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Participants & Recordings 
• Experiment 1: 13 participants, behavioral task only 
• Experiment 2: 24 participants, same behavioral task 

over two sessions with simultaneous MEG, respiration, 
and ECG recordings 

Experimental Design & Paradigm 

Task Design 
• Sequence Structure: 7-burst priming sequence followed 

by a 5-burst target sequence (rhythmic 4 Hz vs. 
jittered). 

• Target Timing: Onset varied relative to the last primer 
beat to test temporal expectations (early vs. late). 

• Sensitivity: Detection tested across five signal-to-noise 
(SNR) levels to estimate individual sensitivity. 

Trial Parameters 
• Jittered Onset: Stimuli start at random intervals within 

the noise window. 
• Background Noise Continuous white noise (blue) 

provides a stable baseline for near-threshold detection. 
• Self-Paced: Next-trial triggering via response button 

press. 

Analysis 
• Behavioral: Detection accuracy and perceptual 

thresholds. 
• Physiological: Circular mapping of respiratory and 

cardiac phases at primer and target onset to test phase-
dependent detection. 

• Neural: DICS beamforming, Phase-locking/TRF, and 
post-stimulus entrainment.
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Auditory targets are easier to detect at predictable 
intervals (Lawrance et al. 2014).  

Neural Entrainment: Alignment of neural rhythms to 
external patterns (Kayser & Obleser, 2019; Doelling & 
Assaneo, 2021). 
Bodily Rhythms: Breathing and heartbeat may also 
shift to match sound cycles. 

Joint neural and bodily alignment may provide a more 
holistic account of perception.  

1. Do breathing and heartbeat phases align with 
regular tones? 

2. Does alignment strength predict detection 
performance? 

3. Do neural and bodily rhythms interact to 
boost perception?
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• Lawrance, E. L. A., Harper, N. S., Cooke, J. E., & Schnupp, J. W. H. (2014). Temporal predictability enhances auditory detection. The Journal of the Acoustical Society of America, 135(6), EL357–EL363. https://doi.org/10.1121/1.4879667 
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• Doelling, K. B., & Assaneo, M. F. (2021). Neural oscillations are a start toward understanding brain activity rather than the end. PLOS Biology, 19(5), e3001234. https://doi.org/10.1371/journal.pbio.3001234
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Preliminary Results

• Validating Entrainment: Compare 4 Hz power between 
Rhythmic and Arrhythmic conditions (T-test) to identify 
neural tuning to predictable structures. 

• Entrainment Echo: Analyze trials with no target to 
determine if 4 Hz power persists post-primer, indicating 
a neural “echo” of expectation. 

• Respiration-Brain Coupling: Explore Phase-Amplitude 
Coupling to test if the 4 Hz auditory signal is modulated 
by specific respiration phases. 

• Alpha Power Suppression: Test if high external 
entrainment correlates with suppressed alpha power to 
confirm predictive gain. 

• Integrated Predictive Model: Combine respiration, 
heartbeat, and MEG data into a Mixed Linear Model to 
identify the strongest predictors of successful detection 
versus target hallucination. 

50% detection thresholds by primer and 
target condition 
• Lower Thresholds: Rhythmic on-beat 

targets required less intensity for 50% 
detection compared to off-beat or 
arrhythmic trials. 

• Two-way ANOVA confirmed that primer 
periodicity amplifies the predictability 
advantage. 

• Findings consistent across both 
experiments.

Individual Behavioral Performance 
Panels display psychometric functions for two 
example participants across two sessions. 
• Task: Participants reported whether they detected a 

target burst (0–4 dB above background noise). 
• Conditions: Performance is compared for 

rhythmic (solid) vs. arrhythmic (dashed) primers 
across four timing conditions (colors). 

• Key Finding: Predictable timing (rhythmic) 
lowers perceptual thresholds, improving detection 
sensitivity.

Auditory perception is optimized by a dual-
mechanism: neural entrainment to external 

regularities and respiratory alignment during 
sensory uncertainty. 

• Behavioral: Rhythmic primers lowered detection 
thresholds for on-beat targets ( ). 

• Physiological: Respiration locks to rhythmic 
primers (preferentially during the inhalation phase), 
whereas cardiac (ECG) locking remains highly 
individual with significant alignment observed only 
in a subset of participants. 

• Neural: Consistent 4 Hz tracking (ITPC) observed 
at the sensor level for rhythmic sequences only. 

• Interpretation: The brain prioritizes external 
rhythms via neural entrainment but recruits internal 
bodily cycles to compensate when external timing is 
unpredictable. 

Ntotal = 37

Conclusions

Respiratory Phase Locking 
Background sectors represent exhalation (top) and inhalation (bottom). 
• Significant Locking: Black-filled markers indicate significant individual phase alignment 

( , Bonferroni-corrected). 
• Group Alignment: Orange arrows ( ) indicate preference for inhalation phase. The bold black 

value in the top sector indicates the  scale, while the value at the arrow tip represents the group 
resultant strength ( ). 
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Neural Tracking of Rhythm (MEG Sensor level) 
• 4 Hz Entrainment: Rhythmic priming sequences 

(orange) induced a robust increase in phase coherence at 
the 4 Hz stimulation frequency. 

• This entrainment signature is absent during arrhythmic 
sequences (blue)
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Detection  
Probability 
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Respiratory Phase Clustering & Accuracy 
Individual mean vector lengths ( ) at target onset correlated with detection accuracy. 
• Key Finding: A significant positive correlation emerged specifically following arrhythmic primers 

in Session 2 (R=0.49, p=0.028). 
• Specificity: No other conditions reached significance, highlighting that this effect is tied to high 

sensory uncertainty.
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