
The neural correlates of linguistic rhythm during natural
story listening
Katerina Kandylaki, Karen Henrich, Arne Nagels, Tilo Kircher, Ulrike Domahs,
Ina Bornkessel-Schlesewsky, Richard Wiese
katerina.kandylaki@staff.uni-marburg.de

Introduction

According to the Rhythm Rule [3] two adjacent stressed (stress
clashes) and unstressed (stress lapses) syllables are rhythmi-
cally ill-formed and have to be changed into well-formed struc-
tures via shifting secondary stress away from primary stress.
FMRI studies on linguistic stress found effects in the supple-
mentary motor area, insula, precuneus, superior temporal gyrus,
parahippocampal gyrus, calcarine gyrus and inferior frontal
gyrus. [1,2,4]. Here we investigate:
• rhythm processing in natural contexts,
•without a task focussing on phonological wellformedness.

Methods

Stimuli and design.

Trigger (ST)
Well-formedness (WF) shift-trigger no-shift-trigger

well-formed SHIFT (SH) NOSHIFT (NS)
’HAUPT - bahnhof ’GÜter - bahnhof

ill-formed CLASH (CL) LAPSE (LA)
’HAUPT - bahnhof ’GÜter -bahnhof

Table 1: Stimuli design. Hauptbahnhof: central station, Güterbahnhof: freight depot.

Figure 1: Pre-test ratings for stimuli.

We used 20 German A(BC) compounds. Conditions CL and LA constructed
via cross-splicing; splicing procedure applied in all conditions. Compounds
embedded into 20 two-minute long stories. Datasets of 20 participants were
analysed.

Figure 2: One story trial.

Hypotheses.
1. Well-formed alternating structures in German compounds are

processed differently than rhythmical deviations.
2. This happens in speech processing in the absence of phono-

logical task.

Results

We modeled the BOLD-response to the compound word in the
2x2 design of WF and ST (whole-brain analysis).

Contrast Anatomical region H MNI coordinates F Cluster in voxels

Interaction WF x ST Supplementary motor area (SMA) R 12 20 54 20.57 102
Superior parietal lobule (SPL) L -32 -52 60 16.95 729
Post central gyrus (PoCG) L -42 -16 32 16.94 498
Middle frontal gyrus (MFG) L -26 2 54 14.95 172
Supplementary motor area (SMA) L -6 -4 56 14.72 96
Precuneus (PC) R 10 -60 28 11.78 109
Inferior parietal lobule (IPL) L -34 -62 46 11.39 72
Middle orbital gyrus (ORBmid) R 36 46 -4 11.31 119
Inferior parietal lobule (IPL) R 30 -54 54 11.27 79
Post central gyrus (PoCG) R 46 -34 64 11.15 120

Main effect of WF White matter L -12 -28 -28 11.94 84

Contrast Anatomical region H MNI coordinates T Cluster in voxels

CL vs. SH mask. incl. INT Superior parietal lobule (SPL) L -28 -54 62 4.32 369
Post central gyrus (PoCG) L -48 -18 30 3.53 96
Post central gyrus (PoCG) L -38 -28 42 3.45 78

NS vs. LA mask. incl. INT Supplementary motor area (SMA) R 12 20 56 5.03 96
CL vs. LA mask. incl. INT Superior parietal lobule (SPL) L -32 -50 64 3.30 88

Table 2: Peak voxel details for supra-threshold clusters. H: hemisphere, MNI, Montreal Neurological Institute;
R, right; L, left.

Figure 3: Supra-threshold clusters for the interaction of WF and ST (individual voxel significance threshold
p=.005, cluster extend threshold 72 voxels).

Conclusions

The brain is sensitive to subtle deviations in the alternation of
strong and weak beats when just listening to natural stories
and even when deviation is allowed. This is particularly evid-
ent in the activation:
1. of the bilateral SMA, which has been suggested to support

temporal aspects of processing sequences of strong and
weak syllables,

2. in the right frontal lobe, which is associated with tasks requir-
ing more demanding processing of suprasegmental cues.
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