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Neural basis of auditory speech processing: a dual 
stream model1,2 (Fig 1A)
• Ventral pathway: spoken word recognition (e.g., a so-called 

auditory word form area (AWFA) with lexical 
representations for spoken words3-5, paralleling the visual 
word form area for reading).
• Poster 241.23 at SFN this year.

• Dorsal pathway: sensorimotor integration via a bidirectional 
connection between the posterior superior temporal cortex 
(pSTC) and the premotor cortex (PMC)6,7 (e.g., mapping 
speech sounds to their corresponding motor articulations 
through an “inverse” model)8.

Neural basis of visual speech processing (Fig 1B)
• The so-called temporal visual speech area (TVSA) in the 

ventral pSTC (Fig 1B) responds more to visual speech than 
non-speech gestures9,10.

• This region is part of a third, lateral visual pathway posited 
to be important for social perception11.

Objective
• Although visual cues (i.e., lipreading) provide important 

information for articulation and perceiving speech, it is 
unclear if and how the TVSA interfaces with the dual-stream 
pathways for speech processing.

• We hypothesized that visual speech interfaces with both 
streams — the AWFA and PMC showing selectivity for 
speech over non-speech stimuli, as well as coupling 
between these areas and the TVSA (Fig. 1C).

• To test our hypotheses, we conducted two localizer scans 
to identify the AWFA, PMC, and TVSA for each individual 
subject. We then examined the crossmodal activation 
profiles and functional connectivity between our three ROIs.

Experimental Design

Defining Individual-subject ROIs
Regions-of-interest (ROIs) were 
defined through contrast masking at 
the first-level analyses based on 
methods from the literature (SPM12).
Contrasts
• AWFA & PMC: RW versus Silence 

(p<0.001, uncorrected) masked by 
the contrast of RW versus Scrambled 
Words (p-uncorrected<0.05).

• TVSA: Speech versus Gesture 
(p<0.001, uncorrected) masked by 
Speech versus Scramble (p<0.05, 
uncorrected).

ROI clusters and sizes: Thresholds 
were adjusted to obtain clusters 
closest to the literature coordinates 
that were between 10 and 50 voxels.

Conclusions
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• In both the AWFA and the PMC, we found greater activation 
for speech over gestures and our control stimuli during visual 
speech processing. There is also significant functional 
connectivity between the TVSA and AWFA, and the TVSA and 
PMC.

• Our activation and functional connectivity provides evidence 
that the TVSA interfaces with both auditory speech processing 
streams when perceiving visual speech (i.e., lipreading).

• Our findings provide further insight into how visual speech 
processing couples with the dual-stream auditory speech 
network.

• Integration with the dorsal stream could subserve the 
learning of speech articulation as part of the “inverse” 
model8.

• Integration into the ventral stream is compatible with this 
stream’s role as the speech comprehension pathway, where 
the AWFA as a lexicon for spoken words could be a substrate 
for lipreading.

Auditory Regions Selective for Visual Speech

Functional Connectivity Between Auditory and Visual 
Speech Regions

Speaking faces Non-speech gestures Scrambled (Scrb)

Figure 2: Localizer Experimental Paradigms. A. Slow ER paradigm used in the auditory
localizer scan. Figure adapted from Damera et al. (2022)4. B. Continuous acquisition
paradigm used for the visual speech localizer scan. C. Example stimuli for the visual speech
localizer, first used in Bernstein et al. (2011)8. The “scrambled” control stimuli were created by
scrambling the temporal order of the video frames from the stimuli in the first two conditions.
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Auditory word localizer (Fig. 2A)
• Task: Participants responded 

with a button press if any of the 
4 stimuli in a short block was a 
repeat.

Visual speech localizer (Fig. 2B)
• Task: 1-back. Subjects 

responded with a button press if 
any of the stimuli was an 
immediate repeat.

Acquisition Parameters:
• 3T Siemens TIM Trio scanner 

with 12-channel head coil 
(N=17).

• 3T Siemens Prisma scanner 
with 64-channel head coil (N=3).

• Auditory word localizer: TR=9s;
TA=1.5s.

• Visual speech localizer: 
TR=2.04s.

Subjects: 20 right-handed English speakers (15 females). Ages 18-26.

Fig 3. Individual-subject ROIs. AWFA:
auditory word form area, PMC: premotor
cortex, TVSA: temporal visual speech
area. Literature coordinates were used
as reference locations when choosing
clusters for individual-subject ROIs.

Fig 4. Activation profiles for A. auditory word processing and B. visual speech processing. One-tailed paired t-
tests. p*<0.05, p**<0.0001. Error bars indicate within-subject SEM.

• Significant activation differences in the AWFA during visual speech processing 
compared to gesture (p=0.0003, one-tailed) and the scrambled control stimuli 
(p=0.0357, one-tailed).

• The PMC shows greater selectivity for visual speech over the control (p=0.0099, 
one-tailed).

Auditory word processing
• Functional connectivity between the TVSA with the PMC (p-FDR=0.0343) and 

the AWFA (p-FDR=0.00034) during auditory word processing.
Visual speech processing
• There is significant functional connectivity between the TVSA with the PMC (p-

FDR=0.001) and the AWFA (p-FDR=0.0153).
• However, no significant connectivity between the AWFA and PMC during visual 

speech processing (p-FDR=0.247). 

Fig 5. Correlation coefficient values representing ROI-to-ROI stimulus driven functional connectivity A.
auditory word processing and B. visual speech processing. Connection threshold: p-uncorrected<0.05, two-
sided. Cluster threshold: ROI-level p-FDR <0.05. Asterisks indicate significant connectivity at the thresholds.
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Fig 1A. Model of auditory speech processing from Rauschecker & Scott
(2009)1 with the AWFA3 (blue) and PMC (purple) included. B.
Neuroanatomical model of audiovisual speech perception in the left
hemisphere. Audiovisual speech is processed in auditory (blue) and visual
(pink) areas projecting to amodal (green) regions. Figure adapted from
Bernstein & Liebenthal (2014)9. TVSA location (red) based on Bernstein et
al. (2011)8. C. Regions-of-interest from the auditory and visual speech
processing models as part of our hypotheses.
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