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Abstract

The study aimed to evaluate the developmental changes of audio-visual integration using McGurk phenomenon
and the integration of voicing cue in normal hearing Kannada speaking participants. One hundred and fifry
participants, age ranging from 6 years to 20 years were chosen for the study and were divided into six groups (25
participants in each group) based on age. Auditory and visual recording of six stop consonants in combination
with vowel /a/ was done and stimuli were prepared for four conditions: audio only (AO); visual only (VO); audio-
visual congruent (AV+); and audio-visual incongruent- for studying McGurk effect and audio-visual integration
of voicing cue. Two way MANOVA and test of equality were used for analysis of data. Results revealed that all .
groups performed equally in AO condition. In VO condition, better responses were observed in 6 107.11 year
olds and 16 to 20 year olds. Audio-visual congruent condition resulted in 100% correct response by all the age
groups. In McGurk task, 8 to 9.11 year olds performed poorly. There was no significant difference between the
performance of 6 to 7.11 year old children and of 9 years or older. It can be concluded that the developmental
changes of audio-visual integration of Indian children are different from the developmental changes reported in
western studies. The assessment of phonology, reading and writing skills of the children whilst looking into the
audio-visual integration will give better insight about the process. It can also be concluded that it is important
to study the female and male participants separately and, also, to have a task which is more demanding such as

testing in the presence of noise.
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Introduction

Speech perception is an audio-visual phenomenon, in
both degraded and no degraded conditions. The in-
fluence of vision on speech perception is evident by
McGurk effect. This effect demonstrates the occur-
rence of sensory integration by presenting conflicting
auditory and visual information, for example, an au-
ditory /ba/ dubbed onto the articulatory movement for
/gal, results in the perception of /da/. This suggests that
auditory-visual speech is perceived as a 'whole’ per-
ceptual unit rather than as a separate unimodal feature
(Green & Kuhl, 1991). There are different factors that
could affect the process of audiovisual integration. One
of the major factors is age. McGurk and MacDonald
(1976), in their earlier studies, noted that significantly
fewer children, than adults show an influence of visual
speech on perception. Further, research on developmen-
tal changes of speech perception, from infancy to young
adulthood, has shown a general trend of increasing use
of visual information (Massaro, 1984) and increasing
audiovisual integration over a period of time (McGurk
& Macdonald, 1976; Rosenblum, Schmuckler & John-
son, 1997; Wightman, Kistler, & Brungart, 2006).

This pattern of result has been replicated in studies
done by different researchers (Massaro, 1984; Mas-
saro, Thompson, Barron & Laren, 1986; Sekiyama &
Burnham, 2004; Desjardins, Rogers & Werker, 1997;
Dupont, Aubin & Menard, 2005; Hockley & Polka,
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1994; rightman et al., 2006). The reason for this may
be a result of ongoing peripheral vision development
(Massaro, 1984). Massaro et al. (1986) also found that
children are poorer lip readers than adults, which results
in lesser visual influence rather than attention playing a
role.

The age by which visual influence completes has also
been researched upon. Few studies have observed ben-
efit from visual speech by the pre-teen/teenage years
(Conrad, 1977; Dodd, 1977, 1980; Hockley & Polka,
1994), with one report citing an earlier age of 8 years
(Sekiyama & Burnham, 2004). Whereas, Iyer (2005),
found that younger children (7 year olds female & 11
years old male listeners) were more likely to use au-
ditory cues for speech perception, while older children
(11 years old female & 15 years old male listeners) used
both auditory and visual information in poor listening
conditions. There is another study which has compared
adults with children till the age of 11 years, assuming
that there will not be much changes in the auditory in-
tegration process above 11 years of age (Sekiyama &
Burnham, 2004).

However, there could be changes in audiovisual integra-
tion even after 11 years of age which also may vary de-
pending on the gender. Result obtained by Iyer’s study
is in support of this view. From the above, it can be
observed that, there are equivocal results seen with re-
spect to age by which children achieve adult-like perfor-
mance. Hence, studying audiovisual integration across
age group, that is, in children even above 11 years of
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age will help in better understanding of developmen-
tal changes of audiovisual integration process in normal
hearing participants. This can also be useful to evaluate
and rehabilitate different pathological conditions.

The auditory visual integration as demonstrated by
McGurk effect was also found to be dependent on the
linguistic experience of the person. It has been shown
that Japanese speakers, more frequently notice the in-
compatibility between auditory and visual cues than
the English speakers (Sekiyama & Burnham, 2004).
The reason for this is that Japanese language has sim-
ple phonological structure and hence, promotes better
auditory only speech perception early in development.
Thus, while Japanese children may experience audiovi-
sual interaction to some extent, they may not integrate
visual information because the phonological environ-
ment does not demand it. Hence, there clearly, is an
influence of the language on the integration ability.

Further, it has been found that preschool children who
show substitution errors in articulation are less influ-
enced by visual cues than those children who can pro-
duce consonants correctly during verbal communica-
tion (Desjardins et al., 1997). Children with articulatory
errors were poorer at speech reading, and had a lower
degree of visual influence in auditory visual speech per-
ception, when compared to the non-substituting chil-
dren. Because the integration of auditory and visual
stimuli depends on the linguistic and cross linguistic ex-
perience (Sekiyama & Burnham, 2004), it is clear that
articulatory experience affects speech reading and the
degree of visual influence in auditory visual speech per-
ception.

However, the studies evaluating the audio-visual inte-
gration have mainly investigated Western and Japanese
population. The phonological system of Indian lan-
guages and the articulatory experience of Indian popu-
lation are very different from English and Japanese lan-
guages. The conclusions drawn from those studies may
not hold good to the Indian population, as the phono-
logical structure of Indian languages are very different.

In the Indian context, a research study perceptually
evaluated the auditory integration of ten Hindi speak-
ing normal individuals in the age range of 18 to 25
years in CVC context (Sarika, 1995). The results of this
study revealed that the auditory and visual mode influ-
ence each other. Further, when the stimulus was in the
back of the oral cavity, the subject were likely to per-
ceive the in between stimulus, i.e., neither auditory nor
visual stimulus. As it can be noted, in the above study,
the integration was assessed only in adult listeners and
on a very small sample size.

Khan, Salian, Rajashekhar and Dhamani (2008) stud-
ied normal hearing and cochlear implant children to see
the impact of temporal envelop and fine structure on au-
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diovisual integration. In addition, audiovisual integra-
tion was also studied by Wasim, Chavan, Deema and
Dhamani (2010) in dyslexic, poor academic performers
and normal reading children. Apart from these, there
are no other studies, to our knowledge, which have g¢.
tually evaluated the developmental changes of audioyj-
sual integration in the Indian population.

With respect to the stimuli used for evaluating audio-
visual integration. most of the times, stop consonants
were used. Further, it was found that when the bil-
abial was paired with velar consonants, McGurk effect
was found to be more intense (McGurk & MacDonald,
1976, Massaro, 1984; Massaro et al., 1986; Grant &
Seitz 1998; Hockley & Polka, 1994; Sekiyama & Burn-
ham, 2004; Dupont et al., 2005), which indicates that
place of articulation plays a role in the integration pro-
cess.

The voicing cue, one of the important features in
speech perception, could also be perceived through vi-
sual modality via observation of lip movement. How-

ever, only few number of studies were found in this

aspect. Schwartz, Berthommier and Savariaux (2004)
compared identification scores for voicing in audio-only
and audiovisual conditions. They used pre-voicing con-
tinuum from /ba/ to /pa/. They found improvement in
perception of voicing when visual cue was added with
audition. In the present study, we were interested to see,
if these results could be obtained for participants across
age groups using a non-continuum stimulus.

Hence, the aim of the present study was to explore the
effect of age on audiovisual integration across six age
groups (from age range 6 to 20 years), for male and fe-
male listeners, using the following conditions: Audio
only; Visual only; Audiovisual congruent; and Audio-
visual incongruent condition to test the audiovisual inte-
gration through McGurk phenomenon and audiovisual
integration of voicing cue.

Method

The method consisted of two phases. In the first phase,
selection of participants was done and in the second
phase, the actual experiment to evaluate audiovisual In-
tegration was carried out. Prior to the first phase, a writ-
ten consent was taken from the caregivers or the partic-
ipants, after briefing about the study, its objectives and
duration of testing.

Phase I

Selection of Participants: In the first phase, selection

of participants was done using a checklist and vari-
ous tests. They are Screening Checklist for Auditory
Processing (SCAP), Tumbling-"E’ chart test for check-
ing the visual acuity, routine audiological evaluation,




Speech in Noise Test (SPIN) and Gap Detection Test
(GDT).

Initially, a total of 200 participants were selected only
pased on the age. The participants’ age ranged between
6 to 20 years. There were 170 children and 30 adults.
All of them had normal speech and language skills and
had no history of complaint of any neurological deficits.

Further selection was based on a series of screening and
diagnostic tests to rule out any auditory processing dif-
ficulties and hearing difficulties. Depending on the age
group, the tests administered for selection varied. Out
ofthe 200 participants selected, only 150 met the inclu-
sion criteria based on the test results. Thus, these 150
participants were enrolled for the second phase.

Screening checklist for Central Auditory Processing
(SCAP): This check list was developed by Yathiraj and
Mascarenhas (2002, 2004). This checklist was admin-
istered on 170 participants from different schools. The
participants with scores less than 6 were considered to
have passed the checklist, as scores less than 6 indicates
no processing problems. Out of 170 subjects, 140 par-
ticipants scored less than 6 and were taken up for visual
acuity test. The rest (30 in number) of the participants
who failed were eliminated from the study at this stage
itself.

Vision acuity test: These 140 children, who passed
SCAP, and 30 adult participants, were tested for visual
acuity by using tumbling 'E’ chart (Taylor, 1976). For
children, this test was carried out in a quiet and dis-
traction free room in the school, and for adults, it was
carried out in a quiet and well illuminated audiometric
room. All 170 participants (140 children and 30 adults)
passed the visual acuity test. Hence, all of them under-
went a routine audiological evaluation.

Routine audiological evaluation: Routine audiologi-
cal evaluation was carried out in an acoustically treated
room. Air conduction and bone conduction thresholds
were established using modified Hughsen and Westlake
(Carhart & Jerger, 1959) procedure. Speech audiome-
Iry was also carried out on all the participants. A cal-
ibrated two-channel Madsen (Orbiter-922) audiometer
with TDH-39 headphones was used to establish air con-
duction pure tone thresholds and speech audiometry. B-
71 bone vibrator was used to establish bone conduction
thresholds. Hearing was considered normal if puretone
thresholds were within 15 dB HL bilaterally at all oc-
tave frequencies from 250 Hz to 8 kHz. Tympanom-
.e")’ and acoustic reflex thresholds were established us-
Ing a calibrated Grason Stadler-Tympstar middle ear an-
alylef- Presence of "A’ or *As’ type of tympanogram
With reflexes present in both the ears below 100 dB HL
4500 Hz, | kHz and 2 kHz was considered as normal.

Out of 170, 163 participants showed normal findings
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in routine evaluation. Seven participants were found to
have abnormal type of tympanogram, ('C’, ’Cs’ or ’B’)
with reflexes absent and had poor hearing thresholds.
These participants were excluded from the study.

For the participants who passed routine hearing test,
SPIN and GDT were administered except for 15 chil-
dren. These 15 children were below seven years of
age. SPIN could not be administered on these children,
as they had difficulty understanding instructions. GDT
also could not be administered on them, as it has been
standardized only for children above seven years of age.
Thus, for these 15 children, between 6 to 7 years of age,
the results of SCAP and routine audiological evaluation
only were considered for inclusion. The remaining 148
(163 minus 15) subjects were considered-for SPIN and
GDT testing.

Speech in noise test: Speech in noise test (SPIN) was
carried out for 148 participants. The phonemically bal-
anced (PB) Kannada word list developed by Yathiraj
and Vijayalakshmi (2005) was used for this. Speech
identification scores in quiet and in the presence of ipsi-
lateral noise were found out. The level of test stimulus
and noise were 40 dB SL (ref. SRT).

Scoring was done by calculating percent correct re-
sponses. The difference between percent correct re-
sponse in quiet and that in noise were then calculated. If
speech identification scores in the presence of ipsilateral
noise were poorer by 40% or more when compared to
that of quite condition, it was considered as abnormal.
All the 148 participants obtained normal SPIN scores.

Gap detection test: Gap detection test (GDT), devel-
oped by Shivprakash (2003) was administered on these
148 participants, to further confirm normal auditory
processing abilities. This test consists of 56 trials, in-
cluding 8 catch trials of broad band noise which con-
tained gaps. The participants were required to indicate
as to which set of noise bursts in a triad contained a gap.
The minimum gap that the participant could detect was
considered as gap detection threshold. This was com-
pared with the normative given.

Out of the 148 participants, 13 of them obtained abnor-
mal gap detection threshold. Hence, the remaining 135
participants, along with the 15 children below 7 years
of age were included in the second phase of the study.
Hence, there were a total of 150 participants for the next
phase. These 150 participants were then divided into 6
groups based on the age (in years), with 25 participants
in each group. The details of different groups and age
are given in the Table 1.

Phase I1

Measurement of audiovisual integration: In the second
phase, the actual experiment of measurement of audio-
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visual integration was carried out using the following
four conditions: Audio only (AO), Visual only (VO),
Audiovisual congruent (AV+) and finally, Audiovisual
incongruent (AV-).

AO and VO were unimodal conditions, and AV+ and
AV- were bimodal conditions. In AV+ condition, the
sounds presented through auditory and visual mode
were the same, wherein, the AV- condition had con-
flicting auditory and visual stimuli. Stimulus recording:
The stimuli used were six monosyllables, /pa/, /ba/, /ta/,
/da/, /ka/ and /ga/. All the sounds were stop consonants
with the vowel /a/. These CV monosyllables were ut-
tered by a 26 years old female native Kannada speaker.
The recording was done in a sound proof audiometric
room. Audio and video recording of these syllables
were done. The speaker was seated at a distance of six
feet from the camera with the head and neck held erect.
The auditory and visual stimulus was recorded simul-
taneously using a National m-7 movie camera with an
inbuilt microphone. A TV zoom lens with the power
of 1:12 was used, and 1 KW halogen light was used to
illuminate the room.

The participants were asked to practice uttering the syl-
lables before recording. During the recording, the par-
ticipants were instructed to utter the monosyllables, four
times each with a pause in between each of them. These
were video-recorded on the video track of the cassette
national VHS (spe-180). The cassette version of the
video was then converted in to avi movie file, using the
software *Any video converter’ for easy editing of the
stimulus.

Stimulus editing: These avi files were edited further us-
ing Virtual dub (version 1.0). Based on the clarity of
the video and the naturalness of the articulatory move-
ments of the speaker, three best recordings out of the
four recordings were selected for further editing. These
stimuli were separated into audio and video files and
were digitized using Adobe audition (Version 3). Video
digitizing was done at 29.97 frames/s in 640 x 480
pixels, and audio digitizing was done at 44 kHz in 32
bits. All the syllables were normalized in order to avoid

Table I: Details of different groups, Mean age and
Standard deviation

Group Age Mean age Standard

number range(in (in years)  deviation
years) (SD)

I 6-7.11 6.92 0.38

II 8-9.11 8.88 0.52

II 10-11.11 10.70 1.95

1A% 12 -13.11 13.01 0.66

\% 14 -15.11 14.93 0.51

VI 16 -20 18.60 1.11
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the effect of intensity difference between different syl-
lables.

Using these edited audio and video files, stimulus for
AO, VO, and AV (+/-) conditions was generated. [n
AV condition, the audio and video stimuli were syn-
chronized. As mentioned earlier for AV+ condition,
the monosyllables in audio as well as video were same,
where as in the AV- condition, monosyllables in the two
modalities (audio and video) were different. For study-
ing the presence of McGurk effect, auditory /pa/ was
dubbed onto the articulatory movements for /ka/, and
auditory /ba/ was dubbed onto the articulatory move-
ments for /ga/.

For assessment of audiovisual integration of voicing
cue, the voiced and voiceless sounds were paired (for
e.g., audio voiceless /pa/ was paired with video.of the
/ba/ and vice versa). This was done for all the six stop
consonants. The details about the stimuli in each of
these conditions are given in the Table 2.

Goodness test: The prepared stimuli were presented to
ten adults in the age range of 16 to 30 years. The par-
ticipants were asked to rate in a three point rating scale
which included: 1) Clear and good quality; 2) Distorted
but can be identified; and 3) Distorted and cannot be
identified.

Out of three utterances, the utterance which was rated
as clear was taken up for making final stimulus. In ad-
dition, the stimulus prepared for assessing the McGurk
effect, that is, Aud /pa/ - Vis /ka/ and Aud /ba/ - Vis
/ga/ were also presented to those participants. The pi-
lot study revealed that the Mc Gurk effect was weaker
for the stimulus pair Aud /ba/ - Vis /ga/ than the other
pair. Hence, only Aud /pa - Vis /ka/ was included in the
study.

Seating arrangement: Each participant was tested indi-
vidually in a double room situation. Participants were
seated in a sound treated room comfortably in a chair.
A laptop was placed 1 meter away from the participant
on the table, in an appropriate height, so as to facili-
tate easy and normal access of the laptop screen (video)
for the participants. A Martin Audio loud speaker was
placed at O degree azimuth at the ear level of the partic-
ipants.

Stimulus presentation: Stimuli were presented at 40
dB SL (ref. SRT). In all the conditions, the task was
to repeat the syllables presented in auditory and/or vi-
sual modality. The responses were open set responses:
In each condition, the task was preceded by a practice
phase and a short break was given, if necessary. This
was most often necessary for the children in the Group
I (age range 6 to 7.11 years). The children above this
age group were not given any repetitions of the instruc-
tion or the task.
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Table 2: The stimuli used in different conditions

AudioonlvAO_ Visualony\VO  Audiovisual(congruent)AV +  Audiovisual (incongruent)AV —ForMcGurkef fect  Audiovisual(incongruent)AV —Forvoicing
Auditory Visual Auditorv—Visual Auditorv—Viwual AuditoryVisual
Aud /ba/ Vis/ba/ Aud /ba/+vis/ba Aud/pa/+vis/ka/ Aud/pa/+vis/ba/
MLM_- Vis/da/ Aud/da/+vis/da/ Aud [ta/+vis/da/
w Vis/ga/ Aud/ga/ +vis/ga/ Aud [ka/+vis/ga/
Mii Vis/pa/ Aud/pa/+vis/pa/ Aud/ba/+vis/pa/
Aud /1a] Vis/ta/ Aud/ta/+vis/ta Aud /da/+vis/ta/
Aud [ka/ Vis/ka/ Aud/ka/+vis/ka/ Aud/ga/+vis/ka

The stimuli in the unimodal conditions were presented
first, i. e, AO and VO conditions. After three hrs of
break, testing was done in the bimodal conditions (AV+,
AV-). This gap of three hrs was given to avoid the
memorization of the stimulus by the subjects. The re-
sponses were noted by an experimenter (who remained
behind the participants). After each condition partici-
pants were instructed depending on the next task. The
experiment (testing time) lasted for about 15-20 minutes
all together.

Response elicitation and scoring: The participants were
asked to give an oral response of what he/she had per-
ceived. As previously explained, each stimulus was pre-
sented three times. If two responses out of the three pre-
sentation were same, that was taken as final response,
regardless of whether it was repeated correctly or not.
The number of CV monosyllables responded correctly
for each individual participant, in different conditions,
was calculated.

Results and Discussion

The aim of the present study was to evaluate the devel-
opmental trend of audiovisual integration across six age
groups. The results are discussed under the following
four headings: Auditory only (AO); Visual only (VO);
Audiovisual congruent (AV+); and Audiovisual incon-
gruent (AV-) condition.

Audio-only Condition

In this condition, signal was presented only through au-
ditory mode and the participants were made to listen
and speak what they heard. This auditory-only percep-
tion was assessed for all six sounds. The number of CV
syllables perceived correctly (that is, out of six syllables
presented, how many were repeated corrected) by each
individual was calculated for each group.

From the Table 3, it can be observed that the auditory-
only performance is not very different across different
age groups and gender, though the younger groups have
Performed a little poorer than the older groups.

Inorder to see, if there is astatistically significant differ-
ence across groups and the gender, two way MANOVA

was done. The analysis revealed no significant differ-
ence among different age groups [F (5,138) = 2.349,
p>0.05] and between male and female participants [F
(1,138) = 0.462, p>0.05] in the AO condition.

The above results show that participants of all age
groups, that is, from 6 to 20 years of age, were able
to perform equally when only auditory information was
delivered. These results are consistent with the findings
that the discrimination of the stop consonants have been
observed in infants as young as 20 to 24 weeks of age
(Moffitt, 1971). In the present study, all the participants
were well above this age.

Visual only Condition

These were the responses of the participants for the
unimodal visual only task. Here the participants were
given only the visual stimuli (6 in number) and were in-
structed to give an oral response of what they saw. For
each individual, the number of correctly identified CV
syllables was counted. The mean and standard devia-
tion of the number of syllables correctly identified for
all the groups and for both the gender are given in Table
4.

It can be observed from the Table 4 that the Group I (6
to 7.11 year olds) performed higher than all the other
groups. Group VI (16 to 20 year olds) got the second
highest scores (though the SD of this group is smaller
than the Group I) followed by Group II. Groups III (10
to 11.11 year olds), IV (12 to 13.11 year olds) and V
(14 to 15.11 year olds) performed poorer than the other
three groups.

Two-way MANOVA was used to determine if there was
a statistically significant difference across groups. Re-
sults of two way MANOVA revealed a significant dif-
ference across groups [F (5,138) = 8.251, p < 0.05].

In summary, for VO condition, individuals between 6 to
7;11 years of age and 16 - 20 years of age had better
performance. Individuals with 8 to 15;11 years of age
performed poorer than other groups.

These results are not in agreement with other studies
(McGurk & MacDonald, 1976; Desjardins et al., 1997,
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Table 3: Mean and SD of number of correctly identified syllables across different age groups and gender for A
condition

Group Agerange (inyrs) N Mean for male participants ~ SD Mean for female participants ~ SD Total Mean
1 610711 25 5.33 1.56  6.00 0.00 5.68
I 810 9:11 25 5.80 0.577 554 087 5.8
11 I0to 11:11 25 5.50 0.90 5.23 1.01 536
v 1210 13:11 25 6.00 0.00  6.00 000 600
v 1410 15:11 25 5.58 1.44  6.00 0.00 5.80
VI 16 10 20 25 6.00 0.00  6.00 0.00 6.00
N=no.ofparticipants.
Table 4: Mean and SD of number of correctly identified syllables across different age groups and gender for VO
condition.
Group Agerange(inyears) N  Mean formale SD Mean for female SD  Totalmean SD
I 6to7;11 25 4.92 096 3.84 0.61 4.36 1.6508
11 8t09;11 25 3.08 144 3.08 1.48 3.44 1.47
11 10to 11511 25 3.08 1.78 292 1.25 3.00 1.50
v 12to 13;11 25 2.07 1.04 250 0.90 2.28 0.97
\Y 14 to 15;11 25 2.58 193 231 1.49 244 1.68
VI 16 to 20 25 3.33 077 3.23 1.57 3.84 1.06
Note: Here ‘N’ represents the no. of participants, 'SD" represents, standard deviation. Maximum no. of
syllables- 6.
Table 5: Mean of number of correctly identified syllables across different age groups and gender in AV+
condition
Group Age range (in N Mean for male Mean for Total mean
years) female

I 6-7.11 25 6 6 6

11 8-9.11 25 6 6 6

111 10-11.11 25 6 6 6

v 12-13.11 25 6 -6 6

\Y 14-15.11 25 6 6 6

VI 16 - 20 25 6 6 6

Note: Here ?N? represents the no. of participants,. Maximum no. of syllables- 6.

Dupont, Aubin, & Menard, 2005; Hockley & Polka,
1994; Massaro, 1984; Massaro et al., 1986; Sekiyama
& Burnham, 2004; Wightman et al.,, 2006), in which
it has been found that the visual influence is lesser in
the younger age and hence, younger children are poorer
speech readers when compared to adults.

In the present study, the better performance of the
youngest age group, i.e., 6 to 7;11 years reflects good
visual processing. Further, the children in this group
were repeatedly instructed to pay attention which might
have added to the better performance. In addition, the
equal responses seen for children of 8 to 15;11 years
may be because of the low interest and low attention
during the testing. Probably during the testing, for this
age group attention to each item was not monitored
carefully, whereas it was done for the younger group.
Adults do not require such monitoring and hence the
performance was good.
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Comparison between the performance of the female and
male listeners was made and the interaction between the
group and gender interaction were analyzed. From the
Table 4, it can be observed that between male and fe-
male participants there is not much of difference seen.
Results of two way MANOVA revealed no significant
differences for gender [F (1,138) = 0.175, p> 0.05].

Audiovisual Congruent Condition

In this condition response for the congruent stimuli
pairs were recorded. The stimuli in auditory and the
visual modality were same in terms of place of articu-
lation and voicing in AV+ condition. The participants

responded to the stimulus as a whole, regardless of any

specific modality.

Analysis of the sounds perceived correctly by each in-
dividual for all the groups was done. The results of this




are given in the Table 5’ should be added at this point. It
is shown that all the groups performed equally and there
was 100% responses. These findings can be attributed
to the better access of auditory and visual information
when presented simultaneously. It is also observed that
the mean value of this condition is higher than that of
the AO condition. This is a clear cut indication of in-
crease in performance because of addition of visual in-
formation. -

This is in agreement with the results of previous studies,
which revealed that the addition of the visual cues to an
auditory signal facilitates/ enhances overall perception
of speech sound significantly (Sumby & Pollack 1954;
Erber, 1969). Further, these were no gender differences
seen in this condition.

Audiovisual Incongruent Condition

For studying the presence of McGurk effect, auditory
/pa/ dubbed onto the articulatory movements for /ka/
was presented. McGurk effect was said to be present,
if there was a fused response, that is, /ta/ in response
to auditory /pa/ and visual /ka/ stimuli. McGurk effect
was said to be absent, if the participants perceived either
auditory or visual stimulus, i.e., /p/ or /k/ respectively,
instead of /ta/. If the participants’ perceived /pa/, his/her
perception was said to be auditory biased. If he/she per-
ceived /ka/, his/her perception was said to be visual bi-
ased.

The total number of participants who perceived /ta/ and
the total number of participants who perceived either
/pa/ (auditory biased response) or /ka/ (visual biased re-
sponse) were calculated. In the Table 6, the details of
these responses across different groups are given.

From the Table 6, it can be observed that the perfor-
mance of group II is considerably lower than the other
groups. It can also be observed that the performance of
all the other groups did not differ from each other, ex-
cept for the Group II, which has relatively poorer perfor-
mance when compared to Groups III, IV, V and VI. Test
of equality of proportion using Smith’s statistical pack-
age (SSP) software was performed in order to find out
if there is a significant difference across groups. Only
the pairs of groups between which there was significant
difference were given in the Table 7.

Table 8: No. of male and female participants who gave
fused responses across groups

Table 7 shows that there is a statistically significant dif-
ference in the performance of group II when compared
to all the other groups. That is, 8 to 9;11 year olds,
Performed significantly poorer than that of children in
the age range of 6 to7;11 years and that of 9 years and
older children. Further, there was no significant differ-
ence between all the other groups (p>0.05), though the
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Table 6: Fused and nonfused responses for the
stimulus "Aud /pa/ and Vis /ka/’ (In each group, n=25)

Group  Total no. of  Total no. of  Total no. of
participants participants participants
perceived /ta/  perccived /pa/  perceived /ka/
Fused Nonfused Nonfused
response response response
I 17 4 4
11 7 14 4
111 21 2 2
v 20 3 2
v 20 8 2
Vi 21 0 2

Note: Here N= Total number of participants "Aud’
represents auditory mode and 'Vis’ represents visual
mode.

performance of the youngest group was a little poorer
when compared to Group III, IV, V and VI. That is, the
performance of 6 to 7.11 year olds and of children who
were > 9 years of age did not differ significantly.

This is contradicting to the results obtained in the stud-
ies (McGurk & MacDonald 1976; Rosenblum et al.,
1997;, Desjardins et al., 1997; Dupont et al., 2005;
Hockley & Polka, 1994; Massaro, 1984; Massaro et
al., 1986; Sekiyama & Burnham, 2004; Wightman et
al 2006) where, they have found poorer integration for
childrenbelow I 1years of age when compared to adults.

This may be because of the good VO scores by 6 to
7;11-year-olds in the visual only task. The innate differ-
ences of articulatory experience of the Indian children
when compared to English speaking children may also
be a reason. The support for this may be taken from
the finding that the phonological structure of the lan-
guage influences the audiovisual integration (Sekiyama
& Burnham, 2008). It may also be that, the children
taken in the present study had good phonological skills.
However, this has to be tested for giving conclusive
statement.

Analysis of the number of subjects who perceived /pa/
and who perceived /ka/, instead of a fused response, was
also done. Table 6 provides the details of this. It is
shown in the table that, only seven of 25 of the partic-
ipants in Group II perceived /ta/, i.e., fused response.
Most of the other participants in this group (14 in num-

Table 7: Pairwise comparison of fused responses

Stimulus Aud-Vis pa-ka Pair wise comparison

Group 111 11-111 -1V -V 1I-VI
Z value 2383 3.98 3.68 3.68 3.98.
P value 0.004** 0.000** 0.000** 0.000** 0.000**

Note.: Here ** depicts the significant difference
between groups at the level of p<0.01
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Table 8: No. of male and female participants who gave
fused responses

across groups

Fused response for Pa-ka stimulus

Group  Total no. of Total no. of Total no. of
participants female who male who
given fused gave fused gave fused

responses responses responses

I 17 0 8

Il 7 S 6

1 21 8 7

v 20 9 6

A% 20 11 S

VI 21 13 6

Note: Here the total no. of participants will not be the
sum of male and female participants.

Table 9: Within group gender differences in the
perception of fused response.

Stimulus pa-ka Within group gender comparison

for fused responses

Group 1 \% VI
Z value 3.23 2.76 292
P value 0.001**  0.005** 0.003**

Note:* * significant difference at the level of p; 0.0]

ber), perceived /pa/ and four of them perceived /ka/. It
is also shown in the table that, in all the other groups,
" almost equal number of participants perceived /pa/ and
/ka/.

Hence, the test of equality of proportions was done only
for Group II to check if there was a statistically sig-
nificant difference between the auditory and visual re-
sponse. It was found that there was a significant differ-
ence (p<0.01). This implies that, in 8 to 9;11 year olds,
the auditory influence was more and they had signif-
icantly poorer audiovisual integration compared to all
others.

This is in agreement with the results of the study done
by Erderner and Burnham (2005). They found that there
was a decline in the visual speech influence at around 7

Table 10: Mean and SD of the numbers of syllables perceived across age groups in the audiovisual integration of
voicing cue task

years of age. Further, at the age of 8 years their integra.
tion jumped back to that of 6-years -old and their reaq
ing skill also was found to be increased subslantiany_

The reason attributed was that the reading skill startg
as an automatic skill at 7 years of age. Hence, visua]
speech perception is not needed as a back support. Be.
cause of this they performed poorly.

However, in the present study, the performance drop
was between 8 to 9.11 years old children. Hence, we
further analyzed the age of seven participants who gave
fused response in this group. It was noticed that these
seven children were of 9 years or older. All the others
(who did not give fused responses) in the group were
younger (around 8.2 years) than those seven children.
Hence, children at around 8 years of age showed poorer
integration in contrast to (at 7 years of age) Erdener and

Burnham’s study. ‘

The reason for this difference may be that, in the present
study, all the children had Kannada language as mother

tongue (communicate in Kannada language at home) ‘
and English as the medium of instruction at school.

Given this and the complexity of phoneme-grapheme
correspondence of English language, the children of 8
years of age, in the present study, might have just devel-
oped reading as an automatic process. However, this is
just a hypothesis, which needs to be tested.

Another objective of the study was to look for gender
differences. The responses of male and female par-
ticipants are given in Table 8. It was observed that
more number of female participants have given fused
responses when compared to male participants, except
for the Group I. In the Group I, none of the female
subjects gave fused responses and eight of male partic-
ipants gave fused response. The test of equality of pro-
portion was done in order to compare the performance
between male and female participants across different
age groups. It was found that, only for group I, V and
VI, there was a significant difference between male and
female participants, as given in Table 9. Females per-
formed better when compared to male participants, ex-
cept for group I where male did significantly better than

Group Agerange (inyears) N  MeanForaudio SD  Meanfor video SD

1 6to7;11 25 6.00 0.00 0.00 0.00
II 8t09;11 25 6.00 0.00 0.00 0.00
111 10to 11511 25 6.00 0.00 0.00 0.00
v 12 t0 13;11 25 6.00 0.00 0.00 0.00
\Y 14 to 15;11 25 6.00 0.00 0.00 0.00
VI 16 to 20 25 6.00 0.00 0.00 0.00

Note: "N’ represents no. of participants in each group; 'SD’ represents standard deviation.
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females. In the othfer g;oups, there were no significant
differences found.
gender

in most of the studies. female subjects were found to
show a stronger McGurk effect than males (Iyer, 2005).
This was attributed to female listeners’ ability to have
superior lip reading abilities and was better at integrat-
ing audiovisual speech information than the male listen-
ers (Johnson et. al. 1988; Iyer, 2005).

This is in agreement with the findings of the present
study for children of 14 years of age and above. How-
ever, in three of six groups, there were no gender dif-
ferences. This conflicting result may be because of the
methodological differences with lyer’s study, in which
integration was assessed in noisy condition.

Measurement of Audiovisual Integration for Voicing

In this condition, the voiced and voiceless sounds were
paired, for example, audio voiceless /pa/ was paired
with the video of /ba/ and vice versa. These were a
total of six such pairs. The performance was checked
to find out if there is an influence of visual stimulus in
the perception of voicing when an incongruent auditory
stimulus is given.

It can be observed from the Table 10 that when an
auditory stimulus was voiced, participants perceived a
voiced stimulus and when it was voiceless, participant
perceived a voiceless sound. Because there was 100%
response given by all the groups and the responses were
same, no statistical analysis was done. All the groups
repeated the auditory stimuli and there was no influence
of vision. The findings of the present study are not in
consonance with the previous studies (Schwartz et al.,
2004).

Conclusions

To conclude, the developmental changes of audiovi-
sual integration of the Indian children is different from
the developmental changes reported in western studies.
Further, it can be stated that the assessment of phonol-
ogy, reading and writing skills of the children whilst
looking into the audiovisual integration will give better
insight about the process by itself. This study again con-
firms that the visual information facilities speech per-
ception in the congruent condition. It can also be con-
cluded that it is important to study the female and male
participants separately and, also, to have a task which
is more demanding such as testing in the presence of
noise.

The developmental changes of audiovisual integration
of the Indian children are different from the develop-
mental changes reported in western studies. This de-
mands more research to include cross linguistic studies
in the Indian population. Secondly this study is one of
the first of its kind in Indian population and the results of

Developmental Changes of AV Integration

the study help in providing baseline for future research.
Finally, it also adds onto the literature of audiovisual
integration.
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