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Granger Causality
• Granger causality (or Granger coupling) 

is a measure of directed functional 
connectivity that quantifies how well 
information contained in the past of one 
variable helps predict the future of 
another based on vector autoregressive 
(VAR) modelling (Granger, 1969)
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Background
• To play synchronously with each other, 

musicians must listen to and watch each 
other closely to predict each others’ 
playing, especially when following a 
lead musician.

• Chang et al., (2017) used Granger 
causality (GC) analysis with motion 
capture to show that body sway time 
series of leaders influenced those of 
followers in a string quartet, even 
without any visual cues.

Recording to Performance
GC values were HIGHER than

Performance to Recording
• Our design only allowed for information 

to flow from the recording to the 
performance. Consistent with this, we 
observed higher GC values in this 
direction.

Recording to Performance 
GC values decreased over trials

• As musicians learned the piece, they 
matched it more successfully over time 
and the therefore the recording had 
less predictive influence over their 
performances.

Cross-Correlation
• Cross correlation did not change 

significantly across trials

RESULTS

• Could the availability of visual 
information increase the accuracy and/or 
speed at which musicians can learn to 
emulate expressive features in music?

• Can we use this apply this method in a 
group setting to look for causal 
relationships amongst ensemble 
musicians’ sounds?
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Recording

Procedure

• Violinists concurrently listened to and played along with a recording, while 
attempting to match all the expressive features (dynamics, vibrato, slurs, 
timing, attack/decay, etc.)

• Violinists had not heard the recording before, and the sheet music was devoid 
of expressive markings

• Each musician performed 8 consecutive trials.
Study Aims
• Can Granger causality capture uni-

directional information flow from the 
sound of a leading musician to that of a 
following musician?

Predictions
• Information flow in the leader-to-

follower direction will be higher than 
vice-versa.

• Information flow will decrease over 
successive performances, and cross-
correlation values will increase.

GC is larger from recording to performance, and decreases over successive trials

• Amplitude envelopes were extracted using a 
Butterworth filter and down-sampled to 8 Hz.

• Avg. GC model order = 9

Performance to 
Recording

Recording to 
Performance

Granger
causality

Significant negative linear trend: 
F(1,46) = 7.946, p = .007

Significant negative linear trend: 
F(1,56) = 9.797, p = .003 (no significant trend)


