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INTRODUCTION




| NTRODUCT| ON

Speech perception is a specialised aspect of a general human
ability, the ability to seek and recognize patterns. These
patterns can be acoustic, visual or a conbination of the two.

(Borden & Harris, 1981).

Speech can be perceived via the auditory node, visual node

or multiple nopdes J[auditory, visual, tactile] out of which
auditory node is the primary node of speech perception. In
ort hographi c perception, imges are acquired through visua

experiences, reading specific words and they are fornmed in nenory
t hrough amal gamati on process in which the various identities of
words are nmerged so that the images cone to synbolize these other
identities. The process of images serve to guide spelling as

wel |l as word recognition.

Mul ti nodal "perception of speech occurs when perception
t hrough any one of the node is not adequate. The extent to which
si nul t aneous use can be made of two or nore sense nodalities in
speech perception has not yet been fully explored. Anong
audi tory-visual, auditory-tactile and visual-tactile nodes, the
auditory-visual node is known to be the nost effective for
mul ti-nodel perception of speech. The tactile node provides
little cues for the perception of speech when conpared to

auditory and visual nodes.



In the vyear 1976, McGurk and MDonald denonstrated a
previously unrecogni zed i nfluence ot Vi sion upon speech
per cepti on. On being shown a film of a young Whnman's tal king
head in which repeated utterance of the syllables, [ba] had been
dubbed onto the |ip novenent for [ga] , nor mal adul ts
reported hearing [da] . When a visible talker and his or her
apparent acoustic output are msmatched in an experinent, as in
the so called "M CGurk Effect"” [MQirk and McDonald 1976, MQurk
and McDonald 1978] , phonetic information recovered optically may

override that recovered acoustically.

Frost and Katz (1989) investigating the influence of
simul taneous presentation of printed and spoken words reported
that the presence of printed words enabled the subjects to
separate the speech from the noise and hence to perceive it.
Fowl er and Dekle (1991) conducted three experinents to
investigate the basis of "MQ@irk effect". Their experinent aimnmed
at investigating the node of integration of optically specified

syllables with acoustically specified syll ables.
Two hypothesis were putforth to explain this viz,

1) McCQurk effect arises when optical acoustic cues for a syllable

are associated in nenory.

2} Mc@urk effect arises when cross-nodal information famliar or

not, is convincingly about the sane articulatory speech event

in the environnent.



To test the hypothesis, three experinents were conducted.
The first experinment involved the pairing of acoustic and
orthographic syllables ie., a cross nodal pairing famliar to

subjects, the purpose that their association was by convention

rather than by lawful causation (Canpbell, 1989). The second
experiment was conplenmentary to the first i.e, a cross nodal
pairing unfamliar to subjects and was a |awful pairing. Thi s

involved the pairing of acoustic and manually felt syll ables.
The expectation was that if MGQurk effect I's because of the
associ ation of the cross nodel cues in nenory [Hypothesis 1] ,
then the influence of witten syllables on heard syllables should

occur, but an effect of felt on heard syllables should be weak or

absent [As the felt syllables are not in nmenory] . On the other
hand, if the MQ@irk effect arises when the cross-nodal
information 1is about the articulatory speech event in the
environment, then felt syllables should effect what |isteners

hear but not the witten syll ables.
The result of expterinment | indicated that

1) the cross nodal effect of felt on heard syllables is
present in unexperienced subjects suggesting that MGurk
effect arises in the absence of experience in the paired

acoustic and felt syllables and.

2) the felt syl | abl es effect judgenents of heard syll ables
and vi ceversa suggesti ng consi derabl e I ntegration of

the information fromthe two nodalities.



The results of experinent |l revealed that MGurk Iike
effect occurs when information from the two nodalities are
conjoint, lawful consequences of the sanme enviornnental event and
they do not occur based only on association in experience that is
stored associations are not sufficient for an event. Al so,
perception of speech syllables doesn't require prior existence in
the menory of a photo type. The study indicated cross-nodal
influences of auditory and orthographic and auditory and felt

syl | abl es.

Seki yama and Tohkura (1991) conducted a study in Japanese
subjects to find out McGurk effect in non English listeners and
reported a very |low percent of the influence of visual stinmuli on

auditory stinuli.

The present study aimed at evaluating the cross-noda
perception of auditory and orthographic stinulus in non English
listeners. Specifically 10 Hindi speaking normal adults were
perceptual |y eval uat ed for synchroni zed audi o- vi sual
(orthographic) neaningful Hi ndi words to see whether the MQurk

effect arises due to association in nenory.
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CHAPTER — | |

REVI EW OF LI TERATURE

Speech perception accounts for how the |istener recovers the
phonetic structure of an utterance from the acoustic signa
during the course of |anguage processing In
the early years, speech perception was believed to be a purely
acoustic phenonenon, but nore recently perception is a
speci al i zed aspect of general human ability, the ability to seek
and recogni ze patterns. These patterns can be acoustic, visual

tactual or a combination of the above.

Speech perception can either be wuninodal or nulti/cross
nodal . Uni nodal perception refers to the use of a single
nmodal ity [auditory, visual or tactile] and nulti/cross nodality
perception refers to the use of nore than one nodality. This can

be either auditory-visual, auditory-tactile or visual-tactile.

As this study deals with the auditory and orthographi c nodes
in isolation and in conbination, the literature will be revi ened

under the follow ng headi ngs
|. Auditory perception
1. Orthographic perception

I11. Auditory - Othographic perception



|. Auditory Perception:

Auditory perception of speech is a conplex behaviour. An
adequate conputational framework (the conputer based systens) for
the explanation of nechanism of speech perception is |acking.
One of these machine - based speech recognition system as nodel
of speech perception is given by Elman and MCl elland (1984).
It is an interactive activation nodel of speech perception,

call ed as TRACE nodel .

Menory TRACE:

The TRACE nodel attenpts to incorporate dynamic nenory (in
whi ch inconplete portions of past inputs <can be filled in as the
information that specifies them becones avail able) into an

interactive activation system

It is proposed that speech perception takes place within a
system that possesses a dynamc representational space that
serves nmuch the sanme function as the blackboard suggesting new
hypot hesis, and revising the strengths of others suggested by
ot her processing |evels. This buffer can be visualized as a
|arge asset of banks of detectors for phonetic features and
phonenes and imagine that the input sweeps out a pattern of
activation through this buffer. That is, the input at sone
initial tine to, would be directed to the first bank of
detectors, the input at the next tine slice would be directed to
the next bank, and so on. These banks are all dynamc; that is,
they contain nodes that interact wth each other so that

processing will continue in them after bottomup input has



ceased. In addition to the interactions within a tine slice
nodes would interact across slices. Detectors for nmutually
i nconpatible units would be nutually inhibitory, and detectors
for the units representing an item spanning several slices would
support each other across slices. It is assunmed in this node

that information witten into a bank would tend to decay, but
that the rate of decay would be determ ned by how strongly the
i ncom ng speech pattern set up nutually supportive patterns of

activation within the trace.

Above the phonenme nodel, it is presuned that there would be
detectors for words. These, of course, would span several slices
of the buffer. It seens unreasonable to suppose that there is an
exi sting node network present containing nodes for each word at
each possible starting position in the buffer. It seens, then,
that the nodel requires the capability of creating such nodes
when it needs them as the input comes in. Such nodes, once
created, would interact with the phonene buffers in such a way as
to insure that only the correct sequence of phonemes wll
strongly activate them Thus, the created node for the word cat,
starting in sone slice will be activated when there is a /c/ in
the starting slice and a few subsequent slices, an /a/ in the
next few slices, a /t/ in the next few, but will not be excited
[except for the /al/] when these phonenes occur in the reverse

order.
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Fig. I : Partial view of the TRACE System

A sinplified picture of the TRACE nodel is shown in figure
1. Tine is represented along the horizontal axis, wth successive
colums for individual nmenory traces. Wthin each trace there
are nodes for features and phonenes, but only phonene nodes are
shown here. The activation level of each of these nodes (and of
the word nodes above) is shown as horizontal bar; thicker bars

indicate greater |evels of activation.

Along the bottom is shown sanple input. The input 1is
presented here in phonemc form for ease of representation; it
would actually consist of the excitations from the (mssing)
feature nodes, which in turn would be excited by the speech

out put .

Because the input as shown could be passed in different
ways, the word nodes for slant, land and bus all receive sone
activation. Slant is nost heavily activated since it nost

closely matches the input, but the sequence 'bus land is also



entered. Presunmably, context and higher-level information are
used to provide the necessary input to disanbiguage the

si tuati on.

The TRACE nodel permts ready extension of the interactive

active approach to the perception of multiword input.

The auditory node is the primary node of speech perception.
For hearing inpaired individuals the residual hearing is regarded
as potentially nost inportant because it is the only one directly
capabl e of appreci ating t he primary characteristics of
comuni cative  speech, which are acoustic. Heari ng S
particularly sensitive to tenporal events within the frequency

range 80 - 8000 Hz [Geldard, 1970].

MIller and Nicely (1955) found that |isteners can identify
the manner of production even when place cues are masked, which
di stinguishes the labials [p, b] from alveolars [t, d] and
pal atal s velar stops [k, g] are apparently nore resistant to the

maski ng effect of noise.

Many studi es have shown that the severity of speech problem
tends to wvary wth hearing |evel. Speech and | anguage
pat hol ogi sts have long been interested in the relationship
be tween discrimnation and production of speech sounds. Speech
sound discrimnation is a form of auditory perception in which
the |istener/speaker distinguishes between sounds in the |anguage
and fornulate a perceptual concept of the sound contrasts of

| anguage.



From a clinical perspective, such a skill includes the
ability to detect differences between particular target sounds
and the error productions that may be substituted for such
sounds. Clinicians have been interested in whether or not
articulation errors may refl ect i mpai r ed speech sound

discrimnation ability.

Some evidence is available to support the hypothesis that
children can perceive certain phonological contrasts of their
| anguage when begin to speak. Indeed, experinents have indicated
that infants under 1 year of age are able to nmke acoustical
di scrimnations between speech sounds. [ Ei mas, Si qui el and,
Jusczyk, Vigorito, 1971; Butterfield and Cairns 1974]. Speech
sound di scrim nation experiments wth pr eschool children
approximately 2 years old and ol der have indicated that they can
make certain phonol ogi cal di stinctions. Barton [1976] has
cautioned, however, that speech sound discrimnation experinments
have not discrimnated that <children beginning to speak can

perceive all of the relevant phonol ogical contrasts.

In recent years research into the auditory perceptua
devel opnent in infants and young children has continued.
However, the applicability of the findings of normal auditory
perceptual developnment to the speech-inpaired population is
unclear. It is uncertain whether inferences can be drawn between

normal and defective speakers in terns of perceptual devel opnent.

Various investigations regarding the relationship between

articulation and discrimnation have revealed that the norm

10



individuals perforned better on discrimnation tests when
conpared to defective speakers. [Travis and Rasnus, 1931;
Kranval | and Di ehl, 1954; dCark, 1959; Reid, 1947b; Carrell and
Pendergast, 1954].

Several other researchers have obtained findings that do not
show a relationship between discrimnation and speech sound
productions [Hall, 1938; Hansen, 1944; Mase, 1946; Prins, 1926b'
Garret, 1969 and Veatech 1970]. Locke (1980) conducted a study
to indicate that many children can correctly discrimnate sounds

that they produced in error.

The nore recent research work is focussed on fine-gained
auditory discrimnation [Elliot et al 1993] to see the effect of
voi ce onset tinme (VOT), closure duration (CD), preceeding vowel
duration, transition duration etc. on the perception of stop

consonants/fricatives/vowel s.
1. Othographic perception:

Schematic representation of information processing nodel for

reading [Massaro (1980) is discussed bel ow

A printed pattern is first tranduced by the visual receptor
system and the feature detection probe detects features which are
then stored in preperceptual visual storage. One of the sinplest
views of the contribution of orthographic structures is that
experience with witten |anguage nodifies the feature detection
process. Gven this view, it is possible that ort hogr aphi c

structure enhances the visual feature analysis of the letters in

11



a string. Fam liar or frequent orthographic contexts m ght
facilitate feature anal ysi s of t he conponent letters.
Othography my be exploited to guide feature analysis,
recognition of sonme letters may guide the feature analysis of

other letters in the pattern [Massaro (1980)].

|
| LOHG TERM WEMORY *

§

PRINTED | | |
o' VisiaL 1| |PREPERCEPTUAL{ | | SYNTHESIZED | | | GEMERATED y
———»  RECEFIoR | UISUAL M UISUAL M ORESTAACT | WEANING
3451 STORAGE NENOR MENOR]

Fig.2 Schematic representation of information
processi ng nodel for reading - Massoro (1980)
Accordingly, readers would resolve a greater nunber of

letter features or would obtain better resolution of the features

12



to the extent that the string contains commobn |etter sequences.
Orthographic structures directly nodify the featural processing

of visual information that the reader has available in reading.

| mages are acquired through visual experiences, reading
specific words and they are forned in the nenory. The presence
of images serves to guide spelling as well as word recognition
processes. Suppor t for t he claim t hat or t hogr aphi c
representations are essentially visual can be drawn from other
sour ces. Studies by Baron (1977), Brooks (1977), Summers et al
(1973), Kirnser (1973) and Mc Clelland (1977) indicate that there
is a conponent of word nenory that is purely visual rather than
phonem c and that is specific to the original form of the word

scan.

As the present study deals with Hi ndi, the orthography of
Hindi is described herewith. Herrick (1974) gave the taxonony of

al phabets and scripts in which he describes the Hndi script as

fol |l ows
Fam |y : Brahm e
Cener a : Devanagar oi d
Scri pt : Devanagar i
Al phabet : Hi ndi

Hi ndi uses the Devanagari writing system The Hndi witing
system is considered to be sem syl |l abic, i.e., it has syllable
- like properties as well as properties of an al phabetic script.
There is a direct correspondence with letters and sounds in Hindi

and very little anbiguity.

13



Karanth (1992) reported that English was al phabet script and
H ndi has sem syllabic script. In Hindi, there is alnost a
one-one graphemc - phonol ogi cal equival ence, expressed in
syllable structure wth the regular signs of vowels being
attached to the basic consonant form Each of the vowels, in
addition to its primary syllabic form has a secondary
intrasyl labic formwhich is used in witing CV syllables. These
intrasyllabic fornms are attached to the consonant in accordance
with certain regular rules - above and / to the right of the
consonant graphene. Simlarly, all consonants have a secondary
conjunct form to be used when the consonant appears as the second

or third consonants in CCV or CCCV syllables. The conjunct forns

are nostly tranceted fornms of their primary forms - apparent in
somre and inherent in others. Consequently, each syllables form
can be analysed into its consonant and vowel conponents. It is

therefore possible to read this scripts phonetically.

I11. Auditory - Orthographic Perception:

The node or strategy of reading is known as phonic nediation

or less formally, reading by ear [HIlis (1984)]. It is a
strategy a reader can use when he or she encounters an
unfamliar word on a printed page - i.e., 'sound it out' and

di scover whether the word sounds famliar even -when it doesn't
ook famliar. The process of reading by ear can be represented

as a diagram

14
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Fig. 3. Anodel for phonetically nediated Readi ng, or
"Reading by Ear" (Ellis, 1984)
As in figure 3, the first thing one nust do with a witten

word is to identify its conmponent letters.

is no problem but if one is

handwriting letter identification can be far

a sound wave nust first

system so a printed word nust

system whose job is to identify letters and

| etter code.

In the case of reading by ear

nmust then be translated by letter -
an acoustic code which can be

recognition system
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It is universally accepted that when skilled readers
recogni ze famliar words, they do so "by eye" rather than "by
ear" that is readers recognize known words visually as famliar
|etter strings. This anobunts to the proposal that readers build
up recognition units which recognize the witten form of famliar
words. These are like the auditory word recognition unit. As a
new word becones famliar through repeated encounters, a visual
word recognition unit is created whose job is to respond to, or
be activated by the newy learned word each tinme it is

encountered on the printed page.

Once the visual word recognition unit is established that
word need no |onger be sounded out before being identified. Wen
words are recognized visually as wholes, it is nore inportant
that they should be visually distinct than that they should be

regul ar.

Speech perception is normally regarded as a purely auditory
pr ocess. In 1976, McGurk and MDonald reported a study
denonstrating a previously unrecognized influence of vision upon
speech perception. It seens from an observation that, on being
shown a film of a young wonen's talking head in which repeated
utterances of the syllables [ba] had been dubbed on to lip
novenents for [ga] normal adults reported hearing [da] . Wth the
reverse dubbing process a mmjority reported hearing [bagba] or
[ gaba] . When these subjects listened to the soundtrack from the
film wthout visual input, or when they watched untreated film

they reported the syll ables accurately as repetitions of [ba] or

16



[ga]. These findings have inportant inplications for the

under standi ng of speech perception.

To further confirm and generalize the original observation,
new materials were prepared. A woman was filmed while she
fixated a television camera |lens and repeated ba-ba, ga-ga, pa-pa
or ka-ka. Each utterances was repeated once per second, with an
interval of approximately 0.5 secs Dbetween repetitions. From
this master recording, four dubbed video-records were prepared in
which the original vocalizations and lip nmovements were conbined

as follows

1) ba-voice/ga-voice
2) ga-voice/ba-lips
3) pa-voicel/ka-Ilips

4) ka-voice/pa-1lips.

Dubbi ng was carried out so as to ensure within the tenporal
constraint of tele-recording equi pment, t hat there was
audi o-vi sual coincidence of the release of the consonants in the
first syllable of each utterance. Each recording conprised three
replications of its a-v composite, four di fferent
count er - bal anced sequence of recoding (1) - (4) were prepared,
each with a 10 sec gap of blank film between successive
segments. The recordings were suitable for relay via a 19 - inch

television monitor; a- v reproduction was of good quality.

21 preschool <children ( 3 - 4 vyears) 28 primary school

17



children (7-8 years) and 54 adults (18 - 40 years) were tested.
The adult sanmple was predom nantly male; three were approximtely
equal number of boys and girls in younger samples. Subj ects were

i ndividually tested under two conditions.

1) visual where they were instructed to watch the film and

repeat what they heard the model saying,

2) auditory only, where they faced away from the screen and
again had to repeat the model's utterances. Every subj ect
responded to all four recordings [ 1-4 (above)], under each
condi tion, each time in a different sequence, sequence of

presentation was counter-balanced across subjects.

For the purpose of analysis, a correct response was defined
as an accurate repetition of the auditory conponent of each
recordi ng. Under the audio alone condition, accuracy was high
with average of 91, 97 and 99 % for preschool school aged and
adult subjects respectively; errors were unsystematic. Under the
a-v condition where subjects heard the original sound track,
errors were substantial. For preschool subjects average error

rate was 59% for school children - 52% and for adults 92%

The  meaning of audi tory and  visual categories S
sel f-evident. A "fused" response is one where information from
the two nmodalities is transformed into something new wth an
el ement not presented in either modality, whereas a 'conbination'
response represents a conposite comprising relatively unnodified

elements from each modality. Responses which <could not be
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unanbi guously assigned to one of these four categories were
allocated to a' small, heterogeneous 'other' category. Results
showed that 98% of adult subjects gave fused responses to the
ba-voice/glips presentation and 59% gave conbi nati on responses to
its conpl enent. The effect was also generalizable atleast to
ot her stop consonants. 81% of adults gave a fused response to
pa-lips/ka-voice and 77% gave conbination responses to its
conplenment. The effects, however were nore pronounced wi th ba/ga
than with pa/ka conbinations; the latter comment applies to all

ages.

It was found that the auditory perception of adult subjects
was nore influenced by visual input than was that of subjects in
the two younger groups; the latter did not differ consistently
from each other. It was interesting to note that where responses
were domnated by a single nodality, this tended to be the
auditory for children and the visual for adults. However, it
should also be noted that the frequency of fused response to
ba-voice/ga-lips and pa-voice/ka-lips presentation was at a
substantial level for preschool and school children alike. These
auditory-visual illusions, therefore, are observable across a
w de age span, although there clearly are age-related changes in

susceptibility to them particularly between m ddl e chil dhood and

adul t hood.

It was found that they do not habituate overtine inspite of
having the objective know edge of the illusions involved. By
merely closing the eyes, a previously heard [da] becones [ba]

only to revert to [da] when the eyes are open again.
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Contenporary, auditory - based theories of speech perception
were inadequate to acconodate these new observation; a role for
vision [i.e, perceived |lip novenents] in the perception of speech
by normally hearing people was clearly illustrated. Fi ndi ngs
suggested that in the absence of auditory input, Ilip novenents
for [ga] were frequently msread as [da] while those for [ka]
were sonetinmes msread as [ta] . [pa] and [ba] were often
confused with each other but were never msread as [ga, da, ka or
ta] . It was also know that, in auditory terns, vowels earning
information for the consonants which imediately preceed them
If it is speculated that the acoustic waveform for [ba] contains

features in conmmon with that for [da] but not with [ga] , then a

tentative explanation for one set of the above illusion was
suggested, Thus, in a ba-voice/ga-lips presentation, there is
visual information for [ga] and auditory information wth
features common to [da] and [ba] . By responding to the conmon

information in both nodalities, a subject would arrive at the
uni fying percept [da]. Simlar reasoning would account for the

[ta] response under pa-voice/ka-lips presentation.

By the same, it was argued that with ga-voice/ba-lips and
ka-voice/pa-lips conmbinations the nodalities are in conflict,
having no shared features. In the absence of dom nation of one
nodality by the other, the I|istener has no way of deciding
between the two sources of information and therefore oscillates
between them variously hearing [pabga] [papka] and so on. The

aut hors suggested that nore refined experinentation are necessary
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to clarify the nature and ontogenetic developnent of the

illusions and that their generality needs further investigations.

In the MQurk effect, an audio-visual incongruent stinulus
is defined as a stinulus where audio and visual information are
incongruent in terms of the place of articulation and nore

narrow y, whether the place is l|abial or non-Ilabial.

The phonetic information recovered optically may override
that recovered acoustically. This as nentioned earlier, is
particularly likely to occur when the phonetic information is for
consonantal places of articulation close to the front of the
speaker's mouth. Accordingly, optical "tap" paired with acoustic
"map" may be reported as "nap® wth voicing and nasality
consistent with the acoustical signal and place of articulation
consistent with the optical display. Remarkably, the crossnpda
i nfl uence, phenonenally is not due to hearing one utterance,
seeing another and reporting sonme conproni se. Rather the visible
utterances generally changes what. the listener experiences
hearing [Liberman 1982; Sumrerfield 1987]. Accordingly the
visual influence remains when subjects are instructed to report
specifically what they heard rather than what the speaker said
[Summerfield and MG ath, 1984] and it remains even after

consi derabl e practice attending selectively [Massaro, 1987].

Frost and Katz (1989) conducted a study to see the influence
of sinultaneous presentation of printed words on the perception
of speech. They presented printed words and spoken words

si mul t aneously and asked subjects to judge whether the words were
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sane or different. The experinent included a condition in which
the speech was degraded severely by added signal-correlated
noi se [a broadband noise with the sane anplitude envelop as the

stimul us].

Neverthel ess, the subjects found the task fairly easy, and
the average error rate was only 10% In a subsequent pitot
study; the sane authors presented the subjects sinmultaneously
with both degraded speech and degraded print. Here subjects’
performance was close to chance. The subjects' phenonenol ogi cal
description was that they often could not hear any speech at all
in the auido input; Wereas previously, when clear print matching
a degraded auditory word was presented sinultaneously, they
reported no difficulty in identifying the degraded word. Thus,
it seemed as if the presence of the printed word enabled the
subjects to separate the speech from the noise and hence to
perceive it much nore clearly. There is another possibility
however; subject's introspections may have reflected nerely an
illusion caused by the correspondence between the print and the
anpl i tude envelop of the masking noise, which was identical wth
that of the speech. That is, subjects mght have thought they
heard speech even if the nasking noise alone had been presented

acconpani ed by "matching" print.

Fow er and Dekle (1991) investigated the basis for the
"McCQur k" ef f ect whereby optically - speci fied syl | abl es
experienced synchronously wth acoustically specified syllables

integrate in perception to determne a Ilistener's auditory
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per ceptual experience. They hypot hesi sed that

1) the effect arises when optical and acoustic <cues for a

syll able are associated in nmemory and

2) the effect arises when cross-nmodal information, famliar or
not is convincingly about the sane articulatory speech event
in the enviornment. Experinments contrasted the cross-nodal
effect of orthographic syllables on acoustic syllables,
presumed to be associated in experience and nenmory with that

of haptically - experienced and acoustic syll ables, presumed

not to be associ ated.

In the experiments conducted by them they attenpted to
di stinguish the two accounts by | ooki ng for cross- nodal
i nfluences on speech perception from two new sources each of
whi ch captures one but not the other, distinctive aspect of the

McGur k paradigm that m ght account for the cross-nodal influences

t here.

One situation was nmeant, on one hand, to capture the
association in experience and hence in menory, of an acoustically
- specified utterance with a specification in another nodality.
On the other hand, it was meant to exclude association via
conjoint lawful specification of a common enviornnmental event.
To achieve this, they paired spoken syllables with matched or
m smat ched orthographic representati ons of syl | abl es. The
subjects who were college students have been readers of an
al phabetic writing system for over a decade, and they experience

redundant pairings of sight and sound whenever they read aloud or
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else see a text that soneone else is reading aloud. Al t hough
listeners may be l|ess experienced wth sound spelling pairings
than with pairings of the sound and sight of a speaker, their
experience vith the former pairings are sufficient that a spoken

nonosyl | abic word can activate its spelling for a |istener.

The second experinmental situation they had devised was neant
to be conplenentary to the first. That is, they established a
cross-nodal pairing that is unfamliar to subjects, but that is
a lawful pairing, because the same enviornnental event gives rise
to structure in the two different nedia. In this situation they
paired acoustically - specified syllables wth mtched and
m smat ched manually - felt, nmouthed syll ables. The subjects nust
have had considerably |ess experience of that sort than they have
had either seeing and hearing spoken utterances or seeing and

hearing text being read.
The expectations were as follows

If the operative factor in the MQ@irk effect 1is the
association in nenory of cross-nodal cues avai | abl e during
events in which speech occurs, then an influence of witten
syl l abl es on heard syllables should occur, but an effect of felt
on heard syllables should be weak or absent. If the operative
factor is, instead, the conmmon causal source in the enviornnment
of the acoustic and optical structure, then felt syllables wll
affect what listeners report heari ng, while orthographic
representation of spoken syllables wll not. Al ternatively of

course, both (or neither) factor may be inportant.
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They tested these predictions by Ilooking for cross-nodal
haptic and orthographic influences on identifications of heard
syllables and for reverse effect of heard syllables on reports of
felt and read syllables. In the orthographic condition, a 63 -
item test order determ ned which orthographic syllable would be
paired with each acoustic syllable. This sequence was also
random but now with the constraint that each felt syllables be

paired with each synthetic syllable once in each third of the

test order.
Each  subj ect participated in three tests, synthetic
syllables al one, synthetic syllables paired wth printed

syllables [orthographic] and synthetic syllables paired felt
syl | abl es [ Tadoma] . The  order of the conditions was

count er-bal anced, with two subjects experiencing each order.

Subjects were seen individually. They first heard the end
point syllables from the synthetic speech continuum The end
points were identified for them and played several tines.
Subj ects were told that the speech was produced by a conputer and
that they would be identifying syllables like the ones they had

just heard in subsequent tests.

In the auditory test, subjects were seated in front of the

CRT screen. Printed on the screen was the nessage "Press Return

To Proceed”. To initiate each trial, subjects pressed the return
key. On each trial, one synthetic syllable was presented over
the | oudspeaker. Subjects nmade their responses by circling
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printed "B" or "G' on an answer sheet; they were instructed to
guess if necessary and then to continue the test at their own

pace by pressing the return key for each trial.

In the orthographic condition the test was simlar except
that when the return key was pressed, a printed syllable appeared
on the screen with its onset sinultaneous with the onset of the
synthetic syll able. The printed syllable remained on the screen
until the subject pressed the return key for the next trial.
Subjects were instructed to watch the screen as the printed
syl lable was displ ayed. They then made two responses, first
witing either "B" or "G under the heading "saw' indicating
which syllable they had seen. Subjects were told explicitly that
the acoustic and spelled syllables were independently paired so
they should always make their "heard" judgenent on what they had
heard independently of what they had seen and viceversa for the
"Law' judgenent. As in the auditory condition, they were
instructed to guess if they were unsure of the syllables they had

heard on seen on any trial.

In the Todanma condition, the nodel stood facing the CRT
screen with |oudspeaker directly in front of her at about waist
|l evel. The subjects received no instructions at all how to
di stinguish felt "ba" from "ga". The subject stood with his or
her right hand in a disposable glove placed over the lips of the
nodel . After presentation of paired felt and heard syll ables,
subjects indicated to a second experinenter which syllable "ba"
or "ga", they had heard and then which syllable they had felt,

in each case guessing if necessary. They made there responses by
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pointing to printed syllables on a sheet of paper. The printed
syllable "BA'" or "GA'" appeared twice, on the left, wunder the
heading 'heard” and on the right, wunder the heading "felt".
Experinenter then marked the answer in the sheet as in

ort hographi c condition.

The nost inportant outcone of the experinent was that a
strong cross-nodal effect on judged spoken syllables occured in
one cross-nodal condition, while at nobst a marginal effect
occured in the other. |In particular, a highly significant effect
occured when nouthed syllables were felt sinultaneously with an
acoustic presentation of simlar syllables, but a nmarginal or
non significant effect occured when syllables were printed. They
interpreted this difference as evidence favouring accounts of
speech  perception in which perceptual obj ect s are the
phonetically significant vocal tract actions that cause structure
in light, air and on the skin and joints of the hand. Al so, it
was found that the cross-nodal effect of felt on heard syllables
was present in inexperienced, in the very first block of trials
in which they participate. This suggests that the effect arises
in the absence or near absence of experience in which the
acoustic and haptic information is paired. Accordingly, they
concluded that joint specification of an enviornnmental event

doesn't require specific learning to be effective in perception.

Second finding of the experinent was that the cross-noda
effects in Tadoma condition worked in both directions i.e, the

felt syllables affect judgenents of the syllable heard, but the
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acoustic syllable affected judgenents of the syllable felt. This

suggests considerable integration of the information from the two

modal i ti es.

There is an alternative interpretation of the findings in

the orthographic condition. Wth the expectation that Tadoma
will lead to cross nodal perception and orthographic condition
would not, orthographic stimuli were presented for a |onger

period of time, guaranteeing that subjects would see the syllable
and hence nmaximzing the nunber of opportunities for a

cross-nodal effect to occur.

However, the effect of [|ong-duration presentation nay have
been different than that was expected. Al t hough the subjects
were asked to look at the screen as they pressed the return key,
(so that they would see the printed syllable sinultaneously wth
rearing the acoustic syllables), they need not have followed it,
because the syllable remained on the screen until the next trial
was initiated. Further the task of feeling of a nouthed syllable
is difficult and attention demanding in a way that the task of
looking at a clearly presented printed syllable is not. One
consequence may be that the Tadoma task took attention away from
the listening task, leaving the acoustically - signaled syllables
less clearly perceived and perhaps nore vulnerable to influence

of information from another nodality.

Experiment Il was designed to assess the effect of attention
on the cross-nodal influence of printed syllables on acoustic
syl | abl es. Masking was used to force subjects to look at the
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printed syllable at the same tinme they were listening to the
acoustical signal and to drive performance reporting orthographic
syllables down to a |evel conparable with the nonrandom subject's

ability to report the felt syllables.

Subjects were the sanme as in experinent |I. Sti mul us
material was also the sanme except they were masked by a row of
nunber signs ("#"). On each trial, a row of four nunber signs
appeared just above the location on the screen where the

syl | abl es woul d be printed.

Simul taneous wth presentation of the synthetic speech
syll able, either "BA or '"GA' was printed on the screen bel ow the
nunmber signs; the printed syllables were covered over after 67 ns
by anot her row of nunber signs. The mask remai ned on the screen

until the subject hit the key for the next trial.

Each subject was tested individually. As in experinent I,
the end points of the continuum were played and identified before
the min test to allow subjects to becone famliar with the
synthetic - speech syllable. They were told that they could pace
t henmsel ves through the experinment by hitting the return key and

they were instructed not to |eave any blanks on the answer sheet,

taking a guess if necessary. In addition, subjects were told
t hat acoustic signals and rmasked vi sual signals were
i ndependently paired on each trial, and, therefore decisions

about them should be made independently.

Results showed that three was no effect of the orthographic

syllable on identifications of heard syllables. They were
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successful in using masking to decrease identifiabiliity of the
orthographic syllables to a level conparable to identifiability
of felt syllables anbng non random subjects in the Tadoma
condi ti on. In the masking condition, the nmarginal effect in
experinment | disappeared conpletely in experiment 11. MGQurk -
like effects occur when information from the two nodalities are
conjoint lawful consequences of the sanme enviornnental event.
They do not occur based only on association in experience.
MQ@urk effect was absent when the visual stinmulus was replaced by

printed syllables.

Seki yama and Tohkura (1991) conducted a study on Japanese
subjects to findout McGurk effect in non-English listeners. The
mai n purpose of the investigation was to see whether the MGQurk
effect can be extended to Japanese subjects listening to Japanese

syl | abl es.

The audio and video signals of a fenale talker's speech for
10 Japanese syl l ables /ba/, /pal/, /ma//wal/, /dal/, /tal Inal /ral
/gal and /ka/ was conbined on videotapes giving 100 a - v
stinmuli. These stinuli were presented to 10 Japanese subjects
who were required to identify the stinuli as heard speech in both
noi se added and noise free conditions. For both conditions, the
intelligibility of the auditory stinuli was neasured by
presenting the auditory - alone stinmuli. The results showed that,
in noise-free condition, the MGk effect was small and al nost
[imted to audio stinuli of which the intelligibility was |ess

than 100% In the noise added condition, the nc@Qrk effect was
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very strong and w despread. The result indicated that the
Japanese MCGurk effect is less easily induced than the English
one and that it depends on the auditory intelligibility of the

speech signal.

There were several inconsistencies between the results of
the study by Sekiyama (1991) and those of MGurk and MDonal d
(1976) . First the results of the noise free conditions indicated
that it is nuch less easy to induce the Japanese MGurk effect
than the English one. In the noise free condition, the visual
bi asing effect was weak and fused responses, if any occured only
approximately 20% of the tine. The difference between the
Japanese and the English McGuk effect is clearly shown by the
fact that the Japanese audio /ba/ conbined with visual /ga/ was
correctly perceived as /ba/, 100% of the time whereas this types
of stinmulus yielded fused /da/ response 98% of the tinme for adult
subjects of MGurk and McDonald. Although the intelligibility of
each syllable used by MGurk and MDonald is not known the
description on the averaged intelligibility score of their /bal/

was | ess than 100%

Conparison of the results of a-v condition with those of the
audio alone condition indicated that the Japanese MGurk effect
depended on audi o intelligibility. When t he audi o
intelligibility was 100% the MGurk effect was absent/weak.
When intelligibility was less than 100% however, MGQurk effect

could be i nduced.
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Anot her difference between the results of Sekiyama's study
and of M@rk and MDonald (1976) was the type of a - v
incongruity pair in which visual biasing effects were observed
The original MGurk fusion effect was found only for pairs of
bilabials wth visual nonbiabilas and the fusion effect was not
found for the conversely conbined a-v pairs. In the Japanese
study, however fusion effects were found symetric, in both

audio labhials and visual nonlabials and audio nonlabials and

vi sual | abi al s.

Very few conbination responses such as 'bda' for audio /da/
conbined with visual /ba/ were observed in the study. On the
other hand, MGurk and Mdonald (1976) reported this types of
responses for audio /ga/ with visual /ba/ 54% of tine and for
audio /ka/ and visual /pal/ 44% of the time. The reason for these
differences may be attributed to either/both the articulatory
characteristics of Japanese syllables or Japanese |istener's
perceptual organisation for speech. It should be taken into
account the fact that the Japanese phonetic system doesn't allow

any consonant clusters in a systematic phonemc |evel [Chonsky

and Hal | e 1967] .

It appears that the orthography differs from |anguage to
| anguage. In the present study Hindi is considered and the
MQirk effect of Hi ndi printed words on spoken H ndi words are
eval uated. Also, the hypothesis that McGurk effect arises due to
association in nmenory in eval uated. If the hypothesis is true,
then there should be strong cross-nodel influence of auditory and

orthographic stinmuli.
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CHAPTER 111

VET HODOL OGY

Mat eri al :

Ei ght neani ngful nonosyllabic H ndi CVC words with varying
initial consonant were selected for the study. The initial
consonant conprised of the phonenes /P/ - bilabial voiceless
stop, /b/ - bilabial voiced stop, [kl - velar voicel ess stop,
/gl - velar voiced stop, /t/ - alveolar voiceless stop, /d/ -
al veol ar voiced, stop /m - bilabial nasal continuant and /n/ -
al veol ar nasal continuant and the nedial vowels was /a/ - low md
open vowel and the final consonant was the lateral /1/. Two
l[ists of these CVC Hindi words were prepared, one for auditory
presentation [Hence forth audio-word list] and another for visual
presentation [Hence forth the orthographic-word list]. Four lists
of words pairs were prepared by taking one word from auditory

list and the other from the orthographic I|ist.

In the first list, the word pairs were same, thus formng

the catch trials. The list was as foll ows:

Audi tory Ort hogr aphi c
1. pa: 1 pa : 1
2. ba: 1 ba : 1
3. ma : 1 ma @ 1
4. ta: 1 ta : 1
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5. da : 1 da : 1
6. na : 1 na : 1
7. ka @ 1 ka : 1
8. ga @ 1 ga : 1
Table I : list of word pair used as catch trials
1. Second list was prepared by words from audio and

orthographic list which formed mnimal pair in ternms of manner of

articulation. The pairs were as follows

Audi tory Ot hogr aphi c
1. pa : 1 m @ 1
2. ba : 1 m : 1
3. ta : 1 na : 1
4. da : 1 na : 1
Table Il: mnial pairs with manner difference

I11. Third list consisted of word pair, which were mninmal pairs,

with place difference (Table II1)
Audi tory Ot hogr aphi c
1. ga : 1 ba : 1
2. da : 1 ga 1
3. ta : 1 ka 1
4. ka : 1 pa 1
5. ga : 1 pa 1
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6. ba : 1 ka : 1

7. ka : 1 ba : 1
8. pa : 1 ga : 1
Table 11l - mnimal pairs with place difference

V. Fourth list consisted of word pairs which were mninal pairs

with place and manner differences.

In this category, the words differed in both place and
manner  of articul ation. The three places of articulation
considered were bilabial, alveolar and velar and the manner
differences were introduced using voicing and nasal continuants
/mi and /n/. A total of seven mninmal pairs were selected, as

follows : [Table IV

Audi tory O t hogr aphi c
1. ka @ 1 m : 1
2. pa @ 1 na : 1
3. ga : 1 m @ 1
4. ba : 1 na : 1
S. m : 1 ta 1
6. na : 1 ba : 1
7. m @ 1 ga @1

Table I'V: Mnimal pairs with manner and pl ace differences

The 8 pairs in catch trials wll be henceforth called
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co-operating condition. The four pairs with manner difference
will be called conflicting condition | and those with place and

manner difference will be called conflicting condition I1.

Thus, a total of 27 stinmulus pair [eight for catch trials, 4
with manner difference, 8 with place difference and 7 with manner
and place difference] were considered. Wth this 27 stimuli
pair, a list of 240 Audio-Othographic pairs of stimlus was

formed by selecting at random

For orthographic stimuli, these nonosyllabic words were
witten, one on each ivory card [size 3' x 6']. [Appendix I] The
letters werae witten with utnost clarity with a thickness of
1 cmin black ink. They were videotaped according to the order
in the list prepared. The recording was done using a national
m 7 novie canmera with an in built m crophone. A T.V. Zoom |ens of
the power of 1:12 was used. The cards were focussed from a
di stance of six feet from the canera. To indicate the serial
order, nunbers were shown along with the respective stinuli on
the right side of the card. A Ikw halogen light was used to
illumnate the room To orthographic stinmuli were recorded for 1
sec with an interstimulus interval of 2 secs, to allow the
subjects to wite down the response. The recordi ng was done on
video track of the casette National VHS [SPE - 180] by a

prof essional [Hari's Vedi os].

For the audio recording, a 23 year old normal female who was
a native H ndi speaker practiced the audio word list, while

orthographic stimuli were played back for synchronization.
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After suf ficient practice t he subj ect uttered t he

appropriate word to be synchronized as soon as the word appeared

on the screen of the television. These utterances were recorded
on the audiotrack of the sane casette. Al so, the instructions

were recorded and m xed at the beginning of the cassette.

Thus, the audio and orthographic stinmuli were approxi mately
synchroni zed. The 240 word pairs thus recorded fornmed the

material for the study.

Subj ect s:

Ten Hi ndi speakers [five nmales and five females] within the
age range of 18 - 25 years served as subjects. Al were students
from the Al India Institute of Speech and Hearing and reported

normal hearing and normal or corrected vision.

Met hod:

The subjects were seated 6 feet away from the Tel evision

screen. Three, three and four subjects were tested at one
sitting. They were seated in a sem «circular pattern to nake
sure that the T V screen was visible to every one. PHX col our

T.V. Philind (nodel - trend set) and BPL Sanyo VCR (nodel no.

VHR 1110) were used for the purpose of stinmulus presentation.
[Appendix 11] . Each subject recorded his/her response on a
response sheet. Each subject participated in three trials and

they were instructed to performthe folow ng tasks.
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In trial I, the subjects were instructed to record only what
they saw, in trial Il they were instructed to record only what
they heard and in trial 111, they were to record what they
percei ved. A time gap of twenty four to fourty eight hours was

given to ensure that the adaptation effect will not be there.

Anal ysi s:

The responses of the subjects were tabulated and analyzed

for auditory, orthographic and audi o-orthographic stinmul us.

The total nunber of responses for each stinuli for each

category [Audito, Orthographic and other] was conmputed. For eg

In trial IIl for an audio-orthographic stinmulus /pa : 1/ - /ga
1/ if the subject responded as /pa :1/, it was considered as an
auditory response. If the response was /ga : 1/, it was

considered as an orthographic response and if the response was
/da : 1/ it was considered as other response which was neither

audi tory nor orthographic.

The total nunber of responses was converted to percent

response by the follow ng formula.

Total nunber of response
% Response = X 100

Total nunmber of stinmulus

The average percent response for the subjects was also

comput ed.
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CHAPTER — I V

RESULTS AND DI SCUSSI ON

| . Responses to orthographic stimuli:

When the orthographic stimuli were t,d,n, maxi mum
percentage responses were obtained followed by p,b,m and k,g
obt ai ned | east percentage scores. \Wen the orthographic stimli
were t,d,n, 100 percentage resposnes were obtained. However when
the orthographic stinmulu were Kk,g, it was observed that

confusions were between k and t, k and b and g and k.

PERCENT RESPONSES
ORTHOGRAPHI C

STl MULI ORTHOGRAPHI C OTHERS
g 99. 66% k - 0.33

99. 33% t - 0.33

b - 0.33

Table V : Percent responses for orthographic stinmuli

Wien the orthographic stimuli were p, b, m p and b stimnuli

obtai ned 100% response. However, confusions were noticed between

the orthographic stimuli mand g (Table VI) .
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PERCENT RESPONSES
ORTHOGRAPHI C
STI MJLI ORTHOGRAPHI C OTHERS
P 100 -
b 100 -
m 99. 8 g (0.2)
Tabl e Vi Percent response for orthographic stinmnuli
Individuals varied in their responses. Subjects 2, 3, 4, 5,
6 and 7 scored 100 percent responses. However subjects 1, 8, 9
and 10 had confusions. The confusions were as in table VII.
SUBJECT | NTENDED CONFUSED
GRAPHEME GRAPHEME
1 Kk t
8 m g
9 g k
10 k 9

Tabl e VI

Il. Responses to Auditory stimuli

Anmong the auditory stinuli
response followed by alveolars and

| east percent response.
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AVERAGE PERCENT RESPONSES
STI MJLI
AUDI TORY STI MJLI OTHERS
Vel ars 98. 21 1.79
Dent al s 97. 39 2.61
Bi | abi al s 95. 96 4.04
Table VIII : Percent Response to auditory stimuli

It was observed that, anong the velars, nmaxinmm percent

responses were obtained for /k/ followed by /g/ (table I X).

AVERAGE PERCENT RESPONSES
STI MULI
AUDI TORY STI MJLI OTHERS
k 99. 74 0. 36(p) !
g 97. 43 0.05(b), 0.07(m
0.05(d), 0.02(t)
Table I X : Percent response for auditory stinuli

Among al veolars /n/ scored maxi num percent response followed

by /d/ and /t/ obtained |east percent response. Table X shows the

percent response.
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PERCENT RESPONSE
AUDI TORY
STI MULI
AUDI TORY STI MULI OTHERS
n 99 I (d)
d 97 0.2(9),
t 96. 33 0.2(k) , 0.1 (p),
0. 03(rn)
Table X : Percent response auditory stinuli Al veol ar
| ndi vi dual responses varied anong subjects. Subj ects 1,

and 7 perforned better and subject

8 perforned poorly.

observed that maxi mum confusions were between
followed by /d/ and /g/ and /p/ and /t/.
i ndi vidual subjects are in table XI.
SUBJECT | NTENDED CONFUSED
PHONEME PHONEME
1 t P
g d
3 d
t
g P
5&6 d 9
7,8,9 &10 m
Tabl e Xi Confusions in Othographi c Responses

It was observed that subject

conf usi ons.
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I11. Responses to Audio-orthographic stinmuli (A-0).
3.1 : Co-operating condition

Wien the A-O0 stimuli were from the sane place and manner of
articul ati on maxi mrum percent responses was reportd for alveolars
followed by bilabials and vel ars obtained |east percent response.
Wthin the alveolars, voiced stops and nasal continuants obtained
better responses than the voicel ess stops. However, anong the
bi | abi al s, nasal continuants and voi cel ess stops obtained better
scores than the voiced stops. Among the vel ars, voiceless stops

scored better than voiced stops.

A- 0 |stinuli Per cent Response
da: 1/- da: 1 99.0

na: 1-na: 1 97.0

ta: 1/ -ta:@ 1 96.1

m: 1/- ma: 1 98. 75

pa: 1/ - pa: 1 96. 6

ba: 1/- ba : 1 95.0

ka : 1/- ka : 1 99.0

ga : 1|- ga: 1 94. 4

Table XIl : Percent response for various A-0 stimul
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The confusions in audition/orthography were as given in

table XII1.
| NTENDED | CONFUSED PERCENT
PHONEMES | PHONEMES
AND AND
GRAPHEMES | GRAPHEMES
P d 4
b t, kK, m |3(t) (k) Km)
m b 2
n d 2
t P
d P 1
g m, d 4(m 1 (d)
k g 1
Table XII'l : Confusions in A-0 stinuli

| ndi vi dual responses varied anong subjects. While subjects 1
and 9 had maxi num confused responses, subjects 4 and 8 did not
have any confusions. Subjects 2, 3, 5 6 and 10 gave m ni nal
conf used responses. It was found that naxi num confusions
occured between /p/ and /m followed by /p/ and /d/; /g/ and /m;
/bl and /t/ and /t/ and /p/ respectively. Least confusions

occured between /k/ and /g/, /n/ and /d/ and /t/ and /.
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3.2 Conflicting condition I:

(Same place but different manner of articulation for audio

and orthographic stimuli).

3.2.1 When the A-0 stimuli were of sane place but different
manner of articulation, it was found that average percent
responses for audio stimuli were better for alveolar - alveolar

stimuli pair than that for bilabial - bilabial pair (Table XIV).

l PEHRCENT RESPONSE
A --0 o0 : [ |
A 0 O hers

! A ! 0 ! O hers !
Al veolar - Alveolar| 52.5 46 1.5
Al veol ar Al veolar! 52.5 1 46 | 1.5 !
Bilabial - Bilabial| 48.33 45.55 6-11
Bil abial - Bilabiall! 48.33! 45.55! 6.11

Table XIV : Percent response for A- 0 stinuli

3.2.2 : Alveolar - Alveolar stinuli:

In this, A-O0 pair wereta : 1 - na: landda : 1 - na : 1.

It was found that when the auditory stimuli was voiced
alveolar stop and orthographic stimuli was nasal continuant
maxi mum percent responses were obtained for orthographic stinmuli.
However, when the audio stimuli was voiceless stop, naximm

percent responses was obtained for auditory stinuli. (Tabl e XV).
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STI MULI PERCENT RESPONSE
A - 0
A 0 O hers
da: 1-na:|1 48. 0 49.0 3
ta: 1 - na:|1 57.00 43.00 0
Table XV : Percent response for A - O stimuli

(Al veolar - Alveol ar)

The confusions in audio/orthography were as in table XVi

1A -0 CONFUSED | PERCENTAG!
STIMILLI | RESPONSE
d-n b 1
t 1
m 1
t - n
Table XVI: Confusions in A-O0 stimuli - Alveolars

3.2.3 : Bilabial - Bil abial

In this the A-O pairs were ba : 1 - m : 1 andpa : 1 - m :

1. It was found that

1) when the auditory stinmuli was voiced or voiceless stop or
ort hography was nasal continuant maxi mum percent responses

were obtained for the auditory stimuli (Table XVII).



STI MJLI

PERCENT RESPONSE

A - 0
A 0 O hers
ba : 1 - na 1 48. 00 47.001 5
pa : 1 - ma 1 48.75 43.75 7.5
Tabl e XVI| Percent response for A - O stimuli
(Bil abial - Bil abial)
The confusions in auditory/orthography were as in table
XVIITI.
A- 0 CONFUSED | PERCENT
STI MULI RESPONSE
p - m t 5
g 1.2
n 1.2
b - m n 6. 25
Table XVIII : Confusions for A - O stimuli - bilabials

3.3 Conflicting condition Il

for A - 0 st

The A -
1)

2)

imuli) .
0O stinmuli
Bi | abi al
Bi | abi al

(different place of

in this conditions were

Vel ar

(B

Al veol ar

- V)
(B -
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3) Alveolar - Velar ( A- V)
4) Alveolar - Bilabial (A - B) and
5 Velar - bilabial ( V- B)

3-3.1 Bilabial - Vel ar:

Wien the auditory stimuli was bilabial and the orthographic

stinuli had velar place of articulation 50% of the responses were

towards auditory stinmuli and less than 50% were towards
orthographic stinmuli. Subj ects reported other stimuli also
(Tabl e XI X) .
STI MULI AVERAGE PERCENT RESPONSE
A - 0 >
A 0 Ot hers
B - V 50 46. 5 3.5

Table XI X : Percent response for A - O stinuli

(Bilabial - Velar)

Inthis B- Vpair, the stimuli pair (pa : 1 - ga : 1 and ba

1 - ka : 1) were included. Wen the audio signal was voiced
stop and orthographic stimli was voiceless, naxinum percent
responses were obtained for auditory stimuli. However, when the
auditory stinmuli was voiceless stop and orthographic stimuli was
voiced stop, nmaximum percent responses were obtained for

orthographic stinmuli (Table XX).
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STI MULI PERCENT RESPONSE

A - 0 }
A 0 G hers
ba : 1 - ka :|1 53 42 5
pa : 1 - ga :|1 47 51 2

Table XX : Percent response for B - V pair

Confusions in audi tory/orthographic stimuli were as in
tabl e XXI.
A- 0 CONFUSED | PERCENT
STI MULI RESPONSE
b - k g 2
m 1
n 1
P 1
P-g K 1
t 1
Table XXI : Confusions in auditory/orthographic stinmul
Bilabial - Velar pair

3.3.2 Bilabial - Al veolar

When the auditory stinuli had bil abial place of articulation
and orthographic stimuli had alveolar place of articulation,

maxi mum percent responses were towards auditory stimuli followed
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by orthographic stimuli (table XXII) . Some reported other

stimuli.
STI MJLI PERCENT RESPONSE
A - 0
A 0 O hers
bil abial - alveolar | 46.31 45.26 8.42
Tabl e XXI'l : Percent response for A - O stimnuli
(bilabial - alveolar pair)
In this condition, the three stinuli pair were ba : 1 - na :
1, pa: 1 - na: 1l andm : 1 - na : 1. It was found that, when
the auditory stimuli was voiced stop and nasal continuant,

maxi mum percent responses were obtained for orthographic stinuli
which was nasal continuants. However, though the orthographic
stimuli was sanme as earlier, when the auditory stinmuli was

voi cel ess stop, maximum percent response were towards auditory

stinmuli (table XXI'lI) .

STI MULI PERCENT RESPONSE
A - 0
A 0 G hers
ba : 1 - na : 1 41.43 55.71 2.85

pa : 1 - na: 1 { 50.00 37.00 13

m : 1 - na: 1 45. 00 50.00 5
Table XXI'11: Percent response for A - O stinuli
(bilabial - alveolar pair)

50



The confusions in audio/orthography were as in table XX V.

A-0 CONFUSED | PERCENT

STI MJLI RESPONSE

p - n m 12
d 1

b - n g(1) 1.4
t(1) 1.4

m- n d 0. 05

Table XXIV - Confusions in A - O stinuli

(bilabial - alveolar pair)

3.3.3. Alveolar - Velar:

When the auditory stimuli were alveolar and the orthographic
stimuli had velar place of articulation, maxi mum percent
responses were towards orthographic stinuli followed by audi o

stimuli and sone responses were reported for other stinuli (Table

XXV) .

STI MJULI PERCENT RESPONSE
A - 0

A 0 G hers
A - V 45 51.5 4

Tabl e XXV : Percent response for Alveolar - Velar pair
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The two stimuli pair wereda : 1 - ga: landta : 1 - ka:l

It was found that when the audio - orthographic stimuli were
voi ced/ voi cel ess, the maxi num percent responses were towards

orthographic stinmuli (Table XXVI).

STI MULI PERCENT RESPONSE
A - 0
A 0 O hers
da : 1- ga: 1 43 51 6
ta: 1 - ka : 1 47 | 52 1
Table XXVI : Percent response for A - 0 stinuli

(al veol ar - velar)

The confusions in audio/orthography were as follows (table
XXVI ).

l A-0 CONFUSED | PERCENT
STI MLI RESPONSE
d-g m 2
b 2
t 1
: n 1
Table XXM'| : Percentage of confused response in

al veolar - velar pair (d - Q)
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3.3.4 Alveolar - Bilabial:

Wien the auditory stimuli was alveolar and the orthographic
stimuli had bilabial place of articulation, nmaxinmm percent
responses were towards auditory stimuli (Table XXVIII). Sone

subj ects reported other stimuli also. The stimuli pair was ta

1 - ba: 1.
STI MULI PERCENT RESPONSE
A - 0
A 0 O hers
ta: 1- baj: 1 56. 66 40 3.33
Table XXVIIIl : Percent response to A - O stinuli
Al veolar - bilabial pair
The confusions in audio/orthographic stinmuli were as in
tabl e XXI X

A-0 CONFUSED  PERCENT
STI MULI RESPONSE

t - b p 3.33

Table XXI X : Confusions in A - O stinuli

al veol ar bil abial pair

3.3.5 Velar - Bilabial:

When the auditory stimuli had velar place of articulation

and the orthographic stimuli had bilabial place of articulation,
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maxi mum percent responses were towards orthographic stinuli
followed by the auditory stinuli. The subjects reported other

stimuli also (table XXX).

STI MULI PERCENT RESPONSE
A - O
A 0 O hers
Vel ar - Bil abi al 47.12 51.01 1. 86

Tabl e XXX : Percent response to A - O stinuli

Vel ar - Bilabial pair

The followng stimuli pair were included in this condition,
ka : 1 -m: 1, ka: 1 -pa: 1, ga: 1 - m : 1,ga: 1- ba:
1, ga: 1 - pa : 1

It was found that when auditory stinuli were sanme i.e,

voi cel ess stops and the orthographic stimuli were

1) nasal continuants and

2) voiceless stops respectively maxi num percentage response
were obtained for auditory stinmuli. However, when auditory,
stimuli was voiced stop and the orthographic stinuli were
1) nasal continuants
2) voiced stop and
3) voiceless stop, maximum percentage responses wer e

towards orthographic stimuli (table XXXI).



STI MULI PERCENT RESPONSE
A - O
A 0 Q hers o

ka: 1-ma: 1 53.00 46.00 1
ka: 1-pa: 1 52.63 45.83 1.05
ga: 1-nma: 1 45. 00 54.00 1
ga: 1-ta: 1 40.00 57.00 3
ga: 1-pa: 1 40.00 56.00 4

Table XXX : Percent response for A - O stimuli
(Velar - bilabial)

The confusions in the audio/orthographic stimuli wee as

follows (table XXXII).

A-0 CONFUSED | PERCENT
STI ML RESPONSE
g-p m 2
b 1
1
g-Db m 3
g-m 1
k- m n 1
k-p d |
Table XXXII : Confugons in auditory - orthographic stmuli

(Vea - bilabial)
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DI SCUSSI ON

It was found that, for the orthographic stinuli, alveolars
obt ai ned the best response. It may be the structural properties
(sinmple) of orthography of these stinmuli, which lead to maxi mum
percent score for these. For the auditory stinuli maxinmm
responses were obtained for velars [k, g], which may be
attributed to the spectra of velars, which is inportant for the

consonant perception.

However, when the Audio-Othographic stinuli were sane,
maxi mum responses was reported for alveol ars. As it was found
t hat al veol ars obtained nmaximum response in orthographic
condi ti on, it my be the conbined influence of al veol ar

ort hography and the acoustical property of alveolars which nakes

them di stinct.

When the A - O stimuli were from the sane place, but
different manner of articulation, maxinmum response was reported
for alveolars, which were auditory stinuli. This may be because

of the distinct acoustic property of alveolars.

It was very interesting to find that, when the A - 0 stimul
were from different place of articulation maxi num responses were
reported for alveolar - bilabial pair (auditory stimuli), but
| east responses was reported for alveolar - velar pair (for

auditory) stinuli. For orthographic stinmuli rmaxi mum responses

were obtained for velars in al veolar - velar pair and |east

responses were obtained for bilabials in alveolar - bilabial
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pair. Also, it was found that Bilabial - alveolar pair obtained
maxi mum Even though, alveolars response in 'other' category
responses indicating that the subjects confused Bil-alveolar
maxi mal | y obt ai ned maxi num response in orthographic condition, in
A— O mode, it wa found that they were confused when paired wth

bi | abi al s.

I n orthography maxi mum confusi ons were between /k/ and /t/.

To find out the confusions anong Hi ndi graphenes, a study was

conducted using the orthographic stimuli, in 20 normal adults who
were not speakers of Hindi. The material was the graphenes used
in the study. The subjects were visually presented with two

graphenes at a tinme and were instructed to report whether they
were sane or different. Those graphenmes which were reported to
be simlar were considered to be the grapheme which are likely to
be confused. It was found that maxi mum confusions were reported
between /t/ and /n/, followed by /p/ and /m and /g/ and /.
Though, maxi num conpari sons are not reported for /k/ and /t/ in
the study they were the graphenmes maximally conpared. Table

XXXI'l'l shows the graphenmes in H ndi script.

The results revealed that McGurk effect was absent or the
orthographic stinmuli did not interfere with the auditory stinuli
when synchroni zed. This is in consonance with the study by
Fowl er and Dekle (1991). Thus, it can be concluded that MGurk
effect between orthographic and auditory stinuli doesn't arise

from association in menory.

57



This has inplication in rehabilitation- As there is no
cross nodel influence, it can be suggested that sinultaneous
orthographic presentation can be given along wth auditory
stimuli during speech and | anguage intervention progranmmes, while
dealing with hearing inpaired, aphasics and dysl exics. However,
care should be taken while presenting orthographic stinmuli.
Siml|ar graphenes should be avoided in the first instant and
those which are very distinct should be provided. It is further
suggested that the confusions between graphenes in various

| anguages be investi gated.
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CHAPTER V
SUMVARY AND CONCLUSI ONS

The study was ained at investigating the MQurk effect of
orthographic stimuli on auditory stinuli presented simultaneously

and to test whether it arises due to association in menory.

Ei ght neani ngful nonosyllabic H ndi CVC words with varying
initial consonant were selected for the study. The phonenes /p/
- bil abial voiceless stop, /b/ - bilabial voiced stop /k/ - velar
voi cel ess stop g-velar voiced stop /t/ - alveolar voiceless stop
/d/ - alveolar voiced stop, /m- bilabial nasal continuant and
/I'nl - alveolar nasal continuant conprised the initial consonant
and the nedial vowels was /a/ - low md open vowel and the final

consonant was the lateral /1/.

Two lists of these CVC Hi ndi words were prepared i.e, audio

word list and visual word list. Four lists of word pairs were
prepared by drawing one word from auditory list and the other
from the orthographic Ilist. In the first list, the word pairs
were same, which forned the catch trials. For eg : Pa : 1 Pa

1 [Auditory-orthographic pair]. Eight such word pairs conprised
the 1|ist. In the second list, four word pairs were included
which were mnimal pairs in terns of mnmanner of articul ation.
For eg : pa : 1 - ma : 1 [auditory - orthographic stinmuli] .
Third list consisted of eight word pairs, which were mninmal
pairs with place difference. For eg : ga : 1 - ba : 1 [auditory -

orthographic stimuli] .
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In the fourth list, seven mnimal pairs which differed
in terns of both place and manner of articul ation. The three
places of articulation considered were bilabial, alveolar and

velar and the manner differences were introduced using voicing

and nasal continuants /ml and /n/. For eg : ka : 1 - m : 1
[auditory - orthographic stinmuli].

The eight pairs in catch - trials were called co-operating
condi tion. The four pairs wth manner difference were called

conflicting condition-I and those with place and place and nanner
difference were called conflicting condition-11. Thus a total of

27 stimulus pairs [eight for catch trials, four wth nanner

di fference, eight with place difference and seven w th manner
and place difference] were considered. Wth this 27 stimli
pair, a list of 240 auditory - orthographic pairs of stinmulus

was fornmed by selecting at random

For orthographic stimuli, these nonosyllabic words were
witten with a thickness of 1 cmin black ink, one on each ivory
card [size 3' x 6']. They were videotaped according to the order
in the list, using a National M- T novie canera with an inbuilt
m cr ophone. The cards were focussed from a distance of six feet
fromthe canera, in a roomillumnated with a 1 kw Hal ogen |ight.
They were recorded for 1 sec with an intrastimulus interval of 2
sees, to allow the subjects of wite down the response. The
recording was done on video-track of the cassette National VHS

[SPE - 180] by a professional.
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For the audio recording, a 23 year old nornmal female who was
a native H ndi speaker, after sufficient practice, uttered the
appropriate word to be synchronized as soon as the word appeared
on the screen of the television. These utterances were recorded
on the audio-track of the sane cassette. Thus, the 240 word
pairs which were approximately synchronized, conpri sed t he

material for the study.

Ten Hindi speakers [five males and five females] within the
age range of 18-25 years served as subjects, who reported normnal
hearing and normal or corrected vision. Three, three and four
subjects were tested at one sitting, and were seated six feet
away from the television canera, in a semcircular pattern to
make sure that the TV screen was visible to everyone. Each
subj ect participated in three trials and they were instructed

to performthe follow ng tasks.

In trial |, the subjects were instructed to record only what
t hey saw, in trial Il, the subjects were instructed to record
only what they heard and trial 111, they were to record what

they perceived. The responses of the subjects were tabul ated and
anal yzed for audi tory, orthographic and audi o-orthographic

sti mul us.

The total nunber of responses for each category [Audio,
orthographic and other] was conputed. The total nunber of
responses was converted to percent response by the follow ng

f or mul a.
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Total nunmber of response x 100
Percent response =

Tot al nunber of stinulus

The average percent response for the subjects was also

conputed. The results revealed the follow ng

For the orthographic stinuli, the best responses were
obtained for alveolars (t, d, n). For the auditory stinmuli,

maxi mum r esponses were obtained for velars (K g).

Wen the A - O stinuli were sanme, nmaxinum responses was
reported for alveolars. Wien the A - 0 stimuli were from
di fferent place of articulation, maxinum responses was for
auditory stimuli. Wen A - 0 stimuli were from different place

of articulation, maxinmm responses was reported for alveolar -

bilabial pair (for auditory stimuli) and |east responses was

reported for alveolar - velar pair [for auditory stimulus].
For orthographic stinmuli maxinmum responses were obtained for
velar in alveolar - velar pair and |east responses were obtained
for bilabial in alveolar - bilabial pair. O her responses were
reported maximally for bilabial - Alveolar pair indicating that
the subjects confused bilabial - alveolar maxi mally.

In the orthography maxi mum confusions were between /k/ and
/t/, /m and /g/ and /k/ and /g/. This may be because of the

simlarity of these graphenes.
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The results revealed that MGrk effect was absent or the
orthographic stimuli did not interfere with the auditory stinuli
when synchronized. This is in consonance with the study by Fow er
and Dekle (1991). Thus, it can be concluded that MCGurk effect
between orthographic and auditory stinuli doesn't arise from

association in nenory.

This has inplications I|ike, sinultaneous presentations of
orthographic stimuli and auditory stinmuli during speech and
| anguage intervention prograns,; while dealing wth hearing
i npai red, aphasics and dysl exics. However, simlar graphenes

should be avoided in the first instance and those which are
di stinct should be provided. It is suggested that the confusions

bet ween graphenes in various |anguages be investigated.
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RESPONSE SHEET

Name :
Age / Sex :
Mother tongue :
Education
L] 25 49 73 97 121 145 169 193] 217
s 26 50 74 98 122 146 170 19 718
3 27 51 75 % 123 147 171 195 219
4 28 52 76 100 124 148 172 19 220
5 29 53 77 101 125 149 173 197 221
6 £ 54 78 102 126 150 174 198 222
7 31 55 79 103 127 151 175 19 223
8 32 56 80 104 128 152 176 200~ 223
9 3 57 81 105 129 153 77 21 2%
10 34 58 82 106 130 154 178 22[ 226
11 35 59 83 107 131 155 179 203 227
60 84 108 132 156 180 204 228
13 37 61 85 109 133 157 181 205 229
14 38 62 86 119 134 158 182 26 230
15 39 63 87 111 135 159 183 207 231
16 49 64 88 112 136 160 184 28] 232
17 41 65 89 113 137 161 185 29 233
18 42 66 % 114 138 162 186 210 234
19 43 67 o1 115 139 163 187 21 235
20 44 68 92 116 149 164 188 212 236
2 45 69 33 17 141 165 189 23 237
2 46 70 % 118 142 166 190 214 238
23 47 71 35 119 143 167 191 215] 239
24 48 72 % 120 144 168 192 216] 249




