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Abstract
In this work, we present some preliminary results about quantifying differences
in expressive piano performances in the context of computational generative models.

1

Introduction

Computational models of expressive music performance can be used to generate an
expressive (i.e., human-like) performance of a piece given its score (Cancino-Chacón
et al., 2018). For models of piano performance, these generated performances would
typically include deviations in performance parameters such as tempo/timing, dynamics
and articulation. A central question with generative computational models that produce
some sort of artistic output is how to evaluate the quality of this output. Unfortunately,
large scale evaluation of such models through listening tests would be too time consuming
in the context of common research practice (Bresin & Friberg, 2013).
Advances in machine learning have led to a renewed interest in generative data-driven
models of expressive performance (Cancino-Chacón et al., 2017; Jeong et al., 2019;
Maezawa et al., 2019). Evaluation of such models usually involves quantitatively comparing performances generated by these models to performances by (expert) human
pianists. This comparison is done by measuring the reconstruction error, i.e., the distance between curves of performance parameters (tempo, dynamics, etc.) generated by
the model and those of reference human performances, using a metric (distance measure)
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such as the Euclidean distance or its derivatives (such as the mean squared error). It is
easy to see that such an approach might present several issues:
1. Quantitative metrics of closeness do not necessarily imply perceptual nor musical
(or aesthetic) closeness: not all errors (i.e., points/notes at which the generated
performance is not identical to the human performance) would be perceived by
listeners as equally important. For example, speeding up at the end of a phrase
(instead of slowing down) might come as more unexpected/unmusical than simply
playing the entire piece a little bit faster, yet both cases might result in the same
numerical distance.
2. Choice of the reference human performance(s) to compare the output of the model
to: pianists interpret music in different but musically equally valid ways.
In this study we investigate the limitations of reconstruction error-like functions to evaluate models of expressive piano performance using a validity/reliability framework.
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Methods

Using two datasets of precisely measured performances of classical piano music (recorded
on computer controlled grand pianos), we present tests that indicate that evaluating performance models using commonly used distance measures do not necessarily satisfy even
moderate reliability and validity requirements. We compare multiple metrics (Euclidean,
cosine, Lp norm, etc.), including metric learning (i.e., using data-driven methods to learn
appropriate distance measures), as well as aggregating distances at different time-scales,
and different transformations/scalings of the curves of performance parameters.
We complement this experiment with a listening experiment in which participants are
asked to identify randomly generated (i.e., unmusical) performances from human performances. This experiment aims to validate the use of the validity/reliability framework to compare distance measures for measuring the similarity between human performances.
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Expected Results

Data collection is ongoing. We expect the results to show the limitation of standard measures of similarity between performances and serve as a basis for discussing implications
for quantitative evaluation of generative models of performance.
Furthermore, we aim to derive recommendations for the evaluation of computational
models of expressive performance. Future work will include investigating the contribution and interaction of different performance parameters (tempo, dynamics, articulation,
etc.) to the perception of similarity in performances.
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