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ABSTRACT
In 2 experiments, we investigate the perception of rhythmic
similarity using rhythmic figures from Reich’s Clapping Music.
We analyze ratings of pairwise similarity made by musicians
and non-musicians when rhythms were heard in the context of
the compositional process or in isolation, in two performance
versions (MIDI or performance recording), and in different
orders of presentation. Our results suggest that musical training
provides an advantage in processing rhythmic information, that
both expressive performance and Clapping Music’s
compositional process of rhythmic transformation can provide
additional information used by listeners to distinguish rhythms,
and that the perceived similarity of rhythms can depend on the
order in which they are presented. Results are interpreted from,
and consistent with, a perspective of information theory.
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1. INTRODUCTION
Rhythm is the temporal distribution of auditory events and the
cognitive processing of rhythm is a critical aspect of music
perception that is not fully understood.
The perception of similarity is a useful indicator of the
underlying cognitive processing of a category of stimuli.
Perceptual similarity is accounted for in various ways, including
feature-based [8], geometric [7], and transformational models
[1]. Studies of perceptual similarity in music have investigated
the cognitive processes underlying the perception of melody,
including the use of participant ratings of perceived similarity
[2], and parallel computational approaches [4]. Other approaches
have considered information dynamics as the basis for
expectation-based aspects of music cognition and neural
processing [5], in line with a body of research focusing on
implicit statistical learning and processing as central in music
perception and cognition, as described by Huron [3]. Compared
to melody, there is little research on the perception of rhythmic
similarity or information-theoretic perspectives on rhythm.
In myriad studies, musical training has been shown to change
the way auditory information is processed, influencing
cognition, perception, and physiology. Performed music tends to
use flexible timing, continuously variable timbre and intensity,
as opposed to the discrete nature of music notation or digital
representations (i.e. MIDI). Theoretic approaches to music
which focus on micro-structure (i.e. discrete units of rhythm or
melody) at the expense of considering the broader compositional
context may be ignoring important sources of information. In the
present study, our methods allow us to investigate the effects of
musical training, expressive human performance, and musical
context on the processing of rhythm information as measured by
the perception of similarity. We interpret differences in
perceived similarity as reflecting differences in implicit
information processing in the brain.

We use the rhythmic material from Steve Reich’s Clapping
Music as stimuli because this piece uses a simple compositional
process, is primarily rhythmic in content, can be easily
expressed in a reduced (MIDI) representation which eliminates
expressive performance information, and is a valid, commonly
performed piece of contemporary music. In this piece, two
performers clap a rhythm, first in unison and subsequently
transformed by one performer shifting the phase of the rhythm
relative to the original. The result is 12 distinct rhythmic figures
each repeated 12 times.

2. METHODS
In Experiment 1, participants (20 musicians, 20 non-musicians)
completed 78 trials, consisting of listening to all possible pairs
of single iterations of rhythms, randomized, with each rhythm
pair in one order and one performance version (MIDI or
performed). After each trial, participants gave ratings of
perceived rhythmic similarity on a 7 point scale.
In Experiment 2, participants listened to progressively
longer excerpts of Clapping Music (starting with the first 2
rhythmic figures, up to the full 12 figures) in which rhythms
were repeated 4 times each. After each excerpt, similarity ratings
were made comparing the last rhythmic figure heard to each of
the previous in that excerpt.

3. RESULTS
Similarity ratings were analyzed to investigate the influence of
musical training (musicians vs. non-musicians), version (MIDI
vs. performed) and presence of musical context (Experiment 1
vs. Experiment 2). Further analysis investigated the influence of
order of presentation (for pairwise ratings from Experiment 1).
A mixed 2x2x2 ANOVA reveals effects and interactions of
musical training, performance version, and musical context on
perceived rhythmic similarity (see Figure 1). Figure 2 shows
mean similarity ratings and standard deviations in all conditions.
Rhythms presented as individual pairwise comparisons
(Experiment 1) allow analysis of order effects. Since rhythms
occur in a particular order in their intended process, we use a
paired t test for differences in perceived similarity between
rhythm pairs in intended order and reverse order. Rhythm pairs
presented in intended order have significantly higher similarity
ratings than those in reverse order (t(263)=2.73, p=.007).
To explore the underlying source of this effect, we compare
order-based differences in similarity ratings for pairs which
contain one rhythm with an extreme number of rests (either 0 or
4) and one with a non-extreme number of rests (1 or 2), and
pairs for which both rhythms contain either an extreme or nonextreme number of rests. A 2x2x2 ANOVA for the influence of
extreme-rest congruence (congruent vs. incongruent), expressive
performance, and musical training on order-based differences in
similarity ratings shows a significant main effect of extreme-rest
congruence (F(1,262)=3.91, p=.049), but no significant
interactions or main effects of other factors. Mean order-based

differences (intended – reverse) are greater for extreme-rest
incongruent rhythm pairs (M=.269, SD=.96) than for extremerest congruent pairs (M=.037, SD=.94).
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Table 1. Statistics for Effects and Interactions of Factors
Musical Training
9.13
.003
F
p
Expressive
Musical Training
9.13
.003
7.24
.008
Performance
Expressive
7.24
.008
Musical Context
16.14
<.001
Performance
Training
x
Musical
Context
16.14
<.001
.71
.40
Performance
Training x
.71
.40
Training
x
Performance
14.42
<.001
Context
Training x Context
14.42
<.001
Performance x
30.43
<.001
Performance x
Context
30.43
<.001
Context
Training x
Training x
Performance x
3.80
.052
Performance x
3.80
.052
Context
Context

Table 2. Ratings of Perceived Rhythmic Similarity by Musicians
Table 2. Ratings of Perceived Rhythmic Similarity by Musicians and
andNon-Musicians
Non-MusiciansAcross
Acrossboth
bothExperiments
Experimentsand
andVersion
Versions
PairwisePresentation
Presentation
Pairwise
MIDI
Performed
MIDI
Performed

Mus
Mus
Non
Non

Mean
Mean
3.88
3.88

SD
SD
1.2
1.2

Mean
Mean
3.74
3.74

4.26
4.26

1.0
1.0

3.77
3.77

SD
SD
1.1
1.1
1.0
1.0

Contextual
ContextualPresentation
Presentation
MIDI
Performed
MIDI
Performed

Mean
Mean
3.55
3.55
3.90
3.90

SD
SD
.62
.62
.53
.53

Mean
Mean
3.67
3.67
3.91
3.91

SD
SD
.72
.72
.45
.45
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