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Hypothesis & Introduction

• Power Spectral Density (PSD): Electrophysiological activity can be parametrized by oscillatory and 

broadband components, where signal power decays with a 1/f power law (Donoghue et al. 2020): 𝐿(𝑓) =

𝑏 − log(𝑘 + 𝑓𝜒).

‣ Exponent (𝜒): Negative slope of the power spectrum in log-log space. Offset (𝑏): Uniform shift in 

power across frequencies.

‣ Both parameters can be associated to biological mechanisms (e.g. E/I balance; Schuler et al. (2025)), 

cognitive processes, and group differences.

• Gamma synchronization is a hallmark of brain function and an indicator of malfunctioning (Schuler et al. 

2025). Auditory steady-state responses (ASSR)—entrainment of brain activity to external auditory stimuli

—are a reliable way to probe it, typically quantified via inter-trial phase coherence (ITPC).

Hypothesis: We explored whether a steeper slope of the 1/f PSD component (i.e., a larger spectral 

exponent) in MEG signals is associated with higher auditory steady-state response (ASSR) synchrony, as 

measured by inter-trial phase coherence (ITPC) during 40 Hz auditory stimulation.

Data and Methods

• Data: 𝑛 = 15 healthy participants; 180 trials of 40-Hz auditory stimulation (1s duration) (Pellegrino et 

al. 2019). Data pooled across tDCS conditions (treated later as nuissance conditions).

• Source Reconstruction: Source-reconstructed MEG data from 148 cortical regions (Destrieux atlas).

• Spectral Parameterization: PSD computed for 1s pre-stimulus and stimulus periods per trial/region. 

Exponent and offset extracted using specparam (Donoghue et al. 2020) from 3-45 Hz range.

• ITPC: Computed via Morlet wavelets at 40 Hz (Pellegrino et al. 2019); Baseline: [−500, −200] ms, 

Stimulation: [300, 700] ms post-onset.

Statistical Approach

Bayesian multilevel modelling handle regions and subjects as drawn from common populations, enabling 

partial pooling that provides principled control for multiplicity through shrinkage of extreme estimates 

toward the population mean (Chen et al. 2019). Primary model: Bayesian Beta regression (logit link) 

modeling both conditions jointly via brms (Bürkner 2017). Both conditions (prestim and stim) modeled 

jointly to test whether exponent-ITPC relationship is specific to stimulation via the condition × exponent 

interaction:

ITPC ∼condition ∗ exponent𝑧 + tdcs_time + tdcs_type

+(1 + condition + exponent𝑧 ∣ subject)

+(1 + condition ∗ exponent𝑧 ∣ ROI)

(1)

log(𝜑) ∼ (1 ∣ ROI) (2)

where exponent𝑧 is z-scored (global). 𝜑 = precision parameter allowing ROI-varying dispersion. Effect sizes 

reported as average marginal effects (ΔITPC per 1 SD exponent) via marginaleffects (Arel-Bundock et 

al. 2024).

Results: Exponent-ITPC Relationship

• Spatial Distribution & Stability: Exponent and offset varied systematically across regions (panels A, 

B) with strong ROI-level correlation (panel C, 𝑟 ≈ 0.64). Exponent remained stable during stimulation, 

indicating it does not simply track changes in oscillatory power.

• ITPC Response: Strong stimulus effect on ITPC in right auditory cortex (Heschl’s gyrus, transverse 

temporal sulcus, planum temporale), subcentral, and supramarginal regions. (panel D).

• Main Finding: Credible condition × exponent interaction—the positive exponent-ITPC relationship was 

specific to stimulation and absent at baseline. Steeper slopes associated with stronger 40-Hz phase-

locking (panel E).

• Regional Specificity: Strongest exponent- ITPC effects in bilateral subcentral and inferior precentral 

regions (sensorimotor) and bilateral auditory cortex (Heschl’s gyrus, temporal transverse sulcus), with 

insula and inferior frontal as secondary (panel E).—overlapping with robust ASSR regions (panels D, E), 

arguing against a purely methodological explanation.

Conclusion

• Main Finding: Steeper spectral slopes associated with stronger gamma phase-locking in auditory and 

temporal regions (panels D, E), specific to the stimulation period (condition × exponent interaction).

• Biological Mechanism: Both measures may reflect E/I balance—stronger inhibitory tone (steeper slope) 

might provide temporal scaffolding for precise synchronization, consistent with inhibitory stabilization 

models where PV+ interneurons structure gamma oscillations.

• Methodological Mechanism: Spectral slope influences phase estimation reliability and SNR (van Diepen 

and Mazaheri 2018; Samaha and Cohen 2022). However, regional specificity, exponent stability, and 

condition-specificity support a biological contribution.

• Collinearity caveat: Strong exponent-offset correlation (panel C, 𝑟 ≈ 0.64) limits disentangling expo

nent-specific effects from general broadband shifts.

• Implications: Exploratory findings (𝑛 = 15) warrant replication. Combined spectral-oscillatory mea

sures may provide more sensitive markers of circuit integrity, with relevance to conditions characterized 

by altered E/I balance.
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