Explicit Action Perception Shares Resources with Music Syntax:
A Controlled Behavioral Study
Eleanor Harding , Daniela Sammler , Alessandro D’Ausilio , Angela Friederici , Luciano Fadiga , & Stefan Koelsch
1

1

2

3

2

3, 4

5

Minerva Research Group "Neurocognition of Rhythm in Communication," Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
2
Department of Neuropsychology, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
3
Italian Institute of Technology, Genoa, Italy – 4 University of Ferrara, DSBTA – Section of Human Physiology, Ferrara, Italy
5
Freie Universität Berlin, Cluster of Excellence “Languages of Emotion”, Berlin, Germany
harding@cbs.mpg.de

Introduction

Methods

Like language, music and action may both
be described by formal models of generative
grammar, espousing their respective syntactic
structures [1, 2]. This theoretical connection is
supported by neuropsychological evidence:
Broca’s area activation is common to language,
music, and action [3, 4, 5], and ERP patterns
are similar in language and music [6, 7] even
overlapping when elicited by respective syntactic violations in language and music (ERAN)
[8]. Considering the need for ERP research in
action-perception, and an as-of-yet unexplored
connection between music and action syntax,
this study used EEG and behavioral methods to
seek a cross-domain syntactic resource. Music
was coupled with pictorial human action se-

quences, and importantly, the study also paired
the action sequence with an auditory control in
a frequency oddball paradigm (known ERP effects: MMN, P3, RON). If music and action share
syntactic resources, we hypothesized that

Participants
Non-musicians were within-subject for both
EEG (N = 30, 15 female, mean age 25 yrs) and
behavioral (N = 29) studies.
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1) Perception of syntactic violations in both domains should evoke similar ERP’s (early negativity)

Task EEG
Subjects were uninformed of condition, paid
attention to changes in object or sound timbre.

correct motor sequence

Task Behavioral
In the Visual task (N =14) participants judged
whether final grasp was able to pick up object
(correct) or not (incorrect). In the Auditory task
(N = 15, not reported here) participants judged
whether final chord was regular or irregular or
whether tone was standard or deviant.

incorrect motor sequence

2) These ERP’s should interact when violations
are presented simultaneously in both music
and action domains, and not when actions
are paired with non-syntactic auditory deviances.
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Figure 1 Materials and Design Full 2 x 2 design with
factors Chord (regular/irregular) and Grasp (correct/
incorrect). In control experiments, chord sequences
were replaced by tone sequences in an oddball paradigm presenting pitch standards or deviants at sequence end position.
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Figure 2 (A) Music effects: Irregular chords elicited an early right anterior negativity (ERAN, 150-250 ms) and
an N5 (450-750 ms). (B) Action effects: Incorrect grasps elicited an early anterior negativity (150-250 ms) and
a late centroparietal positivity (300-600 ms).
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Figure 3 No interaction of effects was found.
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Figure 5 No interaction was found.
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Figure 6 Music-action interaction (p < .05) Participants had greater task accuracy when music- and graspsequences matched in regularity/correctness. This was not found in the ERP study, suggesting that an explicit
task is necessary to reveal an interaction between music- and action-syntax resources.
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Figure 4 (A)Tone effects: Deviant tones elicited the expected MMN (100-200 ms), RON (450-700 ms), and P3
(200-450 ms). (B) Action effects: Incorrect grasps replicated the early anterior negativity (100-200 ms) and late
centroparietal positivity (350-550 ms).
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Figure 7 No interaction of tones and action, demonstrating that the syntactic structure of sound is needed to
interact with the action sequences in an explicit task paradigm.

Conclusion
tion was not present in an auditory deviance,
pointing indeed to a syntactic resource which
monitored the action and music sequences.
This study was an important first step in investigating the music-action perceptive link and
finding ERP components related to action
syntax. Future studies need to specify actionsyntax related components and their modulation by attention and task.
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The ERP pattern evoked by the action sequence
is reminiscent of ERP’s elicited by syntactic
processes found in language [6] and music
[7] studies. Although no interaction between
music and action sequences was found, the
syntactic composition of the chord sequences
became relevant to processing during an
explicit correctness- of-grasp judgment, interacting with the action-sequence perception.
Furthermore, this explicit-perception interac-

