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Digit sequence recall task
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Participants
• Native English young adults with normal hearing (age: 18–30 years)
• Behavioral study (N=27) and EEG study (N=13)  

Stimuli
• Naturally-spoken digits (1–9), recorded by eight native American-English   
     talkers (4 female; 4 male)
• Durations of all recordings were normalized to 550 ms (Praat ver. 5.3).

Task design
• Design (2 talker × 2 stimulus rate): 
  - Talker conditions: digits spoken by one single talker vs. multiple talkers 
  - Stimulus rate conditions: 0- and 500-ms inter-stimulus intervals (ISIs) 
    between the digits in the sequence during encoding
 
  

 Behavioral data
• Proportion of correct recall; log-transformed onset response time
• E�ciency score =  mean proportion correct / mean onset RT

Electroencephalography (EEG):
• 64-channel active EEG system (BioSemi); sampling at 2000 Hz; 1–100 Hz �l-  
 tered; downsampled at 1000 Hz
• Data processing and analysis with Matlab, Fieldtrip toolbox [7], and custom- 
 ized scripts
• Time-frequency analysis: average reference; Morlet wavelet; 7 cycles for
 each frequency in 1-30 Hz; grand average baseline –0.5 s pre-trial 

• Speech processing can be cognitively demanding, especially when the   
 acoustics of incoming speech signals are highly variable [1].
•  The human auditory system perceptually adapts to speech characteristics  
 of a talker (i.e., talker adaptation). Such adaptation is known to facilitate   
 rapid and accurate speech recognition [2, 3].
• Neural oscillatory power re�ects cognitive e�ort during listening and audi-  
 tory working memory maintenance (e.g., alpha (8-12 Hz) and theta (5–7 Hz)  
 power modulations [4, 5, 6]).
• Research Questions:
 - Do the facilitatory e�ects of talker adaptation persist beyond immediate   
     speech recognition?
 - Do the bene�ts from talker adaptation change with the amount of time to  
   process incoming speech?
 - Does neural oscillatory power re�ect facilitatory e�ects of talker adapta-  
   tion during both speech encoding and working memory retention?

Discussion
• Talker adaptation enhances accuracy and leads to fast-  
 er recall during working memory for speech.
 

•  Talker adaptation promotes e�cient working memory   
 for speech information, especially when listeners must   
 process speech rapidly.
 

• Talker adaptation potentially reduces cognitive demands   
 during speech encoding as re�ected in reduced alpha os-  
 cillatory power.
 

• Frontal theta power synchronization is stronger during   
 working memory maintenance of perceptually adapted   
 than unadapted speech information.
 

• Behavioral e�ciency bene�t from talker adaptation is 
 potentially re�ected in the modulation of frontal theta    
 power during working memory retention. 
 

• Our results suggest that voice continuity in fast speech   
 allows auditory streaming [8] and reduces cognitive    
 load,  whereas non-continuity and slower speech rate    
 may lead to the formation of multiple auditory objects.   
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A Recall accuracy
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Behavioral recall performance in 2 (talkers) × 2 (stimulus rate; ISI) conditions. 
(A) Response recall accuracy. (Top) Average recall performance across digit se-
quence positions, and across participants. (Middle) Individual differences in 
recall performance benefits from hearing single vs. multiple talkers. (Bottom) 
average recall performance across participants. as a function of digit position 
in the sequence. (B) Response onset time. (C) Efficiency score of digit sequence 
recall. Top and middle panels have the same illustration scheme as (A).

lo
g 

(E
�

ci
en

cy
)

EEG responses throughout the trial. The EEG experiment tested two stimulus presentation rates (0- and 500-ms ISIs). Grand average neural responses of N=13 participants for the faster (left) 
and slower (right) presentation rates. (Top) Evoked response potentials relative to the trial onset in the single vs. multiple talker conditions. (Middle panels) Time-frequency representations 
during  task performance in the single and mulitple talker conditions. (Bottom) Grand average of difference (∆: Single–Multi) in oscillatory power. 
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