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CHAPTER

| NTRODUCTI ON

The | anguage has several levels, |ike semantic,
syntactic, norphemc, and phonemc |evels. The
'phonem c' level is the |owest and nost fundanmenta
| evel . "The sound pattern of a given |anguage is
fundanental to its structure"” (Danioloff et al 1980).
Untill recently, speech scientists and |inguists were of
t he opi nion that the "phonenme' is the basic unit of
speech, till Jokobson, Fant and Halle proposed a set of
uni versal feature systemin 1951. Now features are the
basic units of speech. The features which provide
i nherent distinctions between speech sounds are called

di stinctive features.

"As human bei ngs we have ability to detect and
categorize features. Wth out these skills, we could
not observe consistencies anong events that m ght other-
Wi se appear unrelated. The early cognitive growth of
young children heavily depends on decisions that involve
features. Those features that become inportant are
regarded as distinctive = | " (Singh, 1976).

Language is built up of words, words of sounds or
phonemes and phonenes of features which are distinctive
fromeach other. A explicitly sinple sound is thus

conposed of several paranmeters, which can be seen in the
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formof features, which describe it. Those features

whi ch provide the information, about various distinctions
bet ween t hese speech sounds are called 'distinctive features'
In essence the distinctive features can be thus referred to
as "building bl ocks of phonene". The speech scientists are
Interested not only in the conbination of various features

I n the phonene but also in the way each of these "features"

are acquired, maintained and | ost during pathol ogy.

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

phonene w th others" (Berko and Brown, 1960).

Articul ation disorders have a relatively new vista
opened to them  Speech scientists have been regarding
msartlculation as a formof "distinctive feature devia-
tion" (Singh, 1972). D stinctive feature approach is now
being applied to speech, pathology in the process of diagno-

sis, testing and treatnent.

A distinctive feature systemis an organi zed system
of the phonenes in a | anguage and each feature having two
mutual | y exclusive values. A conplete feature system
I's the one which distinguishes all the phonenes of the

| anguage from each ot her.

Vari ous approachs have been reported to study these

distinctive features. They are:
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1. Acoustic mnet hod
2. Articul atory et hod.

3. Perceptual nethod.

Acoustic method identifies features by the follow ng

acoustic cl ues.

1. Voice onset tine.
2. Transition of formant

3. Concentration, |ocus and duration of enerqgy.

Articul atory method uses phonetic descriptions of the

sounds to define destinguisting qualities of speech sounds.

The perceptual nethod requires the study of the

perceptual responses to the sounds by the |isteners.

The establishnment of feature systemon a particul ar
| anguage can be done by either by 'Apriori' or 'Aposteriori'’
nmethod. Ml ler and Ncely (1955) define the '"apriori' method
as "defining or proposing a systembefore the articulatory
or acoustic or perceptual analysis is done. This nethod
| acks flexibility but is less time consumng than the
"Aposteriori' method. In the 'Aposteriori” nethod, a

| arge sanple is taken and anal yzed by various techni ques.

Various studies show that the concept of distinctive
feature analysis is avaluable in the managenent of articu-
| ati on di sorders. (Haas, 1963; Wber, 1970)Ponpton, 1970;
Mc Reynol d and Huston, 1971; Pollack and Rees, 1972;
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M Reynol d and Bennet, 1972; Singh and Rrank, 1972..
etc). Many investigators state that the nultifaceted
advant ages of distinctive features and econony to be the no

significant factors anong them

The horisones of the realemof speech perception
have been broadened by the feature approach. The feature
anal ysis as conpared with the sound anal ysis provides
nmul tidi mentional information about speech sound percep-
tion. Many studies have been done in the hard of hearing
popul ation regarding their perceptual abilities (Binnie,
Mont gomeny and Jackson, 1974; Danham et al, 1978; Doyle
et al 1981). Recently linguistic evidence has al so been she
for some features % .e. encoded features are processed in the
| eft hem sphere for right handed individuals. (Studert,
Kennedy and Shankeoel er, 1970; Hayden etal, 1979; =

etc.)

Need for present study

Speech pat hol ogy deals with the understanding and
treat ment of speech | anguage disorders. This necessi-
tates a good understandi ng of the case who has the problem
and in addition the |anguage to be taught. The situation
inlIndia, with its nultiplicity of linguistic groups,
necessitates the study of |anguage. Present additiona
problens is that the speech clinician may have to work

wi th | anguages non-native to hinl (Somasundaran, 1972).
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This clearly necessitates the need for the dis-
tinctive feature analysis in different |anguages and

hence i n Kannada.

458 minimal pairs were made using the 31 phonenes of
Kannada and were randomy presented in a quite situation
to 30 Kannada |isteners and 30 non-Kannada |isteners using
a tape recorder. Their responses were recorded and anal ysis
was done by the experinenter. Later confusion matrices
were constructed for the 2 groups. Information content of

each feature was determ ned.

Spectrographi c analysis for 74 wor ds were done

and acoustic characteristics were detected

Statment of the Problem

This study has carried out to explore, the possible
exi stence of distinctive feature system for consonants

i n Kannada by the perceptual and acoustic nethods respectively

Hypot heses: -

1. Kannada | anguage has a distinctive feature system
2. It is possible to propose a distinctive feature system

i n Kannada based on phonetic description.

3. Consonants in Kannada are made up of the follow ng
features.
a) Voi cing b) Nasality c) Continuent
d) Anterior e) Coronal f) stridency

g) Aspiration h) lateral.
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4. Information value carried by each feature vari es.
5. Each feature has a distinctive acoustic characteristic.

6. No significant difference wll be found in the |istening
performance of Kannada and non-Kannada speakers
when word with mninmal differences are presented in a

quite situation

Limtations of the Present study: -

1. D stinctive feature systemhas been proposed only for
consonants.

2. Only experinenter served as the judge in the present

st udy.

3. Only 30 listeners were used in each of the groups

4. Apriori analysis has been used.



CGHAPTER | |
REV EV G- LI TERATURE

Language is primarily encoded as speech and it is
t he nost common neans of communication, (Trw n and
Marge). Language is a system conposed of sounds arranged
I n ordered sequences to formwords and nor phenes, and the
rules for connecting these el enents into sequences or
strings that express thoughts, intention, experience and
feelings. Thus |language is made up of phonol ogi cal
nmor phol ogi cal, syntactic, and semantic conponents, which nust
be | earned, to understand and speak a gi ven | anguage
(Chonsky 1957). These conponents are hierarchical in nature
and the | owest conponent is'the phonol ogical system. The

study of phonenes is inportant to understand a | anguage system

Till 1939, it was believed that a phonene is the snall est
unit of | anguage and that can not be further divided. In
1939 a new theory propsed that the basic unit of phonene is,
Its constituent properties. Thus theory was put forward by
" ROMAN JAKOBSON  t hrough hi's book "child | anguage, Aphasia and
phonol ogi cal universal s" (1941) which was originaly in German
and translated to English in 1968 by 'Alan Keiler'. But
the real introduction of distinctive feature theory took pl ace
t hrough anot her book "Prilimnaries to speech Anal ysis: The

D stinctive Eeatures and their correl ates (Jakobson, Fant
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Fant and Hal l e, 1952) which was originally published in
Engl i sh.

The paraneters or the constituent properties of the
phonene are called "Features”. The paraneters which dis-
tingui sh two phonenes of a | anguage are known as "distinc-

tive features".

Accordi ng to Jakobson, Fant and Halle (1952) the dis-
tinctive features are the ultimate distinctive entities of
| anguage. The distinctive features conbine into one sinul-

taneous or concurrent bundle to forma phonene.

Jakobson (1962) has explained the distinctive features
by giving an anol ogy between the nusical chords, the phonene
and the distinctive features. This nodel has the opasity
to represent the phonene as one unit - the chord itself, and
notes as the variety of conponents which are conparable to
the features, a variety of notorically produced acoustic
properties. A chord is heard as one elinent, eventhough
it is made-up of nmany conponents. Hence, eventhough the

phonene is heard as one unit, it consists of many features, e

Fant (1973) defines it as real distinctive categories
or class within a linguistic system but just like in accepted
phoneAic analysis it is required that they are consistant with

the phonetic facts and these phonetic facts at various |evels
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have bent their nane to the features.

Singh (1975) defines distinctive features as the phy-
sical (articulatory or acoustic) and psychol ogical (percep-
tual) realities of the phonemes. Each phoneme can be des-
cribed and differentiated interns of (1) articulatory
features, namely the place of articulation and the manner
of articulation (2) Acoustic features, nanmely frequency
intensity and duration of speech sounds, and (3) perceptua
features which are the result of the auditory discrimnation

bet ween the phonenes.

Bl ache (1978) defines a distinctive feature as systemc

property that seperates a subset of elements froma group.

The distinctive feature systems have been proposed by
several people. The nost frequently used systems are those
proposed, by
1. Jakobson et al (1952) who have used "Phonem ¢ Theory" to

derive distinctive feature system
2. Chomsky and Halle (1968); have used "Cenerative theory"

to develop distinctive feature system

According to phonemc theqry there are two levels of
phonol ogi cal structure.
(a) an abstract phonem c |eve

(b) a phonetic |evel (speech signal)
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Distinctive features are qualities contained in the
speech signal itself that are necessary for the speaker-
hearer to identify the phonenmes of his |anguage. This
identification is made by picking out concurrent groups of
these features and interpreting each group as a particular
phoneme. [|f the phonenes of a | anguage are made of distinction
features than the allophones of that |anguage are nmade of
di stinctive and non distinctive features. That is wthin the
phonem ¢ theory, distinctive features, are taken to be all an
only those features necessary to distinguish each phonene in

gi ven | anguage from ot her phonenes of the | anguage.

Phonenmes are significant abstract segnents of a parti-
cul ar | anguage. |f one assunmes the phonem c position as
that distinctive features are the elinments of phonenes, then
this allows for the possibility of having | anguage specific

distinctive features.

Thus theory postul ates relationship between the phone -

tic and phonem c |evel of representation.

(a) Every phonene in the phonem c |evel can be represented

by at | east one phone in the phonetic |evel.

(b) Phones at the phonetic level must be in the sane order

as the phonenes as they correspond to at the phonemc | evel.

However, at all levels there is no one to one relation-
ship between the phonetic and phonem c |evels of represen-

tion.
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Phonem ¢ theory of bi uni queness states that there
must be an uni que representation for each phonetic sequ-
ence and uni que phonetic representation for each phonemc
sequence. Here the phonetic context is taken into consi-

derati on.

Sone of the inplications that phonemc theory has for

distinctive features are:

1. Phonemc theory inplies the existence of non-distinctive
features, which not only adds unncessary fornal apparatus to
the theory and mnakes the set of distinctive features poten-
tially infinite, but also the concept of non-distinctive

features is not precisely definable.

2. It allows for the posibility of |anguage specific dis-
tinctive features, which nakes conpari sons anong different

| anguages in terns of distinctive feature inpossible.

3. It inposes the condition of linearity and bi uni que-
ness on the relation between the phonem c and phonetic
| evel s of representation, eventhough these conditions can

be shown not to hol d.

4. "The assunptions on which the tenets of phonem c theory
are based are not valid; nanely that there is a direct corr-
espondence between phonenes and what speakers actually pro-

duce and hear in speech” (Parker 1976).
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Thus in conclusion it can be stated that these is a
significant discripancy between the physical signal and the
way it is percieved. It would seemthat instead of directly
interpreting the sound waves that stinulate the ear, the
speaker hearer interprets theminterns of the conpl ex,
abstract linguistic systemthat constitutes his know edge

of his | anguage.

Cenerative theory derived fromthe phonemc theory propo-

ses a different concept of phonol ogy (Chonsky and Hal l e 1968),

Chonsky and Halle (1968) in their theory excluded the
oneto one rel ation-ship between phonol ogi cal segnents and
speech segnents. Since these there is no theory of phonem es
operating in generative phonology. It is based on a system of
uni versal phonetics. Chonsky and Halle (1968) state that
the features are identical with the set of phonetic proper-
ties that can be in principle controlled in speech, repre-
senting the phonetic capabilities of man and therefore the
sane for all languages. Limting the distinctive features
to phonetic properties that are independently controllable
speech nmakes the selection of distinctive features

enphirical than arbitary.

This theory has nade an attenpt to account for the
type of phonol ogical variation that exists between phonetics

and abstract fornms. Chonsky and Hall e (1968) have recogni zed
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two abstract |evels of phonol ogical structure (a) a nore
abstract "classificatory Matrix" (b) a |less abstract one
"phonetic matrix". A quality/paraneter that is never
significant in any natural |anguage, need not be specified
in the phonetic matrix. The classificatory and phonetic
matrix of any given utterance may differ radically in terns
of nunber of segnents and the feature specification of each
segnent necessitates a nethod of transfering one into the
other. Chonsky and Hall e (1968) propose an ordered set of
context sensitive phonological rules that alter the feature
specifications of the classificatory matrix to yield the

phonetic matri x and vice versa.

Par ket (1976) states that distinctive features as they
are described in generative phol ol ogy are not conponents of
speech production. He suggests a production matrix, bel ow
the phonetic matrix in which distinctive features are trans-

|ated into paraneters of speech production.

The distinctive feature concept is based on principles
of (a) Binary scale and (b) Econony, i.e. the binary prin-
ciple basically considers the presence or absence of a
particular feature. The use of binary scale has been found
to be very useful. Sone experinents have shown that the
anal ysis of any event by human beings is based on binary

principles. Use of binary scale helps in the anal ysis of
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speech data by conputers. The principle of econony is used
to mnimze the redundency that is seen in the |anguage,

thus sinplifying the process of describing the | anguage.

Various functions of distinctive feature are :

1. Description of phonenes.

2. Description of the interrelationships between the
di fferent phonenes of a | anguage and al so al |l ophonic
variotions.

3. Quantification of these interrel ationships

4. (Jassification of phonene dependi ng upon the distinc-
tioni.e. of a group of phonenes share a | arge nunber
of features then they forma natural class and if a
group of phonenes share a few commodalities they bel ong

to an unnatural cl ass.

5. Finding out the distance between phonenes.and thus in
assessing the seventy of articulation disorders.

6. In developing articulation tests in a given | anguage.

7. In preparing and admnistering therapy for cases with

articul ation di sorders.

Various distinctive features systens to describe the
sounds of | anguages, have been developed. As stated earlier
speech sounds are the bundl e of series of distinctive
features. The basis of these feature codes may be articu-

| at ory, perceptual, or acoustic. Usually, the vowels and
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and consonants have different distinctive features,
because the production and perception of consonants and
vowel s have different bases. Because of sone basic inport-
ant differences between vowel s. and consonants, vowels, are
rarely replaced by vowel s and vice versa. There are how
ever, sone feature systens that describe vowel s and conso-
nants interns of the same set of features. Even in these
cases, it is seen clearly that the individual features of
vowel s and consonants do not apply to each other in any signi-
ficant way (Chonsky and Halle 1968). Sone of the inportant con-

sonant feature systens are given bel ow.

1. Jakobson, Fant, and Halle (1951) :- The base for their

work was the systemof sounds, and the evidence was presented
in terns of acoustic characteristics, using the spectrographic
representation of sounds. After studying the acoustic distinc-
tions of phonene pair, they presented articulatory basis of
their acoustic findings. They studied many | anguages and found

distinctive feature is universally applicable.

They concluded that the distinctive features which they
detected in the |anguages of the world and which underlie
their entire larical and norphol ogi cal stock amount to twel ve
bi nary oppositions. No one |anguage contains all of these
features. They have presented both acoustic and genetic descri -

ption of each features.
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1. VWbcalic/Non Vocalic

Presence (Vs absence) of a sharply defined fornant
structure. Primary or ordinary excitation of the glottis

together wwth a free passage through the vocal tract.

2. Consonant al / Non- consonant al

Low (Vs high)(total) energy. Presence (Vs absence) of an

obstruction in the the vocal tract.

3. Conpact/ D ffuse

H gher (Vs lower) concentration of energy in a relative
narrow, central region of the spectrum acconpanied by an
I ncrease (Vs decrease) of total anount of energy and its
speread in tine.
Forward - flanged (Vs backward-flanged). The difference
lies in the relation between the shape and vol une of the
resonance chanber in front of the narrowest stricture and
behind this stricture. The resonator of the forward - flange
phonenes (w de vowel s, and velar and pal atal, including
past al veol ar consonants) has a shape of a horn, whereas
t he backward flanged phonenes (narrow vowels, and |abials and
dental s, including alveolar consonants) have a cavity that

approxi mates a Hel nholtz resonator.

4. 3 avel/ Acut e:

Concentration of energy in the |lower (Vs upper) frequen-

cies of the spectrum


Ananda
Compact/Diffuse
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Peri pheral (Vs Medial) peripheral phonenes (velar and
| abial) have an anple and | ess conpartnented resonator

than the correspondi ng nedi al phonenmes (palatel and dental).

5. Flat/Plain.

FI at phonenes are opposed to the correspondi ng plain
ones by a downward shift or weakening of some of their

upper frequency conponents.

The fornmer (narrowed slit) phonenes, in contradistinctionto the
| ater (wider slit)phonenes, are produced with a decreased back
or front orifice of the nmouth resonator, and concom tant

val ori zati on expanding the nmouth resonator.

6. Nasal/ora

Spreadi ng the energy over wi der (Vs narrower) frequency
regions by a reduction in the intensity of certain (primarily
first) formants and introduction of additional (nasal) fornant
Mout h resonat or suppl enented by the nose cavity versus the

exclusion of the nosal resonator.

7. Tensel Lax

More (Vs less) sharply defined resonance regions in the
spectrum acconpani ed by an increase (Vs decrease) of the
total amount of energy and its spread in tine.

Geater (Vs snaller) deformation of the vocal tract away
fromits rest position. The role of muscular strain, affect-

ing the tongue, the walls of the vocal tract on glottis,


Ananda
Nasal/oral
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requi res further investigation.

8. Interrupted/ continuant:

Silence (at least in the frequency range above the
vocal cord vibration) followd and/ or preceded by a spread
of energy over a wi de frequency region (either as a brust
or as a rapid transition of vowel formants versus absence of
abrupt transition between sound and "sil ence").
Rapid turning on and off of source either through a rapid
cl osure and/or opening of vocal tract that distinguishes
pl osi ves from constrictives or through one or nore tops that
differentiate the discontinuous liquids Iike a flap or

trill /r/ fromcontinuant liquids or the lateral /1/.

9. Strident /Ml | ow

H gher intensity noi se versus |ower intensity noise.
Rough edged (Vs snooth endged). Suppl enentary obstruction
creating edge effects, at the point of articulation distin-
gui shes the production of the rough edged phonenes from
the | ess conplex enpedinent in their snmooth edged conter-

parts.

10. Checked/ unchecked

Abrupt decay is opposite of snmooth one. The air stream

I s checked by the conpression or closure of the glottis.
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11. Sharp/plain

Slight raise of the second formant and to sone
degree also of higher formants. Oal cavity reduced by

raising a part of the tongue agai nst the pal ate.

2. Mller and N cely (1955) have descri bed 16 consonants

of English using a 5 feature system consisting of voi cing,
duration, affrication, place and nasality. They denoted each
consonant by the presence or absence of a feature. They have
not |eft any consonant unspecified interns of either having
or not having a feature. They disregarded this concept of
phonol ogi cal redundancey of a feature for a group of conso-
nants. They relied heavily on the actual phonetic el enents
of the consonants. They designated '1' to a consonant

having a feature and '0' to a consonant having a feature.

The basis of their feature systemwas the inspection of &7
different "Confusion matrices", and the errors nade by

listeners in identifying the 16 different consonants.

This systemrepresents a significant departure from
Jakobson, Fant and Halle (1951) feature systemM Il er and
N cely (1855) proposed a trinary feature: place of articul a-
tion. The feature system proposed by themwas a perceptual fe
ture system The basis for choosing the features and their
gi ven specifications was sonmewhat arbitrary. The proposed
features were five, out of that four are articulatory and one

acoustic in nature. They are:
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1. Voicing:- The voiced consonants are produced with
vibration of the vocal folds. The voicel ess consonants
are produced with-out vibration of vocal cords. In acoustic

terns, the voicel ess consonants are nore noi sy than the

voi ced.

2. Duration:- Fricatives have this feature, which seperates
t hem from ot her sounds.

3. Affrication:- If the closure is such that at the point

of contact air is forced through a narrow aperture; the
result is a kind of turbulence or friction noise which is

known as Affrication.

4. Nasality:- The nasal consonants are produced by opening
t he naso-pharyngeal port and releasing the intraoral air

pressure through the nose.

5. Place of Articulation:- The three different specifications

for the place of articulation feature are front, md, and bach

dependi ng upon the place of articul ation.

3. Chonsky and Halle (1968):

They provi ded el abor ate phonol ogi cal grounds for
extracting a set of articulatory distinctive features. The
stated that, the phonol ogi cal conponents from a system of

rules that relate to the phonetic r presentation of the sounds
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of a language. They extracted distinctive features by
examning different Hierarchies, of the linguistic rules.
They assured that the configurations of the human vocal
mechani sm and the speech reception mechanism are identica

for allmen. These features are based on the phonetic or the
articulatory possibilities of man. Each feature is binary an

Is defined by antonynous adjectives.

There are five major categories in this universa
phonetic features. They are (1) major class features (2)
cavity features (3) manner of articulation features (4)

Source features (5) prosodic features.

1. Major class features:-

(a) Consonantal /Nonconsonantal: The consonantal sounds as

produced with obstruction sonewhere in the vocal tract, and
t he non-consonantal sounds are produced with out such obs-

truction.

(b) Vocalic/Non-vocalic:- Vocalic 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".

(c) Sonorant/Non-sonarant: Sonarants are produced with

"spont aneous voi cing".



2.16

2. Cavity features:-

(a) Coronal /Non-coronal:- Coronoal sounds are produced

with the bl ades of the tongue raised fromits neutral posi-
tion and non coronal sounds are produced with the blade of the

tongue in the neutral position.

(b) Anterior/Non-anterior - Al front sounds are called

anterior and all back sounds are called non-anterior.

(c) Tongue body features:- The three features high/non-

hi gh; l[ow non | ow; and back/and non back, relate to the posi
tion of the body of the tongue. All these projections

of the tongue are measured fromits neutral position.

(d) Round/ non-round: - Rounded sounds are produced with

the rounding of lips fromoval or round variable shapes
depending on the amount of rounding needed for the production

of a given phonene.

(e) Distributed/ Non-distributed: - Distributed

consonants are produced with a constriction, that
extends for a considerable distance along the direction of
the air flow, non-distributed sounds are produced with con-
striction that extends only for a short distance in this

di rections.

(f) Covered/ Noncovered:- is restricted only to vowels.

(g0 Gottal constriction: These sounds are produced by the

constriction of the glottal area.
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(h) Nasal /Non-nasal:- Nasals are produced with the

vel um | ower ed; whereas non-nasals are produced with velum

rai sed.

(i) Lateral/Non lateral:- Lateral consonants are

produced by |lowering the m dsection of the tongue.

3. Manner of Articulation Features:-

(a) Continuant/non-continuant (stop):- The continuant

consonants are produced with the constriction in the

vocal tract regulated in such a way that conplete closure
of the air passage never occurs. The non-continuants are
produced with conplete closure of the vocal tract, so that

the passage of air is blacked effectively.

(b) Rel ease Feature: - The plosives (stops) are relea-

sed intenstaneously - they have release features and
affricates which are released with sone delay and have

non-rel ease feature.

(c) Tense/ Non tense:- The consonants that are voicel ess

are tense and that are voiced are nontense (Il ax).

4. Sour ce Features:

(a) Voiced/ Voiceless:- In the production of the voiced

consonants, the vocal folds vibrate, and in the production

of voicel ess consonants they do not vibrate.
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(b) Strident/Non strident:- Strident sounds are

mar ked acoustically by greater noisiness than their
non-strident counterparts. Thus various systens of
distinctive features have been proposed and used in
the analysis of various | anguages. Each have their

own nerits and denerits.

Fromreview, it is evident that, distinctive
reatures formthe basis of phonene production and
phonene perception. The probl ens associated with
phonene production and perception nmay be due to the m s-
use of distinctive features. Wien the distinctive
feature is msused in terns of phonene production it

would lead to defective articul ation.

Earlier, speech pathol ogi st enpl oyed phonem c
analysis to discribe articulation problens. They
classify the errors into substitution, distortion,
om ssion, and additions. Now attenpts have been nade
to apply distinctive feature systens to articulatory
behavi our of nornmal and abnornmal speakers in terms
of articulation. Because of this, the description of
the articulatory behavi our, becane nore detail ed and

pr eci se.

Haas (1963) studied the articul atory behavi our of
a six and a half year old dyslexic boy. He found that

the features (plosives, sibilants, nasal, liquid, and
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pl ace of articulation) accounted for the msarticul a-
tions and concluded that the inportant factor in teaching
speech sounds is discrimnation of these features that

the child fails to produce.

El bert et al (1967) found that transfer of training
for consonants was present when two phonene shared nore
features. If the phonenes were far apart in terns of

features the transfer did not take place.

Crocker (1969)) states that childs' consonantal
phonol ogi cal conpetence is based on distinctive feature
nodels. He stressed the orderly and systenatic nature
of child' s conpetence throughout its enmergence. He
suggested that the child does not |earn phonenes or
features but new rules for conbining features and cl asses
of features. The nodel does not support the view that one
sound is learned fromanother. It states that a feature
Is taken from an established feature sound and conbi ned
with another feature to establish a new feature sets

or sounds.

A '"set' is defined as the conpl ex conbi nati on of
features that make up a phonene. Cocker (1969) reviewed
the concept that the devel opnent is undifferentiated from
general level bo specific level. Normal and devi ant

articulation can be explained by this nodel. A sound may
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be msarticul ated because of the conpl ex conbi nati on of
features that the sounds required for its nmastery. This
may be because certain critical features were not nastered
earlier in devel opnent or because the sound was confused

with on whose features appeared earlier in a feature set.

Weber (1970) studied articul atory behavi our of 18
subjects with msarticulation using features (place of
articulation; manner of articulation and voicing). He
found that a set of abnormal rales governs the deviant -
articulation behaviour. He found six sets of rules as

bei ng used by these cases with msarticul ation.

He also established therapeutic strategy aimng at
teaching features rather than individual consonants. The
treatnent was based on two principles. 1) To teach either
the entire pattern or category. 2) To teach the child to con
trast correct feature with incorrect feature throughout

all the stages of therapy.

Conpton (1970) anal ysed substitutions in the arti-
cul atory behavi our and denonstrated that the patterns
underlying msarticulation stens fromsnall nunber of under-
| yi ng phonol ogi cal principl es. These principles are the
core of deviant articulation and therapy should be directed
towards nodi fying these underlying rules. He enphasized
the role of distinctive features in articulatory; acquisition

devi ati on and correction.
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M. Reynol ds and Huston (1971) anal ysed m sarti cu-
lations of 10 children and provided on index to quantify
feature errors. This index was conputed by dividing

the nunber of correct usage of feature by nunber of
occurrence of feature in the test situation. They felt
that application of distinctive features for diagnosis

and therapy in articulation disorders is both economca

and efficient. Economcal, because teaching one feature
corrects all the phonenes containing that feature. Efici-
ent because, distinctive features are the vehicles for pho-
nol ogi cal anal ysis, and these provide basic el enental unit
train rather than training many phonenes. Moreover, feature
approach gives precision in articulation training program
by dividing the errors into two groups; (a) Errors due to
om ssion of features, (b) Errors due to inappropriate usage

of features.

“"More intelligent clinical managenents of deviated
articulation is possible, through distinctive feature ana-
| ysis". A phonol ogical analysis of a child s speech with
defective articulation was done by M Reynol ds and Huston
(1971) at 3 intervals of age; and the analysis at each age
was conpared with adult nodel to reveal the rules of child's
phonol ogi cal conpetance. The results indicated the way in

whi ch the systemchanged, maintaining in internal order, but
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gradual |y approximating that of the adult model. The
study indicated that distinctive features offer a base
for measuring the severity of a child' s articulation
problem measuring progress in articulatory skill
accounting for varying degrees of intelligibility

among speakers with defective articulation, recommending
therapy and planing and inmplimenting the therapy pro-
gram  The distinctinctive features can be used to pre-
dict intelligibility of speech also. The intelligibility

of speech depends upon:

1) The inportance of the feature used and m sused in carry-

ing information in a particular language.

2) The number of features used and m sused.

The distinctive feature approach may be initially
time consum ng, but it brings about better understanding

of the problem (Pollack and Rees; 1972).

Mc Reynol ds and Bennett (1972) have discussed the
generalization of features across phonemes. Three child-
ren were taken for feature training in the context of non-
sense words; first at initial, and then at the final
position. The training was given in programmed steps.

The steps contained |earning of a + or - aspect of a
features, then contrasting + and - of a feature and

lastly contrasting + and - aspect in varying contexts.
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The programe was conpl ete when 90% accuracy was

achi eved. Feature generalization across the phonene was
found. The nethod was described as highly econom cal

and el egant because the goal was to rectify the system
rather than individual sounds. A feature nay be a conpo-
nent of several sounds, if the feature is established in
the context of one sound, all other sounds, bearing that

feature are autonmatically corrected.

Feature generalization across phonemes during the
articulation training was found by Griffiths and Crai ghead
(1972) also Singh and Frank (1972) tested 90 children for
consonant articulation problems using distinctive feature
anal ysis and concl uded
a) that the nmost recently acquired phonenes are replaced

most of ten.

b) Phonenmes used as substitutes are nore often the ones
| earned earliest

c) Stop feature is the nost frequent replacement for other
manner features.

d) A place feature is substituted by feature which is the
closest and nore frontal in place and same in the
manner of production.

e) Stability and interphonemc simlarity are the main

principles governing substitutions.
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O ler (1973) investigated application of generative
phonol ogy to speech sound substitution of 5 children. The
results indicated that the use of distinctive feature sys-
temcan help in searching for retularity and systematicity
in seemngly irregular phonol ogical system G ler and Kelly
(1974) observed that the hard of hearing child s substitutions

were simlar to that of younger nornal children.

Leonard (1973) described two patterns of articulation
deviation. 1) Phonological immaturity, 2) Deviant arti-
culation, where in the children do not follow the nornal
process. He further stated that the first group may grow
out of the problemwth tine but the second group needs

immedi ate clinical intervention.

Kelly et al (1973) stated that the classical articulation
tests (Tenplin Darley Test ) are the unitary measure of the
patients articulatory performance, where as the distinctive
feature test is a nmeasure of differential skill on a
nunber of parameters reflecting the patients' under | yi ng
conpetence. The later, thus gives the precise and efficient

description of the problem

Kamara, Kamara and Singh (1974) anal ysed substitution
errors of 77 children with Kamara-Kamara and Singh articu-
lation test of distinctive feature conpetence, and obtai ned
feature gram profiles. Further they grouped the subjects

depending on feature gramprofiles as foll ows: -
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Groups Characteristics Feature-gram
Pat hol ogy, | esi on steady loss at all 7 features
organic (l ess than 50%

Ret ar ded Dip at voicing
Cleft palate More than 70% for all features

except front/back place and
sonorancy.

Functi onal Poor scores for place, better for
sonorancy and nasality.

Specific |earning Significant dip at the features

disability front/back place and labiality.

Costello (1975) described a procedure of application

distinctive feature in diagnosis and therapy.

Pre treatment measurement of articul ation.

1. admnister general articulation test to isolate
phoneme errors.

2. deep testing.

3. Distinctive feature analysis.

4. select appropriate feature for training and sel ect
appropriate sound as a vehicle for instruction of
these features.

| nstructions:

1. Teach 3-4 phonemes together

2. Teach correct phoneme in connected speech
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c) Post treatnent neasurenent of articulation:-

a. assess the progress with the test given before.

M Cal l um (1975) studied 50 children with articul a-
tion problemusing M Reynold and Huston's (1971)
technique of distinctive feature analysis. She did
subj ective analysis and found various patterns as
related to each etiology. She concluded that distinctive
feature patterning along with other data can prove to be

a useful tool in differential diagnosis.

Castell o and Onstine (1976) evaluated the effective-
ness of remnediation procedures based on distinctive
feature theory through the admnistration of an articul a-
tion programme and concluded that distinctive feature

training could produce cross. phonene generalization.

Ferris (1978) analysed articulation errors using
distinctive feature systemfor 14 children, and found that
all children had difficulty with strident and high fea-
tures. There was a difference between young and old
subjects indicating that defective speakers progress throug

the sane stages as nornmals but at a slower rate.

Kim (1978) gave anal ysis procedure for deviant arti-
culation using features. He suggested follow ng steps.
1) Admnistration of deep articulation test.

2) Segnental feature, anal ysis:
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(a) analysis of test phonenes

(b) finding out sumof total nunber of phonemes

tested.
(c) Finding out frequency of correct responses.
(d) Analysis of incorrect responses.
(d) Counting frequency of incorrect responses
(f) Finding out number of cofrect usage.
(g) Finding out the sumof difference between correct

and incorrect responses.

Kim (1978) concluded that the feature analysis is a
tool for articulation testing but he contraindicated

conplete feature analysis when few errors are made.

Wei ner and Bernthal (1978) proposed a test of arti-
cul ation based on distinctive features. This test has
two | evels (1) To screen children's speech for pattern of
feature errors (2) In second level a particular feature is
selected and all the sounds in that |anguage consisting of
test feature are presented to note the frequency of correc

or in correct usage of particular feature.

Based on their clinical experience they suggested
several criteria for selection of a feature for training.
These criteria are: (1) Redunduncy (2) Number of feature
error (3) Ease of articulation (4) Acoustic contrast (5)
More visibility (6) Higher frequency of usuage (7) Physio-

[ otical readiness.
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Bl ache (1980) gave a linguistic approach to distinc-

tive feature training. This nmethod contains four steps.

1. The child nust understand that the two contrasting
words (mninmal pair) differ in their nmeaning.

2. The child should discrimnate the two words.

3. The child should produce the mninal pairs which are
taught in response to picture stimli.

4. Ceneralization.

Metz et al (1980) found a |ack of generalization from

one phonene to other in hearing inpaired adults.

D stinctive features have been utilized to anal yze
phonol ogi cal behavi our of apraxic and devel opnental Dys-

praxi c individuals.

The distinctive feature analysis of defective articulati
showed 2-3 feature errors. One place error and om ssion were
found to be significant characteristics of Dyspraxia (Yoss

and Darley; 1974).

Klich, et al (&80) analysed 825 consonants using
distinctive features. The subjects were 9 apraxics. The
result indicated that substitution patterns were systenatic.
More substitution errors were nmade in initial word position
and on stops sounds. The retention and use of the features
in the substitutions were closely related to the phonol ogi cal
mar kedness of the features. The marked was substituted by

unnar ked.
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These findings supported the contention that errors
are due to phonol ogi cal deviation which are nanifested
I n peripheral articulation changes. The consonant produc-
tion is nade sinpler and the patterns resenbl e acquisi-
tion of articulation in childrens which supported

Jakobson' s hypot hesi s.

| nvesti gati ons have expl ored phonol ogi cal behavi our

of aphasics with distinctive feature anal ysis.

Martin and Regrosky (1974) described the phonemc
substitution errors nade by a group of 15 aphasics in
senmanti ¢ and nonsenmantic stinuli 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 subsitutions inb5
Broca's aphasic's using distinctive feature system and
mar kedness anal ysis. The tendency to use |ow vowel s for high
vowel s was observed. This nmay 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 8ts origin in the early Prague
school of Linguistics. This theory says, that all features

conposition a phonene may be assigned a 'nmarked’ or 'un-

mar ked' value. The marking systemindicates a relative
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conplexity attributable to articulatory, and perceptua
factors. Wien a feature is 'nmarked’ in a phonene, it
indicates that in that phonene that feature may require nore
articulatory or perceptual effort than in a phone in which
it is "unmarked' , whether a feature assunmes a 'narked or
‘unnmar ked' val ue depends upon the other features present

in a phonene. The conplexity of phonenes is equal to the

sumof its marked features.

Cairns and Charles (1969) prepared a table for 'nmarkedne
i n which marked and unmarked val ue of features in the context

of different phonenes are presented.

Children with msarticulation showed a typical pattern
of substitution of features fromnore narked to |ess
marked. The direction of change fromnore difficult to
easy features could be expl ai ned using ' markedness' theory

(Gairns and Wllians, 1972).

Vi ner and Bernthal (1976) did not find support fort
‘mar kedness' theory in their investigation of nornmnal

feature acquisition in children.

Marquardt, Reinhart and Peterson (1979) did 'narked-
ness' anal ysis of phonemc substitution errors in apraxic
speech. The results showed hi gher error rate in phonenes
with high 'markedness'. The directional changes in substi-
tution were from' marked to unmarked' . These findings

indicated that an 'apraxic' tries to reduce the conplexity
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of articulatory gestures for phonene production. Thus
the DF. systemis useful in describing the articulation
in normals and abnormals. The D.F. systemis not only
useful in analyzing the production of speech but also

in the exception of speech.

The role of distinctive feature in perception of
phonenes has been considered as vital (Singh, 1976). It
has been found that in perceiving speech sounds, the
listener is invoked by the distinctive features. The fea-
tures are the underlying attributes of perceptual proce-
ssing and thus speech sound perception and speech sound dis-
crimnation can be measured and quantified based on distinc-
tive features. The application of distinctive features
increases the efficiency and precision of eval uating speech

sound perception.

1) Speech sound perception in nornmal hearing individuals:

MIller and N cely's (1955) study showed that nasality
and voi ci ng show greater strength, ie. greater information
transmssion that the features duration, frication and
pl ace of articulation. The different features did not hold
simlar ranks in speech perception. The rank order was
as follows: Nasality 62% voicing 59% Duration 41% Fri -

cation 40% and place of articulation 27%
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Singh and Bl ack (1966) did a cross | anguage experinent -
where, listeners of H ndi, English, Arabic and Japaneese
spoke and identified the identical set of 26 consonants in
contexts of 2 vowels. Purpose was to establish a comon
set of paraneters or features across the four |anguages and
to investigate the Universal application of a selected
group of consonantal features in speech perception. Rank
order obtained was (1) Nasality (2) place (3) liquid (4)
voicing (5 Duration (6) Frication (7) Aspiration.

Klatt (1968) did a study on the structure of confusions
In short termnenory between English consonants. There

seens to be a natural.

Singh (1968) studied the errors in nmultiple choice
intelligibility test, and Black (1957) studied the msarti cu-
| ations by distinctive feature system The results showed
| i near co-relation between the nunber of errors and distinc-

tive feature differences.

Ahnmed and Agarwal (1969) investigated the infornation
transmssion in 29 consonants in Hndi at the initial position
and final position, in C/C syllable. They found that the
features nasality and aspiration had nost pronounced difference

between their ranks both in initial and final positions.

Qupta, Agarwal and Ahned (1969) determned the effect of

clipping en the intelligibility of the consonant and features
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and to find out the amount of information given by
initial consonants and final consonants and to note
differences in consonant perception for these two posi-
tion. Analysis revealed that the rank order of features
in initial position was from most to |east susceptable

to clipping was place, nasality, liquids, and continuency.
In the final position of the syllable the greatest amount
of clipping effect was seen for the feature frication and

nasality nd smallest for affricates.

Kennedy and Shankeveiler (1969) did a study on the
hem sphere localization for speech perception. CVC
syllables were given in dichotic pairs. Results revealed
t hat significant right ear advantage was obtained for
initial and final stop consonante and for the features
of voicing, and place of production in stop consonants.
They concluded that specialization of dom nent hem sphere
In speech perception is due to its possession of a lingui-
stic device and not due to specialized capacities for

auditory analysis.

Singh (1971) from a study concluded that (1) The
di stinguishing characteristics of voicing feature
I mproved in noise and deteriorated in quiet.
2) Frication improved in quiet and deteriorated in noise.
3) Even in competition with other features, in quiet
condi tion, voicing feature was stable.
4) Noise charactersitics of a friction were easily |ost

In the experimental noise.
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5. Nasals, liquids, glides were mninally affected by

filtering and noi se.

Wang and Bilger (1973) found that nasality, voicing
and roundness were perceptual ly inportant whenever they
occured. Nasality was the best, perceived feature in this

st udy.

Tannahi || and Mc Reynolds (1972) investigated sane
or different discrimnation task in 30 nornmal hearing
subj ects. By passing the stimuli via |lowpass filter, the
di scrimnation task was made nore difficult. The 45 consonant
were enbedded in CV syllables and they differed by 0, 1, 2
features. The features used were voicing, nasality affric-
tion, duration, and place of articulation. They concl uded
that greater confusion occured when contrast was 0 or 1 featur
and discrimnation of consonant pairs was differentially
affected by the nunber of opposing features contained in
each pair. Thus features provide acoustic cues to discrim-

nat e speech sounds.

Singh and Bl ackman (1974) anal yzed errors using distinc-
tive features analysis, on nodified Riyne test, for 25
normal college students. The results indicated perfect
correl ation between nunber of feature differences and
percentage of errors made. The percentage of errors decreased

wth the increase in the nunber of feature difference.
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Bi nnie, Mntgonery and Jackson (1974) studied
per ceptual confusions of 16 English consonants presented
to nornmally hearing subjects under auditory visual and
conbi ned conditions in varying signal to noise ratio condi-
tion. The information transm ssion anal ysis and percent age
correct intelligibility was found out for an articulatory
feature class system The results indicated that in audi-
tory condition the features nasality and voicing were | east
affected by noise and place of articulation was nost affected
In visual node subjects categorized phonenes into discrete
honmophenous groups. In the conbi ned node, the visual channe
reduced place errors in various signal to noise ratio Condi-

tions.

Dahhauer et al (1978) studied short ermnenory recall
for 18 consonants with /a/ in varying SN ratio, and subjects
were 3 normal listeners. The results were anal yzed by
I ndi vidual scaling nethod and the anal ysis indicated that
the errors were fewin 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 pl ace feature was not.

2. Rel ationship between speech sound perception and production

Willianms and M Reynolds (1975) investigated the effects
of discrimnation training on production of speech sounds in
4 subjects. They concluded that production training was
effective in treating both production and di scrimnation

where as discrimnation training changed only discrimnation.
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Kunmadaval I'i (1973) studied the relationship between
articulatory performance and discrimnation in school going
children. A test of discrimnation in Kannada using dis-
crimnation in Kannada using distinctive features was deve-
| oped. The test consisted of mninmal pairs having one or
two distinctive feature difference. The picture pointing
responses were obtained. Using the sane pictures articul a-
tion was tested. The discrimnation and articul ation of
each itemwere then conpared. The results indicated that

production al ways preceded perception.

3. D chotic Speech Sound Perception: -

The literature in speech perception indicates that
perception of vowels and consonants depends on different
cues. Vowels are perceived based on acoustic or auditory
cues available. Consonants are perceived based on extrac-
tion of linguistic features or acoustic restructuring of
auditory paraneters into so called 'encoded phonetic
paraneters. Thus different perceptual strategies are
enpl oyed to decode vowel s and consonants and are al so

| ocalized in right and | eft hem spheres respectively.

Fusi saki and Kawashima (1969) found that vowel
percepti on had same processi ng nechani sm as consonants,
when their acoustic characteristics are changed, e.g.

reduci ng the duration.
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Cystal and House (1969) found that the major differ-
ence between the vowels and consonants is their inherent
intensities. They found mninal difference in ear pre-

ference when the intensities were equalized.

Studdert, Kennedy and Shankweil er (1970) investigated
role of dom nant hem sphere in the perception of both
vowel s and consonants. The results indicated signifi-
cant right ear advantage for initial and final stops and
nonsi gni fi cant ear advantage for vowels. The significant,
ear advantage for articulatory features place and voicing
proved that specialization of the dom nant hem sphere in
speech perception, and is due to its possession of a |ing-
uistic device. It is reported that both the hem spheres
have capacity for auditory analysis. Ability of the
dom nant hem spehre to perceive consonants is considered

as due to its ability to extract linguistic features.

Day and Vigorito (1972) dichotically presented syntheti
syl | abl es containing plosive, liquid, and vowel categories
for tenporal order judge-nments. Stop sounds had right
ear advantage liquid showed no ear advantage and vowel s

had | eft ear advantage.

Col e and Scott (1972) found that the reaction tine was

greatest when pairs of syllables were nost simlar.
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Bl unstei n and Cooper (1972) found that the dis-
crimnation task was better when the consonants differed
by nore than one feature. The feature differences in the
i dentification task had to be scored in short termnenory
as well as be processed for discrimnation. Thus indica-

ting that a | oaded system and resulted in poorer scores.

Bl unstein, Tartter and M chael (1973) studied
perceptual reality of manner features in dichotic |is-
tening. The manner features were presented in CV context.
The results indicated clear cut right ear advantage for
consonants. The findings showed that riqght ear advantage
was nore for fricative and stops than nasality. In
1977 they found that perception of vowels was not

| ateralized.

Hayden, Kirstein and Singh (1979) evaluated the role
of distinctive features in 21 dichotically presented syll-
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 also affected
identification. There was dom nance of un-narked speci -
fication over marked one. This may be due to the fact
that the stress of the dichotic presentation situation

| eads to sinplification of response.

In conclusion it may be stated that "Those speech
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sounds which are highly encoded are dependent on perceptua
decodi ng by specialized | eft hem sphere processors”

(Li bermann et al 1987).

The review so far shows the role of distinctive
feature in the perception of speech sounds attenpts have
been made to anal yze | anguages to note the role of differ-

ent DF s in them

D fferent methods of analysis of D Fs have been used
the acoustic net hod has been used by Jokobsen, Fant and
Hal le (1952). They proposed 12 binary, Universal fea-
tures using acoustic terns based on the ' Spectrographic
anal ysis. They denonstrated cl ear acoustic distinction
bet ween consonants and vowels. They believed that in no
| anguage all these features are used. Based on 'Received
pronunci ation' of English they specified 7 features to

descri be the English | anguage.

| nvestigators at Hakins' |aboratory have tried to
find distinctive characteristics wth the use of speech
synt hesi zers. They have found that the voice onset tine,
I n harnoni ¢ noi se duration, Forman frequenci es and fornmant
transitions are some of the acoustic cues which help to

discrimnate the speech sounds (Libernman et al 1952).

Massaro and Q(den (1980) studied identification of
synthetic stop consonants as either /bret/, /pret/,

/dret/ and /tret/ in two experinments in which the
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stimuli varied independently on voice onset time (VOI)
and formant transition (F,, F3). In experinment two,
the intensity of the aspirated noise during the VOT
was varied. The result indicated that there is inter-
action in the evaluation of acoustic features and the
l'isteners need more extreme values of acoustic features

for some speech sounds than for that of other sounds.

Soli (1979) investigated the utility of phonetic feature
versus acoustic properties for describing perceptual rela-
tions 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 relation anong speech sounds.

These acoustic properties are:

1) Tenporal relation between periodicity and burst onset.
2) Shape of voiced first formant transition.

3) Shape of voiced 2nd formant transition.

4) Amount of spectral dispersion. Thus he stressed on

acoustic properties of speech signal for distinctions.

The spectrographic techniques introduced by Bell
Tel ephone Laboratory are still most inportant means of

knowi ng the characteristics of speech waves.

Vowel s and voi ced sounds possess periodic or rather
quasi periodic wave forns and accordingly displav harnonic

spectra. The fine structure areas as a result of opening
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and cl osi ng novenents of the vocal cords periodically
nodul ating at the rate of F, which is the fundanenta
frequency. In narrow band spectrograns F, is the harnonic
spacing and in broad band spectrograns F, is the tine

I nterval between successive striations each reflecting

a single voice cycle. The air cavities within the

vocal tract act as a multi-resonant filter on the trans-
mtted sound and inpress upon it a correspondi ng fornant
structure super-inposed on the harnonic fine structure.
These can be seen as F;,, F, and F3;; which are nmain deter-
mnents of the phonetic quality of a vowel. They are
conceptual ly contained in the term'F-pattem, nore

or less continuously across the often sharply timne

| ocal i zed breaks in the spectrogranhic time-frequency-
intensity picture. Each position of the articulatory
organs has a specific 'F-pattern'. The tinme variation of
the 'F-patter' across one or several adjecent speech
setnments are referred as "F-formant transitions”, which

are inportant cues for the identification of consonants.

Conti nuous el enents of speech are due to the conti -
nuity of the position of the articulators; descrete breaks
being mainly due to shift, manner of production, that is
a change in active resonator system etc. Spectrograns
m ght convey an overflow of data. Binary coded pattern

aspects as well as quantized paraneters data belong to
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the inventory of such specification.

Wien processing the spectrographic data in connected
speech the first object is to identify the boundaries
of successive sound segnents. A phonene may be physically
encoded.into smaller or greater extent in the pattern aspect
of several adjacent sound segnents. For Eg: Stop sounds
are consi dered as nade up of the occul usion, burst, the
explosion transcient, a short fricative and a /h/ sound.
Identification of a features are based on the foll ow ng
paraneters. (1) Duration, (2) Intensity (3) Energy
(4) Voi ce fundanental frequency (Fy) (5 The 'F pattern

( Fy, P, Fs etc) (6) Formant structure (frequency
intensity distribution, spectra) (7) Fine structure -

refering to speech production, the source.

Articul atory Mt hod: -
This nethod was used by Chonsky and Halle (1968).

A uni versal set of phonol ogi cal features was devel oped based

on the phonol ogi cal theory of generative grammer.

They described the articulatory features of universa
sounds. The features are binary and are defined by antony-
nmus adjectives. The vocal mechanismwas considered in terns
of source, areas of vocal tract involved, position of the
tongue in relation to different areas and al so oral and nasal
cavity differences in terns of volume. Eg. coronal/non-

coronal - Coronal feature present in sounds which are produced
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by the blade of the tongue raised fromneutral position.
Chonsky and Halle (1968) believed that the features extra-
cted by this articulatory nethod provide a representation of
utterance which can be interpreted as a set of instructions

to the physical articulatory system

Recently Wi ner and Bernthal (1976) proposed a set
of phonetic features. The features are related to articu-
| atory characteristics of speech sound production. The
features were intended (1) to represent the essenti al
articulatory characteristics of all speech sounds (2) To

provi de neans for aberrant speech production.

Per cept ual net hod: -

This nethod deals with the question of perception of
speech sounds in the frane work of a theory of speech per-
ception. It is believed that distinctive features are the
bases of decoding auditory stinmuli. The distinctive fea-
tures play a great role in perception of speech stimuli.
In this nethod the features are retrieved fromvarious

statistical analysis.

Per ceptual nethod has been used by MIler and N cely
(1955), Singh and Black (1969), S ngh (1968), Wckel gren
(1966) for consonants and by Shepard (1972); Singh and
Wods (1971), Terbeek and Harshman (1971).
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Singh (1975) describes these perceptual methods as
1) Designation of ,apri ri features to predict perceptua

responses.

2) Extraction of aposteriori features fromthese responses.

In Apriory designation of a feature systemto predict per-

ceptual response: method the experimenter determ nes how

and based on how many di mensions the date will be analysed
prior to analysis. Thus a feature system is proposed and
then the experimenter evaluates the strength of the pro-
posed feature system based on perceptual responses. The
strength of a feature system as a whole and also the rela-
tive importance of each feature in given feature systemis

determ ned; based on perceptual responses.

The importence of distinctive features in a |anguage
I's determned by presenting the distinctive feature in ques-

tion in any of the follow ng conditions.

1) conditions of acoustic distortion noise and filtering of

the stimuli (MIler and Nicely 1955).

i) Cross linguistic settings (Singh and Block, 1966).
iii)Recall in short termmemory (STM (W ckelgren, 1966).
iv) The utilization of choice reaction time as a measure
of distinctive feature differences between the phonemes
(Cole and Scott, 1972, Weiner and Singh , 1974).
v) The judgement of pairs and traisl of speech stinuli
utilizing various psychol ogical methods for exiciting

perceptual responses (Singh, 1970b; Singh. 1971
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Singh and Becker, 1972; Wang and Bilger, 1973).

Singh (1976) stated that "while all of the above stu-
di es prove unanbi guously that all features of a given
system are not of equal inportance, they do not agree
regardi ng the explanatory powers of a given feature
systenm. Limtation of the above system are:
1. It leaves to choose the features arbitrarily
2. It lacks flexibility
3. It does not have the provision of adding a new feature

and elimnating a known one.

2.1n Extraction of apsoteriori features frompercept ual

responses nethod one can over cone the di sadvantages of
apriori system Here the features are retrieved with the
hel p of various statistical nmeasures fromthe perceptua
data collected. The features are selected fromthe data

and then the feature systemis established.

The various net hods of collecting perceptual data are
(1) Simlarity judgenent by triadic conparison (2) confu-
sion matrixes (3) Mgnitude estimation by 7 point scaling

(4) choice reaction tine. (5 Sane or different judgenent.

The data collected by these various perceptual method
can be subjected to different statistical analysis nethods.
They are: (1) Factor Analysis (2) Contingency tables
(3) Multi dinentional scaling Analysis (4) |Individual

scal i ng anal ysi s.
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Conputer Analysis: - As the distinctive feature anal ysis

Is too |l aborious and tine consumng, the |atest trend

Is to study the distinctive features in msarticulation
cases with the help of conputer technology (A bert et al,
1981) In order to provide a rapid, accurate and efficient

nmet hod, t he conput er anal ysi s has been devel oped.

Tel age (1980) did a study on the conputerized pl ace-
manner distinctive feature programme for articul ation
anal ysis where in the primary objective was to poi nt out
the patients articulatory behaviour that contributes maxi -
mumto msarticulation. Primary utility of the conputer-
I zed analysis was to generate specific detailed inforna-

tion of devel oping individualized strategies for therapy.

El bert, Laman and Bruce (1981) anal yzed m sarticul a-
tions using conputer technology. The wanted to devel op
programme wherein the clinician could enter the data
directly froma vedio termnal to a conputer. The conputer
programre followed the steps of feature anal ysis given by
M Reynol ds and Engnmann (1973) based on a feature system
of Chonsky and Halle (1968). The programre witten
in Fortran was devel oped on Control Data Corporation 6600/
Cyker 172 conputer. It required 50,000 words and when data
entry was conpl eted, the programme cal cul at ed.
| ) The nunber of tines each feature was used correctly for

t he phonene tested. )



2. 47

2) The plus and m nus aspects of each of the 13 features.
3) The percentage of times that the plus and m nus aspects

of a features used incorrectly.

The review of various methods of extracting features
froma |anguage reveal that articulatory, acoustic and
perceptual methods can be used independently. It can
be postulated that conmbination of more than one method
may be useful in obtaining substantial results and it
may also reveal the correlation of the results of one method

to that of others.

The concept of distinctive features has been found to
be useful in studying (1) articulatory behaviour (2) Speech

sound perception and (3) Phonol ogical acquisition.

One of the most of ten quoted advantage of the dis-

tinctive feature systemis, its economy and efficiency.

The method of teaching articulation Using D.Features
Is time saving, because many m sarticul ated sounds can be

corrected by correcting one or two features.

This process of teaching the feature and $ts genera-
|'ization has greater validity since by introducing the
feature, the correction becomes more control and stable,

then mearly correcting a ms-articulated sound.
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A feature-gramis preferred to the traditional speech
discrimnation or articulation tests (Danhauer and S ngh
1975). Processing of phonenes of hard of hearing can not
be predicted by pure-tone audiogram which deals with
specific frequencies. The speech discrimnation does not
present an interaction of the ear and the crucial properties
of speech sounds. Phonene perception is a function of
distinct articulatory features of consonants and vowel s.
Plotting patients speech discrimnation or articulation
scores in the formof features will nore neaningful. By
| ooking at the feature gramone can play therapy better.
Thus the feature gramcan be used for diagnostic, prognostic

and therapeutic purposes.

The use of the binary principle in the distinctive fea-
ture system enables the analysis to be done by a conputer
system Further the nervous systemhas been found to anal yze

the information using binary system

Martin and R grodsky (1974) state one of the advan-
tages of the distinctive feature as that it serves both as

a aid in phonol ogi cal anal ysis".

D stinctive feature anal ysis can be applied to any

clinical population for diagnosis and therapy.

Distinctive features are used in the production of

Conput er speech and in speech synthesi zers.
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However, sone have considered that there are certain

limtations in the use of these distinctive features.

The analysis of the distinctive features is a very
| abori ous and time consumng one. In order to overcone
this problem conputers can be used, but it is costly,

and may not be available to all.

Postal (1968) wites that "the classificatory |eve
of disti ctive features does not really think of the fea-
ture relavent for the discription of phonetic detail, i.e.
not thinking of themas premtives of narrowest phonetic
representation required to give pronounciation instruc-

tions".

La Rviere et al (1974) assessed the conceptua
reality by a sorting task suggested by Wnitz (1972).
A series of sounds were presented several tines in random
order, and the subjects were asked to assign sounds to one
of the two categories. The subjects in control group.
classified the sounds only with the help of paired asso—
ciation, where as experinental group could classify the
sounds both on the basis of distinctive features and
pai red association. The features used were voice, nasal,
continuent, strident and vocalic. The results indicated
that there was difference between experinental and contro
group. This difference was consi dered as due to the use
of features nasal, Strident, and vocalic by experinental

group, voice and continuent features were considered to
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be not useful in sorting and consi dered conceptually

not real.

Ritterman and Freeman (1974) supported the above
view and found no significant differences in performance
as a function of nunber of the irrelevant dinmensions nor
characteristics or relevent dinensions. The results
i ndi cated that no perceptual dinension (Feature) was nore

i nportant than the other.

Wal sh (1974) criticises the feature systenms which give
i nportance to structure of phonol ogical contrasts and
ignore the concrete manifestations, and questioned the
applicability of feature systemput forth by the prague

school of |inguistics.

Leonard (1974) states that the distinctive features
serve two functions - As abstract classificatory function
and the phonetic function. At the abstract |evel, the
features assunme two values + and - , at the phonetic |evel
they are physically represented and they may indicate ranging
degree of + or - paraneters. An instructor should use

t he phonetic |level and just not binary specifications.

Par ker (1976) conpared existing distinctive feature sys-
tenms and has drawn the attention to the fact that all the
feature systens are not the sanme. They have different
theoritlcal backgrounds. Sonme (Chonsky and Halle, 1968)

have a strong theoritical support where as sone (Jakobson,
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Fant and Halle, 1955) do not have it. Parker (1876)

al so pointed out the abstract representati on of phonol o-
gical feature system and advocated to add a production
matri x to consi der physiol ggi cal phenonena and to relate

themto abstract entities.

Singh (1976) puts several limtations together for the
distinctive features which do not consider co-articulation
and timng factors in speech production. Mreover they may

vary wth dialects and prosody of the speaker.

Lund and Duchan (1978) states that distinctive
feature approach does not detect w thin phonene errors;
and does not reveal consistency unrelated to features and
al so does not explain omssion, where error-target nmatching
IS not possible. The authors advocated a multifaceted
approach to overcone the l[imtations of the various indivi-
dual approaches. This nultifaceted approach included
phonem c anal ysis, feature analysis context sensitive
anal ysis, reduplication analysis, assimlation analysis
and idiosyncractic analysis, and they found this approach

to be useful.

Thus it can be concl uded that sone nore intense
research is needed in this field. But inspite of all
these [imtations, the distinctive feature concept is
still considered as a valid and useful tool) in the studies

I n speech science and in the speech correction.
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Speech pathol ogy is a behavioral science which deals
wi th the understandi ng, assessnment, and treatnent of speech
and | anguage di sorders. This necessitates a good under -
standing of the patient, and in addition, the |anguage to be
taught. The situation in India, wthits miultiplicity of
| i ngui stic groups, presents itself, additional problens
in that the speech clinician may have to work w th | anguage
non-native to him Recently there has been great enphasis
on distinctive feature anal ysis of speech. Various |anguage
have been anal yzed to obtain D Fs underlying them However

there are very few studies on Indian | anguages.

Ahnmed and Agarwal (1969) attenpted to find the
significant features of Hndi consonants. A quantitative
procedure was adopted to ascertain the features that were
nost significant to the listeners and to note whether or no
they are simlar in initial and final positions. The
anmount of information transmtted in bits/stinulus was
also calculated for a given feature. Results indicated
that semvowels and afficates were nost intelligible and
t hat maj or iconfusions existed anong pl osives. In both
positions, confusions occur nost frequently between con-
sonant cl asses distinguished by a single feature. 1In the
initial position, confusions generally arise due to manner
of articulation, and in final position confusions arise in
ternms of place of articulation. They also found that initi
and final vowel transitions play a very inportant part in

recogni tion of consonants.
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Somasundaran (1972) has done a contrastive study on
phonol ogy of Kannada, Telugu, Tam |, and Mal ayal m| anguages
based on distinctive features. Heven (11) distinctive
features were proposed and they Here:

(1) Vocalic (2) Consonantal (3) Nasal (4) Continuous
(5 Tense (6) G ave (7) Conpact (8) Flat
(99 Dffuse (10) Sharpe (11) strident.

Based on the analysis it was found that Ml ayal am | angua-
ge has the maxi mum nunber of feature distinctions, and maxi-
mum nunber of phonenes, anobng the four | anguages studi ed,

i .e. Mal ayal am Kannada, Tam | and Telugu. Features
one (1) to nine (9 were common to all |anguages where as
11th was significant in Tam| and Mal ayalamonly and 10th

was significant only in Ml ayal am

Ful guni (1981) established a distinctive feature system
for consonants in Qujarath. 65 mninmal pairs were construc-
ted using 32 consonants. Features proposed were Voi Cing.
Nasal ity, | abial, Al veolar, Dental, Retroflex, Velar, Aspira-
tion, Affrication, semvowel, Lateral, Flap and Frication.

She has anal yzed using both receptual and acoustical nethods.

The concl usions nade fromthe study were, (1) thereis a
distinctive feature systemin Qujarati |anguage (2) It can
be proposed based on phonetic description (3) Al distinctive
features have a definite acoustic characteristics (4) Al

features do not carry equal inportance for speech perception.
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Val entine (1977) proposed a systemfor classifying

phol ogi cal systens into the follow ng features;

1) Back/ Non-Back (2) Nasal/Non-nasal (3) Costruent/
Non-obstruent, (4) continuant/Non-continuant, (5)Retracted/
Non retracted (6) Retroflex/Non-retroflex? (7) Aspirate
Non-aspirate, (8 Palatal/Non-palatal (9 Retracted/
Non-retracted non | ateral non-obstruent, (10)Coronal/
Non-coronal (11) lateral/Non-lateral (12) Retracted/ non-
retracted nonconsonantal non obstruent (13) voiced/

voi cel ess. Ramaswany (1980) studied phonetic features
of Taml| sounds. The features necessary to distinguish

vowel s are tongue features (high, |ow and back).

Features necessary to differentiate the consonants
are nonsonorant or obstruents. Stops and affricates are
differentiated by feature continuent. Point of articul a-
tion is also neeessary. The feature anterior distinguishes
sounds that are produced in which are produced at the back of

the al vel o-pal atal region.

Mal i karjuna (1974) found that the native speaker of
Kannada who are not exposed to Sanskrit |anguage are not
able to make-out the differences between aspirated and
unaspi rated recogni zi ng and reproduci ng the same. Spectro-
graphi ¢ studi es showed that aspirates and unaspirates and

unaspirated + 'h' are different.
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Arati (1983) attenpted to establish D.F. systemfor
Mal ayal am consonant's, using both acoustic and articul a-
tory nethods. The following features were found to be
present (1) Back/Non-back, (2) Nasal /Non-nasal, (3)Con-
ti nuent/ Non-continuent (4) Cbstruent/Non obstruent (5)
voi ced/ Non-voi ced; (6) Retracted/ Non-retracted, (7) Retro-
flex/Nonretrofl ex (8) Palatal/Non-palatal, (9X Aspirated/
Non- aspi rated (10) Coronal / Non-coronal, (11) consonantal/
Non- consonant al . However no study of D.F. of Kannada
consonants was available to the present investigator.
Thus to nmake use of the D.F. systemfor the purpose of
construction of articulation and perceptual tests in
Kannada and for the purpose of therapy in Kannada, it was
found necessary to anal yze Kannada consonants for D.Fs.

Therefore the present investigation was undertaken.
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METHODOLOGY

The present study is carried out to explore the
possi bl e exi stence of distinctive feature systemfor
consonants in Kannada and to establish acoustic dis-

tinctive charactersitics for this feature system

The distinctive feature system proposed for describing
t he consonants in Kannada | anguage consists of follow ng
featur s (1) Voicing (2) Nasality (3) Continuent (4)Anterior
(5 Coronal (6) Stridency (7) Lateral (8) Aspiration.
This set of distinctive features are based on distinctive

feature system proposed by Chonsky and Halle (1968).

The consonants considered here are based on the
phonetic classification in terns of manner and pl ace of
articulation of consonants in Kannada | anguage (H renath,

1980) .

This study has been restricted to 31 consonants only,
event hough Kannada has 34 consonants, and 8 all ophones of
t hese consonants. The sound /s/, /&, | % , were not
included in the study because of their frequency of occurr-

ence was very less in the | anguage.

The follow ng experinents were condicted in order to fin
out the efficiency of the proposed feature systemby (1)

Acoustic analysis and (2) Perceptual analysis.
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1. Acoustic Analysis:-

a) Stimuli:- 37 mnimal pairs were chosen consisting
of 31 consonants of Kannada | anguage. These m nimal word
pairs permt conparison of features as words differed from

each other at |east by one features.

B) Equi pnent: - Speech spectrograph (VII1 MK 700) which has
provi sion for continuous recording and to anal yze speech

sanple of 2.4 second duration at a time was used.

C) Procedure:- The 21 mnimal word paris were recorded

using the tape recorder of speech spectrograph on a profo-
ssional. The speaker had tape Kannada as nother tongue
and had no speech and hearing problem The V.U neter of
the tape recorder was used to nonitor the intensity.

A gap of approxi mately, one second was given between words
of a pair. This recording was done in the speech | ab.

of Al.1.S. H

The wi de band spectrograms for each word pair were

obtai ned using the speech spectrograph.

The spectrograns thus obtained were analysed to note
the follow ng characteristics, (i) Voice lag or voice |ead
(ii) Formant transition (iii) Frequency at which concen-
tration of energy is seen (iv) Presence of periodic or

aperiodic energy.

This analysis was done to find the acoustic correl ates

of features proposed.
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2. Perceptual Analysis:- Thi s experiment was divied into
part |, and part I1I.

PART |:

a) Stinmuli Consi sted of 916 words derived from 458 m ni nmal

pairs The mnimal pairs were recorded in a random order
The words were recorded using COSM C recording deck and

pPhilip's m crophone.

b) Subjects:- The subjects were 15 males and 15 femal es.
They were college students having Kannada as their nother
tongeu. They ranged in age from 18 to 23 years. They had
no history of speech and hearing problem and they coul d

read and write Kannada.

c) Procedure:- The tape recorded words were played through
ear phones, to each listener in a quiet room The follow ng

instructions were given in Kanndda | anguage.

%\ %&ﬁ, &a@ BOd) %Fa "B e m@L
U

Q\&
‘N“'\J AL Z%w\ &R ody ,\J, {‘?U) (v \3% Ed > PRA
WQLL\ %—"{- ,“l% \C% Y & ~ ) :
. Q 0 O .C&Jgﬁ: 3o A t%(gg f

(Now, you are going here several Kannada words pairs Please
listen to them carefully. As soon as you hear the word pair,

repeat that word pair loudly as you have heard).

These response of the listeners were recorded using

a tape recorder for scoring and analysis using National
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Panosoni c tape recorder.

The sane procedure was followed for all the 30

subj ect s.

d) Scoring:- The responses of all the subjects were
scored as 'correct' or 'incorrect' by the experinmenter
A response was considered as correct, if the spoken res-
ponse was sane as the stinulus presented. A response
was considered incorrect when the spoken response was
different fromthe stinulus word presented. i.e. when
a sound in the stinmulus word presented was substituted

or omtted, or distorted.

The incorrect responses were further analyzed to find
out the sounds which here substituted and the sounds for

whi ch substitutions were made.

PART ||
a) Stimuli - As in part |
b) Subjects:- 15 males and 15 mal es who were not having

kannada as their nother tongue and/or native |anguage were
chosen as subjects. These coll ege students ranged in age
from18 to 23 years. They had no history of speech and

hearing probl ens.

c) Procedure:- As in part I, but instruction was given

in English,
The sanme procedure was followed for all 30 subjects.
d) Scoring: The spoken responses of all the 30 subjects were

scored as in part |I.
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RESULTS AND DI SCUSSI ON

The results of the two experinments conducted provide
the acoustic correlate for the distinctive feature system
proposed for the consonants in Kannada and al so the

anount of information carried by each distinctive feature.

As stated earlier the proposed distinctive feature sys-
tem for consonants in Kannada consists of 8 features
1) Voicing (2) Nasality (3) Aspiration (4) Anterior
5) Coronal (6) Stridency (7) Continuent (8) Lateral

| . Acoustic Anal ysis:-

W de band spectrograns for 37 word pairs were studied.
The close inspection of all the spectrograns reveal ed
di stinct acoustic characteristics for each feature pro-

posed.

The distinctive acoustic characteristics for the pro-

posed distLncrive features are as foll ows.

1) Voicing:- This feature is studied in great detail
by earlier investigatos (Fry, 1979; Pottet Kopp and Kopp,
1966; Jakobson, Fant and Holle, 1952).

The essential acoustic charactersitics for voicing

di stinctions which can be seen in a spectrogram are:
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1. Presence of |ow frequency energy terned as "Buzz"
(Jakobson, Fant and Halle, (1952) in voiced sound and
absence of this in voice-less sound. The presence of this
charactersitic is marked by voice bars along the base of
the spectrogramwhich are identifiable as vertical stria-

tions occuring at regular interval.

2. Voice onset tine is identififed as voice lead in voiced

sounds and voice lag in voicel ess sounds.

3. The energy concentration in the noi se conponents of the
spectrumeither in stop or fricative sound is greater in

voi cel ess than in voi ced sounds.

Therefore it can be concluded that presence of voicing
feature is acoustically represented by the presence of
1. Regular vertical striations in |ow frequency region which
occur simultaneously with the burst (stop or frication)

I ndi cating voi ce | ead.

2. Decreased intensity of burst when conpared to its voice

| ess counterpart.

These characteristics have been observed An the
consonants of all |anguages. The acoustic characteristics

are shown in the spectrogram gi ven bel ow.

Eg: -
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Eg:
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2. Nasality:- Acoustic characteristics of nasal feature
are described as having a characteristic nasal fornant
at low frequency (200 Hz) and at very high frequency
(2500Hz), and a tail |ike appearance. It has al so been
reported that there is very little high frequency (Danial
OFF et al, 1980; Jakobson, Fant and Halle, 1969; Fry
1979; Potter et al 1966).
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It was observed that |ow frequency formant and tail
like appearance were present for all nasal consonants
studi ed. The high frequency formant was not observabl e.
This may be due to reduced energy concentration at hirh

frequenci es.in nasal sounds.

Therefore it can be stated that nasality feature is
present in Kannada | anguage and it can be identified by
1. Presence of |owfrequency formant,

2. Tail like appearance.

These acoustic characteristics are shown in the

spectrogram gi ven bel ow

“H|\l»ll‘il\l\lllmllnw i l\mldm}ﬂ|Ell\]\\m]‘1\q, — ==
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3. Aspiration:- The feature aspiration is not an inportant

distinctive feature in spoken Kannada, eventhough it is pre-
sent in the Kannda phonem c system Mllikarjuna (1974)
found that the native speakers of Kannada who are not exposed
to Sanskrit |anguage are not able to nmake out the differences

bet ween aspirated sounds and unaspirated sounds.

The acoustic cue for this feature is extra-energy
concentration in aperiodic portion i.e., at high frequencies
mmcing the friction noise in stops, frecatives, and aff-

ri cates.

Therefore it can be stated that the presence of the
feature aspiration, is nmarked by extra-energy concen-
tration in aperiodic portion of the consonants at high
frequencies which is identifiable on spectrogramas dark
patches in the upper portion. A representative spectrogram

I's given bel ow.

i ”' |
1|

l\“llll\llhmu “" t\l“ fi
Wl Y |
L |d3] |83



4.6

4. Stridency:- This feature has a irregul ar wave forns.

I n the spectrogram such sounds are represented by a random

distribution of black markings.

The acoustic cue for this feature is high frequency

turbul ence of (Longer duration and greater intensity.

Therefore it can be concluded that the presence of the
feature aspiration, is marked by a dark, aperiodic portion
of a longer-duration at high frequencies. A representative

spectrogramis given bel ow
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Cont i nuent : - The acoustic characteristics seen in

this feature are: a gradual on set of vibration, which

is continued for a considerable length of time as can

be seen in the production consonants like, /s/,

/rl, |1/ . Wiereas the non continuents present a sudden
burst of vibration <6or a very short duration as can be
seenin/p/l, I'bl, /t/, /d/. Thus the acoustic characteri-
stics seen are (1) gradual onset (increase in intensity with

time) (2) longer duration of vibration.

A representative spectrogramis given bel ow

-y W
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Lateral : - Jakobson, Fant and Halle (1952) state that

| ateral sounds are associated with vowel |ike and consonant
li ke characteristics. The conti nuous bars in them are
representative of vowels and the gaps are characteristic

of consonant parts.

Exam nation of words containing |ateral sounds show
the presence of the small gaps as shown in spectrogram

Eg:-/1/ and /1 /.

wmwum
mmﬂﬂ!lh

s——
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Anterior:- It is not possible to differentiate 'Anterior'
and 'nonanterior' as these sounds vary interns of duration
of VOI and transition of forments. As the constriction of

vocal tract noves backwards, the duration of VOI increases

ChonsRy and Halle (1968) defines that all |abial, |abio-
dental, dental and al veol ar sounds as anterior and pal atel,
retroflex, velar, and glotal sounds us non-anterior. Based
on this places of articulation it is possible to give acous-

tic charactersitics.

Labi al : - Downward transition, |ow frequency peak and

very | ess VOT.

Dental : - Upward shift, higher frequency peak when conpared

to |l abial sounds, |ess VOI.

Al veol ar:- Shortened transition upwards or downwards; high

frequency peak greater VOI when conpared with | abial and den-

tal sounds.
Retrof | ex: - Upward shift and | owfrequency peak.
Velar:- Upward shift of transition; mdfrequency peak,

greater VOI when conpared with other sounds.
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The representative spectrograns are given bel ow.
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Coronal : - The insepction of the consonants with + and —

coronal feature indicate the follow ng acoustic characteris-
tic as distinctive.

1. Gadual upward novenent of F; and gradual downward novenen
of F, in + coronal consonants, where as a sudden downward

novenent of F; and sudden upward novenent of F, in -(voronal.

In acoustic characteristics seen in this feature are a

gradual transition of fornents.

A representative spectrogram is given bel ow

Ny

J& e /




4.12

Thus the acoustic analysis of mninal pairs in
Kannada reveal distinct acoustic characteristics for each
of the proposed feature. Therefore hypothesis five stating
that "Each of the distinctive feature proposed presents

di stinct acoustic characteristics", is accepted.

Thus each feature presents the acoustic characteristics
typical for that particular feature. This further suppors th
hypot hesis one stating that "Kannada | anguage has a distinc-
tive feature systent and the hypothesis (5 that the acoustic
characteristics of features the present experinent are
simlar found in to that of acoustic characteristics of
distinctive features described for other |anguages (like

in English bv Potter, et al, 1966; Fry, 1979; Danial off,
1980).

This suppors the view that the distinctive features
are universal or in other words it can be stated that the
phonene used in different |anguages have simlar acoustic
charactersitics; which points out the fact that the speech

mechani smin human beings is sanme throughout the world.

Thus the distinctive feature systemfor consonants in
Kannada has been established using 8 features. This can
be used in study of articul atory behavi our of Kannada

speakers.
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1. Per ceptual Anal ysis

Part |:-
Anal ysis:-  The response of 30 Kannda |isteners to 916 words
have been anal yzed using a confusion notrix (as shown in

Table 2 )

A confusion notrix is a notrix in which the stiml

and reponses are portrayed.

31 consonants presented to 30 |listeners as they occured
In 916 words are presented in vertical axis of the notrix,
as stimuli. The same 31 consonants as perceived by 30
| i steners and the spoken out responses are represented on
the horixontal axis, as response. The matrix is nmade up
of 916 observation of 30 listeners making it 27,480 obser-

vations totally.

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

occurred.

Further, this confusion matrix for 31 consonants in
Kannada was sub-divided into voice comruni cati on net work
of 8 conponent binary channels of |inguistic features;

based on 8 features proposed.
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Agai n confusion matrices were forned for each of this
linguistic feature. These nmatrices were four fold notri ces.
For exanple: One can construct a four fold confusion notrix
by groupi ng the voi cel ess sounds together as one stimulus and

t he voi ced sounds as the other and then tabul ating the

frequency of voicel ess responses to voiceless stimuli, of
voi cel ess responses to voiced stimuli, and of voiced response
to voiced stimuli; of voicel ess responses to voiced stimuli.

Voiced ' Voiceless

<
o
Q

|
|
|

In all the confusion matrices thus forned show, the
sumof the nunbers in a diagonal |ine indicates the nunber
of correct response, and the nunbers scattered around the

di agonal like indicates error response.

A neasure of co-variance based on information theory
(Shannon and Weaver; 1963) was enpl oyed to cal cul ate
information transm ssion for a conposite phonene channe

and for 8 linguistic distinctive features.
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The fornmul a used is:
T(X,y) = - Pij |ng Pi . Pj

Wher e
Tixy) = Information transmssion frominput variable

'X' to output variable y bits/stinulus.

Pi =n;i/N

Pj = nj/ N

ni = Frequency of stinulus i

nj = Frequency of response |

nij = Frequency of joint occurrence of stinulus, i

and reponse, | in a sanple of N observations.

N = Total nunber of observati ons.

In table (2&4) «cell entries are 'nij'; row suns

nj' and Nis 27480.

are 'ni':; colum sums are

To cal cul ate T,y

Qd= 3 2147 18
oClMalus . |
l c d { C 444




Were N=a +b +c + d.

To find informati on of

4.16

stimulus 8i 8, use the above

menti oned fornula of co-vari ance.
gl & E’) -
a+c a+b a+b b+d
i : : — —
- 0og, + ——loq.,
o a/N - b/N
a+c c+d b+d c+d
1 N = ] N
+ _8__ log, + —1lo P8
= . c#N e é a/N

Thus the information value carried by each feature was

cal cul at ed.

Resul ts and di scussion: -

The percentage of correct response

to 916 words by 30 Kannada |isteners was found to be 21%

By observing the pattern of
around the diagnoal Iine,
two sounds differ in
were | ess; and when the two

f eat ur e,

nore nunber of features,

t hen the confusi ons were nore.

error responses scattered

it can be inferred that when the

t he conf usi ons
sounds differed in | ess nunber of

For eg., More confu-

sion for the phonenes /p/ and / b/ and | ess confusions for the

sounds / p/ and / g/,

wer e observed.
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Tabl e : 3

Tabl e showing information transmssion in bits/stinmulus

for 8 linguistic distinctive features and ranking of the

features according to the anount of information transferred

in case of Kannada |isteners: -

| nformati on Transm -

SI.No.  Ranking Feature ssion in bits/stimlus

1 | Voi ci ng 0. 8024
2 |1 Cor onal 0.7771
3 11 Stridency 0.712

4 IV Anterior 0. 6837
5 v Cont i nuent 0. 6595
6 Vi Nasal ity 0.4284
7 Vi Aspiration 0. 3498
8 VI Lat er al 0. 2816

Total transmssion in bits/stimulus = 4.6948.

Conposi te phonene cannel transmssion = 3.2
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By above indicated results one can know that severa
features play an inportant role in speech sound percept -
ion. These features work i ndependent of each other in the
per ception of speech sounds. But, actually these features
are not conpletely independent. This is supported by the
finding that conposite phonene channel transmts bits/

/stimulus information; where as the total of the infornmation
transmssion by 8 features yielded information transmssion
of 4.6948 bits/stinmulus which is greater than that for a
conposi te phonene channel. This is due to 'cross talk'
or 'overlap' between conponents channels. The difference is

because of redundancy of the |anguage.

The information transm ssion values for different
features, in table 3 , indicate that all the proposed
features do not have equal inportance in speech sound
perception. Sone distinctive features transmt nore
information than the others. Hence the hypothesis.

"All distinctive feature do not carry equal anount of

information" is accepted.

The ranking of the features according to the anmount
of information transmtted indicates that the feature
"voicing" is the strongest feature and the feature 'lateral’
isthe weakest feature. MIller and N cely (1955) study
al so shows that voicing is the stongest feature in

Engl i sh.
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The findings of this study are in agreenent with
other apriori studies that "while all the of the above
studi es prove unanbi guously that all features of a given
systemare not equally inportant, they do not agree regard-
Ing the explanatory powers of a given feature systent.

(Singh, 1976).

Part 11
Anal ysi s: - Anal ysis by generating confusion naterices
was carried out as described in Part I, for 916 words cont-

ai ning 31 Kannada consonants presented to 30 non-Kannada

listeners (as shown in table FOWR )

Results and di scussion: - The percentage of correct

responses for 27480 observations by 30 non Kannada |isteners
by 30 non Kannada |isteners was calculated. This was found
to be 24% The percentage is |esser than that of Kannada

| i steners. A though the nunber of erros is nore in non-
kannada |isteners, the pattern of errors for both the

groups is simlar. The sounds, which share nore features
are confused nore often than the sounds which share | ess
features. This makes clear that non-kannada |isteners use
the sane set of distinctive features to identify speech
sounds. The results m ght have been influenced by the sel ect
of subjects. The nonKannada group had H ndi or one of

the other dravidian |anguage (Tam!|, Telugu and Mal ayal am

as their nother tonge. Eventhoug the non-Kannada |isteners
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did not know the kannda | anguage to speak to wite or to

read, they were exposed to Kannada | anguage nearly for 6

nont hs.

Somasundaram (1972) in his study of distinctive
features states that, all the four major dravidian | anguages

has nine distinctive features in conmon.

The information transmssion was calculated in terns
of bits/stimulus for conposite phonene channel and indivi-
dual features. The features were ranked according to the
amount of information transmtted fromthe highest to the
| onest anmount. The feature 'voice' holding the highest
rank and the feature 'lateral' being the owest. The results

of information transfer analysis are presented in Tabl e. 5.

When the ranking was conpared to that of the Kannada
listeners it was found that the ranking was sane. There

were no difference in ranking.

The finding of this part of the experinent indicates
that there is simlarity in the perfornmance of Kannada and
Non- Kannada subjects. This may be because of the use of
al nost the sane set of distinctive features in the
| anguage of Non-Kannada subjects as in Kannada | anguage.
Thus the findings indicate the possible existence of
uni versal distinctive features (Chonsky and Hall e, 1968;

Meyuk, 1968).
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Tabl e: 5

Tabl e showing information transmssion in bits/stinulus

for 8 linguistic distinctive features and ranking of the

features according to the anount of information transfer

I n non-kannada | i steners:

| nformati on Transm s-

Sl . No. Ranki ng Feat ur es sion bits/stimil us

1 | Voi ci ng 0. 7766
2 |1 Cor onal 0. 7465
3 11 Stridency 0. 7201
4 |V Anteri or 0. 661

5 \Y Cont i nuent 0. 5986
6 Vi Nasal ity 0. 4235
7 A Aspiration 0. 3465
8 VI Lat er al 0. 2719

Total transmssion in bits/stimulus = 4.5447

Conposi te phonene channel transmssion = 3.6


Ananda
Table

Ananda
Table:5
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Tabl e: 6

Tabl e showi ng conpari son of ranking between Kannada a6d

non Kannada | i sterners.

Sl . No. Ranki ng Feat ur es Feat ures
Kannada Listeners Non- Kannada Li st eners

I Voi ci ng Voi ci ng
|1 Cor onal Cor onal
L1 Strident Strident
| V Anteri or Ant eri or
\ Cont i nuent Cont i nuent
M Nasal ity Nasal ity
7 Vi | Aspiration Aspiration
8 VI Lat er al Lat er al
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Therefore the hypothesis six stating that "no sig-
nificant difference will be found in the |istening perfor-
mance of Kannada and non- Kannada subjects when words with

mninmal differences are presen ed in quiet situation"

I S accept ed.

The results of perceptual analysis of the proposed
distinctive feature system for consonants in Kannada supports
the existence of these proposed features in speech sound
perception with sone anmoung of redundancy; and shows the
exi stence of distinctive feature systemin Kannada. This
supports the hypothesis stating that "Kannada | anguage has

a distinctive feature systent.

The existing distinctive feature systemhas 8 dis-
tinctive features proposed based on phonetic discription of
Kannada consonants. This supports the hypothesis two
stating that "It is possible to propose distinctive features

based on phonetic description of Kannada consonants".

These proposed distinctive features have been identified

acoustically as distinctive.

Thus it is possible to anal yze the consonants in Kannada
| anguage using these 8 distinctive features. Therefore the
hypot hesis three stating that consonants in Kannada | anguage
are made of the follow ng distinctive features: -

1) Voicing 2) Nasality 3) Anterior 4) Corona
5) Stridency 6) Continuent 7) Aspiration 8) Latera

| saccept ed.
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The nethod used in this study to validates the
exi stence of particular set of distinctive features in a
| anguage seens to be sinple and useful as the findings of
t he perceptual evaluations have been confirned by the acoust
analysis. Therefore this nmethod can be used to propose and
evaluate the distinctive features that nmay be present in

a particul ar | anguage.

The present study has several applications and

I nplications as follows:

1. The distinctive feature system presented here may be used
to assess the severity, and type of msarticulation in
case of Kannada speakers.

2. This distinctive feature system can be used to choose

the sounds to be corrected in articulation therapy.

3. This systemcan be used in the construction of a
Kannada articul ation test.

4. This can be used to study the acquisition of Kannada
phonol ogy by chi | dren.

5. This information can be used in designing tel ecomunica-
tion systens for the use of Kannada speakers, giving
priorty to see the features that carry nmaxi numinfornation

are not mssed or distorted during transm ssion.

In the light of the findings of the recent investiga-
tions on distinctive features and the present study it
becones necessary to describe the ultimate units of a

| anguage in terns of distinctive features.
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For speech pathol ogi st the distinctive feature system
seens to be a very useful tool in describing the articu-
| at ory behavi our in various cases; in classifying, and
in planning t herapy and in assessing the cases of

m sarti cul ati on.

It may be possible to develop a classificatory system
to classify the cases of msarticul ation based on dis-
tinctive features i.e. considering the information val ue
carried by the feature mssing or msplaced and the dis-
tance between the feature to be produced and feature that

I's being actual |y produced.

Attenpts have already been nade to study various
| anguages using distinctive feature systemof that parti-
cul ar I anguage. A study to describe Kannada | anguage usi ng
the present distinctive features may be of use to |inguist

and and speech pat hol ogi st and speech scienti st.

Thus the findings of the present study are useful in

better understandi ng of Kannada | anguage.



CHAPTER - 5

SUMVARY AND CONCLUSI ONS: -

Phonene was considered to be the smallest unit of
| anguage (Bloonfied, 1936). This traditional view has
undergone a netanorphosis with the advent of the concept of
distinctive feature. Distinctive features are now consi dered
to be the physical and psychological realities of a
phonene" (Singh, 1976). This defination thus clearly
brings to Iight the two aspect of the features - the

perceptual and the acoustic.

The establishnment of a distinctive feature system has
been achi eved by various net hodol ogi es such as the perceptua
nmethod, (MIller and Nicely, 1955) articulatory method
(Chonsky and Hal | e, 1968) and acoustic net hod (Jakobson
Fant and Halle, 1952).

Distinctive features serve many purposes. They can be
used;
1. to study the phonol ogy of a | anguage
2. to study the acquisition of phonology in children
3. in assessnment and managenent of articulation disorders
4. to study the perception of individuals who are both

normal s and hard of hearing.

An attenpt has been made to describe Hi ndi |anguage
features (Ahmed and Agrawal, 1969). Somasundaran (1972)

has attenpted to conpare phonol ogy of four |anguages -
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Tam |, Kannada, Telugu and Mal ayal am wusing distinctive
feature system However this was not an experinenta

study. Falguni (1982) has established a distinctive
feature system for Qujarathi consonants. D stinctive
features of Ml ayal am consonants have been proposed by Arati
(1983). The present study ained at establishing a

distinctive feature system for Kannada consonants.

458 mnimal word pairs were prepared using 31 Kannada

consonants. These pairs were prepared such that, at |east

there was one feature difference between the two
consonants of a pairs of words. The perceptual analysis
carried out in tw stages:(1) The mninmal pairs were

presented to a group of 30 subjects, whose nother tongue and

native | anguage was Kannada. Subjects had to speak out
what they heard. (2) The sanme stimuli were presented to a
group of 30 l|isteners who were non-kannadi gas. For these

subj ects, the Kannada | anguage was ni et her not her tongue

nor native | anguage.

The 37 words pairs fromthe list were sel ected and

spectrographic analysis was done.

The perceptual data was anal yzed usi ng confusion

matrices and by calculating information content of each

feature.
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The followi ng conclusions were drawn fromthe study:
1. Kannada | anguage has a distinctive feature system
2. It is possible to propose a distinctive feature system
t o Kannada | anguage based phonem c anal ysi s.
3. Consonants in Kannada are nade of the follow ng features:
(a) Voicing (b) Nasality (c) Continuent
(d) Stridency (e) Coronal (f) Anterior
(g) Aspiration (h) Lateral.
4. Information value of each feature differs.
5. Each feature has distinctive acoustic characteristics.
6. Significant difference was not found between the
| i steni ng performance of Kannada and non- Kannada speakers,
when words with mninal differences were presented in a

qui et situation.

| nplications: -

1. The distinctive feature systemthus established gives an
i ndepth anal ysis into the phonol ogy of Kannada.

2. It can be used to study the phonol ogi cal acquisition of
Kannada in children.

3. It has major inplication to articulatory disorders both
at the testing and at the therapentic | evel.

4. It allows the study of perception of those w th Kannada
as their nother tongue and groups whose not her tongue
was not Kannada.

5. The feature systemw || be helpful in classifying arti-
culation disorders in order of severeity; especially
using the substitution anal ysis which may indicate

dependi ng upon the-substitution, it's severiety.
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5.4

Speech discrimnation tests can be devel oped in

Kannada.

An articulation drill book in Kannada can be prepared
based on this.

It can be used in the devel opnent of speech synthesis
I n Kannada.

It can be used to inprove the tel ecomunication sys-

tens for transm ssion of Kannada.

Recommendat i ons: -

1.

Furt her study can be done on substitution analysis
that is which of the features are substituted by the

ot her features.

An articulation test in Kannada can be devel oped on the

basis of the distinctive feature system

D stinctive feature system can be devel oped for vowel s
I n Kannada.

To study the behavi our of non-Kannada speakers as

| isteners ,wth various nother-tongues, to Kannada

speech sounds.

The present distinctive feature system can be further
val i dated using other methods of D.F. Analysis.
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APPENDI X - 1

Definition of Distinctive Features Proposed for Kannada
Consonant s; -
1. \oicing: - In the production of + Voicing consonants

the vocal folds vibrate; and in the production of

folds do not vibrate.

[j 1 1i™,rdl/d",/nl

- voi cing consonants vocal
Eg:- + Voicing:- /g/ /g",
[di 1d", Inl, lolb Iyl
Ter w1
- \oi ci ng: - Ikl ITKY fel, I, rel, [th, 1t

[t 1ol 1p" sl Isl, [h

2. Cbrongl:- The + coronal sounds produced wi th the bl ade
of the tongue raised fromits neutral position; and

-coronal sounds are produced with the bl ade of the

tongue in neutral position.

Eg:- + Coronal :- /c/,/lc /ji,/j™ ,1¢l,1t",/dl,

fd inl it it rdr 1d Ind,
Iyl vl 130,1sl,/sl,I1]

- Coronal:-  IkI,IKY,Igl,IgY, Ipl, Ip", Ibl, b
Imi,Iw,/hi

3. Strident:- The + strident consonants are narked acous-

tically by greater noisiness.

Eg:- . Strident: - I'sl,Isl,lcl,ic, 1jl,1j", Ihi



Anterior:- Al the front sounds are known as'+ anterior'
i.e., the bilabial, |abio dental, dental, and al veol ar
sounds are * anterior sounds. The palatal, retroflex

velar and glottal founds are '- anterior sounds'.

Eg:- + Anterior:- /t/, /t" ,/d/, /d, Inl, Ipl, Ip",
lal, Ivl,111,Iw, [s/.
- Anterior:- /kl, Ik, Igl, lg", Icl,lc™, 1],
i, e, 1t rdr, 1dY, Inl, 1yl
Isl,lhl,/1].

Contingent:- The + continuent consonants are produced

with the constriction in the vocal tract regulated in such
a way that conplete closure or blocking of air passage

never OcCcurs.

Eg:- /yl, Icel, 1V, Iw, s, /sl ,Ihl[l]

Nasal : - + Nasal consonants are produced with the | owered

vel um and - nasal consonants are produced with the raised
vel um

Eg:- +nasal:- /n/, In/, I

. Aspiration: -

Eg:- + Aspiration:- /K", /g™ ,/c, i, 1ty ord, et
[ d", 1", /b",

Lateral :- The + |ateral consonants are produced by | owering

the md section of the tongue.

Eg:- + lateral:- /I/ and /I|/
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Phonenes of Kannada Language
Points of Articulation 66

Manner of
Bilabial Detnal Retroflex Palatal Velar Gl
Articulation VL/VA ™" s A<  UnAs As UnAs As Unis As UnAs tt

h h h h
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Fricarives Vi s 8 g h
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Laterals 1 %
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Continuents w y

VI: Voice |ess As: Aspiration
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= :or..cu.tat ‘B

\l TYISLYTY L

T IN3aals ' 9

TYNOR09 §

UOIEILNY ‘¥

F ZRS R RELTRT ST IS
1‘-
WP P ~
< vECe
RS RETE A R R | WA W P PP P
PR T i S A N y LU ) w88 N

- UEENNEH 10 SLNUNOSNOD IR 5-°

CT Ol i ‘- X\ANIddY






Apadx 6 Uit o Dffeaare fa 3 casoats besad on Apatkx -5

L]

o o
1+ o -~
"r‘,u c N -~

X O = o=

—

™

[+

~i

™

%% %o vTu -

o
—
o ™~
- g
Ll -
o i~
€4 [
™ [
” -
- re
£ £z
b

e

o~

o4

~

™M

4

™

m

(s

~

e

~”

o~

™

-

(s}

~

™

-

(]

- o

™M

(2]

(2]

()

Lat]

-

™ m

o -
~ -
- L]
~ m
wi -
L]
- ™~
™ -
™ n
™ Wi
.
™~ -
« &
L] Ly
0 -
"
o -
Wi ”
R
- -
- m
r |
oW om
- ™
- -
™ Lo )
‘ .
-
™ L]
MmN
™~ -
- *
- ”
m W
P
7 —e



Apnis ayil ul

asn juauniisu| -Sallids ,00L dU|IA cam_mohgomamm-x_ucmagq






