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CHAPTER |

| NTRODUCT| ON

"As humans we have the ability to detect and
categori ze features, wthout these skills, we could not
observe consistencies anong events that m ght otherw se
appear unrelated. The early cognitive growth of young
chil dren heavily depends on decisions that involve features.
Those feature that becone inportant are regarded as

di stinctive =~ = " (Singh, 1976).

"The sound pattern of a given |anguage is fundanental
toits structure (Danioloff et al, 1980). The segnents
of a sound pattern i.e., speech sounds take part in
buil ding different words and norphenes with the hel p of
i nherent distinctions. These speech sounds have got
several paraneters. These paraneters are called Features.
The G features which provided inherent distinction

bet ween speech sounds are called D stinctive Features".

"The 'Distinctive Features' of an individual phonene
woul d be tnose aspects of the process of articulation and
their acoustic consequences that serve to contrast one

phonene with others (Berko and Brown, 1960).

A Distinctive feature systemis an organi zed system of

t he phonenes in a | anguage, each feature having two nutually
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exclusive values. A conplete feature systemis the one
whi ch di stinguishes all the phonenes of the |anguage from

each ot her.

Vari ous approaches to establish feature systemin a
| anguage have been reported. The mmjor nethods are:
(1) Acoustic Method, (2) Articulatory nethod, and

(3) Perceptual nethod.

I n Acoustic nethod, various paraneters of speech
sounds are studi ed using speech Spectrograph. The
Di stinguishing characteristics of the sounds are extracted
by inspecting the Spectrograns obtained for speech
sounds. The inportant acoustic cues reported in the
l[iterature include (i) Voice Onset Tinme, (ii) Formant
transitions, (iii) Duration, l|ocation and concentration
of energy. This nethod was enpl oyed by Jakobson, Fant
and Halle (1952) in order to establish a set of features

to distinguish English consonants.

Articulatory nethod utilizes the phonetic descriptions
of the sounds to define the distinguishing qualities of

speech sounds. (Chonsky and Hal l e, 1968).

Perceptual nethod of establishing a feature system
i nvol ves studying perceptual responses to sounds by the

listeners. The analysis of errors made by the listeners in
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various conditions of quiet, with noise and with filtering,
hel ps to obtain a set of distinctive features utilized

by the listeners in the perception of speech sounds. (Mller
and Nicely, 1955; Singh and Bl ack, 1960; Singh and Becker,
1972; Jeter and Singh, 1972).

The establishnent of the feature system may be
apriori or aposteriori. Apriori method involves defining/
proposing a feature system before acoustic, articulatory
or perceptual analysis. Here the systemproposed forns

the basis for analysis of data (MIler and Nicely, 1955)

Aposteriori method involves analysis of plethora of
sanpl e and then by various analysis techniques like fine
anal ysis of spectrograns or rmulti-di nensional scaling
anal ysis of perceptual data, tne features are tceged out.

(Jeter and Singh, 1972).

The Apriori nethod lacks flexibility but it is

conparatively less tine consumng and sinpler.

The distinctive features are considered to be the
basic units of speech-sound production and speech sound
perception. They provide guidelines to speech pathol ogists
and Audi ol ogi sts for the managenent of i ndividuals having

Speech and Hearing probl emns.

Recently the distinctive feature approach has been
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used extensively and successfully in the managenent of
deviant articul ati on behavi our. (Hans, 1963; Wber, 1970
Conpton, 1970; MReynol ds and Huston, 1971; Poll ack and

Rees, 1972; MReynol ds and Bennett, 1972; Singh and Frank
1972; O ler, 1973; Kamara, Kamara and Si ngh, 1974; MReynol ds

et al, 1975; Costello and Onstine, 1976; etc).

The speech clinicians agree about the application of
di stinctive features in assessing, predicting and
managi ng devi ant articul atory behaviour (Ferris, 1978; Kim
1978; Weiner and Bernthal, 1978; Metz et al, 1980; Ruder
and Bunce, 1981). They report that distinctive feature
system of analyzing articul atory behaviour is economn cal
and efficient. Econom cal because the correction of one
feature leads to correction of many phonenmes, efficient,
because it provides systematic path to evaluate and correct
articul ation deviation and to neasure progress. Conpton
(1970) aptly says "The distinctive feature analysis itself
is not a recipe for therapy, rather it is nore Iike a map

to aid us in choosing the best route to reach a destination".

Distinctive features have been enployed to study the
articulation acquisition in children. It provides a finer
met hod to trace phonol ogi cal acquisition and it explains
many equi vocal findings reported in the literature of

phonol ogi cal acquisition. It also provides basis to build



1.5
up phonol ogi cal model s.

The application of distinctive features in the studies
of Speech perception open up new vistas in the study of
perception of speech sounds. The feature approach hel ps us
to find dinmensions that are nore inportant for perception
of speech sounds. The feature analysis, as opposed to
speech sound anal ysis provides nulti-dinensional information
about speech sound perception. The workers in the field
of Speech perception have enployed feature frame work to
study speech perception in deaf individuals and have
descri bed perceptual strategi es enployed by the deaf indi-
viduals (Binnie, Mntgonmery and Jackson, 1974; Danhauer et al,
1978; Danhauer and Si ngh, 1975; Singh, Lawson and Si ngh,
1974; Wal den and Mont gonery, 1975; Bl ood, Blood and Danhauer,
1978; Doyle et al, 1981).

Hem spheric specialization for features has been expl ored.
It has been found that highly encoded features are processed
in left hem sphere for right handed individuals, which has
got a special linguistic device. (Studdert Kennedy and
Shankwei | er, 1970; Day and Vigorito, 1972; Blunstein et al,
1973; Blunstein et al, 1977; Hayden et al, 1979).

There have been sone crical reviews on distinctive

features questioning its conceptual reality and theoretical
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basis. (La Riviere et al, 1974; Ritterman and Freeman, 1974;
Parker, 1976). Sone have even questioned the clinical
applicability of these features due to contam nation by
various factors such as co-articulation, prosody,

di al ect, etc. (Walsh, 1974; Leonard, 1974; Lund and Duchan,
1978). The critical reports enphasize the need for

physi cal representation of these abstract |inguistic features.

Inspite of the limtations, distinctive feature approach
is promsing tool to speech pathol ogi sts and audi ol ogists in

handl i ng vari ous speech and hearing probl ens.

Thus it is useful to establish feature systemin a
particul ar |anguage in order to study the speech sounds of.
a language in detail. The detailed study of the speech

sounds hel ps the Speech and Hearing specialist.

An attenpt has been made to establish a distinctive
feature systemfor consonants in Gujarati |anguage. A set
of distinctive features has been proposed. Two experinents
have been carried out in order to identify acoustic
correlates of the proposed feature systemand to find out
the information carried out by each feature in perception

of speech.

A cross-linguistic study has been carried out in order

to test universality of the proposed feature system The
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perceptual responses of Gujarati and non-Gujarati speakers
have been conpared and rel ative inportance of the proposed
features has been obtained for both the groups and has

been conpar ed.

STATEMENT OF THE PROBLEM -

This study is carried out to explore the possible
exi stence of distinctive feature systemfor consonants in
Gujarati and to establish acoustic distinctive characteristics

for this features system

HYPOTHESES.: -

(1) CGujarati |anguage has a distinctive feature system

(2) It is possible to propose a distinctive feature system
based on the description of Gujarati consonants. (Nair,

1979).

(3) Consonants in CGujarati |anguage are made up of follow ng
di stinctive features : (i) Voicing, (ii) Nasality,
(iti) Labi-al, (iv) Alveolar, (v) Dental, (vi) Retroflex,
(vii) Velar, (viii) Aspiration, (ix) Affrication,

(x) Sem vowel, (xi) Lateral, (xii) Flap and (xiii) Fricative.

(4) The information content carried by each of these

di stinctive features vary.
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(5) Each distinctive feature presents distinctive acoustic

characteristics.

(6) No significant difference will be found in the listening
performance of Gujarati and Non-CGujarati speakers
when words with minimal differences are presented in

a quiet situation,

LI M TATI ONS OF THE STUDY: -

(1) Apriori analysis has been used.

(2) The group of Non-Cujarati listeners were small

(3) In the present investigation, the distinctive feature
systemwas devel oped for consonants only since the problens
inarticulation, discrimnation and | anguage acquisition are

mai nly of consonants.

*0* O* O* 0* 0* 0* 0* 0* O* O* 0*



CHAPTER ||

REVI EW CF LI TERATURE

2.1 Dstinctive Features - An Introduction:-

"Language is primarily (nost efficiently, easily and
directly) encoded as Speech, " (Daniloff etal 1980). "Speech
has been for thousands of years the universal nedi um of
comuni cation; it still is"(Gay and Wse 1959). A |anguage
Is a systemof systens. This systemcan be broken down into
five principal sub-systens - grammatical system phonol ogi cal
system nor phophonem c system senantic systemand phonetic
systen{Hocket, 1958). These levels are hierarchical and
the lowest string in this hierarchy is phonemcs - the study
of phonenes. The study of phonenes is very inportant to

under stand a | anguage system

Earlier it was believed, that a phonene is the snall est
unit of language and that it cannot be further divided.
(Bloonfield 1933). The introduction of the distinctive
feature concept by Jakobsen, Fant and Halle (1952) has
rejected the concept that phonene is the snmallest unit of

| anguage.

The paraneters of the phonene are called "Features”.
The paraneters whi ch distinguish two phonenes of a | anguage
are called distinctive features. That is; according to
Jakobsen, Fant & Halle(1952). "The distinctive features are
the ultinate distinctive entities of |anguage. The distinctive
features conbine into one sinultaneous or concurrent bundle to

forma phonene".
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Attenpts have been nade to describe the distinctive

features in terns of their acoustic articulatory and

per ceptual correl ates.

Si ngh(1975) defines distinctive features in a follow ng
way; "Distinctive features are the physical (articulatory or
acoustic) and psychol ogi cal (perceptual) realities of the
phonenes. I n other words each phonene can be descri bed and
differentiated in terms of 1) Articulatory features, nanely
the place of articulation and the manner of articul ation
2) Acoustic features, nanely frequency, intensity and duration
of speech sounds, and 3) The perceptual features which are

the result of the auditory discrimnation between the phonenes

The distinctive feature concept is based on principles
of a) Binary scale b) Econony i.e. The binary principle
basi cally considers the presence or absence of a particular
feature. This, for exanple has been indicated by use of + & -
for presence and absence of a feature by Jakobsen etal (1952-).
Chonsky and Hal | e(1968) have used 1 and o to indicate the
presence and absence of a feature. The use of binary scale
has been found to be very useful. Sonme experinents have shown
that the analysis of any event by human beings is based on
bi nary principles. Further the use of binary scale would be
very useful in the present days of conputers for the analysis
of data. The principle of econony is used to nmnimze the
redundancy that is seen in the |anguage, thus sinplifying the

process of describing the |anguage.
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The distinctive features performvarious functions.

They are:

1. Description of phonenes

2. Description of the interrelationshi ps between the different
phonenes of a |anguage and al so al | ophoni c vari ati ons.

3. Quantification of these interrelationships.

4. (Jdassification of the phonenes depending on the distinction,
I.e., if a group of phonenes share a |arge nunber of features
then they forma natural class and if a group of phonenes
share a few commonal ities they bel ong to an unnat ural
cl ass.

5. Finding out the distances between phonenes.
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The distinctive feature systens have been proposed by
several people. The nost frequently used systens are those
proposed by 1) Jakobsen etal (1952) 2) Chonsky & Hall e(1968).
Jakobsen etal (1952) have used phonem c theory to derive
distinctive feature systemand the distinctive feature system
proposed by Chonmsky and Hal |l e(1968) is based on generative

t heory.

According to phonem c theory there are two | evels of
phonol ogi cal structure an abstract phonemc |level and a
phonetic level that is roughly equivalent to the speech signal
(physical phonetics). Distinctive features are the qualities
contained in the speech signal itself that are necessary for
t he speaker-hearer to identify the phonenes of his |anguage.
Some of the inplications that phonemi c theory has for distinctive
features are at |east unnecessary, if not absolutely untenable.
First, phonemc theory inplies the existence of nondistinctive
features, which not only adds unnecessary formal apparatus to
the theory and nmakes the set of distinctive features potentially
infinite, but also the concept of nondistinctive feature is
not precisely definable. Second it allows for the possibility
of | anguage specific distinctive features, which makes
conpari sons anong different |anguages in terns of distinctive
features inpossible. Third, it inposes the conditions of
[inearity and biuniqueness on the relation between the phonem c
and phonetic levels of representation, even though these

conditions can be shown not to hold. And fourth, the assunptions
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on whi ch the tenets of phonemc theory are based are not valid;
nanely that there is a direct correspondence between phonenes
and what speakers actual |y produces and hear i n speech, (Packer,F
1976) .

I n generative theory there is no one to one correspondence
bet ween di stinctive features and speech signals. The ai mof
generative theory is to capture what the speaker knows about
his | anguage. The distinctive features are based on a theory
of universal phonetics. Chonsky and Halle (1968, p.p.294 - 295)
state that such features are "identical with the set of phonetic

properties that can in principle be controlled in speech; they

represent the phonetic capabilities of man and.... therefore
are the sanme for all |anguages." GCenerative theory has severa
advant ages over phonemc theory. It posits two |evels of

phonol ogi cal structure (the classificatory matrix and phonetic
matri x) rather than one (the phonemc |evel) which account for
phonol ogi cal alterations and the insertion and del eti on of

segnents, (Parker, 1976).

Parker (1976) points to a limtation in generative theory.
He says "Distinctive features as they are described in generative
phonol ogy are not conponents of speech production = == = "
He suggests a production matrix bel owthe phonetic matrix in
whi ch distinctive features are translated into paraneters of

speech producti on.
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Various feature systens have been proposed to descri be
sounds of English language. The main difference lies in the
nmet hod of - extracting the features. The nethods are acoustic
nmet hod (Jakobsen etal 1952) articulatory method (Chonsky &
Hal 1 e; 1968) and perceptual nmethod (MIler & Nicely; 1955).

Dfferent feature systens have been used to descri be
consonants and vowel s by various investigators as they consider
that production and perception of consonants and vowel s have
different basis. There are sonme feature systens which descri be

t he consonants and vowel s using the sane features.

There are disagreenents in describing consonant feature
system This is due to methodol ogi cal variables and difficulty
in finding one-to-one relation between the articulatory,
acousti c and perceptual features, where as, in describing the
vowel s, using distinctive features, the controversy seens to
be | ess. Different investigators (Bricker, 1967; Hanson, 1967,
Pol s, Van Der Canp and Pl onp, 1969; Anglin, 1971; Singh and
Wods, 1971) have agreed on the perceptual features of vowels
and these features correlate with acoustic and articul atory

f eat ures.
Dfferent feature systens are given i n Appendi x 1.

The acoustic nmethod, the articulatory nethod and the

perceptual methods are used to arrive at features.
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ACOUSTI C METHOD

Acousti c nethod has been used by Jakobsen, Fant and Halle
(1952) - pioneers inthe field of distinctive features. They
proposed 12 bi nary, universal features using acoustic terns
based on the spectrographic anal ysis. They denonstrated
clear acoustic distinction between consonants and vowel s.

They bel ei ved that in no |anguage all these features are used.
Based on ' Received Pronunci ation' of English they specified 8

features to describe the English | anguage.

I nvestigators at Haskin's laboratory have tried to find
distinctive characteristics with the use of speech synthesi zers.
They have found that the Voice Onset Tine, inharnonic noise
duration, Format frequencies and Formant transitions are sone
of the acoustic cues which help to discrimnate the speech

sounds. (Liberman, Cooper, Delattre, 1952; Lisker and Abranson,

Massaro and Qden (1980) studied identification of synthetic
stop consonants as either / bae/, /| Paee/, [ deee/ and / t e/
in two experinents in which the stimuli varied independently
on Voi ce Onset Tine(VOl) and Format transition(F,, F3). And
I n experinent two, the intensity of the aspirated noi se
during the VOT was varied. The result indicated that there is
interaction in the eval uati on of acoustic features and the
| i steners need nore extreme val ues of acoustic features for

sonme speech sounds than for that of other sounds.
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Soli (1979) investigated the utility of phonetic features
versus acoustic properties for describing perceptual relations
anong speech sounds. The statistical analysis was done by
| NDSCAL program The results indicated that acoustic properties
of speech may give a better account of observed perceptual
rel ati on anong speech sounds. These acoustic properties are
1) Tenporal relation between periodicity and burst onset
2) Shape of voiced 1st formant transition 3) The shape of
voiced 2nd formant transition 4) Anpunt of spectral dispersion.
Thus he stressed on acoustic properties of speech signal for

di stinctions.
The Arti cul at ory Met hod

The articulatory nethod was used by Chonsky and Hall e( 1968)
A universal set of phonol ogical features was devel oped based

on the phonol ogi cal theory of generative granmer.

They described the articulatory features of universal
sounds. The features are binary and are defined by antonynus
adj ectives. The vocal nechanismwas considered in terns of
source, areas of vocal tract involved, position of the tongue
inrelation to different areas and al so oral and nasal cavity
differences in terns of volunme, eg., coronal/non coronal -
coronal feature is present in sounds which are produced by
t he bl ade of the tongue raised fromneutral position.

Chonsky and Hal |l e(1968) believe that the features extracted
by this articulatory method provide a representation of an
utterance which can be interpreted as a set of instructions

to the physical articulatory system
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Recently Wi ner & Bernthal (1976) proposed a set of phonetic
features. The features are related to articulatory characteri -
stics of speech sound production. The features were intended
1) To represent the essential articulatory characteristics
of all speech sounds 2) To provide neans for aberrant speech

pr oducti on.

The Perceptual Method
The perceptual nethod deals with the question of perception

of speech sounds in the framework of a theory of speech
perception. It is believed that distinctive features are the
bases for decoding auditory stimuli. The distinctive features

play a great role in perception of speech stinuli.

Inthis nmethod the features are retrieved from vari ous

speech perception experinents and various statistical anal yses.

Per ceptual nethod has been used by M|l er and N cel y(1955),
Singh & Bl ack(1969), Singh(1968), Wckel gren(1966) for
consonants and by shepard(1972), Singh & Wods(1971), Terbeek
& Harshman (1971) for vowel s.

Si ngh (1975) describes these perceptual nethods as
1) Designation of apriori features to predict perceptua
r esponses.

2) Extraction of aposteriori features fromthese responses.

1) Apriori designation of a feature systemto predict

perceptual responses:- This nethod of retrieval is called

apriori because the experinenter determ nes how and based on
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how many di nensions the data will be anal yzed prior to anal ysis.
Thus a feature systemis proposed and then the experinenter

eval uates the strength of the proposed feature systembased

on perceptual responses. The strength of a feature systemas

a whole and also the relative inportance of each feature in

given feature systemis determned based on perceptual responses.

The inportance of distinctive features in a |anguage is
determned by presenting the distinctive features in question
in fol | ow ng:

1) Conditions of acoustic distortion-Noise and Filtering of
the stimuli; (Mller & Ncely; (1955)

1) Goss linguistic settings. (S ngh & Black (1966)).
ii1) Recall in short terns nenory (STM. (w ckel gren(1966),
Klatt (1966)).

Iv) The utilization of choice reaction tinme as a nmeasure of
distinctive feature differences between the phonenes. (Cole &
Scott (1972), Winer & Singh (1974)).

v) The judgenent of pairs and triads of speech stiml
utilizing various psychol ogi cal nethods for eliciting perceptual
responses. (S ngh (1970b), Singh (1971), S ngh and Becker (1972),
Wang & Bil ger (1973)).

The experinments conducted using the above net hods have

been presented in a tabular form Table 1.

Tabl e 2 depicts conparisons of different feature systens

for a constant set of perceptual data.



Tabl e -

1

Apriori studies

Nane

of ex- _

peri-  Stimuli Subjects Condi ti ons Feat ur es Anal ysi s Resul t s

nment er Techni que

and

year

1. 2. 3. 4. 5. 6. 7.
MIler 16 Eng- 5 Female 5 SNratio Voi cing, Infornation 1) Dfferent features held
& lish Nor t h- conditions,11 duration transfer for different ranks in speech

N cely conso- American frequency affrica- both the pho- perception as foll ows: -

(1955) nants Speaker  band condi - tion. nenmes and DNasal ity ii)Voicing iii?du-
in the and tions and 1 pl acet features was ration iv)affrication v)place.
context |listeners. nornal (Ternary) found by sub- 2) Under noise conditions
ngel condi ti on. nasal ity ggX}ﬂg?%n1;atri features nasality and voi cing

[ a/ ces into the showed greater strengths than

VOoi ce conmuni -
cati on network
of 5 conponent
channel s.

the features duration, Frica-

tion and place of articulation.

3) Hgh information transfer
for nasality, voicing and
frication under | ow pass
condition and for duration
and place of articulation
under hi gh pass condition.

TTT?C



1. 2 3. 4. 5. 6. 7.
Singh 26 Con- Speakers Quoss linguis- Voicing, |Information A single rank order of
and sonants & liste- tic condition nasality transfer in % features across 4 |anguages
Black in the ners of where speakers  Frica- was found out was found - Nasality, Place,
(1366) context English, speaking Foreign tion. for different Li quid, Voicing, Duration,
cross of 12 Hndi, | anguage nade Pl ace of | anguage Frication aspiration.
| i ng- vowels Arabic & nore production articu- groups for Resul ts supported
uistic 21 fromJapanese errors and | ation di fferent uni versal ity of features.
study english | i steners (Quater- Features.
& 5 from listening to nary),
3 ot her t he Foriegn duration
| angua- | anguage nade | i qui d.
ges mor e percep-
tionerrors.
Singh 6 Plo- Hndi & Acoustic and Pl ace, | nf or mat i on For H ndi Speakers pl ace
(1966) sives English linguistic Voicing transfer in seened to do better than
in Speak- distortion & Aspi- all condi- voi cing and for English
each I ng sub- condition. ration. tions & speakers vice versa. In H ndi
| angu- jects Tenporal trun- bot h voi cing is weakened since
age 10 from kation at 20, | anguages voi ci ng and aspi rati on have
nmaki ng each 40, 60, 80, 100, di vided strength but in Eng-
it 12 |angu- 120 nsec. l'ish voicing entails both
age Passed t hrough voi cing and aspiration cues.
band pass fil - Bi | abial place carried nore
ters 106- 425, information in both the
425- 850, 850- | anguages. Between the Freg-
1700, 1700- 3400 uency bands 850 to 1700
3400- 6800 & pl ace of articul ati on was
850- 1700, stronger than voicing in both
1700 - 3400, t he | anguages.
3400 - 6800.
Singh Milti- Re anal ysis of — The graph of Degree of errors and nmean
(1968) ple in- Mller & Ncely distinctive nunber of distinctive feature
telli- (1955), Singh & feature diff- di fference correl ated nega-
gibility Bl ack(1966) & erence Vs % tively. H ghest correlation
wor d Ki |l e(1966) dat a. of errors was in Singh and Bl ack(1966)

l'ist.
Bl ack(1957)

dr awn.

dat a.
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1. 2. 3. 4. 5. 6. 7.
Singh 22 Eng- 32 Eng- The initial & Affrica- Tine/intelligi- The graph show ng features on
(1970a) lish lish & | onger portion tion. bility ratio abscissa and tine/intelligihbi-
Conso- 32 Hndi of syllable Pl osive, was conputed by lity ratio on ordinate was
nants  speaking (transition of Voi ced, dividing criti- drawn. Snaller the ratio
pre- |1 sten- consonant to Voi ce- cal tinme factor stronger the feature. For
voca- ers. one the vowel) was | ess, for a feature bot h 'anguages affrication was
lically Hndi & truncated at Nasality by a nunber of the strongest and frication
English the threshold Frica- correct and nasal ity were weaker.
Sp??;er of percepti on. tion. responses.
Ahned 29H ndi 1 Spea- Voi cing, Information Initial and final vowel transi-
& Ag- Conso- ker &1 Nasality transm ssion. tion play different role in
r anal nant s | i st ener Frica- recognition. Nasality and
(1969) inini- of Hndi. tion, aspiration faired well in
tial. Pl ace of initial but weak at final.
31in articul a- Pl ace of articulation was
final tion poorer ininitial but rela-
posi tion (Quat er - tively sronger in final.
of non- nary),
sense duration
Q/Cwth l'i quid.
10 vowel s.
Qupt a, Infinite Largest clipping effect for
Ahned peak place ininitial & least for
and cl i ppi ng. affrication. Oder fromnost
Agr a- susceptible to | east was pl ace.
wal nasality, liquid, continuant,
(1969) aspiration, voicing, frication.

affrication; Largest clipping
effect in final position for
nasality & least for affrica-
tion. The rank order was
Nasality, Frication, Pl ace,

Li qui d, Voi ci ng, aspiration.
Continuant. Qeater effect of
clipping on final
part of CVC.

than initia
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1. 2. 3. 4. 5. 6. 7.
Singh Mni- 3 groups 6 experinmental condi- Singh D stance between 2  1)Di stinguishing chara-
(1971) nmally of 33 tions with noise and and phonenmes(i & j) was cteristics of voicing
di s- subjects. filtering. Simlari- Black found by following inproved in noise and
tinct ty judgenent by (1966) neasure deteriorated in quiet.
pairs triadi C conparison, 2)Frication inproved in
of Cv The experi nent al qui et and deteriorated
Il a- conditions were 1) where I N noi se. _
bl es. No Noi se or fitter. dij = D stance 3)Nasal ity had naxi mal
2) BSN ratio 3)Band Fi/j = Frequency distinction in all
ass filter 200-400 with whichj is conditions.
and 2400- 4800Hz identified as i. 4)Nasality, liquid &
4) Same bands with Fj/i = Frequency gl i des were | east
QdBSN rati o 5)Bands wthwiichi is affected by the filtering
300- 600HZ & 3000- identified as j. and noi se.
6000 Hz. 6) Same Ni = Tot al
bands wi t h pdB SN occurance of i.
ratio. nj = Tot al
occurance of j.
CGel - Lists 20 normal Reverberation .85 Mller & Information Poorest for place, stop
fand A-E of hearing seconds. N cely's transfer. and frication, Sibilance
and nodi - subj ect s. features duration, and sem vowel
Sil- fied Pl ace, were barely affected.
nen r hynme Stop, Fri- This indicates that
(1979) test. cation, smal | room reverberation
Each Voi ci ng, af fects phonene recog-
li st Nasal i - nition sane as speech
havi ng zati on, shaped nmasker .
25 sem -
wor ds vowel ,
initial si bi I ance
& 25 and
wor d dur ati on.
final
sub-

test.
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Table —2

Apriori studies
Studi es conparing different feature systens for a constant set of perceptual data.
Nane of Psychol ogi cal Met hod
experi - :
neﬁter/s Stinmuli Subj ect s Condi ti ons Feature Analysi s Al
and year syst ens
1. 2. 3. 4. 5. 6. 7
W ckel - 16 consona- Short term Mller & Chi square 1) Wckel gren's system was
gren nts used by nenory re- Ni cel y(1955) t he best predictor. 2)The
(1966) MIler and cal | (STMR) Hal | e(1964) results indicated that intru-
Ni cel y(1953) W ckel gren sion errors in STMR have di s-
and ot her (1966) tinctive features in conmon
23 consona- with the presented consonants.
nts occuring Sonme features are recalled and
in CV Sylla- sonme are not. Recall neans,
bles with a recall of a set of features
vowel /al. defining that consonant in
nmenory, and each feature is
recal l ed sem -i ndependently.
Si ngh Engl i sh Speakers Judged Si ngh & Rank order 1) Most significant correl ation
(1970b) Consonants and simlarity Bl ack(1966) <correlation in Singh & Bl ack(1966), next
ina Cv listen- of english Hal | e(1964) Hal | e(1964) and | ast W ckel gren
Syl | abl e ers of consonant s W ckel gren (1966) 2) Better correlation in
English with 5 SN (1966) i stening mode than in speaking
& Hndi ratio & 4 i ndi cating that prediction was
signal |e- better in auditory response.
vel condition
in initial
and final

position in

triadic
conpari son
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Si ngh & |)Seven point 1)Mller & HMiltiple The data was best

Becker Scal i ng N cel y(1955) regr essi on predi cted by Chonsky

(1972) 2) Magni t ude Z?Si ngh & anal ysi s and Hal | e(1968)
estinmation(ME) B ack?1966) 2) Mil tidi men- SystemBut none of the
& 3)Triadic 3) Chonsky & sional Scaling systens did well in
conpari son Hal | e (1968) all conditions, in-

consi stency suggest ed
t hat peopl e either do
not use features of

t hese systens in the
sane way fromone task
to another or that

anal ysi s techni que may
not be suitable.

Wang 24 initial 6 |is- 6 SN ratio 19 Feat ures | nf or mat i on 1) Nasality, Voi cing N
and & 19 Final teners condi tions 1)Vocalic 2)Con- transmssion and round were inportant
Bi | ger consonants -10 to 15dBSN sonantal 3)H gh and Sequential for all syllable .
(1973) with 3 vlo:vxel S rS_ati oI alnd 4I g§ I(.jgw 5) IBag(k anal ysi s. sets. o
i,a, u). Four i gnal |eve rona :

Syl labl e sets co%di tions- 7)Anterior 8)Voi - %/)ersg hgt\a/g?yfgﬂgdl ow

wer e construc- 50 dB, 65dB, o n%09) Nasal ity i nportant in any

ted each havi ng 80dB and | 0) Cont i nuancy set

16 syl | abl es. 95 dB. 11) Stridenc

They were CVi, 123 Round 1?£Fri - 3) Remaj ni ng Feat ures

VC,, CV,, VG, cati on 14)Dura- were all sonetines

tion 15) P ace | nportant.

(Mller & Ncely
| 6) Pl ace (S ngh
& Black 17)P ace
(wi ckel gren

18) Si bi | uncy

19) openness.



Five feature systens

1)
2)
3)
4)
5)

MIler and
N cel y(1955)
Si ngh and
Bl ack (1966)
W ckel gren
(1966)
Chonsky and
Hal |l e (1968)
Si ngh, Wods
and Becker
(1972)

4) Perceptual inportance
varied across the
contexts indicating
that the variance of
features. This neant
that the features
did not form natural

per ceptual categori es.
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Singh(1976) summarised the results of the studies done
under apriori framework; "while all of the above studies prove
unanbi guously that all features of a given systemare not of
equal inportance, they do not agree regarding the explanatory

powers of a given feature system"

Limtations of apriori systens:-

1) It leaves us to choose the features arbitrarily.
2) It lacks flexibility.
3) It does not have the provision of adding a new feature and

elimnpating a known feature.

2) Extraction of a posteriori features fromperceptual responses:

Aposteriori studies overcone the disadvantage of apriori
system Here the features are retrieved with the help of
various statistical measures fromthe perceptual data coll ected.
The features are teased out fromthe data and then the

feature systemis established.

The various net hods of collecting perceptual data are
1) simlarity judgenments by triadic conparison 2)Confusion
matrices. 3)Magnitude estimation by 7 point scaling

4) Choice reaction time 5) Sanme/different judgenents.

The data col |l ected by these various perceptual nethod
can be subjected to different statistical analysis nethods.
They are 1) Factor analysis 2) Contingency tables,

3) Multidinmensional scaling analysis 4) Individual scaling

anal ysi s.
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10 Factor Analysis:- Black (1970) used this to group English

consonants. He gave 24 consonants paired with 5 vowels to
listeners and obtained simlarity ratings in the manner of
magni t ude estimation. He derived 12 factors. 1) Nasality(mn)
2) Slit fricative (w,5, £,v) 3) long duration fricative
(s,2,2). Al remaining a factors isolated one consonant per
factor; which nmay not be considered an el egant assi gnnent

of the factor to the phonenme. (Singh, 1975).

2) Contingency tables:- This was used by Klatt(1968) to

reinterpret Wckelgren; short termnenory errors. He found
in his interpretation that long, frication, continuant,
sonorant, sibilant and voiced were strong features where as
consonantal, nasal, coronal, anterior and strident were

weak features.

3) Miltidinensional scaling analysis:- This neasure has been

successfully utilized by several investigators to uncover
perceptual strategies used in making proximty judgenents.
The nethod helps to find dinmensional spaces in which phonenes
are perceived. Table 3 gives a sunmary of the studies

done using mnul tidinmensional technique.

4) Individual Scaling Analysis:- This nmethod is considered

to be uniquely suitable for providing a spatial representation
of the speech stinmuli in a nunber of dinmensionalities.
(Singh, 1975). Table 4 gives an account of studies done

using this nethod.



Table - 3

Aposteriori features of consonant perception-Miltidi nensional scaling technique

a
Study Condition Subject Response Con- Sti- Anal ysi s FeatuTes o her ©
text rmulus Na. Vo. Sib. Cont.Pla.Son
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14,
Wlson 1)Noise MDS Reanal ysi s
(1963) 2)Low pass 5adults Open cv 2° SWCWIlson X X X X Na of Mller
3) H ghpass choi ce own adapt a- & Nicely's
tion of (1955) dat a.
Shepard' s
John- 1) Noi se 5 adults Open cv 2 Hes  (9) X X X Na
son 2) Lowpass choi ce Hi er ar chi -
(1967) 3)H ghpass cal clus-
tering
Schene
Shepard 1) Nbi se 5 adults Open v 2*  MDS (9 X X X Na Reanal ysis
(1972) 2)Lowpass choi ce of MIler
3) Hi ghpass and Nicely's
(1955 ) data
Peters  Quiet 12 7 point v 24 Mps XX X x Na
(1963) adul ts scal i ng (Tor gerson)
Shepard Qui et 12 7 point v 24 VDS X X X Na Reanal ysis of
(1972) adul ts scal i ng ( Shepar d) Peter' s(1963)
dat a.
Graham Qui et 4.5 Sane/di ffe- Wrd 2* MDS X X X
and year rent ( Shepar d-
House ol ds Krushal )

(1971)
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1. 2. 3. 4. 5. 6. 7. 8. 9. 10 11. 12. 13. 14.

Singh, Quiet 4.5 year Sane/diffe- Wrd 2° VDS X X X X

Wods & ol ds rent ( Shepar d-

Ti shman Krusha

(1972)

Jeter & 1l)visual 1)30 adults  ABX v o 23 MDS Na X X X X Na The %raphenes
Singh 2)Audi- 2)30 adults ( Shepar d- whi ch were
(1972) tory Krushal ) found i nportant

were verti cal
rounded, verti -
cal crossed,
angul ar overl ap
of place and

st op/ cont i nuant

Adopted from Si ngh (1975)

®Na; Nasality, Vo; Voicing, Sib; Sibilancy, Cont, Continuancy, Pay Place & Son. Sonorancy.
The presence of a feature is indicated by X, Na, not applicable 6Singh (1975) interpretation

fromoriginal sources.

*kkkk*
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Table - 4

A Posteriori Features of consonant perception - |ndividual scaling Analysis Techni que

Con-  Sti Feat ures

Study Condition Subject Response text mul us Anal ysi s Na. Vo, Sib. Cont. Pla. Son. O her
1. 2. 3. 4. 5. 6. 7. 8. 0. 10. 11. 12. 13 14.
4
W sh 1) Noise 5 Open cv 2 INDSCAL X X X X 2No. NA He reanal yzed
(1970) 2) Low pass adults Choi ce For - MIller & Necely's
3) Hi gh- pass ma nt (1955)data and
Tran- - obt ai ned hi gher
sition and nore el a-
borate structure.
Pruza- Quiet Simla- cv 24 | NDSCAL X X X X NA
nsky rity
(1970 j udgenent
Singh, Quiet 1)1,001 L) AEX  CV 24 3125
Woods & adults 2)Scaling Ini- inoscaL X X X X X X Response modes
Becker 2) 44 3) ME tial 22 A Ce
(1972) adul ts conso- f;g;l?g gfigphe
3) 18 nhants features. Method
adul ts 1 gave inportance
to place and
si bilancy nore
than nasality.
. : -4.25
Si ngh & ) Noi se 10 Open cv : : -
Singh 2)0ui et adul ts choi ce vC INDSCAL - X X X Aspiration X ygLfgd'fgevagfn
(1972) 3) Peak- (H ndi) SN ratio of QdB,
clippi ng 6dB, 3dB, - 3dB,

- 6dB.
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8. 9. 10. 11.

12. 13.

14.

M t chel
and 2) Qui et
Si ngh
(1374)

Wener & Qui et
Si ngh
(1974)

Danha-
uer &

Appel

1) Vi sual

2) Tactil e

3)Visual t
Tactil e

| )Noise 5 adults

20 adults

24 adults

ABX

CRT for
di ads.

open
choi ce

A&/in a
sent ence

CV 9 con-
sonant s

24 INDSCAL X X X X

53. 125
I NDSCAL NA X

24. 3125
| NDSCAL

X

X MNA

X X

X NA

X M

| abi -
al

4 di mensi onal
space was found
for extrene noi se
condition and

5 di nensi onal
space for |ess
noi sy condi ti on.
The results veri -
fied that the
features present
inisolated utte-
rance are al so
there in decl ara-
tive sentence.

Choi ce reaction

ti me decreases
wth increase in

t he di stance bet -
ween features. |t
I s a good neasure
when extraneous
factors are

m ni m sed.

Adapted from Si ngh (1975)

®Na; Nasality, Vo; Voicing, Sib; Sibilancy, Cont;

The presence of a feature is indicated by X; NA, not applicable.

PSi ngh( 1975) i nterpretation.

°From ori gi nal

sour ce.

Conti nuancy, Pla; Place & Son; sonorancy.
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The review of various nethods of extracting features
froma | anguage reveal that articulatory, acoustic and
per ceptual nethods are independent. It can be postul ated
t hat conbi nation of nore than one nethod may be useful in
obtaining substantial results and it can al so reveal the

correlation of the results of one nethod to that of others.
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D stinctive Features - Articul ati on behavi or.

As it is evident fromthe review, distinctive features
are the underlying basis of phonenme production and phonene
perception. The problens associated with phonenme production
and phonene perception nay be due to the m suse of

di stinctive features.

VWhen the distinctive feature is m sused in terns of

phonene production it would lead to articul ation deviation.

Earlier speech clinicians have enpl oyed phoneni c anal ysis
to describe articulation problems. They classify the errors

into substitution, distortion, onm ssion and additions.

Now attenpts have been made to apply distinctive feature
systens to articul atory behaviour of the normal and abnor nal
speakers. This has helped in arriving at a nore detail ed
and precise description of the articul atory behavi our.

Further it has been found that this systemis useful in

di agnosi s, planning therapy and in predicting the prognosis.

Haas (1963) studied the articul atory performance of
a six and a half year old boy with dyslexia. He studied
m sarticul ati ons on the basis of features plosives, sibilant,
nasal, liquid and place of articulation. He found that,
t hese features accounted for the msarticulations and he

concluded that, the inportant elenment in teaching sounds
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of speech is the discrimnation of those features that the

child fails to produce.

Wi |l e studying transfer of training for consonants
/'S, I'Zl and/r/, Elbert etal (1967) found that transfer was
present when the two phonenes shared nore features. |If
t he phonenes were fqr apart in terns of features the transfer

did not take pl ace.

Wber (1970 studied articul atory behavi our of 18
subjects with articulation problem He used the features
pl ace of articulation, nmanner of articulation and voi ci ng.
He found that deviant articul ati on behavi our is governed by
a set of rules which are not normal. He identified approxi -
mately six sets of rules as being used by these cases wth

deviant articul atory behavi our.

He al so established therapeutic strategy ai mng at
features rather than individual consonants. The treatnent
was based on two principles. 1) To teach either the entire
pattern or a category. 2) To teach the child to contrast
correct feature with incorrect feature throughout all the

stages of therapy.

Conpt on(1970) anal yzed substitutions in the articulatory
behavi our of two children and enphasi zed the role of distinctive
features in articulatory deviation. He further denonstrated

that patterns underlying msarticulation stemfrom snall
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nunber of underlying phonol ogi cal principles. These principles
are the core of deviant articulation and therapy shoul d be

directed towards nodifying these underlying rules.

MC Reynol ds and Huston (1971) analyzed mi sarticul ations
of 10 subjects ranging in age from4 years 4 nonths to 6 years
5 nonths using 13 features as proposed by Jakobson, Fant and
Hall e (1951) and chonsky and Hall e(1968). They provided an
index to quantify feature errors. This indix was conputed by
di viding the nunber of correct usage of feature by nunber of
occurence of feature in the test situation. They said that
application of distinctive features for diagnosis and therapy
in articulation disorders is both econom cal and efficient-
Econom cal , because teaching one feature corrects all the
phonenes containing that feature; Efficient, because
di stinctive features are vehicles for phonol ogi cal anal ysis
and these provide basic elenmental unit to train rather than
training many phonenmes. Moreover, feature approach fetches
precision in articulation training programby dividing the
errors into two groups, a)Errors due to om ssion of features
b)Errors due to inappropriate usage of features. Thus
MC Reynol ds and Huston (1971) strongly recomrended the

application of distinctive features in articulation therapy.

"Distinctive feature analysis leads to a nore intelligent
clinical managenent."(Pollack & Rees; 1972). Pollack and

Rees(1972) did phonol ogical analysis of a child' s speech with
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defective articulation at 3 intervals of age; 5.2 years,

5.8 years and 6.3 years. Analysis at each age was conpared
with adult nodel to reveal the rules of the child' s phonol ogi cal
conpetance. The results indicated the way in which the
system changed, maintaining an internal orderliness, but
gradual Iy approximating that of the adult nodel. They indica-
ted that distinctive features offer a base for neasuring the
severity of a child s articulation problem measuring progress
inarticulatory skill, accounting for varying degrees of
intelligibility anmong speakers with defective articulation,
recomrendi ng therapy and planning and inplenenting the

therapy program They said that distinctive features can

be used to predict intelligibility of speech. The intelligi-
bility of speech depends upon 1) The inportance of the feature
used and m sused in carrying information in a particular

| anguage 2) The nunber of features used and m sused. They

poi nted out that distinctive feature approach may be initially
time consuming but it brings about better understandi ng of

t he probl em

MC Reynol ds and Bennett (1972) discussed generalization
of features across phonenes. Three children were taken for
feature training in the context of nonsense words, first at
initial and then at final position. The training was given
in programred steps. The steps contained |learning of a
+ or - aspect of a features, then contrasting + and - of a

feature and lastly contrasting + and - aspect in varying
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contexts. Tne programre was conpl ete when 90% accuracy was
achieved. Feature generalization across phonenes was found.
The nmet hod was described as highly econom cal and el egant
because the goal was to rectify the systemrather than

i ndi vidual sounds. Feature is a conmponent of several sounds,
if the feature is established in the context of one sound,
all other sounds bearing that feature are automatically

correct ed.

Feature generalization across phonenes during articul a-

tion training was found by Giffiths and G ai ghead (1972).

Singh and Frank (1972) investigated consonant articul a-
tion problems in 90 children with mean age of 72.4 nonths,
inthe light of a distinctive feature nodel. Follow ng

concl usi ons were derived.

1) Most recently acquired phonenes are replaced nost
of t en.

2) Phonenes used as substitutes are nost often the ones
| earned earliest.

3) Stop feature is the nost frequent replacenent for
ot her manner features.

4) A place feature is substituted by feature which is
the closest and nore frontal in place and sane in
t he manner of production

5) Stability and interphonemc simlarity are the

mai n principles governing substitutions.



2.2.6

O ler(1973) investigated application of generative
phonol ogy to speech sound substitution of five children with
del ayed articulation. Chonsky and Halle(1i968) feature
systemwas used for analysis. The results indicated that the
use of distinctive feature systemcan help in searching for
regularity and systematicity in seemngly irregular

phonol ogi cal system

Oler & Kelly(1973) studied substitution in a 6 year
old hard of hearing child using distinctive feature frane.
He observed that the child s substitutions were simlar to

t hat of younger normal children.

Leonard(1973) described two patterns of articulation
deviation. 1) Phonological imuaturity 2) Deviant articul a-
tion where in the children do not follow the normal process.
He further stated that the first group may grow out of the
problemwi th tinme but the second group needs imediate

clinical intervention.

Kamara, Kamara & Singh (1974) anal yzed substitution
errors of 77 children with Kamara-Kamara-Si ngh articul ation
test of distinctive feature conpetence. Singh & Pol en(1972)
feature systemwas used to obtain feature gram profiles.
Feature-gramis a graph which plots subjects discrimnation/
articulation scores on ordinate and distinctive features on

absci ssa.
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Further they grouped the subjects depending on feature-

gramprofiles as follows: -

_Goups_ Characteristic Feature-gram

1) Pat hol ogy, |l esion,organic Steady loss at all 7 features.(Less

t han 50%

2) Retarded Dip at voicing

3) Ceft palate More than 70% for all features except
front/back place&sonorancy

4) Functi onal Poor scores for place. Better for
sonorancy & Nasality.

5) Specific |earning Significant dip at the features

disability front /back place & labiality.

They stated that this information is useful for diagnosis
and therapy the classification with the help of feature—gram
profile is a break through in the literature of distinctive

features, and further studies are required.

Kelly etal (1973) studied the articul ation problens of
60 children ranging in age from 8-10 years consisting of 30
normal s and 30 children with m sarticulations. They gave
them Tenplin-Darley test of articulation and al so subjected
themto distinctive feature analysis. Correlation between
di stinctive-feature analysis and Tenplin-Darley test was
found. While conparing both the nmeasures of articulatory
efficiency they found that the Tenplin-Darley test is a
unitary nmeasure of the patients articulatory performance

where as the distinctive feature test is a neasure of
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differential skill on a nunber of parameters reflecting the
patient's underlying conpetence. The latter thus gives

the precise and efficient description of the problem

MC Reynol ds, Kohn & Wl Ilians(1975) conpared discrimnmnation
and articulation of 7 normal and 7 children with m sarticul ation
with the help of same/different discrimnation test and MC Donal d's
deep test of articulation. The mnimal pairs for sanme/
different task were made up using Chonsky and Hal | e( 1968)
Feat ures-voicing, nasality, stridency, continuancy, anterior

and coronal .

Results indicated that normal children perfornmed equally
wel | on production and discrimnation. The children with
m sarticul ati on performed poorly on production but as well
as normals on discrimnation neasure. The children with
m sarticul ation had scores which were slightly |ower on
di scrimnation task. Moreover children with msarticulation
had di scrimnation of their correct phonenme as slightly
better than incorrect ones. The inference can be nmade from
this that feature discrimnation training should precede

feature production training.

Costell o (1975) described a procedure of application of
di stinctive features in diagnosis and therapy. She suggested

the follow ng procedure for diagnosis and therapy.
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Pretreat nent neasurenent of articulation

a) Admi nister general articulation test to isolate phonene
errors b) Deep testing c) Distinctive feature anal ysis.
(Singh & Pol en; 1972) f) Select appropriate feature for
training and sel ect appropriate phonene as a vehicle for
instructions of this features.

| nstructions

a) Teach 3-4 phonenes together b) Teach the correct phonene

i n connected speech.

Post treatnment Measurenent of articul ation

a) Assess the progress with the tests given before.

MC Cal  um (1975) studied 50 children with articulation
probl enms to see whether phonol ogical analysis will help
differential diagnosis and thus aid prognosis. She used
MC Reynol d and Huston's(1971) technique of distinctive feature
anal ysis. The features used were consontal, back, nasal ,
coronal , continuant, rounded and voiced. She did subjective
anal ysis and found various patterns as related to each
etiology. She admtted that these patterns are not standard
and due to lack of statistical treatnment, validity is limted.
She concluded that distinctive feature patterning along with
ot her data can prove to be a useful tool in differential

di agnosi s.

Martin(1975) advocated the use of teaching plus m nus

aspects of feature with all relevant phonenes instead of
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teaching only one aspect of only one phonene.

Costell o and Onstine (1976) evaluated the effectiveness
of renedi ati on procedures based on distinctive feature theory
t hrough the adm nistration of an articulation programre.
Two preschool children with nultiple phoneme errors were
the subjects. They substituted stop phonenes for continuants.
The results indicated that the treatnent was adequate. When
two target phonenes were corrected five other phonenes were
produced correctly. Thus they found cross phonene generalization
and concluded that distinctive feature theory could produce

cross phonene generalization.

Ferris (1978) analyzed articulation errors using
chonsky and Halle (1968) distinctive features for 14 children
ranging in age from4.6 to 6.9 years. It was found that al
children had difficulty with strident and high features.
There was a difference between young and ol d subjects indicating
that defective speakers progress through the sane stages as

normal s but at a slower rate.

Ki m(1978) published the application of his segnental
feature system He gave analysis procedure for deviant
articulation using features. He suggested the foll ow ng steps.
1) Adm nistration of deep articulation test 2) Segnenta
feature analysis in which a) Analysis of test phonenes

b) Findi ngout sumof total nunber of phonenes tested.



2.2.11

c) Finding out frequency of correct responses, d) Analysis

of incorrect responses, e) Counting frequency of incorrect
responsing f) Finding out nunber of correct usage i) Finding
out the sumof feature difference between correct and

I ncorrect responses.

I n concl usion Ki m(1975) advocated feature anal ysis as
a tool for articulation testing but he contra indicated

conplete feature anal ysis when fewerrors are made.

Vi ner and Bernthal (1978) proposed a test of articulation
based on distinctive features. This test has two |evels,
i.e. 1) To screen children's speech for pattern of feature
errors, in which 21 consonants are elicited once in prevocalic
and once in postvocalic position. If the errors nmade are beyond
criterion on either + or - aspect of any one feature then
second level test is given. 2) In level-2 a particular
feature is selected. Al the sounds in that |anguage
consisting of the test feature are presented to note the
frequency of correct or incorrect usage of that particular

feature.

Based on their clinical experience they suggested
several criteria for selection of a feature for training.

Tnese criteria are: |)Redunduncy:- The presence of a feature

i ndi cates the presence of other feature's. Hence there is
no need to consider the feature which would occur in the

presence of the other one.
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2) Nunmber of Features in error: They suggested that a feature

which is correctly produced for |ess nunber of tinmes(lowest %
on the level 2 test nust be considered first for therapy/
correction in children with errors on only few features and

a feature which is correctly produced nore nunber of tinmes
(highest % on the level 2 test must be considered first for

therapy/correction in children with errors on nore features.

3) Ease of instruction:- They suggested that the features

whi ch are easy for denonstration should be taken up first
eg Mnner features are considered to be easier to learn
t han place features hence manner feature shoul d be corrected

first.

4) Acoustic contrast:- The features in which the plus and

m nus aspects are acoustically distinctive are easier to

| earn.

5) Visibility:- Mre visible features are easier to |earn.

6) Frequency of usage:- The features which are nore frequent

in a |anguage should be taught first.

7) Physiological constraints:- |If feature learning is difficult

due to physiol ogical constraints then those features shoul d

be avoi ded in the beginning.

Bl ache(1980) gave a linguistic approach to distinctive
feature training. This training paradi gmstressed the inpor-

tance of learning the linguistic function of feature. The
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met hod gi ven contains four steps. 1) First the child nust
understand that the two contrasting words (mninal pairs)
differ in their meaning 2) The child should discrimnate
the two words 3) The child should produce the m ni nmal
pairs which are taught in response to a picture stimnuli

4) Generalization.

Metz etal (1980) used distinctive feature approach to
the renedi ation of voicing errors produced by hearing
inpaired adults. They used feature-usage rule training
programre described by Costello & Onstine (1976). The
results showed a |ack of generalization from one phonene to
another. They concluded that there is a need for the
devel opnent of sensitive, easily used phonol ogi cal anal yses
procedures to describe the nature of articulation errors
in hearing inpaired subject. At present the clinica
application of distinctive feature theory does not appear

to fulfill this need.

Ruder and Bunce (1981) enployed distinctive feature
training for articulation correction for 2 children having
severe articulatory problem Both the children had phonetic
di sorder ie they had adult phonol ogi cal conpetence but were
not able to denonstrate this know edge due to sone organic
i nvol venent. The therapeutic outcone showed generalization
across phonenes. This occured event hough the sounds which

shoul d have been acquired earlier to these sounds in the
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process of nornmal devel opnent had not been acquired. This
showed that maturation is not the only factor in acquisition

of articulation.

Distinctive features have been utilized to anal yze
phonol ogi cal behavi our of apraxic and devel opnental Dysprakic

i ndi vi dual s.

Yoss and Darl ey(1974) gave a battery of tests for speech
production, auditory perception and sequential volitional
nmovenments to 30 children with articulation disorders. The
children had normal intelligence, normal hearing and nor nal

| anguage abilities with no organic involvenent.

The findings indicated inpaired performance on test battery
and the findings proved that the oral devel opnental Dyspraxia
did exist in children who appeared normal. The distinctive
feature anal ysis of defective articulation Showed 2-3 feature
errors. One place error and om ssion were found to be

significant characteristics of Dyspraxia.

Klich, etal (1980) analyzed using distinctive features,
825 consonants produced by 9 apraxics. The results indicated
that substitution patterns were systematic. More substitution
errors were nmade in initial word position and in stops. The
retention and usage of the features in the substitution were
closely related to the phonol ogi cal markedness of the features.

The marked was substituted by unmarked.
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These findings supported the contention that errors are
due to phonol ogi cal devi ation which are manifested in
peri pheral articulation changes. The consonant production
is made sinpler and the patterns resenble acquisition of
articulation in children which supported Jakobson's regression

hypot hesi s.

| nvestigators have expl ored phonol ogi cal behavi our of

aphasics with distinctive feature anal ysis.

Martin and Regrosky (1974) described the phonem c
substitution errors nade by a group of 15 aphasics in semantic
and nonsemantic stimuli using distinctive feature system
The findings showed that the errors were not random and were

highly simlar to correct patterns.

Kel l er (1978) investigated vowel substitutions in 5
Brocas aphasics using distinctive feature system and mar kedness
anal ysis. Marhedness theory had no predictive value in this
sanple. The tendency to use |ow vowels for high vowels was
observed. This may be attributed to nore sinplicity in |ow

vowel production.

Literature reports an additional application of distinctive

features in the concept of 'Markedness'.

The theory of 'markedness' had its origin in the early

prague school of linguistics. This theory says that all
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features conposing a phonene may be assigned a 'marked or
"unmarked' value. A marking systemindicates relative
conplexity attributable to articulatory, and perceptua
factors. When a feature is 'nmarked" in a phoneme, it indi-
cates that in that phonene that feature nmay require nore
articul atory/ perceptual effort than in a phonene in which
it is "unmarked' . Whether a feature assumes a' marked' or
"unmar ked' val ue depends upon the other features present in
a phonenme. Tne conplexity of phonenes is equal to the sum

of its marked features.

Cairns and Charles (1369) prepared a table for 'markedness
in which marked' and 'unnmarked' value of features in the

context of different phonenes is presented.

Cairns and Wl lians(1972) analyzed m sarticul ati ons of
consonants in 384 children from 1st through 12th grade using
Cnonsky and Hal |l e(1968) feature system They showed a
typical pattern of substitution of features fromnore 'nmarked
to less marked'. The change was from+ coronal to -
coronal and from- anterior to + anterior. The direction of
change fromnore difficult to easy features could be

expl ai ned usi ng 'markedness' theory.

MC Reynol ds, Engmann & Dimmt (1974) studied articulation
errors of 19 children within the 'markedness' theory franmework.

The unit for' nearkedness' analysis was distinctive feature.
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The children did not substitute phonenmes requiring |ess
effort than the target phonene consistently. The reverse
ie from '"unmarked' to marked features was also true. The

results only partially supported markedness' theory.

Smth and Ruder (1975) questioned MC Reynol ds etal (1974)
stating that the sanple used in the study was of severe
m sarticul ati on cases, noreover the effect of position and

context was not considered and so the results were contam nated.

MC Reynolds (1975) in reply to Smth and Ruder (1975)
stated that she accepts the comment that results m ght have
been contam nated as the sanples were only of severe msarti -
cul ation cases. Further she said that context sensitivity
may be ruled out as consistent substitutions have been
observed. She denied that she had not questioned the poten-

tials of 'markedness' theory.

Wei ner and Bernthal (1976) did not find support for
"mar kedness' theory in their investigation of normal feature

acquisition in children.

Mar quardt, Reinhart & Peterson(1979) did 'markedness
anal ysis of phonem c substitution errors in apraxia of speech.
The results showed higher error rate in phonenes with high
"mar kedness'. The directional changes in substitution were
from 'marked' to 'unmarked'. These findings indicated that
an 'Apractic' tries to reduce the conplexity of articulatory

gestures for phonene production.
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2.3. Distinctive Features - Speech sound Perception

The role of distinctive features in perception of
phonenes has been considered as vital (singh; 1976). It has
been found that the distinctive features invoke the |istener
i n perceiving speech sounds. The features are the underlying
attributes of perceptual processing and thus speech sound
perception and speech sound discrimnation can be neasured
and quantified based on distinctive features. The efficiency
and precision of evaluating speech sound perception increases

with the application of distinctive features.

The studies on speech sound perception within distinctive

feature framework can be discussed under follow ng headi ngs.

Speech sound perception in normal hearing individuals.
Speech sound perception in hearing inpaired individuals.

Acqui si tion of speech sound perception.

A w N R

Rel ati onshi p bet ween speech sound perception and
speech sound producti on.

5. Dichotic speech sound perception.

1) Speech sound perception in nornmal hearing individuals:-

Si ngh(1968) studied the errors in nmultiple choice
intelligibility test.(Black; 1957) by distinctive feature
system The results showed linear correlation between the

nunber of errors and distinctive feature differences.

Tannahill and M Reynol ds(1972) investigated sane/different
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di scrimnation task in 30 normal hearing subjects. The

di scrimnation task was nade nore difficult by passing the
stimuli (consonant pairs) via lowpass filter. The 45
consonants were enbedded in CV Syllables and they differed
,by 0, 1, 2 features. The features used were voicing, nasality,
affrication, duration and place of articulation(MIIler and

Ni cel y(1955). The findings indicated that greater confusions
occured when contrast was o or 1 feature. The conclusion
reached was that discrimnation of consonant pairs was
differentially affected by the nunber of opposing features
contained in each pair. Thus features provide acoustic

cues to discrimnate speech sounds.

Si ngh and Bl ackman(1974) analyzed errors on Mdified
Rhyme Test (House, 1965) with distinctive features for 25
normal col |l ege students. Various signal to noise ratio
conditions were presented. The results indicated perfect
correl ati on between the nunber of feature differences and
percentage of errors made. The %of errors decreased with

the increase in the nunber of feature differences.

Bi nni e, Montgomery and Jackson (1974) studi ed perceptual
confusions of 16 english consonants presented to nornmally
nearing subjects under auditory, visual and conbined
condition in varying signal to noise ratio condition. The
information transm ssion analysis and % correct intelligibility

was found out for an articuiatory feature class system
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The results indicated that in auditory condition the features
nasality and voicing were |east affected by noise and pl ace
of articulation was nost affected. |In visual node subjects
cat egori zed pnonenes into di screte honophenous groups.

I n the conbi ned node tHe visual channel reduced place errors

in various signal to noise ratio conditions.

Danhauer etal (1978) studied short termmenory recal
for 18 for 18 consonants with vowel /a/ in varying signal to
noise ratio conditions - 1) 0 dBSNratio 2) -5 dBSNratio
3) -10 dBSNratio 4) No noise. The subjects were 3 nornal
|isteners. Tne results were anal yzed by individual scaling
nmet hod and the analysis indicated that the errors were few
in quiet condition and increased with signal to noise ratio
conditions. The results al so showed that voicing and
nasality features were resistant to noise but place was not.

(Mller &N cely; 1955 systen).

2) Speech sound perception in hard of hearing individuals:-

Several investigators have advocated the use of distinc-
tive features in assessment of perceptual processing in hard
of hearing popul ation. Fry(1960), Fry(1966), Danhauer and
Singh(1975) and Singh etal (1974) have criticised the
traditional methods of finding out processing of speech
sounds. The pure tone audionetry should not be used to
predi ct speech processing because speech is a conpl ex signal.

The speech audi onetry including speech reception threshold
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and speech discrimnation scores do not provide sufficient
insight into the interaction of the ear with critical
properties of the speech sounds. Speech audionetry tests
done wi th phonem c anal ysis give unidi nensional infornmation
whi ch is inadequate for assessment of nultidi nensional

nature of the ear's response.

Si ngh, Lawson and Singh (1974) anal yzed the responses
of 30 hearing inpaired individuals to nodified Rhyne test
(House) 1965) with the help of 7 distinctive features.
The confusion matrices were obtained. The correlation and
cluster analysis showed that the distinctive feature errors
of 'Modified Rhyne Test' can be grouped into five significantly
di fferent diagnostic categories. This grouping provided
insight into the processing of speech sounds by different

groups of hard of hearing popul ation.

Danhauer and Singh(1975) exam ned speaking and |istening
performance of 36 severely hearing inpaired individuals
belonging to 3 different |anguage groups. Seven binary
features were utilized for analysis. The features were
1) Front/back place 2) labial place 3) Sonorancy 4)Nasality
5) Continuancy 6) Sibilancy 7) Voicing. The subjects were
8.77 years of age on average and the severity of hearing

loss was different in different |anguage groups.
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Language Heari ng | oss
1) English > 68 dB
2) Yugosl avi an > 58 dB
3) French > 69
Feature gramprofiles were obtained. I nformation

transmssion in %for all distinctive features in each
| anguage group was plotted and ranked from highest to

| owest wei ghted features.

The results showed simlar ranking in all |anguage
groups and supported | anguage universality concept, Sonorancy,
Nasality & Voicing obtained greater scores than place of
articulation and labiality. The highest scores in nasality,
voi ci ng and sonorancy can be attributed to | ow frequency
resi dual hearing and dom nance of |ow frequency conponents

inthe features voicing, nasality and sonorancy.

The authers concluded that 'Feature-grami reflects the
nature of the speech perception and production. This

i nformation can help us in planning our therapy.

Danhauer and Si ngh(1975) studi ed perceptual processing
of speech sounds in deaf subjects. The stimuli were CVCV
syl | abl es. They anal yzed the responses and deduced t hat
when deaf individuals process CVCV type of stimuli, the vowel
informationi sprocessedw thresidual | owfrequency heari ng.

They do not perceive consonant information. The consonants
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are then perceived as blanks in the tenporal continuum by

the hearing inpaired. Since consonants are of characteristic
| engths the subjects performtenporal analysis to detect
consonants eg. They perceive sibilants due to their |ong
duration. Moreover they recognize voiced sounds by

| ow frequency formant and if |ow frequency formant is absent

t hey deduce voicel essness. In short, hearing inpaired

subj ects used different perceptual strategy and derive

conpar abl e anount of feature information fromm nimal

cues avail abl e.

Wal den and Mont gonery (1975) conducted a study on 3
groups of subjects-Normals, H gh frequency |oss and Fl at
| oss. The subjects were presented with consonant pairs and
simlarity judgenents were obtained. |ndividual scaling
anal ysis was used to group the subjects according to feature
usage. The groups fornmed by this analysis correlated with
different hearing |loss groups. For high frequency | oss
cases, the feature sonorant was dom nantly used. This may
be due to low frequency formant in sonorant feature. For
flat hearing loss the feature sibilance was the dom nant
di nrensi on, where as normals used both these equally. The
inference that can be nmade is that the data on feature usage
by listeners may help us to predict perceptual strategies

enpl oyed by 'hard of hearing' popul ation.

Bi | ger and Wang(1976) derived consonant confusion
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matrices from 22 listeners wth sensory-neural |oss for four
sets of CV and VC nonsense syllables. The nonsense syll ables
were used to maximze the contribution of acoustic factors

and mnimze the contribution of linguistic factors. The
stimuli were presented nonaurally at speech reception threshol d.
+40 dB Mul ti di nensional scaling was used to find whether the
pati ents grouped thenselves in a systematic way. Three groups
were found. 1) Normal Hearing 2) Flat or rising audi ogram

3) Hi gh frequency | oss.

The groupi ngs depicted significant correlation between a

audi onetci ¢ configuration and consonant confusions.

Bl ood, Bl odd & Danhauer (1978) studi ed deaf children
ranging in age from8-14 years to find out the distinative
features they used in their spontaneous production of consonants.
Al'l the subjects had left corner audi ogram (Profound hearing
|l oss). The stinuli used were 54 pictures to elicit 18 consonants
in 3 vocalic positions. The consonants were /P, b,t,d, k,qg,f,
v,m,n,s,z,t3y,4%,4, 9, ﬁ}/. The responses were phonetically
transcribed. The substitution errors were analyzed by
i ndi vidual scaling analysis. The features were mainly rel ated
to place of articulation and indicated that current rehabili -
tation techniques focus primarily on those features while

not exploiting others available in the speech signal.

Doyl e, Danhauer and Edgerton (1981) analyzed errors on

nonsense syllable test (A and (B) for 10 normals and 8
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patients with sensory-neural hearing |oss. Individual scaling
met hod was used for analysis. The stinmuli were presented
binaurally at six different sensation |levels. The analysis
reveal ed that voicing, place, frication and sibilancy were
salient features in perception of speech sounds, for both
groups of listeners. This suggested that both groups use
simlar perceptual strategy but the patients with hearing |oss
make nore errors. Tnis study pointed to the stinulus variable

as an inportant variable in extraction of features.

The studies on hearing inpaired popul ation points to
an inference that hearing inpaired individuals use sane
features as normals in speech sound perception but they weigh

these features differently.

3) Acquisition of speech sound perception: -

The phonol ogi cal devel opnent includes the devel opnent in

speech sound production and speech sound perception.

Graham and House (1971) studied the relationship between
t he devel opnent of a phonol ogi cal system and auditory perception
The discrimnation errors of children were anal yzed with non
metric nultidi nmensional scaling. Chonsky and Hal | e(1968)
feature systemwas used. The study concluded that this feature
systemfailed to yield a decision process capable of identi-
fying the various speech sounds. This suggested that features
may not have psychological reality. They failed to show a

definite patterning of features in the devel opnent in their sanple.
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ZlI atin and Koeni gsknecht (1975) investigated perceptual
devel opnent of the voicing contrast in 2 year old children,
6 year old children and adults. The subjects were required
to identify prevocalic stop consonants from synthetic speech.
The stimuli differed with respect to acoustic cue voi ce onset
time. ldentification functions for |abial, apical and velar
stops were plotted. The results indicated that the nagnitude
of voice onset tinme difference required to distinguish between
prevocal i c stop cognates decreases as a function of age.
Devel opnental differences were nost consistently revealed for

vel ar cognat es.

The finding supported the view of Lisker, Libermann and
Cooper (1962) that "Distinctiveness of phonenes is not
inherent in the acoustic signal but is acquired during the

process of phonol ogi cal devel opnent™.

Thus, to derive a conplete description of |anguage
acqui sition process, it is essential to have information about
both the production and perception devel opnent. At the
noment data is available on production devel opnent and nore
research is required in the area of perception devel opnent.

(G aham & House, 1972).

4) Rel ati onshi p between speech sound perception and speech: -

Wl lianms and MC Reynol ds (1975) investigated the effects

of production and discrimnation training on 4 subjects.
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Results indicated that production training was effective in
treating both production and discrimnation where as

di scrimnation training changed only discrimnation.

Kumadaval |1 (1 973) studied the relationship between
articulatory performance and discrimnation. A test of
di scrimnation in kannada using distinctive features was
devel oped. The test consisted of m nimal pairs having one
or two distinctive feature difference. The picture pointing
responses were obtained. Using the same pictures articulation
was tested. The discrimnation and articulation of each item
were then conpared the subjects were school going children.

The results indicated that production always preceded perception.

5) Dichotic speech sound perception: -

The literature in speech perception indicates that
perception of vowels and consonant depends on different cues.
Vowel s are perceived based on acoustic/auditory cues avail able.
Consonants are perceived based on extraction of l|inguistic
features or acoustic restructuring of auditory paraneters into
so called '"encoded' phonetic paranmeters. Thus different
perceptual strategies are enployed to decode vowel s and
consonants and are also localized in right and |eft hem spheres

respectively.

St uddert - Kennedy and Shankweil er (1970) investigated the
role of dom nant hem sphere in the perception of both vowels

and consonants (voiced and Voi cel ess). They presented spoken
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CVC stimuli dichotically in pairs which contrasted in only

one phone. The results indicated significant right ear
advantage for initial and final stops and non significant

ear advantage for vowels. The significant ear advantage

for articulatory features place and voicing proved that

speci alization of the dom nant hem sphere in speech perception
is due to its possession of a linguistic device. It is
reported that both the hem spheres have capacity for auditory
analysis. Ability of the dom nant hem sphere to perceive
consonants is considered as due to its ability to extract

[inguisitc features.

St uddert - Kennedy and Shahkweil er (1970) findings were
contradi cted by sone experinenters. Fusi saki and Kawashi ma
(1969) found that vowel perception has sane processing
mechani sm as consonants when their acoustic characteristics

are changed eg. Reducing the duration.

Crystal and House al so expressed simlar view saying
that major difference between the vowel s and consonants is
their inherent intensities. They found mnimal difference in

ear preference when the intensities were equalized.

Day and Vigorito (1972) dichoticaily presented synthetic
syl | abl es containing plosive, liquid and vowel categories for
tenporal order judgenents. Stop sounds had right ear advantage,
liquid showed no ear advantage and vowels had left ear

advant age.
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Blunstein, Tartter and M chael (1973) studi ed perceptua
reality of manner features in dichotic listening. The
manner features were presented in CV context. The results
indicated clear cut right ear advantage for consonants. The
findings showedthat right ear advantage was nore for

fricatives and stops than nasality.

Blunmstein etal (1977) investigated the perception of
vowel s when presented dichotically. Twenty normal, right
handed i ndividuals were selected as subjects. The stinuli
were CV syllables. The found that perception of vowels

was not |ateralized.

However they stated that "Vowel perception is based on
processing nmechanisns simlar to those of consonant. In
particul ar there was strong evidence for the use of phonetic
features by the subjects at the |evel of response organization.
_____________ The dichotic perception of vowels of nornmal
duration does not seemto reflect the extraction of phonetic
features. Rather, because of the accessibility of the
acoustic information in auditory nmenory, the subject may be
able to by pass phonetic categorization and, consequently,
operate on the auditory paraneters of the signal. In contrast
at the level of response organization the stinmuli need to be
categori zed for | abeling and thus, the subject avails

hi nsel f of phonetic features".
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Hayden, Kirstein and S ngh (1979) evaluated the role
of distinctive features in 21 dichotically presented
syl l abl es. The ear advantage was the greatest for stops
and varied as a function of manner class. The nunber of
feature difference between the consonants al so affected
I dentification. There was dom nance of unmarked specification
over marked one. This may be due to the fact that the stress
of the dichotic presentation situation leads to sinplification

of response.

In conclusion it may be stated that "Those speech sounds
whi ch are highly encoded are dependent on per cept ual
decodi ng by specialized |eft hem sphere processors”

(Li bermann, Cooper, Shankweiler and Studdert Kennedy; 1967).
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Di stinctive Features - Phonol ogi cal Acquisition

Distinctive features have been used to explain phono-
| ogi cal devel opnent. Hodson(1978) aptly states that "Although
existing distinctive feature systens have certain |limtations,

t hey have opened new vista, in the study of child phonol ogy".

In literature various nodel s have been putforth and
several studies have been conducted on devel opnent of phonol ogy
based on distinctive feature framework. Sone investigators
have even anal yzed earlier phoneme acquisition data in the

light of distinctive features.

Jackobsen (1940-1968) putforth a nodel explaining the
process of acquisition of phonology in children. The hypothesis
states that "phonol ogical binary contrasts govern the phonol o-
gi cal devel opnent in childhood. The contrasting conponents are

distinctive features". West(1973) agreed with this view

Follow ng | evels were denonstrated by Jakobsen starting
fromgeneral differentiation of major phonemic classes to
phonem c | evel of adult phonol ogy. For each |level of contrast

physi ol ogi cal and acoustic correlates were included.
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St age Feat ure Contrast Exanpl es of sounds

1 Consonant al / Vocal i ¢ p/ a
2 Nasal / non-nasal n p
3 Gave / acute p/ t
4 Conpact / diffuse(vowel s) -

5 G ave / acute (vowels) -

6 Conpact / diffuse kip
7 Flat / Plain -

8 Conti nued / interrupted s/t
9 Tense / |ax p/b

10 Strident / nellow SQ
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O der of sound devel opnent dependent on binary contrast

as gi ven by Jakobsen (1940-1968)

Consonant (P)
1 /
Consant/vowel
2
Oral/Nasal oral(p) Nasal?&h\
3 — 7\ RS
Place in Labial(P) Alveo- Labial Alveolar(n)
Front lar(t) (m) /\
. | < .
4 \ \ Y
€ontinuancy Stop(P) Fricative Stop Fri-
(£) (t) cative
(s)
| —— S— s Le— . e ———— IJ\_‘\\ —— — —_—
5 / \ |I \\
Front back Alveolar Back Alveo- Back Alveo- Back
place (t) (k) lar (j) 1lar (v )
(s) (n)
A\
6 /
Sibilancy Inter Alveolar
Dental (s)
(@)

O ocker (1969) gave a linguistic nodel of children's
articulation conpetance. He stated that children learn the
rules of conbining distinctive features in a particular
devel opnental sequency. This nodel showed progression from
a nore general and all inclusive |linguistic sounds usage to

nore specified and differentiated sounds.,

According to this nodel children devel op phonol ogy by
applying the three followng rules to conbi ne phonol ogi cal

f eat ures.
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Rule - 1) Conbine a primary feature with a base feature set.

Rule - 2) Conbine a secondary feature with a base
feature set.

Rule - 3) Conbine a secondary feature with a secondary

feature

Here prinme features are the one which are required to
establish a class of sounds. Base feature set is a set
fromwhi ch further sets develop. Secondary features are

secondary to primary features.

Bl ache(1978) Criticises Jakobson's nodel by stating
that "In all the theory's strength its abstruct and
conprehensive nature-is its weakness. A lack of specificity

for experinental purposes"” (Blacke, 1978).

Bl ache (1978) revised this nodel and gave a nodel which
could be inperically tested. The feature systemutilized
was Mller & Nicely's system The experinental support was
taken from various studies done with advanced statistical
met hods. The steps represented the nost probabl e order of

acqui sition that nost children follow.

Studi es done on acquisition in the light of distinctive
features are of two types:
1) The studies reported very early in literature have been

reanal yzed by current investigators. The phonem c data
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is converted into feature data. The |imtations of these
studies are that.
a) The age levels are above 3 years when nost of the

phonol ogi cal devel opnent has al ready taken pl ace.

b) It is difficult to determne feature acquisition
fromphonemc data not originally for feature
anal ysis. Acquisition of correct phonene production
criterion does not account for the acquisition of

I ndi vi dual features.

2) The studies in which distinctive feature analysis is

used to trace devel opnent of phonol ogy in children.

These two types of studies are summarised in table
(4) and (5).



Table - 4

Studies depicting Re analysis of earlier investigations

Nane of Current Crite-
No. experi- investi- rion Age Phonenes Feat ures Concl usi ons
nment er gat or used
& year & year
1. 2. 3. 4. 5. 6. 7. 8.
1. Wellman Singh;S. 75% 3 /mn,f,h,w,b/ Nasality,labiality. Features nasality, labiality
et al 1975 Voi ci ng, conti nuancy, Sonorancy, Voicing and con-
1931 Sonor ancy ti nuancy are acquired earlier
o t han features Front/back
4 /p,j,k, g, dl Voi ci ng pl ace and sibilancy..
5 /d,r,s,ts,s,Vv, Front/back place,
t,zl/ Si bi | ancy
6 /d_’; /
2. Poole Si ngh, S. 3.5 /mp, h,w b/ Nasal i ty, Voi ci ng,
(1934) 1975 | abi ality, Sonorancy.
45 /n,n,s,k,4, Front/ back pl ace
g.t/
55 F Cont i nuancy
6.5 /1,v,l,ﬁ,jf/ Si bi | ancy
1.5 /x,s,8,2,M

9v<¢



3. Tenplin Sing,S 75% 3Yrs. /m,n,,p,£,h,w Nasality, Sonorancy Marked features
1957 1975 | abi al i ty, Voi ci ng, -
cont i huancy are acquired | ast.
3.5" [
4 " /k,b,d, g,r/ Front/back pl ace
4.5 " /84 ) +tS/ Si bi l ancy Voi cel ess
6 " /€,8.v,1/ -
7" /5 ,z.,%,45,M/ Sibilancy voice
4. Nakazima Sing,S. 2tob Front vowel s Found sim ar
(1962) (1975) nont hs | abi al consonants labiality

7 nonths | abial,alveolar, Voicing, nasality, findings in Japanese
pal atal consonants aspiration

and Ameri can
9 to L ( (3 i
m yr. () s ggﬁg:gﬂgg’ chi | dren
1 year Voi ci ng, nasal ity,
pl ace, sonor ancy,
cont i nuancy.
5. Snow Si ngh 7 year 95%correction in  Continuancy, Front/
(1963) 1975 2 nont hs al | ot her manner back place and
feat ures except si bi l ancy produced
voiced fricatives nost errors.

voi ced 8%
fricatives.

*kkk*k*%x
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Studi es depicting investigations using distinctive feature anal ysis

Name of
No. ﬁéﬁ?;:' Age Stimul i Pr ocedur e Anal ysi s Feat ures Concl usi on
& year
1. 2. 3. 4. 5. 6. 7. 8
1. Bricker 3to 3.9 Ys. I mtation Pl ace, Maxi mum precision in
(1967) 4 to 49 " behavi or manner and all the 3 groups for
5to 59 Ys. anal ysi s voi ci ng voi cing and m ni mum
precision for place
was found.
2. Messer 3Ys. 7 Word pairs  Judgenment Substitu- Jakobsen, Large majority of
(1967) mont hs of English of english tion errors Fant & errors were made by
and non- sounding were Hal l e sys- changing of only
Engli sh words in a anal yzed tem( 1952) one distinctive
wor ds. pair feature.
3. Menyuk Japanese Syl I abl es Repetition % of correct gravity, Rank order of correct
(1968) children t ask usage of di ffuseness usage of features was
froml to 3 the features stridency, sane in both Anmerican
Ys. Anmerican in different nasality. and Japanese groups.
children age groups continuancy The rank order was
from2 to was found and Nasal ity, gravity, voi-
5 years. and rank voi ci ng. cing, diffuseness,
or der ed. continuancy and stri -

dency. This order of
acqui sition was parall el
wi t h Jakobson's nodel .

881



4. Prather, 24 to 48 Photo- Plotted Nasal ity, The children acquired
Hedrick & nonths. articul a- correct pro- Voicing, features earlier than
Kern(1975) tion test ducti on of gravity, Menyuks study ages. The

distinctive diffused- rank order was nasal .

features as ness,con- grave,diffuse, voi cing,

a function tinuancy, continuancy & stridency.

of age. stridency. They also found that +&-
specification of features
have different rank order
i n devel opnent .

5. Winer & 2to 6 Pictures Targets Proportion Modifica- |)There were fewerrors
Ber nt hal years were sti- were eva- of errors tion of with -l1ow +nasal ,-latera
ol d muli for luated with for each Chonsky & and - voi ce.

23 conso- tenpletes feature was Hal |l e(1968) 2)H gh proportion of errors

nant s havi ng a conput ed. systemwas for -anterior than + anterior.
| ist of used. Features
features were 1)Ante- 3)The results of 4 features
for each rior 2)coro- were predicted by Marked-
phonene. nal 3)Hgh ness theory 4)F ndings

4)Back 5)| ow suggested that tongue mani -
6)Distribu- pulations are difficult &
ted 7)Nasal so they are acquired

8)l ateral | at er.

9) Del ayed

rel ease

| 0) conti nu-

ant 11)voi ce.



1. 2 3 4. 5 6 7. 8.
6. Hodson 4 years old - - Fine phonetic 1)Sonorant, 1) Sonorant,strident,
(1375) transcription 2)Anterior continuant & anterior

and feature 3) aronal , were wel | established.
anal ysi s was  4) ntinuane. 2) | nappropriate use
done to find  SEPPELOHANG; zhe PEALCHN 8" 8P Bna
% corr ect 6) : :
scor es 7) voi ced. and hi gh was found.

The studi es on phonol ogi cal acquisition denonstrate the role of distinctives

features in devel opnental studes, The features offer a precise and fine tool for

the eval uation of articul ati on devel oprent.

*kkk*k*%k
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Distinctive Features - Limtations

Tnus the concept of distinctive features has been
found to be useful in studying 1) Articulation Behavior

2) Speech sound perception and 3) Phonol ogi cal acquisition.

However, some have considered that there are certain

limtations in the use of these distinctive features.

Many have questioned the conceptual reality of features.

La Riviere etal (1974) assessed the conceptual reality
by a sorting task as suggested by Wnitz(1972). A series
of sounds were presented several tinmes in randomorder, and
the subjects were asked to assign sounds to one of the two
categories. The subjects were divided as control and
experinmental group. The subjects in the control group
classified the sounds only with the help of paired association
where as the experinental group could classify the sounds on
the basis of distinctive features and paired association both.
The features used were voice, nasal continuant, student and
vocalic. The results indicated that there was difference
bet ween experinmental and control group. This difference was
considered as due to the use of features nasal, strident
and vocalic by the experinental group. Voice and continuant
features were considered to be not useful in sorting and

wer e consi dered conceptually unreal.
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Ritterman and Freeman (1974) studied the role of relevant
and irrelevant stinulus dinension in discrimnation for 32
subjects. The results showed no significant differences in
performance as a function of nunber of the irrel evant
di mensi on nor characteristics of relevant dinensions. The
results indicated that no perceptual dinension (Feature) was
nmore inportant than the other. The study supported

La Riviere's view.

Wal sh(1974) criticises the feature systens which give
i nportance to structure of phonol ogical contrasts and ignore
the concrete mani festations. He questioned the applicability
of feature systens put forth by the prague school of
linguistics'. (Jakobson and others) to speech clinicians

who deal wi th speech production.

Par ker (1976) conpared existing distinctive feature
systens and has drawn our attention to the fact that all the
feature systens are not the sanme. They have different
theoritical back grounds. Sonme (Chonsky and Halle; 1968)
have a strong theoritical support where as sone (Jakobsen
Fant and Halle; 1955) do not have it. Parker also printed
out to abstract representation of well found phonol ogi cal
feature system (Chonsky and Hal l e; 1965) and advocated to
add a production matrix to consider physiol ogi cal phenonena

and to relate themto abstract entities.
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Leonard (1974) pointed out the limtations in clinica
application of distinctive features. He stated that the
di stinctive features serve two functions - An abstract
classificatory function and the phonetic function. At
abstract level, the features assune two values + and -, at
t he phonetic level they are physically represented and they
may indicate rangi ng degrees of plus or mnus paraneters.
Now an instructor should use this phonetic |evel and just

bi nary specifications should not be used.

Lund and Duchan (1978) presented their views on
phonol ogi cal analysis. They criticised phonem c view al one.
They also criticised distinctive feature analysis. They
stated that this approach does not detect w thin phonene
errors; and does not reveal consistency unrelated to features;
and al so does not explain om ssion where error- target
mat ching is not possible. The authers advocated a nultifaceted
approach to overconme the limtations of various individual
approaches. This nultifaceted approach included phonem c
anal ysis, feature analysis, context sensitive analysis,
reduplication analysis, assimlation analysis and idio

syncractic analysis. They found this approach to be useful.

Si ngh(1976) put several limtations to-gether for the
di stinctive features by saying that the features do not
consider coarticulation and timng factors in speech produc-
tion. Mreover they may vary with dialects and prosody of

t he speaker. Thus these |limtations may limt their use.
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Inspite of the limtations, the distinctive feature
concept is still considered as a valid and useful tool
in the studies in speech sciences and in the clinics of

speech correction.

*O* O* O* 0* O* 0* O* O*



CHAPTER |||

VETHODOL OGY

A feature systemfor Hindi consonants has been proposed
by Ahmed and Agrawal (1969) using 9 features. As there is
simlarity between Gujarati and H ndi |anguage in terns of
phonenes al so, it was decided to use, the sane feature
systemwi th two nodifications; that is |)Place of articulation
feature has been represented by five features nanely
1) Labial 2)Alveolar 3)Dental 4) Retroflex 5!'velar; to make
the distinction nore clear within that feature and
2) Insead of using the termliquid, |ateral has been used

in this system

The distinctive feature system proposed for descri bing
the consonants in Cujarati |anguage consists of follow ng
features. 1) Voicing, 2)Nasality, 3)Labial, 4)Alveolar,
5)Dental, 6)Retroflex, 7)Velar, 8)Aspiration, 9)Affrication,
10) Semi vowel , Il)Lateral, 12)Fl ap, 13)Frication. All the

features have binary specifications.

The consonants considered here are based on the phonetic
classification in terms of nmanner and place of articulation

of consonants in Gujarati |anguage. (Nair; U. ;1979).

This study has been restricted to consonants only. No
attenpt has been nade here to describe the vowels because

of many constants.
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The foll ow ng experinents were conducted in order to
find out the efficiency of the proposed feature system by

1) Acoustic analysis, 2)Perceptual analysis.

1) Acoustic Anal ysis: -

A Stimuli:- 65 mniml pairs were constructed consisting of
32 consonants of Gujarati |anguage.(Nair;U 1979). The
m ni mal pair words have been taken from Gujarati Bhashanu

VWyakar an' (Yogendra Vyas; 1977).

The pairs were devel oped according to the classification
of consonants with respect to the manner of articulation
and place of articulation. The mninmal word pairs al so
permt conparison of features as the words differed from
each other at |east by one feature. This list of m nimal
pairs consisted of at |east one word pair representing
a particular feature. Thus the word list consisted of al

the features proposed.

Table 6 indicates the nunber of mninmal pairs representing

presence and absence of a particular feature.

The list of mnimal pairs as they are classified
according to the proposed feature systemis given in

Appendi x 3.
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Table - 6

Tabl e showi ng the Number of minimal pairs representing each

Feat ur e.

Feat ures Nunmber of m nimal pairs

Voi ci ng 10
Nasal ity

Labi al

Al veol ar

Dent al

Ret r of | ex

Vel ar

Aspi ration 1
Affrication

W O NN W W

S

sem vowel
Lat er al

Fl ap
Frication

W N W w o

B) Equi prent :- Speech Spectrograph (M C MK 700) which
has a provision for recordi ng speech sanple beyond 2.4
seconds continuously and to anal yze speech sanple of 2.4

seconds duration at a tine.

C Procedure :- The 65 mnimal word pairs were recorded
using the tape recorder of the Speech Spectrograph on a
prof essional tape by the expermnenter. The VU neter of
the tape recorder was used to nmonitor the intensity. A

gap of less than one second was gi ven between the words
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and nore than 3 seconds between the word pairs. This was
done in aquiet condition. Further, a unidirectional

m crophone was used for recording.

A satisfactory recording was obtained after recording
for four times as judged by the experinenter and a speech
pat hol ogi st. This was done to nake sure that there were no
variations between the words and pairs in terns of intensity,

pause and i ntonation.

Then wi de band and narrow band spectro grans for each
word pair were obtained using the speech spectrograph
(MCM 700).

The spectrograns thus obtained were anal yzed to inspect
followi ng characteristics, (i) Voice lag or voice |ead
(ii) Formant transition, (iii) Frequency at which concentra-
tion of energy is seen, (iv) Presence of periodic or

aperi odi ¢ ener gy.

This analysis was done to find the acoustic correl ates

of the features proposed.

2) Perceptual Anal ysis: -

This experinment was divided into part | and Part 11.
Part |: -
(a) Stimuli:- 130 words were derived from65 mninal pairs.

Each word was recorded individually in a randomorder. The
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words were recorded using a cassette recorder(Sony TC 1000)
on a Sony cassette by the experimenter. A gap of approxi mately
5 seconds was given between two words to give time for

responses fromthe |isteners.

(b) Subjects:- The subjects were 30 nal es and 30 fenal es.
They were col |l ege students having Qujarati as their nother
tongue and native |anguage. They ranged in age from 19
to 25 years. They had no history of speech and hearing

probl ens and they could read and wite Qujarati.

(c) Procedure:- The tape recorded words were played to each

listener in a quiet room The follow ng instructions were

given in Qujarati |anguage:

LA e CAHI ‘."\I'l\

(You w Il hear several Qujarati words. As soon as
you recogni ze the word you wite it down in a sheet of paper
which is given to you. After listening to all the words and

witing themdown, you have to speak all of themas you

have written).
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The same procedure was followed for all the 60 subjects.

(d) Scoring:- The responses of all the subjects were scored
as correct or incorrect. A response was consi dered as
correct if the witten and spoken responses were the sane as
the stimilus presented. A response was considered incorrect
if the witten and spoken responses were different fromthe
stimulus presented, ie when a sound in the stimulus word

presented was substituted or distorted.

The incorrect responses were further analyzed to find
out the sounds whi ch were substituted and the sounds for

whi ch substitutions were nade.

Part |1 -

(A Stimuli:- Sanme as in part |I.

(B) Subjects:- Five males and five fenal es who were not
having Qujarati as their nother tongue and/or native

| anguage were chosen as subjects. They were graduate and
post graduate students in speech and hearing. They ranged
in age from19-25 years. They had no history of speech

and bearing probl ens.

(c) Procedure:- The tape recorded stimulus words were pl ayed
to each listener in a quiet room The follow ng instructions

were given to themin English
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"You wi Il hear several words froman unknown | anguage.
You |l esten to each word carefully and as soon as you listen

you speak whatever you think you have heard".
The same procedure was followed for all 10 subjects.

(D Scoring:- The spoken responses of all the 10 subjects
were scored as in part | to obtain correct and incorrect

r esponses.

*0*0*0*0*0*0*0*0*0* 0*0* O*



CHAPTER |V

RESULTS; AND DI SCUSSI ON

The findings of the two experiments conducted provide
the acoustic correlate for the distinctive feature system
proposed for the consonants in Gujarati and al so the amount
of information carried by each distinctive feature for the

perception of the speech sounds.

As stated earlier the proposed distinctive feature
system for consonants in Gujarati consists of 13 features
1)voicing, (2)Nasality, (3)Labial, (4)Al veolar, (5)Dental,
(6)Retroflex, (7)Velar, (8)Aspiration, (9)Affrication,
(10 Sem vowel , (11) Lateral, (12)Flap, (13)Frication

1) Acoustic Analysis:- Wde band and narrow band spectrograns

for 65 mnimal pairs were classified based on the proposed

di stinctive feature system

The close inspection of all the spectrograns ceveal ed

di stinct acoustic characteristics for each feature proposed.

The distinctive acoustic characteristics for the proposed

distinctive features are as foll ows.

1) Voicing:- This feature is studied in great detail in
earlier investigations. (Fry, 1979, Potter, Kopp & Kopp; 1966,
Li sher and Abranmson; 1964 , Jakobson, Fant and Hal |l e, 1952)
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The essential acoustic characteristics for voicing
distinction as reported are; |)Presence of |ow frequency
energy terned as 'buzz' (Jakobson, Fant and Hal | €?1969)
in the voi ced sound and absence of this in voicel ess sound.
The presence of this characteristics is nmarked by voice bars
along the base of the spectrogramwhich are identifiable as
vertical striations occuring at regular interval. 2)Voice
onset tinme is identified as voice lead in voi ced sounds and
voi ce lag in voicel ess sounds. 3)The energy concentration
i n the noi se conponent of the spectrumeither in stop or
Fricative sound is greater in voiceless than in voi ced

sounds.

These characteristics were observed in the anal ysis
of follow ng word pairs which were used as representatives
of voi ced and voi cel ess consonants to identify the acoustic

characteristics related to voicing feature.

Vord Pairs
l)‘fa'l:'i' M, 2) \\ : - 3) ‘Lié‘! = -'J.f-\-’t 4 L.“‘:'} = r}‘.*[
Kal=gal chete-~chede Cnariuahari Phari-bhari
5) Uiy~ ony 6) '}h'c"'-‘l - .,}_*“-ai;l 7) Hidl - I}—||f-"l‘ 8) S\ ‘L - Hlé ’IL
Pap = bap Sathl - Sadhi Mata - mada Kathi = Kadhi
9 Mol < ‘clars 3 -
/} W_{ t {{ 1\" 10) ),."H"”i'l - -_]--1|‘i.|',t
Wacan = Wajan a:kho - a:gho.

Therefore it can be concluded that presence of voicing
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feature is acoustically represented by the presence of:

1) Regular vertical striations in |ow frequency region

whi ch occur sinultaneously with the burst(Stop or Frication)
indicating voice |ead, 2)Decreased intensity of burst when
conpared to its voiceless counter part, and this feature ia
present in the |language studied ie. Qujarati. The acoustic

characteristics are shown in the spectrogramgi ven bel ow.

Noicing
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2) Nasality:- Acoustic characteristics of nasal feature are
descri bed as having a characteristic nasal formant at |ow
frequency (200) and at aery high frequency(2500, and a tail
| i ke appearance, it has also been reported that there is
very little high frequency. (Danial off etal 1980, Jakobson,
Fant and Hall e; 1969, Fry; 1979, Potter et al; 1966).

Fol  owi ng word pairs were anl yzed whi ch had nasal and
nonnasal consonants in order to identify the acoustic

characteristics related to nasality feature.

Wrd Pairs
L) i) 2) 3)
Pani - Padi Kan - Kag Mag - bag
It was observed that |ow frequency formant and tail |ike

appearance i e. acoustic characteristics nmenti oned above,
were present for all nasal consonants. The hi gh frequency
formant was not observable. This nmay be due to reduced
energy concentration at high frequencies in nasal sounds.
Therefore it can be stated that nasality feature is
present in Qujarati |anguage and it can be identified by
1) The presence of |lowfrequency formant, 2)Tail |ike
appearance. The acoustic characteristics are shown in the

spectrogram gi ven bel ow.
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The following five features | abial, alveolar,dental,
retrofl ex and vel ar have been terned as features indicating

the place of articulation.

It is reported that changes in formant frequency(transition)
and the changes in noise filtering are the nmaj or acoustic

cues for place of articulation.

The earlier findings about acoustic characteristics of
pl ace of articulation feature may be summari sed as fol |l ows.

(Fry; 1979, Potter et al; 1966, Jakobson et al; 1969, Bl ache,
1378).
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Feat ure Transition Noi se Filtering
Labi al Downward transition Low frequency peak.
Al veolar Snall transition

Upwar ds or downwar ds H gh frequency peak.
Dent al Upwar d shi ft H gher peak than | abial
Retrof | ex - -
vel ar Upwar d shi ft M d frequency peak

Following are the word pairs enployed as representatives
of the different places of articulation of consonants to
identify the acoustic characteristics of the features |abial,

al veol ar, dental, retroflex and vel ar.

Labial
L) aig- e 2) g1 - Sla
Wad - Yad Kam = Kan
Alveolar
L g0u- auw 2) sih - Gy
Sap - Sap hath - sath
Dental
1) : o o) . - 3)
Y- A4 2ilg - 21101, Gd - Giy
Sath - Saph a:du = a:bu lnt = lnp
Retroflex
1) 2) . 3) 4)
N - glEL giel — 3lq 31e - 31 2o - 2HQ
Kal - Kal Kan = Kan Kan = Kap Sath - Sath
oy -8 <« X : . :
5) g\ - -"JIQ'L 6)61(1” _ E”L.f‘[ 7) }1]5‘1 - -H\Ei’l 8) --)HSI - 3\]51
Kan - Kam dholo = dholo mathi-machi gadl - gadi
2 alz - avq

Wat = Wat
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Velar

" L N N ~ o [ > :
1) lj\{l 2ilei Z2) 4] — 9lof 3) 41 . YA

hiro = siro Kan - Kan Kap - Kam

The above nmentioned characteristics were observed in
all the word pairs for the features | abial, alveolar, dental

and vel ar.

The information regarding the acoustic characteristics
of retroflex feature is not available to present investigator
The spectrographi c analysis of word pairs representing
retrofl ex-non retrofl ex consonants reveal ed relatively | ow
frequency energy concentration and upward transition as a
characteristic of the feature retroflex. Thus it differs
fromother place of articulation features and it can be
identified by considering these two acoustic characteristics.

Therefore it may be concl uded that presence of |abial,
al veol ar, dental, retroflex and velar features are acousti -
cally represented by the presence of follow ng acoustic

characteristics.

S. No. Feat ures Transition| Noise Filtering
3) Labi al Downward shift |Low frequency
peak

4) Al veolar |Snall upward or | H gh frequency
downwar d shift peak
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S. No. Feat ur es Transi tion Noi se filtering
5) Dent al Upward transition | H gher than |abia
6) Retrof | ex Upward transition | Relatively |ow

frequency peak
7) Eel ar Upward transition | Md frequency
peak.

These features are present in Quarati |anguage and
each of them have their own characteristic acoustic features
whi ch di stingui sh themfromeach other. The spectrograns
for the features | abial, alveolar, dental retroflex and

velar are as fol | ows.

|I. er. 3

ﬂWd.; 3
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8) Aspiration:- The feature aspiration is not distinctive

in English, In sonme allophonic variations of stop sounds

(Bil abi al stops) aspiration is observed. (Si ngh; 1970).

The feature aspiration is distinctive in Qujarati
| anguage in that it distinguishes two sounds of the |anguage
and therefore it has been considered as a separate feature.
The mnimal pairs representatives of aspirated and non-

aspirated sounds are.

lkbuc|— Ao\ 2) g e all 3 Lia- ge 4) Lm- €1
bhal - bal Saph - Sap dhar = dnr dham - dam

5) 7. 6) > N 7) £ & ) 1 oy

5) AN — Al ) ol8 —2\¢ fﬂk‘?l - €l ;L - ;fif—,.l - H|z l
Sath = Sat thok = tok dadhli - dadi mathl - mati
: o 10) mu L i 11) 12)cnica — 4

9).ziitt- 7 (A AP - R|of etid— o }t;!vt $1Q(
Sath - sat ragh - raj gham = gam chal = kal

13)

e 42 14) _
cl(uh - $12), A - AUIAH

Khanu = kanu chal -« cal

A conparison of the spectrograns of the words wth
aspirated and words w th nonaspirated consonants reveal ed
distinction in acoustic characteristics. The acoustic cue
for this feature is extra energy concentration in aperiodic
portionie., at high frequencies mmcthing the friction

noi se in stops, fricatives and affricates.

Therefore it nmay be derived that the presence of the
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feature aspiration, is marked by extra energy concentration
in aperiodic portion of the consonants at high frequencies
which is identifiable on spectrogramas dark patches in

t he upper portion.

Thus the feature aspiration is present in Qujarati

wth its own acoustic characteristics.

A representative spectrogramis given bel ow.

7;'\8 P varon

S

a’_._‘] OAM
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—+ Agmmm ~— ASPUaHu\
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9) Affrication:- This feature has been descri bed as

+Fricative +stop manner feature (Danialaff; 1980). The
acoustic characteristics related to this feature as

reported inearly investigations reveal a gap followed by
sharp burst and friction noise. Due to addition of friction
noi se the aperiodic portion is conparatively |onger than

that for steps. (Fry; 1979)

These characteristics were observed in the anal ysis
of follow ng word pairs which were used as representatives

of affricated and non affricated sounds;

L) mnd - JJuL Z) ey _ 18 3) 4XUAI . %3L|L 4) 5124 - 2
jit = git dajh = dadh jali - dali kac = kat

- 1 . . = Y, . \‘ ; f—_\, ;

5) g4 [ - SE l 6) a5l — 2119 7) \_,--ﬂ_:‘_'\.j? - L& \ ) 2lgh = Uivy,
kaci - kak jadi = gadi bajhi - baghi chanu-~khanu

It may be concluded that the presence of the feature
affrication is acoustically nmarked by the presence of a
smal| gap followed by a burst which continues into the

friction noise with high frequcny concentrati on.

Therefore it can be derived that the feature affrication
Is present in Quarati and it has distinct acoustic
characteristics. The spectrographic display of the

feature is given bel ow.
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10)Sem Vowel :- As reported by earlier investigation the

feature sem-vowel is characterised by dark and cl ear
resonance bars as that of vowels, and the transitional curve
of the resonance bars due to conbi nation of vowels. (Potter

et al; 1966, Danialoff et al; 1980).

These acoustic characteristics were found to be present
whi |l e inspecting the spectrograns of the mninal pairs which

represented semvowel and non sem -vowel consonants to
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-identify acoustic characteristics related to sem vowel

feature. The mninmal word pairs are:

Vowz-asz P ag-ocua N gat - e
Yar -« jar Wal - bal Wnn = mnn

It can be concluded that the feature semvowel is
present in Quarati with its own acoustic characteristics.
A representative spectrogramof the feature semvowel is

gi ven bel ow.

§Qm{\fow0_#

‘dC\—/. \5 (,\;{

o+ SQwi#Q wd — g&miy’ow4
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11) Lateral:- The lateral sounds are associated with vowel
| i ke and consonant |ike acoustic characteristics. Vowel
| i ke; because they have conti nuous resonance bare and

consonant |ike as they have gaps. (Jakobson, Fant & Hal | e; 1969)

Fol l owi ng word pairs were exam ned spectrographically
as they represented lateral and non-lateral consonants in
order to identify acoustic characteristic related to the

feature; | ateral.

1

1 -~ ' \
_L) n):‘ ’ 1 C 3\] Tiv7 d | Liviol |
GIeA — <\l ul " 1135 YA b AL |
5 % o : - '

Kal - kan pal = pad pali - pani

The inspection of the spectrograns of these word pairs
reveal ed a distinct continuous periodic portion and snal |

gaps as shown in the spectrogrambel ow

Thus it may be inferred that the presence of the feature
|ateral is acoustically narked by the presence of continuous
bars and snall gaps. This feature is present in Qujarati

| anguage with its own distinct acoustic characteristics.
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12)Fl ap: - The feature' flap' as described earlier is

characterised by vowel and consonant |ike structure. It
is said to have dark resonance bars and presence of gaps,
Unli ke lateral the resonance bars are interrupted in the

Fl ap sounds. (Jakobson et al 1969).

Fol l owi ng word pairs were used as representative of
Flap and nonflap consonants to identify the acoustic

characteristics related to 'Flap' feature.

1)-2u2~ A 2) .;em'] ~ ;Zﬂzcsﬂ
Car = cal Sari - sali
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The exam nation of spectrograns of these word pairs
reveal ed a pattern on the spectrograns of flap sound havi ng
many resonance bars with little gap inbetween them This
corresponds to rapid multiple novenents of the tongue

towards the pal ate.

Therefore it can be concluded that the feature flap is
present in Qujarati |anguage and it has distinct acoustic

characteristics as depicted in the spectrogram bel ow.

Flas

" 4 _ L
L2 l’\ LOI

- HQ.P
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13) Frication:- The earlier reports describe fricatives aa

havi ng hi gh frequency turbul ence of |onger duration and
greater intensity which is identifiable on the spectrograns
as a dark, aperiodic portion of a great duration at the

upper portion.

These acoustic characteristics were observed while
studyi ng the spectrograns of the word pairs which represented
fricative and nonfricative consonants to identify the
acoustic characteristics related to frication. The work

pars are:

1) . A 2) 3) ., A .|
{-{fjﬁ ? DAL . - ot - | (01 |
holo = golo Sada - dada Sa}l - ?a}i
It may be therefore concluded that the feature 'Frication'
Is present in Quarati and its presence is nmarked by high
frequency concentration of noi se conponeyx for |onger

duration as shown in the spectrogram bel ow
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The acoustic analysis of minimumpairs in Gujarati
reveal ed distinct acoustic characteristics for each of
t he proposed feature, therefore hypothesis 5 stating that
"Each of the distinctive feature proposed presents distinct

acoustic characteristics", is accepted.

The distinct acoustic characteristics for each

feature proposed have been summarised in the table 7.



Table - 7

Tabl e showi ng the acoustic characteristics of each Feature(+) when it is present

S . No. Feat ure(+) Acoustic characteristics

1 Voi ci ng + 1) Regular vertical striations in |ow frequency region occuring sinultaneous
with the burst. 2)Decreased burst intensity when conpared to it?*
voi cel ess counterpart

2 Nasality + 1) Low frequency For nmant 2) Tail |ike appearance

3 Labi al + | ) Downward transition 2) Low frequency peak.

4 Al veolar + | ~"Shortened transition upwards or downwards, 2)H gh frequency peak.

5 Dental + DUpwar d shift 2)H gher peak when conpared to |abia

6 Retroflex + | DUpward shift 2) |ow frequency peak

7 vel ar + 1) Upward shift 2) Md frequency peak

8 |Aspiration + | 1) Extra energy concentration in aperiodic portion of the consonants

at high frequency.

9 |Affrication+ L) A small gap followed by a burst which has a longer duration due to
friction noise added to it.

10 |Semivowel + | 1) Dark and cl ear respnanse bars 2) Transitional curve

11 |Lateral + | 1) Continuous periodic portions 2) Small gape

12 |Flap + 1) Several series of resonance bars 2) gaps

13 |Frication + | L) Hgh frequency aperiodic portion of a long durati on.

¢V
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Thus each feature presents the acoustic characteristics
typical for that particular feature. This further supports
the hypothesis 1 stating that ' Qujarati |anguage has a

distinctive feature systeny

The findings of the present experinent are simlar to
that of acoustic characteristics of distinctive features
descri bed for other |anguages (Like in English by Potter etaly
1966, Fry; 1979, Danialoff; 1980).

This supports the viewthat the distinctive features
are universal or in other words it can be stated that the
phonenes used in different |anguages have simlar acoustic
characteristics; which points out the fact that the speech

mechani smin human beings is sane throughout the worl d.
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2) Perceptual Anal ysis: -
PART |

Anal ysi s: - The responses of 60 Qujarati listeners to 130

wor ds have been anal yzed using a confusion matrix. (As shown

i n tabl e-8)

A confusion matrix is a matrix in which the stimuli and

responses are portrayed.

32 consonants presented to 60 |isteners as they occured
in 130 words are represented on vertical axis of the matrix
as stimuli. The sane 32 consonants as perceived by 60
listeners and witten out/spoken out as responses are
represented on the horizontal axis as response. The matrix
I's made up of 130 observation of 60 |isteners naking it

7800 observations totally.

The nunber witten in each cell is the frequency of
occurence of the sound in the response colum for the
sound shown in the corresponding colum of the stinuli.
The row suns give the total frequency of stinuli presented
and colum suns give the total frequency of responses which

occur ed.



.
Jable - &
j—a.lb[ﬂ. Skowm‘g _Tim‘t___un__

K g kh gh c_ichjhah-shy .. d th dh

K 234 2 1 1 1

& 6 339 4 1 9

kh 1 179

gh 9 23 13 130 1

c 1 283 14 1

J 13 339 8

ch 2 2 229 4

Jh 2 T6 43 117

n 2 55

h 1 179

sh 1 110

y 120

t 299

d 361 20
tp. 6 1 1 9 246 21
dh 1 5 23 7 8 179
n 10

1 24 1
t 16

d 2 1 2 25 1
th 8
dh T 1 2 3
n

s 7

: I 1

r

p 5 1 5 2

b

ph 1 1 1

bh

m 1

w

262 373 198 142 311 442 272 130 55 182 117 120 351 427 265 224



- : s .
v 33 Cruyavah < on s onants waJ\ Lz 130 5{..0 axart ) rstevey)
R ” — - o
t %4 th'dh a2 s I -2 wup- R -ph bPh a W Total
k]

——m

1 240
360
180
1 2 180
1 300
360
1 1 | 240
2 240
26 1 17 131 240
180
9 120
120
1 300
9 11 420
1 2 1 2 300
1 8 4 2 240
13 i 2 2 300
1 ! 1 1 180
210 14 240
4 319 1 2 1 360
56 1 233 2 300
4 % 15 202 240
1 288 3 300
233 240
179 180
4 37 78 120
9 2 152 1 1 1 180
1 298 1" 300
1 43 BT 240
21 99 120
2 1 296 300

1 179 180

298345 279 214 332 245 221 80 213 29920 106 429 180
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Further, this confusion nmatrix for 32 consonants in
Quj arati was subdivided i nto voi ce comuni cati on network of

13 conponent binary channels of |inguistic features, based

on 13 features proposed.

Agai n confusion nmatrices were fornmed for each of this

linguistic feature. These matrices were four fold nmatri ces,

Response

Voiced Volceless

Voiced

Stimuli

Voiceless

In all the confusion matrices thus forned, the sumof
nunbers in a diagonal |ine indicates the nunber of correct

responses and the nunbers scattered around the diagonal |ine

I ndi cates error responses.

A nmeasure of covariance based on information theory
(Shannon & Weaver; 1963) was enployed to cal culate i nformation

transmssion for a conposite phonene channel and for 13

| i ngui stic features.



The fornmul a was

T(X, Y) = Information transm ssion frominput variable
X to output variable y bits/stinmulus.

ni = Frequency of stimulus i

nj = Frequency of response |

ni; = Frequency of joint occurence of stimulus i and

response | in a sanple of n observations.

Pi =nin

P, =nj/n

P, = njn

Pij=Nij/n

In table 8 cell entries are n;;, rowsums are n; , colum

suns are n. and nis 7800.

Results and Discussion:- The percentage of correct response to

130 words by 60 Gujarati listeners was cal culated. This was
found to be 86.92% By observing the pattern of error
responses scattered around the diagonal line it can be inferred
t hat when the two sounds share nore nunber of features the
confusions are nore and when the two sounds have very few
features in conmon the confusions are less. For eg. Mire
confusion for the phonenes /k/ and / g/ and | ess confusions

for the sounds /k/ and / b/ were observed.
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Table - 9

Tabl e showi ng i nformation transimssion in bits/stinmulus

for 13 linguistic features and ranking of the features

according to the anmount of information transfer in Qujarati

| i steners.
. | nformati on Transm SSi on
Sl No. Ranki ng Feat ure in bits/stimlus
Ret r of | ex . 7039
2 vel ar . 7027
3 1 Dent al . 557
4 Labi al . 546
5 Al veol ar . 111
6 2 Voi ci ng . 787
7 3 Aspiration . 6188
8 4 Affrication . 5639
9 5 Nasal ity . 535
10 6 Frication . 33
11 7 Sem vowel . 228
12 8 Lat er al . 1628
13 9 Fl ap . 0782

Total transmssion in bits/stimulus = 5.3228

Conposi t e phonene channel transm ssi on=4. 197

The results indicate that several features play an

i nportant role in speech sound perception. These features
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wor k i ndependent of each other in the perception of speech
sounds. However the features are not conpletely independent.
This is supported by the finding that conposite phonene channel
transmts 4.197 bits/stimulus information, where as
the total of the information transm ssion by 13 features

yield information transm ssion of 5.42 bits/stimulus which
is greater than that for a conposite phoneme channel. This

is due to 'cross talk' or 'overlap' between conponent

channels. The difference is al so known as redundancy.

The findings highlight the point that all proposed
distinctive features do not have equal inportance in speech
sound perception. Sonme distinctive features transmt nore
information than the others. Therefore hypothesis 4
stating that "The information content carried by each of

these distinctive features vary" is accepted.

The ranking of the features according to the anount
of information transmtted indicates that the feature 'place
the strongest feature and the feature' Flap' is the weakest
feature. The feature 'place' includes five individual
features nanely | abial. Alveolar, Dental, Ketroflex and
Vel ar. The results support Singh(1971)findings. He had
found perceptual confusions for various conditions of noise
and filtering. 1In quiet condition the feature place

i nclusive of various points of articulation was preserved
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best. Anmong various features pertaining to place of articu-

lation retroflex and velar hold first two ranks respectively.

The findings of this study are in agreenent with ot her
apriori studies that "Wile all of the above studies prove
unanbi guously that all features of a given systemare not
of equal inportance, they do not agree regarding the

expl anatory powers of a given feature systen (singh; 1976).

Part |1

Anal ysi s: - Analysis by generating confusion matrices
was carried out as described in part |, for 130 words
containing 32 Qujarati consonants presented to 10 non

Qujarati listeners. (As shownintable 10).
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Results and D scussion:- The percentage of correct response

for 1300 observations by 10 listeners was cal culated. This
was found to be 78.38% The percentage is |esser than that
for Qujarati listeners. A thoughthe nunber of errors is
nore for non-Qujarati listeners the pattern of errors for
both the groups is simlar. The sounds whi ch share nore
features are confused nore often than the sounds whi ch share
|ess features, eg. /g/ is nore confused with /k/ than it

is confused with /p/. This indicates that non Qujarati

i steners enploy the sane set of distinctive features to

i dentify speech sounds. The results mght have been infl uenced
by sel ection of subjects ie. nost subjects had kannada as

t heir nothertongue and native |anguage and nost of the

consonants presented do occur in kannada.

Information transm ssion was calculated in bits/stimulars
for conposite phonene channel and individual features. The
features were ranked according to the anount of information
transmtted fromthe highest to the | owest anount. The
feature 'place’ holding the highest rank and the feature
"Flap’ being the |l owest. The results of infornation

transfer analysis are presented in table 11.
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Tabl e -

11

Tabl e showing information transm ssion in bits/stinulus for

13 linguistic features and ranking of the features according

to the anount of

i nformati on transfer

in non Gujarati

| i steners.

Informati on Transm -

Sl . No. | Ranki ng Feat ures ssion bits/Stimlus
1 Vel ar . 7285
2 Labi al .57
3 1 Ret r of | ex . 4788
4 Dent al . 417
5 Al veol ar . 2997
6 2 Affrication .59
7 3 Nasal ity . 5584
8 4 Voi ci ng . 5504
9 5 Aspiration . 513

10 6 Frication . 3596
11 7 Semni vowel 92312
12 8 Lat er al 163
13 9 Fl ap

Total transm ssioninbits/stimlus=5.542

Conposi t e phonene channel transm ssi on=4. 950
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When the ranking was conpared to that of the Gujarati

listeners it was found that the ranking was nore or |ess

t he sane.

Table - 12

Tabl e showi ng conpari son of

There are sone differences as shown in table 12.

ranki ng bet ween

Gujarati and non Gujarati |isteners.

EL: Ranki ng Gujararfaﬁ?;?Zners Non Gurgfgr{efisteners
1 Ret r of | ex vel ar

2 Vel ar Labi al

3 1 Dent al Ret r of | ex

4 Labi al Dent al

5 Al veol ar Al veol ar

6 2 Voi ci ng Affrication
7 3 Aspiration Nasal ity

8 4 Affrication Voi ci ng

9 5 Nasal ity Aspiration
10 6 Frication Frication
11 7 Sem vowel Sem vowel
12 8 Lat er al Latera

13 9 Fl ap Fl ap
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The findings of this part of the experinment indicate
that there has been simlarity in the performance of Gujarati
and non Gujarati subjects. This nay be because of the use of
al nost the sane set of distinctive features in the |anguage
of non-Cujarati subjects as in Qujarati |anguage. Thus the
findings indicate the possible existence of universal
di stinctive features. (Chonsky and Hal |l e; 1968, Menyuk; 1968).
However this speculation nmust be Viewed critically as the
sanpl e of non Gujarati subjects in the present data is

smal | . ,

Therefore the hypothesis 6 stating that "No significant
difference will be found in the listening perfornmance of
Gujarati and non Gujarati subjects when words with nini mal

di fferences are presented in quiet situation"” is accepted.

The results of perceptual analysis of the proposed
di stinctive feature system for consonants in Gujarati
support the existence of these proposed features in speech
sound perception with some anount of redundancy. The findings
al so point to the possibility of existence of universal

di stinctive features.

The present study shows the existence of a distinctive
feature systemin Gujarati |anguage. This supports the
hypothesis 1 stating that "Qujarati |anguage has a distinctive

feature systent.
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The existing distinctive feature system has 13 distinctive
features; proposed based on phonetic description of Cujarati
consonants avail able. This supports the hypothesis 2
stating that "It is possible to proposed distinctive features

based on phonetic description of Gujarati consonants avail abl e”

These proposed distinctive features have been identified

acoustically as distinctive.

Thus it is possible to analyze the consonants in Gujarati
| anguage using these 13 distinctive features. Therefore the
hypot hesis 3 stating that consonants in Gujarati |anguage
are made of the followi ng distinctive features: 1)voicing,
2)Nasality, 3)Labial, 4) Alveolar, 5)Dental, 6)Retroflex,

7) velar, 8)Aspiration, 9)Affrications, | O Sem vowel,

11) Lateral, 12) Flap, 13) Frication" is accepted.

The method used in this study to validate the existence
of particular set of distinctive features in a |anguage
seens to be sinple and useful as the findings of the
per ceptual eval uati ons have been confirnmed by the acoustic
analysis. Therefore this nethod can be used to propose
and evaluate the distinctive features that may be present

in a particul ar |anguage.
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The present investigation has several applications

and inplications as follows:

The information carried by different features vary,
in other words, some features play very inportant role in
carrying information in a particular |anguage, eg. In
GQujarati the feature 'place' carries the maxi mum i nformation.
Therefore if an individual does not use place feature or
m suses (substitutes 'place' feature by some other feature)
the intelligibility would be affected to a greater extent
when conpared to an individual who does not use or m suses
any other feature. Therefore the distinctive feature
system presented here may be used to assess the severity

of msarticulation in case of Gujarati speakers.

Further, this distinctive feature system can be used bo
choose the sounds to be carrected in articul ation therapy
ie. give priority to the correction of feature, which

carries nore information when conpared to other features.

Further, information provided by this study can al so be
used in designing tel ecommunication systens for the use of
GQuj arati speakers, gibing priority to see that the features
that carry maxi num information are not m ssed or distorted

during transm ssion.

In light of the findings of the recent investigations
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on distinctive features and the present study it may becone
necessary to consider the possibility of describing the
ultimate units of a language in terns of distinctive

f eat ures.

For speech clinicians/the distinctive feature systens
as described by others(jakobson, Fant & Hall e, 1952, Chonsky
and Hall e; 1968), seens to be a very useful tool in describing
the articul atory behaviour in various cases, in classifying
the cases with msarticulation, in planning therapy and in

assessing prognosis in cases having msarticul ation.

It may be possible to develop a classificatory system
to classify the cases of misarticulation based on distinctive
features ie. considering the information value carried by
the feature mi ssing or m splaced and the di stance between
the feature to be produced and the feature that is being
actual ly produced. (Difference in terns of distinctive

features between two Rounds).

Attenmpts have already been made to study various
| anguages using distinctive feature system of that particular
| anguage. A study to describe Gujarati |anguage using the
present distinctive features may be of use to |inguist and

speech clinician.

Thus the findings of the present study are useful in

better understanding of Gujarati | anguage.

kkhkkkhkkhkkhkhkkhkkhkkikkkhkkkhkkkhkkk*k



CHAPTER V

SUWARY AND CONCLUSI ONS

The events and obj ects are distinguished by the presence
of certain features unique to each event and object. These
features are termed as distinctive features. The speech
sounds are distingui shed fromone anot her by the existence
of such distinctive features in the speech sounds. Earlier,
phoneme was considered as the smallest unit of |anguage.

(Bl oonfield; 1936).Jakobson etal (1952) showed that it is
possi bl e to descri be each phonene nmaki ng use of distinctive
f eatures, each havi ng uni que acoustic characteristics.

Thus, these features becane the ultimate units of a | anguage.

Several attenpts have been nade to describe various
| anguages of the world using these distinctive features.
D fferent systens of distinctive features have been proposed
(Jakobsen, Fant and Hal | e, 1952; Chansky Hal | e, 1968; Singh
& Becker, 1971). Various nmethodol ogi es have been used
to describe the | anguages using different distinctive

feature systens.

The distinctive feature systemhas been found to be
very useful-(l) To describe a |anguage (2) To describe
articulatory aspects of speech in a given |anguage (3) To
descri be speech sound perception in normal individuals

and hearing inpaired individuals. 4) To study dichotic
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speech sound perception and (5) To study articul atory

acqui sition.

To speech clinicians, distinctive feature systens have
been a very useful tool in analyzing the |anguage and
articulation in nronal s and pat hol ogi cal cases. Many
have shown that therapy based on distinctive feature

systens is useful and econom cal (MReynolds & Bennett, 1973)

(Pollack and Rees; 1972).

An attenpt has been nade to describe H ndi |anguage
using distinctive features(Ahnmed and Agrawal , 1969).
Somasundar an(1979) has attenpted to conpare phonol ogy of
four | anguages- Tam |, Kannada, Ml ayal umand Tel ugu usi ng
distinctive features as proposed by Jakobson, Fant and
Hal | e(1952). However this is not an experinental study.
Thus systenatic establishment of distinctive feature system
I's done for H ndi |anguage only. Therefore to make a

begi nni ng the present study has been attenpt ed.

65 mnimal word pairs were prepared using 32 consonants
inQuarati(Nair,U. The mninal pairs were taken from
Quj arati Wakarana(vyas, 1977). The mninal pairs were
such that there was at |east one feature difference

bet ween two pairs of consonants.
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These mninal word pairs were subjected to acoustic

and perceptual anal ysi s.

The acoustic analysis was carried out using speech
spectrograph (VI C MK700) and narrow band and wi de band

spectrograns for each mninmal pair were obtained.

The perceptual analysis was carried out in two parts.
Inthe first part 130 words (obtained from65 m ni nal
pairs) me?%?¥%g60 Qujarati listeners- 30 mal es and
30 females, in a randomorder. The subjects had to |isten

to these words and wite down/speak out what they heard.

In the second part the same stimuli were played to
10 non-Qujarati listeners. The spoken responses to 130

wor ds wer e recorded.

The anal ysis of w de band and narrow band spectrograns
was carried out to identify acoustic characteristics of

the features proposed.

The perceptual data was anal yzed usi ng t he confusi on
matrices and by calculating information transmtted by

each of the features proposed.

The results of the acoustic and perceptual analysis

led to fol |l owing concl usi ons.

Conclusions:- 1) There is a distinctive feature systemin

Quj arati | anguage.



2)

3)

4)

5)

6)

5.4

Distinctive feature can be proposed based on phonetic

description of Qujarati |anguage.

There are distinct acoustic characteristics for each

of the feature proposed.

Al'l the features do not have equal inportance in carrying
information for speech perception. Some carry nore

i nformati on than t he ot hers.

Non Quj arati speakers show the same pattern of errors
on listening performance as CQujarati speakers and

they show simlar ranking of features in carrying
information for speech perception. This points to the
possibility of the use of the same set of features by
Qujarati and non CQujarati speakers. A specul ation
about the existence of universal feature systemcan

be made fromthis and based on Acoustic anal ysis.

The features proposed are

(1) Voicing, (2)Nasality, (3)Labial, (4)A veolar
(5)Dental, (6)Retroflex, (7)velar, (8)Aspiration,
(9)Affrication, (10O Sem-vowel, (Il)Lateral,
(12)Flap, and (13)Fricative.

| npli cations of the Study

1.) The feature systemdevel oped can be used in descri bi ng

t he sounds of Cujarati |anguage.



2)

3)

4)

5)

6)

5.5

The feature system devel oped can be used in assessnent
and rehabilitation of individuals having problens wth

speech | anguage and heari ng.

The feature systemnmay be hel pful in classifying articu-
lation disorders and in neasuring severity in the cases
of msarticulation. Further it can be useful in

choosi ng sounds for articulation correction.

The distinctive feature system devel oped may help to

devel op a speech discrimnation test in Gujarati.

The distinctive feature system described in the present
study can be used in designing a tel ecomunication

systemfor the Qujarati speakers.

Further research in Phonol ogy, |anguage acquisition and
speech pathol ogy may be facilitated by the devel opnent

of distinctive feature system

Recommendat i ons: -

1) The feature systemfor vowels in Gujarati can be

devel oped using the sane net hod.

2) The distinctive feature systens may be devel oped in

di fferent |anguages using different nmethods. This

w Il validate the nmethod enployed in the present study.
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3) The perceptual experinment may be carried out in various

conditions of noise and filtering.

4) The experinment using nonsense syl | abl es instead of

words nmay be carried out.



REFERENCES

Ahnmed, R and Agrawal, s.s. "Significant features in
the perception of (Hndi) consonants". Journal of

Acoustical Society of Anerica, 45(3), 758-763, 1969.

Berko, S. and Brown, R "Psycholinguistic research
nmet hods". In P.H Missen (ed.) Handbook of research
met hods. John Wley and Sons., N. Y. 1960. dted by
Wnitz,H "Articulatory acquisition and behavi our".

N. Y. Appleton-Century Gofts, 1969.

Bilger, RC and Wang, M D. "CQonsonant confusions in
patients with sensori-neural hearing |oss". Journal
of Speech and Heari ng Research, 19(4), 718-728, 1976.

Binnie, CA, Mntgonery, A A and Jackson, P.C
"Auditory and visual contributions to the perception
of consonants”. Journal of Speech and Hearing Research,

17(4), 619-630, 1974,

Bl ache, S.E. "The acquisition of distinctive features".

Bal tinore. University Park press, 1978.

Bl ache, S.E. and Parsons, C L. "A linguistic approach to
distinctive feature training". Language, Speech,
Hearing services in schools, Xl (4), 203-207, 1980.

Blood, |I.M, Blood, GW and Danhauer, J.L. "D stinctive
f eat uresof consonantal errors in deaf children”.
Journal of Auditory Research, 18(2), 93-98, 1978.



R 2

Blunstein, S E, Tartter, V.L., Mchel, Dee., Hrsh,B. and
Leiter, E. "The role of distinctive features in the
di chotic perception of vowels". Brain and Language,
4(4), 508-520, 1977.

Bricker, WA. "Errors in echoic behaviour of pre-school
children". Journal of Speech and Hearing Research,

7, 67-76, 1967.

cairns, H'S. "Phonetic feature theory: The |ingui st,
the Speech Scientist and the Speech Pat hol ogi st”.
Journal of Communication D sorders, 8, 157-170, 1975.

Cairns, HS. and Wllians, F. "An analysis of the
substitution errors of a group of standard English
speaking children."” Journal of Speech and Hearing

Research, 15(4), 811-820, 1972.

Chonsky, N and Halle, M "The sound pattern of English"
New Yor k. Harper and Row, 1968.

Conpton, A J. "GCenerative studies of children' s phonol ogi ea
di sorders”. Journal of Speech and Hearing D sorders*

35(4), 315-339, 1970.

Costello, J. "Articulation instruction based on distinctive
feature theory". Language Speech Hearing services in

school s, 6(2), 61-71, 1975.



R 3

Costello, J. and Onstine, J.M "The nodification of
multiple articulation errors based on distinctive
feature theory". Journal of Speech and Hearing

Di sorders, 41(2), 199-215, 1976.

Crocker, J.R "A phonol ogi cal nodel of children's
articul ation conpetence”. Journal of Speech and

Hearing Di sorders, 34(3), 203-213, 1969.

Danhauer, J.L., Rastatter, M P. and Herman, G "D stinctive
features for short termnmenory of consonants in noise".

Journal of Auditory Research, 18(1), 63-68, 1978.

Danhauer, J.L. and Singh, s. "A study of'Feature-gram
profiles for 3 different hearing inpaired |anguage

groups". Scandanivi an Audi ol ogy, 4(2), 67-71, 1975.

Danhauer, J.L. and Singh, s. "Milti-dinmensional Speech
perception by the hearing inpaired". Baltinore.
Uni versity Park Press, 1975. Gted in Singh,s.
"Distinctive features: Theory and Validation".

Baltinore. University Park Press, 1975.

Dani al of f, R, Schuckers, G and Feth, L. "The physiol ogy
of Speech and Hearing: An introduction”". N.J. Prentice-

Hall I nc., 1980.



R 4

Day, Rs. and Vigorito, J.M "A parallel between degree
of encodedness and the ear advantage: Evidence froma
tenporal order judgenent task"”. Status report on
Speech research. SR-31/32. New Haven, Haskin's
Laboratories, 1972. dted in Singh, S. "D stinctive
features: Theory and Validation." Baltinore. University

Park Press, 1975.

Doyl e, K J., Danhauer, J.L. and Edgerton, B.J. "Features
fromnormal and sensori-neural |isteners' nonsense
syllable test errors.” Ear and Hearing, 2(3), 117-121,
1981.

Fant, G "Speech sounds and Features". Canbridge, The
M T Press, 1973.

Ferris, S "Adistinctive feature analysis of devi ant
articulation." Australian Journal of Hunman communi cati on

D sorder, 6(2), 21-31, 1978.

Fry, D.B. "The devel opnent of the Phonol ogi cal systemin
normal and deaf child", inF. Smth and GA Mller
(eds.) "The genesis of |anguage". Canbridge, MT
Press, 1966. Qted in Singh, S. "D stinctive Features:
Theory and Validation.”" Baltinore, University Park Press,
1975.



RS

Fry, D.B. "The physics of Speech." London. Canbridge
Uni versity Press, 1979.

Celfand, S A and Sinon, S. "HEfects of Snall room
reverberation upon the recognition of sone consonant
features.” Journal of acoustical Society of Anerica,

66(1), 22-29, 1979.

G aham L.W and House, A.S. "Phonol ogi cal oppositions
in Children: A perceptual study." Journal of Acousti cal

Soci ety of Arerica, 49(2), 559-566, 1971.

Gay, GW and Wse, CM "The bases of Speech”. N.Y.
Har per and Row, 1959.

Giffiths, H and Oaighead, WE. "Ceneralizationin
operant speech therapy for msarticulation". Journal

of Speech and Hearing D sorders, 37(4), 485-494, 1972.

Qupta, J.P., Agrawal, S.S. and Ahned, R "Perception of
(Hndi) consonants in clipped speech”. Journal of

Acoustical Society of Anerica, 45(3), 770-773, 1969.

Hayden, M E., Kirstein, E. and Singh, S. "Role of
D stinctive features in dichotic perception of 21
Engl i sh consonants”. Journal of Acoustical Society of

Arerica, 65(4), 1039-1046, 1979.



R 6

Hocket, C F. "A course in Mdern Linguistics". New York.
The MacM Il an Co., 1958.

Hodson, B.W and Paden, E. P. "Phonol ogi cal Feature
Conpet anci es of Normal 4 year ol ds". Acta Synbolica,
9(2), 37-49, 1978.

Ingram D. "Phonological D sability in children".
Edward Arnol d, 1976.

Jakobson, R, Fant,C and Halle, M "Prelimnaries to
Speech analysis: The distinctive features and their

correlates."” Massachusettes. The MI.T Press, 1969.

Jeter, I.K and Singh, S "A Conparison of Phonemc and
G aphemc features of 8 English consonants in Auditory
and vi sual nodes." Journal of Speech and Hearing

Research, 15(1), 201-210, 1972.

Kamara, C, Kamara, A. and Singh, S. "Featuregram analysis
of articulation performance in various hearing and Speech
pat hol ogies.” Preprints of the Speech communi cation
Sem nar, Stockhol n{Aug. 1-3, 1974). Speech and Heari ng
defects and aids. Cdted in Singh, S. "D stinctive
features: Theory and Validation." Baltinore. University

Par k Press, 1975.



R7

Keller, E. "Paraneters for vowel substitutions in

Broca's aphasia.” Brain and Language, 5(3), 265-285,
1978.

Kim B.W "dinical application of Kims Segnental
Feature systemin anal yzi ng and nodi fyi ng devi ant
articul ation notor behaviour.” Acta Synbolical 9(2),

1-15, 1978.

Klatt, DH "Structure of confusions in Short termnmenory
bet ween English consonants."™ Journal of Acousti cal

Society of America, 44(2), 401-407, 1968.

Klich, RJ., Ireland, J.V. and Wei ndner, WE. "Articula-
tory and Phonol ogi cal aspects of consonant substitutions

i n apraxia of Speech.” Cortex, 15(3), 451-470, 1980.

Kurmudaval i, S. "Relationship between articul ati on and
D scrimnation of Kannada Speech soundsin terns of

D stinctive features". Msore University, D ssertation,

1973.

La Rviere, C, Wnitz, H, Reed, J. and Herriman, E
"The Conceptual reality of Selected D stinctive
Features". Journal of Speech and Hearing Research,
17(1), 122-133, 1974.



R 8

L.B. "Sone limtations in a clinical application

Leonard,
of Speech and Heari ng

of Distinctive features." Journal

Di sorders, 38(1), 141-143, 1973.

Leonard, L.B. "The nature of Deviant Articulation."

Journal of Speech and Hearing Di sorders, 38(2),
156- 161, 1973.
Lund, N.L. and Duchan, J.F. "Phonol ogical analysis: A

Mul tifaceted approach.” British Journal of Disorders

of Communication, 13(2), 119, 1978.

Marquardt, J.P. and Reinhart, J.B. Peterson, H A

"Mar kedness anal ysis of Phonem c substitution errors

I n Apraxia of speech.” Journal of communication

Di sorders, 12(6), 481-494, 1979

"An investigation of

Martin, A.D. and Ri grodsky, S.
Part 2: Distinctive

phonol ogi cal inpairnment in aphasi a,

feature analysis of phonem c commutation errors in

aphasia." Cortex, 10(4), 329-346, 1974.

Martin, C.  "Its' a matter of organi zation: Sone thought on
applying Distinctive feature theory to functional

of Human Conmuni cati on

di sorders
of articulation.” Australian Journal

Di sorders, 3(2), 176-178, 1975.



R9

Massaro, Dw and Oden, G L. "Evaluation and integration
of acoustic features in Speech perception.” Journal of

Acoustical Society of Arerica, 67(3), 996-1013, 1980.

M Callum WS. "Application of Dstinctive feature
analysis to the differential diagnosis of severe
di sorders of Articulation in Childhood." Austrailian
Journal of Human Communi cation D sorders, 3(2),

106- 128, 1973.

M Reynolds, L.V. "Reply to Smth and Ruder". Jour nal
of Speech and Hearing D sorders, 40(4), 548, 1975.

M Reynolds, L.V., Engmann, D. and Dmmtt, K "Markedness
theory and Articulation errors.” Journal of Speech

and Hearing D sorders, 39(1), 93-103, 1974.

M Reynolds, L.V. and Huston, K "A Dstinctive feature
analysis of Children's msarticulation.” Journal of

Speech and Hearing D sorders, 36(2), 155-166, 1971.

M Reynolds, L.V. Kohn, J. and Wlliams, GC "Articul a-
tory defective children's discrimnation of their
production errors.” Journal of Speech and Hearing
D sorders, 40(3), 327-338, 1975.

Menyuk, P. "The role of Distinctive features in children's
acqui sition of phonol ogy."” Journal of Speech and Hearing

Research, 11(1), 139-146, 1968.



R 10

Messer, S. "inplicit phonology in Children.” Journal of
Ver bal |earning and verbal behaviour, 6, 609-613, 1967.
Cted in Singh, S. "D stinctive features: Theory and

Validation." Baltinore. University Part Press, 1975.

Metz, D.E., Card, S.C and Spector, P.B. "A D stinctive
feature approach to the renedi ati on of voicing errors
produced by hearing inpaired adults.” Journal of

Communi cation Di sorders, 13(3), 231-237, 1980.

MIler, GA and Nicely, P.E. "An analysis of Perceptual
confusi ons anong sone English consonants.” 1In. Saporta,S.
and Bastian, J.R (eds.) "psycholinguistics: A book of
readings.” New York. Holt Rine Hart and W nston,
153-175, 1961.

MIler, J.L. "Non-independance of feature processing in
initial positions."” Journal of Speech and Hearing

Research, 20(3), 519-528, 1977.

Mtchel, L. and Singh, S. "Perceptual Structure of 16

prevocal i c English consonants sententially enbedded".
Journal of Acoustical society of America, 55, Part-2,

1355- 1357, 1974.

Nair, Usha. "Qujarati Phonetic Reader." Msore, centra

Institute of Indian Languages, 1979.



RII

Qler, DK "Regularities in Abnormal child Phonol ogy. "
Journal of Speech and Hearing D sorders, 38(2), 36-47,
1973.

Qler, DK and Kelly, CA "A phonol ogi cal substitution
processes of a har of hearing." Journal of Speech and

Hearing D sorders, 39(1), 65-74, 1974.

Parker, F. "D stinctive features in Speech Pat hol ogy:
Phonol ogy or Phonem cs.” Journal of Speech and

Hearing D sorders, 41(1), 23-39, 1976.

Poll ack, E. and Rees, N.S. "D sorders of articulation:
Sone clinical applications of Distinctive feature theory."
Journal of Speech and Hearing Di sorders, 37(4),
451- 461, 1972.

Pols, L.CW, Van Der Canp, L.J.Th and Plong, R
"Perceptual and physical space of vowel sounds."
Journal of Acoustical Society of Arerica, 40(2), Part 2,
458- 461, 1969.

Potter, R K, Kopp, GA and Kopp, GA "Visible Speech."
NEWYCORK, Dover Publications Inc., 1966.

Prather, EM, Hedrick, D.L. and Kern, CA "Articulation
devel opnent in children aged 2 to 4 years." Journal of

Speech and Hearing D sorders, 40, 179-191, 1975.



R 12

Ritterman, S.1. and Freeman, N.C. "Distinctive Phonetic
features as relevant and irrel evant stimulus di nensi ons
i n Speech sound discrimnation training." Journal of

Speech and Hearing Research, 17(3), 417-428, 1974.

Ruder, K. F. and Bunce, B.H.  "Articulation therapy using
Distinctive feature analysis to structure the training
program Two case study." Journal of Speech and Hearing

Di sorders, 46(1), 59-65, 1981.

Shattuck-r Hufnagel, S. and Klatt, D.H "The limted use
of distinctive features and markedness in Speech
Production: Evidence from Speech error date."” Journal

of Verbal |earning and verbal behaviour, 18(1),

41-55, 1979.
Singh, S. "Perceptual simlarities and m ni mal phonem c
di fferences.” Journal of Speech and Hearing Research,

14(1), 113-124, 1971.

Singh, S. "Distinctive features: A nmeasure of consonant
perception.” in Sadanand Singh (Ed) "Measurenent
procedures in Speech Hearing and | anguage."” Baltinore,

Uni versity Park Press, 1975.

Singh, S. "D stinctive features: Theory and Validation."

Baltimore. University Park press, 1976.



R 13

Singh, S. and Becker, GM "A conparison of 4 feature
systens using data from 3 psycho-physi cal nethods. "
Jour nal of speech and Hearing Research, 15(4), 821-830,
1972.

Singh, S, and Bl ackman, R "Prediction of Rhyne test
stimuli by a distinctive feature system" Unpubli shed
Chi o University Manuscript, 1974, dCted in Singh, S
"Distinctive features: Theory and Validation." Baltinore,

University park press, 1975.

Singh, S., Faircloth, S. and Faircloth, MA  "Articulatory

proficiency in the conversational speech of nentally

retarded subjects.” Journal of Speech and Hearing
research. In press. Ctedin Singh,S. "D stinctive
features: Theory and Validation." Baltinore, University

Par k Press, 1975.

Singh, S. and Frank, D.C. "A Distinctive feature anal ysis
of the consonantal substitution pattern."™ Language
Speech, 15, 109-218, 1972. Cted in Singh, S. "Dis-
tinctive features : Theory and Validation." Baltinore,

University Park Press, 1975.

Singh, S., Lawson, G and Singh, K  "Feature prediction of
the nodified Rhyme test in grouping of hearing inpaired

subj ects according to the uni queness of their errors.”



R 14

Presented at the 1974 ASHA neeting, Las Vegas. GCted in
Singh, S. "D stinctive Features: Theory and Validation."

Baltinore, University Park Press, 1975.

Singh, S. and Polen, S.B., "The use of a Distinctive
feature nodel in Speech pathology."” Acta synbolica,
3, 17-35, 1972. dCted in Singh, S. "Distinctive
features: Theory and Validation." Baltinore, University

Park Press, 1975.

Smth, MD. and Ruder, K. F. "The relevance of Markedness".
Journal of Speech and Hearing Di sorders, 40(4),
546- 548, 1975.

Soli, S. D, and Arabie, P. "Auditory Vs Phonetic accounts
of observed confusions between consonant phonenes."
Journal of Acoustical Society of Anerica, Vol.66(1),

46-58, 1979.

Somasundaram N. "A Conparative phonol ogy of Tam |,
Tel ugu, Kannada, Mal ayal ambased on Di stinctive
features.” Journal of All India Institute of Speech

and Hearing, 3, 36-48, 1972.

St uddert - Kennedy, M and Shankweiler, D. "Hem spheric
speci ali zation for Speech perception.”" Journal of

Acousti cal Society of Anerica, 48(2), 579-594, 1970.



R 15

Tannahill, J.C. and Mc Reynolds, L.V. "Consonant
discrimnation as a function of Distinctive feature

di fferences." Journal of Auditory Research, 12(1),
101-108, 1972.

Vyas, Yogendra. "Qujarati Bhasanu: vyakaran."

Ahnmedabad, Gujarat University, 1977.

Wal den, B.E. and Montgonery, A. A. "D nensions of
consonant perception in normal and hearing inpaired

listeners.” Journal of Speech and Hearing Research,

15(3), 444-455, 1975,

Wal sh, H  "On certain practical in distinctive feature

systens.". Journal of Speech and Hearing Di sorders,
39(1), 32-43, 1974.

Weber, J.L. "Patterning deviant articul ation behavi our."

Jour nal of Speech and Hearing Di sorders, 35(2),
135-141, 1970.

Weiner, F.F. and Bernthal, J. "Articulation Assessnent."
In Singh, S. and Lynch, J. (eds.) "Diagnostic procedures

in hearing, speech and | anguage.” New York, University

Par k press, 459-493, 1978.

Welford, A T. "Fundanentals of Skill." London, Methuen
and Co., Ltd., 1971.



R 16

West, J.J. and Weber, J.L. "A phonol ogi cal anal ysis
of the spontaneous |anguage of a 4 year old hard of
hearing child." Journal of Speech and Hearing

D sorders, 38(2), 25-35, 1973.

Wllianms, GC and M Reynolds, L.V. "The relationship
bet ween discrimnation and articul ation.” Journal

of Speech and Heari ng Research, 18(3), 401-412, 1975.

Wnitz, H "Articulatory acquisition and Behaviour."

New Yor k, Appl eton-Century-Cofts, 1969.

Yoss, CA and Darley, F.L. "Devel opnental Apraxia of
Speech in children with defective articulation."
Journal of Speech and Hearing Research, 17(3),
399-416, 1974.

Zlatin, MA and Koenig Sknecht, R A  "Devel opnent of
the Voicing contrast: Perception of Stop consonants."
Journal of Speech and Hearing Research, 18(3),

541- 563, 1975.

*O* 0* 0* O* 0* 0* O* 0*



APPENDI X 1-A

Distinctive feature system as proposed by Jakobson, Fant

and Halle (1952)

1. Vocalic / Non-vocalic

Acoustically - Presence(versus absence) of a sharply defined

formant structure.

Genetically - Primary or ordinary excitation of the glottis

together with a free passage through the vocal tract.

2. Consonant al / Non consonant al :

Acoustically- Lowm versus high) total energy.

Genetically - Presence (versus absence) of an obstruction

in the vocal tract.

3. Conpact/ D ffuse:

Acoustically - Hi gher (versus |ower) concentration of energy

inarelatively narrow, central region of the spectrum
acconpani ed by an increase (versus decrease) of the total
anmount of energy and its spread in tine:

Genetically - Forward-flanged (versus backward-fl anged).

The difference lies in the relation between the shape and
vol ume of the resonance chanber in front of the narrowest
stricture and behind this stricture. The resonator of the
forward-fl anged phonenes(w de vowel s, and vel ar and pal atal,
i ncl udi ng post al veol ar, consonants) has a shape of a horn,

wher eas the backward-fl anged phonenmes(narrow vowel s, and
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| abi al s and dental s, including al veol ar, consonants) have

a cavity that approximates a Hel mholtz resonator.

4. Gave / acute:-

Acoustically:- Concentration of energy in the |ower

(versus upper) frequencies of the spectrum

Cenetically:- Peripheral (versus nedial), periphera

phonenmes (velar and | abial) have an anple and | ess com
partnented resonator than the correspondi ng nedi al

phonenes (pal atal and dental).

5. Hat / plain:-

Acoustically:- flat phonenmes are opposed to the corres-

pondi ng pl ain ones by a downward shift or weakeni ng of

sone of their upper frequency conponents.

Cenetically:- The former (narrowed slit) phonenes, in

contradistinctionto the latter (wder slit) phonenes,
ace produced with a decreased back or front orifice of
t he nout h resonator, and concomtant val orizati on expan-

ding the nout h resonat or.

6. Nasal / Oal:- (Nasalized / non na&al i zed)

Acoustically:- Spreading the energy over w der (versus

narrower) frequency regions by a reduction in the inten-
sity of certain (prinarily the first) fornmants and intro-

duction of additional (nasal) formants.



A 3

CGenetically - Muth resonator supplenented by the nose cavity

versus the exclusion of the nasal resonator.

7. Tense/l ax:

Acoustically - nore(versus |less) sharply defined resonance

regions in the spectrim acconpanied by an increase(versus
decrease) of the total anount of energy and its spread in
time.

Genetically - greater(versus smaller) deformation of the

vocal tract away fromits rest position. The role of nuscul ar
strain, affecting the tongue, the walls of the vocal tract

and the glottis, requires further investigation.

8. Interrupted/ continuant

Acoustically - silence(atleast in the frequency range above

the vocal cord vibration) followed and/ or preceded by a
spread of energy over a w de frequency region(either as
burst or as a rapid transition of vowel formants)(versus
absence of abrupt transition between sound and "sil ence").

Genetically - rapid turning on and off of source either

t hrough a rapid closure and/or opening of the vocal tract
t hat di stingui shes plosives fromconstrictives or through
one or nore taps that differentiate the discontinuous
liquids like a flap or Trill /r/ fromcontinuant |iquids

the lateral /1/.



9. Strident/nellow

Acoustically - Hi gher intensity noise versus |lower intensity

noi se;

Genetically - rough-edged (versus snooth edged). Supplenentary

obstruction creating edge effects(...)at the point of
articul ation distinguishes the production of the rough-edged
phonemes fromthe |ess conplex inpedinment in their snooth-

edged counterparts.

10. Checked/ unchecked:

Acoustically - Abrupt decay is opposite of snoboth one.

Cenetically - The air streamis checked by the conpression or

closure of the glottis.

11. Sharp/ pl ai n:

Acoustically - Slight rise of the second formant and to some

degree al so of the higher formants.

Genetically:- oral cavity reduced by raising a part of the

tongue against the palate. This is palatization.

(Adopted fromWnitz; H "Articulatory acquisition and
behavior™ N. Y., Appleton-Century-crofts, 1969, Pp 82-84 and
Jakobson R, Fant G, & Halle M prelimnaries to speech
analysis. The distinctive features and their correl ates"”.

Massachusetts, The M T Press, 1969
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Appendi x 1-B

Distinctive feature system as proposed by Chonsky and Hal | e(1968)

There are five major categories in the universal phonetic
features of the Chonsky and Halle feature system They are
| )Maj or class features, 2)Cavity features, 3)Mnner of
articulation features, 4) Source features, and 5)Prosodie

f eat ures.

Maj or cl ass Features:

Consonant al / non consonant al :

The consonantal sounds are produced with obstruction
sonewhere in the vocal tract, and the nonconsonantal sounds
are produced wit hout such obstruction. AlIl English vowels,

glides and the consonant / h/ are consi dered nonconsonant al .

Vocal i ¢/ Nonvocal i c:

Vocal i ¢ sounds are produced only when the nost radial
constriction in the oral cavity does not exceed that in the
vowels /i / and /u/, and when the vocal cords are positioned
to produce "spontaneous voicing". All English vowels and
the liquid /1/ are vocalic sounds, and the renainder are

nonvocal i ¢ sounds.

Sonor ant / Nonsonor ant :

Sonorants are produced with "spontaneous voicing".
Sonorants include vowels, glides, nasals and |iquids of

Engl i sh.



Cavity features:

Coronal/Non coronal

Chomsky and Halle described coronal sounds as produced
with the blade of the tongue raised from its neutral position
and noncoronal sounds as produced with the blade of the

tongue in the neutral position.

The English consonants /r,1,t,d,g.e.n,s,z,t) ,d 3, J ’_3/
are considered as coronal and the remainder as non

coronal.

Anterior/Non anterior:

All front sounds are called anterior and all back

sounds are called nonanterior.

English consonants have the following distribution on
this feature, all labials /p,b,f,v,m/, all linguadentals

- .l..
/RO /

/ , and all alveolars /t,d,s,z,n,l/ are + anterior. All
palatals /r,tf ,43, ( .2 ,i/ eand all v e l/B,a, e r e

nonanterior. Vowels are labelled as nonanterior.

Tongue Body Features:

The three features high, low, and back relate to the
position of the body of the tongue. All these projections
of the tongue are measured from its neutral position. The
neutral position of the tongue has been defined as in the

status of producing the vowel ( /\ ) in English(bAt) .
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H gh/ nonhi gh: H gh sounds are produced by raising the tongue

body higher than its neutral position, the English consonants
ti.93%, [ ,w,2,k,a,v / are considered high and al

ot her consonants as nonhi gh.

Low nopl ow Low sounds are produced by positioning the

tongue body | ower than the neutral position, nonlow sounds
are produced w thout such a lowering. The English consonant/h/

is considered low. All other consonants are nonl ow.

Back/ nonback: Back sounds are produced by noving the body

of the tongue further back than the neutral position. The
back consonants of English a /k,g,win /.| | ot her
consonants are nonback. -

Round: -

Rounded sounds are produced with the rounding of Iips
to formoval or round variabl e shapes depending on the
anount of roundi ng needed for the production of a given
phonene. Rounding is not a distinctive feature asked for

Engl i sh consonants.

Di stri but ed/ nondi stri but ed:

Di stributed/ nondistributed is a place of articulation,
feature not utilized in characterizing the sounds of the

Engl i sh | anguage.

"Distributed consonants are produced with a constriction
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That extends for a considerable distance along the direction
of the airflow, nondistributed sounds are produced with
constriction that extends only for a short distance in

this direction".

Cover ed/ noncover ed:

The feature covered/ noncovered is restricted only to

vowel s.

G ottal constrictions:

Gottally constricted sounds are produced by the
constriction of the glottal area beyond the neutras

narrow ng position.

Secondary Appertunes:

There are two categories of secondary apertures nasal/

nonnasal and | ateral/nonl ateral.

Nasal / non-nasal : Nasal s are produced with the |owered vel um

whereas non-nasals are produced with the velumraised. In
English /mn, [/ are nasal consonants and all other consonants

are non-nasal (oral).

Lateral /nonl ateral: Lateral consonants are produced by |owering

the m dsection of the tongue.

Manner of Articul ation features: Conti nuant/ nonconti nuant (st op)

The conti nuant consonants are produced with the constric-

tion in the vocal tract regulated in such a way that conplete
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closure or blocking of the air passage never occurs. The
nonconti nuants or the stop consonants, on the other hand,

are produced with conplete closure or constriction of the
vocal tract so that the passage of air is bl ocked effectively.
I n english the continuant consonants, according to Chonsky
and Hal l e, are /r,1,£,v,0 ,;f,sﬁg,j ., ,n/ and the
honcontinuant or stop consonants are /p,b,m,t,d,n,t{ ,d 3

heJe M /

Rel ease Feat ures:

Two kinds of rel ease features are described by Chonsky
and Hal l e, and both apply to stop consonants only. Wile
the plosine stops of English /p,b,t,d, k,g/ are considered
as rel eased instantaneously, the affricate stops ﬁtj , 43/

are consi dered rel eased wi th some del ay.

Tense/ Nont ense:

The consonants that are voiceless,/p,t,x, £, n.,s, | #t3

h/ are tense and those that are voiced are nontense or | ax.

Sour ce features:

\Voi ced/ Voi cel ess:

I n the production of the voiced consonants, the voca
folds vibrate, and in the production of the voicel ess

consonants they do not vibrate.
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Strident / nonstrident:

Strident sounds are narked acoustically by greater
noi siness than their nonstrident counterparts. |In

\

English, ,/£,v,s,2,t),42, |, 2/ are strident consonants

and the rest are nonstrident.

(Adopted fromSingh; S. "D stinctive features: Theory
and validation" Baltinore, University Park press,

1976, Pp 55-63)
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Appendix 1-C

Li ngui stic Features for H ndi consonants as

Proposed by Ahned and Agrawal (1969)

1) Affrication:- Four sounds (¢ , fjh‘( ;;,qjlhj are

considered as affricates.

2)Friction:- Three sounds (s, ( , h) are considered as
fricatives.

3) Nasality:- Three sounds (mn,n) are considered nasal s.

I EEE h
4) Aspiration:- Twel ve consonants f'h,r”,t”,t”,r“,w”,-',1,15 y

. ',r ) are classified as aspirated. The sound his a
fricative, but it shows an aspirated character and hence

it is included in this category.
5)Voi ci ng: - 19 consonants (b,d,q,d,b ,d ,d ,g ,d7 ,m,n,1,r,
r,r ,n,w,) / are treated as voiced sounds.

6) Li quids:- Two sounds 1 & r are placed in this category

since these are lateral and rolled sounds.

7)Flapped liquids:- This is the nane given to the three sounds

(n ,r, f”ﬁ that occur only in the final position.

8) Continuants:- Two sounds wand j are treated as continuants,

9) Place:- Since every sound has a place, each consonant is
designated by a nunber according to the place in which

it is grouped. Five places of articulation are defined

inthe followi ng manner. a)Front sounds: Bilabial sounds

have been included here. They are p,p ,b,b ,m,w)
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b) Mddle Front: Dental and al veol ar sounds have been

i ncluded here. They are (t,f ,d,d ,n,s,1),c)Mddle
Sounds: Retroflex sounds are placed in this category, nanely

ii,fh,-,ﬂ“,~“:f,n,:“ d) M ddl e bach: The sounds which are

spoken with the help of soft palate and pal ate are incl uded

here. They are (ts,ts ,d is?';ax;J” e) Back sounds: The

soundo t hat vel ar and glottal are considered here. They are

n
{1 1 Y )
el 2Q09 21

in order to describe place, the consonants are nunbered
serially 1,2,3,4,5 according to the categories described

above.

(Adopted fromAhnes; R and Agrawal; S.S. "Significant
features in the perception of (H ndi) Consonants" Journal

of acoustical society of America, Vol.45(3), 1969, Pp 758-763)

* %
* %
* %
* %
* %
* %
* %



Appendi x - 2
Consonant Phonemes of Gujarati

Glo- Velar Pala- Retro=- Den- Alveo- La-
ttal o tal__ flex tal lar bial

—— - - —— - — ——

StOEE

Unaspirated

Voiceless k £ t P

Voiced g da da b

Aspirated

Voiceless kh th th ph

Voiced gh dh dh bh
Africates

Unaspirated

Voiceless c

Voiced J

Aspirated

Voiceless ch

Voiced jh

Nasals n n m

e
0]

Fricatives h

Laterals 1 i I

FlaEs iy

Semivowels b4 w

(Adopted from Guj arati phonem ¢ Reader)



Appendi x 3- List of mnimal pairs as they are classified

according to the proposed feature system
I \/oiun%
1) Sld - sua 6) chete - (‘Lec{_e
Kal - goA, €Lz - €§5\
g @i - - 7) 22 - ]
Chan- ghaw Phav - phan
3) Ww - ook %) Yyl - 20€]
'8 P - b o i _
e aj Sath( -  sqadhy
h) e - Mgl 9) g8l - sia)
Mmata - mada Kathi - adh,

§) Yot - orot
Wacan - Wayan,

b N\
IO) WAL - 2A1ed
arkho - azgho

pis Naswlt'*";l
4) uieil - wisl ) el - s)oL
Pa?}i - cht,‘ Kan - Kcvj
3) M- Cust
'mag ~ ’aﬂ
4) e - g Y & - 814
Wwaq - 3&:‘1. Kam - Kawn
= Alveolay

) Sap ~Saf

Q) Cl1U - anwy
}\(':"’{1

- sath.



I Dana,L_

) AU - g O Wiy - 2ne
Sath - Saph Atdy - a:bu

3) Gd = au ) _
ANE — AAP

gL Retroflex
e Rl sie(- Sl
: 30
gy BiEL= H) Hs - 2
Kan - kay sath - Sarl,
S’) glef - B €) 3l - gn\uu:
KC\.T} - Kara 0\}\0‘0 _€”m‘
7) et - 'Hleu'[‘ 4:’)3“5']- :me"f
maty - machi (aacgl. - gadi
1) diz - ala
Wat - wat
VIL Velay
~ \ o) ¢
N ely- 2l 2)sf-sia 3) - st

;\AYU - Zi{o Kag-}(ay.- HC\.D-'P(OE?,,



i) M -~ e

3) G- e
dhay - dnv
§]=8H4—.an1
Sath - sat
Z) ewl- eis|
ckaol,h{ - Aq%[

4) Sath - sat
Y — At

“) A - 2IIH
3)’10\/17!4 ~ SO\W\

o 0
13) Uiey - 8ley

KLIOJ’!H = ka‘n'}q

l) DA - of]d
Jer - 3L‘|’

\alli ASPIYCLhoyL

R) Qg - 20y
Sagh- sap

11) glm- €1
Ajﬂcwm.-clm

6) gis- zis
ﬂaak# ol

¢) wisl -wid]

'mﬂﬂl{ - wmod-'i

\6) Y- 2i
"(C’dk- Yoy

l-l) LI - 3IXA
chod - I e|

lH) €l - U

chal - cal
X Aﬂfﬂ'cahdn

L)En™- €13
Aqph - dadh



3) o™al- sial

Jali- daly

g) 12|, - %151
Kaci- Ko ki

7) Giifl- o]
b l»u - Ba_ 4
“J 31*»

\) 2L\R - UﬂQ
(\fja.'("x.,jovf

3) dai- Md
WAn - mNANn

D) Blet - s

Kal - Kan
3) widl- wef)
?cx\-i - PG.'Y_H

l) A1 - =l
cay - cal

X Semivowel

XL lateral

XTI Flap

4) $121 - %12
Kac - Kat

6) onsl - JIIS/L
\Jhﬂf%i— 3:10;1{

o
%) @lei - o,
Cl'\ovr}q - Kham «

4 Ain- ey
Wedl - be|

Q) wa -wuls

Ped - Pad

) 20él- 2un]
Saxt - Sc;!f



XL !:’l‘CaHon

N . ~ \
|) Siai— ol

holo - goio -2) SaJO\_ Olculq

EL - EIE(

3) il - sial
Sali - dali



Appendix - 4 The Distinctive Features of 32 Gujarati consonants
Consonant Phonemes
Fea- .
S

tives gh ch jh v h Y E q t? qp n } t d thdhns 1 r p ph bh m
Voieing + - 4+ + = = 4 = o = 4 o+ 4 = o o= 4 -+ 4+ - -+ +
Nasa=-

lity - - oo = A= b om s =
Labial 5 - e T R TR + o+ 4+
véalar + + F F = m e m m = m = om e o= o= - - - = - - - -
ration 5 * * ® 4+ R - - - + o+
Affri-
cation - e e B R oo R W om e m = S - -
selni- - - - - - - -+ - - - - - - - - - - - - - - - - -~
Vowel

cation




+

” 1
o]

3

- B

1 2 2 3

c

j

2 1 3 2 1
ch2 31 2 1 2

jh3 2 2 1 2 1 1

2 1 3 2 3 2 4 3
h 2 3 3 4 3 4 4 5 4

2 3 3 4 3 4 4 5 4 2 3
d 3 2 4 3 4 3 5 4 3 3 21

y3243435433-

t

th3 4 2 3 4 5 3 4 5 3 4 1 2

dh4 3 3 2 5 4 4 3 4 4 3 2 11

n 4 354546 5 14 3 2 1 3 2

1 4 3 4 3 5 4 6 5 4 3 2 213 2 2

2 3 3 4 2 3 4 5 4 2 3 2 3 3 4 5 4 -

d 32 4 3 4 35 4 3 3 2 3 2 4 3 3 31

t

th3 4 2 3 45 3 4 6 3 4 3 4 2 3 5 5 12

dh4 3 3 2 5 4 4 3 4 4 3 4 3 3 2 4 4 2 11

n 4 3545 46 5 2 4 3 4 3 5 4 2 4 2 1 3 2
s 34 3 4 4 5 5 6 5 2 4 3 4 4 5 5 5 3 4 45

1 4 35 4 5 4 6 5 4 4 2 4 3 5 4 4 2 4 3 5 4

4 3 54 5 4 6 5 5 3 2 4 3 5 4 4 3 4 3 5 4

P 2 3 3 4 3 4 4 5 4 3 4 2 3 3 4 4 4 2 3 3 4

r

b 32 4 3 4 3 5 4 3 3 3 3 2 4 3 3 3 3 2 4 3

ph3 4 2 3 45 3 4 5 3 5 3 4 2 355 3 4 3 3

bh4 3 3 2 5 4 4 3 4 4 4 4 3 3 2 4 4 4 3 3 2

md4 3 5 4 5 4 6 5 2 4 4 4 3 5 4 2 4 4 3 5 4

w4 3 5 4 5 4 6 5 4 4 2 4 3 5 4 4 4 4 3 5 4

1 4 2 3 3 4 4 4 2 3 3 4

2 3 3 4 3 4 4 5 4

Sl






