
Vol:.(1234567890)

Attention, Perception, & Psychophysics (2023) 85:2502–2514
https://doi.org/10.3758/s13414-023-02700-w

1 3

Rhythm contour drives musical memory

Mark A. Schmuckler1  · Rebecca Moranis2

Accepted: 13 March 2023 / Published online: 29 March 2023 
© The Psychonomic Society, Inc. 2023

Abstract
Listeners’ use of contour information as a basis for memory of rhythmic patterns was explored in two experiments. Both studies 
employed a short-term memory paradigm in which listeners heard a standard rhythm, followed by a comparison rhythm, and 
judged whether the comparison was the same as the standard. Comparison rhythms included exact repetitions of the standard, 
same contour rhythms in which the relative interval durations of successive notes (but not the absolute durations of the notes 
themselves) were the same as the standard, and different contour rhythms in which the relative duration intervals of successive 
notes differed from the standard. Experiment 1 employed metric rhythms, whereas Experiment 2 employed ametric rhythms. 
D-prime analyses revealed that, in both experiments, listeners showed better discrimination for different contour rhythms rela-
tive to same contour rhythms. Paralleling classic work on melodic contour, these findings indicate that the concept of contour 
is both relevant to one’s characterization of the rhythm of musical patterns and influences short-term memory for such patterns.
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Over the years, multiple authors have highlighted the funda-
mental importance of contour in listeners’ musical processing 
(Dowling, 1978; Schmuckler, 2009, 2016). Evidence for the 
central role of this component can be seen across a wide swath 
of literature, including work on the perceptual organization of 
music (Bregman, 1990; Carlyon, 2004; Krumhansl & Schmuck-
ler, 1986), perceived complexity of music (Eerola et al., 2006; 
Schmuckler, 1999), perceived similarity for melodies (Prince, 
2014; Schmuckler, 2010), and musical memory (Dowling, 1971, 
1972; Dowling & Fujitani, 1971; Halpern & Bartlett, 2010). 
Given the robustness of these findings, contour is clearly a fun-
damental component of virtually all aspects of musical behavior.

Typically, when contour is considered within a musical 
context, this concept involves the organization of pitch infor-
mation. Thus, work on contour has almost exclusively focused 
on characterizing models of pitch structure (Adams, 1976; 
Friedmann, 1985; Marvin & Laprade, 1987; Quinn, 1999; 
Schmuckler, 1999, 2010). Although the concept of contour 
has been extended to other perceptible dimensions, most 

notably vision (Koenderink et al., 1997; Loffler, 2008; Taylor 
et al., 2014), it has only rarely been discussed with reference 
to other auditory and musical dimensions (but see McDermott 
et al., 2008, and Schmuckler & Gilden, 1993, for exceptions).

One notable exception to this generalization was provided 
by Schmuckler and Gilden (1993) in their investigation of 
perceived fractal contours in auditory sequences. In this 
work, Schmuckler and Gilden (1993) used random number 
sequences characterizable by different fractal dimensions 
(white noise, fractal dimension = 0.0; 1/f or flicker noise, 
fractal dimension = −1.0; brown noise, fractal dimension 
= −2.0) to generate auditory sequences in which the pitch 
changes, loudness changes, or duration changes of sequential 
tones were employed to encode the fractal structures. Listen-
ers could accurately categorize these sequences on the basis 
of these underlying fractal dimensions when this structure 
was mapped into pitch or loudness changes, but not into 
successive note duration changes. Accordingly, this work 
suggested that the concept of perceived contour structure, 
operationalized as detecting higher/greater versus lower/
lesser changes in sequential events, is applicable to pitch 
and loudness dimensions of auditory sequences, but not to 
the duration dimension of auditory tones. Put more simply, 
listeners can successfully perceive pitch and loudness con-
tours, but cannot form duration contours of fractal structure.

Whether this result is the final word on the applicability 
of contour structure to duration remains equivocal. There 
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are multiple reasons why these findings should not be taken 
as definitive regarding the possibility of contour formation 
in the auditory time dimension. First, and most fundamen-
tally, Schmuckler and Gilden (1993) were primarily focused 
on investigating listeners’ percepts of fractal structure, not 
their ability to form and use contour information in changing 
note durations. As such, the methodology employed was not 
particularly optimal for exploring the question of duration 
contours. Second, and related to the first caveat, the actual 
changes in note durations used to create contours were not 
especially well-matched to the duration information that 
listeners typically encounter in musical contexts in general, 
or even in the quasimusical sequences used in this study. 
Specifically, Schmuckler and Gilden (1993) created duration 
contours by mapping random number sequences into 14 dif-
ferent duration “bins,” with these bins varying between 100 
ms and 750 ms in 50 ms increments. Thus, the differences in 
note durations underlying the contours were linear in nature. 
Musical note durations, however, do not vary in such a con-
tinuous, linear fashion. Instead, musical durations are typi-
cally in ratio forms, with notes having 2:1 or 3:1 (or more 
complex) duration values, which are then used to produce 
complex musical rhythms. Accordingly, a more appropriate 
test of whether note durations can form duration contours 
would be in the context of rhythmic stimuli encompassing 
more musically realistic duration information.

Given these concerns, what might be a more appropri-
ate context for investigating duration contour formation 
and use? One seemingly obvious characteristic would be to 
create rhythmic contours employing tones whose durations 
are drawn from typical musical events, with successive note 
durations comprising simple integer ratios (e.g., 1:2, 2:3, 
3:4). Methodologically, it would make sense to employ para-
digms that have successfully investigated perceived contour 
in other musical domains; in this case, it is most instructive 
to look at work investigating melodic contour. Specifically, 
Dowling and colleagues (Bartlett & Dowling, 1980; Dowl-
ing, 1971, 1972, 1978, 1994; Dowling & Bartlett, 1981; 
Dowling & Fujitani, 1971; Dowling et al., 1995; Halpern 
& Bartlett, 2010; Halpern et al., 1998) have provided some 
of the most comprehensive and well-known research on 
melodic contour. Although a thorough review of this work 
is beyond the scope of this report, this work has demon-
strated that contour information is a central driver for both 
short- and long-term memory of musical melodies. Based on 
such a characterization, contour has been taken as a critical 
feature for remembering melodies (Dowling, 1991; Dowling 
et al., 1995). Moreover, contour information is especially 
critical for short-term memory melodic representations, and 
is enhanced when the melodies adhere to a coherent tonal 
framework (Dowling et al., 1995).

In Dowling’s work, melodic contour is coded as a simple 
series of +s and −s, representing ascending and descending 

(respectively) pitch differences between successive notes; 
this form of contour coding (or its equivalent code of 1s and 
−1s) has been employed by multiple authors (Friedmann, 
1985; Marvin & Laprade, 1987; Quinn, 1999). In contrast, 
very little work exists on how to characterize duration or 
rhythmic contours. The majority of work that has analyzed 
rhythm has focused more on patterns of stress and intona-
tion, as opposed to durations, likely due to the emphasis on 
rhythm and prosody in speech and language (Aiello, 1994; 
Cooper & Meyer, 1960; Lerdahl & Jackendoff, 1983; Patel 
et al., 2006; Thaut, 2008). As an example, Cooper & Mey-
er’s, (1960) classic text on the rhythmic structure of music 
explicitly related musical rhythmic structure to accented and 
unaccented groupings, using terminology drawn from work 
in prosody.

One of the few studies on this topic was provided by 
Marvin (1991), who proposed an alternative characteriza-
tion of conceptualizing rhythmic contour more consistent 
with the framework employed in Dowling’s research. Spe-
cifically, Marvin suggested encoding rhythm contours “as 
analogous to melodic contours: they represent relative dura-
tions in much the same way that melodic contours represent 
relative pitch height, without a precise calibration of the 
intervals spanned” (Marvin, 1991, p. 64). Accordingly, in 
this scheme, rhythm contours would be similarly coded as a 
series of 1s and −1s representing increases and decreases in 
sequential note durations.

With this characterization, it becomes possible to define 
a framework for determining whether contour coding is 
an appropriate characterization of rhythmic contour, and 
whether contour plays as significant a role in the process-
ing of rhythmic information as it does with pitch informa-
tion. Methodologically, the most straightforward approach 
involves building from the classic melodic contour memory 
work pioneered by Dowling and colleagues (e.g., Dowling, 
1984; Dowling et al., 2008). Although Dowling’s work has 
employed multiple variations in its explorations, the most 
basic paradigm involved presenting an initial standard mel-
ody, followed by a subsequent comparison (test) melody, and 
asking participants if these two melodies were the same or 
different (e.g., Dowling et al., 2008).

The power of this melodic contour paradigm lies in 
manipulations of the relation between the standard and com-
parison melodies. As shown in Fig. 1, this relation can take 
multiple forms. Somewhat obviously, the comparison could 
be an exact repetition of the standard melody (see Fig. 1A), 
varying only in terms of its transposition to a different pitch 
level (see Fig. 1B). A second type of contour could contain 
the same pattern of relative pitch differences, but different 
specific pitch intervals (see Fig. 1C); such a melody would 
be a same contour comparison. Finally, a third comparison 
could contain a different pattern of both relative pitch differ-
ences and specific pitch intervals (see Fig. 1D); this melody 



2504 Attention, Perception, & Psychophysics (2023) 85:2502–2514

1 3

would be a different contour comparison. The goal of the 
current study was to adapt this general framework to inves-
tigate the perception of rhythmic contours.

Experiment 1: Metric rhythms

Experiment 1 provided an initial test of coding for rhythms, 
and whether rhythm contour is indeed a factor in musical 
processing. This study adapted the basic short-term memory 
paradigm employed by Dowling and colleagues (Bartlett & 
Dowling, 1980; Dowling, 1978, 1991, 1994; Dowling et al., 
2008; Dowling et al., 1995), with listeners hearing pairs 
of short standard-comparison rhythms, and then deciding 
whether the comparison rhythm was the same as the previ-
ously presented standard rhythm. Earlier work by Dowling 
manipulated multiple factors within this paradigm, including 

the pitch contour relation between standard and comparison 
melodies described earlier (exact transposition, same con-
tour lures, different contour lures; see Fig. 1), the time delay 
between standard and comparison (e.g., Dowling, 1991; 
Dowling et al., 1995), the tempo of melodies (e.g., Dowling 
et al., 2008), whether melodies adhered to a tonal structure 
or were atonal (e.g., Dowling, 1978; Schulze et al., 2012), 
and the tonal relations between standard and comparison 
(e.g., Bartlett & Dowling, 1980). Generalizing from this 
substantial body of work, Dowling and colleagues observed 
that contour similarity was a critically important factor in 
memory for melodies, particularly at shorter time delays 
between the standard and comparison melodies. Dowling 
(1991), for instance, found that listeners were less likely to 
mistakenly respond “same” to a different melody with the 
same contour at long delays (39 s), particularly when the 
melodies were tonal. According to Dowling, these findings 

Pitch Interval 5 2 3 1 3 2
Direction + + — + — —

Pitch Interval 5 2 3 1 3 2
Direction + + — + — —

Pitch Interval 2 5 2 2 3 4
Direction + + — + — —

Pitch Interval 1 2 5 3 1 4
Direction — — + + — —

A. Standard Contour Melody

B. Exact Repetition Comparison Melody

C. Same Contour Comparison Melody

D. Different Contour Comparison Melody

Fig. 1  Example melodic contours, adapted from Dowling (1994). 
Panel A shows a Standard Contour Melody, Panel B shows an Exact 
Repetition Melody comparison contour, Panel C shows a Same Con-
tour Melody comparison contour with different pitch intervals, and 

Panel D shows a Different Contour Melody comparison with different 
pitch intervals and direction. For all melodies, “pitch intervals” refers 
to the number of semitones between notes, and “direction” indicates 
whether successive tones are higher (+) versus lower (—) in pitch
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suggest that contour is particularly relevant for short-term 
musical memory, with tonality increasing in influence at 
longer delays.

Methods

Participants

 Twenty undergraduate participants (13 females, Mage = 
19.5 yrs, SD = 1.4 yrs, range: 18.6–23.7 yrs), drawn from 
the Introductory Psychology subject pool at the University 
of Toronto Scarborough, took part in this experiment. One 
additional participant completed this study, but their data 
were not used due to a failure to appropriately employ the 
rating scale. Listeners received credit in their Introductory 
Psychology course for participating. Participants were not 
selected based on any prior musical training. As such, par-
ticipants evinced a range of musical backgrounds, including 
an average of 5.0 years playing an instrument or singing (SD 
= 4.7 yrs, range: 0.0–16.0 yrs), an average of 1.0 years of 
formal lessons (SD = 2.8 yrs, range: 0.0–12.0 yrs), an aver-
age of 1.1 hrs/wk involved in music-making activities (SD 
= 3.8 hrs/wk, range: 0.0–17.00 hrs/wk), and an average of 
20.9 hrs/wk engaged in music listening (SD = 21.5 hrs/wk, 
range: 2.0–85.0 hrs/wk).

Apparatus

 All experimental sessions were run on a PC-compatible 
computer (Windows 10), using custom-written software in 
MATLAB for stimulus presentation and response gather-
ing. Participants viewed instructions and the experimental 
control procedure on a Dell 24-in. monitor (P2419H), heard 
auditory stimuli through over-ear headphones (Sennheiser 
HD280 Pro), and responded using the computer keyboard.

Stimuli, experimental conditions, and experimental design

 Stimuli for this study consisted of six or eight note rhythms, 
played on a single pitch  (F4, 349.23 Hz) using a piano sound. 
All stimuli were composed to be metric, adhering to the 
common Western meters of 3/4 (six notes) or 4/4 time (eight 
notes); two different time signatures were used to create met-
ric variation in the stimuli, and to discourage participants 
from attempting to memorize the beginning or ending notes. 
Stimuli were initially created in Finale and were exported as 
.wav files. To instantiate a meter for these rhythms, six equil-
oudness beats of a hand clap sound were played prior to the 
start of the 3/4 rhythm, and eight beats were played prior to 
the start of the 4/4 rhythm, for both standard and comparison 
rhythms. The rhythm itself thus occurred over the two bars.

The rhythms employed consisted of a set of standard and 
comparison rhythm contours. Samples of these stimuli, in 

the 4/4 meter, appear in Fig. 2. The first rhythm (see Fig. 2A) 
represents both the standard rhythm, as well as the exact 
repetition comparison rhythm. The only difference between 
the standard and the exact repetition comparison was that 
the standard was played at 120 beats per minute (bpm), 
whereas the exact repetition comparison was played at 150 
bpm, slightly faster than the standard. The different tempo 
between the standard and comparison melodies was done to 
ensure that participants could not simply use absolute note 
durations (particularly for initial or final tones) as a cue to 
determining whether or not the rhythm contours were the 
same or different. Figure 2B presents a second comparison 
rhythm and represents a same contour comparison variant of 
the standard. This variant was also played at 150 bpm, and 
contained the same pattern of relative durations as seen in 
the standard rhythm. Figure 2C presents a third comparison 
rhythm and portrays a different contour comparison variant 
of the standard, again played at 150 bpm. In this rhythm the 
relative durations displayed a markedly different pattern than 
the standard. Twenty different sets of standard and compari-
son rhythm contours were created for this experiment.

Durations for the notes within each rhythm ranged from 
thirty-second notes to half notes in sixteenth note increments. 
Thus, for the standard stimuli at a tempo of 120 bpm the 
shortest duration tone (a thirty-second note) was 66.5 ms and 
the longest duration tone (a half note) was 1,000 ms. For the 
comparison stimuli at a tempo of 150 bpm, the shortest dura-
tion tone was 50 ms, and the longest duration tone was 800 
ms. All rhythms lasted between 3 and 4 s, varying depending 
upon the specific note duration content of each rhythm.

All listeners heard 80 trials of randomly ordered standard-
comparison rhythm contour pairs. These pairs consisted of 
two repetitions of each standard rhythm—exact repetition 
rhythm comparison, and one repetition each of the standard 
rhythm—same contour rhythm comparison and standard 
rhythm—different contour rhythm comparison. The two 
repetitions of the exact repetition rhythm comparison were 
included to balance the number of objective “same” and 
“different” responses.

Procedure

 The experimental procedure and purpose of this study 
were explained to participants, after which they provided 
informed consent. Participants were told that this experiment 
was examining their memory for musical rhythms. They 
were told that on each trial they would hear pairs of rhythms, 
and that their task was to determine whether the standard 
and comparison rhythms were exactly the same, ignoring 
the overall tempo of the rhythms. Participants were asked to 
make these judgments using a 1 to 6 scale, with responses of 
1 to 3 indicating the rhythms were different at varying levels 
of confidence (1 = very confident to 3 = mildly confident), 
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and responses 4 to 6 indicating the rhythms were the same, 
again at varying levels of confidence (4 = mildly confident 
to 6 = very confident).

Listeners then began a practice block of trials in which 
12 randomly chosen standard–comparison pairs (drawn 
from the complete set of 80 standard–comparisons) were 
presented. Listeners received feedback as to the correctness 
of their response during this block. After completing these 
practice trials, listeners received an experimental block of 
trials, with the 80 standard–comparison trials presented in 
different randomized orders for participants.

Within each trial, listeners initially heard the standard 
(first) rhythm, followed by a 400-ms pause, and then the 
comparison (second) rhythm. Participants typed in their 
response using the computer keyboard, after which there was 
a 500-ms pause, and then the next trial began. The experi-
ment itself lasted approximately 20 minutes. After complet-
ing the final experimental trial, the hypotheses and purpose 
of the study were explained to participants. Participants then 
completed a music background questionnaire. The entire 
visit to the lab lasted about 35–40 minutes.

Results and discussion

For each listener, the 6-point rating scale was used to cal-
culate percentage correct values for exact repetition rhythm 

comparisons (responses of 4 through 6), for same contour 
rhythm comparisons (responses of 1 through 3) and for dif-
ferent contour rhythm comparisons (responses of 1 through 
3). These percentages were then used to calculate d-prime 
values for both the same contour rhythm comparisons and 
the different contour rhythm comparisons. In this analysis, 
the percentage correct for the same contour rhythm com-
parisons and different contour rhythm comparisons were 
each used as separate hit rate values, with 1 – percentage 
correct for the exact repetition rhythm comparisons used as 
the false-alarm rate for both the same contour rhythm com-
parisons and different contour rhythm comparisons.1

D-prime scores for the same contour rhythm and differ-
ent contour rhythm comparisons were then compared in a 
paired-samples t test. This test revealed a significant differ-
ence in discrimination between the two comparison types, 

Duration Interval   + — + — + +      — 

Duration Interval + — + — + +  — 

Duration Interval + + — +    — +  + 

A. Standard Contour Rhythm (120 bpm) / Exact Repetition Rhythm (150 bpm)

B. Same Contour Rhythm Comparison (150 bpm) 

C. Different Contour Rhythm Comparison (150 bpm) 

Fig. 2  Example Standard Contour Rhythm, Exact Repetition Rhythm 
(A), Same Contour Rhythm (B), and Different Contour Rhythm (C) 
for the metric rhythms of Experiment 1. Increases in relative dura-

tions between notes are indicated with a “+”, and decreases in rela-
tive durations are indicated with a “—”

1 The original intent of employing the 1 to 6 rating scale was to use 
these confidence scores to calculate Memory Operating characteris-
tic (MOC) curves for the same contour rhythm and different contour 
rhythm comparisons, using the area under this MOC as the principal 
dependent measure. However, initial calculations of the area under 
the MOC suggested that this more refined measure added no addi-
tional insight to the general pattern of findings observed. Accord-
ingly, the more conceptually familiar and easier d-prime values were 
employed as the principal dependent measure in this work.
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t(19) = 2.40, p < .05, with different contour rhythm com-
parisons (M d-prime = 1.40, SE = 0.20) better discriminated 
than same contour rhythm comparisons (M d-prime = 1.01, 
SE = 0.13). These means appear in Fig. 3A.

These findings are straightforward in their implications. 
Convergent with research exploring the importance of pitch 
contour, the observed difference in discrimination indicates 
that the relative pattern of note durations can drive listen-
ers’ short-term memory for rhythms, with comparable rela-
tive duration patterns (i.e., same contour rhythms) leading 
to more memory confusions than divergent relative dura-
tion patterns (i.e., different contour rhythms). Thus, in 
contrast with previous work (i.e., Schmuckler & Gilden, 
1993), contour is a relevant characteristic for such rhythmic 
patterns, at least with the short eight-note metric rhythms 
employed here.

Given these initial results, it is of interest to both rep-
licate and expand these findings. One interesting exten-
sion would be to determine whether rhythm contour drives 
memory for rhythms that do not adhere to a metric frame-
work. Put more simply, does rhythm contour influence 
short-term memory for ametric rhythms? Conceptually, 
exploring the impact of metric versus ametric rhythms is 
comparable to the work in pitch contour that has compared 
the impact of contour for tonal versus atonal melodies 
(Dowling, 1978, 1991; Dowling et al., 1995; Mikumo, 
1992). Intriguingly, this research has observed that pitch 
contour is equally operative for both tonal and atonal mel-
odies in musical memory. Accordingly, if contour plays 
a comparable role in rhythm processing, then contour 
should also be a factor in short-term memory for ametric 
stimuli, leading to poorer discrimination for ametric, same 

contour rhythms compared with ametric, different contour 
rhythms. Experiment 2 tests this prediction.

Experiment 2: Ametric rhythms

The goal of Experiment 2 was to replicate and extend the 
findings from Experiment 1, looking at the impact of dura-
tion contour information for ametric rhythms. If contour is 
an important characterizing component of rhythms, then the 
impact of this factor should still be evident with stimuli that 
do not adhere to typical, Western metrical structures.

Methods

Participants

 Twenty undergraduate students (10 males, M = 20.7 yrs, 
SD = 1.6 yrs, range: 17.9–23.7 yrs) from the Introductory 
Psychology course at the University of Toronto Scarbor-
ough took part in this experiment; none of these partici-
pants took part in Experiment 1. Because these participants 
were not recruited on the basis of prior music training or 
experience, they exhibited a wide range of musical back-
grounds. As a group, participants had an average of 6.5 
years of playing an instrument or singing (SD = 5.2 yrs, 
range: 0.0–15.0 yrs), an average of 2.5 yrs of formal 
instruction on an instrument or voice (SD = 3.3 yrs, range: 
0.0–10.0 yrs), an average of 4.8 hrs/wk involved in music-
making activities (SD = 9.8 hrs/wk, range: 0.0–30.0 hrs/
wk), and an average of 24.2 hrs/wk engaged in music lis-
tening (SD = 17.1 hrs/wk, range: 4.5–60 hrs/wk).

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

Same Contour        Different ContourSame Contour        Different Contour

A Experiment 1: Metric Rhythms B Experiment 2: Ametric Rhythms 

Fig. 3  D-primes (and SEs) for discrimination of same and different contours for the metric rhythms of Experiment 1 (A) and ametric rhythms of 
Experiment 2 (B)
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Apparatus, stimuli, experimental conditions, experimental 
design, and procedure

 Most experimental parameters for the current study were 
comparable to the previous experiment. The principal dif-
ference in this study involved the stimuli, with these rhythms 
consisting of seven notes, as opposed to six or eight notes in 
the previous study, and most critically not occurring in any 
standard metric framework. Employing seven note rhythms 
was done (1) to highlight the ametric nature of these stimuli, 
given that two measures in a standard time signature have 
an even number of beats, and (2) to bring these rhythm con-
tours into more direct alignment with the melodic contours 
of Dowling and colleagues, who typically employed seven 
note melodies (see Dowling, 1994). Figure 4 shows a sample 
set of standard and comparison melodies from this experi-
ment. Given that there was no intended metric framework 
for these rhythms, there was no hand-clap lead-in to these 
rhythms. As in the previous study, all stimuli consisted of 
standard-comparison pairs of rhythms, with the exact rep-
etition rhythm comparison (Fig. 4A), same contour rhythm 
comparison (Fig. 4B), and different contour rhythm com-
parison (Fig. 4C) played at a faster tempo (150 bpm) than 
the standard rhythm (120 bpm).

The procedure for this study was the same as in the previ-
ous experiment. Participants were told that they would hear 
pairs of rhythms and should indicate whether the second 

rhythm was exactly the same as the first, ignoring the differ-
ence in tempo. The structure of the study, including the 12 
practice trials and the 80 experimental trials, was the same 
as in the previous study. Again, the experimental session 
lasted about 20 minutes.

Results and discussion

As in the previous study, the 6-point rating scale was scored 
dichotomously, calculating percentage correct values for 
the exact repetition rhythm trials (responses of 4 to 6) and 
the same contour rhythm and different contour rhythm tri-
als (responses of 1 to 3), with separate scores for same and 
different contours. These percentages were then converted 
to d-primes, with the percentage correct for same contour 
rhythm and different contour rhythms used as separate hit 
rates, and 1 − percentage correct for exact repetition rhythms 
as the false-alarm rate. The d-primes for the same contour 
rhythm comparisons and different contour rhythm com-
parisons appear in Fig. 3B and were compared in a paired-
samples t test. This analysis revealed a significant difference 
between the two types of contours, t(19) = 4.25, p < .001, 
with better discrimination for different contour rhythms (M 
= 2.03, SE = 0.16) relative to same contour rhythms (M = 
1.67, SE = 0.13).

In a final analysis, the d-primes for Experiments 1 and 2 
were compared in a two-way analysis of variance (ANOVA), 

Duration Interval — — + — + — 

Duration Interval — —  +  —      +  — 

Duration Interval +   —   —  + —  — 

A. Standard Contour Rhythm (120 bpm) / Exact Repetition Rhythm (150 bpm)

B. Same Contour Rhythm Comparison (150 bpm) 

C. Different Contour Rhythm Comparison (150 bpm) 

Fig. 4  Example Standard Contour Rhythm, Exact Repetition Rhythm 
(A), Same Contour Rhythm (B), and Different Contour Rhythm (C) 
for the ametric rhythms of Experiment 2. Increases in relative dura-

tions between notes are indicated with a “+”, and decreases in rela-
tive durations are indicated with a “—”
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with the within-subjects factor of Contour Type (same con-
tour rhythms, different contour rhythms) and the between-
subjects factor of Metric Framework (metric stimuli [Experi-
ment 1], ametric stimuli [Experiment 2]). This analysis 
produced a main effect of Contour Type, F(1, 38) = 16.70, 
MSE = 0.17, p < .001,  np

2 = 0.30, a main effect of Metric 
Framework, F(1, 38) = 9.85, MSE = 0.85, p = .003,  np

2 = 
0.85, and no interaction between the two factors, F(1, 38) 
= 0.03, ns. The main effect of Contour Type repeated the 
already observed difference between same contour rhythms 
and different contour rhythms (Ms = 1.34 and 1.72, SEs 
= 0.10 and 0.13, respectively). The main effect of Metric 
Framework demonstrated that listeners performed better 
with ametric rhythms than with metric rhythms (Ms = 1.85 
and 1.21, SEs = 0.14 and 0.14, respectively).

Overall, this study produced comparable findings to those 
observed in the previous experiment. Rhythms employing 
the same relative pattern of short and long durations were 
harder to discriminate than rhythms containing different rel-
ative patterns of duration. Thus, fundamentally, these find-
ings converge with comparable investigations of the role of 
pitch contour in melodic processing (Dowling, 1978, 1991; 
Dowling et al., 1995; Mikumo, 1992).

General discussion

Two experiments explored listeners’ use of contour informa-
tion in short-term memory for rhythmic patterns. These stud-
ies found that the similarity of rhythm contour information 
led to memory confusions, such that listeners evinced more 
difficulty in discriminating pairs of rhythms in which the 
relative patterns of durations were comparable, relative to 
rhythms in which the relative patterns differed. Accordingly, 
these studies demonstrated that listeners can (1) form dura-
tion contours, thus encoding patterns of short and long dura-
tions, and (2) use these structures in basic cognitive tasks 
such as short-term memory comparisons. Thus, the concept 
of rhythm contour does play a role in listeners’ apprehen-
sion of musical information. As already highlighted, this 
process appears highly comparable to that observed in the 
processing of melodic patterns, in which listeners encode 
relative patterns of pitch changes, and use this information 
in their online processing of melodies (Eerola et al., 2006; 
Eerola et al., 2001; Schmuckler, 1999, 2010) as well as their 
memory for melodies (Croonen, 1994, 1995; Croonen & 
Kop, 1989; Dowling, 1971, 1972; Dowling & Fujitani, 1971; 
Halpern & Bartlett, 2010).

Before diving more deeply into the implications of these 
findings, it is important to consider one potential meth-
odological issue with this study. Specifically, one concern 
is the possibility that the different contour comparison 
rhythms were simply more unusual or distinctive than the 

same contour comparison rhythms, relative to the standard 
rhythms, in some dimension other than the actual rhythm 
contour itself. In this regard, it is worth noting that the tempo 
differences between all of the comparison (standard, same 
contour, and different contour) rhythms (150 bpm) relative 
to the standard rhythms (120 bpm) was employed specifi-
cally to reduce the possibility of using absolute note dura-
tions as a cue for performing this task. Nevertheless, it is 
worth checking as to whether there is some obvious cue that 
systematically distinguishes the different contour compari-
son rhythms from the same contour comparison rhythms, 
relative to the standard rhythms.

Candidate possibilities in this regard might involve the 
relative lengths of the initial tone in each rhythm, or the final 
tone; these possibilities arise out of standard primacy and 
recency factors well-known in memory research. Another 
possibility might lie in the overall length of the contours 
themselves, although such a factor is only applicable to the 
ametric stimuli of Experiment 2, given that the metric frame-
work of Experiment 1 ensured that all comparison contours 
were of the same overall duration.

To examine this possibility, difference scores were cre-
ated by subtracting from the standard rhythm the durations 
(coded in sixteenth note beats) for the same and differ-
ent comparison rhythm contours for the first note and last 
note (Experiments 1 and 2), and for the total length of the 
rhythms (Experiment 2 only). These difference scores were 
then compared in a series of t-tests, examining whether some 
factor systematically distinguished the different contour 
stimuli, relative to the same contour stimuli. Of these five 
comparisons (metric rhythms: first note, last note; ametric 
rhythms: first note, last note, total rhythm length), the only 
noteworthy result was a marginal effect for the first note 
difference scores for the ametric rhythms, t(19) = 1.99, p = 
.061, with a slightly larger difference for the different con-
tour rhythms (M = −0.45, SE = 0.46) relative to the same 
contour rhythms (M = 0.10, SE = 0.49). For comparison, 
there was no effect for the first note durations for the metric, 
t(19) = −0.34, ns. Given that this was the only observed 
difference, as well as its marginal significance and its lack 
of consistency across experiments, it seems highly unlikely 
that this difference represents a systematic cue for reliably 
distinguishing standard and different rhythm contours, rela-
tive to standard and same rhythm contours. Accordingly, we 
believe the best explanation for the observed discrimination 
differences between same and different rhythm contours lies 
in the contour relations themselves, and not in any extrane-
ous stimulus property.

Turning to a discussion of these findings, one interest-
ing point of note is that the evidence for the formation 
and use of duration contours contrasts with the findings of 
Schmuckler and Gilden (1993). As described previously, in 
this earlier work these authors failed to find that listeners 
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could accurately categorize duration contours based on frac-
tal information. Thus, this earlier work suggested signifi-
cant limitations in listeners’ abilities to form and use dura-
tion contours. In contrast, the current findings do indicate 
that listeners can use duration information to form and use 
contours.

To reconcile these divergent results, as mentioned pre-
viously, there are multiple notable differences between the 
experimental context of Schmuckler and Gilden (1993) and 
the current project. For instance, Schmuckler and Gilden 
used durations that changed linearly across sequential 
tones, with tones varying between 100 ms and 750 ms in 
50-ms steps. In contrast, the current study employed dura-
tion sequences more representative of naturalistic musical 
contexts, with sequential tones generally embodying small 
ratio values. As an example, in the standard contour for the 
metric stimuli shown in Fig. 2, based on a sixteenth note 
subdivision, the first two tones have durations with a 4:6 
(2:3) duration ratio, the second and third tones have dura-
tions in a 6:2 (3:1) ratio, and the third and fourth tones are 
in a 2:4 (1:2) ratio. In fact, the unusual linear structure of the 
duration sequences was raised by Schmuckler and Gilden as 
potentially underlying listeners’ inabilities to successfully 
categorize duration contours in that project.

Another factor of potential importance involves the over-
all length of the sequences. Specifically, Schmuckler and 
Gilden (1993) employed sequences that were 100-notes 
long, whereas the current project used sequences of six, 
seven, and eight notes. Somewhat obviously, the processing 
demands of 100-note sequences vary significantly from six- 
to eight-note sequences. Two points are noteworthy in this 
regard. First, it is important to note that it is possible to form 
and process contour information in extended sequences, 
such as employed by Schmuckler and Gilden. Indeed, in 
this previous work, listeners were accurate in categorizing 
100-note sequences when these passages varied in pitch and 
loudness. Accordingly, absolute length of a sequence in and 
of itself does not determine listeners’ abilities to employ 
contour information.

Second, it is also important to note that very little work 
has examined the formation and use of contour informa-
tion as a function of sequence length (but see Edworthy, 
1985; Schulze et al., 2012, for exceptions). If one looks at 
the literature investigating melodic contour (e.g., Barnes-
Burroughs et al., 2006; Dowling, 1991; Dowling & Fuji-
tani, 1971; Dowling et al., 1995; Lee et al., 2011; Lu et al., 
2017; Quinn, 1999), by and large the melodies employed as 
stimuli are short, ranging from 5 tones up to 8 tones. Work 
on interleaved melodies (Andrews & Dowling, 1991; Bey 
& McAdams, 2002, 2003; Dowling, 1973; Dowling et al., 
1987) provides something of an exception to this trend by 
using more extended sequences. However, the sequences 
employed in this work are frequently highly overlearned 

melodies containing significant melodic repetition (i.e., sim-
ple nursery rhymes), thereby modifying our understanding 
of contour influences. One significant exception involves 
the contour investigations of Schmuckler (Prince, Schmuck-
ler, et al., 2009a; Schmuckler, 1999, 2010), who employed 
12-note melodies in initial work (Schmuckler, 1999) and 
longer melodies in subsequent work (Prince, Schmuck-
ler, et al., 2009a; Schmuckler, 2010). As such, it is truly 
unknown what impact sequence length has on the process of 
contour formation. In fact, Schmuckler (2004, 2009, 2010, 
2016) has explicitly suggested that the processing of contour 
might be fundamentally different as a function of sequence 
length. Along these lines, specific interval content, such as 
that described by Quinn and others (Friedmann, 1985, 1987; 
Marvin & Laprade, 1987; Quinn, 1999) is of principal use 
when listening to short melodies, in which such information 
can be easily retained. In contrast, more global character-
istics, such as those captured in time series measures, and 
other features (e.g., number of contour reversals) could drive 
processing for longer melodies, in which it is more difficult 
to retain explicit pitch relations.

One of the more surprising results of the current project 
was the lack of an effect of metric structure on listeners’ 
abilities to employ contour information in their memory 
judgments. This result is intriguing given that one might 
expect that a metric structure would enhance rhythm pro-
cessing. For example, multiple authors have argued that met-
rical structure guides attention in time, which then facilitates 
rhythmic processing (Fitzroy & Sanders, 2020; Jones, 2019; 
Jones & Boltz, 1989; Large & Jones, 1999; Nobre & van 
Ede, 2018). Along these lines, metric regularity allows for 
the temporal predictability of events, with such predictabil-
ity enabling listeners to selectively attend to certain time 
points, thereby maximizing the apprehension of critical 
information. More broadly, meter is often characterized as 
the overarching temporal framework that allows listeners to 
perceive individual rhythms in the first place (London, 2002; 
Vuust & Witek, 2014). As such, it would be reasonable for 
meter to influence the apprehension of rhythm, with a pre-
dictable metric framework leading to increased accessibility 
of rhythmic contour information.

Given this context, the fact that the presence (versus 
absence) of a metric framework did not facilitate memory 
for rhythm contours, and actually produced somewhat poorer 
memory performance, is both surprising and intriguing. One 
possible explanation for this lack of a facilitatory effect for 
meter is that this framework might be functioning much 
like a tonal framework does for the apprehension and use of 
melodic contour. Work by Dowling and colleagues (Bartlett 
& Dowling, 1980; Dowling, 1978, 1991, 1994; Dowling & 
Fujitani, 1971; Dowling et al., 1995) has generally found 
that melodic contour is a critical factor in memory regard-
less of the degree of tonal structure in melodies. Dowling 
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(1991), for instance, observed that, at short time delays, dif-
ferent contour lures were better detected than same contour 
lures regardless of whether the melodies were strongly tonal, 
weakly tonal, or atonal.

Despite these results, there is also abundant evidence 
that tonality does influence memory for musical informa-
tion. Generally, strongly tonal melodies were better remem-
bered than weakly tonal and atonal melodies. Even more 
centrally, at long delays, contour appeared not to be a factor 
in memory for strongly tonal melodies, although it continued 
to influence memory for weakly tonal and atonal melodies. 
As an aside, this finding highlights another result in work 
on melodic contour, which is that such information is most 
critical after short delays of a few seconds between standard 
and comparison, relative to long delays of 30 to 40 sec-
onds (DeWitt & Crowder, 1986; Dowling, 1994; Dowling 
& Bartlett, 1981). It would be interesting to see if such a 
finding similarly held for rhythm contours. Regardless, the 
fact that contour tends to function irrespective of whether or 
not it is embedded within an overarching hierarchical frame-
work (either tonal or metric) appears to be a very general 
characteristic underlying the use and importance of contour 
information.

Arising out of this discussion of, and comparison with, 
the use of contour in pitch and rhythm is the natural exten-
sion of this work to questions about co-occurring pitch and 
rhythm contours. Indeed, one critically important limitation 
to this work is that the sequences employed contained only 
duration changes, without any changing pitch information. 
Such contours are hardly representative of realistic Western 
musical contours, in which pitch and temporal information 
simultaneously change, and thus simultaneously give rise 
to contour information. As such, a natural extension of this 
work would involve investigating listeners’ use of contour 
information when sequences vary simultaneously in their 
pitch and rhythmic content.

Such work is of interest for multiple reasons. First, previ-
ous work on melodic perception has demonstrated that both 
pitch and rhythm information play roles in the perception of 
melodic contour complexity and similarity (Eerola & Breg-
man, 2007; Eerola et al., 2006; Eerola et al., 2001; Prince, 
2014; Schmuckler, 2010). Thus, a fuller understanding of 
the psychological processes underlying memory for music 
requires investigating the relative importance and use of con-
tour information in pitch and time.

Second, and arising out of this first rationale, explora-
tion of the role of pitch and rhythm contours in musical 
processing provides an additional window into a perenni-
ally thorny issue in music processing—namely, whether 
pitch and rhythm information are processed indepen-
dently (Makris & Mullet, 2003; Monahan & Carterette, 
1985; Palmer & Krumhansl, 1987a, 1987b; Pitt & Mona-
han, 1987; Prince, Schmuckler, et  al., 2009b; Prince, 

Thompson, et al., 2009) or interactively (Abe & Okada, 
2004; Boltz, 1989a, 1989b, 1989c, 1991, 1992, 1993; 
Crowder & Neath, 1995; Jones et al., 1982; Kidd et al., 
1984; Monahan et al., 1987). By now, the answer to this 
question appears to be a solid “it depends,” with the fac-
tors underlying what it depends on varying as a function 
of stimulus materials, experimental task, and even the 
method by which the data were analyzed (Prince, 2011, 
2014; Prince, Thompson, et al., 2009). A related issue, and 
one that has seemed somewhat more tractable, is whether 
there is a more general tendency to emphasize one or the 
other dimension in music listening, with some data sug-
gesting that at least for Western music, pitch informa-
tion seems somewhat primary over temporal information 
(Prince, 2011, 2014; Prince & Pfordresher, 2012; Prince, 
Schmuckler, et al., 2009b; Prince, Thompson, et al., 2009). 
If true, this might predict that listeners more naturally let 
pitch contour drive musical processing, relative to rhythm 
contour, with pitch contour influencing rhythm judgments, 
but not vice versa. Thus, investigating the simultaneous 
processing of pitch and rhythm contours in melodies pro-
vides a novel window into this longstanding question.

Finally, investigation of simultaneous pitch and rhythm 
contours provides a means for investigating the question of 
redundancy gains in musical processing, a topic on which 
there exists only a handful of studies (Acker & Pastore, 
1996; Schmuckler & Gilden, 1993; Schröter et al., 2007; 
Tekman, 2002; Tierney et  al., 2008). Classic work on 
dimensional redundancy (Garner, 1970, 1974, 1976; Gar-
ner & Felfoldy, 1970; Pomerantz & Garner, 1973) finds that 
when multiple dimensions within a stimulus are congruent 
or correlated in some fashion, observers typically experi-
ence facilitated processing of that stimulus, compared with 
a stimulus containing the relevant information in only a sin-
gle dimension (Mordkoff & Miller, 1993; Shephardson & 
Miller, 2014, 2016). For instance, Acker and Pastore (1996) 
had participants perform same/different judgments of the 
pitch of individual components of a major triad (i.e., either 
the major third or perfect fifth of the chord), when both of 
these components varied in either a correlated or orthogonal 
fashion. Discrimination scores indicated significant redun-
dancy gains for determining frequency differences when 
the two components varied in a correlated fashion, and sig-
nificant interference effects when these components varied 
orthogonally. Acker and Pastore interpreted these results as 
indicating that listeners process musical chords in an integral 
fashion.

With respect to the current findings, a natural extension of 
these results would be to examine whether pitch and rhythm 
contours also exhibit redundancy gains in the processing 
of melodies. Multiple questions could be considered in this 
regard, including whether comparable pitch and rhythm 
contours, relative to varying pitch and rhythm contours, 
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induce more accurate short-term memory for melodies and 
increased accuracy in judgements of pitch and/or duration 
content in these melodies (e.g., did such melodies contain 
a given pitch or duration?). Interestingly, such work would 
converge in its implications involving the relation between 
pitch and temporal dimensions in music processing, as dis-
cussed previously.

In summary, the current results demonstrating listeners’ 
abilities to form rhythm contours and the use of such infor-
mation in musical processing provide an important extension 
to previous work on rhythm perception, as well as on the role 
of contour information in musical apprehension. Even more 
generally, these findings provide important insights into our 
understanding of how listeners actively understand com-
plex auditory sequences that continuously change in their 
multidimensional attributes (e.g., pitch, duration, loudness, 
timbre). Accordingly, such work has the potential to shed 
new light onto general processes involved with the percep-
tion and organization of complex auditory information, with 
corresponding implications across a wide array of auditory 
domains.
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