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CHAPTER - |

| NTRODUCTI ON

Language has been considered as a nulti-level system These
l evel s are phonology, syntax and semantics. Wthin each
| evel, there are sublevels that define the basic elenents of

the system

Phonol ogy deals with the sound system of a |anguage. It
is not concerned with sound as physical phenonenon but rather

it is concerned with phonenes of the | anguage.

According to Trebetzkoy (1939) " phonenmes are the
smal l est distinctive sound wunit (phonological wunit) of a
| anguage which can not be further analyzed into smaller and
si npl er phonol ogi cal wunit". The consequence of the study of
phonenme content gave rise to the concept of distinctive
features which in turn was influenced by the European
sturcturalism specially that which was propounded by
Ferdi nand de Saussure. A phonene was then considered as a
bundle of distinctive features which in turn helped in
di stingui shing sounds of a |anguage. The idea of contrastive
relationship was the foundation for the theory of distinctive
feature. Earlier sounds were differentiated in terns of
phonem c contrasts but now distinctive features are used to

di stingui sh them



According to Sadanand Singh (1976) " Distinctive
features are the physical (articulatory or acoustic) and
psychol ogi cal (perceptual) realities of a phonene", this
definition it is nmeant that each phonene can be defined and
differentiated in terns of a) articulatory features nanely
pl ace and manner of articulation and voicing. b) Acoustic
features nanmely frequency, intensity and duration of speech

sounds. c¢) Perceptual features.

There are four ways of studing distinctive features
systens. 1) Acoustic nethod 2) Articulatory nethod

3) perceptual nethod 4) using conputer.

Acoustic nmethod identifies features interns of a) VOI b)
transition of formats c¢) concentration of energy, |ocus of

energy and duration of energy.

Articulatory method uses phonetic description of sounds
to define distinguishing qualities of speech sounds ( Chonsky
and Halle 1968). The perceptual nethod requires the study of
perceptual responses to the sounds by the listeners (Mller &
Nicely, 1955 ; Singh, 1968). The conputer nethod involves
devel oping a specific programe being given to the input for

the features (Tel age, 1980).

There are two ways of establishing the feature system of

a particular | anguage. They are 1) Apriori and 2) Posteriori.



MIller & N cely (1955) define the Apriori method as
defining or proposing a system before the articulatory or
acoustic or perceptual analysis is done. This nethod |acks
flexibility but is less tinme consum ng than the other nethod.
In the Posteriori nethod a large sanple is taken, wusing
various techniques |ike spectrographic analysis or nulti-
di mensi onal scaling of perceptual data, then the features are

traced out (Jetler & Singh, 1972).

Speech and | anguage pathol ogists are not only interested
in the conbination of various features in the phonene but
also in the way in which each of these 'features' are
acquired and nmaintained in normal and abnormal conditions.
According to Hanson (1983) distinctive feature theory has
val uable application in devel opnental eval uati onal and
treatnent aspect of articulation disorders. There are nany
others who have simlar opinion. According to themthe
know edge of distinctive feature can be used in
1) devel opnents aspects of |anguage (Menyuk, 1968; Leonard,
1973; Panagas et.al.,1979; sing et.at., 1981).

2) The evaluational (G ler,1973; Mkeynolds & Huston, 1971 ;
Mckeynol ds and El bert, 1981).

3. Treatnment of articulational disorders. (Pol I ack and
Reese, 1972 ; Mekeynolds and Bennet, 1972, Wntz, 1972;
Castell o and Onstine, 1976; Ruder and Bunce, 1981)



articulation disorders . Speech and Language needs to have a
good understanding of the problem and particular |anguage to
be taught. Somasundaram (1972) stated that " the situation in
India, with its nmultiplicity of Iinguistic groups, necessi-
tates the study the study of |anguage. Present additional
problem is that the speech clinicians may have to work with

| anguages non-native to hini.

Thus the need to wunderstand the distinctive features
systens in Indian |anguages instigated the initiation of the
study in Bengali. Bengali is a nenber of the Indic group of
the Indo-lranian or Aryan Branch of the Indo - European
famly of |languages. 339 mnimal pairs were nade using 30

phonenmes of Bengali consonants and were randomy presented in

quite situation to 30 listeners whose nother tongue was
Bengali and to another group of 30 Ilisteners whose nother
tongue was Tam|. Their responses were recorded and

perceptual analysis was done by the experinmenter. Later
confusion matrices were «constructed for the two groups.

| nformati on content of each feature was al so found out.

In addition acoustic characteristics of the phonenes
were detected through spectrographic anal ysis.

Statenent of the problem : -

To establish a distinctive features system of Bengal

consonants by perceptual and acoustic nethods



Hypot hesi s
1. It is possible to propose a distinctive feature systemin

Bengal i based on phonetic descriptions.

2. Consonants in Bengali |anguage contain the follow ng
features a) Voicing b) Nasality c) Continuant d) Corona
e) Stridency f) Aspiration g) Lateral and h) Anterior

3. Information carried by each feature varies.

4. Each feature has distinctive acoustic characteristics.

5. No significant difference will be found in the listening
performance of Bengali and non Bengali speakers, when word

pairs are presented in a quite situation.

Limtations

1. Distinctive features system has been proposed only for

consonants.

2. Only a Iimted nunber of listeners (30+30 in each group)
wer e used.
3. Only the experinenter served as the judge in the present

st udy.

5. Apriori analysis has been used.
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REVI EW CGF LI TERATURE

Language is nmade up of large phonemc inventory. This
variety of phonemic inventory of any |anguage can be
described by a snmaller set of distinctive features. This has
been widely accepted. This acceptance is well justified on

both theoretical and enpirical grounds. The distinctive

feature concept has been incorporated into linguistic
t heori es, sound change, nor phophonem ¢ variation and
phonol ogi cal systens. Experi nmental psychol ogy has furnished

support for the reality of distinctive features in studies of
short-term nmenory, error in perception and psycho-physical
scaling. Moreover, the distinctive feature concept in proving
to be a powerful tool in "applied® areas such as speech
pathology and automated speech recognition. Distinctive
feature analysis in studies of [|anguage acquisition and

devi ant speech are common.

The devel opment of distinctive feature theory has been
associated primarily with the nane of Roman Jakobson. There
can be no doubt that the main inpetus to feature analysis
derived from Jakobson's two classic works Prelimnaries to
speech analysis (1952) with Gurner Fant and Mrris Halle, and

Fundanental s of |anguage (1956) in which the theory rested on



the sudden and brilliant flash of insight of one man al one.
On the contrary the roots of distinctive feature theory are
buried deep in Prague School of phonol ogy. Anot her early
phonol ogi st, N koli Sergevic Trubetzkey figures centrally in
its devel opnent. Distinctive features theory represents the
conmbination of Jlong years of phonological theorizing and
practical work in typological studies and synchronic analysis

of a wi de range of [|anguages.

The original term to denote feature was the Cerman
di stinctive or phonol ogi cal relevant Eligen Schaft
(distinctive or Phonologically relevant property.Jakobson
adopted the term distinctive feature fromBloonfield' s
Language (1933). However Bloonfield has used the termto
denote a phonene (Baltaxe, 1978). The concept of distinctive

features represent a direct continuant of that devel opnent.

Definitions of Distinctive Features:

Sadanand Singh (1976) defines distinctive features as
"physi cal (articulatory or acousti c) and psychol ogi cal
(perceptual) realities of a phonene" By this definition it
is nmeant that each phonenme can be defined and differentiated
in terms of a) articulatory features nanely place and manner
of articulation and voicing b) acoustic features nanely
frequency, intensity and duration of speech sounds.

c) Perceptual features.



According to Jakobson, Fant & Halle (1952) the
distinctive features are "the ultimate distinctive entities

of | anguage".

Jakobson (1962) has suggested an analogy between the
musi cal cords and the phonene and the distinctive features.
This nodel has the capacity to represent the phonene as one
unit - the chord itself and the notes as the variety of
conponents which are conparable to the features, a variety of
materially produced acoustic properties. A chord is heard as
one element and yet is nmade up of other elenments. This
transformation, a shift in enphasis form the unit to its

subconponents was the goal of distinctive feature theory.

According to Fant (1973) distinctive features owe really
"distinctive categories or classes wth in a linguistic
systemi but just like in accepted phonemc analysis it is
required that they are consistent with the phonetic facts and
t hese phonetic facts on various |evels have |ost their nane
to the features. He also adds 'A distinctive feature
represents the linguistics condensed’ view of mniml unit

for conposing speech nessage.
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Blach (1978) defines a distinctive feature as 'syntactic

property that separates a subtest of elenment from each

group'.

Parker (1974) defines the distinctive features in a
closed continuum referring to the "binary characteristic" of

its mani festation.

Al the above nentioned definitions of distinctive

features clearly bring out the follow ng characteristics;

1) Its physical nature (articulatory and acoustic)

(Singh, 1976)

2) Its psychol ogical conponent (perceptual nature)

(Si ngh, 1976)

3) Binary property (parker, 1974)

4) Being a part and parcel of every phonene (Bl ache,

1978)

5) Having acoustic characteristics (Jakobson, 1962)
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Different nethods of analysis of distinctive features have
been used to arrive at the features. Accoustic nethod has
been used by Jakobson, Fant and Halle (1952). They have
proposed twelve binary, universal features using acpustic
terns based on the spectrographic analysis. They have
denonstrated clear acoustic distinction between consonants
and vowel s. They believe that in no |anguage all these
feature 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 techni ques introduced by Bell
Tel ephone Laboratory are still nost inportant neans of

know ng the characteristics of speech waves.

Acoustic cues inportant for the perception of speech

segnents:
These cues can be divided into those inportant to the

(1) perception of manner (2) place (3) voicing.
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Perception of Manner  Articul ation |- The periodic,

harnmonically structured classes (vowels, simvowel s, or
nasal s) present acoustic cues in the energy regions that are
relatively low in frequency. In contrast, the aperiodic,
noi sy classes of speech sounds (stops), fricatives or
affricates) are cued by energy that is relatively high in

f requency.

The sem vowel s, vowel and nasal s are further
di stinguished by the relative intensity of formants and
frequency changes. The nasal consonants have formants of
abruptly lower intensity than sem vowels and vowels. In
addition, there is the distinctive low frequency resonance
the nasal murrmur. Sem vowels have formants which in context
glide from one frequency to another conpared to the
relatively steady state of the vowels and nasals. Sone
di pt hongs glide as nmuch as any sem vowel, but the glides are

generally nore rapidly changed for seni vowels.

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

frequency, intensity and timng.
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Perception of place of Articulation :- This depends on
frequency, for vowel s and sem vowel s, t he f or mant
rel ationships serve to indicate tongue placenent, nouth

opening and vowel tract length. Vowel placenment is reflected
in the F; - F, acoustic, space, with F; frequency indicating
tongue height or nouth opening and F, frequency indicating
pl ace of maxi num approximation of the tongue with the walls
of the vocal tract. Sem vowel production is mainly reflected
in the frequency changes in F,. The sem vowel / j / begins
with the highest F,, with/r/ and /1/ in the mddle
frequencies, and /w relatively |ow Fa serves to contrast,

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

For stops, fricatives and affricates, two prom nent
acoustic cues or place of articulation are the Fz transitions
into neighbouring vowels and the frequency of the noise
components. In general the transition of the second formant
with a low locus is perceived as labial, with a higher |ocus
it is alveolar: and with a varied, vowel-dependent |ocus, it
i+s palatal or velar. The F, transition is used to cue the
di fference bet ween t he | abi odent al and | i nguadent a

fricatives al so.

The frequency of the noise itself indicates place of
producti on. The low frequency cut off of noise for /s/

friction is often above 4000 Hz, while for the nobre retracted



14

/'sl, it is nore often 2500 Hz. If the friction covers a w de
band of frequencies, it is nore likely to be /f/, /o, or /h/.
Frequency of the noise indicates place of articulation even
when extrenely brief as in stops or affricates, wth
frequency | oci simlar to those reflected in the F;
transitions. Accoustic 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 voice bar. The
periodic sound of voicing itself, reflected in the voice bar,
is inmportant, but the fact that one can whisper, 'The tie is
bl ue’ and "the dye is Dblue' and perceive a voicing
di stinction despite the absence of vocalfold vibration
indicates that timng is a critical cue to the perception of
the voiced-voiceless distinction in consonants. Li steners
perceive relatively long duration of the closure period (the
silence before the burst), or of the tinme between the burst
and the beginning of voicing for the follow ng vowel as cues
for the voicel ess cognates /p/,/t/, or /kl/I. The voiced /b/,
/d/ and / g/ are perceived when the stinmuli have a relatively
short closure period, aspiration, and delay between burst and

vVoi ci ng onset are seen.

Fricatives and affricates are perceived as voiceless
when the friction is relatively long, and in the case of
affricates, when the closure duration is also relatively

| ong. Finally, duration of the vowel Dbefore a fina
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consonant can cue the perception of differences in voicing,
with vowels of |onger duration perceived to be followed by a
voi ced consonant and vowels of shorter duration perceived to

be followed by a voicel ess consonant.

Chonsky and Halle (1968) describe the articulatory
features of wuniversal sounds. The features are binary and
are defined by autonynus adjectives. The vocal nechanismis
considered in terns of source, areas of vocal tract involved,
position of the tongue in relation to different areas and
also oral and nasal cavity differences in terns of volune.
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
represent the essential articulatory characteristics of all
speech sounds (2) to provide neans for aberrant speech

producti on.

Per cept ual Method - It deals wth the question of

perception of speech sounds in the franmework of a theory of

speech perception. It is believed that distinctive features
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are the bases on decoding auditory stinmuli. The distinctive
features play a great role in perception of speech stinuli
In this nethod the features are retrieved from various

statistical analysis.

Perceptual nethod has been used by MIller and N cely
(1955) Singh and Black (1969), Singh (1968), Wckel gren
(1966) Shepard (1972); Singh and Wods (1971) and Singh
(1975). They described these perceputal nethods as (1)
designation of apriori features to predict perceptual
responses (2) extraction of aposteriori features from

percept ual responses.

In apriori designation of a feature systemto predict
perceptual responses, the experinmenter determ nes the various
di mensi ons in which the data is to be analysed. Thus a
feature system is proposed and then the experinenter
evaluates the strength of the proposed feature system based

on perceptual responses.

The inportance of distinctive features in a |anguage is
determ ned by presenting the distinctive feature in question
in any of the follow ng conditions.

1. In the presence of distorted noise and filtered stimuli
(Mller and N cely 1955).

2. Cross linguistic settings (Singh and Bl ack, 1966).



17

3. Recall in short termnenory (Wckelgren, 1966).

4. The utilisation of choice reaction tine as a neasure of
distinctive feature differences between the phonenes.
(Cole and Scott, 1972; Weiner and Singh, 1974).

5. The judgenent of pairs and traids of speech stinmuli
utilising various psychological nethods for eliciting
perceptual responses (Singh. 1970b; Singh 1971; Singh and
Becker, 1972; Wang and Bil ger, 1973).

Singh (1976) stated that while all of the above studies
prove unanbi guously that all features of a given systemare
not of equal inportance, they do not agree regarding the
expl anatory powers of a given feature system Limtations of
the above system are that (1) it <chooses 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 aposteriori features from perceptual
responses nethod one can overcone the disadvantages of
apriori system Here the features are retrieved with the
hel p of various statistical neasures fromthe perceptual data

col | ect ed.
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The various methods of collecting perceptual data are
1) Simlarity judgenment by triadic conparison (2) confusion
matrices (3) magnitude estimtion by seven point scaling (4)
choice reaction tinme (5) sane or different judgenent.

The data collected by these various perceptual nethods
can be subjected to different statistical analysis nethods,
nanely (1) Factor analysis: (2) Contingency tables : (3)
Mul ti di mensional scaling analysis : (4) Individual scaling
analysis. (WIlson (1963): Johnson (1967): Shepard (1972):
Peters (1963): G aham and House (1971): Singh Wods and
Tishman (1972): Jeter and Singh (1972): Wsh (1970):
Pruzansky (1970): Singh and Singh (1972) : Mtchell and Singh
(1974)) Weiner and Singh (1974) have extracted features by

aposteriori nethod.

Conputer Anal ysis: - It is the latest trend in studying

m sarticul ati on which has been used in describing errors with

the hel p of conputer technol ogy. In order to provide a rapid
accurate and efficient method, conputer analysis wll be of
great hel p.

Tel ege (1980) reports on the conputerised place manner
di stinctive feature program for articulation analysis,
wherein the primary objective was to point out the patients
articulatory behavi our t hat contri butes maxi mum to
m sarticul ation. Primary utility of the conputerised
analysis was to generate specific detailed information for

devel opi ng individualised strategies for therapy.
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El bert, Laman and Bruce (1981) anal ysed m sarticul ations
usi ng conputer technology. The conputer program followed the
steps of feature analysis given by MReynolds and Engmann
(1973) based on feature system of Chonsky and Halle. After
the data entry is conplete (about 50,000 words) the program
could calculate (1) the number of tines 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

correct or incorrect responses.

The review of various nmethods 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 nethod may be
useful in obtaining substantial results and it may also
reveal the correlation of the results of one method to that

of ot hers.

D stinctive Features for Consonants

Distinctive feature systenms have been given by different

aut hors. Speech sounds are bundle of series of distinctive
f eat ures. The basis of these features codes my be
articulatory, perceptual or acoustic. Usually vowels and

consonants have different distinctive features, because the
production and perception of consonants and vowels have

di fferent bases. However, there are few feature systens that
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describe vowels and consonants in terns 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). Some 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 (1) Vocalic, (2)
Consonant al , (3) Conpact/ di f fuse, (4) G ane/ Acut e,
(5) Fl at/ Pl ai n, (6) Nasal / Or al , (7) Tense/ Lax, (8)
| nterrupted/ continuant, (9) Strident/Mellow, (10) Checked/
i nchecked, (11) Sharp/Plain). Nine of these features were
sufficient to define 23 consonants and six vowels in English.
The clinical usefulness of this system was |imted because
the choice of feature pairs were not made for clinical

pur poses (Johnson, 1980).

MIller and N cely (1955) have deviced a nore practical
system for speech/| anguage pathol ogi sts. They selected five

features: voicing, duration, affrication, place and nasality.

Al but place' were binary features. For 'place' a tunary
feature was proposed. (i.e, mouth was divided into front,
m d and back). This feature system was based on perception

studies. The efforts to achieve sinplicity, resulted inits
short coming, i.e, inconpleteness. Ni ne of the 25 English
consonants would not be adequately defined by their system

(Johnson, 1980).
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Singh (1976) expanded MIller and Ncely's system
substituting friction for affrication and adding three
additional features, liquid, glide and retroflex. Singh nmade
pl ace quaternary by dividing 'md into mdfront and m dback.
Hs systemis particularly well suited for application in the
analysis and treatnent planning of disorders of articulation

(Hanson, 1983).

Chonsky and Halle (1968) X According to them
phonol ogi cal conponents form a system of rules that rel ates
of the phonetic representation of the sounds of a |anguage.
They established distinctive features by exam ning different
hierarchies of the linguistic rules. A sentence can be split
into the followi ng subdivisions, i.e., words into phonem c,
and phonenes nito distinctive features. They describe the
articulatory features of the universal sounds on the
assunption that the configurations of the human vocal
mechani sm and speech reception nechanism are identical in all
human being. Binary in nature. The five major categories in
the universal phonetic features of the Chonsky and Halle are
1) Major clan features 2) Cavity features. 3) Manner of
Articulation. 4) Source features and prosodic features. From
this major categories their 13 features approach. Using these
5 major clam features they derived 13 other subfeatures. They
are :-

1. Vocalic: The liquids (/r/&1/) and all the vowels.

2. Consonantal: Al the consonants including |iquids.




3.

10.

11.

12.

13.

22

Rounded: Al'l vowel sounds that require a rounding of the
l'ips.

Tense: The /1/ / B/ and di phi hongs.

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

Continuant: All consonants produced with only a partial

obstruction in the vocal tract (all but the stop
pl osi ves).

Voi ced: Al consonants that require vocal cord vibration.
Strident: The fricatives and affricates.

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

H gh: Sounds for which the body of the tongue is raised
above the neutral position /1/, [lul, /w/and nost
I i nguapal atal and |inguavel ar consonants.

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

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

Back: Sounds involving the retraction of the tongue from

the neutral position. The back vowels the |inguavel ar
consonants, the /w and di pthongs containing a back vowel
el enent .

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).
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Chonsky and Halle's feature system aroused the interest
of a nunber of speech and | anguage patholigists. A nunber of
clinicians have nade serious attenpts to apply chonsky and
Halle's system to the analysis and treatnent of disorders of
articul ation. Particularly unworthy are the efforts of
McReynol ds and Engmann (1975). Al t hough these workers nake
the 'systemt fit 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
appropriateness of the system for describing disordered
articulatory patterns is questionable. For eg. seldom would
the features "Vocalic', Consonal tal" 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/ [kl and /i/
sounds) and their wusefulness in a single category seens
negl i gi bl e. 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 to defective in severe
articulatory disorders or in regional or foreign dialects,
but which do not seem to deserve two categories ('Vocalic

and 'tense') Hanson (1983).

Johnson (1980), congnisant of the discrepancy in
pur poses between Chonsky and Halle, who were striving to
develop a universal system and speech and | anguage

pat hol ogi sts, who are concerned principally wth defective
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articulation of one |anguage devised a very practical matrix
of phonetic features, based on the place, voice and manner
designations traditionally wused by speech and |anguage
pat hol ogi sts. (The features consi dered were: Voicing, Nasal,

Pl osi ne, Fricative, Affricate, Li qui d, dide, Labi al ,

Labi odent al , Li nguadent al , Al veol ar, Pal at al , Vel ar
Gottal).
Al  these wvarious aspects of distinctive feature,

including definitions, types characteristics and mnethods of
analysis of distinctive features are primarily |eased on one
of the 2 theories

1) Phonenic.

2) Generati ve.

Phonem ¢ theory

According to phonem c theory proposed by Jakobson et a
(1952) there are tw levels of phonological structure an
abstract phonemic level and a phonetic level that is roughly
equi val ent to the speech signal (physi cal phoneti cs)
Distinctive features are qualities contained in the speech
signal itself that are necessary for the speaker - hearer to

identify the phonenes of his |anguage.

Phonem c theory inplies the presence of nondistinctive
feature in a |l anguage . These nondistinctive features are not
preci sely definable. Also nmakes the set of distinctive

feature potentially infinite.
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Since it prescribes |anguage specific distinctive
feature, |anguage conparisons in terns of distinctive feature
becones difficult. It purports a Ilinear and biunique
rel ati onship between phonemic and phonetic levels which is

not very evident.

It assunme that these phonenes are actually heard and

produced by speakers which is not true.

Oning to these discrepancies between phonenmic and
phonetic levels of speech, Chonsky and Halle (1968) proposed

Generati ve phonol ogy.

CGener ati ve Phonol ogy

It tries to discover the rules or |laws governing
pronunciation in a language and to the extent to which this
can be accepted universally in all the basic drawbacks of the
earlier system interms of linearity and biuniqueness. The
authors state that " GCenerative Phonology are identical wth
the set of phonetic properties that can be in principal
controlled in speech, representing phonetic capabilities of
man and thus same for all [Ianguage”. This nmakes Distinctive
features as enpirical rather than an arbitrary phoneneness.

According to this theory, since phonenes are not
directly observable that nust be arrived by a discovery
process. Enuneration of phonenes of a given |anguage is a

function of the algorithm wused to determne them 1In the
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phonem c theory there is no way as to find out which of the
two solutions for the phonenmes is better. The generative
theory obviates the problem by not insisting that each
underlying form be 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 forns. They recognized two abstract
| evels  of phonol ogi cal structure - a nore abstract
classificatory matrix and a |less abstract one, both in terns
of distinctive features. A quality 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
ternms of nunber of segnments and the feature specification of
each segnent necessitates a nmethod of transferring one into
anot her. Chonsky and Halle (1968) proposed an ordered set of
context sensitive phonological rules that alter the feature
specifications of the classificatory matrix to yield the
phonetic matrix and vice verse. Thus, Parker (1976) proposes
that generative theory is nore flexible in describing certain
[ i nguistic phonenena. However, he points out that generative
theory fails to connect the nobst basic elenments of |anguage

(the phonetic matrix) wth speech production.
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Parker (1976) proposes distinctive features as a
definer of points along a continuum Wth this concept of
the distinctive feature, the Speech/Language Pathol ogi st can
reach a level below the phonene, and below the traditional
restrictive distinctive feature level, to the nore basic
consideration of relationships between phonetic productions
and the linguistic significance of features (Parker, 1976).
The inportant suprasegnental elenents of a |anguage woul d

also fit into parker's paradi gm

Distinctive features and Speech Sound Perception

The role of distinctive features in perception of
phonenmes is inportant [singh (1976)] because features are
the wunderlying attributes of perceptual processing. Thus
speech sound perception and speech sound discrimnation can

be neasured, and quantified based on distinctive features.

Speech sound perception in normal hearing individuals has
been studied extensively, wunder different conditions. Eg.l!.
under various signal to noise ratio (2) stinuli present only
in (a) auditory node (b) only in visual nmode (c) in conbined
node etc. Singh, 1968: Tannahill and MReynolds (1972):
Singh and Blackman, 1974: Binnie, Mntgonery and Jackson,
1974: Danhauver et al 1978: MIller and N cely 1955 are anong

t hose who have worked in the this field.
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Thier results indicate :-

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

a) Geater confusions occurred when feature contrast was
mnimm(i.e. either 0 or 1).

b) The percentage of errors decreased with the increase in
t he nunber of feature differences.

2) The percentage of errors (in speech sound perception) were
few in quiet condition and the errors increased wth
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
noi se.

Speech Sound Perception in Hard of Hearing

Speech sound perception in hard of hear been subjected
to investigation. Studies on hearing inpaired popul ation
inplies that they use same features as normals in speech
sound perception but weigh these features differently.
(Singh et al 1974: Danhaver and Singh, 1975: Doyle, Danhaver
and Edgerton, 1981)

Danhaver and Singh (1975) exam ned speaking and
listening performance of 36 severely hearing inpaired
individuals belonging to three different |anguage groups.
(English, Yugoslavian and French). Seven binary features

were utilised for analysis. Their results showed simlar
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ranking in all [|anguage groups and thus supported |anguage
universality concept. Sonor ancy, . Nasality and voicing
features obtained greater scores than place of articulation
and l|abiality. The authors attribute the highest scores in
nasality, voicing and sonorancy to low frequency residual
hearing and domi nance of |low frequency conponents in the

voi cing nasality and sonorancy features.

Danhaver and Singh (1975) studied perceptual processing
of CVCV type of stimuli in deaf subjects. Their results,
indicate that when deaf individuals process CVCV type of
stimuli, the vowel information is processed with residual |ow
frequency hearing. They do not percei ve consonant
i nformati on. The consonants are then perceived as blanks in
the tenporal continuum by the hearing inpaired. Si nce
consonants are of characteristic |lengths the subjects perform
temporal analysis to detect consonants. eg. They perceive
sibilants due to their long duration. They recogni se voi ced
sounds by low frequency formant and if |ow frequency formant
is absent they deduce voicel essness. In short, hearing
inmpaired subjects wused different perceptual strategy and
derive conparable amount of feature information from m ninal
cues avail abl e.

Doyl e, Danhaver and Edgerton (1981) analysed errors on
nonsense Syllable test on ten normals and eight patients with

sensory neural hearing |oss. The stinuli were presented
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binaurally at six different sensation |evels. The anal ysi s
revealed that voicing, place, friction and sibilancy were
salient features in perception of speech sounds for both
groups of listeners. This suggested that both groups use
simlar perceptual strategy but the patients wth hearing

| oss nmeke nore errors.

Wal den and Montgonery (1975) conducted a study on three

groups of subjects - Normal, H gh frequency |oss and Fl at
| oss. The subjects were presented with consonant pairs and
simlarity judgenments were obtained. I ndi vi dual scaling

anal ysis was used to group the subjects according to feature
usage. The results revealed that high frequency |oss cases
used the feature sonorant was dom nantly. The authors
attribute this as due to low frequency formant in sonorant
feature. For flat hearing loss subjects the feature
sibilance was the dom nant dinmension and normals used both
these features equally. Simlarly Bilger and Wang (1976)
f ound signi ficant correlation bet ween audi onetric
configuration and consonant confusions.

Blood, I.M Blood. GW and Danhaver (1978) studied the
spont aneous production of consonants in deaf children ranging
in age from 8-14 years. The substitution errors were
analysed by individual scaling analysis. The results

revealed that the features were mainly related to place of
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articulation and indicated that current rehabilitation
techniques focus primarily on those features while not

expl oiting others available in the speech signal.

| nfant Speech Sound Perception:

In 1971 by Ei mas, Siqueland, Jusczky and Vigorito, used
a pacifier wired to a transducer which recorded infant
sucki ng responses to synthetic speech sounds. It was 20 m sec
increments of VOI. Eims and his colleagues concl uded that
infants as young as one nonth old seem to perceive acoustic

changes in speech as well as the adult.

Kuhl  (1975) has reported that 6 nonth old babies
indicate perception of vowel contrasts and consonants
contrasts even when variations are made in pitch, talker, and

phonetic context.

Juscsky  (1977) found that infants could perceive
consonant contrasts in word-initial, medi al , or final
position in nmulti- syllabic as well as single syllabic
stimuli. The result indicate that either these infants are
l'ingustically t uned inately to def ect speech  sound

di fferences or these differences are detected in the auditory
systemitself with out only reference to | anguage. Under thus
subject is studied in greater depth, the dilema cannot be

r esol ved.
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Devel opnent of Speech Sound Perception

Slatin and Koeni gsknecht (1975) investigated perceptual
devel opnent of the voicing contrast in 2 years old children
6 years old children and adults. The subjects were required
to identify synthetic prevocalic stop consonants which
differed with respect to acoustic cue i.e., voice onset tine.
The results indicated that the magnitude of VOT difference
required to distinguish between prevocalic stop cognates
decreases as a function of age. Devel opnent al differences
were nost consistently revealed for velar cognates.

This finding supported the view of Liker, Libermann and
Cooper (1962) that 'Distinctiveness of phonenmes is not
inherent in the acoustic signal but is acquired during the
process of phonol ogi cal devel opnment’.

Production and Perception:

WIlliams and MReynolds (1975) investigated the effects
of production and discrimnation on four subjects. Resul ts
i ndicated that production training was effective in treating
both production and discrimnation whereas discrimnation
trai ning changed only discrimnation.

Wlliams (1975) points out that greater sensitivity to
the phonological contrasts is inportant in the |anguage
| ear ni ng. Language being |learned nay be a hall mark of young
| anguage learners and provide an explanation of how they
manage to learn to speak a new l|language wth so little

interference fromtheir first |anguage.
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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 suggest
that perception of one's own speech nade differ from
perception of speech of others.

Aungst and Frick (1964) found that children with /r/
m sarticulation could perceive msarticulations of others but
failed to detect their own errors.

Kornfeld (1971) showed that children may substitute /w
for /1/ and /r/ in glass or grass produce /w sounds in
(gwees) for glass and (gwees) for grass which seemthe sane
to adult listeners but may differ in spectrographic. This my
reflect the basis on which the children nmake distinctions.

Surprisingly, Locke and Kutz (1975) found that of 75
children who said (Wg) in response to a picture of a ring,
only about 20% of them pointed to the picture of a ring when
they later heard their own misarticulation, while 80% pointed
to a picture of a wing upon hearing their msarticulation.
This inplies that children with msarticulations are worse at
discrimnating their own error sounds than their error free

sounds. (MReynol ds, Kohn and WIlians, 1975).

Kunudaval | i (1973) studied the relationship between
articulatory performance and discrimnation in school going
children and the results revealed that production always

proceeded perception.
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It my be that in learning phonemc contrasts,
identification of phonenes in the speech of others devel ops
before the ability to perceive one's own errors. Production
and self perception developing in parallel, as notor maturity
permts. The time course of perception -production
interaction remains unclear. Children learning a first

| anguage or correcting misarticulations may evidence quite a

di fferent time course  of per cept ual and production
interaction than do second |anguage |earners. (Borden and
Harris 1980).

Di chotic speech sound perception:

Conducted a classic study in the neurophysiology of speech
perception in terms of cerebral dom nance using of dichotic
stimuli. Kimura's (1961). He used spoken digits and found
that subjects nmade fewer errors in reporting stinmuli fed to
the right ear than to the left ear. This effect is known as

‘right ear advantage'. Based on anatom cal evidence she
concluded that the left hem sphere is specialised for speech
perception.

Shankwei | er and Studdert Kennedy (1970) in a series of
studies have found that CV nonsense syllables, such as
/bal,/tal or [gal presented dichotically to right handed
listeners, show that the right ear to have a small but
consi stent advantage. Steady state vowels, however, show no

consi stent ear advantage. Vowel s, being nore accessible to
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auditory analysis by virtue of their |onger duration and
hi gher intensity may be held longer in auditory nenory and
are less categorically perceived, and yield a weaker right
ear advant age. Stop consonants, being less accessible to
auditory analysis due to their brevity and relatively |ow
intensity, may be held only briefly in auditory nenory, are
categorised inmmediately, and vyield a stronger right ear
advant age. These results have been explained by positing a

speech processor in the left hem sphere.

Cutting (1973) and Day and Vigorito (1973) have shown
the right ear advantage to be strongest for contrastive
stops, |ess advantageous for liquids, and least, if at all

for vowel s.

Blustein, Tartter and M chael (1973) studied perceptual
reality of manner features in dichotic [|istening. The
findings showed that the right ear advantage was nore for
fricatives and stops than nasality.

One finding of interest s the normal [|isteners
presented with a pair of dichotic stimuli having a stimnulus
onset asynchrony (SOA) estimated to be about 100 m sec. could
identify the second stimulus wth nore accuracy than the
first. This was called the lag effect. It is an exanple of
backward masking: the second syllable masks the first.

Pi soni and MNabb (1974) have denonstrated that nore
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acoustically simlar the vowels of the syllables are to one
another, the nore pronounced is the Dbackward nmasking.
Consonant feature sharing seens to facilitate perception and

m gh the explained on either a phonetic or an auditory |evel.

Hayden, Kirstein and singh (1979) evaluated the role of
di stinctive features in 21 dichotically presented syll ables.
The ear advantage was the greatest for stops and varied as a
function of manner class. The nunber of feature difference
between the consonants also affected identification. There
was dom nance of unmarked specification over marked one.
This may be due to the fact that the stress of the dichotic
presentation situation leads to sinplification of response.

As a final note, it may be speculated that Ileft
hem sphere is infact endowed to perceive speech sounds better
than right. This may be interns of |inguistic analysis such
as the extraction of features or phonenes categorisation.

Applications of Distinctive Features to Speech/Language

Pat hol ogy

Distinctive feature theory, has viable applications to
a) devel opnental, b) evaluative and c) treatnent aspects of
articul ati on disorders,

a) Devel opnental or Etiological theories:

Phonetic and phonol ogi cal devel opnent proceed hand in
hand in children. Wen children fail to develop articulatory

skills at the expected age, they also often have
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devel opnent al | anguage del ays. Adverse environnental
condi tions, poor physical or nental health, or severe nental
retardation tend to affect both speech and |anguage
devel opnent.

Menyuk (1968) studied articulation substitutions of
American and Japnese children using the feature system of
Jacobson, Fant and Hal l e. Her interpretation of the results
of her investigation suggested that features in the speech of
both groups of <children apparently develop in an orderly
seguence. She conpared the features of these two groups of
chil dren, Whose errors were appropriate for children of their
chronol ogi cal ages with the features of a group of Anerican
children with articulatory problens. The study reveal ed sone
differences between the 'normals' and those wth speech
defects pertaining to the nature of sound substitutions. For
exanple, the normal groups often manifested voicing errors,
whereas the speech defective group had nore errors involving
nasality. Menyuk's study provides sone encouragenent for the
application of phonological analysis to the study of speech

and | anguage devel opnent in children.

Leonard (1973) administered the articulation tests to
200 children and his analysis was based on a phonol ogical
nodel of articulation conpetance as devised by Crocker
(1967,1969) The analysis revealed that approximately 70
per cent of the children showed devel opnental errors,

indicating an inconplete mastery of the adult phonol ogi cal
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system The remaining 30 percent presunmably did not follow
Crocker's nodel and denonstrated individual phonol ogical
systens rather than immture adult ones.

Panagoes and associates (1979) were interested 1in
exam ni ng rel ati onshi ps bet ween syntactic errors and
phonol ogical deficits in the speech of children. They
studied the msarticulations of 17 children with nultiple
functional articulation problens. They found that 75 percent
of the msarticulations were substitution errors and 25
percent were errors of omssion. Two expl anations were
offered by the investigators for the abnornmal consonant
productions of these children (1) the children were
phonol ogi cal |y del ayed: and (2) contextual conplexities made
sound productions |less accurate. Singh and associates (1981)
used the Singh and Singh (1976) distinctive features system
to analyse the articulation errors of a group of 1,077
chil dren. One of the results of their analysis was that the
establishnment of a hierarchy of difficulty for mastery of
f eat ures. The authors assert that ‘'the statistically
significant feature differences along the hierarchy were
consistent wth [|inguistic, acousti c, statistical, and
psychol i nguistic theories of [|anguage.' The investigators
arranged in hierarchy, wth the nost difficult features
first, and found that the strongest features were mastered
earliest by the children whose patterns they analysed. In

decendi ng order of strength the features were nasality,
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sonorancy, voicing labiality, sibilancy, front/backplace, and
cont i nuancy. That is <children in this group nastered
nasality first, then sonorancy, and finally 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.
Many children, failing to master an adult phonol ogi cal system
completely, apply their own perceptual and notoric skills to
the devel opnent of a nodified system Definite patterns of
acqui sitions of features are found in children with a high
degree of consi stency. A thorough phonol ogi cal and phonetic
i nventory  of the speech of a child wth nmltiple
comuni cative problens is a worthwhile procedure (Hanson,
1983) .

(b) In Evaluation of Speech/Language Di sorders:

Compl et e assessnent s provi de i nformation about
devel opnmental abnormalities and about the present status of
speech and | anguage developnment in the client. There are
sone regularities in the irregular patterns of children with
faulty articul ation. Oler (1973), for exanple, found that
of five developnentally delayed children studied, all showed

cluster sinplification, all substituted other sounds for
fricatives or affricates and all had difficulty with liquid
sounds. Gler concluded". . . . it should 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 obtai ned by McReynol 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 analysed according to the
Chonsky-Hall e features system Two types of errors were
f ound: (1) absence of certain features, such as stridency

and voicing and (2) inappropriate use of features.

McReynol ds and El bert (1981), however, view the
conclusions of Qler and others skeptically, <citing their
failure to enploy adequate qualitative or quantitative
criteria in determ ning whether phonol ogical processes were
involved in the children's articulatory problens. Typically,
they assert, witers have labelled an articulatory error a
"process' even though it occurred only once or twce in a
child s speech. In order to be ternmed a process, MReynol ds
and El bert maintain that, the error nust be shown to occur in
a nunber of separate sounds, and in the sane context a nunber
of tines. To test the validity of their assunption these
authors analysed the articulation disorders of 13 children
first (1) nonquantitative analysis where only one instance of
an error was necessary to determne the existence of a
process and (2) quantitative analysis wherein, the error had
to occur atleast four tines and in atleast 20 percent of the

itenms that could be affected by the process.
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McReynol ds and Elbert found that the total nunber of
processes identified was reduced by nore than 50 percent when
gquantitative criteria were required. Thus they stress the
necessity of establishing sone mnimal criteria for termng

an error a process.

Hanson (1983) gives the followng guidelines for
eval uating articulatory disorders.

(1) If the only apparent speech disorder - manifested in the
child is a single defective phonene, such as the /r/, [1/
or /s/ or if tw relatively dissimlar phonenes are
defective, a phonetic description of the error sounds (Ss)
is sufficient.

(2) If several phonemes are produced incorrectly, a
phonol ogi cal (distinctive feature) analysis should be
per f or med along wth a phonetic analysis of the
def ective sounds.

(3) If there are obvious signs of |anguage delay or disorder,
along with an articulation problem a distinctive feature
anal ysis should be carried out.

c) In Treatnent:-

Pol | ack Reese (1972) were one anong the first few
aut hers who realized t he I mportance  of ulitity of
phonol ogical priciples in intervention of speech and | anguage
di sorder. They stressed that a speech clinician nust be aware

of the clinical value of such approach. They also provied a
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nmedel for the application of distinctive features theory in
evaluation of the wvarious disorders. Qutcones of such
treatnment strategis are found to the prom ssing. MReynol ds
and Bennett (1972) showed generalization to untreated
phonenes, wusing this treatnment technqued. Using Chonsky and
Halle's critaria of distinctive features they analyzed the
articulation errors in three children for therapeatic

i nterventi on.

In the first phase of training, the children were
taught how to produce the feature in a phonene in the initia
position in a nonsense syllable. In the second phase, the
feature was taught in the final position of a nonsense
syl | abl e. 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 i.e., the contrasting
features in the context of a phonene. Next the children
learnt 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 in syllables. AS nentioned earlier, generalization
of features accross untreated phonenmes was seem proving that
the use of such treatnent prograne is highly econom cal

interns of tinme and energy.
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Costello and Onstine (1976) provide sone specific
instructions regarding the application of distinctive feature
theory in articulation training. In their program features
are taught in the context of phonenes, and systematically
programmed to be incorporated into spontaneous, connected
speech. Correct responses are reinforced wth social praise
and tokens, which are exchanged for toys. The basic
instructional procedure is the nodeling 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 words.

Ruder and Bunce (1981) trained two children with severe
articulation problenms through the use of di stinctive
f eat ures. For one <child instruction was given for the
production of the /s/ and /k/ phonenes, to determ ne whether
corrected features of these two sounds m ght generalise to
anot her phonene /t/, which contains features that are
present in the other two phonenes. As predicted, training on
[kl and /s/ did lead to imtative production of the target
sound /t/. This was found to be generalized to /f/ and /ts/
sounds.

The second child received training on three phonenes
I'bl, I'sl/ and / k/ (consecutively, not concurrently). Training
on the / b/ generalised to the /m and /1/. Training on the

[ kI generalised to the /p/, /h/, /d/, and /r/ and training on
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/'s/ the child produced other five phonenes. The acquisition
by the second child of a total of nine phonenes follow ng
training on three other phonenes s attributed to
general i sation of features across phonenmes, and also to other
factors such as the duration of the training (eight nmonths),
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 narriage
between distinctive features and behavioral nodification
principl es. 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 given sound,
automatically 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 training S post poned unti | client can
discrimnate easily between the correct and incorrect sounds
in sentences.

Weiner and Bernethal (1978) based on their clinical
experience suggested several criteria for selection of a

feature for training. These criteria are (1) redundancy
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(2) nunber of features in error (3) Ease of articulation (4)
Acoustic contrast (5) Mre visibility (6) H gher frequency of

usage (7) physiological readiness.

Thus distinctive features approach does indicate a

strong clinical utility.

Advant ages of distinctive features:

The maj or advantage of the distinctive feature theory is
its econony (Pollack and Rees, 1971). The nethod of teaching
articulation wusing distinctive features is time saving,
because many msarticulated sounds can be corrected by
correcting one or tw features (Costello and Gstine, 1976:

McReynol d 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.

A feature gram is preferred to the traditional speech
discrimnation or articulation tests (Danhaver and Singh,
1975). Processi ng 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 vowels.

Plotting the patient's speech discrimnation or articulation
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scores in the form of features wll be nore neaningful. By
| ooking at the feature gram one can plan therapy better.
Thus the feature gram can be used for diagnostic, prognostic

and therapeutic purposes.

The use of binary principle in the distinctive feature

system enabl es the analysis to be done by a conputer system
Dani 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 analysis'.

Criticisns of distinctive features:

The di sadvantage of any feature matrix is that: a great
nunber of entries are mnuses. The matrices give nore
informati on about which features are not present in each
phonenme than about those that are present. This condition is

i nherent in any binary classification system (Hanson, 1983).

A nunber of other shortcom ngs have been ascribed to

di stinctive feature analysis. Wal sh (1974) wites that
features have considerable value for theoretical |inguists,
but are ill suited for the evaluation and treatnent of
articulatory disorders. The abstract, idealised concepts

framed by linguists relate very little to the abnormal speech

patterns of clients seen by speech/| anguage pathol ogi sts.



a7

Walsh also «criticises the binary approach, advocati ng
instead, that features, if they are to be used, it should be
considered as variably present or absent, rather than as
absolutes. Finally, Walsh contrasts the goals of distinctive
features with those of the diagnostician in speech/|anguage
pat hol ogy. The former strives for econony in |anguage
descri ption, and seeks principles that have general
application wthin and across |anguages: the later strives
for conpleteness and clarity in his description of a speech

pattern.

Leonard (1973b) argues that co-articulatory influences
shape a phonene in connected speech so assigning plus or

m nus values to themis unrealistic.

Anderson (1974) directs his coment toward applications
of distinctive feature principles in linguistics: "beyond
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".
Anderson does  not advocate whol esale abandonnent of
distinctive features, but rather supplenentation of themby a

nunerical scale denoting variations in val ues.
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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

specifications 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,
with degrees of openess being depicted as voicel ess, breathy
voice, murmur, lax voice, tense voice, creaky voice, creak
and glottal stop.

Fant (1980) considers that there is no unique nethod to
neasure the duration of a phonene and thus distinctive
feature systemhas a major limtation. He opines that one of
the weaker aspects of distinctive feature theory is in the
definition of consonants and vowels. Fant (1980) felt that
liquids can be both and the classification of /h/ as non
consonantal and nonvocalic is arbitrary. Jacobson, Fant and
Halle limt the consonantal feature to low intensity al one.
Fant (1980) found that it was not so far Swedi sh vowels.

In concluding the review of literature it would be nore
apt to quote Hanson (1983) who says ".... distinctive feature
theory has viable applications to developnental evaluative

and treatnment aspects of articulation disorders. A surge of
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interest has 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 harnl ess, and
in all Ilikelihood profitable, +to search for phonol ogical
patterns in clients with nultiple defective sounds and in
clients denonstrating |anguage delay in conbination wth
articulatory defects'.

Studies of distinctive Features done in Indian Language

Ahnmed and Agarwal (1969) attenpted to find the
significant features in the perception of H ndi consonants.
A quantitative procedure was adopted to ascertain which
features were nost significant for |isteners and whether or
not they are simlar in initial and final positions. The
amount of information transmtted in bits per stinmulus, was
calculated for a given feature. Results indicated that
semvowels and affricates were nost intelligible and that
maj or confusions existed anong pl osives. In both positions
i.e. initial and final, confusions occurred nost frequently
bet ween cl asses distinguished by a single feature. They found
that in the initial position, confusions generally arise due
to manner of articul ation, and in the final position,
confusions are in ternms of place of articulation. They also
found that initial and final vowel transitions play a very

important part in recognition of consonants.
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Gupta, Agarwal and Ahnmed (1969) conducted anot her study,
on perception, of H ndi consonants in clipped speech. Effect
of peak clipping on intelligibility of individual consonants
was found. They also tried to correlate different information
of initial consonants and final consonants and to see the
difference in perception of the two positions. Resul ts
indicated that the average effect of clipping on features
were : 1) place of articulation (2) nasality (3) flapped
liquids (4) liquids (5) continuants (6) voicing (7) friction
(8) aspiration (9) affrication.

Mal I'i karjuna (1974) found that the native speaker of
Kannada who are not exposed to Sanskrit |anguage are not able
to make out the differences between aspirated and unaspirated
in terns of recogni sing and repr oduci ng. The same
spectrographi ¢ studies showed that aspirates and unaspirated

I hl were different.

Somasundaram (1972) did a contrastive analysis of
phonol ogy of Tam |, Telugu, Kannada and Mal ayal am based on
di stinctive features. 11 distinctive features were necessary
to distinguish the phonenmes of the four |anguage. 1) 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 conmmon to al

| anguages. VWhereas, 1llth (strident) was significant in both,

Tam | and Mal ayal am and 10th (sharp) was significant only

Mal ayal am
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Val antine (1977) proposed a system for classifying
phonol ogi cal segnents (of Mal ayal am | anguage) into the
follow 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 lateral, non obstruant,
10. Coronal/non coronal, 11. Lateral/non |ateral,

12. Retracted/ non retracted non consonantal obstruent.

13. Voi ced/ voi cel ess.

Ramaswam  (1980) studied phonetic features of Taml
sounds. The features necessary to distinguish vowels are
tongue features (high, low and back). Anpbng consonants,
st ops, affricates and fricatives are non-sonorant or
obstruents. Stops and affricates are differentiated by
fricatives by t he feature conti nuant. Stops are
differentiated from affricates, by abrupt' release, since

the release of the arrested sir in the case of stops is

abrupt but is delayed in the case of affricates. Poi nt of
articulation is also considered to be necessary for
di stingui shi ng t he sounds. The feature anterior

di stingui shes sounds that are produced in front of alveo-
palatal region and those which are produced at the back of

the al veo pal atal region.
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Fal guni Pathak (1982) studied the distinctive feature
system in GQujarathi |anguage wusing both articulatory and
acoustic nethod. The followng features were found to be
present nanmely - Aspiration, Nasality, Sem vowel, retroflex,
vel ar, Fricative, voi ci ng, | abi al , al veol ar, dent al ,
affrication, lateral and flap.

Arati, V. (1983) attenpted to establish distinctive
feature system for Ml ayal am consonants, using both acoustic
and articulatory nmethods. The followi ng features are found
to be present, nanely (1) Back/non back, (2) Nasal/non nasal
(3) Continuent/non continuent, (4) Qbstruent/non obstruent,
(5) Voiced/ non voiced, (6) Retracted/non retracted, (7)
Retrofl ex/non retroflex, (8) Palatal/non pal atal,

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

(11) Consonantal / non consonal tal.

Venkat esh  (1983) and Umadevi (1984) studied the
distinctive feature system in Kannada and Tel egu | anguages
respectively wusing both articulatory and acoustic nethods.
Eight features were found to be present nanely, voicing,
nasality, Aspiration, Anterior, Cor onal , Cont i nuancy,
stridency and | ateral.

Fer guson and Chowdhury (1960) descri bed Bengal
Consonants interns of distinctive features (Jackobson, Fant
and Halle 1952). The followng features were found to be
present vocalic, consonantal, grave, conpact, nasal, tense,

voiced. In their study they concluded that
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1). m n, n, 1, r, r, vocalic due to presonce of formant |ike
acoustic energy which is conmbined with noise |ike acoustic
energy.

2) In is neither vocalic nor consonantal.

3) Sone consonants are grave sone are acute, retroflexes /t/ and
/dl and aspirated retroflexes /th/ and /dh/ are neither grave
not acute.

4) Consonant rand are classified as discontinuances.

Thus the review of literature bring to |light, the
follow ng facts about distinctive features nanely

1) they can be wused to study speech and |anguage
devel opnment in a child.

2) To study the phonology of a particul ar | anguage.

3) To study factors which affect perception and
production of speech.

4) To study factors which affect speech conmunication in
a particular context.

5) To apply it to articulatory therapy both at the |evel
of assessnent and therapy.

The nunber of studies done in Indian [|anguage are
[imted and especially since India is a multilingual country,
the children will need to understand in depth the phonol ogy
and distinctive characteristics of each |anguage he deals
Wit h. The present study is thus an attenpt to arrive at the
distinctive features of Bengali consonants, for a systemc
and controlled method of dealing with speech and |anguage

pat hol ogy.



CHAPTER - 111

METHCDALOGY

The present study is an attenpt to establish a
di stinctive features system for the Bengali consonants and to
find at the acoustic correlates for the proposed features.
It is based on the distinctive features system proposed by
Chonsky and Halle (1968). The followi ng set of features were
taken for this study.
1) Voicing 2) Nasality 3) Continuant 4) Anterior 5) corona

6) stridency 7) lateral 8) aspiration.

The Bengali consonants considered in the present study
are based on the phonetic classification in ternms of manner
and place of articulation of consonants in Bengali |anguage

( Chatterjee, 1920; Appendix...2)

1) Stimulus :- Wrd pairs contrasting in one consonant have

been taken as the stinmulus. 339 word pair were made using 30
Bengali consonants. They are basically selected from a
Bengali phonetic reader (Chatterjee,1928). In addition to
t hese, native speakers of this |anguage were also consulted
for additional word pairs. Wrd pairs were made to neet the
followng criteria.

a) Each consonant was contrasted with every other consonants

where ever possible.
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b) In mjority of word pairs, the initial contrast was
mai ntai ned as for as possible. Mdial and final contrast were
taken where initial was not avail able.

c) As for as possible nost famliar words were used.

d) The mninmal pairs were random zed. Appendix - 3 presents

the Iist of word pairs.

2) Recording :- Recording was done in a quite roomusing the
tape recorder of speech spectrograph. (MC MK 700). The VU
meter was used to nmonitor the intensity. The output fromthe
spectrograph was fed to a Philips deck tape recorder nodel
(F6112) wusing a Meltrack cassette. The word pairs were
recorded in such a way that between every word of a pair
there was a gap of two seconds and between itens there was a
gap of five seconds. This five seconds gap was utilized to
record subject's response.
Speaker - A male native speakers of Bengali served as the
speakers for the recording of the mnimal pair |ist.
Procedure :- The experinment was done in a folds.

1) Perceptual analysis

2) Acoustic analysis

Perceptual Analysis :- A total of 60 subjects 30 native

(Bengali as nother tongue, 30 non-native (Taml| as nother
tongue) participated in the present study. |In each group
there were 15 males and 15 femal es. The age range of Bengal

group was 12 to 26 years with nmean age of 23 years, and the
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age range of Tam| group was 17 to 23 years wth nean age of
21 years. In Taml group none of the subjects had any
exposure to Bengali |anguage. These subjects had no history

of speech and hearing problem

| nstructi ons

Each  of the subjects were given the followng
i nstructions.

"This is a snmall test which | am going to adm nister.
You will hear Bengali word pairs. Please listen to them
carefully and repeat them as you have heard. Your responses
will be tape recorded". The Bengali group was instructed in

Bengali and the Tam | group was instructed in English.

The recorded word pairs were presented individually to
subj ect s. The subjects were seated confortably in a chair
and the list was presented through head phones of the Philips
deck tape recorder nodel (F6112) The responses given by
subjects were recorded wusing Philips tape recorder nodel

(N2218) .



GHAPTER - |V

Results and Di scussi on

The result of this experinent provided the amount of
information carried by each distinctive feature and the
acoustic correlates of the proposed distinctive feature

system of Bengali consonants.

The proposed distinctive feature system of Bengali
consonants for the present study were 1) Voicing 2) Nasal 3)
continuant 4) Anterior 5) Aspiration 6) Coronal 7) Stidency

8) Lateral.

Perceptual Analysis: The response of 30 Bengali and 30

Non-Bengali (Tam|) speakers were analyzed using a confusion

mat ri x. Using confusion nature, we can portray the stimuli
and responses can be protrayed. In the vertical axis 30
phonenmes as they occurred in 678 words were represented. In

hori zontal axis spoken responses of the 60 |listeners as they

percei ved were recorded.

Two confusion matrices were made one for each group.
Each matrix was made up of 678 observations of 30 listeners
(made up of 20340 observations). The nunber in each call
represented the frequency of occurrence of sound shown in the
response colum for the sound shown in the corresponding

colum of the stinmuli. The row gave the total frequency of
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the stinmuli presented and columm gave the total frequency of
t he responses which occurred.

The confusion matrix for 30 consonants in Bengali was
subdivided into voice network of eight conponent binary
channel of linguistic features based on eight features

portrayed. The confusion matrices were four fold nmatrices.
exanpl e:

Responses
voi ced voi cel ess
I AR et S s e e A e N
voi ced |
Stinmuli o i s i i e
voi cel ess |

+-= 4 --

In all the confusion matrices thus formed, the sum of nunbers
in the diagonal line indicated the nunber of correct
responses and nunbers scattered around the diagonal I|ine

i ndicated the the errors.

A neasure of covariance based on information theory
(Shammon and Weaver, 1963) was enployed to calculate
information transm ssion for a conposite phoneme channel and
for 8 distinctive features. Using the fornula

T (XY) =-)8 Pij log2 Pi.Pj
> Pij

L1
|1
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wher e T (XY) = information transm ssion from i nput
variable 'X to output variable Y
bi t s/ stinmul us

Pi = ni/N

Pi =nj/N

Pij =nij/N

ni = frequency of stinulus i

nj = frequency of response |

nij = frequency of joint occurrence of stimulus i and
response j in a sanple of N observation.

N = Total nunber of observations. In Table (1) cell entries

are 'nij' row suns are ni; colum suns are nj and N is 20340.
To calculate T (XY)

For exanpl e,

Response
- B | : J2 :
-| N— -I ———— - -+ o | P
i1 : a ! b . atb
Stln-ul us - = o2 e S S R i e
iz ' C \ d ! c+d
. } = + - . e e e . e
! atc H b+d :
Wiere N = a+b+c+d
a+c a+b a+b b+d
X X
N N N N
T(X.Y) = —[a/N Log2 + b/ N Log2
a/N b/ N
a+c c+d b+d c+d
X X
N N N N
¢/ N Logz + d/'N Log2 "1
c/N d/ N

The information value carried by each feature was cal cul ated

usi ng the above fornul a.

The total transmssion in bits/stimlus was cal cul ated

by adding the information value for the eight features.
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The conmposite channel information transm ssion was cal cul ated

using the formul a,

8
H =3  Px Log2 Px
n=1
here Px refers to the probability of occurrence of a
particular feature. For eg. the probability of occurrence of
voicing' (Pl1) was 18 out of 30 (i.e., out of 30 consonants

18 consonants are voiced) and for 'nasal' (P2) is was 3/30

and so on.

The value of Pi to Pe were substituted in above fornul a,

n=l
and the conposite channel information transm ssion was

found to be 3.5627 bits/stinulus.

Di scussi on: The percentages of correct responses to the 678

words, by 30 Bengali and 30 Non-Bengali speakers were found

to be 95.86% and 79.93% respectively. By observing the
pattern of error responses scattered around the diagonal Iine
(see table - 1 & 2). It was inferred that when two sound

differ in nore nunber of features the confusion are |less than
when two sounds differ in less nunber of feature. Eg. nore
confusion occurred between /k/ & /k" and less confusion

between /k/ &/ 1/ .
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Aspirations were nore affected in both the groups but in
Non-Bengali group it was nore severe and laterals were the
| east affected in both the groups.

The results indicated that several features play an
inportant role in speech sound perception. These features
wor k i ndependent of each other in the perception of speech
sounds. However , t he features are not conpletely
i ndependent . The conposite phonene channel transmts 3.5627
bits/stinmulus, where as the total information transmtted by
eight features were 5.5408 bits/stimulus for Bengali and
4,3910 for Tam | speakers which was greater than that for a
conposite phonene channel . This difference is due to 'cross
tal k' or overlap between conponent channels and was
attributed to redundancy of the | anguage. Thus the features

were not conpletely independent.

From table 3 & 4 it was clear that all distinctive
features do not have wequal inportance in speech sound
perception. Thus sone distinctive feature transmt nore
information than others. Therefore the hypothesis that "the
information content carried by each of these distinctive
features vary" is accepted.

The ranking of the features according to the anmount of
information transmtted indicates that ‘'voicing' is the
strongest feature in the Bengali group and Stridency for the
Non- Bengal i  group. Lateral is found to be the weakest
feature in both the groups. (Table 3 & 4) MIller and N cely
(1955) and Venkatesh (1983) found voicing' to be a strongest
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TABLE - 3

Tabl e showi ng information transmssion in bits stinmulus for
eight linguistic features and the ranking of these features
according to the anmount of informations transmtted in
Bengal i speakers.

SL Feat ur es Ranki ng Information transmtted in
No bits stinulus

1. Voi ci ng I . 9338

2. Anteri or Il . 8618

3. Cor onal 11 . 8519

4. Aspiration |V . 7952

5. Cont i nuant Vv . 7511

6. Stridency Vi . 6962

7. Nasal VI . 4047

8. Lat er al VI . 2461
Total transmssion in bits / stinmulus = 5.5410
Conposi te phonene channel transm ssion = 3.5627



TABLE - 4

Tabl e showi ng 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
Bengali (Tam ) speakers.

SL Feat ures Ranki ng I nformation
No
1. Stridency I . 6889
2. Cont i nuant I . 6878
3. Voi ci ng 11 . 6811
4. Cor onal IV . 6667
5. Anteri or Vv . 5750
6. Aspiration Vi . 5293
7. Nasal Vi | ' . 3583
8. Lat er al VI . 2039
Total transmssion in bits / stimulus = 4.391

Conposi te phonene channel transm ssion = 3.5627



feature in English and Kannada respectively. Were as
retroflex in Gujrathi, consonantal in Ml ayalam stridency in
Tam | and coronal in Telegu were the strongest.

A conparison of the ranking (Table-5) differences
between the two groups could be attributed to the fact that
information carried by the features are not simlar in these
two | anguages.

A significant difference was found in the listening
performance of Bengali and Non-Bengali subjects. I nspite of
different origin of these two |anguages the percentage of
correct responses was 79.9% for Tam | group. This may be
because of the use of alnbst the same set of distinctive
features by both the groups. Thus the findings indicate the
possi bl e existence of wuniversal features (Chonsky & Halle,
1968; Menyuk 1968).

A conparison of distinctive features of Bengali, Kannada
Tel ugu, Ml ayalam Tam | and CQujrathi reveals that many of
features are common to all the six |anguages thus show ng
universality of distinctive features. Further, all features
are not found in all |anguages.

Though many of the features were comon to all the six
| anguages conpared, the ranking of these features were not
found to be sane in all the |anguages. This inplies that
sone features carry nore information in one |anguage than in

ot her.



TABLE - 5

Tabl e showi ng the conparison of ranking between Bengali and
Tam | |istener

SL No Features Bengali Ranking Feat ures non Bengal i
i stener listener (Taml)
1. Stridency I Stridency
2. Cont i nuant Il Cont i nuant
3. Voi ci ng [ Voi ci ng
4. Cor onal IV Cor onal
5. Ant eri or Vv Ant eri or
6. Aspiration Vi Aspiration
7. Nasal VI Nasal
8. Lat er al VI Lat er al



TABLE- 6

Table showing the distinctive feature of Bengali, Gujrathi, Kannada Malayalam Tanil and Telegu ranked
according to the information transm ssion.

Ranking Bengali Quj rathi Kannada Mal ayal am Tam | Tel egu

1 Vloi ci ng Retr of | ex Vioi ci ng Consonant al Stridency  \Voicing

2 Anterior Vel ar Cor onal (bst ruent Continuant  Coronal
3 Cor onal Dent al Stridency  Nasal Voi ¢i ng Anterior
4 Aspiration  Labial Anterior Cont i nuant Coronal Anterior
5 Continuant  Alvelar Continuant  Back Anterior  Strident
6 Stridency  Voicing Aspirated  Coronal Aspiration Aspirated
7 Nasal Aspiration  Nasality Retrof | ex Nasal Nasal

8 Lat eral Affrication Lateral Pal at al Lat eral Lateral
9 Nasal ity Ret ract ed

10 Friction Voi ced

u Aspirated Aspirated

12 Lateral

13 Fl ap

* Features not ranked according to information theory,
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Acoustic Anal ysis

Wde band spectrogram for 32 words were studied. A
close inspection of the spectrograns revealed distinct
acoustic characteristics for each feature proposed. The
di stinctive acoustic characteristics for the proposed
distinctive features were as follows.

1. Voicing: The essential acoustic characteristics for

voi cing distinctions seen in the spectrograns were;

a) Presence of low frequency energy terned as 'buzz
(Jakobson, Fant & Halle 1952) in voiced sound and absence of
this in a voiceless sound. The presence of this
characteristics was nmarked by voice bars along the base of
the spectrogram which could be identified as wvertical
striations occurring at regular intervals.

b) Voice on set time was identified as voiced lead in
voi ced sounds and as voicing lag in voicel ess sounds.

c) The energy concentration in the noise conmponents of
the spectrumeither in stop or fricative sound was greater in
voi cel ess than in voiced sounds.

The following characteristics were observed in the
consonants (/o/, [/d/, [d/) of Bengali which were analyzed
spectrographically.

1. Regular vertical striation in low frequency region

whi ch occur sinultaneously with the burst (step or

friction) indicating voice |oad.
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2. Decreased intensity of burst when conpared to its
voi cel ess counterpart. (/k/,/p/,/t!)(Appendix-7,Fig 1)

2) Nasality :- The nasal sounds are characterized by |ow
nasal formants at around 200 Hz and a tail |ike appearance.
According to Jakobson, Fant and Halle several weaker high
frequency formants (not always seen in spectrogram nmay occur
only typically at 2200 Hz. The above nentioned characteri -
stics i.e., 1) The presence of |ow frequency formants and 2)
Tail |ike appearance, were present in the nasal consonants
(/mh, /n/, nl/, [In/) studied. These characteristics were not
found in non nasal sounds (/p/, /b/).
3) Aspiration :- The acoustic one for this feature is the
presence of aperiodic noise in the higher frequency region
mncing the friction noise in steps fricatives and
officiate. These characteristics was found in the Bengal
sounds (/p", /b") and was not seen in unaspirated sounds
(/F, Ibl) Fig (3)
4. Stridency:

This feature 1is <characteristics by high frequency
turbul ences for longer duration with high intensity. These
acoustic cues were present in the Bengali sounds (/s/, /c/)

exam ned. Fig (4)
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5. Lateral:

According to Jakobson, Fant and Halle (1952) state that
| ateral sounds are associated wth vowel |ike and consonant
i ke characteristics. The continuous bars 1in themare
representative of vowels and the gaps are characteristic of
consonant parts. This feature was noticed in Bengali
consonants (/1/) studied. Fig (5).

6. Cor onal

The inspection of the consonants with + and 2 - corona
feature indicate the followng acoustic characteristics as
di stinctive from the consonants wth out this features.

1. Gadual upword novenent of F1 and gradual downword
movenent of F2 in + coronal (/t/) where as sudden downword
movenent of F2 and sudden upword novenent of F2 in non -
coronal . Bengali consonants showed the presence of this
feature Fig(6).

7. Conti nuant:

The acoustic characteristics seen in this feature are: a
gradual on set of wvibration, which is continued for a
considerable length of tine as seen in of /s/,/1/,/rl, [ol,
/[ e/l consonants, where as non-continuants present a sudden
burst of vibration for a very short duration as seen in /pl/
[bl [t/ [dl. Thus the acoustic characteristics seen are 1)
gradual onset (increase in intensity with tinme) 2) |onger
duration of vibration. This feature was also found in Bengal

[sl, /1l and /r/. Fig (7).
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8. Anterior:

It is not possible to differentiate Anterior and non-
Anterior' as these sounds vary interns of duration of VOI and
transition of formants. As the constriction of vocal tract

nmove backwords, the duration of VOT increases. However ,

Chonsky & Halle, have considered all |Iabial, |abio-dental,
dent al and alveolar sounds as anterior and palatal,
retroflex, relax and glottal sounds as non-anterior. Based

on this place of articulation the acoustic characteristics

are provided as follows.

Labial:- Downward transition, |low frequency peak and short
less VOT were seen in (/p/, /bl,/m).

Dental : Characterized by upword shift, higher frequency peale
when conpared to labial sounds and shorter VOT were found in
(/t/, 1dl).

Al veolar: Shortened transition upwards or downwards, high
frequency peak, greater VOI when conpared with |abial and
dental sounds. These was seenin/n/, Inl, [r/].

Retroflex: Upward shift and |ow frequency peak. Wre found
[t] & /dl.

Velar: Upward shift of transition, md frequency peak

greater VOT when conpared with other sounds. Eg./k/ /g/
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Al the features were found with reference to Bengali
consonants studied. (Fig -8)

Thus the acoustic analysis of Bengali consonants revea
di stinctive acoustic characteristics for each of the proposed
feature. Thus supports the hypothesis that each of the
distinctive feature proposed presents distinctive acoustic
characteristics is accepted.

It is possible to analyze consonants in Bengali |anguage
using these distinctive features. Thus the hypothesis
stating consonants in Bengali are made up of follow ng
features; a) voicing, b) nasality, c¢) continuant, d)
anterior, e) coronal, f) stridency, g) aspiration, h) latera
has been accept ed.

Thus the distinctive feature systemin Bengali has eight
features which has been proposed based on the phonetic
description of Bengali consonants. This the hypothesis "it
is possible to propose a distinctive feature systemin
Bengal i based on phonetic description is accepted.

For speech and |anguage pathologists the distinctive
feature system as described by others (Jakobson, Fant & Halle

1952; Chonsky and Halle 1968) seem to be very useful tool in

descri bi ng t he devel opnent al aspects of articul atory
behavior, in planing therapy and in assessing the cases of
msarticulation md their prograns. The results of the

present study has rel evance to the above nentioned facts.



GHAPTER - V

SUMVARY AND CONCLUSI ON

Language is a conposite set of words, words of sounds or
phonene and phonenes of features which are distinctive from
each other. An explicit sinple sound is thus conposed of
several paraneters which can be seen in the formof features
which describe it. These features which provide us the
information about the various distinction between these
speech sounds are called distinctive features. In essence
the distinctive features can be thus referred to as the

"bui | di ng bl ocks of the phonene'.

Distinctive features are now considered to be the psycho
| ogi cal and physical realities of a phonene (Singh, 1976).
This definition thus clearly brings to light tw aspects of

the features the perceptual and the acoustic.

The establishnment of a distinctive features system has
been achieved by various nethodol ogies, such as perceptual
met hod, articulatory nethod, acoustic nethod and by using

conput er.



73

The present study aimed at establishing a distinctive
features system of Bengali consonants. 339 word pairs were
prepared such that there was at |east one feature difference
between the two consonants of the word pair. Perceptual and

acoustic analysis were carried out to establish the features.

Perceptual analysis was carried out in two stages, Part
| & Part 11;
Part |: The word pairs were presented to a group of 30
subjects (individually) who were native speakers of Bengali
Subj ects had to speak out what they heard and these responses

were recorded for further analysis.

Part 11: The sane stinmuli were presented to a group of 30
Non- Bengal i speakers (Tm | Speakers) and their responses were

recor ded.

The percept ual data was analyzed wusing confusion
matrices and by calculating the information content of each

f eature.

32 words were anal yzed spectrographically to observe the

acoustic characteristics of each feature.
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The follow ng conclusions were drawn from the study: -

1. It is possible to propose a distinctive features system
in Bengali based on phonetic description of Bengal
| anguage

2. Consonants in Bengali are nmade up of the follow ng

features a) voicing b) nasality c) continuant d) anterior
e) coronal f) stridency g) aspiration. h) Laterality
3. Information carried by each feature differs.

4. Each feature has distinctive acoustic characteristics.

5. Significant difference were found between the |istening
performance of Bengali and Non-Bengali speakers when the
word pairs were presented in a quite situation.

| MPLI CATI ONS:

1. The distinctive features system thus established gives
an indepth analysis into the phonol ogy of Bengali.

2. The distinctive features system can be used to study the
phonol ogi cal acquisition of Bengali in children, to
assess articulation disorders and in planning articul -
ation therapy.

3. Distinctive feature discrimnation tests can be deve-
| oped for audiological testing (speech discrimnation).

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

5. It can be wused to inprove the tel ecomruni cati on system

for transmssion in Bengali.
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6. It can be used in the devel opment of speech synthesizer.
7. It can be used to study the perception of individuals
who are both normal and hard of hearing.

8. It can be used in studying automated speech recognition.

Recommendat i ons:

As evidence accunulated to support the distinctive
features approach in general, one need to bear in mnd that
there are still significant issues that remain unresol ved.

1) Is there an universal set of distinctive features?

2) |Is there an universal feature hierarchy?

3) Are all features binary?

4) Which is the optimal level(s) for specifying the
features (articulatory, acoustic, perceptual)?

These and other inportant questions are still open to
debate. So further studies should be done to give answer for
these unresolved questions and nmake it a powerful tool in
clinical work.

Further study can be done on:

1 Substitution analysis, that is which of the features are
substituted by the other features.

2 An articulation test in Bengali can be devel oped on the
bases of the established distinctive features system

3. Distinctive features system for vowels in Bengali.

4 Distinctive features can be established using different
met hodol ogy.

---000___
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Appendix - 1

Definition of distinctive features proposed for Bengal
consonants.

1) Voicing :- In the production of voicing consonants the
vocal folds vibrate, and in the production - voicing
consonants vocal folds do not vibrate.

eg:- +Voicing: /gl /g, [j/, 1j"i, 1dl, 1d", Inl, /dl,
1d", Igl, Ibl, Ib", Im, lel, Irl, Icl, [6/, [1].

- Voicing : Iki, 1KY, dcl, e, el Tt Tt It
IPl, 1p", Isl, Ihi,

2) Coronal : The + coronal sounds produce with the bl ade of
the tongue raised fromits neutral position, and - corona
sounds are produced with the blade of the tongue in neutra
posi tion.

eg : + Coronal : fcl, ¢, [j/, [jhl, [t], [t", [dl, /d",
Inl, It/, Ithi, 1dl, [dni, [ri, Icl, 1], .

- Coronal : /k/, k", Igl, Ig", Ipl/, Ip", Ibl, Ib",
Imi, Inl, &, lel, Ihl.

3) Strident :- The + strident consonants are marked
acoustically by greater noisiness.

eg: +Strident : /s/,/cl, lc"1, [j/,1j" , Ihl.

4) Anterior : Al the front sounds are known as + anterior
i,e., biTabial dental, alveolar sounds are anterior sounds.
The palatal retroflex velar and glottal sounds are Anterior
sounds.

eg : + Anterior : /t/, /t"/, /dl, /d", In/, Ibl, Ib", Ip/,
Iphl, Iml, el 111, & .

- Anterior : /k/, I'kh/, /%/, Ighl, 1cl, Ic,1jr,1j",
fel iel, 1t rdi, 1d,rdl, 1d, 1y, lel, Isl, Ihl.

5) Continuant :- The continuant 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

eqg: /lel, Ircl, V], lol, Isl, Ihl, [r].



6) Nasal =- + Nasal consonants are produced with the | owered
vel um and - nasal consonants are produced with the raised
vel um

eg: +Nasal : /n/, In/, In.

7) Aspiration :- The aspirated sounds are characterized by
extra energy concentration in aperiodic portion of the
consonants at high frequencies.

eg : +Aspiration: /k**/, /fghl/, Ic", [ j"r, 1t 1d, 1t
/d", 1ph, 1b".

8) :- The + Lateral consonants are produced by |owering the
md sections of the |anguage.

eg . + Lateral : /1/.



Appendi x - 2

CHATTERJI ' SCHART OF BENGALI CONSONANTS

o Labi 0-  pental Alveolar Retro. Pal at o-

Bi | abial dent al flex  alveolar  Palatal Velar  Qottal
Pl osi ve p b t d t d k g
[Aspirate  [ph bh] [th dh] [th dh] [kh gh]
Affricate Cj
[Aspirate] [chjh]
Nasal m =N
Lal bru |
Rol | ed o .
Fl apped - ..
Fricative (F) () s@ - . h ... h(h)
Seni - vovel 0 €

Sounds shown in brackets [ ] are the aspirates; those in parentheses ( ) are variants of the sounds or
subsi diary members of phonemes.
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APPENDIX - 5

Distinctive features of Bengali |anguage

Sounds k" "t t"dd ot t"d d npp b mer 1os 1 oh
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Nasal _ + _ - __ ¢t - N
Conti nuant I T T S
Anterior R T T T T T ST S

Cor onal R Foa P PR
Strident + o+ - - oo oot
Lateral

Aspiration + +
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