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Introduction
• Violation of predictions are central in music perception and cognition (emotion,

aesthetics, learning).

• Under predictive coding (PC), precision-weighted error signals are elicited when 
predictions do not conform to the music input. A neural signature of prediction 
error, the mismatch negativity (MMN), supports this view.

• In causal modelling studies, auditory MMNs are modelled as changes in the 
excitabiity of intrinsic and extrinsic (feedforward and feedback) connections, 
respectively within and between regions of the auditory network. 

Methods

• What changes in effective connectivity are associated to melodic MMN?

Computational level

ξ(i) = Π(i−1)(µ(i−1) − g(µ(i)))
s̃

Precision-weighted prediction error

Predictions

µ̇(i) =
∂g(i)

∂µ(i) · ξ
(i) − ξ(i+1)

Sensory input

• 52 adult volunteers scanned in a 3T MRI scanner during a melodic oddball
paradigm.

• Five-tone melodies were presented in a single run: 80% standard, 10% interval
deviant, 10% contour deviant.

fMRI data acquisition

Pre-processing

• Realignement, coregistration to T1-weighted images, normalization to MNI
space, spatial smoothing (8-mm FWHM). High-pass filtering at 1/128 Hz.
Correction for serial auto-correlations using AR(1) process, plus white noise.

Statistical analysis

• Use of fast multi-band EPI sequences (TR = 1 sec, voxel size = 2.5 mm3).

• First level.
o GLM with standard (SS), I-deviant, and C-deviant as regressors.
o Convolution with a canonical HRF plus realignment parameters for head

motion.

• Second level.
o Whole-brain random-effects analysis.
o T-test contrasts: C-deviant>SS and I-deviant>SS (pFWE<0.001).

Dynamic causal modelling (DCM)

Model comparison
§ Full DCM model (intrinsic + extrinsic)

§ Reduced model (only extrinsic)

§ Reduced model (only forward)

§ Null model

Results Discussion

C Bayesian model reduction
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• Bayesian evidence for a full DCM model.

• Neural signatures of melodic surprise are best explained by a decrease of
intrinsic (inhibitory) coupling within regions of the auditory cortex and
concomitant increase of feedforward (excitatory) connections between those
regions.

• Mechanistic support of core PC assumptions in the musical domain.

Excitatory forward

Excitatory backward

Intrinsic
inhibitory

Excitatory input

• Network. Bilateral A1 coupled with ipsilateral STG via forward and backward
connections.

Melodic surprise

is encoded in the 

intrisic and extrinsic

connectivity

of
primary and secondary 

auditory cortices


