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Abstract

The present study investigates the influence of familial
sinistrality on audiovisual speech perception for young adults.
Incongruent video stimuli dubbed over dichotic and diotic
audio stimuli were utilized. Participants’ responses for the
right incongruent, left incongruent and video incongruent
audiovisual stimuli were analyzed. Results indicated
significantly higher proportion of fusion responses
demonstrating increased audiovisual interaction in participants
with familial sinistrality compared to those without familial
sinistrality. Thus, the presence of familial sinistrality
influences the role of visual information on the processing of
audiovisual speech.

Index terms: Familial sinistrality, audio-visual, incongruence,
fusion

1. Introduction

The influence of visual speech on the perception of auditory
stimuli has been demonstrated in various contexts [1, 2, 3]. The
"McGurk effect” [2, 4], which produces a percept of /da/ for a
presentation of auditory /ba/ with a video /ga/ is a well-
documented demonstration of the interaction between the
auditory and visual modalities for audiovisual (AV) speech
perception [5].

Functional differences between the two cerebral
hemispheres were observed early neuropsychological research
in neuropsychology [6, 7, 8]. The phenomenon of cerebral
dominance has long been studied in relation to the hemispheric
distribution of language, music and handedness in the human
brain [6, 9, 10, 11]. Right ear advantage in dichotic listening
tasks has been used to demonstrate left hemispheric
dominance for speech [12, 13]. Right ear advantage makes the
McGurk effect harder to induce, that is, influences audiovisual
integration of speech, when the audio stimulus is presented to
the subject’s right ear [14]. The McGurk effect is testable by
implying simple behavioral methods where the participants
can be instructed to report what they perceive and their
responses can thus be compared to the specific characteristics
of the stimuli [15].

Another aspect, familial sinistrality (FS), a notion
that encompasses having one or more left-handers among
one’s close relatives, has also been shown to have an impact
on lateralization for language [16]. Occurrence of FS is
reported to be either similar between right- or left-handed
individuals [17] or slightly more frequent in left-handed ones
[18]. According to some theories, right-handed individuals
without left-handed relatives (without FS) should be the most

strongly lateralized participants for language functions,
whereas left-handed individuals with left-handed relatives
(with FS) should be the most ambilateral ones [19, 20].

The present study aims to investigate the possible
influence of FS on AV speech perception (and cerebral
dominance) using dichotic and diotic audio stimuli with
incongruent video stimuli which produce a McGurk effect.
The dichotic stimuli are used to throw light on cerebral
dominance for speech and the incongruent video component to
determine AV interaction.

2. Method

2.1. Participants

Forty right-handed young adults, 20 women and 20 men (mean
= 23 years, SD = 2.24 years) with Norwegian as their native
language voluntarily participated in the study. Twelve
participants (5 women and 7 men) reported the presence of
familial sinistrality (FS+). FS was determined based on the
presence of left-handedness in immediate family members
(parents and/or siblings). All participants had bilateral normal
hearing sensitivity with audiometric thresholds equal to or
better than 20 dB hearing level (HL) for octave frequencies
from 0.25 to 8 kHz. All participants had normal or corrected
to normal vision with no history of color blindness or other
disorders related to visual acuity. None of the participants
reported of any neurological, speech and language, attention
or motor disorders. The present study was approved by the
Norsk Samfunnsvitenskapelig Datatjeneste (Norwegian Social
Science Data Services, NSD).

2.2 Speech material / Stimuli

A young female Norwegian speaker was audio and video
recorded uttering the syllables /ba/, /pa/, /ga/ and /ka/.
PDWF800 Sony Professional XDCAM HD422 camcorder and
two Rgde NT1-A microphones were used for recording the
stimuli. The audio recording of each syllable was dubbed on
the video recordings to obtain incongruent audiovisual (AV)
stimuli as shown in table 1. The four auditory and four visual
tokens were paired to create four AV congruent stimuli and 24
stimuli with three types of AV incongruence: 1) Eight dichotic
audio stimuli with video congruent to left ear and incongruent
to right ear (referred to as Right incongruent), 2) Eight dichotic
audio stimuli with Video congruent to the right ear and
incongruent to the left ear (referred to as Left incongruent), 3)
Eight diotic audio stimuli with incongruent Video (referred to
as Video incongruent).



Table 1: Examples of AV stimuli used in the present study.

AV incongruence

Audio segment

Video segment

left right
Video incongruent | /ba/ /ba/ lga/
Right incongruent | /ba/ lga/ /ba/
Left incongruent /ba/ lga/ lga/
Congruent /ba/ /ba/ /ba/

responses than participants without FS [F(1,36)=5.06,
p<0.05)], demonstrating the role of FS on audio-visual
interaction in speech perception. However, participants with
FS and without FS did not differ from each other for the Video
place match responses. The effect of FS on audio place match
and fusion responses was not observed for the responses to
Video incongruent stimuli with velar audio and bilabial video
(AvelVil).

The audio and video editing was performed in
PRAAT and AVID media composer. The video and audio
stimuli in the two channels were synchronized by temporally
aligning the energy release (burst) in the consonant segment of
the stimuli. Each AV stimulus, 1000ms long, started and
ended with a neutral face and lips closed.

2.3. Procedure

The experiment was set up and data were collected using
Superlab (v. 4) run on a iMacll.3 in the Speech Lab,
Department of Psychology at the Norwegian University of
Science and Technology (NTNU), Trondheim, Norway. The
auditory stimuli were presented through K271 studio
headphones at approximately 64 dBA. Participants were
seated facing the monitor (1920 x 1200 pixels) at a distance of
approximately 70 cm. The experiment was run with one
participant at a time. The experiment commenced with
example trials, followed by experimental trials where three
repetitions of each AV stimulus were randomly presented to
each participant. Control stimuli were random presentations of
Congruent AV stimuli. Videos were always presented in the
center of the monitor. The task of the participants was to press
keys on a Cedrus RB-730 response box by choosing from the
options /pa/, /ta/, /ka/, Iba/, /da/ and /ga/, based on the syllables
perceived.

3. Results

Participants” responses for each stimulus were categorized as
matching place of articulation and voicing with respect to the
audio and video components of the stimuli. For the Video
incongruent stimuli, the responses were categorized as audio
place match (Apm), video place match (Vpm) and fusion (Fp).
For the Right incongruent and Left incongruent stimuli, the
responses were categorized as left audio place match (Lpm),
right audio place match (Rpm) and fusion (Fp). With these
dependent variables, repeated measures analyses of variance
(ANOVA) were performed on the responses of the participants
with FS and AV incongruence as independent factors.

As shown in Figure 1, for the Video incongruent
stimuli with bilabial audio and velar video (AviVver), results
(figure 1) reveal a significantly higher proportion of fusion
responses for participants with FS than for participants without
FS [F(1,36)=6.52, p<0.05)]. Correspondingly, participants
with FS had significantly fewer auditory place match
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Figure 1: The proportions of audio place match (Apm), video
place match (Vpm) and fusion (Fp) responses for Video
incongruent stimuli in participants with familial sinistrality
(FS+) and without familial sinistrality (FS-).

Participants responses for the video incongruent
stimuli were also analyzed to examine the effect of voicing
(audio segment of the AV stimuli) on the audio place match
and fusion responses. As shown in Figure 2, a significant effect
of voicing (audio segment of the AV stimuli) on audio place
match and fusion responses was observed for the Video
incongruent (AnilVver) stimuli. Voiceless audio stimuli resulted
in higher auditory place match responses than voiced audio
stimuli [F(1,36) = 37.34, p<0.05)]. Fusion responses were
higher for Video incongruent stimuli with voiced audio than
voiceless audio [F(1,36) = 17.77, p<0.05)].
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Figure 2: Proportions of audio place match (Apm), video
place match (Vpm) and fusion (Fp) responses for audio
voiced and audio voiceless Video incongruent stimuli.

Analysis of responses for Right incongruent and Left
incongruent stimuli with velar video segment, illustrated in
Figure 3, showed a significant main effect of AV



incongruence on the left audio place match [F(1,36)=76.56,
p<0.05)] and right audio place match responses [F(1,36) =
49.87, p<0.05)]. The fusion responses were not significantly
different between the Right incongruent and Left incongruent
stimuli.
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Figure 3: The proportion of audio place match (Apm), video
place match (Vpm) and fusion (Fp) responses for Right
incongruent and Left incongruent stimuli

The responses for Right incongruent and Left
incongruent stimuli also revealed a significant interaction
between FS and AV incongruence. As is shown in Figure 4,
participants with FS had a significantly higher proportion of
fusion responses than participants without FS for Right
incongruent stimuli [F (1, 36) = 6.53, p<0.05)], demonstrating
more fusion between the Video and Audio segment presented
to the right ear. Participants with and without FS had similar
fusion responses for Left incongruent stimuli.
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Figure 4: Interaction between familial sinistrality (FS) and
Right incongruent - Left incongruent stimuli for fusion
responses in participants with familial sinistrality (FS+) and
without familial sinistrality (FS-).

For the Right incongruent and Left incongruent
stimuli with bilabial video segments, an effect of FS on left
place match responses was observed [F(1,36) = 6.19, p<0.05)].
Participants with FS had higher left place match responses than
participants without FS. The proportion of right place match
and Fusion responses were similar for participants with and
without FS.

4. Discussion

The present study discusses the role of FS and its interaction
with stimuli related incongruence factors on the perception of
AV speech stimuli. The McGurk stimuli (diotic bilabial audio
with incongruent velar video) stimuli resulted in significantly
higher fusion responses for participants with familial
sinistrality than participants without familial sinistrality.
Audio place match responses were significantly lower for
participants with familial sinistrality compared to those
without familian sinistrality. .In other words, the influence of
the visual signal on AV speech perception was more apparent
for individuals with FS, even though the video place match
response did not significantly differ between the participant
groups.

Fusion responses were higher for video incongruent
stimuli with voiced audio segment than those with voiceless
audio segment, which demonstrate the participation of the
right hemisphere in the perception of voicing of the audio
stimuli. These findings are consistent with the previous
research showing that the right hemisphere is more involved
in the processing of voicing than place of articulation for stop
consonants [21].

For AV incongruent stimuli with dichotic audio
presentation, perception of place of articulation of the audio
segment was more accurate when the audio was concordant
with the video, irrespective of ear. The results are in agreement
with previous studies which have shown that visual stimuli
congruent to one ear in a dichotic presentation reduce the right
ear advantage [14], otherwise reported for the dichotic stimuli
[10, 13]. General equal distribution of fusion responses for
Right incongruent and Left incongruent stimuli suggests that
concordant video enhances the audio response irrespective of
the hemisphere receiving the congruent AV stimuli, thereby
not resulting in a difference in audiovisual interaction between
the two ears. However, participants with FS had higher fusion
responses when the AV incongruent stimuli were received by
the dominant left hemisphere compared to the right
hemisphere, a difference that was not observed in participants
without FS. These findings suggest lesser left hemisphere
dominance for audiovisual speech perception in participants
with FS [16].

5. Conclusions

The higher proportion of fusion responses, that is, the percept
generated by the interaction of audio and visual segments in
participants with familial sinistrality compared to participants
without familial sinistrality demonstrates the increased
influence of visual information on audiovisual speech
perception. The present study is an attempt to understand the
complex interaction between familial sinistrality, hemispheric
dominance and acoustical characteristics of speech stimuli that
needs further investigation.
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