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Using a computational approach, we study how three measures of tonal tension contribute to the prediction of expressive 
performances of classical piano music. We use non-linear sequential models (recurrent neural networks) to assess the role of 
these measures in predicting expressive tempo and dynamics for a dataset of Mozart piano sonatas performed by a profes-
sional concert pianist (Roland Batik).

Tonal Tension Features
Chew’s (2000) spiral array model is a 3D representation of pitch classes, 
chords, and keys, for which spatial proximity indicates tonal relationships.

Cloud diameter (Tcd): maximal tonal distance 
between notes
 
Cloud momentum (Tcm): harmonic movement as
 the tonal distance from one section to the next

Tensile strain (Tts): relative tonal distance 
between the current segment and the center 
of effect of the key

Herremans & Chew (2016) showed that these features correlate to human 
perception of tonal tension, by comparison to Farbood (2012).

Model
Our model architecture 
consists of a composite 
bidirectional long short-term 
memory layer (LSTM) with 
multiplicative integration 
and a linear dense layer 
with one unit as output.

Experiments
Eight 5-fold cross validation experiments were run 
for each expressive parameter, using models 
trained on all combinations of features.

Tempo
BPR and dBPR: local beat period ratio and its 1st 
derivative (indicating change in tempo)

Dynamics
VEL and dVEL: max. performed MIDI velocity per 
score position and its 1st derivative (indicating 
change in loudness)

Score Features
Pitch (P)
(a) pitchh, pitchl, pitchm: chromatic pitch of 
the highest, lowest, and melody note at 
each score position

(b) vic1, vic2, vic2: vertical intervals above the 
lowest note in a chord

Metrical (M)
(a) bΦ,t: relative location of an onset in a bar

(b) bd, bs, bw: metrical strength at the down-
beat, secondary strong beat (in duple 
meter), and weak metrical positions
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Results & Discussion
Experiments of models trained with and without tonal tension features 
show that tonal tension helps to predict change in tempo and dynam-
ics more so than absolute tempo and dynamics. We ran a sensitivity 
analysis, which shows that “high-tension” passages in performance 
are emphasized by slowing down.
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Tempo
BPR dBPR

Feature Set + T + T d

� - 0.010 - 0.011
P 0.024 0.021 0.068 0.073 (0.10)
M 0.051 0.054 0.093 0.092

P + M 0.056 0.054 0.105 0.110 (0.06)

Dynamics
VEL dVEL

Feature Set + T + T d

� - 0.018 - 0.026
P 0.326 0.335 0.236 0.250 (0.16)
M 0.048 0.052 0.041 0.050 (0.18)

P + M 0.351 0.347 0.250 0.282 (0.40)
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Differential sensitivity maps. Red indicates that the feature contributes 
positively (e.g., it increases MIDI velocity, increasing loudness, or makes 
beat period longer, thereby reducing tempo). Blue indicates that the feature 
contributes negatively. Each cell indicates feature contributions per time step 
away from the currently performed note.

Table values are average R2 over the corre-
sponding 5-fold cross-validation. Green 
indicates that tension features improve predic-
tions; red indicates that tension features worsen 
predictions. Bold values are statistically signifi-
cant.


