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Perception of Structure in Short Melodic Sequences

Lola L. Cuddy, Annabel J. Cohen, and D. J. K. Mewhort

Queen’s University, Kingston, Oniario, Canada

Three experiments studied the perception of tone sequences having various de-
grees of musical structure. Ratings of perceived structure and ease of recognition
in transposition were both influenced by harmonic progression (as defined by
music theory), the contour (directional changes in pitch), and the excursion or
repetition pattern within the sequence. The relation between the original and
transposed sequence also affected ease of recognition in accordance with the
number of tones shared between the two sequences. The resuits are described
in terms of the abstraction and analysis of levels of pitch relations, an analysis
conducted even by musically untrained listeners. The conceptual framework em-
phasizes the application of musical rules as an iliustration of rules governing

auditory sequences in general.

Musical context influences the detection
of an absolute or relative pitch alteration,
usually in the direction of enhancement. We
have previously argued that the degree of
improvement in judgment is related to the
success with which the listener detects and
applies musical rules (Cuddy, Cohen, &
Miller, 1979). Included under the rubric of
musical rules are the codified structures-of
classical musical analysis—the notions of
scale and tonal relationship (cf. Deutsch,
1977; Dowling, 1978). When the properties
of an auditory pattern are varied according
to musical rules, musically trained listeners
will show corresponding variations in accu-
racy of note naming in an absolute judgment
task (Cuddy, 1971), judgment of intervals
and of triads (Cuddy & Cohen, 1976; Cuddy,
Cohen, & Dewar, Note 1), and recognition
of untransposed (Dewar, Cuddy, & Me-
whort, 1977) and transposed (Cuddy et al,,
1979) melodies. Dowling (1978) and Frances
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(1972) have also shown in several series of
experiments that listeners differentiate me-
lodic fragments that retain the rules of mu-
sical tonality from those that do not.

Not all of the above findings are restricted
to musically trained listeners. Listeners with
minimal formal training in music find the
tasks more difficult than do their traiged
counterparts. Their performance indicates,
however, that they do respond to the rela-
tional information provided by a musical
tone sequence (Attneave & Olson, 1971,
Cuddy et al., 1979; Dewar et al,, 1977).

The present paper extends an earlier re-
port (Cuddy et al., 1979) in which broad
categories of sequences were defined accord-
ing to musical rules. Now a coding system
for individual sequences is developed, taking
into account both the formal ruies of musical
analysis and also the patterns of melodic
contour (Dowling & Fujitani, 1971). We
again ask to what extent formal musical
analysis is representative of perceptual struc-
ture and whether the representations hold
across levels of musical training. As a further
extension of our work, we will consider the
relevance of the resuits to general issues of
serial processing.

The classification of sequences as “musi-
cal” (i.e., those drawn frora a musical text)
or “random” (i.e., those in which rules of
musical structure are violated and in which
musical pattern is difficult, if not impossible,
to detect) yields highly reliable differences
in performance when overall ease of recog-
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nition is compared between the two cate-
gories. This classification is not sufficiently
precise to predict performance differences
arising from the individual characteristics of
sequences within a category. For example,
the prediction that recognition of a musical
sequence transposed to a musically near key
(the dominant) should be more accurate
than recognition of the sequence transposed
to a musically distant key (the tritone) was
confirmed in the earlier report. However, the
effect did not hold for all musical sequences
(cf. also Francés, 1972). A more specific
characterization of individual musical se-
quences—one corresponding as nearly as
possible to auditory perceptual organiza-
tion—should facilitate greater experimental
control of recognition effects.

OQur contention, therefore, is that musical
rules describe relations that contribute to the
perceived structure of melody. The next sec-
tion will briefly outline a conventional coding
system applied by music analysts to describe
properties of musical sequences. The code
describes the unfolding in time of frequency
relations based upon three-note or four-note
patterns contained within the major scale.
Following the outline of the code, we will
explore the notion that the uncertainty spec-
ified by the code as a measure of stimulus
uncertainty is a correlate of perceptual func-
tioning.

Symbols of Musical Analysis

The purpose of musical analysis is to elu-
cidate music: to provide, for a piece of music,
the “best fitting” logic in terms oi musical
rules. The choice of the best fit depends upon
the analyst’s knowledge of the redundancies
(or grammar) of music (Green, 1965) and,
as we shall see, to some extent upon indi-
vidual persuasion. Nevertheless, all convein-
tional analysis starts from notions of scales
and triads.

Figure 1 (first stave) represents a major
scale in the key of C. The notes.are C4~Dy—
E+F,~Gs+-A4~Bs~Cs. The interval between
adjacent tones is indicated in scmits. All
major scales contain the same ordered sct
of intervals of whole tenes (2 semits) and
semitones (1 semit). Below each note a Ro-
man numeral indicates the serial position of
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the tone in the scale. Roman numerals,
therefore, refer not to specific notes or
pitches, but to scalar functions. Associated
with each tone of the scale are musical func-
tions: 1 is the tonic, the keynote, the most
important note in the scale to which all other
notes are assumed to refer. V is the domi-
nant, the second most importcat note and,
as the central component in the I-V-I pro-
gression described below, contributes to the
sense of completed motion. VII is the leading
tone (LT) and it is assumed to create a sense
of ieading to the tonic, one semit above.

For musical analysis, Roman numerals
are also used as symbols for three-note
chords formed at each position of the scale.
These chords, called triads, are formed by
choosing every other successive note in the
scale. Here, the Roman numeral is used to
indicate the scalar position of the lowest note
of the triad.

Triads for the C major scale are shown
in Figure 1 (second stave). The interval be-
tween tones of the triad is indicated in semits
to the right of the musical notation. For ev-
ery major scale, there are three types of
triads: major (+), minor (—), and diminished
(0). Major triads, found on positions I, IV,
and V, consist of an interval of four semits
(the major third) beneath an interval of
three semits (the minor third). For minor
triads, found on II, II1, and VI, the intervals
are rcversed; the minor third occurs beneath
the major third. The single diminished triad
on VII contains two minor thirds.

Intervals of a major or minor third may
be added to the basic triadic patterns of Fig-
ure 1 (second stave), creating four- (or
more) note patterns. Symbolic notation here
is necessarily more detailed, but only one
neint is immediately relevant to the present
studies. If an interval of a minor third is
added to the triad at position V, a chord
known as the “dominant seventh” is formed.
It is so called because the bottom and top
notes of the chord form a musical seventh
(10 semits). The notation is V,. In Figure
1 (second stave), the note completing the
dominant seventh is shown in brackets at
position V. Observe the similarities between
V; and VII. They share three tone frequen-
cies-—in our example, the notes B-D-F.
Confronted with these three notes in the



STRUCTURE IN MELODIC SEQUENCES 871

[#]

£
/

N
P

o/

—5
A 4
7

_6-\2/ O\ z/ \1/0\2/\2/I \\2/

N/

I I m v v VI VI I
4 +&5y 553
7? N AT
o W @4 3—53 @
D@7 —¥+——©
o & °
I+ O- Wm- W+ V+ VI- VI® I+
i ii iv y yi
G oo 05 1o O 15910 5
¢ & o5 6 6 6 © &
I I I I 1 I I
A Po!
) # /) e
.- — i‘j °°
—JL 7 L g
I VI I I VI I
L—+! | MprogRression{—H |
I % 1 I VW I
C= KEY - [

Figure 1. First stave: Diatonic major scale with C as tonic (I). (Size [in semits] of intervals between
adjacent tones is shown. Roman numerals signify the ordinal position of each tone in the scale.) Second
stave: Triads formed on each note of the diatonic major scale. (Size [in semits, of intervals between
adjacent tones is shown next to the triad. Triad type-—major [+], minor [~], or diminished [oj—appears
below notation. Bracketed note over the triad on V is the added seventh tone resulting in the V, chord.)
Third stave: A major triad chord followed by six melodic exemplifications. Fouth stave: Two diffzrent
melodic sequences of seven notes each, with two possible chord progression analyses. (The solid notes

form a major triad [CEG] in each sequence.)

scale of C, the analyst has a choice of no-
tations, depending on context. The choice V,
may be made if the analyst wishes to em-
phasize a harmony at the dominant.

Figure 1 (third stave) illustrates the six
possible scquential configurations of a triad
and demonstrates the point that musical
analysis does not differentiate among var-

ious sequential orders or contours. In the key
of C, all orders of the notes C-E-G represent
an underlying harmony at the tonic (f). That
is, sequential relations within a group of
notes are not as important as sequential re-
lations between groups of notes. One of the
problems of analysis is to identify the groups
of notes to which sequential rules are appli-
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cable. As described below, the solution in-
volves two stages.

Samples of musical analyses for sequences
of the type used in our experiments are
shown in Figure 1 (fourth stave). The sam-
ples illustrate two steps of analysis: first, the
identification of the key, tonality, or scale
of the piece; and second, the identification
of the sets of tone relations-—in particular,
chord patterns—within the assumed key.
The notes of a melody are sequentially
grouped according to the triadic pattern to
which they belong. The sequence of patterns
is called a chord or harmonic progressicn.
For example, the progression I-V-I repre-
sents a melody in which the notes of the tonic
triad are followed by the notes of the dom-
inant triad resolving back to the tonic. The
process of analysis may appear to be one of
increasing differentiation (i.e., from the
identification of the tonality to the identifi-
cation of structures within the tonality), but
it also involves the application of musical
rules on many levels simultaneously. As-
signment of a key is not always straightfor-
ward and, as a result, the analyst may work
backward from the possible chord relations
to a tonality. In such cases the decision is
based on knowledge of likely chord progres-
sions.

In the present example, the analyst has
chosen the key of C for the first sequence
and the key of F for the second sequence.
This assignment of key is supported by the
following musical reasons: (a) All notes of
the sequence belong to the key; (b) the final
note is the tonic; and (c) a progression known
as a cadential ending resolves to the tonic
of the sequence. All three points are satisfied
only for the assigned key. However, two al-
ternative (and, as described above, closely
related) analyses are provided for each se-
quence—the progression [-V;-1 or the pro-
gression [-VH-1. The sample analyses also
illustrate that analysis is not concerned with

" the order of tones within triadic patterns and
is not concerned with the identification of
absolute frequencies. Note, for example,
that different serial orders of the opening
triad are both symbolized by the notation'l,
that different frequencies of the opening
triad are symbolized by I, and that identical
frequencies C-E-G (blackened notes) are
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given different symbols depending upon the
tonal context. Musical analysis therefore de-
emphasizes or overlooks sequential relations
within a set of notes and emphasizes se-
quential relations between sets of notes.

Musical Analysis and Perceptual Structure

Musical analysis can be employed within
an experimental framework to refine and to
clarify our understanding of auditory per-
ceptual structure. Quite simply, the analysis
may be regarded as a set of hypotheses about
what is heard in music. For example, the
identification of the tonic note of a melody
by musical analysis implies that the note ful-
fills a central or focal role in the perception
of the structure of the melody (Helmhoitz,
1885/1954). The description of chord pro-
gressions implies the detection of sequential
relations among tone sets. Further, the task
of musical analysis is an instance of musical
problem solving (Laske, 1977). Where the
solution to the problem offers alternative
descriptions, it may be stated, in informa-
tion-theoretic terms, that the stinmwulus un- .
certainty has increased. Our prediction is
that the amount of stimulus uncertainty will
be reflected in the relative difficulty with
which the listener apprehends the auditory
structure (cf. Garner, 1970).

The relevance of classical music analysis
to perception may, according to our current
argument, be much more direct than that
of the mathematical abstractions that gen-
erate serial music. As for the latter, it has
been hotly disputed whether its formal rep-
resentations have any contact whatsoever
with the auditory process (e.g., Bernsiein,
1966). The composer and musicologist Gra-
ham George has pointed out that, even
within traditional frameworks, “the history
of musical analysis is littered with discussion
of pseudo-structures existing only in the
minds of their theorist-inventors” (George,
1970, p. 30). George argues that the appro-
priate test of the validity of tonal analysis
is the correspondence of the analysis with
the ‘“‘consciously apprehersible elements of
the musical structure” (p. 30). Our experi-
ments are designed to provide tests of this
correspondence, following the directions in-
dicated by our carlier work.
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The musical analyses of the sequences for
(he experiments were obtained from expe-
ricnced musicians—teachers and composers
of music in a music faculty. The measures
of perceptual organization were twofold—
accuracy of recognition of a sequence in
yransposition and ratings of perceived struc-
wre. Various levels of musical experience
within a university population were sampled
across experiments. While to some extent the
choice of levels tested for a particular ex-
periment was constrained by the availability
of listeners, the levels across experiments
ranged from little or no training to that of
the professional musician.

Experiment 1

The use of structure ratings as an exper-
imental technique for demonstrating what
perceivers “know” about simple patterns has
the precedent of Garner and Clement {1963),
Garner (1974), and Vitz and Todd (1969).
In all cases, in accordance with information-
theoretic notions, structure ratings were cor-
related with stimulus uncertainty (defined
in terms of an objective stimulus code). For
example, patterns whose code indicated a
high level of uncertainty received corre-
spondingly low structure ratings. The first
cxperiment examines a similar relation for
musical analysis and rating of seven-note
sequences.

Thirty-two seven-note sequences were
constructed according to the following pro-
cedure. First, a prototypic sequence was
composed based upon a priori principles of
tonality that should lead to the highest rating
of perceived structure. The prototypic se-
quence was constructed to contain the stron-
gest musical cues to tonality—these include
diatonicism, the I-V-I progression, the ar-
rangement of the notes of the triad at po-
sition V so that the leading note of the scale
(note VII) moves directly to the tonic (1),
and the beginning and closing of the se-
quence on the tonic note. This last point,
which we refer to as the excursion of the
sequence, was discussed by Helmholtz
(1885/1954) with reference to the devel-
opment of tonal music.

Ihc tonic note, as the connecting core of all the tones
in a regularly constructed melody, must be heard on the
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first accented part of a bar, and also at the close, so that
the melody starts from it and returns to it; the same. is
true for the tonic chord in a succession of chords.
(p. 296)

In addition, two psychological considera-
tions were taken into account. Pitch contour
alone may influence ratings of ““good form”
(Meyer, 1956). Within the constraints of the
tonal rules, the notes of the prototypic se-
quence were arranged in the simplest pos-
sible contour. Finally, since repetition affects
memory for the pitch of tones (Deutsch,
1972), its presence should be carefully con-
trolled. In the present case, repetition of only
the tonic was allowed. The sequence shown
on the left-hand side in Figure 1 (fourth
stave) fulfills all of the above requirements
and was chosen as the prototypic sequence
for the experiment.

The remaining 31 sequences were varia-
tions and alterations of the prototypic se-
quence, intended to degrade the structure of
the prototypic sequence by degrees. The al-
terations included changes of the harmonic
progression, violations of the rules of dia-
tonicism, variations of contour, and combi-
nations of the manipulations.

Method

Sequences. The prototypic sequence is shown in
musical notation as Sequence 1 in Figure 2, and the
derived sequences are given in order of the final mean
ratings of perceived structure for the most highly trained
group of listeners. The prototypic sequence is notated
in the key of C and, for purposes of comparison, all
derived sequences are shown as transformations from
that key. The exact alteration of the prototypic sequence
for each of the derived sequences is provided in Cohen
(1977, Experiment 2), but it is not necessary to pursue
these details to understand the main results of the ex-
periment. A few descriptive examples will suffice: Se-
quence 2 preserves diatonicism, but alters the V-1 and
the leading-note-to-tonic progression. In addition, the
contour is slightly smoothed. Sequences 3 and 4 preserve
the diatonicism and progression of Sequence I, but alter
the contour and the excursion of the tonic (Sequence
4 only). Sequences 10, 13, 15, 21, and 27 each involve
one violation of the rule of diatonicism. Sequences 17,
22, 24, 26, 28, 30, 31, and 32 each involve several such
violations.

Musical analysis and analysts. Each of the 32 se-
quences was transposed to a frequency location ran-
domly selected in the treble clef and copied onto musical
manuscript paper with accidentals replacing (where rel-
evant) the key signature. Each sequence was copied on
the top of a separate page with space below for the
musical analysis. The analysts—two professors of music
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Figure 2. Sequences, mean ratings, and musical analyses for Experiment 1.
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theory and a graduate student in musical composition—
were asked to identify both the keys and the harmonic
progression(s) implied by each sequence. No specific
time limit was imposed. The analyses were collected at
the end of one week.

Structure ratings and listeners. The sequences were
prepared for auditory presentation by recording on tape
(Scotch 202, using a Crown PRO-800 recorder at 7.5
ips). The notes were sine tones from the tempered system
over the range 246.9 Hz to 987.8 Hz. The tones were
generated by a coherent-decade frequency synthesizer
{General Radio 1161-P1) controlled by a minicomputer
(Digital Equipment Corporation PDP8/1). To minimize
transient clicks, the tones were low-pass filtered with
cutoff set at 1,250 Hz. Each tone was presented for 500
msec, and the intersequence interval was 6.5 sec. The
stimulus sequences were transposed to randomly se-
lected frequency locations within the overall range and
were recorded in two different random orders. In ad-
dition to the 32 sequences, 10 practice trials were re-
corded. Practice trials did not duplicate any of the main
test sequences.

Listeners were 120 undergraduate volunteers. All in-
dicated an interest in music and would be considered
musically trained according to our earlier classification
system (Cuddy & Cohen, 1976; Cuddy et al., Note 1).
Members of the highly trained (H) group (n = 60) had
achieved, on the average, Grade X Conservatory per-
formance level' and played at least two instruments reg-
ularly. The listeners of the trained (T) group (aiso
n=60) had some informal training on one musical
instrument and, typically, sang in a choir or were faith-
ful attenders of concert series. None of the latter group
had formal training in musical analysis.

The listeners were asked to rate each sequence in
terms of its tonality or tone structure by placing a check
on a 6-point scale. They were asked to reserve the high-
est ratings for sequences with “musical keyness” or
“completeness” and to assign lower scale values to se-
quences that contained “unexpected” or “‘jarring” notes.
Half of the listeners within each group received the trials
in one order; the rest received the other order. The se-
quences were presented binaurally on headphones (MB
Electronic Model MBK 68) in sound-attenuated rooms.

Results

The mean rating for each sequence for
each group of listeners, and the musical anal-
ysis provided for each sequence by each an-
alyst, are shown in Figure 2.7 The sequences
are ordered in descending order of mean rat-
ing for group H. Above the musical notation
for each sequence are two values separated
by a slash—the first value is the mean rating
for group H, the second, the mean rating for
group T. Although the range of mean ratings
was slightly wider for group H than for
group T (2.2 to 5.8 for group H; 2.6 to 5.5
for group T), the correspondence between
groups was very high, /(30) = .91, p <.001.

The prototypic sequence was rated highest
in tonal structure by both groups; 52 of the
60 listeners in group H rated the sequence
with “full marks” of 6.

The Roman numeral symbols for each se-
quence reflect each analyst’s attempt to en-
code the harmonic progression of the sc-
quence (cf. Figure 1, fourth stave, and
accompanying text). Each analytic solution
is placed on a single line, and the figure
shows that the code for most sequences in-
volved two or three successive chord pro-
gressions. Where an analyst provided alter-
native solutions, the solutions are recorded
on successive lines. A blank means that no
solution was found possible by that analyst.
Occasionally (particularly as structural rat-
ings decreased), analysts used variants of the
basic system described above. The point of
major relevance in Figure 2, however, is sim-
ply this: As the perceptual ratings decrease,
there is an increasing diversity of musical
analyses. From Sequence 15 onward, there
is an increasing tendency to report that no
solution is possible. As the rules of diatoni-
cism are violated, there is a breakdown both
of successful attempts at musical analysis
and of rated structure.

Three classes of analyst agreement were
defined as follows. (1) Agreement among all
three analysts with one equivalence, that of
V, and VII, allowed. (In fact, Analyst 2 com-
mented that, where VII was noted, he usu-
ally also meant to imply harmony at the
dominant.) (2) Agreement between two an-
alysts, allowing the same, but no other,
equivalence. (3) Disagreement among all
analysts, or the failure of at least one analyst
to provide a solution. The mean lisiener rat-
ings for agreement classes 1, 2, and 3 were
5.0, 4.5, and 2.8, respectively, for group H,
and 4.6, 4.4, and 3.2 for group T. The prob-
ability of obtaining such an order for both
groups by chance is less than .028. In gen-

I Royal Conservatory levels are designated by Roman
numerals to distinguish the levels from school grades.
There are 11 Conservatory levels. Both Grade X and
Grade X1 requirements must de met to obtain the di-
ploma of Associate of the Royal Conservatory of To-
ronto (ARCT).

2 An analysis based upon medians yiclded essentially
the same results, as did an analysis where responses were
normalized in terms of the endpaints for each individual
listener.

\
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eral, key assignments reflected the same pat-
tern as the musical analyses.

The agreement of analysts does not, how-
ever, present the whole story. First, even
within cases of close agreement, the highest
ratings tend to be given to sequences incor-
porating the I-V-I progression, or its ai-
lowed alternative. Second, a sequence with
the I-V-I progression that also has the lead-
ing-note-to-tonic ending (Sequence 1) was
given a higher rating than a sequence with
the same progression but with a more com-
plex contour (Sequence 5), or a sequence
with the same progression but without the
leading-note-to-tonic ending (Sequence 16).
Third, within Class 3 disagreement, se-
quences that maintain a smooth contour, or
maintain a tonic-to-tonic excursion, were
generally rated higher than sequences that
do not maintain such constraints. Notice, for
example, the moderately high ratings given
Sequences 15 and 17 (4.0 on the average),
despite the violation of diatonicism.

The design of the present experiment does
not allow the independent evaluation of har-
monic or chord progression, contour, and
excursion. - Experiments 2 and 3 examined
the effects of these variables on rating and
recognition performance where the variables
were entered into a cross-classified design.

Experiment 2

For the second experiment, 20 sequences
were composed to represent the factorial
combination of harmonic structure, contour,
and excursion. Recognition of each sequence
was tested in a two-alternative forced-choice
paradigm. The recognition test involved the
transposition of each sequence either to the
dominant or to the tritone of the original
tonic (cf. Cuddy et al., 1979), and involved
a discrimination between the original se-
quence and the sequence with one note al-
tered by one semit. Recognition of a se-
quence in transposition requires the.abstrac-
tion of tone relations; to the extent that the
factors reflect a perceptual representation of
melody, performance in the transposition
task should parallel the structure imposed
on the stimuli.

L. CUDDY, A. COHEN, AND D. MEWHORT

Method

Sequences. The 20 experimental sequences are
shown in Figure 3. All sequences are shown in musical
notation with reference to the key of C. The rows of
Figure 3 represent five levels or classifications of har-
monic structure (S). Levels S, S,, and S; obey the rule
of diatonicism. The sequences for the highest level, S,,
contain the notes of the major scale, the 1-V-I pro-
gression, and the leading-note-to-tonic ending. At the
second level, S,, the leading note is altered by one whole
tone (two semits) and the I-V-I progression is weak-
ened. For level S, the opening triad on 1 is altered along
with the V-I progression. Levels S, and S; are nondia-
tonic in that the sequences involve one (S,) or three (S;)
violations of the diatonic scale upon which the sequences
of the first three levels are based.

In its simplest form for each level of harmonic struc-
ture, each sequence had only two directional changes
in frequency, and each began and ended on the same
note. These sequences are represented in the first column
of Figure 3 under the headings “Simple Contour” and
“Zero Excursion™ (E,) (the subscript following E refers
to the number of semits between the first and last note).
Each sequence was subjected to further transformations
by rearranging the order of the notes to provide four
directional changes in frequency, called “Complex Con-
tour.” Within each level of contour, there were two levels
of excursion—an excursion from beginning and ending
note of cither zero (Eo) or five semits (E;). The only
repetition allowed in any sequence was that of the tonic,
including the “tonic™ from which levels S, and S; were
derived. The repetition was in serial positions 1 and 7
for Eo, and in serial positions 2 and 7 for Es.

Procedure. The recognition test used a two-alter-
native forced-choice procedure. Onecach trial a standard
test sequence was presented, followed by a correct and
an incorrect transposition of the test sequence. For the
incorrect transposition, one tone, at either serial position
3 or serial position 5, was altered by plus or minus one
semit. The direction of the alteration was randomly de-
termined with the constraint that the altered tone was
always a tone outside the key or tonality of the diatonic
sequences.’ (In two instances, to avoid repetition of the
tone at serial position 2, it was necessary to test serial
position 4 rather than serial position 3. The two instances
were level S,, Complex Contour, Eg; and level Ss, Com-
plex Contour, E;) The transposed scquences were
placed at a frequency location either six or seven semits
above, or five or six semits below, the original test se-
quence. For all sequences, the frequency location seven
semits above or five semits below corresponds to the
musical focation of the dominant of the final note of the
test sequence, and the frequency location six semits
above or below corresponds to the musical location of
the tritone. )

The entire recognition test consisted of 80 trials—

* Cuddy et al. (1979) indicated that for diatonic se-
quences, an error within the key is more difficult to
detect than an error ontside the key. Key of error was
rot included in the present experiment simply to avoid
an inordinate number of factors in the design; it is, how-
ever, again being studicd in current research.
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Figure 3. Sequences used in Experiments 2 and 3.

each of the 20 test sequences was tested at each of two
serial positions and each of two transpositions. The di-
rection of the transposition (above or below the test se-
quence) and the order of the transposition (correct ver-
sus incorrect) were determined at random. In addition,
cight practice trials preceded the recognition test, and
cight “dummy” trials were inserted at random locations
within the recognition test. For the dummy trials, the
altered note in the incorrect transposition was at serial
positions 2 or 6. The purpose of dummy trials was to
encourage listeners to attend to the entire test sequence.
The construction of practice trials and dummy trials was
similar, but not identical, to that of the main test trials.

The apparatus for the presentation of recognition
trials was identical to that of the first experiment. The
duration of each tone was .67 sec, the intersequence
interval was 2 sec, and the intertrial interval was 4 sec.
Each trial was assigned to a randomly selected fre-
quency location within the range 174.6 Hz to 1480.0
Hz (musical notes F; to F#g). The cutoff frequency of
the low-pass filter was set at 2.5 kHz.

Listeners and experimental design. Listeners were
60 undergraduate volunteers. The 30 listeners in the
highly trained (H) group had, as in Experiment 1, an
average performance level of Grade X Conservatory,
and cach regularly practiced several instruments. The
30 trained listeners had achieved, on the average, a
higher performance level than that of the T group of
the first experiment—by contrast, a mean performance
level of Grade VIII Conservatory and regular practice
on at least one instrument. This group was coded T, to
indicate that the higher performance level represents a
subset of our T classification. Each listener was tested
under all possible combinations of the factors of struc-
ture, contour, excursion of the test sequence, key of

transposition of the test sequence, and serial position of
the note altered. They were asked to respond to each
experimental trial by recording on 2 test sheet the tem-
poral position (first or second) of the correct transpo-
sition of the test sequence.

Results

The proportion of correct responses av-
eraged across serial position is presented in
Table 1.* The table shows the proportion of
correct responses for both groups of listeners
as a function of structure, contour, excur-
sion, and transposition. The top entry in each
cell represents the data for Group H, and
the bottom entry that for Group T,.

Overall performance was slightly more
accurate for the more highly trained group;
the mean proporticn correct was .82 for
Group H and .74 for Group T, F(1,
58) = 13.61, p < .001. However, the same
pattern of results was obtained for both
groups. With one cxception described below,
no interactions with training level were sta-
tistically significant.

The extreme right-hand column of Table

* A preliminary anaiysis indicated no significant ef-
fects aitributable to the serial pesition of the note altered
in transposition. :
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Table 1
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Mean Proportion Correct Recognition Responses for Highly Trained Listeners (Upper Entry) and

Trained Listeners (Lower Entry)

Simple contour

Complex contour

Zero Nonzero Zero - Nonzero
excursion excursion excursion excursion
Level of (Eo) (Es) (Eo) (Es)
harmonic
structure D T D T D T D T M
S, .98 1.00 .98 .92 .93 .83 97 97 92
97 .87 83 .80 .90 .85 1.00 .98 .
S, .93 .88 93 .85 .90 .90 95 .90 85
.80 .85 .87 77 82 .73 77 .82 :
S, .88 .87 .88 77 .73 77 .87 72 78
. 77 .68 .82 77 .73 .63 .73 .78 :
S, .88 .82 .87 .73 s .70 .80 .80 74
.67 77 .55 .68 .72 72 17 .65 :
Ss .65 .78 .68 77 .63 .70 .35 - .47 60
.62 717 .57 .53 .55 .68 - 38 .43 :
M 82 78 76 ' 75

Note. In the column headings, D signifies dominant and T signifies tritone.

1 shows a regular decrease in accuracy from
.92 to .60 as cues to structure are removed
or contraindicated, F(4, 232) = 85.45, p <
.001. The main effects of contour and of
excursion were significant; simple contour
led to greater accuracy than did the complex
contour, F(1, 58)=20.40, p <.001, and
zero excursion produced greater accuracy
than did nonzero excursion, F(1, 58) = 4.16,
p < .05. A slightly greater difference in ac-
curacy attributable to contour was obtained
for Group H than for Group T, (a difference
of .06 versus .02), yielding a significant in-
teraction between contour and training level,
F(1, 58) = 9.15, p < .0l.

The factors of structure, contour, and ex-
cursion also entered into triple interaction,
F(4, 232) = 5.95, p < .001. With reference
to Table 1, it may be seen that when both
the cues provided by simple contour and zero
excursion are removed, by far the greatest
difficulty occurs at the lowest level of struc-
ture (Ss). The component of the triple in-
teraction that reflects the relatively greater
drop in performance at level S5 than for the
remaining four levels was significant, F(1,
58) = 19.50, p < .001, and accounts for 81%
of the variability attributable to the triple
interaction.

The effect of key distance in transposition
is shown in Figure 4. Structural levels are
represented along the abscissa, with musical
location (as defined above) as the parameter.
Key of transposition was itself not a signif-
icant factor (p > .30), but it entered into in-
teraction with levels of structure. As shown
in Figure 4 for both training groups, trans-
position to the dominant was superior to
transposition to the tritone for the highest
levels of structure, but the effect reversed at
the lowest level of structure, F{4, 232) =
6.23, p <.001. The component of interaction
reflecting the reversal at level S; is signifi-
cant, F(1, 58) = 23.48, p <.00!, and ac-
counts for 94% of the variability attributable
to the double interaction of transposition and
structure. No interaction with training level
occurred and the two panels of Figure 4 may
be treated as essentially replicates of one
another.

Experiment 3

The second experiment dcmonstrated that
the proposed factors of harmonic progres-
sion, contour, and excursion influenced ac-
curacy of recognition in a sysiematic fash-
ion. As a further test of the reliability of the
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manipulations, the third experiment studied
the sequences of the second experiment with
a different response task—the rating task of
the first experiment.

Method

The procedures were identical, with one main excep-
tion, to those described above for the rating method.
Sequences were gencrated on-line under control of the
computer. This modification provided 10 different ran-
dpmizations of sequence orders and a reduction in the
signal-to-noise ratio of about 20 dB. In addition, a .5-
sec warning light immedately preceded each sequence
presentation.

Three groups of 30 listeners each were tested. The
criteria for inclusion in Groups H and T, were identical
to those for Experiment 2. A third relatively untrained
group (U) contained members with no more than 2 years
of formal musical training.

Results

The mean rating for each sequence for
each group of listeners is given in Table 2,
in a format similar to that of Table 1. First,
correlations between training levels were ob-
taincd across sequences for the rating data
of the third experiment. Second, correlations
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between rating and recognition data were
calculated for each possible pairwise com-
parison of training levels in the second and
third experiments. The matrix of product-
moment correlations is given in Tables 3
and 4.

Table 3 shows the correlations for the rat-
ing data of the different training levels; Ta-
ble 4 shows the correlations for the corre-
spondence between rating and recognition
scores; for all correlations, p < .01, df = 18.
The relation between rating and recognition
scores for the 20 sequences closely approx-
imated a linear trend (slope = .13, range,
.10 to .14, average error of estimate = .06).
In other words, a shift of one unit along the
rating scale corresponded to just slightly
more than a 10% shift in recognition accu-
racy.

Discussion

Psychology has periodically looked to mu-
sical intuition, knowledge, and theory to
shed light upon problems of auditory per-
ception. Helmholtz (1885/1954) in Sensa-

Table 2
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tions of Tone drew repeatedly upon musical
examples, and the controversies between
Wundt and Stumpf surrounding musical is-
sues (Boring, 1942) foreshadowed later
diverging traditions of empirical and in-
trospectionist methods in psychology. Con-
temporary empirical psychologists (e.g.,
Krumhansl & Shepard, 1979) have turned
to musical considerations to study the dis-
crepancy between psychoacoustical and mu-
sical representations of pitch—why invariant
logarithmic frequency relations are revealed
in response to musical patterns (Attneave
& Olson, 1971) but are not detected by clas-
sical psychophysical scaling paradigms (e.g.,
Stevens & Volkmann, 1940). The notion
that we have explored in this paper is that
the perception of invariant frequency rela-
tions depends upon the. temporal structure
of the tone sequence. To characterize tem-
poral structure we have relied heavily, though
not exclusively, upon musical description.
The results of the experiments support the
earlier conclusion that “the rules of musical
tonality apply to psychoacoustic tasks of -
tone recognition and that the rules are

Mean Rating Scores for Highly Trained Listeners (Upper Entry), Trained Listeners (Middle

Entry), and Untrained Listeners (Lower Entry)

Simple contour

Complex contour

Level of Zero Nonzero Zero Nonzero
harmonic excursion excursion excursion excursion .
structure (Eo) (Es) (Eo) (Es) M
S, 5.30 483 4.77 5.13
5.43 5.27 4.83 5.10 5.01
5.23 4.53 4.67 4.97
S, 4.27 4.30 3.93 4.07
3.93 3.73 3.10 3.50 3.78
3.67 3.70 3.30 3.87
S, 3.40 3.93 3.30 3.53
3.40 3.00 2.97 3.37 3.33
3.40 3.67 2.73 3.30
S 383 3.73 3.53 3.37 .
3.27 2,93 2.57 2.83 3.21
3.23 3.27 . 2.97 2.93
S, 3.03 2.70 2.63 2.50
2.57 2.50 2.07 1.93 2.53
3.20 2.80 2.57 1.90
AM 3.81 3_.67 333 3.49
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Table 3
Correlations Between Mean Ratings Obtained
for the Three Training Levels of Experiment 3

Training level

Training
level 8] T, H
U - 95 95
T - - .94

Note. H = highly trained, T = trained, and U = un-
wrained. T, is a subgroup of the trained listenevs.

amenable to experimental manipulations”
(Cuddy et al., 1979, p. 154). A greater depth
of analysis of the rules of harmonic pro-
gression, plus the addition of contour and
excursion as factors in a descriptive system,
has led to increased differentiation among
sequences in terms of performance charac-
teristics. Further evidence of the application
of a rule system is found in the key-distance
cffcet in transposition (Experiment 2): Ac-
curacy of recognition for transposed se-
quences is greater at the dominant than at
the tritone. The scale at the dominant shares
all but one member of the scalar alphabet
of the original tonic; the tritone, only one
member. The sharing of tones between the
tone sets underlying two melodies appears
to facilitate recognition of melodic similar-
ities and differences. Facilitation through
sharing may also apply at the lowest level
of structure; at level S, there is greater over-
lap of tones between the original sequence
and the transposition at plus or minus six
semits (the tritone) than between the orig-
inal and the alternative (dominant) trans-
position.

Listeners across a variety of levels of for-

Table 4

Correlations Between Mean Recognition
(Experiment 2) and Mean Rating (Experiment
3) Scores

Training Training level (rating)
level

(recognition) 8] T, H

T, .90 .85 _ .90

H .85 .81 85

Note. H = highly trained, T = trained, and U = un-
trained. T, is a subgroup of the trained listencrs.
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mal musical training were able to respond
to the characteristics of the sequences. This
conclusion is borne out by the high degree
of correlation between training levels in the
first and third experiments, and by the ab-
sence of qualitatively different patterns of
interaction and experimental conditions in
the second. The overall mean difference in
recognition accuracy for tne training levels
of the second experiment should be treated
with caution; it could reflect nonacoustical
factors such as general interest in or atten-
tiveness to the experiment. On the other
hand, musical training may serve to provide
additional (correlated) sources of informa-
tion to apply to the task of encoding stimulus
relations. While the untrained listener relies
solely upon previously acquired implicit rules
(Bamberger, 1978), the highly trained lis-
tener has access to a formal system that in-
creases the probability of detecting pitch re-
lations.

In the earlier report (Cuddy et al., 1979)
we acknowledged a debt to Gestalt psychol-
ogy for pointing out the psychologicai rele-
vance of melodic transposition. However, the
treatment of melody as an emergent whole
accommodates neither the differential ease
with which melodies are recognized and
transposed nor questions concerning when
and how we are able to extract logarithmic
frequency relations. In order to handle these
and other related problems in auditory pat-
tern recognition, techniques for defining the
meaningfulness of auditory pattern are
sorely needed (Jones, 1978). Musical anal-
ysis, we suggest, provides an instance of a
useful description of frequency patierns.
Musical analysis provides descriptions of lev-
els of different relations—for example, the
sharing of the scalar alphabet between two
melodies and the unfolding of harmonic pro-
gressions within a melody—while analysis
of contour describes the order or configu-
ration of the notes themselves. The data sug-
gest that the complexity of pitch contour
alone may influence the detection of har-
monic relations, but until the role of contour
is more fully explored with longer sequences
and a greater variety of contours, the sug-
gestions must remain tentative.

Qur approach to auditory sequence rec-
ognition is compatible with models described
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by Jones (1978) as the “structure-detecting
listener”’—that is, models such as her own
(Jones, 1974) and Restle’s (1970, 1973) that
propose the notion of an active search by the
listener for invariant properties in a milieu
of psychological and physical variance. Ear-
lier, with respect to the learning and labeling
of members of tone sets, Cuddy (1970) pro-
posed that learning occurs most rapidly and
effectively when three conditions are met:
There must be (a) a system with the capacity
to perceive structure, (b) a teaching method
that initiates the adoption and development
of structural rules, and (c) a tone set in
which structure is emphasized through the
physical presence of musical structure or fre-
quency classification.

Now we add a further notion, that the
listener detecting musical structure appears
to operate in a fashion analogous to that
which we described for the music analyst—
that of working at several levels of musical
application. Tone relations are encoded for-
ward through the application of knowledge
of likely progressions, but, in addition, the
progressions are defined (within the limita-
tions of memory space) from the coding of
the final cadence and excursion. Thus, an
entire sequence may be recognized or rated
not merely in terms of the detectability of
structure of the ongoing sequence but also
in terms of whether it has a ‘“strong”
ending.®-

An alternative account might propose that
a pattern is the result of concatenated or
clustered outputs of a series of frequency-
ratio detectors. A neurological mechanism
for interval recognition has been proposed
(Deutsch, 1969). Foliowing Deutsch’s state-
ment that a tune consists of successive in-
tervals, a further step could view melody
perception as the result of prior association
or rehearsal of output clusters. Such a model
would predict greater difficulty with unfa-
miliar (level Ss) as opposed to familiar (level
S,) clusters. The model would have diffi-
culty, however, with key-distance effects
such as those reported here where perfor-
mance varies while the interval sequence re-
mains invariant. Further, it would have dif-
ficulty explaining instances of tonal lures
reported by Dowling (Bartlett & Dowling,
1980; Dowling, 1978, 1979) where listeners

L. CUDDY, A. COHEN, AND D. MEWHORT

do not detect interval shifts in transposition
if the scalar alphabet is maintained. Finally,
we suggest that such a model would have
difficulty incorporating recent evidence on
the development of song learning (Gardner,
Davidson, & McKernan, in press). Adult
singers make interval and even contour er-
rors but still obey the structural harmonic
rules of progression.

However, both accounts have in common
the notion that Gestalt principles must be
superseded by an analysis of the detection
of pattern. Our account focuses upon the role
of structural rules and the expectations that
the rules convey. Musical “form” is per-
ceived when expectation is confirmed and a
problem of analysis is solved. “Good form”
is thus related to the ease and the certainty
with which the solution is achieved.

S We have called the task in the second experiment
a recognition task despite the fact that the paradigm is
modeled after the two-alternative forced-choice discrim-
ination procedure. The theoretical notion behind the
choice of term is that the paradigm captures the lis-
tener’s attempt to recognize scalar and serial rules.
However, in order to bring the implications more in line
with these of recognition tests in general. it would be
useful in the future to apportion variance both to the
nature of the standard sequence and to the perceived
distance between the structure of the standard and com-
parison sequences.
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