Groove on the brain
Predictive processing of music

Peter Vuust

Director of Genter for Music Inthe Brain (M)
Professor a the Royal Acaderyof Music, Aarhus, Donvrc
Professor at Aarus Uriversity

PO, inneuroscionce, MSc. Inath French ndmusic:
Bassistcomposer

WYAR

22.10.2025

In the memory of David Huron
(June 1, 1954 - June 5, 2025)

Predictive coding of music (PCM)

Why do we have music?
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https://en.wikipedia.org/wiki/Evolutionary_musicology
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Boys sing differently in the presence of females

Group coherence

StThomas Chor, Leipzig The boys strengthen “the singer’s formant’, when
there are girls in the audience

+ Males and females are equally
sensitive to the difference in sound
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« Only females profer A [n=481] [n=679] [1=432] [n=655]
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Prosocial behavior and synchronization Music and group behavior
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Why do we move to music?

Why do we move to music? &= "The inverted U" of groove
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Experience of Pleasure
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There is a sweet spot for wanting to move and pleasure

Witek et al, 2014




Groove in the brain

Motor, premotor og reward

Mathews et al, Newolage 2020
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"The inverted U"

Age Musicianship Culture

Wanting to Move (2)

Kariod et inprep
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Syncopation
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Predictive coding of music
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Predictive coding in art

Ote Folmer
Hansen 1964

Brain processing of syncopation

~ i

Vit e al, Newwolmage 2005

22.10.2025

Groove paradigm with rhythm and harmony
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What is the contribution of harmony

Harmonies alone Mediation analyses
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"Prediction error" is weighted by precision
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Precision-weighted prediction error and groove Modelling meter inference
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Frequency tagging of groove What the brain adds besides the sound
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Auditory memory in healthy aging
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Auditory memory functions are unevenly affected by aging

MET  wx . Old/New  **%  Digit Span

Ferindez-Rubio, O, Klrhond, Mellon, Corlomegno, Vi, Kingelboch, Braticn, & Bonct, Py Mis. (2024)

Auditory Memory in healthy aging

Older adults have reduced neural activity in memory-related
regions but stronger activity in auditory regions display

Memorized Memorized
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Auditory Memory in healthy aging

Older adults have reduced activity at brain regions related to decision-
making processes during identification of novel sequences

Novel T1 Novel T3

Jazz musicans Cassical musicins. Rock musicans Norwmusicians

Melody: Precision weighted prediction error
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(Garrido et al. npj Science of Learning 2016) MMNs to outliers, in a namow (blue) and broad
(red) distribution of frequencies.

During perception, we estimate the uncertainty of the signal.
Then a precision-weighting mechanism adjusts prediction

(Feldman & Friston, 2005; Hu e al, 2016 Viaust et al. 2015; Clark, 2015)
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David Quiroga
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The effect of melodic uncertainty
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A linear relation between melodic uncertainty and d’/confidence scores

Melodic uncertainty

G = il i e
L 101 322 366

Qo Foylhod, Hrsen, Pesrce, Bticn, Vinst, Cortes 2019

Melodic uncertainty influences the MMN
Difference between Alberti bas and Melody
| A~ Kaadv g™ 2 ez
i N
e LM
i .n.;..,u, e —lead —:~ Musicians
. O peoos . PO | | A 4 VOIS v o
f v
N LA
iplitudes. e P standard error.
Quiroga, Heglund, Hansen, Pearce, Brattico, Viasst, Cortex 2019

Predictive coding and memory of melodies

Memory aroas Bonct et l, Nat. Conm, 2024

m Predictive coding of harmony @

Neapolitan Subdominant Mistuned Chord
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Amplitude of ERP responses.

Predictive coding in musical interaction
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The Bodily Hierarchy
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Rhythm and meter production Musicians vs non-musicians
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Behavioral experiment
20 professional musicians
22 amateur musicians
18 non-musicians

Performing pairs of rhythm in dominant and non-dominant combinations
V+RH,V+LH,V+RF,V+LF, RH +LH, RH + LF
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Musical Ear Test (MET) for rhythm

Signe Hagner

Hagner, Moller & Vst Sci. Rep., 2022




Production correlates with rhythm perception
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Control Experiments

 Control experiment 1 (improvise):
 18right-handed musicians

* "Keep the thythm with one effector and improvise with the other"
 Which combination is the more difficult one?
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Control experiment 2 (dexterity):
*  19right-handed musicians performing a "slow rhythm"
« "Rate how difficult the taskis (0-100)"
 InClap+RF,V + Clap partici till d (p<.005)
RH+LHwas non-significant

Riythm

“slow rhythm " Ry, Meter

fMRI setup

* fMRI

*  41right-handed musicians

*  With and against the hierarchy

* Baseline (the beat in both effectors)
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Going against the hierarchy (all conditions)

IFG Insula/BA4

Hagner, Moller & Vst Cortex, 2024

Results

Gognitively meter and rhythm can be described as a figure/ground relationship, where meter is the
background, anchoring the hythm which is in the foreground (Greimas 1987, London, 2012, Vuust et al
2011)

« Thereis a body o rhythm and meter .
 Dominant combinations [Rrythim, Meter:V—RH—LH—RF —LF
« There is no interaction between musical expertise and the body hierarchy

« The body hierarchy seems to be strongest in the vertical direction, behaviorally and brain-wise

« Going against the bodily hierarchy involves additional frontal areas of the brain (the IFG) as well as
SMA/PMC - as does perception and production of increasing metric complexity (Vuust et al. 2006,
Matthews ot al 2019)

« There is increased functional connectivity between primary motor effector areas and somatosensory
cortex when going against the hierarchy

Discussion

WHY do we have the body hierarchy?

Dexterity?

performthan the meter
Is itinnate or learned?
The body hierarchy is still present after musical training

Theory: Division of Labour is benificial to many motor tasks. Cognitively, we perceive music in
figure/ground relationships, which is benificial to musical memory and discrimination. Dexterity
assigns, from early childhood, the role of the anchoring (the meter/beat) to the lesser dexterous,
effector, a relationship which over time turns into a cognitive dichotomy.

Implications for the neuroscience of music and music pedagogy
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Clinical research at MIB
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