semit.

Interval test

The two-alternative forced choice paradigm waus also used for the interval test. Each
trial of the interval test consisted of a standard sequence followed by two comparison
sequences with each sequence now composed of only two tones presented successively
rather than three. The two tones of all sequences formed a musical interval but one of the
intervals presented as a comparison sequence was an incorrect transposition of the standard
sequence.

The interval test trials were generated directly from the three-ncte test trials. Decause
each three-note test trial involved the alteration, in the incorrect comparison sequence, of
two of the component intervals of the standard sequence (cf. Fig. 2) each three-note test
trial generated two interval trials—two different standard intervals each with its own in-
correct comparison interval. Each block of 36 three-note test trials thus produced a block
of 72 interval test trials.

The 72 interval test trials so formed represented 12 different test conditions each occurring
six times randomly throughout the block. The 12 test conditions represented *he comn-
bination of six different standard intervals genecrated by the patterns of the three-note test
(3, 4 or' 7 semits in ascending or descending direction) with two sizes of incorrect trans-
position gencrated by the incorrect transposition of the patterns (one semit larger or
one semit smaller than the standard interval).

Recording procedure was identical to that for the three-note test. The duration between
the onset of the two successive tones of each interval was 067 s, so that the duration of each
sequence, or interval, was 1-33s. The duration between the standard interval and the
first comparison interval was 1:33 8, between the two comparison intervals, 0'67 s, and
between trials, 2 s. ‘The interval test maintained the same relative timing betwecen duration
of sequences and duration of silent intervals as the three-note test. Total test time for
threc blocks of 72 trials was approximately 35 min.

Five practice trials were recorded, with the incorrect comparison differing from the
standard by more than 1 semit for the first two trials, and 1 semit for the remaining trials.

Procedure

Subjects were tested individually or in pairs in sound-isolated chambers. Tones were
reproduced by a Crown tape recorder Model CI 822 and were presented meoenaurally through
MBK 600 earphones at a loudness level judged .comfortable by listeners. Each subject
received both tests with the order of presentation of the tests counterbalanced across
subjects. The three blocks of each test were presented in random order. The instructions
preceding each test explained the construction of the trials and the narure of the two-

* Piano tones were used at this stage of the research in an attempt to insure that a processing
system for musical perception would be tested. Research in progress suggests that the use of a
musically-familiar timbre greatly reduces variability atiributable to practice effects, or fanmiiisrization
with the task,

Earlier, a mechanical device for striking piano keys with equal force was constructed and evsluated.
It was found far inferior to the experienced pianist for equalizing perceived loudness of tones.

Recorded sequences were examined with a Tektronix oscilloscope Type 422, The estimate of
the variance of the duration between two successive tone onsets was less than 20 ms.
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alternative forced-choice paradigm; the practice trials were then presenied and subjects
given further opportunity to ask questions about the procedure. None reported difficulty
with the concept of transposition defined as “‘the same tune, melody or.note-pattern in
another key’’,

Scoring

For each subject, proportion of correct responses was calculated for each of the 36 three-
note test conditions and each of the 12 interval test conditions. These proportions were
treated as the observed probability of a correct resporse.  Next, predicted probabilities of a
correct response were obtained for each of the three-note test conditions. For each
subject for each condition, the proportion correct for the two interval conditions generated
by that threc-note test condition were inserted into three equations corresponding to the
three models of interval abstraction and synthesis as follows:

Model MAX
P(3N)) = P(I;) + P() — PUp)P(T).
Model ADY

P(3N,) = P(I,,) or coincident with model MAX (see below).

Model R.S.

P(Iy) + P
PGNy = (.H; )
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FIGURE 4. Mean proportion cor.ect for interval and three-note tests for three levels of musical
experience. Three-note, O O} interval, —,

where P (3N,) is the predicted probabiiity of a correct response for a three-note test con-
dition, { = 1 to 36, and P({,) is the obtained propertion of a correct response to an interval
test condition derived from the ith threc-note test condition, j = 1,2. The value of 5 is
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defined in terms of the three-note test condition. [or three-note test conditions that
involve alteration of the two intervals between adjncent tones, j = 1 is the interval between
the first and second tone, and § = 2 is the interval between the second and third tone.  In
these conditions the predictions of model MAX und model AD] by definition coincide;
they both predict that probability of correct recognition for a three-note test condition is
the combined probability of correct recognition for either of the two changed intervals.
For three-note test conditions that involved alteration of an interval between adjacent tones
and an interval between non-adjacent tones, j = 1 is the interval between adjacent tones
and j == 2 is the interval between non-adjacent tones.  Here model MAX still predicts
that probability of correct recognition for the three-note condition is the combined prob-
ability of the correct recognition of either of the two changed intervals, but model AD]J
predicts that correct recognition is completely determined by the accuracy of recognition
for the changed interval occurring between adjacent tones. In either case, model R.S.
simply predicts that probability of correct three-note recognition is the average probability
of correct recognition for the altered intervals.

Results
The first analysis compared over-all performance on the interval test with
performance on the three-note test for each level of musical experience. Pro-
portion of correct responses is shown in Figure 4. It was found that the interval

TasLE |
Mean proporiion correct for three-note tests

Incorrect transposition

LL RL M RM LH RH Mean
Group U
Pattern
A 064 o1 057 o069 069 o052 o064
B 0'§s 062 o'5§ o'81 074 057 o064
C 0'§5 074 062 062 0'52 o'52 o-6o
D 050 0'52 038 076 075§ 048 o'56
E - 036 0-67 o064 0’52 062 064 o'58
F 064 o-67 °'59 o071 050 055 061
Group T
Pattern
A 071 088 071 090 0-86 0-86 081
B 076 071 064 093 - o081 069 076
C 067 o74 o057 076 076 o081 ©72
D 069 o078 0§52 o-88 075 062 071
E 064 79 o064 074 o067 o-81 o171
F o057 067 0'57 o076 0'52 076 064
Group H
Pattern
A 093 o-86 09§ 098 098 090 093
B 088 0'90 083 0'9§ 1°00 0'81 0'go
C 0-86 0'83 o086 095 0'90 098 0'go
D 074 o-86 076 0'93 093 079 o83
E o-88 074 079 o83 o-81 0'go o083
F 0-9o 076 076 079 0-88 088 0-83
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test was more difficult than the three-note test, that performance improved with
increasing level of musical experience, and that the difference between tests
increased with increasing level of musical experience.  All effects were statistically
significant beyond the o-o1 level (for tests, F == 9134, df = 1, 39; for level of
experience, } = 1814, df = 2, 39; and for test X level of experience interaction,
F = 6-80, df = 2, 39).

The data for the threc-note test and the interval test were then examined in
detail and were separately submitted to analysis of variance. Mean proportion
correct judgments for each level of experience for each condition within the three-
note test is given in Table I. The rows of Table I refer to pattern label (cf.
Fig. 3) and the columns refer to type of incorrect transposition. The first symbol
of a column heading, R or L, indicates whcther the tone altered in transposition
was raised or lowered one semit, and the second symbol, H, M or L indicates
whether the tone altered was the highest, middle or lowest pitch of the pattern.
The column LM, fer example, refers to instances where the middle pitch of the
major triad pattern is lowered, thus creating an incorrect transposition based on

TasLe 11
Mean proportion correct for interval test

Incorrect transposition

Smaller Larger
(— 1 semit) (-+ 1 semit) Mean
Group U
Interval
+3 o060 0'5§ o'58
-3 069 048 0'59
+4 o'§I 051 o°51
-4 054 0’55 054
+7 054 o'ss o'54
-7 0’48 0'57 0'52
Group T
Interval
+3 o069 053 o061
-3 o078 0'46 o062
+4 o'ss ©'59 o's7
—4 ©'s3 064 o's8
+7 063 057 o-6o
-7 0°59 o-6o o-60
Group H
Interval
+3 o-82 o'6o 071
-3 . 0'92 o'6o 076
+4 050 o's8 054
—4 052 o076 o064
+7 072 o-81 077

-7 o078 077 077
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TasLE 111
Predictions from three models for group U®

Incorrect transposition

Pattern Model LL RL LM RM LH RH
A MAX 078 077 o082 o-8o
564 043 22§ 11-32t
078 o-80
Ad] 051 o'51 6-48 277 o-6o o's§
567 382 098 0.13
R.5. 053 0’52 053 055 057 055
426 430 0'24 428 2°12 o-10
B MAX o-8o 076 085 077
12184 368 . 1-60 678
{0-76 086
AD]J 055 054 569 0635 069 0'48
o001 1°47 022 1-27
R.S. 056 o051 o'§1 062 0'59 0'53
0'02 227 o018 9-o9t 2°94 0'34
C MAX o080 076 079 o082
1629t o1t 2°46 5°48
079 fo81
ADJ 057 048 0's55 060 13-58t 833
007 756 037 ocs
R.S. o'56 o051 0'54 057 0'54 o-56
002 1007t o'50 027 005 013
D MaxX 078 077 075 085
838 6:60 21-9st 100
. . {0-86 { 076
ADJ 0'55 0°54 o048 o069 1-8¢9 16-991
022 0'04 1°48 o065
R.S. 0'53 052 050 o-6o 062 052
o008 001 2-08 362 2-80 032
E MAX 079 o082 o-82 o-8o
261 1175t 3'49 213
{ 079 {0-79
ADJ 41-32% 3'59 0'54 055 054 0’55
122 - 00§ 0°49 o070
R.S. 055 054 0’54 057 0'57 ©°55
765 442 119 031 023 °'73
F MAX 075 0'8s 0'8s 077
5'99 1'73 29-321 12-12%
{0-79 {0-74
AD] 381 0'49 051 0'S1 048 c-57
1°03 377 006 009
R.S. 0'54 0'50 0'50 o-6o 0'59 0'53
203 292 217 1-28 179 o'11

® First entry in each cell is predicted proportion correct; second entry is F-ratio for
predicted vs. obtained score. Bracketed values represent coincident predictions.
t+ P < oor1.
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the minor triad. Table II presents mean proportion correct judgments for each
level of experience for the interval test. The rows of Table II indicate size of
the standard interval generated from the three-note test and the columns represent
size of incorrect transposition (to an intervai one semit smaller or one semit larger).
Therc are (unpredicted) statistically significant differences among the cell entries
of Tables I and IT that are reported in detail by Cohen (i972). These differences
are not critical, however, to the question of immediate interest—whether or not
the interval data can predict the cell entries for the three-note data.

The next analysis examined predicted values for each cell of the 36-cell matrices
of Table I. Predictions are shown in Tables III, IV and V for the three levels
of experience respectively, and a summary of the predictions is given in Table VI.
The construction of Tables III, IV and V is similar to that of Table I, with rows
indicating pattern label and columns representing type of incorrect transpesition.
The matrices are now cxpanded to include proportion of correct judgments
predicted by cach model, which is the first entry in cach cell, and an F-ratio,
which is the second entry in each cell. The F-ratio was used to test the signifi-
cance of the difference between observed and predicted mean scores; the error
term for the F-ratio was the within-subject within-cell variance of the diference
and F is thus distributed on 1 and 13 degrees of freedom. Bracketed values in
Tables III to VI represent instances where the predictions of modeis MAX and
ADJ by definition coincide.

The rows of the summary table, Table VI, refer to the predictions of each of
the three models for each of the three levels of musical experience. The columns
separate the 12 conditions where the incorrect transposition involved alteration
of the two intervals between adjacent tones from the 24 conditions where the
incorrect transposition involved alteration of one interval between adjacent tones
and one interval between non-adjacent tones. The column heading “Rejections”
refers to the number of times that the difference between observed and predicted
values was significant at the o-or level. The column heading “Best-fit”’ rcfers to
the number of times each model provided the closest prediction of obtained values,
in terms of standard scores. Table VI shows the relative standing of each modsl,
but no further significance tests are implied. In fact, as will be seen, it is probably
inappropriate to attempt to derive an over-all significance level for each model.

Discussion

Figure 4 shows that, under the present conditions, increasing the length of a
stimulus sequence leads not to interference with recognition performance, but to
facilitation. It suggests that there is a more effective encoding process to handle
three-note as opposed to two-note test sequences, and that musically-trained
listeners are particularly adept at this form of encoding. However, the question
whether or not the process involves the abstraction and synthesis of interval
information is difficult to answer.

A preliminary requirement for the application of the proposed models is, of
course, that performance on either test is not chance or random. - Tables I and
II show all mean values (extreme right-hand columns) to be above the chance
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Tasre IV
Predictions from three models for group T*

Incorrect transposition

Pattern  Model LL RL LM RM LH RH
A MAX o081 o83 o-87 o-80
1-78 1-16 o'os 068
{0-79 086
AD] 0°59 0's§ o83 0'44 0'69 0's3
214 s1°97% 490 16-20t
R.S. o058 0°59 0'54 064 066 °'55
302 37:34% 416 1474t 875 18-08%
B MAX o83 o082 091 o7y
. 116 228 2°19 1-66
076 091
ADJ o064 0’53 I'12 o018 078 046
2°19 436 017 1330t
R.S. o062 0'56 0'50 071 o069 0'53
332 4'95 1-83 18-58% 322 583
C MAX 085 0'82 o078 o088
6:24 076 6-82 167
0-88 Jo82
ADJ o060 0'59 0'53 069 376 \o-o2
062 261 026 o051
R.S. 062 0’56 053 067 064 0’57
0'40 372 028 115 4'52 14591
D MAX o081 083 076 0'go
2'go 1°27 1017} o-o8
{o-go {o 76
AD]J 057 c63 046 078 435 2'17
2:23 883 o-65 190
R.S. o'58 0'59 0'51 069 071 0'52
206 19-89t 0'04 787 033 1°20
E MAX 078" 088 087 080
2°94 453 8-89 002
{ o84 {0-83
ADJ 12-30t 0’57 0'53 064 063 0'57
: 171 268 o018 17°171
R.S. o061 o's8 0'53 067 066 055
050 13-16% 2°03 1°33 001 12-81%
F MAX o076 0'90 091 077
9'45tT 515 24°12% 003
o082 o082
AD] {8-33 {4'05 055 0'59 0'59 o6o
0-0b 563 o-60 5°89
R.S. o060 057 o051 069 069 0'53
009 1°46 1'09 1'50 §°20 9-20t

® Cell entries represented as in Table 111,
t P <oor.
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TasLe V
Predictions fro;n three models for group H*

Incorrect transposition

Pattern  Model LL RL LM RM LH RH
A MAX 0'92 o087 095 0'92
o'10 003 1°03 o'17
o-8o0 092
ADJ 0'59 0'50 11-83% 11-30% o082 o'6o
6501t 26-87t 30°491 31-8s5t
R.S. , 070 061 0’55 o070 077 o770
46-14% 1575t 9077t 89-73t 2744t 17-23t
B MAX 0'94 o'8¢g 098 091
o077 o-08 19-34% 23§
o:8o o098
AD]J 076 052 {019 {0-81 092 o-60
222 28-37% 19.10t 677
R.S. o076 0'65 o'56 0-84 o-8s o069
251 16-48t 15-got 13-04% 67:90t 309
C MAX 0'94 0'89 079 0'95
203 069 1-64 o'or1
o096 o'GI
ADJ 077 077 o060 o-82 {z~oo {5-14
183 o's2 2098t 4'57
R.S. 076 o-6s 056 079 o'8o 068
2:16 779 3335t ro'18t 5'65 s0°20%
D MAX 091 087 o-8o 096 ‘
3-81 0'0§ 0'50 o081
0'98 0'93
ADJ o081 o072 060 092 1°31 383
o071 3-08 435 o'I1
R.S. 070 061 0'55 07§ o8z o071
017 2557t 1332t 1922t 5'97 1’19
E MAX . 0779 0'9§ 0'9§ 092
o-o1 3:0§ 4'49 015
{0-95 {0-86
AD] 1-38 230 0'52 076 072 081
7-65 1°07 ©'99 266
R.S. 079 062 o'56 079 077 070
2:14 18 576 0'34 028 13-20t
F MAX o-80 095 098 091
02§ 814 5-02 029
{0-91 {o-88
AD]J o'o1 369 0°50 o's8 078 077
8-03 6-46 324 2-68
R.S. 068 064 055 075 o'8s o'69
21-27% 3°48 622 027 c'46 0281

¢ Cell entries represented as in Table I1I.
t P < oo1.
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TasLe VI
Summary of rejected models cnd best-fitting models
Adjacent tones Adjacent +4- Non-adjacent
Musical (n = 12) Tones (n = 24)
experience Model Rejections Best-fit Rejections Best-fit

U MAX , 7 2
ADJ 3 5 o 13
R.S. H 7 1 9
T MAX ' 3 12
AD] 7 4 6
RS, 4 5 5 6
H MAX {2 { ° 1 15
AD] 7 4
R.S. 6 3 13 5

level of o'50, but closer examination of the cell entries for group U shows two
entries for the interval test below o-50, and five entries for the three-note test
below or exactly o-s0. This result, coupled with the generally low values for
group U, indicates that the fit of Models AD]J (whcre it does not coincide with
MAX) and R.S,, both of which predict o-50 for chance performance on both
tests, may be spurious in many cases. Even if not so, an over-all ¢, inction
between the two models is virtually impossible. Performance for group U is
disappointingly poor, especially on the interval test; other data we have since
collected support the notion that interval recognition is extremely difficult for the
untrained listener.

Despite this finding, two points may be added: first, model MAX, wherﬂ it
dees not coincide with model ADJ, is clearly unable to describe performance for
group U. Second, however, there is some evidence for some experimental
conditions that listeners in group U attempt to abstract at least one intervai
between adjacent tones. Highest performance on the three-note test occurs
where one component interval condition is the interval cordition most easily
discriminated by all listeners—-3 vs. 2 semits, ascending or descending. Six of
the eight three-note conditions containing the easiest interval discrimination
between adjacent tones produced performance scores above 0-68, while only two
of the 24 three-note conditions not containing the discrimination exceeded 0:68.
The probability of obtaining this finding by chance is less than o-o1.

For the musically-trained listeners, the fit of model MAX must be seriously
considered. Model MAX, or the coincidence of models MAX and AD]J, was
rejected least often, and most frequently provided the best fit to the data. 1t is
therefore tempting to conclude that, for the musically-trained listeners, recognition
of a three-note transposed sequence involves 2 process of abstraction and qvnthesxs
of intervals occurring between adjacent and non-adjacent tones.

Other aspects of the data, however, make such conclusions tentative. One is
that even the most appropriate model was rejected mere often than expecied
under the null hypothesis. Another is that the most appropriate model tended
generally to overestimate performance values for patterns D, E, and F, although
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it must also be noted that the three cases of rejection of models MAX or the
coincidence of MAX and AD]J for group H were instances where the prediction
for comparisons involving patterns A and B actually significantly underestimated
performance. This lcads to a further, related, ditficulty-—the best-fitting model
for each level of musical experience failed to predict the significant effect of
pattern in observed performance. The main effect of pattern (F = 6-5¢, df =
5, 195, P<o-oo1) reflects the finding that, over all subjects, there is a decrease
in accuracy of recognition across patterns A to F; in particular, patterns A and B
are more easily recognized in transposition than patterns C to F.  This effect did
not interact with level of experience.

Possibly the fit of the most appropriate model would be improved with modifica-
tion of experimental procedures. On the other hand, the failures of the most
appropriate model may necessitate a re-examination of basic assumptions, in
particular the assumption of independence. With respect to the first possibility,
three procedural details were examined—number of trials, classificatior: of subjects,
and selection of patterns. There was no evidence of practice or order effects to
suggest improvement of fit with more or fewer trials or a different experimental
design. Although we have not found a more reliable system of subject classifica-
tion than the “subject profile” used here, subject classification will doubtless
improve when the mechanisms of auditory memory are better understood.  How-
ever, since the main effect of pattern did not interact with level of experience,
reclassification of subjects would not alter the basic problem of interpreting the
the pattern effect.

Finally, one might ask whether or not the threc-note standard of each trial
ought to have been a random selection of three tones. Note, first of all, that if a
model of interval abstraction is seriously to be considered for the representation
of musical perception it must be properly tested within a musical framework and
must be applicable to the perception of familiar musical forms. Second, the
patterns and incorrect transpositions employed produced a wide range of per-
formance values (across levels of experience from slightly below chance to perfect
performance; even within group H, from about 759, correct to 100%, correct).
The task was by no means trivial. Third, the data show that the amount of
within-subject within-cell variability of the difference between observed and
predicted scores is dependent upon the particular configuration of the intervals.
It is clearly necessary to examine the scores for each pattern and incorrect trans-
position individually, and while, of course, a wider variety of patterns should be
studied, it is not appropriate to average data across different patterns for which
the tones are randomly selected from trial to trial. The latter procedure might
well inflate the error variance term used to test the fit of the models: the fit of all
models would be improved but not, necessarily, our understanding of the basic
processes.

There is then the problem of the assumption of indepsnd2nce—under this
assumption the models ignore the forms of the patterns themselves. Patterns A
and B may be considered “good” forms in a general sense; for cne thing mono-
tonically ascending and descending sequences belong to a set of few (i.e. two)
alternatives (cf. Garner, 1970, 1974; Royer and Garner, 1970). They may also



RECOGNITION OF TRANSPOSED MELODIC SEQUENCES 269

be the most familiar forms of the triad, at least as far as musical exposure is
concerned (Dykema and Cundiff, 1g55; Lieberman, 1956; Shera, 1922). At any
rate, the most important point is that the facility with which a sequence of three
notes of the triad is rccognized depends not merely on the intervals contained in
the sequence but upon the interval configuration.

The data thus provide evidence in support of a very plausible musical notion—
the triad is a higher-order structure that is not merely the sum of the component
intervals. Particular interval configurations may facilitate the abstraction of
structure. It may be suggested further that the facility with which a structure
is abstracted may depend upon the number or difficulty of temporal transforma-
tions that intervenc between sensory input and the stored archetypal form of the
triad. The process cannot, however, be identical to that proposed by Deutsch
(1959) for chord abstraction; Deutsch’s description of chord abstraction is not
intended to deal with the order or configuration of the intervals comprising the
chord.

A further relevant finding is that the most difficult transposition across levels
of experience, and patterns, is LM, the shift to a minor triad. It may be that
the similarity of the archetypal structure for the major and the minor triad is a
potential source of confusion. On the other hand, this finding #s predicted by
the best-fitting interval abstraction model. The shift from major to minor triad
involves the discrimination between the intervals of 3 and 4 semits (the minor
and the major third, respectively). Table II shows that this discriminstion is
particularly difficult. (It remains to be explained, however, why this discrimina-
tion is significantly more difficult for musically-trained listeners than the
discrimination of a semit difference between the larger intervals.)

The abstraction of structure may occur either in addition to, or as alternative
to, interval abstraction and synthesis. Certainly, before a theory of interval
abstraction and synthesis is rejected, other forms of prediction should be studied.
The data suggest that it would not be profitable to pursue single-interval models
such as model R.S. for musically-trained listeners. Even a model proposing that
three-note recognition was based on (a priort) knowledge of which changed
interval was most likely to be judged correctly would underestimate the responses
to patterns A and B 97% of the time. More intriguing, although the design of
the present experiment does not allow a precise test, is the possibility that the
tendency of model MAX to overestimate performance values would be corrected
by building in to the model a factor reflecting the interference created by an
interpolated tone with the comparison of non-adjacent tones (Deutsch, 1970) or
interference with the process of synthesis itself. In the derivation of such a
correction factor, however, the main effect of pattern must also be taken into
account.

In conclusion, it may be suggested that interval abstraction and synthesis play
a role in melody recognition, but that there are severe limitations to ‘nterval
processing. Recognition of a three-note sequence based on the triad may depend
at least in part upon the facility with which a tonal pattern is abstracted; what is
needed is an independent measure of the structural cues provided by a tone
sequence, and research now underway is addressing this problem.
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