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ABSTRACT 
It has been found that auditory-visual speech 
perception differs over languages, particularly 
between English and Japanese speakers. This 
difference emerges due to increased use of visual 
information by English speakers between 6 and 8 
years [14]. This study investigates the linguistic 
factors that may cause changes in auditory-visual 
speech perception development. Children aged 
between 5 and 8 years were given tests of reading, 
articulation, language-specific speech perception 
and auditory-visual speech perception. The results 
show that only language-specific speech perception 
predicts auditory-visual speech perception. Possible 
reasons for this relationship are discussed.  

1.  INTRODUCTION 

In perception of speech humans use tactile [1] (see 
also [2]), orthographic [3], and visual [4] speech 
information. This paper concentrates on auditory-
visual speech perception. When the auditory signal 
is degraded, visual speech in the form of face and lip 
movements improves the veridicality of speech 
perception. [5]. Even when the auditory signal is 
undegraded, visual speech information still 
augments speech perception, as shown in the 
McGurk effect [6], in which auditory [ba] dubbed 
onto the lip movements for [ga] is perceived as “da” 
or “tha”. The McGurk effect not only demonstrates 
the influence of visual input in speech perception, 
but has also proven a useful tool in auditory-visual 
speech perception research over the past three 
decades. Here, the McGurk effect is used to 
investigate the development of auditory-visual 
speech perception. 

Developmental data are crucial for understanding 
the nature of auditory-visual speech perception [7]. 
Such data can be gathered by two means: 
ontogenetic studies, in which abilities of individuals  

at different ages are compared, and differential
studies, in which individuals of the same ages, but 
from different language environments are tested [8]. 
Using the differential method, Sekiyama found that 
Japanese listeners were less prone to the McGurk 
effect than their American English counterparts [9]. 
Additionally, Japanese perceivers were found to be 
relatively less susceptible to visual speech influence 
than their Mandarin-speaking counterparts [10] (but 
see [11]). Turning to ontogenetic developmental 
studies, McGurk and MacDonald found an increase 
of visual influence in speech perception over age in 
English speakers, and greater use of visual speech 
information by adults than children [6], and this 
developmental increase has been supported by 
subsequent studies [12, 13].  

In a combination of the differential and ontogenetic 
methods, Sekiyama and Burnham [14] report on 
McGurk effect data from 6-, 8-, 11-year-olds and 
adults from English language and Japanese language 
environments. The participants were tested on the 
McGurk paradigm in auditory-only (A), auditory-
visual (AV), and visual-only (VO) experimental 
conditions and four auditory background noise 
conditions. For English language participants, there 
was a significant increase from age 6 to 8 in the use 
of visual speech information, which was maintained 
across age to 11 years, and adulthood. For the 
Japanese language participants, the use of visual 
information at 6 years was at the same level as for 
English language 6-year-olds, and remained at the 
same relatively low level across age. The critical 
issue that emerges from this study is what happens 
for English-speakers between 6 and 8 years of age 
that causes this shift.  

A number of reasons for the differences between 
English and Japanese speakers were considered by 
the authors, among them cultural factors. In 
Japanese society looking at the talker’s face is 
traditionally inappropriate, and it has been shown 
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that Japanese mothers have less direct conversation 
with their children than their American counterparts 
[15]. Another line of reasoning was linguistic: In 
Japanese, relative to English, there are less visually 
identifiable speech elements, such as labio-dentals 
(eg. /f/ and /v/); there appear to be less extensive 
mouth movements by Japanese talkers; and the use 
of pitch-accent to distinguish lexical items in 
Japanese may mean that less visual information is 
required (but see [16]).  

Neither of these explanations provides reason why 
there should be an increase in auditory-visual speech 
perception specifically in English language children, 
and specifically between 6 and 8 years. The authors 
point out that one of the most significant events that 
occurs between 6 and 8 years is the onset of 
schooling and suggest that studies are required in 
which the effect of new linguistic skills acquired 
around this time, e.g., reading, articulation, on 
auditory-visual speech perception are considered. Of 
particular importance is the onset of reading 
instruction. It has been shown that level of reading 
ability is related to children’s language-specific 
speech perception, measured by the extent to which 
perception of native speech contrasts is superior to 
that for non-native speech contrasts [17]. With 
respect to articulation ability, it has been shown that 
children who make articulatory substitution errors 
are less prone to visual speech influence than their 
non-substituting peers [18], and the effect of 
articulation ability on visual speech perception has 
also been found in adults with cerebral palsy [19]. 

In this study, a number of linguistic factors, some of 
which have been previously shown to shape the 
development of auditory speech perception, were 
investigated in the auditory-visual domain. Four 
groups of Australian-English speaking children 
were tested on their reading, articulation, and 
language specific speech perception abilities; and 
the extent to which each of these predicts 
performance in the use of visual information in 
speech perception over age was investigated.  

2. METHOD 

2.1 Participants 

Eighty-four monolingual Australian English 
language children in four age groups were tested: 5-
year-olds (n=21, Mean=5.40), 6-year-olds (n=17, 
M=6.67), 7-year-olds (n=24, M=7.59), and 8-year-
olds (n=22, M=8.52). Children were recruited from 
public schools in the Sydney area, and all had 
normal hearing and normal or corrected vision.   

2.2 Stimuli 

Auditory-Visual Speech Stimuli. The auditory-
visual stimuli were originally created for another 
recent study [14]. They consisted of /ba/, /da/, and 
/ga/ syllables produced by 2 English and 2 Japanese 
speakers (1 male and 1 female in each language). 
The utterances were captured on videotape, and 
digitized and edited in order to create auditory-only 
(AO), visual-only (VO), and auditory-visual (AV) 
stimuli. The AO and VO stimuli were created by 
deleting the video and audio tracks of the 
recordings, respectively. AO stimuli were presented 
with a frame from the original video recording 
showing the talker with a neutral facial expression. 
Half the AV stimuli consisted of congruent auditory 
and visual components, and the other half of 
incongruent auditory and visual components. There 
were three kinds of incongruent AV stimuli: 
auditory /ba/ + visual /ga/; auditory /da/ + visual 
/ba/; auditory /ga/ + visual /ba/). There were 12 AO 
(3 consonants x 4 talkers), 12 VO (3 consonants x 4 
talkers), and 24 AV (3 consonants x 4 talkers x 2 
congruence types) stimuli, a total of 48 stimuli. In 
addition to the audio-clear condition, a wide-band 
noise (300 Hz – 12000 Hz) with a signal-to-noise 
(SN) ratio of +4dB condition was also employed. 
Hence there were a total of 96 trials. The dependent 
variable was the number of auditory-correct 
responses. From these a visual speech index (VSI) 
score was derived, given by subtracting the 
auditory-correct responses to the AV-incongruent 
(AV-) items from those to the AV-congruent (AV+) 
items. This represents the extent to which there is 
visual influence in the AV-Congruent condition 
over the AO condition, plus that in the AV-
Incongruent condition compared with AO. 
Language Specific Speech Perception Stimuli.
Language specific speech perception stimuli 
consisted of three CV syllables previously used in 
other studies [20]: the voiced bilabial stop [ba], the 
voiceless bilabial stop [pha], and the voiceless 
unaspirated stop [pa], produced by a female native 
Thai speaker. Recordings were digitized and edited 
to wave format. Three exemplars were used for each 
syllable and two sets of 36 speech contrasts (18 
native, 18 non-native in each version) were created. 
The native (English) contrast was [pa] vs [pha] 
(perceived as /ba/ and /pa/ by English language 
speakers), and the non-native contrast was [ba] vs 
[pa] (both perceived as /ba/ by English language 
speakers). Speech contrasts were presented and 
randomized using DMDX [21], and native and non-
native trials were blocked separately. The stimuli 
were presented from laptop computer (Sharp 
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MJ730R) through a loudspeaker (Aiwa SC-B10). 
Responses were collected via external keyboard 
with left and right shift keys labeled “SAME” and 
“DIFFERENT” (label position was counterbalanced 
across participants). The keys were also labeled with 
two green squares (same) and a red circle and a 
green square (different) to make the task more 
comprehensible for the 5-year-olds. The dependent 
variable was the difference between discrimination 
index (DI) scores for native vs. non-native contrasts, 
with DI given by the difference between the number 
of ‘same’ responses on (AA) trials (hits) minus the 
number of ‘same’ responses on different (AB) trials 
(misses) divided by the total number of trials. 
Reading. The reading task consisted of the reading 
subtest of the third version of Wide Range Activities 
Test (WRAT-3) [22]. This consists of 15 letters and 
42 words, presented in order of complexity (e.g. in
to terpsichorean). There are word lists, and these 
were counterbalanced across participants. The 
dependent variable was percent correct from a 
maximum of 57. 
Articulation. The Queensland Articulation Test 
(QAT) [23] was used. The QAT is a 64-item 
picture-naming articulation test based on the 
consonants of Australian English and these are 
tested in initial, medial, and final positions mindful 
of phonotactic restrictions (eg. / / is tested in medial 
and final (swinging, swing) but not initial position). 
A computerized version of the test was developed to 
present pictures on computer via a graphics display 
program, Irfan View [24], which enabled random 
and self-paced presentation of stimulus items. The 
dependent variable was a percent correct.  

2.3 Procedure 

Children were tested individually in quiet rooms at 
their schools. Testing took around 40 to 60 minutes, 
depending on the child’s age. Order of auditory-
visual, reading, speech perception, and articulation 
tasks was counterbalanced. Auditory-visual stimuli 
were presented with a program written in visual 
basic. Conditions (AO, VO, & AV) were blocked 
and block order counterbalanced, with random 
presentation of stimuli in blocks. The auditory 
component of AO and AV stimuli was set at 65 dB, 
and each block was also repeated with band noise. 
Order of clear and noise versions was 
counterbalanced. Participants were asked to watch 
and listen to stimulus presentations and press one of 
the buttons marked ‘BA’, ‘DA’, ‘GA’ on a game 
controller, as promptly and accurately as possible. 
The last frame of each video file was frozen until a 
button was pressed. 5-year-olds indicated their 

responses orally before pressing a key. The next 
trial was presented 1.5 seconds after a response 
button was pressed. For the language specific 
speech perception test the children were asked to 
listen to pairs of native and non-native speech 
contrasts, and to decide whether pairs were same or 
different by pressing one of the response keys on a 
computer keyboard. Reading stimuli were printed 
and presented on a standard card provided by the 
test publisher. The child’s task was to read each 
letter and word on prompt. The test ended after 5 
consecutive errors. For articulation, the children 
were asked to name objects presented in photos on 
the computer monitor. To obtain responses to items 
that could not be photographed, e.g., nothing or that,
the experimenter engaged the child in conversation 
and prompted them to say the target words. Oral 
responses were captured on digital audio tape.  

3. RESULTS 

3.1 Auditory-Visual Speech Perception  

Figure 1. AV congruent (AV+), AV Incongruent (AV-) 
and Auditory-Only (AO) scores. Error bars = standard 
errors.
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AV-Congruent (AV+), AV-incongruent (AV-), and 
AO proportion correct auditory responses are shown 
in Figure 1. VSI scores ([AV+] - [AV-]) were 
subjected to a 4 x (2 x 2) (age x noise/clear x 
stimulus language) analysis of variance (ANOVA) 
with repeated measures on the last 2 factors. There 
was a significant linear age increase in VSI [F(1,80) 
= 6.26, MSe=0.32, p<.02], and VSI scores were 
significantly greater when stimuli were presented in 
noise [F(1,80) = 104.31, MSe=.003, p<.001] - There 
was a significant interaction of background noise 
and the cubic age trend [F(1,80) = 4.82, MSe=.003, 
p<.04], indicating less visual influence for clear 
stimuli at 7 years than at 6 or 8 years. ANOVA of 
VO scores (Figure 2) revealed a significant linear 
age increase [F(1,80) = 10.25, MSe=0.028, p<.003].  
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3.2 Speech Perception, Reading, 
Articulation 

Language specific speech perception (Figure 3) was 
analyzed in a 4 x 2 (age x native/non-native 
contrast) ANOVA. Performance was better on 
native than non-native contrasts [F (1,79)= 168.158, 
MSe=0.069, p < .001], and there was a significant 
linear increase age in combined native + non-native 
scores [F (1,79)= 6.244, MSe=0.075, p < .001]. 
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 Figure 3. Speech perception over age. Bars  =  standard errors. 

For articulation there was a linear increase over age, 
[F (1, 80) = 84.805, MSe=0.001, p < .001], which 
leveled out at 7 and 8 years [FQuadratic (1, 80) = 
12.817, MSe=0.001, p < .001]. Reading also 

improved linearly over age [F (1, 80) = 412.803, 
MSe=26.670, p < .001], with the largest increase 
occurring between 5 and 6 years [FQuadratic (1, 80) = 
5.883, MSe=0.001, p < .02]. (See Table 1.)  

Table  1. Percent correct articulation and reading data. 

3.3 Regression analyses 
Correlations between variables (Table 2) are very 
high between age, reading and articulation, and 
there is a small but significant correlation between 
language specific speech perception and VSI. A 
sequential multiple regression analysis was 
performed with VSI as criterion and four predictor 
variables entered in the order - age, speech 
perception , reading, and articulation. Evaluation of 
assumptions was satisfactory after two outliers with 
standardized residual greater than 3 standard 
deviations were omitted. All individual mahalanobis 
distance values (p<.001) were under the critical 
values set for four IVs. The results, shown in Table 
3 reveal that only language specific speech 
perception significantly predicted VSI. An 
additional multiple regression analysis was 
conducted in which speechreading (VO condition) 
was the dependent variable. However, none of the 

independent variables significantly predicted 
speechreading performance or improved R2 reliably.  

4. DISCUSSION 

Results for auditory-visual speech perception 
support previous studies that visual speech influence 
increases over age in English language children 
[8,14]. The increase is linear, and appears to occur 

5-yos 6-yos 7-yos 8-yos
Articulation 86.98 93.47 95.86 96.77
Reading 13.20 37.25 53.00 67.38

Step Var. B at step β at step R2 at step Final B Final β
1 Age .026 .156 .024 .023 .137 
2 Artic -.049 -.014 .000 .050 .014 
3 Read. .002 .107 .002 .000 .026 
4 LSSP. .147 .281 .077* .147 .281* 

* p < .02
Table 3.  Multiple regression of age, language specific speech 
perception (LSSP), reading & articulation as predictors of VSI.

VSI Age Artic. Read. LSSP 
VSI -     
Age .156 -    
Artic. .104 .709** -   
Read. .157 .916** .727** -  
LSSP .272* -.052 -.093 -.013 - 
* Sig. at α=.05,   **Sig at α= .01 

Table 2. Correlations between variables. 

Figure 2.  VO responses across age. Bars = standard errors
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most between 5 and 6 years (the first year of 
school), though there is an interesting, but as yet 
inexplicable dip in visual influence in clear 
conditions for the 7- vs. the 6- and 8-year-olds. 

Regression analyses showed that only language 
specific speech perception reliably predicts VSI. 
Why should greater relative attention to native 
speech contrasts predict visual influence in speech 
perception? The onset of reading instruction, more 
specifically the onset of instruction in phoneme-
grapheme correspondences, results in attention to 
native speech contrasts, and away from non-natives 
speech contrasts [25]. The opacity of English 
orthography and its one-to-many grapheme-
phoneme correspondences [26] presumably render 
the acquisition of English orthography a challenging 
task [25]. Accordingly, English-speaking children 
may seek information to disambiguate phoneme-to-
grapheme links. It is possible that reading 
instruction affects phonological processing, which 
then improves reading proficiency either directly or 
via visual speech perception (see Figure 4). This 
notion is yet to be investigated.   

Figure 4.  Possible interaction between phonological 
processing, auditory-visual speech perception and reading. 

Unlike previous studies [18,19], no link between 
articulation and auditory-visual speech perception 
was found; neither VO nor AV speech perception  
was predicted by articulation. A possible 
explanation may lie in the stimuli. The QAT does 
not control for vowel context and coarticulation. 
Accordingly the role of coarticulation in AV speech 
perception using locus equations is currently being 
conducted with the QAT data. In addition, 
experiments testing children with phonological and 
motor speech impairments on language specific 
perception, auditory-visual speech perception and 
executive functioning abilities are being designed.  
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