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CHAPTER - |

| NTRCDUCTI ON




| NTRCDUCTI ON

The of the fundanmental properties of |anguage is that
there exists a code whose elenents called the distinctive
features formthe snallest units of |anguage and fromwhi ch
neani ngful entities are constructed. The code underlying
a given utterance is sonetines viewed as a sequence of units
or segnents, each of which consists of a set of distinctive

f eat ures.

The distinctive features can be referred to as the
bui | di ng bl ocks of the unit or segment which in turnis an
elenent of the code. |In other words |anguage is built up of
wor ds, words of sounds or phonenes and phonenes of features

which are distinctive fromeach ot her.

Speech/ Language pat hol ogi sts are interested not only in
t he conbi nati on of various features in the phonene but al so
in the way each of these 'features' are acquired, maintained
and | ost during pathol ogy. According to Hanson (1983)".....
D stinctive feature theory, has viable applications to deve-
| opnental , eval uative and treatnent aspects of articulation

di sorders. == )



A number of studies support the use of distinctive features
in studying the (1) devel opnental aspects of |anguage (Menyuk
1968; Leonard, 1973; Panagos and Associ ates, 1979; Singh and
Associ ated, 1981).

(2) Evaluation (Qler, 1973? McKeynol ds and Huston, 19717

McKeynol ds and El bert 1981) and

(3) Treatnent (Pollack and Reese, 1972; MKeynol ds and Bennet,
1972; Wnitz, 1975; Costello and Onstine, 1976;? Ruder and Bnnce,

1981) of articulation disorders.

Further, the application of distinctive features in the
studi es of speech reception have proved to be useful. The feature
approach helps us to find dinmensions that are nore inportant for
perception of speech sounds. The workers in the field of speech
perception have enpl oyed feature franme work to study speech
perception in normals (Singh, 1968?; Tonnahill and McKeynol ds, 19727
Si ngh and Bl ackrman, 1974; Binnie et al, 1974; Danhauver et al
1978; MIler and Nicely, 1955) and in deaf individuals (Singh
et al 1974; Danhauer and Si ngh, 1975; Doyle et al 1981). Danhauer
and Si ngh, (1975) pointed but that hearing i npaired subjects used
di fferent perceptual strategy and derive conparabl e anount of

feature information fromm ni mal cues avail abl e.



On the contrary, there have been few critical reviews on
di stinctive features, questioning its conceptual reality and
theoretical basis (LaRviere et al, 1974; Retterman and Freeman,
1974; Parkey, 1976). Some have even questioned the clinical
applicability of distinctive features due to its limtation of
not accounting for co-articulation, prosody and dial ect
(Wal sh, 1974; Leonard, 1974; Lund and Duchan, 1978). Despite
the imtations, distinctive feature approach is prom sing tool
to speech pathol ogi sts and audi ol ogi sts in handling various

speech and hearing probl ens.

Vari ous approaches to establish feature systemin a |anguage
have been reported. Acoustic nethod, Articulatory nmethod and

Perceptual nethod are few of the nmjor nethods.

The establishnment of the feature system may be apriori or
aposteriori. Apriori nethod involves defining or proposing a
feature system before acoustics articulatory or perceptual analysis
Here the system proposed forns the basis for analysis of data

(Mller and Ni cely, 1955).

Aposteriori nethod involves analysis of plathora of sanple
and then by various analysis techniques like fine analysis of
spectrograns of multidi nensional scaling analysis of perceptual

data, the features are teased out (Jeter and Si ngh, 1972).



Apriori method lacks flexibility but it is conparitively
less tinme consuming and sinpler. |In this study, apriori nethod
has been used to establish the features and thus the present

study has the inherent limtations of using apriori nethod.

In this study an attenpt has been nmade to establish a disti
tive feature systemfor consonants in Telugu | anguage. Two
experinents have been carried out in order to identify acoustic
correlates of the proposed feature systemand to find out the
information carried by each feature perception of speech. Further
a cross linguistic study has been carried out in order to test
universality of the proposed feature system The perceptual

responses of Telugu and non-Tel ugu speakers have been conpared.

Need for the present study:

Speech Pat hol ogy deals with the understandi ng and treat nent
of speech | anguage disorders. It has been shown that, distinctiv
feature theory has viable application to the devel opnental,
eval uative and treatnent aspects of articulation disorders.

The Speech/Language Pat hol ogi st needs to have a good under st and-
ing of the problem as suchas in addition the |anguage to be taugh
Somasundar an(1972) states that "... The situation in India, wth
its multiplicity of linguistic groups, necessitates the study of
| anguage. Present additional problens is that the speech clinicin
may have to work with | anguages non-native to him'. This clearly
indicates the need for the distinctive feature analysis in differs

| anguages and hence in Tel ugu.



430 words pairs were nmade using the 31 phonens of Tel ugu
and were randomly presented through headphones in a quiets.
situation to 30 Telugu listeners were recorded and | ater analyse
by the experinmenter. Confusion matrices were constructed for
both the groups and the information content of each feature was

det er m ned.

30 words were spectrographically anal ysed and acoustic

characteristics were detected.

Statenment of the problem

To establish a distinctive feature system for consonants in

Tel ugu by perceptual and acoustic nethods respectively.

Hypot heses:

1. It is possible to propose a distinctive feature systemin

Tel ugu based on phonetic description.

2. Consonants in Telugu are nmade up of the follow ng features:

a) Voicing (b) Nasality (c) Continuent (d) Anterior (e) Coronal
f) Stridency (g) Aspiration (h) Lateral.



Information carried by each feature vari es.
Each feature has distinctive acoustic characteristics.

No significant differences will be found in the |istening
performance of Telugu and non-Tel ugu speakers when word

pairs are presented in a quiet situation.

Limtations of the present study:

Apriori analysis has been used, and hence the study has the

inherent limtation of using this nethod.
Only experinmenter served as the judge in the present study.

Only a Iimted nunber of listeners (30+30 in each group) were

used due to tine constraint.

Di stinctive feature system has been proposed only for

consonants.
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REVI EW CF LI TERATURE

Language is built of words, words of sounds or phonenes
and phonenes of features which are distinctive fromeach ot her.
Thus a sound is conposed of several paraneters which are termed
as featured. Those features which provide us with the infor-
mati on about the various distinctive between these speech
sounds are called distinctive features. |n essence the distinc-
tive features can be referred to as buil ding bl ocks of the
phonene. The 'Distinctive feature theory' has viable applica-
tions to devel opnental evaluative and treatnent aspects of
speech di sorders. This aspect has nore pertinence to the speech
speci al i sts, who seek to understand the reasons for the speech
deviations in individuals and to discover if any error patterns
are present, the understanding of which mght facilitate their

elimnation and repl acenent by nornal adult speech.

Untill, 1939, it was believed that a phonene is the snall est
unit of language and that cannot be further divided. [In 1949
Roman Jacobson wote 'on the identification of phonemc entities'
inwhich for the first tinme all the phonenes in a | anguage (French)
were treated systematically in tens of features. The first
conpl ete description of the acoustic properties of distinctive
features appeared i n Jakobson, Faut and Halle's book 'Prelimna-

ries to speech Analysis published in 1952. The authors asserted



that there are alimted nunber of distinctive features that

can be used to describe all the |Ianguages of the world.

In the early days of prague phonol ogy, (The prague school
studied the structure of |anguage, particularly in terns of
features that served to distingui sh one phonene from anot her),
Trebet zkoy and hi s col | eagues | ooked at phonenes as basic units
of opposition. Their examnation of phonenes, however, |ed
themto the conclusion that the conplexity of |anguage precl udes
any phonene havi ng any other phonene as its only opposite. The
next step then was to apply the concept of opposition to the
features of phonenes whi ch Jacobson did in 1932. S nce then a
bi nary approach to the analysis of features has renai ned the
nost frequently used procedure anong |inguists as well as anong
speech and | anguage pat hol ogi sts. | n binary approach, the
presence of one nenber of opposing features is marked with a +,
and the absence of the contrasting nenber with a -. Any con-
sonant for eg. can be defined as + consonantal and/or and- non

consonant al .

The paraneters or the constituent properties of the
phonene are called 'Features'. The paraneters which distinguish

two phonenes of a | anguage are known as distinctive features.

Sadanand Singh (1976) defines distinctive features as

"physical (articulatory or acoustic) and psychol ogi cal (perceptual)



realities of a phonene'. By this definition it is meant that
each phonene can be defined and differentiated in terns of

(a) articulatory features nanely place and manner of articul ation
and voicing (b) acoustic features nanely frequency, intensity

and duration of speech sounds (c) perceptual features.

According to Jacobson, Fante and Halle (1952) the distinctive
features are the ultimate distinctive entities of |anguage.
The distinctive features conbi ne into one simltaneous or con-

current bundle to forma phonene.

Jacobson (1962) has suggested an anal ogy between the nusi cal
cords and the phonene and the distinctive features. This nodel
has the capacity to represent the phonenme as one unit - the
chord itself, and the notes as the variety of conponents which
are conparable tothe features, avariety of notorically produced
acoustic properties. Achord is heard as one el enent and yet is
made up of other elenents. This transformation, a shift in
enphasis fromthe unit to its subconponents was the goal of distinc-

tive feature theory.

According to Fant (1973) distinctive features are really
distinctive categories or classes within a |inguistic systembut
just like in accepted phonemc analysis it is required that they

are consistent with the phonetic facts and these phonetic facts
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and these phonetic facts on various |levels have lent their

name to the features.

Bl acke (1978) defines a distinctive feature as systenatic

property that separates a subset of el enents froma group.

The definition given by various authors reveal the arti -
cul atory, acoustic and perceptual facets of the distinctive

f eat ur es.

Accordi ng to phonemc theory proposed by Jakobson et al
(1952) there are two | evel s of phonol ogi cal structure,an abstract
phonemc | evel and a phonetic |level that is roughly equival ent
to the speech signal (physical phonetics) D stinctive features
are qualities contained in the speech signal itself that are
necessary for the speaker - hearer to identify the phonenes of

hi s | anguage.

First, phonemc theory inplies the existence of nondi stinc-
tive features, which not only adds unnecessary fornal apparatus
to the theory and nakes the set of distinctive features poten-
tially infinite, but also the concept of nondistinctive feature

I's not precisely definable.

Second, it allows for the possibility of |anguage specific
di stinctive features, which nmakes conpari sons anong different

| anguages in terns of distinctive features inpossible.
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Third, it inposes the conditions of linearity and
bi uni queness on the rel ati on between the phonem c and phonetic
| evel s of representation, even though these conditions can be

shown not to hold, and

Fourth, the assunptions on which the phonemc theory are
based are not valid; nanely that there is a direct correspondence
bet ween phonemes and the speech speakers actually produce and

hear i n speech (Packer, F, 1976).

D screpancy between the abstract |inguistic system and
physi cal speech signal |ed Chonsky and Hal l e (1968) to propose
a different concept of phonol ogy. Cenerative phonol ogy seeks
to discover the principles or rules that determne pronunciation

in a language, and to the extent these principles are universal.

Chonsky and Halle (1968) in their theory excluded t he one
to onerel ationshi p bet ween phonol ogi cal segnments and speech
segnents with its conditions of linearity and bi uni gaeness. S nce
there is no theory of phonem cs operating in generative. Phono-
logy, it is based on a systemof universal phonetics. Chonsky
and Hall e (1968) state that the features are identical with the
set of phonetic properties that can be in principle controlled
I n speech, representing the phonetic capabilities of man and

therefore the sane for all |anguages. Linting the distinctive



12

features to phonetic properties that are independently con-
trollable in speech nakes the selection of distinctive

features enpirical than arbitrary.

Generative theory (Chonsky and Hal |l e 1968) defines the
phonenes of a given | anguage, because they are not directly
observabl e they nust be arrived by a di scovery process, which
are nothing nore than alogirthns set up of this purpose.
Enuner at i onof phonenes of a given |anguage is a function of the
alogirthmused to determne them |In the phonemc theory there
Is noway as to find out which of the two solutions for the
phonenes is better. The generative theory obviates the probl em
by not insisting that each underlying formbe associated apriori

with a distinct set of phones.

Chonsky and Halle (1968) try to account for the type of
phonol ogi cal variation that exists between phonetic and abstract
phonol ogi cal fornms. And they recognize two abstract | evels of
phonol ogi cal structure - a nore abstract classificatory matrix
and a | ess abstract one, both in terns of distinctive features.
Aquality paranmeter that is never significant in any natural
| anguage need not be specified in the phonetic matrix. The
classificatory and phonetic matrices of any given utterances may
differ radically in terns of nunber of segnents and the feature

speci fication of each segnment necessitates a nmethod of transferring
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one into another. Chonsky and Halle (1968) proposed an ordered
set of context sensitive phonological rules that alter the
feature specifications of the classificatory natric to yield

t he phonetic matrix and vi ce versa. Thus, Parker (1976) proposes
that generative theory is nore flexible in describing certain

| i ngui stic phonemena. However, he points out that generative
theory fails to connect the nost basic el ements of | anguage

(the phonetic matrix) wth speech producti on.

Par ker (1976) proposes a substitute theoretical franework,
based on a concept of the distinctive feature as a definer points
along a continuum Wth this concept of the distinctive feature,
t he Speech/ Language Pat hol ogi st can reach a | evel bel ow the
phonene, and belowthe traditional, restrictive distinctive
feature level, tothe nore basic consideration of relationships
bet ween phonetic productions and the |inguistic significance of
features (Parker, 1976). The inportant suprasegnental elenents

of a language would also fit into parker's paradi gm

D stinctive features - Speech Sound Perception:

The role of distinctive features in perception of phonenes
has been considered as Vital Singh (1976). The features are
the underlying attributes of perceptual processing thus speech
sound perception and speech sound discrimnation can be measued.

and quantified based on distinctive features.
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Speech sound perception in normal hearing individuals has
been studied extensively. A nunber of studies on speech sound
perception under different conditions (eg. 1) under various
signal to noiseratio (2) stinuli present only in (a) auditory
mode (b) only in visual mode (c) in combined node etc) have been
reported (Singh, 1968; Tannahill and McKeynol ds (1972); Singh
and Bl ackman, 1974; Binnie, Mntgonmery and Jackson, 19747
Danhauver et al 1978; MIler and Nicely 1955).

The results of these studies reveal that:

1) The distinction of consonant pairs were differently affected
by the nunber of opposing features contained in each pair.

a) Greater confusions occured when feature contrast was m ni mum
(i.e. either Oor |).

b) The percentage of errors decreased with the increase in the
number of feature differences.

2) The percentage of errors (in speech sound perception) were
fewin quiet condition and the errors increased with different
signal to noise ratio conditions.

3) The features nasality and voicing were |east affected by noise

and place of articulation was nost affected by noise.

Ahmed and Agarwal (1969) attenpted to find the significant

features in the perception of H ndi consonants. A quantitative
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procedure was adopted to ascertain which features were nost
significant for listeners and whether or not they are simlar
ininitial and final positions. The anount of information
transmtted in bits per stimulus was cal culated for a given
feature. Results indicated that semvowels and affricates
were nost intelligible and that maj or confusions exi sted anong
pl osives. In both positions i.e. initial and final, confusions
occured nost frequently between cl asses distinguished by a
single feature and they have concluded that in the initial

posi tion, confusions generally arise due to manner of articul a-
tion, and in the final position confusions in terns of place

of articulation. They also found that initial and final vowel
transitions play a very inportant part in recognition of conso-

nants.

Qupta, Agarwal and Ahnmed (1969) conducted anot her st udy,
on pecception, of H ndi consonants in clipped speech. Efect
of peak clipping on intelligibility of individual consonants
was found and to correlate different information of initial
consonants and final consonants and to see the difference in
perception of the two positions. Results indicated that the
average effect of clipping on features were as follows: 1) place
of articulation (2) nasality (3) flapped |iquids (4) |iquids
(5) continuants (6) voicing (7) frication (8) aspiration

(9) affrication.
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Mal |1 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 unas-
pirated in both recognising. And reproducing the same. spectro-
graphi ¢ studi es showed that aspirates and unaspirated /h/ was

different.

Speech sound perception in hard of hearing individual has
al so been subjected to investigation. Studies on hearing
i npai red popul ation points to an inference that hearing inpaired
I ndi vidual s use sane features as normals in speech sound percep-
tion but weigh these features differently. (S ngh et al 1974;
Danhaver and Si ngh, 1975; Doyl e, Danhaver and Edgerton, 1981)

Danhaver and Singh (1975) exam ned speaking and |i stening

perfornmance of 36 severely hearing inpaired individual s bel ong-
ing to three different |anguage groups. (English, Yugoslavian
and French). Seven binary features were utilised for anal ysis.
Their results showed simlar ranking in all |anguage groups and
t hus supported | anguage universality concept. Sonorancy,
Nasal ity and voicing features obtai ned greater scores than place
of articulation and labiality. The authors attribute the highest
scores in nasality, voicing and sonorancy to | ow frequency resi-
dual hearing and dom nance of |ow frequency conponents in the

features voicing nasality and sonorancy.
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Danhaver and Singh (1975) studied perceptual processing
of CVCV type of stimuli in deaf subjects. Fromtheir results,
t hey deduced t hat when deaf individuals process CVCV type of
stimuli, the vowel information is processed with residua
| ow frequency hearing. They do not perceive consonant infor-
mati on. The consonants are then perceived as blanks in the
tenmporal continuumby the hearing inpaired. Since consonants
are of characteristic lengths the subjects performtenporal
anal ysis to detect consonants, eg. They perceive sibilants
due totheir long duration. They recognise voiced sounds by
| ow frequency formant and if low frequency formant is absent
t hey deduce voi cel essness. |In short, hearing inpaired subjects
used different perceptual strategy and derive conparabl e anmount

of feature information fromm ni mal cues avail abl e.

Doyl e, Danhauer and Edgerton (1981) analysed errors on
nonsense syllable test on ten nornmals and ei ght patients with
sensory neural hearing loss. The stinmuli were presented bi nau-
rally at six different sensation |evels. The analysis reveal ed
that voicing, place, frication and sibilancy were salient features
in perception of speech sounds for both groups of |isteners.

Thi s sugested that both groups use simlar pecceptual strategy

but the patients with hearing | oss nake nore errors.
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Wl den and Mont gonery (1975) conducted a study on three
groups of subjects - Nornmal, H gh frequency | oss and Fl at |oss.
The subjects were presented with consonant pairs and simlarity
j udgenents were obtai ned. Individual scaling analysis was used
to group the subjects according to feature usage. The results
reveal ed that the groups forned by this analysis correlated with
different hearing |oss groups. For high frequency |oss cases,
the feature sonorant was domnantly used. The authors attri-
bute this as due to |low frequency formant in sonorant feature.
For flat hearing loss the feature sibilance was the dom nant
di mensi on, normals used both these features equally. Even Bil ger
and Wang (1976) found significant correl ation between audionetric

configuration and consonant confusi ons.

Blood, I.M Blood, GW, and Danhaver (1978) studies the
spont aneous production of consonants in deaf children ranging in
age from8-14 years. The substitution errors were anal ysed by
I ndi vidual scaling analysis. The results revealed that the
featuresweer mainly related to place of articulation and indicated
that current rehabilitation techniques focus prinmarily on those
features while not exploiting others available in the speech

si gnal .
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Acqui sition of speech sound perception:

The classic report on infant perception of speech like
stimuli was published in 'Science' in 1971 by Ei mas, Si quel and,
Jusczky and Vigorito. They nonitored Infants sucking a
parifier wired to a transducer which recorded infant responses
to synthetic speech sounds differing by 20 m sec increnents of
VOT. Eimas and his col |l eagues concluded that infants as young
as one nonth old seemto perceive acoustic changes in speech

continua within the sane general categories as do adults.

Kuhl (1975) has reported that 6 nonth ol d babies indicate
perception of vowel contrasts and consonants contrasts even when

variations are nmade in pitch, talker, and phonetic context.

Juscsky (1977) found that infants coul d perceive consonant
contrasts in word-initial, medial, or final position in multi-

syllabic as well as single syllabic stinuli.

The questionthat results fromthe increasing evidence of
infant perceptual abilities is whether infants are innately
tuned to detect linguistically significant contrasts, or whether
the distinctions they perceive are a result of chaacteristics
of the auditory system Wthout reference to | anguage. More
information is needed on what distinctions infants universally
make despite | anguage environnment and, further, how | anguage

| earning affects the perceptual abilities of infants.
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Latin and Koeni gsknecht (1975) investigated perceptua
devel opnent of the voicing contrast in 2 years old children,
6 years old children and adults. The subjects were required
to identify prevocalic stop consonants from synthetic prevocalic
stop consonants from synthetic speech. The stinuli differed
wWith respect to acoustic cue-voice onset tinme. Ildentification
functions for | abial, apical aHd velar stops were plotted.
The results indicated that the magni tude of VOT difference
requi red to distinguish between prevocalic stop cognates decreases
as a function of age. Developnental differences were nost

consistently revealed for velar cognates.

This finding supported the view of Liker, Libermnn and
Cooper (1962) that 'Distinctiveness of phonenes is not inherent
in the acoustic signal but is acquired during the process of

phonol ogi cal devel opnent’.

Producti on and Perecption:

WIllianms and McReynol ds (1975) investigated the effects of
production and discrimnation on four subjects. Results indicated
that production training was effective in treating both production
and discrimnation whereas discrimnation training changed only

di scrim nation.
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Wil lians (1975) points cut that greater sensitivity to
t he phonol ogi cal contrasts is inportant in the |anguage | earn-
i ng. Language being | earned nay be a hal |l nark of young | anguage
| earners and provi de an expl anation of how they manage to | earn
to speak a new | anguage with so little interference fromtheir

first | anguage.

Goto (1971) Indicates that adult bilinguals are often quite
insensitive to perceptual distinctions in their non-native
| anguage, even if they can produce them This beings the inte-
resting question of how perception of one's own speech may rel ate

to perception of speech of others.

Aungst and Frick (1964) found that there was a | ow correl a-
tion correctness of /r/ production and the ability to discrim-
nat e phonenes in other's speech. Children with /r/ msarticulation
had no problemperceiving the msarticul ati ons of others but

failed to detect their own errors.

Kornfeld (1971) showed that children may produce /w/ sounds
in (gwzes) for glass and (gwes) for grass which seemthe sane
to adult listeners. There are spectrographic differences, however,
whi ch nmay reflect the basis on which the children nmake distinc-

tions.
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On the contrary, Locke and Kutz (1975) found that of 75
children whosaid (Wn) in response to a picture of a ring,
only about 20%of thempointed to the picture of a ring when
they later heard their own msarticulation, while 80%pointed

to a picture of awng upon hearing their msarticul ation.

McReynol ds, Kohn and Wl lians (1975) foundthat children
wth msarticulations are worse at discrimnating their own

error sounds than their error free sounds.

Kurudaval 11 (1973) studied the rel ati onship between arti -
culatory performance and discrimnation in school going children
and the results reveal ed that production always preceded

per cepti on.

It may be that in |earning phonemc contrasts, identifi-
cation of phonenes in the speech of others devel ops before the
ability to perceive one's own errors, wth production and self
perception developing in parallel as notor maturity permts*
The tinme course of perception - production interaction remains
uncl ear, and children learning a first |anguage or correcting
msarticul ations nay evidence quite a different time course of
perceptual and production interaction than do second | anguage

| earners. (Borden and Harris 1980).



D chotic speech sound perception:

A classic study in the neurophysiol ogy of speech perception
was Kinmura's (1961) study of cerebral dom nance by use of
dichotic stimuli. Kinura (1961) used spoken digits and found
that subjects nade fewer mrrors in reporting stimuli fed to
the right ear than to the left ear. This effect is known as
‘right ear advantage'. Based on anatom cal evidence she con-
cluded that the |eft hem sphere is specialised for speech percep-

tion.

Shankwei | er and Studdert Kennedy (1970) in a series of
studi es have found that CV nonsense syl | ables, such as /ba/, /tal
or /gal presented dichotically to right handed |isteners, shew
that the right ear to have a small but consistent advant age.
Steady state vowel s, however, show no consi stent ear advant age.
Vowel s, being nore accessible auditory anal ysis by virtue of
their longer duration and higher intensity may be held | onger
in auditory menory, are |ess categorically perceived, and yield
a weaker right ear advantage. Stop consonants, beipg | ess
accessible to auditory analysis due to their brevity and relativaly
lowintensity, may be held only briefly in auditory nenory, are
categorised imedi ately, and yield a stronger gi ght ear advantage.
These results have been expl ained by positing a speech processor

inthe | eft hem sphere.
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Qutting (1973) and Day and vigorito (1973) have shown
the right ear advantage to be strongest for contrastive stops,

| ess advantageous for liquids, and | east, if at all for vowels.

BluntStein, Tartter and M chael (1973) studied percept ual
reality of manner features in dichotic listening. The findings
showed that the right ear advantage was nore for fricatives and

stops than nasality.

e finding of interest is that normal |isteners presented
wth a pair of dichotic stimuli having a stimlus onset asynchrony
(S™) estimated to be about 100 m sec. could identify the second
stimulus with nore accuracy than the first. This was called the
lag effect. It is an exanple of backward nmaski ng; the second
syl |l abl e masks the first. Pisoni and McNabb (1974) have denon-
strated that nore acoustically simlar the vowels of the syllables
are to one another, the nore pronounced is the backward nmaski ng.
Consonant feature sharing seens to facilitate perception and m ght

be expl ai ned on either a phonetic or an auditory ievel.

Hayden, Kirstein and Singh (1979) evaluated the rol e of
distinctive featuees in 21 dichotically presented syl |l abl es.
The ear advantage was the greatest for stops and varied as a
function of manner class. The nunber of feature difference
bet ween t he consonants al so affected identification. There was

dom nance of unmarked specification over nmarked one. This may



be due to the fact that the stress of the dichotic presentation

situation leads to sinplification of response.

The different studies reported in literature leads to
the belief that something special is happening in the left
hem sphere when one listens to speech, whether it is sone
kind of auditory analysis of transient, difficult stinmuli,
or whether it is sone formof linguistic analysis, such as

the extraction of features or phonene categorisation.

Applications of distinctive features to Speech/Language Pathol ogy

Distinctive feature theory, has viable applications to
a) devel opnent al , b) eval uati veandc) treat ment aspectsof articul ation

di sorders.

a) Devel opnmental or Etiological theories:

Phoneti c and phonol ogi cal devel opnent proceed hand in hand
in children. When children fail to develop articulatory skills
at the expected age, they also often have devel opnental | anguage
del ays. Adverse environnmental conditions, poor physical or
mental health, or severe nental retardation tend to affect both

speech and | anguage devel opnent.

Menyuk (1968) studied articulation substitutions of Anerican
and Japnese children using the feature system of Jacobson, Faut

and Halle. Her interpretation of the results of her investigation
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suggested that features in the speech of both groups of
children apparently develop in an orderly sequence. She
conpared the features of these two groups of chil dren,

Whose errors were appropriate for children of their chrono-

| ogi cal ages with the features of a group of Anerican
children with articulatory problens. The study reveal ed

sone differences between the 'nornals' and those wi th speech
defects pertaining to the nature of sound substitutions.

For exanpl e, the normal groups often nmanifested voicing errors*
wher eas the speech defective group had nore errors involving
nasality. Menyuk's study provi des sone encouragenent for the
appl i cation of phonol ogi cal analysis to the study of speech

and | anguage devel opnent in chil dren.

Leonard (1973) examned the articulation tests of 200
children and his anal ysis was based on a phonol ogi cal nodel
of articulation conpetance as devi sed by Orocker (1967, 1969)
The anal ysis reveal ed that approxinately 70 percent of the
chil dren showed devel opnental errors, indicating an inconplete
mastery of the adult phonol ogi cal system The renaining 30
percent presunmably did not follow Oocker's nodel and denon-
strated individual phonol ogi cal systens rather than inmmature

adul t ones.
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Panagos and associates (1979) were interested in exam n-
ing relationships between syntactic errors and phonol ogi cal
deficits in the speech of children. They studied, the m s-
articulations of 17 children with nmultiple functional articu-

[ ation problems. They found that 75 percent of the msarti-

cul ations were substitution errors and 25 percent were errors

of omi ssion. Two explanations were offered by the investiga-
tors for the abnormal consonant productions of these children
(I') the children were phonol ogically del ayed; and (2) contextual
conpl exities made sound productions |ess accurate. Singh and
associ ates (1981) used the Singh and Singh (1976) distinctive
features systemto analyse the articulation errors of a group

of 1,077 children. One of the results of their analysis was
that the establishment of a hierarchy of difficulty for mastery
of features. The authors assert that 'the statistically signi-
ficant feature differences along the hierarchy were consistent
with [inguistic, acoustic, statistical, and psycholinguistic

t heories of |anguage.' The investigators arranged in hierarchy,
with the nost difficult features first, and found that the
strongest features were mastered earliest by the children whose
patterns they analysed. |In descending order of strength the
features were nasality, sonorancy, voicing labiality, sibilancy,
front/ backpl ace, and continuancy. That is children in this

group mastered nasality first, then sonorancy, and finally
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continuancy. The weak features were not mastered until the

age of eight years.

Thus research has found a positive relationship between
delay in language acquisition and errors of articulation. Mny
children,failing to master an adult phonol ogi cal system com
pletely, apply their own perceptual and notoric skills tothe
devel opnment of a nodified system Defnite patterns of acqui -
sitions of features are found in children with a high degree
of consistency. A thorough phonol ogi cal and phonetic inventory
of the speech of a child with nmultiple conmunicative problens

is awrthwhile procedure (Hanson, 1983).

Landuage
b) Use of D. F. systemin eval uati on of Speech/ Di sorders:

Gonpl ete assessnents provide information about devel opnent al
abnormalities and about the present status of speech and
| anguage devel opnent in the client. There are sone regularities
inthe irregular patterns of children with faulty articul ation.
Gler (1973), for exanple, found that of five devel opnentally
del ayed children studied, all showed 'cluster sinplification
all substituted other sounds for fricatives or affricates and
all had difficulty with liquid sounds. G ler concluded".... it
shoul d be clear that the rules (followed by these subjects) are

apparently not unlike those of normal children at earlier ages.
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Simlar findings were obtained by McKeynol ds and Hust on,
(1971), who analysed the articulation of ten children with severe
di sorders. Responses of the children to the MDonal d Deep test
of articulation were anal ysed according to the Chonsky-Halle
features system Two types of errors were found: (l) absence
of certain features, such as stridency and voicing and (2)

i nappropriate use of features.

McReynol ds and El bert (1981), however, view the concl usions
of Gler and others skeptically, citing their failure to enpl oy
adequate qualitative or quantitative criteria in determ ning
whet her phonol ogi cal processes were involved in the children's
articulatory problens. Typically, they assert, writers have
| abelled an articulatory error a 'process' even though it occured
only once or twice in a child s speech. In order to beterned a
process, MReynolds and El bert naintain that, the error nust be
shown to occur in a nunber of separate sounds, and in the sane
context a nunber of times. To test the validity of their assunp-
tion these authors analysed the articulation disorders of 13
children, first (I) nonquantitative analysis where only one instance
of an error was necessary to determ ne the existence of a process
and (2) quantitative analysis wherein, the error had to occur
atleast four tinmes and in atleast 20 percent of the itens that

could be affected by the process.
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McReynol ds and El bert found that the total nunber of
processes identified was reduced by nore than 50 percent
when quantitative criteria were required. Thus they stress
the necessity of establishing sone minimal criteria for

term ng an error a process.

Hanson (1983) gives the follow ng guidelines for eval ua-

ting articulatory disorders.

(1) If the only apparent speech disorder - manifested in the
child is a single defective phoneme, such as the /r/, /1/
or /' s/ or if two relatively dissimlar phonemes are defec-
tive, a phonetic description of the error sounds (s) is

sufficient.

(2) If several phonenes are produced incorrectly, a phonol ogical
(distinctive feature) analysis should be performed along with

a phonetic analysis of the defective sounds.

(3) If there are obvious signs of |anguage del ay or disorder,
along with an articulation problem adistinctive feature

anal ysis should be carried out.

The use of D.F. system

(c) Treatnent:- Phonol ogical principles have considerable utility

I n speech and | anguage di sorder intervention. One of the
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earliest references to the utilisation of distinctive features

i n speech/| anguage pathology is an article by Pollack and

Reese (1972). The authors acconplished two inportant purposes,
First, they introduced speech clinician to distinctive features
and notivated themto becone better acquainted with the clinica
val ue of feature approach. Second, they provided a nodel for
the application of distinctive features theory to the eval uative

process.

Positive results concerning generalisation of distinctive
features training to untreated phonenmes were found by McReynol ds
and Bennett (1972). They anal ysed the articulation patterns of
three children using chonsky and Halle's distinctive feature

system and trained the children using the fol | owi ng procedures.

Inthefirst phase of training, the children weretaught how
to produce the feature in a phonene in the initial position in
a nonsense syl lable. In the second phase, the feature was taught
in the final position of a nonsense syllable. Each phase consisted
of five steps. The first step taught the production of the (+)
or (-) aspect of the feature in the context of a phonene. The
contrasting of the feature was in step two, wherein the children
| earned to discrimnate between its presence and its absence.
Two phonenes, one containing the (+) aspect of the feature, and
the other the (-) aspect, were trained in different vowel context

i n syll abl es.
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McReynol ds and Benett (1972) found that trained features
general i sed across several phonenes to varyi ng degrees anong

the three chil dren

Costell o and Onhstine (1976) provi de sone specific instruc-
tions regarding the application of distinctive feature theory
inarticulation training. In their program features are taught
I n the context of phonenes, and systematically programed to
be i ncorporated i nto spontaneous, connected speech. Correct
responses are reinforced with social praise and tokens, which
are exchanged for toys. The basic intructional procedure is the
nodel i ng of the feature in a phonene, by the clinician, followed
by an attenpt at imtation by the child. Sounds are initially
taught in releasing and arresting (final) positions in syllables,

then i n wor ds.

Ruder and Bunce (1981) trained two children with severe
articul ation problens therough the use of distinctive features.
For one child instruction was given on the production of the
/' s/ and / k/ phonenes to determ ne whet her corrected features of
those two sounds m ght generalise to another phonene, the /t/
whi ch contains no features that are not present in the other two
phonenes. As predicted, trainingon/k/ and/ s/ did lead to
imtative production of the target sound /t/ . A so affected

positively were the productions of /f/ and /ts/.
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The second child received training on three phonenes
I'bl, I's/ and / k/ (consecutively, not concurrently). Train-
ing onthe/ b/ generalisedtothe/in/ and/ 1/ . Training
onthe/k/ generalisedto the/p/, /'h/, /d/, and/r/ and
training on/ s/ the child produced another five phonenes.
The acquisition by the second child of a total of nine
phonenes followi ng training on three other phonenes is attri -
buted to generalisation of features across phonenes, and
also to other factors such as the duration of the training
(ei ght nont hs), sessions held per week (5 sessions); the

age at which treatnent began (five years ol d).

A step by step procedure for incorporating distinctive
feature theory into treatment for articulation disorders is
presented by Wnitz(1975). Wnitz approach is a narri age
bet ween di stinctive features and behavioral nodification
principles. He advocates a search for features as a part

of the testing procedure.

Wnitz's next step is sound discrimnation training. He
suggests that such training may, on a gi ven sound, autonati -
cally bring about changes in production of that sound if the
features for the sound are already produced correctly in other

contexts of speech. |If this does not occur, production train-
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The second child received training on three phonenes
/bl, I's/ and / k/ (consecutively, not concurrently). Train-
ing on the / b/ generalised tothe /m and /I /. Training
on the / k/ generalised to the/p/, /h/, /d/, and/r/ and
training on / s/ the child produced another five phonenes.
The acquisition by the second child of a total of nine
phonenes follow ng training on three other phonenes is attri-
buted to generalisation of features across phonenes, and
also to other factors such as the duration of the training
(eight nont hs), sessions held per week (5 sessions); the

age at which treatnent began (five years ol d).

A step by step procedure for incorporating distinctive
feature theory into treatnment for articulation disorders is
presented by Wnitz(1975). Wnitz approach is a narri age
bet ween distinctive features and behavi oral nodification
principles. He advocates a search for features as a part

of the testing procedure.

Wnitz's next step is sound discrimnation training. He
suggests that such training nmay, on a given sound, automati -
cally bring about changes in production of that sound if the
features for the sound are already produced correctly in other

contexts of speech. If this does not occur, production train-
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ing is postponed until the client can discrimnate easily

bet ween the correct and incorrect sounds in sentences.

Wei ner and Bernethal (1978) based on their clinical
experience sugested several criteria for selection of a
feature for training. These criteria are (1) redundancy
(2) nunber of features in error (3) Ease of articulation
(4) Acoustic contrast (5 More visibility (6) Hi gher

frequency of usage (7) physiological readiness.

Fromthe review, it is clear that a nunber of studies

support the val ue of feature analysis.

Advantages and criticisns of distinctive features:

The maj or advantage of the distinctive feature theory is
its econony (Pollack and Rees, 1971). The nethod of teaching
articulation using distinctive features is tinme saving,
because many m sarticul ated sounds can be corrected by correct-
ing one or two features (Costello and Ostine, 1976? MKeynold
and Benett, 1972).

The process of teaching the feature by the distinctive
feature approach and its generalisation has greater validity
since by introducing the feature it is nore central and stable

than nmerely correcting a msarticul ated sound.
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A feature gramis preferred to the traditional speech
discrimnation or articulation tests (Danhaver and Si ngh,
1975). Processing of phonenes of hard of hearing and deaf
cannot be predicted by pure tone audiograns which deals with
speci fic frequencies. Phonene perception is a function of
distinct articulatory features of consonants and vowel s.
Plotting the patient's speech discrimnation or articulation
scores in the formof features will be nore neaningful. By
| ooking at the feature gramone can plan therapy better. Thus
the feature gramcan be used for diagnostic, prognostic and

t her apeuti c purposes.

The use of binary principle in the distinctive feature

systemenabl es the analysis to be done by a conputer system

Dam en Martin and Regrodsky (1974) state that one of the
advantages of the distinctive feature is '"it serves both as

a phonem c description and as an aid in phonol ogi cal anal ysis.'

Oiticisns of distinctive features!

The di sadvantage of any feature matrix is that: a great
nunber of entries are mnuses. The nmatrices give nore infor-
mati on about which features are not present in each phonene
than about those that are present. This condition is |nherent

I n any binary classification system (Hanson, 1983).
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A nunber of other shortcom ngs have been ascribed to

distinctive feature analysis. Wlsh (1974) wites that

features have considerable value for theoretical |inguists,
but are ill suited for the evaluatien and treatnment of arti -
cul atory disorders. The abstract, idealised concepts

framed by linguists relate very little to the abnormal speech
patterns of clients seen by speech/l anguage pat hol ogi sts.

Wal sh also criticises the binary approach, advocating instead
that features, if they are to be used, be considered as

vari ably present or absent, rather than as absolutes. Finally,
Wal sh contrasts the goals of distinctive features with those

of the diagnostician in speech/language pathol ogy. The forner
strives for econony in |anguage description, end seeks
principles that have general application within and across

| anguages? the latter strives for conpleteness and clarity

in his description of a speech pattern.

Leonard (1973b) argues that co-articulatory influences
so shape a phonenme in connected speech that to assign plus
or mnus values to themis unrealistic. In other words,

phonenes in context defy dichotom sation.

Anderson (1974) directs his comment toward applications

of distinctive feature principles in |linguistics: "beyond
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this binary representation, however it is clear that nore is
required if we are to achieve our goal of specifying all of

the ways in which one | anguage can differ from another.

Ander son does not advocate whol esal e abandonnent of distinc-
tive features, but rather supplenentation of themby a nunerical

scal e denoting variations in val ues.

Sommerstein (1977) opines that there is no convincing
justification for the doctrine that all features nust be
underlyinginly binary rather than ternary, quanternery etc.
He further adds that the restriction of two underlying speci-

fications creates problens and sol ves none.

Fol ey (1970) contending that consonants vary in strength
proposes gradual features rather than binary ones. Ladefoged
(1975) also argues for nultivalued features. He proposed for
eg. that the binary feature 'voice' be termed nultival ued,
wi th degrees of openess being depicted as voicel ess, breathy
voi ce, aurmur, |lax voice, voice, tense voice, creaky voice,

creak and glottal stop.

Fant (1980) considers that there is no unique nethod to
nmeasure the duration of a phonene and thus distinctive feature

systemhas a major limtation. He opines that one of the
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weaker aspects of distinctive feature theory is in the defi -
nition of consonants and vowels. Fant(1980) felt that

[ iquids can be both and the classification of /h/ as non-
consonantal and nonvocalic is arbitrary. Jacobson, Fant

and Halle Iimt the consonantal feature to low intensity al one.

Fant (1980) found that it was not so far Swedish vowel s.

In concluding the review of literature it would be nore
apt to quote Hanson (1983) who says ".... distinctive feature
t heory has viable applications to devel opnental eval uative and
treatment aspects of articulation disorders. A surge of
i nterest had produced a nunber of studies, the results of which
strongly support the value of feature analysis on the other
hand, a nunber of articles have been witten that criticise
the distinctive feature approach. Until greater Uniformty
of opinion is reached, it would seem harm ess, and in all
i kelihood profitable, to search for phonohical patterns in
clients with nultiple defective sounds and in clients denon-
strating | anguage.delay in conbination with articulatory

def ects".

Different nmethods of analysis of distinctive features have
been used to arrive at the features. Acoustic nethod has been

used by Jakobson, Fant and Halle (1952). They have proposed
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twel ve binary, universal features using acoustic terns

based on the spectrographic analysis. They have denonstrated
cl ear acoustic distinction between consonants and vowel s.
They believe that in no | anguage all these features are used.
Based on received pronunciation of English they specified

seven features to describe the English | anguage.

Li berman et al (1952), Soli(1979) Massaro and Oden (1980)
have reported of acoustic cues which help to discrimnate the

speech sounds.

The spectrographic techniques introduced by Bell Tel ephone
Laboratory and still nost inportant neans of know ng the

characteristics of speech waves.

Acoustic cues i nportant for the perception of speech segnents:

These cues can be divided into those inportant to the

(1) perception of manner (2) place (3) voicing.

The periodic, harnonically structure classes (vowels,
simvowels, or nasals) present acoustic cues in the energy
regions that are relatively lowin frequency. |In contrast, the
aperiodic, noisy classes of speech sounds(stops), fricatives
or affricates) are cued by energy that is relatively high in

frequency.



40

The sem vowel s, vowel and nasals are further distinguished
by the relative intensity of formants and frequency changes.
The nasal consonants have formants of abruptly lower intensity
t han sem vowel s and vowels. In addition, there is the
di stinctive |ow frequency resonance, the nasal nmurnur. Sem -
vowel s have formants which in context glide fromone frequency
to another conpared tothe relatively steady state of the
relatively steady state 6f the vowels and nasals. Sone
di pt hongs glide as nuch as any sem vowel, but the glides are

generally nore rapidly changing for sem vowels.

Manner cues for the stops fricatives and affricates, are
the duration of the noise, which is transient for stops, but
| asts longer for affricates and |lasts |ongest for fricatives.
Thus the manner contrasts rest on relative frequency, inten-

sity and tim ng.

The acoustic cues for place of articulation

Thi s depends on frequency, for vowels and sem vowel s,
the formant rel ationships serve to indicate tongue placenent,
nmout h opening and vowel tract length. Vowel placenent is
reflected in theFl. - F2 acoustic, space, with F1 frequency
i ndi cating tongue height or nouth opening and F2 frequency
i ndicating place of maxi num approxi mati on of the tongue with

the walls of the vocal tract. Sem vowel production's mainly



reflected i n the frequency changes in F2. The semvowel / j /
begins with the highest F2, with /r/ and /1/ in the mddle
frequencies, and/w relatively low F3 serves to contrast,

the acoustic results of tongue tip placenent for /r/ and /1 /.

For stops, fricatives and affricates, two prom nent
acoustic cues or place of articulation are the F2 transitions
i nto nei ghbouring vowel s and the frequency of the noise
conmponents. In general the transition of the second fornmant
with a ow locus is perceived as |labial, with a higher |ocus
it is alveolar; and with a varied, vowel -dependent |ocus, it
is palatal or velar. The F2 transition is used to cue the
di fference between the |abiodental and |inguadental fricatives

al so.

The frequency of the noise itself indicates place of
production. The low frequency cut off of noise for / s/ fric-
tion is often above 4000 Hz, while for the nore retracted /J /,
it is nore often 2500 Hz. If the friction covers a w de band
of frequencies, it isnore likely tobe/f/, [f/, or [hl.
Frequency of the noise indicates place of articulation even
when extrenely brief as in stops or affricates, with frequency
loci simlar to those reflected in the F2 transitions. Acoustic
cues for consonant voicing depend nore upon relative durations
and timng of events than upon frequency or intensity differences.

There is an exception, the cue of the presence or absence of a
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voi ce bar. The periodic sound of voicing itself, reflected
inthe voice bar, is inportant, but the fact that one can

whi sper, The tie is blue and the dye is blue and perceive

a voicing distinction despite the abscence of vocalfold Vi bra-
tion indicates that timng is a critical cue to the perception
of the voi ced-voicel ess distinction in consonants. Listeners
perceive relatively long duration of the closure period (the
silence before the burst), or of the tinme between the burst
and the begi nning of Voicing for the follow ng vowel as cues
for the voi cel ess cognates /p/, /t/, or /[ k/i. The voiced/b/,
/d/ and / g/ are perceived when the stimuli have a relatively
short closure period, aspiration, and del ay between burst and

VOi ci ng onset are seen.

Fricatives and affiicates are perceived as voi cel ess when
the friction is relatively long, and in the case of affricates,
when the closure duration is also relatively long. Finally,
duration of the vowel before a final can cue the perception
of differences in voicing, wth vowis of |onger duration
percei ved to be foll owed by a voi ced consonant and vowel s of
shorter duration perceived to be followed by a voicel ss conso-

nant .

Chonsky and Hall e (1968) describe the articulatory

features of universal sounds. The features are binary and are



defi ned by autonynus adjectives. The vocal necanismis con-
sidered in ternms of source, areas of vocal tract involved,
position of the tongue in relation to different areas and
also oral and nasal cavity differences in term of vol une.
Chonsky and Halle (1968) believed that the features extracted
by the articulatory nethod provide a representation of an
utterance which can be interpreted as a set of instructions

to the physical articulatory system

Wei ner and Bernthal (1976) proposed a set of phonetic
features related to articulatory characteristics of speech
sound production. The features were intended (1) to repre-
sent the essential articulatory characteristics of all speech

sounds (2) to provide nmeans for aberrant speech production.

Perceptual nethod deals with the question of perception

of speech sounds in the framework of a theory of speech per-

ception. It is believed that distinctive features are the
bases of decoding auditory stimuli. The distinctive features
play a great role in perception of speech stimuli. In this

met hod the features are retrieved fromvarious statistical

anal ysi s.

Perceptual method has been used by MIler and Nicely
(1955) Singh and Bl ack(1969), Singh (1968), W ckel gren(1966)
Shepard (1972); Singh and Wbods (1971). Singh (1975) descri bes
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t hese perceptual nethods as (I) designation of apriori features
to predict perceptual responses (2) extraction of aposteriori

features from perceptual responses.

In apriori designation of a feature systemto predict
perceptual responses, nethod, the experinmenter determ nes how
and based on how many di nensions the data will be anal ysed
prior to analysis. Thus a feature systemis proposed and then
t he experinmenter evaluates the strength of the proposed feature

system based on perceptual responses.

The inportance of distinctive features in a |anguage
is determned by presenting the distinctive feature in question

in any of the follow ng conditions.

1. Conditions of acoustic distortion noise and filtering of

the stimuli(MIller and Nicely 1955).
2. Cross linguistic settings (Singh and Bl ack, 1966)
3. Recall in short termnenory (Wckelgren, 1966).

4. The utlisation of choice reaction tine as a nmeasure of
di stinctive feature differences between the phonenes. (Col e

and Scott, 1972; Winer and Singh, 1974).



5. The judgenent of pairs and traids of speech stimnul
utilising various psychol ogical nethods for eliciting
perceptual responses (Singh, 1970b; 8ingh 1971? Si ngh
and Becker, 1972; Wang and Bilger, 1973).

Singh (1976) stated that while all of the above studies
prove unanbi guously that all features of a given system are
not of equal inportance, they do not agree regarding the
expl anatory powers of a given feature system Limtations
of the above systemare thet(l) it |eaves 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.

In extraction of aposterior , features from perceptual
responses nethod one can overcone the di sadvant ages of apriori
system Here the features are retrievedwi th the hel p of

various statistical neasures fromthe perceptual data coll ected.

The various nethods of collecting perceptual data are
1) Simlarity judgenent by triadic conparison (2) confusion
matrices (3) magnitude estimation by seven point scaling (4)

choice reaction tinme (5 sane or different judgenent.
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The data collected by these various perceptual
nmet hods can be subjected to different statistical analysis
met hods, nanely (1) Factor analysis; (2) Contingency tables?
(3) Multidinensional scaling analysis; (4) Individual scaling
anal ysis, (wlson (1963); Johnson (1967); Shepard (1972);
Peters (1963); G aham and House (1971); Singh Wods and
Ti shman (1972); Jeter and Singh (1972); Wsh (1970);
Pruzansky (1970); Singh and Singh (1972); Mtchell and
Singh (1974); Winer and Singh (1974) have extracted features

by aposteriori nethod.

Conputer analysis is the latest trend in studying
m sarticul ati on which has been used in describing errors
with the help of conputer technology. In order to provide
a rapid accurate and efficient method, conputer analysis

will be of great help.

Tel ege (1980) reports on the conputerised place manner
di stinctive feature programfor articulation analysis,
wherein the primary objective was to point out the patients
articularoty behaviour that contributes maximumto m sarti -
culation. Primary utility of the conputerised anal ysis was
to generate specific detailed information for devel oping

i ndi vidual i sed strategies for therapy.
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El bert, Lawan and Biuce (1981) analysed m sarticul ations
usi ng conmputer technology. The conputer programfollowed the
steps of feature analysis given by McReynol ds and Engmann (1973)
based on feature system of CGhonsky and Halle. After the data
entry is conplete (about 50,000 words) the programcoul d
calculatetothe nunber of tinmes each feature was used correctly
for the phonene tested, (2) the plus and m nus aspects of
each of the features, (3) the percentage of tines that the

plus and m nus aspects of a feature used in correctly.

The review of various nethods of extracting features
from a | anguage reveal that articulatory, acoustic and
perceptual nethods can be used independently. It can be
postul ated that conbination of nore than one nmethod nay be
useful in obtaining substantial results and it may al so
reveal the correlation of the results of one nethod to

t hat of others.

Distinctive feature systens have given by different
aut hors. Speech sounds are bundle of series of distinctive
features. The basis of these features codes may be
articulatory, perceptual or acoustic. Usually vowels and
consanants have different distinctive features, because the
production and perception of consonants and vowel s have

di fferent bases. However, there are few feature systens that
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descri be vowel s and consonants interns of the sane set of
features. But in these cases, the individual features of
vowel s and consonants do not apply to each other in any
significant way (Chonsky and Halle, 1968). Sone of the

i nportant consonant feature systens are given bel ow

1) Jacobson, Fant and Halle (1952) seeking to develop a

uni versal system of phonol ogy, devised a binary distinctive
feature system based on acoustical features(l) Vocalic,

(2) Consonantal, (3) Conpact/diffuse, (4) G ane/ Acute,

(5 Plat/Plain, (6) Nasal/Oral, (7) Tense/lLax, (8) Inter-

rupt ed/ conti nuant, (9) Strident/Mllow, (10) Checked/
Unchecked, (11) Sharp/Plain). N ne of these features were
sufficient to define 23 consonants and six vowels in

English. The clinical usefulness of this systemwas |limted
because the choice of feature pairs were not made for clinical

pur poses (Johnson, 1980).

MIller and Nicely (1955) have deviced a nore practical
system for speech/| anguage pathol ogists. They selected five
features: voicing, duration, affrication, place and nasality.
Al but 'place' were binary features. For 'place' a temary
feature was proposed, (i.e. nmouth was divided into front, md

and back). This feature systemwas based on perception



studies. The efforts to achieve sinplicity, resulted in
its short coming, i.e. in conpleteness. N ne of the 25
Engl i sh consonants woul d not be adequately defined by their

system (Johnson, 1980).

Singh (1976) expanded MIler and N cely's system
substituting frication for affrication and adding three
addi tional features, liquid, glide and retroflex. Singh
made place quaternary by dividing md into mdfront and
m dback. H's systemis particularly well suited for
application in the analysis and treatnent planning of

di sorders of articulation (Hanson, 1983).

In 1968. Chonsky and Hal |l e published their 13 feature
approach to analysis. Their features are all defined in

articulatory ternms and are all binary. They are:
1. Vocalic: The liquids ( /r/&1/) and all the vowels.

2. Consonantal: All the consonants including |iquids.

3. Rounded: Al vowel sounds that require a rounding of
the |ips.

4. Tense: The /i / /u/ and di pht hongs.

5. Nasal: /m/ /n/ and /y/.

6. Continuant: Al consonants produced with only a parti al

obstruction in the vocal tract (all but the stop plosives)
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7. Voiced: Al consonants that require vocal cord vibration.

8. Strident: The fricatives and affricates.

9. Coronal: Consonants produced with the bl ade of the tongue
in a higher than neutral position (all consonants produced
by lingual contact with the teeth, alveolus or hard pal ate.

10. High: Sounds for which the body of the tongue is raised

above the neutral position/i/, /ul, [/w and nost

I i nguapal atal and |inguavel ar consonants.

11. Low. Sounds wherein the body of the tongue is |ower than

the neutral position/ i/ [/ x/I | | &/h/.

12. Back: Sounds involving the retraction of the tongue from

the neutral position. The back vowels the |inguavel ar

consonants, the /w/ and dipthongs containing a back vowel

el ement .

13. Anterior: Any sound produced in the part of the nouth

anterior to the /S/ sound (bilabials, |inguadentals,

| abi odental s and |ingua al veol ars).

Chonmsky and Halle's feature system aroused the interest of
a nunber of speech and | anguage pat hol ogi sts. A nunber of
clinicians have nade serious attenpts to apply Chonsky and Halle's
systemto the analysis and treatnent of disorders of articulation*
Particularly noteworthy are the efforts of MReynol ds and

Engmann (1975). Al though these workers make the 'system fit
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for articulatory disorders, still it is an unconfortable
one. Hanson (1983) points out that the process of analysis
using this systemis cunbersone and al so that the appropriate-
ness of the system for describing disordered articulatory
patterns is questionable. For eg. seldomwould the features
"Vocalic', 'Consonaltal' or coronal be discrimnative in the
abnormal articulation of a child. The terms 'high' and back
refer to such a heterogenous group of sounds ('high' for

eg. would include the /w/, / S/ /k/ and /i / sounds) and their
usefulness in a single category seens negligible. The term
‘low refers only to the vowels and to the /h/. The term
"tense' also applies principally to the vowel s, which may
certainly be defective in severe articulatory disorders or
in Regional or foreign dialects, but which do not seemto

deserve two categories ('Vocalic' and 'tense') Hanson (1983).

Johnson (1980), congnisant of the discrepancy in purposes
bet ween Chonsky and Hal l e, who were striving to develop a
uni versal system and speech and | anguage pat hol ogi sts, who
are concerned principally with defective articulation of one
| anguage devised a very practical matrix of phonetic features,
based on the place, voice and manner designations traditionally
used by speech and | anguage pat hol ogi sts. (The features consi -
dered were ; Voicing, Nasal, Plosine, Fricative, Affricate,
Liquid, dide, Labial, Labiodental, Linguadental, Alveol ar

Pal atal , Vel ar, Gl ottal).



Somasundaram (1972) did a contractive analysis of
phonol ogy of Tam |, Telugu, Kannada and Ml ayal am based on
distinctive features. 11 distinctive features were necessary
to distinguish the phonenmes of the form |l anguages, |) Vocal,
2) Consonantal, 3) Nasal, 4) Continuous, 5) Tense, 6) Gave,
7) Conpact, 8) Flat, 9) Sharp, 10) Diffuse, 11) Strident.
It was found that features (1) to (9) were common to al
| anguages. \Whereas, 11th (strident) was significant in both
Tam | and Mal ayal am and 10th (sharp) was significant only

in Mal ayal am

Val antine (1977) proposed a system for classifying
phonol ogi cal segnents (of Maiayal am | anguage) into the
followi ng features: 1. Back/non back, 2. Nasal/non nasal,
3. Obstruent/non obstruent, 4. Continuant/non continuant,
5. Retracted/ non retracted, 6. Retroflex/non retroflex.,
7. Aspirate/ non aspirate, 8. Palatal/non pal atal,

9. Retracted/non retracted,non |ateral, non obstruant,
10. Coronal/non coronal, 11. Lateral/non | ateral
12. Retracted/non retracted non consonantal obstruent.

13. Voiced/voicel ess.

Ramaswam (1980) studi ed phonetic features of Tam |

sounds. The features necessary to distinguish vowels are
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tongue features (high, lowand back). Anmpbng consonants,

stops, affricates and fricatives are non-sonorant or
obstruents. Stops and affricates are differentiated by
fricatives by the feature continuant. Stops are differentiated
fromaffricates, by "abrupt' release, since the rel ease of

the arrested air in the case of stops is abrupt but is

del ayed in the case of affricates. Point of articulation is

al so considered to be necessary for distinguishing the sounds.
The feature anterior distinguishes sounds that are produced

in front of alveo-palatal region and those which are produced

at the back of the alveo palatal region.

Fal guni Pat hak (1982) studied the distinctive feature
system in Gujarathi |anguage using both articulatory and
acoustic nethod. The following features were found to be
present nanely - Aspiration, Nasality, Sem vowel, retroflex,
vel ar, Fricative, voicing, |abial, alveolar, dental, affrication

|ateral and fl ap.

Arati, V. (1983) attenpted to establish distinctive
feature system for Ml ayal am consonants, using both acoustic
and articulatory methods. The follow ng features were found
to be present, nanely (1) Back/non back, (2) Nasal/non nasal,

(3) Continuent/non continuent, (4) OCbstruent/non obstruent.



(5) Voiced/ non voiced, (6) Retracted/non retracted,

(7) Retroflex/non retroflex, (8) Palatal/non pal atal,

(9) Aspirated/ non aspirated, (10) Coronal/non coronal,

(11) Consonantal /non consonaltal. Around the sane tine,
Venkat esh (1983) studied the distinctive feature systemin
Kannada | anguage using both articulatory and acoustic

nmet hods. Eight features were found tobe present nanely,

voi cing, nasality. Aspiration, Anterior, Coronal, Continuancy,

stridency and | ateral.

Thus the review of literature indicates the need for
studying distinctive features of a | anguage. Not many | ndi an
| anguages have been subjected for such an analysis. |Information
regarding the distinctive features of two south Indian
| anguages (Kannada and Mal ayal am) by experinmental analysis are
avail able. However, no information regarding the distinctive
features of Telugu consonants by experinental analysis were
avail able to the present investigator. Therefore, it was
felt necessary to anal yse Tel ugu consonants to obtain distinctive
features. Further in order to develop suitable articulation
tests in Telugu and provide the basis for devel opi ng therapy
material in Telugu, it was intended to carry out the

present study.
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METHODOL OGY



METHCDOLOGY

The present study was undertaken to establish a distinctive
feature systemfor the consonants in Telugu and to establish the

acoustic correlates for the proposed features.

The distinctive feature system proposed for describing the
consonants in Telugu | anguage consists of the follow ng features
(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 features system proposed by
Chonsky and Halle (1968) who in their attenpt to establish an
uni versal system of phonol ogy proposed an inventory of binary
distinctive features appropriate for describing a | arge nunber of

| anguages.

The Tel ugu consonants considered in the present study are
based on the phonetic classification in terns of manner and pl ace
of articulation of consonants in Tel ugu | anguage (Venkateswara

Sastry, 1972; See Appendi x..2...)

Construction of the word pairs |ist:

430 word pairs using the 31 consonants in Tel ugu were

constructed. Each consonant was given the chance of being



56

contrasted with every other consonant considered in the present

st udy.

For eg: Paga - baga, palli - talli, padi - tadi....

In certain cases, a neaningful contrast was not avail able, and
such contrasts were not considered. The word pairs were such
that, the consonant in question would differ between the two
words, which nmay occur in initial or nedial position (for eg.
Pata - bata, Kalla - kajja). But for majority of the word pairs,
the initial contrast was naintained. It was attenpted as far

as possible to have the nost famliar words while formng the

list (See appendix..3. for the list of word pairs).
Recor di ng:

Recordi ng was done in a quiet roomusing the tape recorder
of Speech Spectrograph (MC MK 700). The VU neter was used to
nonitor the intensity. The output fromthe Spectrograph was
sinmultaneously fed to a Cosmc Tape recorder ( ) and the
word pairs were recorded on Philips cassette. A gap of approxi-
natel y one second was gi ven between words of a pair and a gap
of approximately five seconds was present between two successive

word pairs.
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Speaker :

An adult nmal e native speaker of Telugu served as the

speaker for the recording of the word pairs |ist.

The foll owi ng experinents were conducted to establish the
distinctive features (I) Perceptual analysis and (2) Acoustic

anal ysi s.

1) Perceptual Anal vsis: -

This experinment was divided into two parts.

Part-1I:

Subj ect s: -

The group conprised of 30 listeners (15 nales and 15 fenal es)
who were native speakers of Telugu. These subjects could read
and wite Telugu well. Their age ranged from18 to 23 years and
the nmean age was 19 years. The subjects had no history of speech

and hearing probl em
Pr ocedur e:

The tape recorded word pairs were played through earphones to
each listener in a quiet room The follow ng instructions were

given in Tel ugu.
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You wi || hear several Telugu word pairs. Please listen
tothemcarefully. As soon as you hear the word pair repeat

the word pair as you have heard ".

The responses of the listeners were recorded using a National
Panasoni c tape recorder for scoring and analysis. It took nearly

30 mnutes to record the responses of each |istener.

Scori ng:

The responses of each subject was scored as correct or
i ncorrect on the response sheet by the experinenter. A response
was considered as correct, if the spoken response was sane as the
presented stimulus. A response was consi dered incorrect when the
spoken responses was different fromthe presented stimul us.
The incorrect responses were further analysed to find out the

sounds for which substitutions were nade.

Part - 2:
Subj ect s:

This group conprised of 15 males and 15 fenal es who di d not
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have Telugu as their nother tongue nor were they native speakers
of Telugu. (The group consisted of 15 Kannada speakers, 8 Tam |

speakers and 7 Mal ayal am speakers). They ranged in age from 18
to 25 years, and the nean age was 22 years. The subjects had no

hi story of speech and hearing probl em
Pr ocedur e:

The instructions were given either in English, or in Taml
or in Kannada according to the subjects |anguage*. The essence
of instructions was the same as that given for the Telugu speakers.
In addition here the subjects were told not to bother about the
nmeani ng of the words they are going to hear as, it is in a |anguage

non-native to them

The responses of the listeners were recorded using a National

Panasoni ¢ Tt perecorder for scoring and anal ysis.
Scori ng: -

The spoken responses of all the 30 subjects were scored as

in Part-1.

Acoustic Anal ysis:

Stinmuli:

30 words were selected fromthe master spool in such a way.
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that acoustic correlates for the eight features proposed could

be establi shed.
Equi pnent : -

Speech spectrograph (M C MK 700) which has prevision for
continuous recording and to anal yse speech sanple of 2.4 second

duration at a tine was used.
Procedur e:

W de band spectrograns weretaken for each word using speech
spectrograph (M C M 700). The spectrograns thus obtained were
anal ysed to note the followi ng characteristics (1) Presence of
periodic or aperiodic energy (2) Formant transition (3) Frequency
at which concentration of energy is seen (4) Voice lag or voice

| ead.

Kk kk*
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RESULTS AND DI SCUSSI ONS

The results of the two experinents conducted provide the
acoustic correlates for the distinctive feature system proposed
for the consonants in Telugu and al so the amount of information

carried by each distinctive feature.

The proposed distinctive feature system for consonants in
Tel ugu consists of the follow ng eight features:- 1) Voicing
2) Nasality (3) Aspiration (4) Anterior (5) Coronal (6) Stridency

(7) Continent (8) Lateral.

Per ceptual Anal ysi s:

Part-1:

Anal ysi s:

The responses of 30 Telugu listeners to 860 words have been

anal ysed using a confusion matrix (See Table-1).

A confusion matrix is a matrix in which the stinmuli and
responses are portrayed. 31 consonants presented to 30 |listeners
as they occured in 860 words are presented in the vertical axis
of the matrix, as stimuli. The sane 31 consonants are
by 30 listeners and the spoken out responses are represented on
the horizontal axis, as response. The matrix is nmade up of 860

observations of 30 listeners making it 24120 observations totally.
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The nunber witten in each cell is the frequency of
occurence of the sound in the response colum for the sound
shown in the correspondi ng colum of the stinmuli. The row
sumgi ves the total frequency of stimuli presented and col um

sumgives the total frequency of responses whi ch occured.

Further, the confusion matrix for 31 consonants in Tel ugu
was subdi vided i n voi ce conmuni cation network of eight conpo-
nent bi nary channels of linguistic features, based on eight
features proposed. Confusion matrices were forned for each of

these linguistic feature. These matrices were four fold matri ces,

Eg: Response

\Voi ced \Voi cel ess

Voi ced
Stimuli

Voi cel ess

In all the confusion matrices thus fornmed, the sum of
nunbers in a diagnal |ine indicates the nunber of correct

responses, and the nunbers scattered around the 'diagnal’' indicates

error response.

A neasure of co-variance based on information theory

(Shannon and Weawer, 1963) was enpl oyed to cal cul ate i nfornation
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transmssion for a conposite phonene channel and for eight

| inguistic distinctive features.

The formul a used:

T =« P log Pi, Pi
(x,¥) 1§ 13 2 Pij
wher e,
Tixvww = Information transmssion frominput variable

"X to output variable Ybits/stimlus.

Pi = ni/N
Pj = nj/H
Pij = nij/N
ni = Frequency of stimulus i
nj = Frequency of response |
nij = Frequency of joint occurence of stimulus i, and response
] in a sanple of N observations
N= Total nunber of observations: In table(l) cell entries
are 'nij'; rowseens are'ni'; colum suns are nj and Nis 24120.

To calcuiate T( ) s
x

Y
For example:
Response
J; P
3 ~ a+b
B e e b . .
12 C ol
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Where N = a+bic+d

atc y  ab a2 g
T = E log --—E ————————— E-_ =+ B 1Og2 —L--——————__
(x,y) 2 a/N /N
b+d c+d
- C/I‘] logz ------------ + N 0g2 _"'-'-'"'-"'; —————
C/N an

The information val ue carried by each feature was cal cul at ed

using the above fornula (See table 2 & 4).

The total transmssion in bits/stimlus was cal cul ated by

adding the information value for the eight features.

The conposite channel information transm ssion was cal cu-

| ated using the formula.

g
3
- §=1 Px 1og px

Px refers to the probability of occurence of a particular
feature. For eg: the probability of occurence of 'voicing
(Pl) is 18 out of 31 (i.e. out of 31 consonants 18 consonants
are voi ced), and for coronal (P2) - it was 20/31 and so on.

The values P1 to p8 were substituted in the above formul a.

8
2 - P i
i.e H n£=1 Py lc:»g2 Pl + log, P, + PB log2 P8

and the conposite channel information transm ssion was found

to be 3.058 bits/stimnulus.
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DI SQUSSI ONS:

The percentage of correct responses to 860 words by 30
Telugu listeners was found to be 87.88 percent. By observing
the pattern of error responses scattered around the di agnal
line, (See table-1), it can be inferred that when two sounds
differ in nore nunber of features, the confusions are |ess;
and when two sounds differ in |less nunber of feature, then the
confusions ace nore for eg. nore confusions between / k/ and / g/

and | ess confusions between / k/ and / p/ were observed.

The results indicate that several features play an inportant
role i n speech sound perceptions. These features work i ndepen-
dent of each other in the perception of speech sounds. However,
the features are not conpletely independent. This is supported
by the finding that conposite phonene channel transmts 3.058
bits/stimulus information, whereas the total information trans-

m ssion by eight features, is 5.2838 bits/stimnmulus whish is
obviously greater than that for a conposite phonene channel. This
difference is due to 'cross tal k' or overlap between conponent

channels and is attributed to redundancy of the |anguage.

Fromtable-2, it isclear that, all distinctive features

do not have equal inportance in speech sound perception. Sone



distinctive features transmt nore informati on than few ot her
di stinctive features, thus supporting the hypothesis, 'The

information content carried by each of these distinctive features

vary'.

The ranking of the features according to the amount of
information transmtted indicates that the feature 'voicing is
the strongest feature and the feature |ateral the weakest.
Venkat esh (1983) found simlar ranking of features in Kannada
| anguage. MIller andMcely (1955) found 'Voicing' to be the

strongest feature in English.
Part-1I|
Anal ysi s: -

The responses of 30 non-Telugu listeners to 860 words were
anal ysed using a confusion matrix as described in Part-1 (See

table-3 for the confusion Matri x).

Results and Di scussi ons: -

The percentage of correct responses for 24,120 observations
by 30 non-Telugu listeners was found to be 86.57% The percentage
of correct responses is alnost the sane in both the groups.

(Telugu listeners 87.88% . Further the pattern of error was
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found to be simlar in both the groups. This makes clear that
non- Tel ugu |isteners(who had either one of dravidian | anguages
ot her than Telugu as their nother tongue) use the sane set of

di stinctive features as the Telugu listeners to identify speech
sounds. This finds support in Somasunda (1972) study who
found that nine of distinctive features nanely; vocalic, conso-
nantal , nasal, continuous, tense, grave, conpact, flat and

di ffuse were common in all the four major Dravidian | anguages
and the features sharp to be significant in Tam | and Ml ayal am

and strident to be significant only in Ml ayal am

| nformation transm ssion was cal culated in bits/stinulus
for conposite channel and individual features, and the tota
channel transm ssion was al so obtained. (See table-4). The
obvi ous di screpancy between the total channel transm ssion and
t he conposite channel transmission is attributed to 'cross talk'
or overlap between conmponent channels. This makes it clear

that the features are not conpletely independent.

Fromtable 4, it is clear that sone distinctive features
carry nore information then certain other features ase found
anmong the Telugu listeners. This supports the hypothesis 'the

informati on content carrriedby each of these features vary'.
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The ranking of features according to the amount of infor-
mation transmtted showed the feature 'coronal' the hold the
hi ghest rank and the feature 'lateral' to hold the |owest rank.
See table(4). A conparison of the ranking of features between
Tel ugu and non-Telugu listeners shows the ranking to be simlar
except that 'voicing' is ranked 1st anong the Telugu listeners
and it is ranked second anong the non-Telugu |isteners (see
table-5). This difference in ranking nay be attributed to
het er ogenous group anong the non-Telugu listeners. (15 were
Kannada speakers, 8 Tam | speakers and 7 Mal ayal am speakers - al

bel ongi ng to the dravidian | anguage group).

The simlarity in performance of the Telugu and non- Tel ugu
subj ects may be because of the use of alnost the sanme set of
di stinctive features by both the groups. Thus the findings
i ndi cate the possible existence of universal features (Chonsky
and Hal l e, 1968; Menyuk, 1968). However, this specul ati on nust
be viewd critically as the sanple of non-Telugu |isteners is
small and al so, this group conprised only of Dravidian | anguages
(Tam |, Kannada, Mal ayalam . Oher |anguage groups such Aryan
| anguage groups, have not been considered. This woul d provide

an interesting topic for research.
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The simlarity in performance of the Tel ugu and non- Tel ugu
|isteners supports the hypothesis that 'no significant differences
will be found in the listening performance of Telugu add non-

Tel ugu subjects when word with m mmal /fewdifferences are presented

in quiet situation.

An interesting observation was that, nost of the l|isteners
substituted /5/ for /S/. That is the per cent age of correct
response was 5.28% anong Telugu listeners and 1. 78% anong
non-Telugu |isteners. Qut of 625 observations for /5 /, This
may be attributed to mininal difference between /£ / and /< /
and the infrequent usage of / 5/ in Telugu and al so in other

dravi di an | anguages.

Anot her point to be noted is the high percentage of sub-
stitution of the unaspirated sound for the aspirated one. Though
aspiration is distinctive in Telugu (eg. 60a1i) name of a
goddess and 2p2<e (khali) enpty) nost of the Telugu listeners
were found to substitute the unaspirated sound for the aspirated
one for eg. out of 729 observations for (K" 105 were Y%ka/ sub-
stitutions. A simlar trend was observed even anong the non-
Telugu |isteners. Mallikarjuna (1974) found that the native
speakers of Kannada who are not exposed to Sanskrit |anguage are
not able to nake out the differences between aspirated and

unaspi rated sounds.
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A conparison of the distinctive features of Tel ugu,
Kannada, Mal ayal am (the Dravidi an | anguage group) and Qujarati

I s shown i n Tabl e- 6+

The conparison reveal s that many of the features are conmon
to all the four |anguages thus supporting the existence of
uni versal distinctive features. Further few features are distinct
i n one |language and not in other. For eg. Arqti (1983) found
t hat Ml ayal am speakers percei ve nasal sounds better than the

non- Mal ayal am speakers.

Though many of the features were common to all the four
| anguages conpared, the ranking of there features were not found
to be the same in all the four |anguages. This inplies that somne

features carry nore information in one |anguage than in others.

Acoustic Anal ysi s:

Wde band spectrograns for 30 words were studied. A close
I nspection of the spectrograns reveal ed distinct acoustic charac-
teristics for each feature proposed. The distinctive acoustic
characteristics for the proposed distinctive features are as

foll ows: -

1. Voicing:- The essential acoustic characteristics for voicing

di stinctions which can be seen in a spectrogram are:
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1. Presence of |ow frequency energy termed as 'buzz' (Jacobson
Faut and Hall e, 1952) in voiced sound and absence of this
i n avoicel ess sound. The presence of this characteristic
I's marked by voice bars along the base of the spectrogram
which are identifiable as vertical striations occuring at

regul ar interval.

2. Voice onset tine is identified as voice lead i n voi ced sounds

and as voi cel ag i n voi cel ss sounds.

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

| ess than i n voi ce sounds.

The fol l owi ng acoustic characteristics were observed in
t he consonants of Tel ugu whi ch were anal ysed spectrographically
1. Regular vertical striations in |ow frequency regi on which occur
simul taneously with the burst (stop or frication) indicating voice

| ead.

2. Decreased intensity of burst when conpared to its voicel ess

count erpart.
Nasality:

Acoustic characteristics of nasal feature are described as

havi ng a characteristic nasal formant at | ow frequency (200 Hz)
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and at very high frequency (2500 Hz) and a tail |ike appearance.
It has al so been reported that there is very little high
frequency. (Daniloff et al, 1980; Jacobson, Fanet and Hall e,
1969; Fry, 1979; Potter et al 1966). The above nenti oned
characteristics that is (I) presence of |ow frequency fornant

and (2) tail like appearance were present in the nasal consonants

st udi ed.

Aspi rati on:

The acoustic cue for this feature is extra-energy concen-
tration in aperiodic portion. That is at high frequencies
mmcing the friction noise in stops, fricatives and affricates.
A conparison of spectrograns of the words containing aspirated

and unaspi rated, showed the above feature to be present in Tel ugu,

eg: /K different from KY
| Pl different from/PY

Stridency:

This feature is characterised by high frequency turbul ence
of longer duration and greater intensity. These acoustics cues

were present in the Telugu words exam ned spectrographically.

Cont i nuent :

The acoustic characteristics seen inthis feature are: a



gradual onset of vibration, which is continued for a considerable
| ength of tine as can be seen in the production of consonants
like/s/, /r/, ['l/. The non-consonants present a sudden bur st

of vibration for a very short duration as can be seen in/p/,
Ibl, I't/, /d/. Examnation of words containing continuents
showed the follow ng features to be present (1) gradual onset
(increase in intensity with tine) and (2) Longer duration of

vi brati on.
Lat eral :

Lateral sounds are associated with vowel |ike and consonant
| i ke characteristics (Jacobson, Faut and Halle, 1952). The con-
tinuous bars in themare representative of vowel s and the gaps

are characteristic of consonant parts.

Examnation of words containing |ateral sounds showed the

presence of the small gaps.

Anterior:

Chonsky and Halle (1968) define that all |abial, |abiodental,

dental and al veol ar sounds as anterior and pal atal, retroflex,

vel ar, and glotal sounds as nonanterior. Based on this places

of articulation it is possible to give acoustic characteristics.



Labi al :

Char acteri sed by downward transition, |ow frequency peak

and very | ess VOT.

Dent al :

Characteri sed by upward shift, higher frequency peak when

conpared to | abial sounds, |ess VOI.

Al veol ar:

Shortened transition upwards or downwards* hi gh frequency

peak, greater VOT when conpared wi th | abial and dental sounds.

Eg: /t/ /dI

Ret r of | ex:

Upward shift and | ow frequency peak

Eg: /t/ /dI

Vel ar:

Upward shift of transition, md frequency peak, greater

VOT when conpared w th other sounds.

Eg: / kI /gl
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Cor onal

Coronal consonants are characterised by gradual upward
novenent of F1 and gradual downward novenent of F2 and
coronal consonants are characterised by sudden downward nove-

ment of F1 and sudden upward novenent of F2.

Eg:- /t/ + corona

/ p/ - coronal.

Thus the acoustic analysis of word pairs in Telugu reveal
di stinct acoustic characteristics for each of the proposed
feature. This supports the hypothesis that each of the distinctive

feature proposed presents distinct acoustic characteristics.

It is possible to anal yse consonants in Tel ugu | anguage
using these distinctive features. Thus the hypothesis stating
consonants in Telugu are nmade up of the follow ng features:

(a) voicing (b) nasality (c) continuent (d) anterior (e) coronal

f) stridency (g) aspiration (h) lateral has been accepted.

Thus the existing distinctive feature systemin Tel ugu
has ei ght features which has been proposed based on the phonetic
description of Telugu consonants. This supports the hypothesis
"It is possible to propose a distinctive feature systemin Tel ugu

based on phonetic description'.
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For Speech and Language Pat hol ogi sts the distinctive
feature systens as described by others (Jacobson, Faut and
Hal | e, 1952; Chonsky and Halle, 1968), seens to be avery
useful tool in describing the devel opnental aspects of arti-
cul atory behavior, in planning therapy and in assessing
prognosis in cases having msarticulation. The results
of the present study has rel evance to the above nenti oned

facts.
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TABLE- 2

Tabl e showing information transm ssion in bits/stimlus for
ei ght linguistic features and the ranking of these features

according to the amount of information transferred,in Telugu

speakers.

S Features wning (Mgt trans -
1 \Voicing I 0.8772

2  Coronal I 0. 8379

3 Continuent [11 0. 8005

4  Anterior |V 0. 7495

5 Strident Vv 0. 7405

6 Aspirated Vi 0. 5352

7 Nasal VI | 0. 4354

8 Lateral Vil 0. 3076

Total transm ssion in bits/stinulus = 5.2838

conposi te phonene channel transm ssion = 3.058
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TABLE- 4

Tabl e showing information transm ssion in bits/stinmulus for
eight linguistic features and the ranking of these features
according to the anount of information transmtted in Non-

Tal ugu |i steners.

Sl . No. Ranki ng Feat ur es Information transmtted in
bi ts/stinulus

1 | Cor onal 0. 8375
2 |1 Voi ci ng 0. 8260
3 N Cont i nuent 0. 7894
4 IV Ant eri or 0. 7730
5 \Y Strident 0. 7385
6 \ Hspiration 0. 4938
7 Vi | Nasal 0. 4430
8 VI Lat er al 013149

Total transmission in bits/stinulus = 5.2161

Conposite phonene channel transm ssion = 3.058



TABLE-5

Tabl e showi ng the conparison of ranking between Tel ugu

and Non-Telugu |isteners

Sl . No. Ranki ng Features Telugu Features non-Tel ugu
listeners listeners

1 I Voi ci ng Cor onal

2 |1 Cor onal Voi ci ng

3 N Cont i nuent Cont i nuent

4 IV Ant eri or Ant eri or

5 \/ Strident Strident

6 \ Aspi r at ed Aspirat ed

7 VI Nasal Nasal

8 VI Lat er al Lat er al




Tabl e showi ng the distinctive features of Tel ugu,

Mal ayal am and Guj ar at i

transm ssi on.

TABLE - 6

82

Kannada,

ranked according to the Informtion

SI.No.TeIuQu Kannada Mayal am * Guj arat i

1. Voicing Voi ci ng Consonant al / nonconsoe Ret r of | ex
nant al

2. Coronal Cor onal Abst ruent / nonabst r uent Vel ar

3. Continuant Stridency Nasal/oral Dent al

4. Anterior Ant eri or Cont i nuent/ nonconti - Labi a
nuent

5. Strident Conti nuent BacK/ nonback Al veol ar

6. Aspirated Nasality Cor onal / noncor onal Voi ci ng

7. Nasal Aspiration Retrofl ex/ nonretroflex Aspiration

8. Lateral Lat er al Pal at al / nonpal at al Afftication

9. Ret ract ed/ nonretract ed Nasal ity

10. Voi ced/ voi cel ess Frication

11. Aspi rat e/ nonaspirate Sem vowel

12. Lat er al

13. Fl ap

* Features not ranked according to information transm ssion)



CHAPTER - V

SUMVARY AND CONCLUSI ONS
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SUMVARY AND CONCLUSI ONS

Distinctive features which are the smallest units of |anguage
are defined to be the "physical and psychological realities of a
phonenme (Singh, S. 1976)". The present study ainmed at establishing

a distinctive feature system of Telugu consonants.

430 word pairs were prepared using 31 Telugu consonants.
These word pairs were prepared such that there was atl east one
feature difference between the two consonants of the word pair.
Perceptual and Acoustical analysis were carried out to establish

t he features.

Perceptual analysis was carried out intwo stages - Part-|
the word pairs were presented to a group of 30 subjects (individua
who were native speakers of Telugu. Subjects had to speak out
what they heard and these responses were recorded for further
analysis. Part-1l - The same stimuli were presented to a group

of 30 non-Telugu speakers and their responses were recorded.

The perceptual data was anal ysed using confusion matrices
and by calculating information content of each feature. 30 words
wer e anal ysed spectrographically to observe the acoustic charac-

teristics. The follow ng conclusions were drawn fromthe study*-
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1. It is possible to propose a distinctive feature systemin

Tel ugu based on phonetic descriptives of Telugu | anguage.

2. Consonants in Telugu are nmade up of the follow ng features:
a) Voicing (b) Nasality (c) Contingent (d) Anterior (e) Coronal
f) Stridency (g) Aspiration (h) Lateral.

3. Information carried by each feature differs.
4. Each feature has distinctive acoustic characteristics.

5. Nosignificant differences were found between the |istening
performance of Telugu and Non- Tel ugu speakers when the word*

pairs were presented in a quiet situation.

| npl i cations: -

1. The distinctive feature system thus established given an

i ndepth analysis into the phonol ogy of Tel ugu.

2. This distinctive feature system can be used to study the
phonol ogi cal acquisition of Telugu in children, to assess

articulatory disorders and in planning articul ation therapy.

3. Distinctive feature discrimnation tests can be devel oped for

audi ol ogi cal testing.

4. An articulation drill book in Telugu can be prepared based

on this.
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5. It can be used to inprove the tel ecommuni cation system for

transmssion in Tel ugu.
6. It can be used in the devel opnent of speech synthesi zers.

Recommendat i ons: -

1. The present distinctive feature systemcan be further validated

usi ng ot her methods of distinctive feature anal ysis.

2. Further study can be done on substitution analysis that is

which of the features are substituted bythe other features.

3. Distinctive feature systemcan be devel oped for vowels in

Tel ugu.

4. An articulation test in Telugu can be devel oped on the basis

of the distinctive feature system
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APPEND X-1

Definition of Distinctive Features Proposed for Tel ugu consonants.

1.

Voicing:- In the production of + voicing consonants the vocal
folds vibrate; and in the production of -voicing consonants
vocal folds do not vibrate.
eg: +voicing:-/g/ /g™ 111 j"11dl1d" [n/

/dl 1d" In/ bl b I [yl [

el w1/

- voicing [/kI [kM el ettt It

Ipl 1p*VIsl /57 [ hl
Coronal : - The + coronal sounds produced with 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//c™ [ j 11 jMrrtl /1t 1df

[d" In/ 1t/ 1dl /d Inl

Iyl Il ljl /J/1sl 111

- coronal :- / ki 1 k" 1gl 1g" Ipllph Ibl/Db"

Iml [ wl [ h/
Strident:- The + strident consonants are narked acoustically
by greater noisiness.
Eg:+Strident:-  /s/ /S /lcl Ichl [jI1j"I/Ih
Anterior:- Al the front sounds are known as: +anterior
i.e. the bilabial, |labio dental, dental, and al veol ar sounds
are + anterior sounds. The palatal, retroflex velar and glottal

sounds are:-Anterior sounds'



Eg: -+Anterior: /t/ /d/ [ d" In/ [ pl |p"
I el L)W [ s/
Anterior: ki /K'Y gl /g iclic Il
i 1l 1t rdl 1d" Inl lyl
JI/ Ihl 1

5. Continuent:- The + continuent consonants are produced wth
the constriction in the vocal tract regulated in such a way
that conplete closure or blocking of air passage never occur.
Eg:- /yl /vl 111w /sl ] [ [hl/ll]

6. Nasal :- + Nasal consonants are produced with the |owered vel um

and -nasal consonants are produced with the raised vel um
Eg:- +nasal:/n/ /o/ I

7. Aspiration:- The aspirated sounds are characterised by extra

energy concentration in aperiodic portion of the consonants at
hi gh frequenci es.
Eg: -+Aspiration: / k" /g ¢y e dY
[ d" [ p" Ib"
8. Lateral:- The + lateral consonants are produced by |owering the
md section of the tongue.

Eg:- +lateral: /1/ and /1/
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