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Abstract Melody recognition entails the encoding of pitch
intervals between successive notes. While it has been shown
that a whole melodic sequence is better encoded than the sum of
its constituent intervals, the underlying reasons have remained
opaque. Here, we compared listeners’ accuracy in encoding the
relative pitch distance between two notes (for example, C, E) of
an interval to listeners accuracy under the following three mod-
ifications: (1) doubling the duration of each note (C – E –), (2)
repetition of each note (C, C, E, E), and (3) adding a preceding
note (G, C, E). Repeating (2) or adding an extra note (3)
improved encoding of relative pitch distance when the melodic
sequences were transposed to other keys, but lengthening the
duration (1) did not improve encoding relative to the standard
two-note interval sequences. Crucially, encoding accuracy was
higher with the four-note sequences than with long two-note
sequences despite the fact that sensory (pitch) information was
held constant. We interpret the results to show that re-forming
the Gestalts of two-note intervals into two-note “melodies”
results in more accurate encoding of relational pitch information
due to a richer structural context in which to embed the interval.
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Introduction

Humans can easily recognize, reproduce, and remember melo-
dies—sequences of musical notes. Except for extreme popula-
tions (e.g., listeners with absolute pitch or amusia), normal
listeners recognize melodies based largely upon the relative
sizes of the intervals between successive pitches, an ability still
robustly preserved even when the entire frequency range of the
music is shifted up or down (i.e., the key is changed). Relative
pitch processing may be, if not innate, acquired early in
development. For example, Plantinga and Trainor (2005)
established that 5.5- to 6.5-month-old infants, after listening to
a melody for 7 days, preferred to listen to a novel melody rather
than the original melody, regardless of the key in which the
original was played at test. Their subsequent experiment ruled
out a possibility that the infants remembered absolute pitch
information, suggesting that, like adults, their long-term repre-
sentation of the melody was based on the sequence of relative-
pitch intervals between tones. Electrophysiological studies have
indicated that relative pitch interval processing occurs in an
automatic fashion, even among non-musicians (Trainor et al.,
2002). For example, Trainor et al. (2002) showed that an
occasional deviation of ending note position (i.e., outside of
the key) elicited a mismatch negativity (MMN)—a brain re-
sponse commonly regarded as an indicator of automatic change
detection in the absence of attention towards a stimulus.

Intriguingly, relative pitch information is better encoded
when the length of the melodic sequence is increased to some
extent, suggesting that greater melody note-count confers per-
ceptual benefits in encoding relational pitch information. For
example, Edworthy (1985) showed that recognizing a note that
deviated from a key became easier as the number of notes in the
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melody increased. An influential theoretical model, the
Krumhansl-Schmuckler key-finding algorithm, suggests that
greater melody-note-count provides “tonal context,” which
helps listeners establish the sense of key (Krumhansl, 1990).
The key is an important framework that defines the relations
between pitches that follow a particular musical rule (e.g.,
diatonic major scale) when they are transposed. Thus, tonali-
ty—the sense of key—is one of the primary factors that may
contribute to efficient encoding of melodies.

There is evidence that adding one extra note to interval se-
quences is enough to improve relative pitch recognition (Cuddy
&Cohen, 1976). Cuddy and Cohen initially tested the hypothesis
that recognition of three-note melodies could be modeled as a
linear combination of the recognition of individual two-note
intervals constituting the sequence. Their findings, however, did
not support this idea; instead, recognition of three-note intervals
was substantially better thanwould be predicted by recognition of
the constituent intervals, leading them to conclude that “there is a
more effective encoding process to handle 3 note as opposed to 2
note (interval) test sequences…However, the question ofwhether
or not the process involves the abstraction and synthesis of
interval information is difficult to answer” (p. 264).

Although this finding can be explained well by Krumhansl
and Shmuckler’s model, the observation also leaves open the
possibility that other mechanisms, not yet fully explored, may
come into play. Importantly, Cuddy and Cohen suggested a
potential contribution of global structural context in encoding
local interval processing of a melody. In their study, six
different patterns of three-note melodies were used: Straight
ascending, straight descending, and four versions in which
there was a mixture of upward and downward intervals
(Fig. 1a). Moreover, they further randomized the types of
three-note sequences such that one of the three notes’ posi-
tions was either raised or lowered. This left a total of 36
different configurations of melodic sequences, each of which
indeed elicited different degrees of recognizability. We com-
bined data from musically untrained and trained participants
in that study in order to better illustrate that recognition
accuracies greatly varied across the 36 different patterns of
three-note melodies (see Fig. 1a). For example, the accuracy
was at its lowest (i.e., 0.45) when the middle note of the
pattern 4 sequence was downward. By contrast, the accuracy
was highest (i.e., 0.87) when the middle note of the pattern 2
sequence was upward. This hidden aspect of Cuddy and
Cohen’s data indicates that the global configuration of melod-
ic sequences, also known as ‘melodic Gestalt,’ may affect
encoding of the pitch relation among the constituent notes.
While the term gestalt is used primarily in the visual domain to
reference holistic processing (a global percept that cannot be
expressed solely as the sum of local parts), it also appears in
the music/auditory literature. For example, Kubovy and Van
Valkenburg (2001) discussed extensively how Gestalt
processes may be at play in auditory object perception. In

the music domain, Koelsch and Siebel (2005) used the term
‘melodic Gestalt formation’when describing melody process-
ing stages of their neurocognitive model of music perception,
albeit without elaboration of mechanisms by which melodic
gestalts might arise. Others have explored the idea of musical
“Gestalts” more directly and formally (Neuhaus & Knösche,
2006; Schindler et al., 2012).

The present behavioral experiment sought to find
direct evidence for Gestalt formation in the perception
of relational pitch information associated with melodic
intervals. Specifically, we compared the ability of lis-
teners to encode four types of simple note sequences
(Fig. 2a). In the first, baseline condition, the two pitches
are played in a two-note sequence (such as C, E), each
for 500 ms. In the second condition, the two notes are
lengthened to 1,000 ms apiece, so that the same two-
note sequence (C, E) is now 2 s, or twice its former
duration. The third condition is identical duration to the
second condition in duration (2 s), but each 500-ms
note is repeated, i.e., two notes are substituted for each

Fig. 1 a Recognition accuracy for various types of three-note sequences
in Cuddy and Cohen (1976). The music notation depicts six different
melodic patterns of three-note sequences. The bottom table summarizes
the recognition accuracy when each of the six melodic patterns was
manipulated, such that one of the constituent notes was either raised or
lowered when the pattern was transposed to a different key. For example,
the accuracy was 0.8 when pattern 1 was compared to its trasnsposition to
other key with the first note raised by one semitone. b Schematic illus-
trations of the structural context effect in melody perception. Top panelA
two-note interval comparison (e.g., major 3rd in C major vs perfect 4th in
Amajor); bottom panel the same comparison with four notes. The dotted-
lines illustrate the visual analogy of contour comparison. For the bottom
pair, the horizontal lines on either side of the sloping line may provide a
structural context to help distinguish the slope of the ascending contour
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of the longer ones (C, C, E, E). Finally, in the fourth
condition, another note is prepended to the two-note
sequences of condition 1 (G, C, E).

While the comparison between the two-note and three-note
conditions (conditions 1 and 4, respectively) serves to corrob-
orate the previous finding (Cuddy & Cohen, 1976), the pri-
mary theoretical significance of our study lies in the compar-
ison of long two-note versus four-note (conditions 2 and 3). In
particular, we expected to find an improvement in the
encoding of the melodic patterns in the four-note condition
over long two-note condition due to possible perceptual ben-
efits associated with Gestalt (melodic patterns) change. For
example, the added repeating notes might provide structural
context to aid in disambiguating the subtle differences be-
tween intervals (Fig. 1b). Moreover, tonality could be
established more strongly by reinforcing the tonal center,
i.e., repeating the same two notes in the four-note condition.
(Note that this is distinct from the key-finding algorithm in
that no new tonal information is available.) By contrast, we
expected to find no difference between the two-note and long
two-note conditions because the perceptual quality is virtually
identical (a single note followed by a second single note).

Materials and methods

Subjects

Thirteen right-handed participants (8 female; age range = 19–
33 years, average 23.2 years) were recruited in the Dartmouth
community. All participants reported that they previously
received formal musical training on various types of musical
instruments (musical training period = 1.5–8 years, average
4.6 years), although none of them were involved in any
professional or semi-professional musical activities. Their
hearing was normal as determined by responses to a

questionnaire regarding hearing difficulties. None reported
having perfect pitch. Consent forms were obtained from all
listeners as approved by the Committee for the Protection of
Human Subjects at Dartmouth College.

Stimuli

Figure 2b presents 24 intervallic sequences, arranged accord-
ing to the circle of 5ths, which serve as the entire set of stimuli
for the baseline two-note condition. These intervals also pro-
vide the basis for constructing the stimuli in each of three other
conditions. The slow two- note condition was created by
extending the duration (500 ms) of each note (i.e., sinusoidal
frequency) to twice its length. The three-note condition was
created by prepending a new note that was five seminotes
lower (an interval of a perfect 4th) than the initial note of the
target interval (i.e., the fifth scale degree in the octave below
the initial note). Lastly, the four-note condition was created by
repeating each constituent note of the interval. Figure 2a
shows examples of each condition. Throughout the sequences,
20-ms linear ramps were applied to the onset and offset of
each note to avoid acoustic transients.

Procedure

All listeners participated in each of the four experimental
conditions except one listener who did not participate in the
three-note condition. All four conditions were administered
roughly 1–2 weeks apart from one another, and the order of
the four conditions was fully randomized across subjects.

Trials were constructed as follows: a reference sequence
was played, followed by a 2-s interstimulus interval (ISI), and
then a target sequence followed by a 3.5-s response period.
Listeners were instructed to press the mouse button corre-
sponding to “same” if the relative intervals of the reference
and target sequences were discerned to be identical, or the
“different” button if they were perceived to be different. A
terminal cue was presented to indicate the end of a trial and
allow listeners to prepare for the next trial.

In all conditions, an ascending major 3rd or perfect 4th
interval in one of two keys (C or G) were presented as
reference sequences; then one of those two intervals in 1 of
12 keys were presented as target sequences, resulting in a total
of 96 different comparisons, i.e., 2 (reference interval as major
3rd or perfect 4th) x 2 (reference interval in the key of C or G)
x 2 (target interval as major 3rd or perfect 4th) x 12 (target
interval in the key of C4 to B4).

In each experiment, the full set of 96 trials was presented
twice with a 5–10 min break between sessions. A
predetermined pseudo-random order of all trials was
counterbalanced across listeners. No feedback was provided.

2 note
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3 note

B
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Fig. 2 a The entire set of intervals (depicted in circle of 5th format).
Major 3rd or perfect 4th intervals in the reference keys of C and G (bold
font) are compared to either of the same intervals transposed randomly to
one of 12 keys. b Setup of note sequences (depicted in G key). Baseline
intervals (two-note) are modified such that each note is played for a longer
duration (long two-note) or is repeated (four-note). In another condition
(three-note), a preceding note is added to the reference interval
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Results

Given the proportional data, we transformed the raw percent
accuracy scores with the empirical logit prior to submitting
them to standard linear statistics (Jaeger, 2008). We first
conducted repeated-measures ANOVA, wherein the accura-
cies in the four conditions were entered as fixed effects. This
analysis revealed a significant difference in performance
across the conditions [F(3,33)=3.16, P<0.05)]. Then, we
performed a series of planned contrasts using paired t-tests.
The average recognition performance in each of the four
conditions appears in Fig. 3. The first contrast revealed that
performance was better with three-note than with two-note
sequences [t(11) = 2.32, P < 0.05], replicating the previous
finding by Cuddy and Cohen (1976). On the other hand, the
second contrast revealed no difference between two-note and
long two-note conditions [t(12)= 1.54, P=n.s.], indicating that
increasing the sensory information did not help interval rec-
ognition. Lastly, and most importantly, the third contrast re-
vealed that four-note melodies yielded higher encoding accu-
racy than did long two-note intervallic sequences [t(12) =
2.27, P < 0.05], indicating that changing the pitch sequence
pattern from interval to melody improved performance despite
holding the amount of sensory information constant.

We next conducted identical statistical comparisons using
d-prime scores (Fig. 3), which yielded results consistent with
those described above: (1) repeated ANOVA revealed an
overall difference among the four conditions [F(3,33)=3.09,
P<0.05]; (2) three-note vs two-note condition [t(11)=2.27,

P<0.05]; (3) long two-note vs two-note [t(12)=1.42, P=n.s.];
(4) four-note vs two-note condition [t(12)=2.21, P<0.05].

Additionally, we sought to examine the effects of key dis-
tance (i.e., six different key distances based upon circle of 5ths),
interval type (either major 3rd or perfect 4th), reference key
(i.e., C vs G major key), and trial type (i.e., whether the target
sequence interval matched that of the reference sequence) on
recognition performance across the four conditions. To this
end, we ran a logistic mixed effects model via lme4 (version
1.0-5) in R (version 3.0.2) with the binomial distribution (Bates
et al., 2013; Winter, 2013). As fixed effects, all categorical
variables (e.g., experimental condition, interval type, reference
key, and trial type) were dummy coded except for the key
distance variable which was centered since the variable was
treated as continuous (i.e., from distance 1 to 6). As random
effects, we included random intercepts for subjects. The anal-
ysis revealed a main effect of trial type with higher accuracy for
“same” than for “different” reference and target sequences
[β= 0.8; SE=0.11; z statistics= 7.4; P <0.05] , as well
as a main effect of reference key with higher accuracy for C
major than for G major key [β= 0.45; SE=0.11; z statistics=
4.12; P <0.05]. Although there was no overall main effect of
interval type [β= 0.01; SE=0.11; z statistics= 0.1; P=n.s.],
there was a significant interaction between the 3 note
condition and interval type [β= 0.48; SE=0.13; z statis-
tics= 3.77; P <0.05]. Lastly, we did not find evidence
of key distance effect in the present study [β= 0.03;
SE=0.04; z statistics= 0.7; P=n.s.].

Discussion

The present study sought to determine whether the mecha-
nisms for encoding of pitch interval information differ be-
tween sequences consisting of only two notes and those
consisting of more than two notes, i.e. whether an “interval-
based”mechanism and a “melody-based”mechanism, respec-
tively, can be disambiguated.While our results are in line with
previous reports (Cuddy & Cohen, 1976; Dowling, 1986;
Edworthy, 1985), an important aspect of the present finding
is that transforming the Gestalt of two-note “intervallic” se-
quences into that of four-note “melodic” sequences did, in
fact, also yield better encoding of relational pitch information,
despite holding the total amount of sensory pitch information
constant across those conditions.

This result provides novel evidence that melody rec-
ognition benefits not only from tonal context (Dowling,
1986) and duration (Dowling et al., 2008), but also
from changes in melodic structure. Below, we review
some potential mechanistic processes underlying this
apparent change in melodic “Gestalt” that may lead to
the enhanced encoding.

Fig. 3 Top Bar plot of mean accuracies across four different conditions;
bottom bar plot of d prime across four different conditions. For both
metrics, there were significant differences between two-note vs three-
note, and long two-note vs four-note, whereas there was no difference
between standard and long two-note intervals. Error bars Standard error
of the mean
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Presence of structural context

While long two-note and four-note sequences were matched
almost exactly in their pitch-based sensory information, the
main difference between the two sequences is the complexity
of the contour. The long two-note condition consists of a
single ascending segment, whereas the same ascending con-
tour (e.g., C-E) is bracketed by the preceding (e.g., C-C-) and
succeeding (e.g., -E-E) ‘horizontal’ contours in the four-note
condition (Fig. 1b). As we surmised, the relative pitch distance
of the interval to be judged (C2-E3) is represented better
within such a structural context, as manifested in improved
detection of changes in that pitch distance.

This effect may be understood by analogy to processing of
similar forms in the visual domain. A briefly flashed line
segment is distinguished better from other lure lines differing
in orientation or location when those segments form part of a
unitary object than when the line is presented alone (Enns &
Prinzmetal, 1984; Mcclelland, 1978; Williams & Weisstein,
1978) (Fig. 1b). Related observations in the visual domain
include holistic face processing, whereby differences in local
details (e.g., the distance between eyes) are better detected
when the whole face is shown than when the image of the face
is modified, such that the top and bottom halves of the face are
misaligned (Richler et al., 2011).

This interpretation accords with evidence suggesting that
global contour processing influences local pitch processing
(Stewart et al., 2008), and that melodic context facilitates pitch
constancy judgments (Warrier & Zatorre, 2002). It has been
hypothesized that more detailed analysis of pitch relations
among constituent notes may be preceded by melodic
Gestalt formation (Koelsch & Siebel, 2005). In line with the
evidence from both auditory and visual experiments, we find
that fine-grained details of local relationships can be better
analyzed when additional global context is provided. The
additional context transforms the Gestalt of an interval into
the Gestalt of a melodic fragment.

Tonality (presence of harmonic context)

In the present study, major third and perfect fourth intervals
were transposed into 12 different keys. Because the difference
between these two intervals is only a single seminote
(the smallest intervallic step in Western tonal music),
and because both of these intervals are perceived as conso-
nant intervals in Western tonal music, they could be discerned
as being similar rather than different when transposed. Such
propensity was revealed by a response bias, wherein listeners
tended to judge the pitch sequences in comparisons as being
the same more often than as being different. This bias may
have led to the trial type effect across the four conditions.
However, the fact that d’ was higher in both three-note and
four-note conditions than in the baseline two-note condition

suggested that the ‘sameness’ bias was reduced by changing
the melodic Gestalt.

Alternatively, could such modifications be viewed as rein-
forcing tonality: that is, ‘a sense of key’? According to
Krumhansl’s key finding algorithm (Krumhansl, 1990), either
adding tonal notes or increasing duration can provide an
important cue for establishing tonality. In particular, it is quite
conceivable that the improved performance in the four-note
condition is due to pitch-based entrainment (in what follows,
we separately discuss the possibility of temporal entrainment).
This conjecture stems from observations that sensory priming
may account for relatedness judgments and speeded reaction
times associated with notes or chords that follow a tonally
related context (Leman, 2000; Bigand et al., 2003). Thus, the
first pitch of the four-note melodic sequence may serve as a
‘tonic primer’ (i.e., the four-note melody is interpreted as
beginning with the tonic, the most stable note in a key), which
in turn may help generating expectations for the upcoming
notes within the same key (see Collins et al., 2014, for a
discussion of sensory vs cognitive priming in music
perception). This notion is supported further by the observa-
tion that prepending another tonal note (e.g., 5th) to major 3rd
(e.g., D-G-B) yielded better performance than to perfect 4th
(e.g., D-G-C), since the former has stronger sense of tonal
center than the latter.

Similarly, the tonal benefit in the four-note condition can be
also accounted for by Deutsch’s model (Deutsch, 1969).
According to the model, onset patterns for notes forming each
interval generate the units that underlie pitch-distance and
contour abstraction within a whole melodic sequence. In the
case of the two-note sequence, the listener is given informa-
tion from a single pitch interval to draw on. However, when
each note is presented twice, the listener has six times more
interval information to draw on within the same key: i.e., in
our current four-note setup, there are a total of six pair-wise
combinations among the notes C1 – C2; C1 – E1; C1–E2; C2 –
E1; C2 – E2; E1 – E2 (Note that the subscript ‘1’ and ‘2 ‘ refer
to the order of presentation of each pitch, not frequency range
on the keyboard). Thus, these repeating notes may reinforce
the tonal center, resulting in better encoding of pitch relations
within the same key without introducing yet another note from
the key (as in the case of the three-note condition).

Duration

Although we have discussed the possible effect of structural
and tonal context on the encoding of pitch distance, we also
note that the current findings do not strictly rule out other
possible mechanisms by which the Gestalt is transformed
from an interval to a melodic fragment. While not reaching
significance, there was a trend of higher accuracy and d prime
in the long two-note condition, compared to the two-note
condition. This suggests that increased duration of sensory
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information may, to some extent, help in analyzing the pitch
distance of transposed intervals. Consistent with the current
observation, Dowling et al. (2008) reported a partial effect of
duration (i.e., slow tempo), such that increasing duration (i.e.,
slowing down tempo) improved performance only on familiar
tunes. Presumably, a short fragment of melodic sequence
(e.g., C-C-G-G, the beginning of ‘twinkle twinkle little star’),
rather than a simple interval (e.g., C-G) tends to be stored in
the long-term memory. Because our interval stimuli do not
appear to qualify as ‘familiar tunes,’ given the non-uniqueness
of two-note intervals, they are less likely to benefit from an
increase in duration.

Familiarity

Related to the notion above, the particular four-note
sequences employed in the current study (e.g., C-C-E-
E and C-C-F-F) do commonly appear in music tunes,
and it is therefore possible that they are stored in long-
term memory. Thus, when a reference sequence of a
familiar four-note melody was heard, listeners might
have unconsciously invoked and retrieved the familiar
tunes, which could be compared immediately to a target
sequence of another familiar four-note tune. Once again,
even if long two-note and four-note sequences were
matched in the sensory information, the perceptual qual-
ity and the degree of familiarity may differ between the
two sequences.

Attentional mechanism

Lastly, we consider attentional facilitation. According to this
account, the first note summons attention to the onset of the
following note sequence and may facilitate interval recogni-
tion afterwards. This interpretation, based on a theory of
temporal attending (Jones, 1976; Jones et al., 2002) derives
from evidence that an isochronous sequence of context notes
increases the accuracy of judgments of whether a probe pitch
is the same as the standard presented at the beginning of the
sequence or if it is a seminote higher or lower. Although
temporal parameters were not manipulated in the present
study, we were able to test the hypothesis using Cuddy and
Cohen’s dataset. In that study, target melodies were formed by
shifting either the first, second or third note upward or down-
ward. We examined non-musicians’ performance on trials
wherein either the first or third note was altered. If the tempo-
ral entrainment account holds true, performance should im-
prove when the third note is altered because the third note can
benefit from an already established temporal context. In other
words, the first note would simultaneously serve as an alerting
note that would both reinforce the identical second note and
allow a temporal context to be established. However, we failed
to find evidence to support this hypothesis, as there was no

significant difference between first and third note-altered mel-
odies [t(11)= 0.5, n.s]. Although the possibility of attentional
facilitation through temporal entrainment is in need of more
rigorous testing to be fully discounted, it does not appear at the
present time to suffice for explaining the improved recogni-
tion of three-note or four-note melodic fragments relative to a
simple two-note interval.

Conclusion

We demonstrated experimentally that the relational pitch in-
formation is encoded more robustly in sequences consisting of
more than two note events, even when only the same notes are
used, i.e., when relevant sensory information is matched
(as in the long two-note condition). We believe these
results demonstrate that such a change of Gestalt from interval
to melodic fragment yields better recognition of transposed
pitch sequences due to more elaborate structural context.
Intriguingly, following the experiment almost all listeners
reported that the four-note condition was “more musical” than
either of the two-note conditions. This suggests that changes
in simple auditory Gestalts are associated with subjective
phenomenological differences experienced by listeners. That
is, a four-note sequence increases rhythmic and contour infor-
mation over both standard and long two-note intervals.
Although the addition of notes to a small initial number of
notes may trivially result in a more musical-sounding se-
quence, our observations suggest that the sense of musicality
may be a reflection on the functioning of a sequencing mech-
anism that links together successive intervals. The poor rec-
ognition of transposed intervals played in isolation indicates
that their access to this representational mechanism is limited,
even though it is sequences of such intervals that come to be
represented by this mechanism. Thus, the integration of inter-
vals into a single melody Gestalt appears to facilitate the
accurate encoding of the pitches of the notes making up the
melodies. We acknowledge that further research is needed to
corroborate our notion at both the behavioral and the neural
level. For example, a recent fMRI study found invariance in
the pattern of neural activity in the auditory cortex in response
to the same melodic Gestalt rendered in different keys or by
different instruments (Schindler et al., 2012).
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