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ABSTRACT

This study investigates neural processes underlying

audiovisual perception of a non-native vowel

contrast using fMRI. Eight native Japanese and

eight native English speakers participated in the

study. The two-alternative forced choice task was to

identify which vowel was present in the CVC

English word presented under audiovisual (AV) and

audio only (AO) conditions. Three sessions were

conducted with different vowel contrasts; two native

contrasts for Japanese ([o-e)], [o-i]), and one non-

native ([o-U]). A block design was employed.

Significantly greater activity between the native

Japanese group and the native English group for the

contrast of AV-AO for the non-native session minus

the native sessions occurs in the cerebellum. A

decrease in activity occurs in the left transverse

temporal gyrus. Increased activity in the cerebellum

is consistent with the hypothesis that audiovisual

non-native phonetic perception utilizes internal

models to a greater extent than audio processing

alone or to audiovisual processing of native

contrasts. Decreases of activity in the right

transverse temporal gyrus suggests that

multisensory integration may involve higher order

mapping of phonetic categories.

1. INTRODUCTION

It is well known that visual observation of gestural

information present in a speaker’s face is known to

improve speech perception especially under noisy

conditions [7]. Brain imaging studies suggest two

potential processes that are involved with this

facilitation. One potential means of facilitation is by

integration of concordant information from multiple

sensory channels within specific brain regions

resulting in enhanced neural activity that is greater

than the combined activity of the unimodal stimuli

presented alone [2,3,4] (Multisensory Hypothesis).

Multisensory integration processing of speech is

thought to be carried out in the superior temporal

gyrus/sulcus STG/S [2,3,4]. Audiovisual facilitation

may also occur through brain regions involved with

internally simulating speech production in order to

recover vocal tract shape information inherent in the

speech signal that can be used to constrain

perceptual identification [2,5] (Internal Model

Hypothesis). Internal models, (closely related to the

‘mirror neuron hypothesis’) are thought to be

instantiated in speech motor areas (Broca’s area,

premotor cortex, anterior insula) as well as the

supramarginal gyrus SMG, superior temporal

parietal area Spt, and the cerebellum [2,3,6].

This study explores underlying neural processes

involved with audiovisual perception of a non-

native vowel contrast. Although brain regions

underlying auditory perception of non-native

phonetic contrasts have been investigated [1], this is

the first study to investigate brain regions involved

with audiovisual perception of a non-native phonetic

contrast. The results of studies of non-native

phonetic perception suggest that internal models

may facilitate perception [1]. It is hypothesized that

audiovisual speech perception of non-native

contrasts will show even greater activity in brain

regions instantiating internal models than audio

presentation alone because the visual signal

provides additional articulatory information that can

be used to internally simulate vocal tract shape. An

additional hypothesis that can be tested concerns

whether the multisensory integration system

requires some form of higher order mapping of the

phonetic categories or whether it is based on

auditory and visual correspondence of the speech

features in stimulation alone. If multisensory

processing is dependent solely on correspondence of

speech features present in stimulation one would not

expect the difference between processing of native

and non-native speech contrasts to be any different

than if they are processed by a native speaker.

However, if multisensory integration is dependent

on a higher order mapping of the phonetic category

then one might expect a decrease in activity in

STG/S for processing of non-native speech contrasts

in relation to perception by a native speaker.
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2. METHODS

Subjects: Eight right-handed native English

speakers and eight right-handed native Japanese

speakers with good English ability.

Conditions: Three different sessions consisting of a

different vowel contrast; two native for Japanese

([o-e],[o-i]) and one non-native ([o-U]). The

conditions of stimulus presentation within each

session consisted of audiovisual and audio only

stimuli presented at different signal to noise ratios

(-6,-10,-14). For this study all the stimuli were

grouped into audiovisual AV or audio only AO

conditions. The baseline condition consisted of a

still face presented without audio.

Task: The two-alternative forced choice task was to

identify by button press which vowel was present in

the CVC English word presented.

fMRI Scanning: 20 Blocks per session; Block length

27.5 sec; 7 stimuli per block; TR=3.93 sec;

4x4x4mm resolution.

3. RESULTS

Brain imaging analysis was conducted using SPM99

(Wellcome, Department of Cognitive Neurology,

University College London). Random effects

analysis using a two-sample t-test was conducted

between the native Japanese group and the native

English group for the contrast of AV-AO for non-

native sessions minus native sessions. Significant

increases for the native Japanese group compared to

the native English group were seen in the left

cerebellum (Figure 1a). Significant decreases for

the native Japanese group compared to the native

English group were seen in the right transverse

temporal gyrus BA41 (Figure 1b).

4. DISCUSSION

The results of the study are consistent with the

hypothesis that audiovisual non-native phonetic

perception utilizes internal models to a greater

extent than audio processing alone or audiovisual

processing of native contrasts (Figure 1a). The

cerebellum has been identified by several studies to

be involved with instantiating internal models

[1,2,6]. The results further suggest that multisensory

integration may involve higher order mapping of

phonetic categories (at least in the region of the

right transverse temporal gyrus) (Figure 1b). Further

research needs to be conducted to determine the

extent to which multisensory processing in other

brain regions is driven by correspondence by

properties in audio and visual stimulation or are

dependent on higher order mappings of phonetic

categories.

Figure 1. Brain activity showing a (A. increase) (B. decrease)
for the native Japanese group over the native English group for

the contrast of AV-AO for non-native sessions minus native

sessions. A. significant increases occur in the cerebellum. B.

significant decreases occur in the right transverse temporal

gyrus. (p<0.005 uncorrected; SVC p<0.05 FDR corrected).
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