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Abstract

This paper presents a statistical framework to quantify motivic transformations in symbolic

music, supporting robust computational analysis of musical style. We leverage the Beethoven

Piano Sonatas Dataset (BPSD), which provides MusicXML encodings enriched with functional

harmonic labels (BPS-FH) and motivic annotations (BPS-Motif). As part of our data handling,

we aligned MIDI-based motivic annotations with the MusicXML data, creating a unified symbolic

corpus.

We define coarse transformation families (e.g., contour-preserving, rhythm-preserving, harmony-

preserving, salient leap-preserving) as binary labels for each instance of a motif. Each sonata is

segmented into sentences using harmonic and structural cues, while ensuring that motifs are

kept whole and not divided across boundaries.

Within each sentence, transformations are evaluated per motif group. The first motif in the

sentence serves as the reference point for labeling its group, chosen for cognitive and musicological

reasons: initial statements are usually perceptually salient, sometimes reflect continuity with

motifs in the previous sentence due to their position, and are naturally heard as prominent

simply by virtue of being presented first—especially in classical styles. All other motifs in the

group are labeled relative to this initial motif.

To explore how transformation types relate and co-occur across musical contexts, we leverage

probabilistic and graph-based methods that characterize interdependencies among motivic

variations. Rather than focusing on prediction, our goal is descriptive: to support musicological

interpretation of transformation patterns and expose structure in compositional strategies.

Aggregating across sentences, we identify stylistic tendencies that recur across sonatas and may

inform future generative modeling.

While existing methods often prioritize classification or automatic generation, our approach aims

to model the organization of motivic transformations in a way that is both interpretable and

musically grounded.
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