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Abstract 

Research has shown that speech segment perception is 
predominantly a function of the left hemisphere. The aim of 
this study is to determine if the visual field in which visual 
speech is presented affects the audiovisual percept. Results 
show increased audiovisual fusion in the right visual field and 
exclude that the difference was a result of facial asymmetry. 
Findings indicate more efficient early audiovisual processing 
in the right visual field, likely associated with early left 
hemisphere brain functions for speech segments. 
Index Terms: audiovisual speech, asymmetry, brain function

1. Introduction 
 Speech perception is known to be affected by both auditory 
and visual information (e.g., [1]). Human faces and the visual 
information they provide are nevertheless not symmetrical. In 
audiovisual speech perception, visual cues must be extracted 
from relevant portions of the speakers face [2]. The current 
study aims to broadly determine whether the relevant visual 
cues for speech segments are available through gestures 
resulting from asymmetrical motor control in speech 
production, or perceptual advantages due to lateralization in 
speech processing.  

1.1. Laterality in speech production 

 Many simultaneous movements occur in a speaker´s face 
during speech production. Attempting to map the frequency 
of the complex facial movements during speech, Munhall and 
Vatikiotis-Bateson [3] found that whereas the spectra for 
different facial areas are very similar in shape, they have 
larger power near the bottom lip and the chin and decreasing 
power further away from the mouth. Not surprisingly, this 
indicates greater movement in the area around the mouth 
during speech. Wolf and Goodale [4] found that the right side 
of the mouth opened wider and faster for both verbal and non-
verbal movements of the mouth. A related study [5] showed 
lip asymmetry to be accentuated at the beginning and ends of 
vocalization. Furthermore this tendency for right-side 
movement increased with the complexity of the required 
movement.  
  The mouth has repeatedly been found to exhibit the 
most facial movement during speech production with an 
asymmetry where the right side has more movement than the 
left side. With the contralateral motor control of the lower 
face, the greater movement in the right side of the mouth 
during speech production corresponds to left hemisphere 
control of speech gestures (e.g., [6]). 
 

1.2. Laterality in speech perception 

Results for audiovisual speech production is consistent with 
research broadly indicating a dominance for the left 
hemisphere in both production and perception of speech 
segments [7] 
  Findings suggesting left hemisphere dominance for the 
perception of visual speech information have been shown.  In 
a study with still images, response times were found to be 
significantly faster for face orientations that fell in the right 
visual field [8], indicating that the left hemisphere could be 
more efficient than the right hemisphere at processing lip-
shape from a photograph even when the image portrays a 
speaker that has just initiated speech production. 
  However, as illustrated in Figure 1, in the case of face-
to-face communication, information from a speaker’s right 
facial side would primarily come to the perceiver’s left visual 
field and indicate a right hemisphere advantage for visual 
speech perception. Indeed, for consonant perception Nicholls, 
Searle and Bradshaw [9] showed greater use of visual input 
from the right side of the mouth. This suggests a laterality 
effect for visual speech perception that would favor a 
perceiver’s right hemisphere, which is contrary to the 
expectation that perceivers would optimize use of their 
general left hemisphere dominance in the perception of 
speech segments.    
 

  
 

Right 
face side 

Left face 
side 

Right 
hemisphere 

Left 
hemisphere 

Left visual 
field 

Right visual 
field 

Figure 1. Illustration of a perceivers visual 
processing of a speaker´s face. (Picture 
used with the speakers permission.)
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1.3. Current study 

  Together these studies appear to suggest contradictory 
expectations for hemispheric advantage in audiovisual speech 
perception. One the one hand, research has shown that 
speakers have greater movement on the right side of their 
mouth during speech production, which in face-to-face 
communication would be in the perceiver´s left visual field 
and indicate a right hemisphere function in speech perception.  
This, however, is inconsistent with general findings broadly 
indicating left hemisphere dominance in speech segment 
perception (e.g., [7]), which would correspond to a preference 
for visual cues in the right visual field, which in face-to-face 
communication would most optimally be acquired from the 
left side of a speakers face. 
  Whereas certain areas of the face may be more active 
during speech production than others, more movement does 
not necessarily imply greater visual salience for speech 
perception. Perceivers appear to selectively attend to portions 
of a speakers face depending on the task they are given. 
Swerts and Krahmer [10] found that perceivers focused on a 
the left side of a speakers face when doing a prosodic task, 
whereas Nicholls et al. [9] have shown that perceivers focus 
more on the right side of a speaker’s mouth in a task on 
speech segments.  
  This raises the question of whether the influence of 
visual information on speech perception may be associated 
with differential brain functions of the left and right 
hemisphere. If so, a right visual field advantage would be 
expected in the perception of audiovisual speech segments. 
This may, however, change in the course of processing.  
  The current study addresses these issues by presenting 
incongruent audiovisual stimuli to the left, right and central 
visual fields as a behavioral test of laterality. Stimulus length 
was adjusted to assess the progression of processing. Facial 
asymmetry and the consequences of differential information 
from each side of the face is controlled by including an 
original and mirror-image of the video. 

2. Method 

2.1. Participants 

Twenty (8 male, 12 female) young adults (range=21-31yrs, 
M=25yrs) took part in the study. All participants reported 
normal hearing, and normal or corrected-to-normal vision, 
and were right-handed based on the Edinburgh Handedness 
Inventory [12].  

2.2. Stimuli 

As shown in Table 1, audiovisual syllables incongruent for 
consonant place of articulation [1] were developed based on 
the syllables /ba, ga/ and /bi, gi/. 

Table 1. Audio and video components for the four 
stimulus syllables incongruent for place of 

articulation. 

Audio component Video component 
ba ga 
bi gi 
ga ba 
gi bi 

 
 
 

The audio signal was balanced to the right and left ears over 
AKG K271 headphones and was set to 68 dBA for all 
participants. The video was presented either in its original 
image or as a mirror image of the original. The video had a 
resolution of 640x480 pixels and was positioned in the center, 
-700 pixels to the left of center (corresponding to the left 
visual field), or +700 pixels to the right of center 
(corresponding to the right visual field) on a 17-inch monitor 
with a resolution of 1440 x 900 pixels.  
  Each stimulus was presented in six lengths measured 
from immediately before the consonant release: 80ms, 120ms, 
160ms, 200ms, 240ms, and 280ms.  

2.3. Procedure 

Stimuli were presented in a forced-choice speeded 
identification task. Each trial began with a fixation point 
centered on the monitor, followed by one of the incongruent 
stimuli. Immediately following the end of the stimulus, the 
fixation point reappeared and remained on the monitor until 
either a response was given or 2 seconds elapsed. The 
participants were instructed that the stimuli could be very 
short and seem unusual. Their task was to keep their eyes 
focused on the fixation point, and for each trail, to quickly 
select the one response alternative (“b”, “d”, or “g”) which 
best corresponded with the consonant they perceived. 
  With two repetitions of each stimulus, a total of 288 
trials was presented: 4 incongruent syllables x 2 image 
mirroring x 3 monitor positions x 6 stimulus lengths x 2 
repetitions. The experiment took approximately 25 minutes, 
and participants had a short pause halfway. 

3. Results and Discussion 
Responses were tabulated based on whether they matched the 
audio component (A-match) or visual component (V-
response) of the stimulus, or were intermediate (AV-fusion) 
to the audio and visual components [1]. With these as 
dependent variables, data were analyzed in repeated measures 
ANOVAs with monitor position (left, center, right), stimulus 
length (80ms, 120ms, 160ms, 200ms, 240ms, 280ms) and 
imaging (original, mirror) as independent variables. Results 
are presented in Figures  through . 
  As is illustrated in Figure , a main effect of monitor 
position was observed for A-match [(F(2,38)=15.71, p<.001], 
AV-fusion [F(2,38)=7.34, p=.002] and V-match responses 
[F(2,38)=24.88, p<.001]. As expected given the central 
fixation point at the start of each trial, pair-wise comparisons 
show that compared to the left and right sides, visual 
information (V-match) positioned in the center of the monitor 
had the greatest impact on syllable perception (center vs left: 
p=0.001; center vs right: p<0.010), with the consequence of 
reduced use of audio information (center vs left: p<0.001; 
center vs right: p=0.010). Furthermore, positioning the video 
on the monitor´s right side, which is most directly sent to the 
a viewer´s left hemisphere, lead to a reliably higher percent of 
AV-fusion responses than presenting it on the monitor´s left 
side (p=0.001). 
  Figure  illustrates that in all monitor positions 
perceivers predominantly used visual information at the 
shortest stimulus lengths, with audio information taking over 
when the stimulus reached 160-200ms or more. The 
percentage of V-match [(F(5,95)=91.31, p<.001] and AV-
fusion responses [(F(5,95)=15.33, p<.001] were both reliably 
greater at the shortest stimulus lengths. As participants are 
given longer portions of the stimulus, from 200ms, they relied 
almost exclusively on auditory information [(F(5,95)=269.2, 
p<.001]. 
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Figure  Percent responses which were A-match, AV-fusion,  
V-match, or nonmatch for videos presented to the left, in the 
center and to the right on the monitor. 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

Figure  Percent responses which were A-match, AV-fusion, 
V-match, or nonmatch for six stimulus lengths. 

 
Notably, as illustrated in Figure , an interaction of stimulus 
length and monitor position for AV-fusion [F(10,190)=3.40, 
p<.009] revealed that at the shortest stimulus lengths (80ms, 
120ms, 160ms) significantly more AV-fusion responses were 
given in the right than the center or left monitor position, 
whereas from 200ms on, more AV-fusion responses were 
given for videos in the center than on the left or right of the 
monitor. These findings suggest an early right visual field 
advantage for audiovisual integration. 

Finally, no effect of, or interactions with, image 
mirroring was observed, indicating that findings are the result 
of perceiving the entirety of the speaker’s face rather than 
facial asymmetry in production.  
 

4. Conclusions 
Previous research showing facial asymmetry with audiovisual 
speech perception has demonstrated an asymmetry in the use 
of facial region for segmental audiovisual processing, with 
preference for the right side of the face. This research has, 
however, not provided a potential explanation for the 
selective use of facial areas, nor determined whether this 
preference may be due to asymmetry of facial gestures during 
speech production, a perceptual effect, or a combination of 
the two.   
  The current study proposes that facial area preference 
may be associated with general dominance of the left 
hemisphere for speech segment processing. To test this, 

audiovisual stimuli of different lengths were used to track the 
temporal progression of audiovisual processing for stimuli 
presented to the left, right and center visual fields, and 
controlled for the possible asymmetry in facial gestures 
during speech production using image mirroring.   
   Findings show no effect of image mirroring, which 
excludes that the observed pattern of results can be  
accounted for by asymmetry in facial gestures during the 
production of speech segments, and further indicate that 
results are likely associated with general left hemisphere 
brain functions in the perception of speech segments.  
  Swerts and Krahmer [10] observed differences between 
the vertical halves of the face which, they conclude, indicates 
that the left side of the face has more cue value than the right 
side for perception of prosody. Given the current results for 
speech segments, a corresponding expectation is that visual 
cues from the left side of the face may well follow from the 
general right hemisphere dominance for the perception of 
prosody in speech.  
  The perception results show increased audiovisual 
fusion in the right visual field, in particular, for short stimuli 
up to 160ms. From 200ms audiovisual fusion was greatly 
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Figure : Percent video responses (top panel), audio 
responses (middle panel) and audiovisual fusion responses 
(bottom panel) for six stimulus lengths presented on the left 
of the monitor (light grey bar), in the center (white bar), 
and on the right of the monitor (dark grey bar). 
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reduced. The more efficient audiovisual processing with 
visual speech in the right visual field observed in the current 
study and previous research [8] is likely associated with more 
general left hemisphere brain functions for speech segments 
[7]. They further indicate a timeline whereby audiovisual 
fusion first occurs in the left hemisphere before spreading to 
the right hemisphere. That previous research has found the 
speaker´s right face half to provide visual cues may be 
tapping into a later phase of audiovisual integration. This 
suggests that a timed task is need in to observe hemispheric 
advantage for visual cues associated with speech segments.  
  Overall, the study suggests an explanation for what 
appeared to be contradictory findings in previous research, 
and suggests an account of processing the visual cues in 
audiovisual speech in a manner which is consistent with 
general observations of asymmetric processing of speech.  
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