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ABSTRACT 

Natural sounds convey perceptually relevant information 

over multiple timescales, and the necessary extraction of 

multi-timescale information requires the human auditory 

system to work over distinct ranges. Here, we show 

behavioral and neural evidence that acoustic information 

at two discrete timescales (~ 30 ms and ~ 200 ms) is 

preferably coded and that the theta and gamma neural 

bands of the auditory cortical system correlate with 

temporal coding of acoustic information. We then 

propose an computational approach to investigate how 

the cortical auditory system implements canonical 

computations at the two prominent timescales – the 

auditory system constructs a multi-timescale feature 

space to achieve sound recognition. 

1. INTRODUCTION 

Correctly perceiving behaviorally significant sounds—

speech, music, and the acoustic environment—requires 

integrating acoustic information over time to extract 

relevant regularities. A fundamental question about this 

process is: How does the auditory brain integrate 

information of continuously varying sounds, typical of 

many natural auditory signals? To derive the appropriate 

perceptual representations, the auditory system must 

extract rapidly varying information on a scale of 

milliseconds (approximately 10–50 ms), operating with 

high temporal resolution, and concurrently analyze more 

slowly varying signal attributes on a scale of hundreds of 

milliseconds (about 150–300 ms), enabling sufficient 

spectral resolution [1].  

       Here, we first present behavioral evidence that the 

human auditory system extracts fine-grained acoustic 

details at the timescale of ~ 30 ms and integrates auditory 

information over a timescale of ~ 200 ms to abstract 

global acoustic features [2]. We then looked for neural 

correlates for the behavioral finding by entraining the 

human auditory system using sounds with acoustic 

modulations across a wide-ranging timescales. Indeed, 

we found robust neural coding in the theta (4-7 Hz) and 

gamma (30 – 45 Hz) bands, but in between (8 – 30 Hz) 

[3,4]. 

2. BEHAVIORAL EVIDENCE 

We employed a same-different paradigm and tested 10 

participants on  extraction of local and global acoustic 

features. In the local task, two sounds were presented, 

which only differed in the local details; in the global task, 

the global pitch contours of the sounds were different.  

The stimulus length was varied. The participants’ 

performance was best below 50 ms in the local task but 

above 200 ms in the global task. 

 

 

Figure 1. The upper panel shows an example of 

spectrograms for the ‘different’ pair of stimuli is plotted 

separately for the local task and the global task. The 

lower panel shows the results using segment duration of 

30 ms, which demonstrate the opposite effect of the 

stimulus length on the local and global tasks. 

3. NEURAL EVIDENCE 

We generated sounds with temporal modulations across a 

wide temporal range: 5, 10, 17, 25, 37 Hz and presented 

those sounds to 15 participants while measuring their 

neural signals using Magnetoencephalography. We found 

robust neural entrainment in the theta and gamma bands. 
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Figure 2. The upper panel shows an example of 

spectrograms for sounds with modulations in various 

temporal ranges. The lower panel shows the finding of 

neural entrainment. 
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