Effects of Stimulus Degradation and Attention on Hierarchical Auditory Processing: Evidence from Brainstem and Cortical Responses
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* Speech perception in noise depends on efficient
neural enc?dlng across the aUdItOr?’ pat.hway. Intact Passive Condition: Difference Waveforms | Results
* Temporal fine structure (TFS) provides important , 2 " . .
pitch and spectral information for speech el [EEE | Frequency-Following Response
perception. 1 P * Intact stimuli elicited larger FFR amplitudes than degraded stimuli.
° Although both aAcoustic degradat|on and attention < 0 e Active IiStening enhanced FFR amplitUdeS across conditions.
influence auditory processing, their effects on ==l * Brainstem responses were sensitive to pitch differences for intact stimuli,
brainstem—cortical pitch encoding are not fully I e £ s . o whereas degraded stimuli showed reduced pitch encoding.
understood. G oy * The effect of pitch difference depended on stimulus quality, with greater pitch-
* This study examined how TFS degradation and A p— Passive: 1 STvs 0 ST —— Passive: 2 ST vs 0 ST —— Passive: 4 ST vs 0 ST related modulation for intact than degraded stimuli.
attentional state influence pitch processing from >
the brainstem to cortex : . .
AIM:To investigate the effects of stimulus Intact Active Condition: Difference Waveforms Object-Related Negativity
’ Cz
degradation, attention, and semitone differences on 49400 J In.tac.t '.StIm.U|I ellc!ted I.”ObUSt ORN responses, indicating successful cortical
: : : 1.5 discrimination of pitch differences.
Qeural processing at subcortical and cortical levels. / | A
* ORN responses were substantially reduced or absent for degraded stimuli,
0.5 //—/\ . . . - - .
e — suggesting impaired early cortical pitch processing
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Participants: -200 100 A 05 100 206 300~ 400 508 600 700
: o Time(ms) P400
43 young adults with normal hearing g
I ORN | Active: 151 vs 0 51 Active: 2 51 vs 0 51 Active: 4STvs0S o P400 amplitudes varied systematically with pitch differences for intact stimuli.
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Stimuli: * Degraded stimuli failed to show reliable pitch-dependent modulation of P400.
Concurrent CVVC stimuli Degraded Passive Difference waveform * The effect of pitch difference was preserved only when TFS cues were available.
Semitone differences: 0, 1, 2, and 4 semitones g
Intact condition 15
Degraded condition (TFS removed) ai / Conclusions \
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. N i — gl \d\'g-‘? . .,r‘.ﬂ’%w Stimulus Effect: Intact stimuli elicited stronger brainstem and cortical
aske | | | 200 100 5 05 100 200 300 00 500 600 700 responses than degraded stimuli, demonstrating the critical role of
Passive listening: watching a silent movie g s temporal fine structure cues in neural encoding of speech.
Active listening: identified pitch differences using s 15 —  1ST-0ST ——2ST-0ST ——4ST-0ST
button press < 2"
Recordings Attention Effect: Active listening enhanced neural processing across the
Cz Degraded Active Difference waveform - - : C - ‘l:
Simultaneous recording of brainstem and cortical ERPs 25 auditory pathway, indicating that attentional engagement facilitates
1.5 - . . ° °
Frequency-Following Response (FFR) N auditory encoding and higher-order perceptual processing.
Ii)‘}tg(e)ct-Related Negativity (ORN) ii W A S~ S . | | | | | |
200 100 5 05 100 200 300 To0 500 L Semitone Effect: Neural responses varied systematically with semitone
g - Tine(ms) differences for intact stimuli but not for degraded stimuli, suggesting that
Statistics g 15 ——1ST-0ST ——2ST-0ST ——4ST - 0ST TFS degradation reduces the auditory system's ability to discriminate
Linear Mixed-Effects Models e ksemltone dlfferenceS. /
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