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ABSTRACT

A better understanding of how humans process musical
beat has the potential to inform Music Information Re-
trieval systems. We carried out a pilot study with the
aim of eventually extracting beat-related information from
EEG responses to music—specifically, excerpts from Bol-
lywood songs and reductions of various rhythm types rep-
resented therein. In addition to recording cortical activa-
tions using EEG, we also collected perceptual ratings re-
flecting enjoyment and perceived rhythmic complexity of
the stimuli. Here we describe the experimental design and
present preliminary analyses of the perceptual ratings. Fi-
nally, the EEG data have been made publicly available in
Matlab format.

1. INTRODUCTION

Understanding how the human brain tracks the beat of mu-
sic has implications for Music Information Retrieval as it
can provide an objective measure of processing that re-
lieves the need for human performance data or self-reports.
Resonance to beat and meter has long been an important
topic of study. Previous research in computational reso-
nance modeling has described entrainment to rhythm con-
centrating itself at the frequency of a pulse, with higher
frequencies occurring at second or third harmonics [3, 6].
A better understanding how the brain extracts the steady
beat from complex rhythms could help to advance relevant
computational approaches, providing more accurate reso-
nance models.

Neural tracking of musical beat can be studied using
electroencephalography (EEG), which records electrical
activity of the brain with high temporal resolution. Brain
responses to periodic stimuli have been observed to com-
prise both entrained components—neuronal oscillations
phase-locked to the stimulus—and stimulus-driven com-
ponents evoked by transient events [2]. Previous studies,
using a ‘frequency-tagging’ approach, have determined
that EEG responses to both synthesized rhythms and real-
world musical stimuli contain spectral peaks at frequencies
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related to beat and meter [4,5]. Motivated by this approach,
here we present a pilot study and dataset in which EEG
was recorded while participants heard a set of real-world
musical excerpts of varying rhythmic complexity. By fo-
cusing specifically on complex rhythm categories and uti-
lizing both natural music and isolated rhythmic patterns as
stimuli, we hope to eventually inform analyses of the brain
responses with computationally driven models of the stim-
uli.

2. METHODS

2.1 Stimuli

Bollywood music, the chief popular musical genre of
the Indian subcontinent, features both linguistic diversity
(primarily Hindi and Punjabi) and a variety of rhythmic
and metrical structures. These complex rhythmic features
make the genre of particular interest for studying neural
entrainment to the beat. For this pilot study, we focused on
four rhythmic categories:
• Swing (e.g., Bhangra)
• Polyrhythmic (three over two)
• Syncopated
• Even

In order to select appropriate stimuli, we selected six 30-
second excerpts for each category listed above. Then, in
an informal listening test, six trained musicians listened
to the candidate stimuli and specified which of the four
categories best described each excerpt. For each category
we retained the three excerpts receiving the greatest num-
ber of votes and additionally introduced a ’plain’ excerpt
(containing a repeating rhythm only; no musical or vocal
elements), for a total of four stimuli per category. More
information on the stimulus set is provided in the informa-
tional document accompanying the published data [1].

2.2 Data Collection

This study was approved by Stanford University’s Institu-
tional Review Board, and all participants delivered writ-
ten informed consent before taking part in the experiment.
Data were collected in recording blocks comprising 32 tri-
als per block (two presentations of each stimulus in ran-
dom order). Here, the participant listened attentively while
stimuli were presented through a speaker, and after each
trial answered the following questions on scale of 1–9:
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• ‘How enjoyable did you find the excerpt?’
• ‘How rhythmically complex did you find the ex-

cerpt?’
• ‘How easy was it for you to find the steady beat in

the excerpt?’
During experimental blocks, dense-array (128-channel)
EEG was recorded using the EGI GES 300 platform, sam-
pled at 1kHz with vertex reference.

Five adults with normal hearing participated in the ex-
periment. We recorded 15 blocks across all participants,
for a total of 30 trials of each stimulus. Individual EEG
recordings are made publicly available in Matlab format
through the Stanford Digital Repository, under a CC-BY
license [1]. 1

3. PRELIMINARY ANALYSES

Analysis of EEG data is currently in progress. Here we
present early results from the behavioral component of the
experiment. Figure 1 illustrates these results.

Figure 1. Behavioral ratings per stimulus for each mea-
surement. Colors denote metrical category. Solid lines
denote excerpts from real-world songs while dashed lines
denote plain rhythms only.

The Even metrical category registered the highest mean
enjoyment rating of 6.09. Polyrhythmic, Swing, and Syn-
copated categories had mean enjoyment ratings of 5.43,
5.77, and 5.94, respectively. While real-world songs had
on average an enjoyment rating of 7.21, plain rhythms reg-
istered a mean rating of just 1.62, highlighting a differ-
ence between the two stimulus types. These results sug-
gest that participants found the real-world songs more en-
joyable than the plain rhythms regardless of category.

Inspection of the rhythmic complexity ratings suggests
that participants on average found the stimuli to be rela-
tively simple. As expected, the Even category garnered the
lowest mean complexity rating of 2.89. Listeners judged
the Polyrhythmic category to be most complex, with a
mean rating of 4.39. Plain rhythms registered a mean com-
plexity rating of just 2.52, confirming their role as refer-
ence stimuli. These findings suggest that while Bollywood

1 https://purl.stanford.edu/rz763kn3821

songs possess complex rhythms at a higher level, the un-
derlying beat is still perceptually strong, thus reducing the
perceived rhythmic complexity.

Finally, reported ease of finding the beat can be viewed
as symptomatic of the perceived rhythmic simplicity of the
stimulus set. This is illustrated in Figure 1, as stimuli with
lowest complexity ratings (all plain rhythms) had highest
easiness ratings. Once again as expected, the Even cat-
egory produced the highest mean easiness rating of 8.24.
Polyrhythmic was on average rated lowest in terms of easi-
ness, with a mean rating of 7.63. Plain rhythms had a mean
easiness rating of 8.77 while real-world songs were rated
7.68. More quantitative analysis is required, especially for
this question, in order to determine whether the differences
described here are statistically significant.

4. CONCLUSION

We have conducted a pilot study and released a public
dataset of cortical and behavioral responses, toward the
goal of better understanding how humans process music
containing varying rhythmic characteristics and complexi-
ties. As next analyses, we will quantify our insights into
the behavioral data; we will also analyze the EEG re-
sponses to determine to what extent they predict behavioral
ratings and features of the stimuli.
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