
Are there voice specific processing mechanisms? Intensity changes recruit more sensory 
processing resources if associated with vocal as compared to nonvocal sounds

Ch i th i t it f b th l d l d b ti ll l t

Are there differences between male and female listeners?

• MMN amplitudes were larger in female than in male listeners if a vocal stimulus sequence 
was interrupted by a sudden loud vocal deviant (F(1 38)=3 87 p< 05)
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Abstract Methods
Changes in the intensity of both vocal and nonvocal sounds can be emotionally relevant. 
However, as only vocal sounds directly reflect communicative intent, intensity change of 
vocal but not nonvocal sounds is socially relevant. Here we investigated whether a 
change in sound intensity is processed differently depending on its social relevance. To 
this end, participants listened passively to a sequence of vocal or nonvocal sounds that 
contained rare deviants which differed from standards in sound intensity. Concurrently 
recorded event-related potentials (ERPs) revealed a mismatch negativity (MMN) and 
P300 effect for intensity change. Direction of intensity change was of little importance for 
vocal stimulus sequences, which recruited enhanced sensory and attentional resources 
for both loud and soft deviants. In contrast, intensity change in nonvocal sequences 
recruited more sensory and attentional resources for loud as compared to soft deviants.

was interrupted by a sudden loud vocal deviant (F(1,38)=3.87, p<.05)

• Given that sex differences appeared for vocal but not for nonvocal sounds, one may infer 
that these sex differences reflect differential sensitivity to social information

• Females showed greater responsiveness to emotional events in general: MMN peaked 
earlier in females, compared to males (F(1,38)=5.09, p<.05); P300 amplitudes were larger 
in females as compared to males over posterior regions (F(1,38)=17.91, p<.001) 

These findings, consistent with previous research, suggests that human vocalizations 
engage dedicated processing mechanisms We demonstrated that intensity changes

Procedure

• Participants watched a silent movie with subtitles while passively listening to an 
auditory oddball sequence made up of standard sounds, comparable in their acoustic 
properties, and rare deviant sounds that differ from standards (either higher or lower 
sound intensity)

• Separate blocks were presented, one with “vocal sounds” (meaningless syllables 
“dada”), and another with “nonvocal sounds” (synthesized sine waves with the same 
temporal, fundamental frequency, and amplitude patterns as the original vocal sounds)

• We recorded two event-related potentials (ERP) from the scalp, the MMN and P300

Discussion
recruited more sensory and attentional resources for loud as compared to soft deviants. 
This was reflected in markedly larger MMN/P300 amplitudes and shorter P300 latencies 
for the loud as compared to soft nonvocal deviants. Furthermore, while the processing 
pattern observed for nonvocal sounds was largely comparable between men and women, 
sex differences for vocal sounds suggest that women were more sensitive to their social 
relevance. These findings extend previous evidence of sex differences in vocal 
processing and add to reports of voice specific processing mechanisms by demonstrating 
that simple acoustic change recruits more processing resources if it is socially relevant.

Importance of nonverbal communication

engage dedicated processing mechanisms. We demonstrated that intensity changes 
recruit more sensory processing resources if they are associated with vocal as compared 
to nonvocal sounds. Vocal intensity deviants may call for sensory and attentional 
resources regardless of whether they are loud or soft, while nonvocal intensity deviants 
recruit comparable resources only if they are loud and hence physically salient. Intensity 
decreases capture attention more rapidly if they occur within vocal as compared to 
nonvocal sound sequences.

Vocalizations play an important role in human interactions; therefore, it is not surprising 
that the primacy of vocal over nonvocal signals is seen across individuals. On the other 
hand, there are also subtle interindividual differences in vocal processing: females appear 
more sensitive than males to sudden loud as compared to soft vocal expressions It could
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Mismatch negativity (MMN)
• Reflects the comparison between incoming sensory information

and an existing short-lived sensory memory representation,                                   
which is updated in case of a mismatch (Näätänen et al., 2005)

• Elicited to rare and unattended acoustic change, which may                                   
reflect a change detection mechanism (e.g., Näätänen et al.,                                   
2005; Schroeger & Wolff, 1998)

• Subtracting the ERP elicited to standards from that elicited to deviants reveals an MMN 
that peaks around 200 ms following stimulus onset with a fronto-central distribution 

Introduction
Importance of nonverbal communication

• Nonverbal signals (e.g. gestures, facial expressions, tone of voice) accompany language; 
however, both speakers and listeners are less aware of nonverbal information, compared 
to verbal information (Prinz, 2006; Schirmer et al., 2005)

• Despite our lack of awareness, we nonetheless possess dedicated neural mechanisms for 
the processing of nonverbal cues, which may call for attention if emotionally relevant 
(Palermo & Rhodes, 2007)

• Nonverbal signals represent important stimuli, and have primacy over the processing of 
other information
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more sensitive than males to sudden loud as compared to soft vocal expressions. It could 
be that while vocal sounds may be special to both men and women they are particularly 
special to women.  Moreover, the present results support the view that sex differences in 
nonverbal processing reflect greater social interest and interpersonal sensitivity in females 
as compared to males (Hall et al., 2006; Schirmer & Kotz, 2006).
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P300

• ERP that follows the MMN; considered an additional marker of change-detection

• P300 is larger in active as compared to passive paradigms, so may reflect attentional
processes such as orientation towards a target (Alho et al., 1998; Friedman et al., 2001; 
Mecklinger et al., 1998).

• Larger P300 amplitudes associated with increased attention capture and enhanced 
stimulus encoding
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(A) Difference waves obtained 
by subtracting standards from 
physically identical deviants. 
Differences waves of loud vocal 
sounds (solid black line), soft 
vocal sounds (solid gray line), 
loud nonvocal sounds (dotted 
black line) and soft nonvocal• Brain structures that mediate the primacy of vocal over nonvocal sounds have been 

relatively well established (for a review see Belin et al., 2004)

• However, we know little about the time course of vocal and nonvocal processing

Sex Differences

• Females, compared to males, are more sensitive to emotional photos (e.g. snakes; 
Bradley et al., 2001), and nonverbal expressions (e.g. emotional faces and voices; 
Schirmer et al., 2005)

• Females may possess a general emotional sensitivity and/or socially relevant sensitivity
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Peak latencies and amplitudes were subjected to separate ANOVAs with intensity 
(loud/soft), stimulus (vocal/nonvocal), electrode position (anterior/posterior) and 

black line) and soft nonvocal 
sounds (dotted gray line) are 
presented for female and male 
listeners. (B) Difference waves 
presented again for a single 
electrode site.

Predictions

• Sensory processing and attention capture are facilitated for vocal as compared to 
nonvocal sounds

• Acoustic changes (e.g. change in volume) are more relevant to listeners when they occur 
in voice sounds, and therefore are processed faster and more thoroughly

• Females, compared to males, may be more sensitive to all intensity changes, and/or 
especially sensitive if changes are socially relevant (voice), compared to socially irrelevant 
(nonvoice)
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hemisphere (left/right) as repeated measures factors and sex as a between subjects 
factor.

Are vocal sounds special?

• The extent to which listeners engage auditory change detection mechanisms reflected by 
the MMN differs as a function of social relevance

• MMN amplitudes were larger for intensity change in vocal as compared to nonvocal
stimulus sequences (F(1,38)=11.91, p<.005)


