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Abst ract

The study investigated perception of stress in subjects with cerebro-vascul ar
accidents ( CVA) and normal controls speaking Kannada. The study was designedto
exam ne the effect of CVA, acoustic cue and age on the perception of stress. The
fol | owi ng research questions were asked: (1) Arethere differences bet ween subjects
with CVA and normal controls in perception of stress? (2) Are there differences
between LHD and RED (CVA) subjects in perception of stress? (3) Are there
differences bet weenyoung and ol d CV A subjects i n perception of stress? (4) Do LHD
and RHD ( CVA) subjects use different acoustic cues to perceive stress? and (5) Are
there differences between single and multiple cue conditions? To answer these
questions, independent manipulation of the cues available in the stimli was
performed. Specifically, three experiments were conducted. Experiment | dealt with
acoustic anal yses of Kannadawordswi thandw thout stress, experinment |1 dealt with
generation of synthetic phrases and experinment 11 dealt with discrimnation of stress
inindividuals wthCVAandinnorml control subjects. Fifty normal controls and 59
subjects with CVA (27 with left hem sphere damage - LHD and 32 with right
hem sphere damage - RHD) listened to phrase pairs atered inindividual (frequency -
FO, intensity - AQ, and duration - DO) and multiple acoustic paraneters of stress.
They responded to the stimili as 'same' or "different’ on a multiple forced choice

response sheet.

Resul ts of experiment | indicated that duration was the major cue of stressin
Kannada. Results of experiment Ill indicated that subjects with CVA scored
significantly poorer conpared to normal controls. Subjects with LHD scored

significantly higher on atered FODO and FOAQODO conditions conpared to subjects



w th RHD. Young subjects scored significantly higher on atered FOcondition and ol d
subjects scored significantly higher on altered DO condition. Sgnificantly better
performance on atered FO(Young LHD and RHD) , altered FOAODO (old LHD) and
a'tered DO (ol d RHD) conditions was observed.



Chapter I

Introduction

"Four pounds and several thousand miles of interconnected nerve cells
(about 100 billion) control every movement, thought, sensation, and
emotion that comprises the human experience. 'Within the brain and
spinal cord there are ten thousand distinct varieties of neurons, trillions
of supportive cells, a few more trillion synoptic connections, a hundred
known chemical regulating agents, miles of minuscule blood vessels,
axons ranging from a few microns to well over a foot and a halfin
length, and untold mysteries of how—almost flawlessly—all these

components work together". This is the amazing brain........
en,wikigpedia.org/wiki/human_ brain



The relation bet ween brain and behavi our has attracted researchers for many

years. By investigating this relationship, one can independently deduce models of
neural organization and cognitive processing. In the search for neuroanatom cal
correlates of behaviour, a great deal of attention has been focused on |anguage
processing. Prosody serves a variety of functions in |anguage processingandit is an
inportant conponent of the linguistic system Prosody or suprasegmentals
incorporate intonation, rhythm stress and quantity. Intonation is the change in
fundamental frequency (FO over a period of time. Rhythmrefers to an event
repeated regularly over aperiodof time, quantityisthe durationof speech sounds and
stress referstoextraenergy. Sress has been called the most elusive of al prosodic
features (Lehiste, 1970) signaled by at least three acoustic correlates i.e change in

fundamental frequency, anplitude and duration (Lieberman, 1960).

In most recent models of speech production (for e.g Levelt, 1989), the
prosody generator is considered as a distinct conponent of the speech production
system or a subconponent of the phonological system To date, mgjority of
neurol i nguistic research inthis area has focusedin some detail onthe neural basis of
the segmental aspects of speech. But far less attention has been devoted to speech
prosody.  Thus, despite its inportance in comunication, the neural systens
responsible for the production and conprehension of prosody remain largely

unspeci fi ed.

Monr ad- Krohn (1947) was the first to introduce the notion of prosody in

verbal behavior of certainbrain damaged individuals. He distinguished four different

types Of prosody: intrinsic prosody (refers to intonation contours that distinguish a



declarative from an interrogative sentence), intellectual prosody (refers to the
placement of stress, which gives a sentence its particular meaning), enotional
prosody (conveys emotions), and inarticulate prosody (consists of grunts or sighs and
conveys approval or hesitations). He also described three disorders of prosody -
hyper prosodi a, observed in manic states and in motor aphasia, dysprosodia, also
called ataxic, characterized by aforeign pseudoa and was first observed in a patient
recovering fromBroca' s aphasia, and aprosodia, aninability toproduce variationsin

prosody observedinthe case of Parki nsoni an patients.

Sress, one aspect of prosody, is the perceived | oudness of a syllable/word or
greater nuscul ar effort and conparatively greater force. In traditional phonetics,
stress has heen frequent!y divided into dynam ¢ or expiratory stress and musical or
mel odi ¢ stress. This assunption seems to have been based on a belief that stress and
pitch are interdependent on each other. Phonem ¢ or word level stress presupposes
that the domainof stressisaword. The mi ni mumsize of the unit of stress pl acement
is the syllable. However, stressed and unstressed words can be distingui shed only
withinalarger utterance. Thus the mnimal unit of contrastive stress placement is a
sequence of two syllables. If the placement of stress on one of the syllables of
utteranceis not predictabl e by morphol ogical , lexical or syntactical criteria, itissaid
that stress occupi es i ndependent position withinthe phonol ogy of the | anguage. This
kind of linguistically significant stress is termed phonemc or free stress. In free
stress, shiftingthe stress changes the word into another meani ngful word andnot in
toanon-word. Onthe other hand, inanumber of |anguages, the place of stress ona
certainsyllableisfixedandisdeternmnedwthreferencetotheword. The position of

stress identifies the word as a phonol ogical unit. Placing the stress on a different



syllable changes the word in to a non-word. This is ternmed bound stress. In
nor phol ogi cal stress the position of a word is fixed with regard to a given
mor pheme. Whenstress functions at asentencelevel, it doesnot change the meaning
of any lexical item but it increasestherelativeprom nenceof oneof thelexica itens.
There are three types of sentence stress. In primary or non-enphatic stress, the
inportant syllable or word in a sentence i s stressed and each sentence automatically
hasaprimrystress. Contrastivestressoccursinasequence of sentencesw thparallel
constituents that are filled with different morphemes. Contrastive stress is used to
distinguish a particular mor pheme fromother mor pheme that may occur inthe same
position. Onthe other hand, enphatic stress is usedto distinguish a sentence fromits
negation. Most studies on brain damaged have investigated production and

percept i on/ conprehensi on of |exical or enphatic stress.

Some of the continuing questions posing those interested in the neural
substrates for the processing and controlling of prosody are (a) is the function
(linguistic vs. emotion) lateralized or are the acoustic cues (FO vs. duration)
lateralized? (b) giventhat the linguistic prosodic systemis part of several grammati cal
conponent s (phonol ogical, lexical and syntactic), to what extent does a particular
break down in the prosodic system effect these components?, and (c) are the
conprehensi on and production of prosodic cues simlarly affected by brain damage

under the hem sphere control ?

A great deal of attention has been recently directed to investigate the neural
substrates of speech prosody. One of the hypothetical dichotomies that have been the

object of research in prosody is that of emotional prosody (happy, angry, sad,



surprise, sarcastic etc.) vs. linguistic prosody (statement, question, continuation,
command, etc.). The left hemisphere has long been associated with [inguistic
processing and the right hem sphere with enotional information processing (Ml ner,
1962; Curry, 1967). Several theories concerning neuroanatom cal regions active in
prosodi ¢ processing have been proposed. The theory put forth by Van Lancker (1980)
elaborates on the functional lateralization hypothesis (linguistic processing by left
hem sphere and enotional processing by right hemsphere). In the past, several
studies have heen conducted on the production and perception of stress in brain

damaged.

Thefirst experiment onthe conprehensionof | exical stressinleft hem sphere
damaged ( LHD) individuals (Bl unstein & Goodglass, 1972) indicated several errors
inBroca'sand Wrriicke's aphasia. Inthis study subjects listenedtoaseries of words
and sel ected one picture amongthe four pictures. Afurther study by Baum, Daniloff,
Dani lof f & Levis (1982) on conprehension of | exical stress in sentence by Broca's
aphasics and age matched normal subjects indicated that Broca's aphasics made
significantly moreerrors comparedtonormals. Behrens (1985) used dichotic |istening
technique in 15 normal subjects to identify stress placement in phonemc stress pairs
(e.g. hotdog vs. hotdog) and demonstrated a significant right-ear (left hem sphere)
advantage on this task. Fltering the same stimli at 200 Hz for presentation or
reduci ng the semantic content of the stimii (e.g. hotdog) did not leadtoaright-ear
advantage. Theresults suggestedthat |eft hem sphere processes stress contrasts except
when these cues are of mnimal linguistic inportance (as in the |owpass-filtered

stimii),



Emmor ey (1987) studied conprehension and production of linguistic stress
contrast. Shetriedto see the association or dissociationthat existed bet ween acoustic
cues and the lexical level. Inher study, the ability to conprehend and produce the
stress contrast bet ween non- conpounds and non- phrases (e.g. Greenhouse Vs. Green
house) was exami nedin seven non-fluent aphasics, seven fluent aphasics, seven right
hem sphere damaged ( RED) individuals, and 22 normal controls. Results indicated
that RED group performed as wel | as normals. Further, the ability to produce stress
constraints was tested with a sentence reading task and acoustic measurements
reveal ed that no non-fluent aphasic used pitch to distinguish noun compounds from
phrases, but used duration. All but one of the RHDindividuals and al but one of the
normal s produced pitch and / or duration cues. These results suggest that |inguistic
prosody is processed by the left hemisphere and with brain damage the ability to

produce pitch and duration cues may be dissociated at the lexical |evels.

Baum (1998) investigated processing of phonem ¢ and enphatic stress in
brain damaged (LHD and RHD) and non-brain damaged (NBD). The results
indicated that LHD were more severely inpaired when deprived of FO information
and RHD al so exhibited deficits compared to NBD when not al acoustic cues were
available in the stimli. The results of the study in part support the claim that
linguistic prosody is processed inthe [eft hem sphere, whereas the right heni sphere
controls enotional prosody. Wl ker, Tracy &Buzzard (2002) addressed the extent to
whi ch the processing of |exical stress differences woul d be lateralized to the left or
right hemisphere by requiring listeners to determne the meanings and grammatical

assi gnment s of two-syl | able words conveyed through stressed or unstressed syl | abl es.



The results showed that LHD group denonstrated a significantly poorer performnce

than the control and RHD groups.

The results of the above studies support the functional lateralization
hypothesi s that eft hem sphere controlled I'inguistic prosody and right hem sphere
controlled enotional prosody (Vanlancker, 1980). Accordingtothis hypothesis, the
specialized role of the left hem sphere is reveal ed for processing prosodic structure
that performalinguistic function (e.g., conveyinglexical stress differences), andthe
right hem sphere for processing nonlinguistic prosodic informtion (e.g., conveying
emotion). This theory does not account for potential hem sphere differences in
processing the acoustic characteristics of the prosodic structure at a perceptual |evel.
Rather, it suggests that hem spheric specialization is determned at later stages of
sentence processing where an in-depth analysis of the linguistic and nonlinguistic

functionis determ ned.

A second hypothesis that al aspects of prosody are processed in the right
hem sphere and integrated across the corpus callosum with [linguistic

representation was put forth by Kl ouda, Robin, Gaff & Cooper (1988). Six studies

that supported this hypothesis are as fol | ows:

Weintraub, Mesulam & Kramer (1981) studied stress production in right
hem sphere damaged. They presentedto asingle listener, amodel utterance fol | owed
by utterance of nine right hem sphere damaged and ten normal subjects. The stimili

included declarative and interrogative sentences and sentences with enphatic stress.
The |istener was asked to judge how simlar the subjects' productions were to the



model stimuli. Results indicated that right hem sphere damaged subjects utterances
wer e consi stentlyjudgedtobe | ess adequat e exampl esinrelationtothe model stimli
than those of the normal control group. Weintraubet a. (1981) concluded that right
hemi sphere damage yiel ds a deficit inlinguistic prosody as wel | as affective prosody.
Weintraubet al. (1981) went one step ahead in concl udi ng prematurel y that whol e of

prosodi ¢ processing was managed by right hem sphere.

Gant & Dingwal | (1985) evaluated conprehension of shifts in grammatical
class as a function of the placement of lexical stress on RHD and LHD using
di scrimnation task wher e subjects were asked to identify verb or noun based on stress
placement onthe first or second syllable. They found that RHD perfornmed same as
aphasi cs but performance was significantly less than that of NBD and thus they
concl uded that each hem sphere is involvedto avarying degree depending onthe type

of linguistic prosody.

Kl ouda, Robin, Gaff & Cooper (1988) presented a case report of a 39-year
old woman who suffered an aneurismal henorrhage damaging the anterior four-fifths
of the corpus callosum Intheir study they wantedto find evidence for i npairment of
both affective and linguistic prosodic feature followng callosal disconnections and
whet her collosal connections are directly involved in prosodic processing. They
performed conput er aided acoustic analysis of FO contours and durational pattern on
emotive and non enotive utterances at 4 weeks, 4 months and one year post surgery.
The study provi ded strong evi dence that the right hem sphere general |y contribute to

the processing of FOinformtion and suggested that FOinfornation processed in the

10



right hemsphere is integrated with information processed in the left hem sphere

speech centers viathe corpus cal | osum

Bryan (1989) exam ned the right hem sphere contribution to the processing of
linguistic prosody by presenting a battery of 13 linguistic prosody tests that
incorporated stimli of various perceptual domains (phonem c/enphatic stress
discrimnation, identification of declarative vs. interrogative intonation). Results of
her study indicated that individuas with RED were inpaired on al 13 tasks of
linguistic prosody relativetothe NBDand on 8 tasks relative to the individual s wth
LHD. Further, individualswthLHDwere significantly inpairedrelaivetothe NBD
on 10 of the 13 tasks suggesting bilatera control for at |east some aspects of |inguistic

prosody.

Bradvik, Dravins, Holtas, Rosen, Ryding, & Ingvar (1991) conpared the
performance of RHDand NBDon tasks of both linguistic and affective prosody (e.g.
enphatic stress perception, identification of linguistic and enotional intonation).
Authors noted inferior performance of their RHD individual s on both linguistic and
enot i onal tasks andarrivedat concl usionof essential rolefor theright hem spherein
the processing of both (linguistic and affective) prosody, irrespective of the dom ne

over whi ch prosodi ¢ cues wer e per cei ved.

Pel | (1998a) studiedfor evidenceof ahilatera substratefor emotional prosody
conprehensi on consi dering LHDs, RHDs and age matched NBDs. In his study,
subjects listened to common set of utterances over several conditions which

mani pul ated the strength of particular acoustic paraneters of stimli and were to

11



i ndependent |y j udge either the | ocation of enphatic stress within the sentence or the
emotional tone. Results indicated that although enphasis perception was uniquely
disturbed in LHD, accuracy in recognizing enotional attributes of the same stimili

was significantly inpairedinbothRHDand LHDrelativeto age matched NBDs.

Van Lancker &Satis (1992) put forthathird hypothesis, the differential cue
l'ateralization hypothesis, whichstated that the hem spheric specializationis dictated
by the acoustic characteristic of prosodic structure where a right hem sphere
dom nance exists inprocessingthe frequency characteristics of the acoustic signal and
the left hem sphere processes the tenporal information contained within prosodic
structures. The hypot hesis was based on the results of their study whi ch compared the
performance of participants wth LHD and RHD and non-brain damaged ( NBD)
individuals on an enotional prosody identification task. Results revealed that both
groups ( LHDand RHD) performed poorer than NBDand performance of hoth groups
didnot differintermsof accuracy. However, adiscrimnant analysis showedthat both
group errors were based on different acoustic cues used. Individuals with LHD
seemed to rely on FO variations and those with RHD seemed to hase prosodic
judgment on durational cues. Van Lancker & Sdtis (1992) concluded that
mechani sms sub serving prosodic processing are hilaterally distributed with right
hem sphere mor e specialized for processing FOand |eft hem sphere mor e special i zed
for processing tenporal acoustic paraneters. This hypothesis was supported by the
results of the study by Zatorre, Evans, Meyer, & G edde (1992) who conducted a
Positron Em ssi on Tomography ( PET) study with non- brain-damaged individuals. In
their study, they conpared activation patterns in tasks requiring phonetic judgments

and pitch judgments. The results denonstrated increased activity in Broca's area

12



during phonetic judgments of CVCsyllables; incontrast, there was right prefrontal
activation during pitch judgments of the same CVC syllables suggesting that FO

processing i s associated with RHmechani sis.

Baum(1998) conduct ed an experinment to decipher the role of FOand duration
inthe perception of linguistic stress by individuals with brain damage and non-brain
damage (NBD). The stimli included a naturally stressed syllahles and syllable in
whi ch the FO was neutralized and set of stimli in which the duration cue was
effectively neutralized. The results indicated that subjects with LEDwere inpaired
i nperception evenwhen ful cue was provided, RHDwere poorer than NBD but were
better than LHD. For FOneutralized stimli even NBD and RHD performed poorly.
LEDperformed at chance factor. There was high individual variability inthe results
obtained. Baum(1998) concluded that neural substrates of prosody remin el usive,
undoubt edl y bot h hem spheres invol ve i nthe processing of prosody. Also, thereis
differential preferencefor tenporal andspectral cuesfor processingstressinthebrain

damaged.

Two studies were conducted by Sarah (2000) and Sarah, Prakash & Savithri
(2000) on the perception of word stress in Kannada speaking L HD individual s and
normal s, and individualswthRHD, LHDandnormals, respectively. Inthese studies,
the stimili were 5 2-word phrases with adj ective-noun combi nation. These phrases as
spoken by a normal Kannada speaker with and without stress on the adjective were
audi o-recorded and acoustical |y anal yzed t o extract FO, intensity (every 10 ms), and
word duration of the stressed and unstressed adjectives. Synthetic stimili were

generated i nwhi chasingle acoustic parameter (FOintensity/duration) of the stressed
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word was transposed to the counterpart unstressed word. Therefore, three types of
synthetic phrases - onewith FOcue, onewithintensity cue, and onewith duration cue
- Wwere generated. Each synthetic phrase was paired with it's original unstressed
phrase to make phrase pairs. Subjects listenedtothe phrase pairs and responded ona
bi nary response sheet indicating whet her the two phrases inapair werethe same or
different. The results indicated that individuals with LHDperformed poorly on task
involving tenporal cue (duration) and those with RHD performed poorly on task

invol ving FOcue. Theresults supportedthedifferential lateralization hypot hesis.

In an effort to replicate and extend the findings of Van Lancker & Sdtis
(1992), Pell and Baum (1997b) conducted a simlar analysis exploring the
identification of both linguistic and affective prosody. The results of discrim nant
analysis failed to indicate that the patients with LHD and RHD were relying on
different acoustic cue in making prosodicjudgments. Thus, although intriguing, the
hypot hesi s that individual acoustic cuesto prosody areindependent!y lateralized (Van

Lancker & Sdtis, 1992) remai n specul ative.

Dichotic listening task, picture selection, production of stress contrast, FOand
duration perception, identificationand discrimnationtasks have been used by various
authors to study perception/ conprehension of stress. Most of the studies, except that

of Sarah(2000) and Sarahet. al. (2000), areinEnglish.

Most authors agreethat i ncrenentsinFO, duration, intensity, andalterationsin

the vowel quality are the primary acoustic cues of stress. However, the relative

i nportance of these cues varies fromone | anguage to another. Wi le FOis the maj or
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cueof stressinEnglish(Bolinger, 1958; Li eberman, 1960), French (Rgault, 1962),
Hungar i an (Fonagy, 1966), and Kechi (Berinstein, 1970), durationisthe major cuein
| anguages including Swedi sh (Fant, 1958), Serbo-Croatian (Lehiste &lvic, 1963),
Estoni an (Lehiste, 19684a), Itaian (Bertinetto, 1980), Tam | (Bal asubramani an, 1981)
and Kannada (Savithri, 1987, Rajupratap 1991, Savithri, 1999 a, b). Further, Kannada
does not have phonem ¢ or lexica stress but has a sentence stress. Sressisusedto

enphasi ze awor d i na sentence.

Though investigation of prosodic el enents has been conducted in different
| anguages, the area of prosodic perception has recei ved little attention at the national
andinternational levels. The existing contradictory evi dences on stress perceptionin
brain damaged and the |anguage dependency of stress perception provoked the
present study. The objective of the present study was toinvestigate perception of
stressinsubjectsw thcerbro-vascul ar acci dents( CVA) speaki ng Kannadaand
normal controls [Kannadais a Dravidian | anguage spoken by 20, 000, 000 persons in
Kamat aka, a stae of south India (H M Nayak, 1967,
http: //waw in.gov.in/popul ation/india htm; Kannadais a Dravidian|anguage spoken
by 20,000,000 persons in Kamataka, a state of south India
http: //waw in. gov.in/popul ation/india htnj. If the [eft hem sphere is specialized in
processing tenporal acoustic paraneters (duration), it shoul d be better reflectedin|eft
hem sphere damaged individuals speaking Kannada. Studies in language like
Kannada, wheredurationisamajor cuefor stress, woul dbeinterestinginthat therole
of left hem sphere in processing tenporal cue woul d be better enphasi zed conpar ed

toalanguage Iike Englishwherethemajor cuefor stressis F0.



Thus the study was designed t o exam ne the effect of CVA, acoustic cue and
age on the perception of stress. The fol | owi ng research questions wer e asked: (1) Are
there differences bet ween subjects with CVA and normal controls in perception of
stress? (2) Are there differences between LHD and RHD ( CVA) subjects in
perception of stress? (3) Are there differences between young and ol d CV A subj ects
i n perception of stress? (4) Do LHD and RHD ( CVA) subjects use different acoustic

cues to perceive stress? and (e) Are there differences between single and nultiple cue

condi tions?

To answer these questions, i ndependent mani pul ation of the cues available in
the stimli was performed. Specifically, three experiments were conducted.
Experiment | dealt with acoustic anal yses of Kannada words with and without stress,
experiment |1 dealt withgenerationof synthetic phrases and experiment Il dealt with
eval uation of perception of stress in individuals with CVA and in normal control
subj ects. Theresults of the study have theoretical andclinical inplications. Research
on prosodi ¢ perceptionw !l add information about the neroanatom cal regions active
in prosodic processing, and the specific role of hem spheres in prosodi ¢ processing
whi chw 1 be hel pful inproviding effective diagnostic and rehabilitative methods to

individualswithbraindamage ( CVA) .
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Suprasegnental s, also called prosodies are properties of speech that have a
domain larger than a single element and include intonation, stress, rhythm and
juncture. Prosody serves a variety of functions in |anguage processing, from the
conveyance of the speaker's emotions to the phonem ¢ use of tone to differentiate
lexical items in certain languages. In some models of speech production (Garret
1980, Levelt, 1989), the prosody generator is considered a distinct component of the
speech production systemor a subcomponent of the phonol ogical system Learning
phonol ogy of a | anguage invol ves not only segmental inventories and rules affecting
thembut non-segmental (suprasegnental) aspects of phonol ogy as well. Segment al
characteristics i nvol ve the description of size of phonemes or phonetic segments and
their features. Suprasegnental s are characteristics of speech that involve larger units,

suchas syl lables, wor ds, phrases or sentences.

There are two views regarding the relation between segmental and
suprasegment al aspects. Accordingto one view suprasegmental s are added ontothe
segments.  Another most satisfactory view holds that hoth segments and
suprasegnental s blend and mutually influence each other. The suprasegmental
information in speech can be described by basic physical quantities of anplitude,
duration, and fundamental frequency of voice. The suprasegmental features include
stress, i ntonation, junctureandrhythm Stressreferstoaccentuationor enphasis, laid
on syllable or word. Intonation refers to variations in pitch as a function of tine.
Juncture refers to the houndaries between the phonol ogical units, signaled hy

segment al nodi fications andrhythmtothe patternof movement inspeech.



Sress, one of the suprasegmental features, has heen considered the most
elusive one for alongtime. Sress can be defined either fromthe listener's point of
viewor froma speaker's point of view. Fromthe listener's point of viewit can be
defined as perceived | oudness of a syllable/word. Fromthe speakers point of viewit
can be defined interns of greater nuscul ar effort and conparatively greater force.
Speakers and listeners benefit fromthe use and interpretation of stress. Speakers
enphasi ze salient aspects of a message to enhance the probability of I[istener
conprehension. Listeners attend to the salient stressed segments of an auditory
message, whichinturnfacilitates |istener's comprehensionof the entire stress bearing

utterance (Lehiste, 1970).

English and other Germanic |anguages make far more use of differences in
stress than do most of the | anguages of the world. Inmany |anguages, the position of
the stress isfixedinrelationtothe word. Czechwords nearly al ways have stress on
the first syllable, irrespective of the number of syllables inthe word. In Polish and
Swahili, the stress is usually on the penultimte syllable. Variations inthe use of
stress cause different |anguages to have different rhythns. Earlier, languages were
classified as syllable-timed |anguages (French) in which syllables tend to recur at
regular intervals of time and stress-timed |anguages (English, German) in which
stresses were said to be the domnating feature of the rhythmc timng. Ladefbged

(2001) stated that a better typol ogy of rhythm ¢ differences among I anguages woul d

be to divide | anguages into those that have variable word stress (English, German),
those that have fixed word stress (Czech, Polish and Swahili), and those that have

fixed phrase stress ( French).
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The present study exam ned the perception of stress in patients with cerebro-
vascular accidents (CVA - left hemisphere and right hem sphere damaged).

Therefore, therevieww | be dealt under thefol | ow ng headi ngs:

(a) Definition of stress

(b) Types of stress

(c) Functions of stress

(d) Cues of stress

(e) Measurement of stress

(f) Perceptionofstressinnormal individuals

(g) Perception of stressin brain damaged

(@) Definition of stress

There are two major views in defining stress, the physiological and the
psychol ogi cal. The most common among the two i s a physiological definition.
Onl'y occasi onal |y does one get the required bl end of two views inthe work of an
individual scholar. Fromthe speaker's point of view, stress may be defined in
terms of greater effort that enters into the production of a stressed syllable as
conparedtounstressed syl lable (Lehiste, 1970). Fromthe listener's point of view
Bloonfield (1933) claimed that stressed syllables are |ouder than unstressed
syllables. Thus stress indicates both articulatory or motor feature of speech and
also perceived sound feature by a listener denoting both the transmssion and

reception of speech.
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Sweet (1878) defines stress as the conparative force withwhichthe separate
syl lables of a sound group are pronounced. He has considered the extra physi cal
effort inthe production of stress. Accordingto Abercrombie (1923) stressis a
force of breath impul se and O asse (1936) states that stress is animpul se which
expresses itself in the first place by an increase of pressure in the speech
mechani sm and approximately coincides with the point of greater pressure.
AccordingtoHeffner (1949) it isreferabletokinesthetic sensationof nuscl e and
pressure changes. Trager & Smth (1951) opined that stress is assumed to be
mani fested by | oudness, each level being |ouder than the next |ower level. Jones
(1956) defined a strongly stressed syllable as one that the speaker consciously
utters with greater effort than the other neighbouring syllables in a word or
sentence. AccordingtoFonagy (1966), stressisthe greater speakingeffort. Al
these authors consider force, pressure, effort or | oudness in the production of

stressed syl | abl es/ wor ds.

A second type of definition considers the listeners viewpoint. Bolinger
(1958) defines stress as the perceived prom nence i nposedwithinutterances. It
may function linguistically at syllable, wordor sentencelevel. Sressisafeature
percei ved by the listener, whichinvolves compl ex interactions of suprasegmental
elements. Gatenby (1975) says stress is the property that endows sequential

syllableswithdifferentiating grades of acoustic prom nence.



(b) Typesof stress

Intraditional phonetics, stress has been frequently dividedinto dynamc or
expiratory stress and nusical or melodic stress. This assunption seems to have
been based on a bel i ef that stress and pitch are independent of each other. Saran
(1907) was an early critic of the traditional distinction between the dynam ¢ and
musi cal stress. He insisted that the analysis of stress must proceed fromthe
standpoint of the hearer. Later Schmtt (1924) criticized the distinction bet ween
dynam ¢ and nmusical stress. According to him the expiratory differences
normal Iy go together with melodic differences, and therefore, a sharp distinction

bet weenthe t wo types i s unwarranted.

Two types of stress described in the literature include | exical stressand
enphatic stress. Lexical stress is usedto distinguishtwo words withthe same
phonem ¢ structure (e.g., "redcoat", aBritishsoldier, versus "redcoat", apiece of
clothing). Enphatic stress is usedto convey a different idea depending on the
word's positioninthe sentence (e.g., inthe sentence "John drives the car" it is
surprising that Johnisthe driver, whereasin"Johndrivesthe car" it isthe fact
that he actual |y drives the car whi chis enphasized). Enphatic stress corresponds

towhat Monrad- Krohn(1947) cal ledintel | ectual prosody

Based on the size of the units stress can be divided into word|evel or
phonemi ¢ stress and sentence level stress. Phonemi ¢ stress or word level stress
presupposes that the domainof stressisaword, and the definitionof aword does

not depend onacriterioninvolving stress. The mi ni mumsize of the unit of stress
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placement is the syllable and is concerned with the prom nence relationships
between the syllables of a word. However, stressed and unstressed monosyl | abic
wor ds can be distinguished only withinalarger utterance. Thus, the m nimal unit
of acontrastive stress pl acement is a sequence of two syllables. |f the placement
of stress on one of the syllahles of utterance is not predictable by morphol ogi cal,
l'exical or syntactic criteria, it issaidthat stress occupies anindependent position
wi thinthe phonol ogy of the l anguage. Thi s kind of |inguistically significant stress
istermed phonemc or free stress. Infree stress shifting the stress changes the

wor d into anot her meani ngful wor dand not into anon-word (Lehiste, 1970).

On the other hand, inanumber of | anguages, the place of stress ona certain
syllable is fixed and is determned with reference to the word. The position of
stress identifies the word as aphonol ogical unit. Placingthe stress ona different
syllable changes the word into anon-word. Thisis termed bound stress. In
| anguages with such bound stress, there is no opposition between stressed and
unstressed syllables within word-1evel phonology (Lehiste, 1970). Jakohson
(1931) talked about an intermediate type between phonemi ¢ stress and hound
stress cal | ed morphol ogi cal stress The position of stressis fixedwithregardtoa
given morpheme hut not with regard to word boundaries in |anguages with
mor phol ogi cal stress.  This type of morphol ogical stress may differentiate
between compound words but not hetween individual morphemes. \éinreich
(1954) defined one more type of stress called constructive stress. This type of
stress serves to conbi ne a sequence of mor phemes into a stress construction in

whi chthe mor phemes stand inafixed stress relationshipto each other.
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When stress functions at a sentence level, it does not change the meani ng
of any lexical itembut it increases the relative prom nence of one of the lexical
itens. Bierw sch (1966) differentiates three types of sentence level stress as

foll ovs:

Primarystress (non-emohatic): Each sentence automatical |y has aprimary stress.

Here, inasentence, theinportant syllableor wordis stressed.

Contrastive stress: This occurs in a sequence of sentences with parallel
constitutes that arefilledw thdifferent morphemes. Contrastive stressisusedto
distinguish a particular mor pheme fromother morpheme that may occur in the

same position.

Enphatic stress: This is used to distinguish a sentence from its negation.
Qccasional Iy it may be indistinguishable fromcontrastive stress. But there are

some | anguages i nwhi chthetwo are different.

(c) Functionsof stress

Prosodi ¢ features including intonation, rhythmand stress fufill inportant
functions in speech perception and production. Perceptual Iy prosodic infornation
assists the listener in segmenting the flow of speech by contouring words.
Sntactically it aids indifferentiating different sentence types through different

patterns. Lexicallyit helpsindifferentiatinggrammatical categories, suchas verhs
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and nouns and pragnatical |y contrastive stress hel ps to distingui sh bet ween topic

and content (Chafe, 1970).

Linguistic stress, a feature of speech perceived by the listener, involves
conpl ex interactions of suprasegnental elenents. Accordingto Bolinger (1972),
distribution of stressed el ements in speech functions for semantic and emotional
highlighting by drawingthe listener's attentiontothem Bates (1976) stated that
it is alsousedto distinguish new and old information in discourse. The new
informationisgenerallystressed comparedtothe ol dinfornation. Linguisticstress
functions to set off el ements whi ch carry a heavier information |oad and on whi ch
the speaker tries to place specia focus (Baltaxe, 1984). On a whol e stress can

either be used to give special enphasis to a word or to contrast a word fromthe

ot her.

Sress also has a major function in indicating the syntatic relationship
bet ween wor ds or parts of word. English has many such noun-verh oppositions.
For exanple, inthepair "anoverflow', "tooverflow', nounhas stress onthe first
syl lable wher e as verh has on the last syllable. Thus, the syntactic function of the
wor d i s indicated by the placement of stress. Asinlar kind of oppositionis also
seen in cases where two wor d phrases forma compound noun like "awa' |k out",
"towa' lkou't", "apu't-on", "topu't o'n". Hereplacement of stressisnoticedonly

on the first el ement of the noun whereas in case of verbs stressis placed on both

the el enents.
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A syntactic function of stress lies in distinguishing between a compound
noun (aho4dog) andan adjectivefol | owed by anounasinthe phrase"ah' ot do'g".
Compound nouns have a single stress on the first element, and the adjectival
phrases have stress on both el ements. However, inlanguages like English, it is
possible topredict the location of stressinmajority of words provided sufficiently

compl ex setsof rulesarefornul ated.

(d) Cues of stress

Perceptual |y stress is cued by increased pitch, increased |oudness, |onger
duration and change in vowel quality. Fonagy (1958) says that stress is not
definableinacousticternmsandthelistener sinply uses the various cues as abasis
for judging the degree of force employed by the speakers. Cooper & Mayor
(1960) say that stress is aproduct of a number of variables whose interactionis
not precisely known. Fisher-Jorgenson (1967) opines that none of these cues are
necessary and sufficient. A number of acoustic cues correspond to a sinple
physiol ogi cal difference and to one final feature of stress. A problemin
interpreting the physiol ogical and acoustic correlates of stress is the ambi guous
role of intensity inthe perception of stress. The reason for |ack of more direct
relationship between intensity and stress is that output intensity changes with the
articulatory configurationof thevocal tract. Subglottal pressureis alsoone of the
physi ol ogi cal factors that control therate of vocal foldvibration. Thus, stressis
intinately connected with frequency. Unless vocal fold tension is adjusted,
increased subglottal pressure results automatically in an increased rate of vocal

foldvibration. Thus, inmany |anguages, higher FO serves as a strong cue for the
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presence of stress. While increased respiratory effort and increased vocal fold
vibration serves as physiological cause for increased intensity and FO,
respectively in a stressed el ement, no such cause is apparent for third most
frequently cued parameter of stress - increased duration. There are many
| anguages in which a stressed syllable is longer than an unstressed one. Thus,

durationseems tobe alanguage- determ ned phenomenon.

Therelativeinportance of FO, intensity and durationin perception of stress
has been studied experinentally in several |anguages including English (Fry,
1955, 1958; Bolinger, 1958; Morton &Jassem 1965), Polish (Jassem Morten &
SteCGen- Bot og, 1968), French (R gault, 1962), Swedish (Vestin, Buddenhagen &
Cbrecht, 1966), Serbo-Qoatian (Rehder, 1968), Tam | (Bal asubramanyan, 1981),
and Kannada (Savithri, 1987; Raju Pratap, 1991; Savithri, 199 a, b). Table 1

shows asummary of promi nent acoustic cue of stressinvarious | anguages.

Author Language Cues

Fry (1955) English Duration, intensity
Fant (1958) Swedish Duration

BBlinger (1958) English Frequency, duration
Rigault (1962) French Frequency, duration
Morton & Jassem (1965) English Frequency

Westin et. al. (1966) Swedish Frequency

Lehiste (1968a) Estonian Duration

Yassem et. al. (1968) Polish Frequency

Rehder (1968) Serbo-Croatian Frequency
Bertinetto (1980) Italian Duration
Balasubramanian (1981) Tamil Duration

Ratna et. al. (1981) Kannada Duration, intensity
Savithri (1987) Kannada Duration
Rajupratap (1991) Kannada Duration

Savithri (1999 a,b) Kannada Duration

Tabl e 1: Acoustic cuesof stressindifferent | anguages.
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As reported, inlanguages |ike English, Polish, and French, pitchprom nence
istheprimary cue for stress. But inlanguages like Swedish, Estonian, Italian,
Tam |, and Kannada, syllable lengtheningistheprimary cuefor stress. Thismay
be because of the marked durational differences between|ong and short vowel sin
these [ anguages. The ratio between the duration of short (lax) and |ong (tense)
vowel is around 1.1.54 in English (Katt, 1976). However, the ratio is L2 in
Kannada (Savithri, 1987). It can be assumed that the differentiation of tenporal
parameters should be more distinct in a language like Kannada. Though
difference of opinions exists, al authors agree that increments in FO, duration,
intensity and alterations inthe vowel quality are the primary acoustic cues of

stress.

(e) Measurement of stress

Mechani cal and conputer based met hods have heen used in the past to
locate stress. Lieberman(1960) presentedaflowchart that representeda program
for mechani cal |y recogni zing the stressed syl lables instress pairs. Wththe help
of the flowchart he attenpted to locate stressed syllables in pairs of syllables
fromacoustic cues alone. Figure 1 shows the flowchart. The FOcriterionat the
top of the flowchart corresponds to the traditional notion of pith-prom nence.
The first step of this programis torecognize the syllable that has the higher FQ,
whi chisindicated by positivearrowinthefigure. If theanplitudeisalsohighfor
the syllable recognized thenthat syllable is considered as stressed. Onthe ot her
hand, if the peak anplitude is [ower as indicated by the negative arrow, the

integral of the anplitude with respect totime over the entire syllableis noted. If
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thisis foundtobe positive and the pitch difference and anplitude ratio bet ween
the stressed and unstressed syllables fdl into permssible area, then againthe
syllableis consideredas stressed. Smlarly, many such paths canbe fol | owed so
that dl arrive either at stressed or unstressed judgement. Liebermanin his study
conpared the judgement made based on this mechanical scheme and the one

based on perceptual stress judgnents and found that both judgements were in
agreement with each other by 99.2%of the tine.

Speech input

l
Pitch

—_ \+
-« S~

l Amplitude l Amplitude |
\+ o
S [I Amp.dt | . -~
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relation _

L

e \.‘ q
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Figure 1. Programfor mechani cal recognitionof stressed syllable (Lieberman, 1960).

Lea, Medress & Skinner (1975) devised a strategy for conputer
under st andi ng of speech. It uses prosodic features to break up continuous speech
into sentences and phrases and |ocates stressed syllables in those phrases. The

algorithm for locating stressed syllables (from FO contours and high energy
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syllable nuclei) correctly located the nuclei of over 85%of al those syllables

perceived as stressed by a panel of listeners. The authors termed the contours as

“archetype'. Figure 2 illustrates howthe acoustic correlates of rising FO and large

energy integral are used in an algorithmfor locating the stressed syllables within

constituents of sentences.

A stressed " Head" tothe constituent is associated with

a portion of speech which is high in energy with rising FO and bounded by

substantial (5 dB or more) dips in energy. Qther stressed syllables in the

constituent are expected to be accompanied by local increases in FO.
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Figure 2: Illustration of the Archetype contour of the sentence [hello how are you?].

Thus, there are different opinions about locating stress. Some locate it by

FO/ intensity / duration promnence, and some by both FO and intensity

prom nence.



(f) Perceptionof stressinnormal subjects

Literature on perception of stress is scarce andrare. However, basedonthe
available data, it isnoticedthat the acoustic cues like FO, anplitude and duration
play averysignificant roleinthe perceptionof stress. Anumber of factors seemto
influence the judgment of stress and of them most often listeners rely on
differencesinlength, |oudness, pitchof syllables, soundqualities occurringinthe
syl lables and the kinesthetic memories associated with his/her own production of

the syll ahl es he/ sheis receiving.

These factors forma compl ex in which, no one is independent of the
others. Thus, a stressjudgment may be influenced by the length of the syllable
and particularly by the length of the vowel that it contains but not independent of
the vowel quality. For example, intheEnglishword[mo:bid], thefirst syllableis
perceived as stress partly because the first vowel islong. Thisvowel is, however,
l'ong in opposition to the first vowel of [mo:biditi] and not in contrast with the
second/i/. For, inthe later word, thefirst vowel is sill longincontrast withthe

second al though the stress i s nowpercei ved to be onthe second syl | able.

Certain quality differences in English have particular significance in stress
judgments. The substitution of the neutral vowel / a/, for some other vowel, the
reduction of a diphthong to apure vowel, or the centralization of a vowel are dl
powerful cuesinthejudgment of stress. Some features of consonant quality, such
as the strength of friction or aspiration and the sharpness of onset of the consonant

soundmay act inasimlar way.
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Fry (1955) studied the effect of intensity and duration on the perception of
stress. In his study he produced test words like o bject, di'gest, pe'rmt using
Haskins laboratories pattern playback synthesizer (Cooper, Liberman, & Borst,
1951). He varied the duration and intensity of both syllables inthese words ina
systematic fashion. Then listening test was performed on 100 subjects. Subjects
were instructed to indicate the syllable stressed. Results indicated that |isteners
perceived vowel as strongly stressed when the vowel was long and of high
intensity. Incontrast, they perceivedit asweakly stressedwhenit was short and of
lowintensity. When they studied the effects of duration and intensity separately,
duration was found to be a more promnent cue. Increase in duration ratio and
keeping the intensity constant led to increase in the noun judgements
(identification of the first syllahle as stressed) by 70 %of subjects. However, the
change i nthe whol e range of intensity produced an increase of 29 %inthe number
of "noun" judgments. Thisis one of the first studies on perception of stress. As
the acoustic parameters changed included duration and intensity, no conclusive

statenent regarding FO as a cueto stress was drawn.

In a second experiment, Fry (1958) explored the role of fundamental
frequency variations in determning stress judgments. The word-pair 'subject’ was
synt hesi zed by changing the FO in step at the junction between the first and the
second syl lahle. The synthesized speech was intended to sound |ike that of a mal e
speaker and the selected reference frequency of 97 Hz gave this effect
successfully. The frequency steps included FO val ues of 5, 10, 15, 20, 30, 40, 60
and 90 Hz. Forty-one listeners heard a series of sense-groups, each containing t wo

syllables, and made a j udgment about the stress pattern. The results indicated that
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change in FO differed fromchange of duration and intensity in that it tends to
produce an all-or-none effect, that istosay that magnitude of the frequency change
seems to be relatively uninportant while the fact that afrequency change has taken
placeis all-inportant. That is, it wasthe changeinfrequency that was inportant

and not the magni tude of the changetoj udge a syl lable as stressed.

Bolinger (1958) studied the phonetic and linguistic nature of stress by
performng a series of experiments using both natural and artificia speech. Based
on the results of his study he concluded pitch prom nence as a primry cue of
stress fol | owed by duration. However, he rejected the notion of intensity playing a
crucial role inthe perception of stress. Rigault (1962) systematically varied FO,
intensity and durationin a synthesized word 'papa’ and the phrase ' QU est-ce que
vous faites? The test tape was presentedto French listeners. Results reveal ed that
frequency was the most inportant physical correlate of perceived stress conpared

to durationandintensity.

Inathird experinent, Fry (1965) attenpted to explore the role of vowel
quality in stressjudgments obtained fromEnglish listener's versions of the word
pairs 'object' and'contract', 'subject’ and'digest'. These were synthesizedwitha
systemtic variation of the frequency of the first and second formants in the first
syllahle of "object' and 'subject'. Variationinvowel durationratiowas introduced
inthe same stimli in order to provide a means of estinating the weight to be
assigned to the changes in the formant structure. The fundamental frequency of
the periodic sounds was kept constant at 120 Hz t hroughout. The overall intensity

of syllable was regulated so that the maxi mumintensity inthe two syllable of a



test word was equal and a constant difference of 6 dB between fhrmant 1 and
fbrmant 2 was naintained throughout. The stimuli were made into alistening test
inwhich each stimilus occurred once. Stressjudgments were obtained from100
subj ects who were al young speakers of southern English. The results suggested

that fbrmant structure cue for stress may be | ess effectivethanthe intensity cue.

Morton & Jassem (1965) using parametric speech synthesizer produced
synthetic nonsense syllables /sisBso/ and /sasal. The stinuli were constructed
insuchawaythat same vowel s were placed inhoth syllables thereby avoiding the
problem of different intrinsic intensities. FO, intensity and duration were
systenatically varied and presented to English listeners. Results indicated that
change in FO led to greater effect thaneither intensity or duration. It was further

found that raised FOwas mor e efficient than alowered onein perceiving stress.

Westin, Buddenhagen, & Qorecht (1966) explored the relative inportance
of FO, duration and intensity in Southern Swedi sh. They produced combinations
of t wo versions of "hal sapa" usingtape-slicingtechniques. Inthestimulus, thefirst
and last syllable had FO of either 122 or 144 Hz, duration of either 195 or 300 ms,
either high or lowintensity with the difference of 6 dB. Listening tests were
admni stered to Swedi sh speakers inLund. Results indicated FO as a primary cue
for identification. Further, it was observed that FO of the first syllahle was the
maj or cue compared to that of cues of pitch, quantity, and intensity on the final
syllable. However, they could not establish, which among quantity and intensity

was, the most inportant one.
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Acoustic cues of stress depend on the |anguage. Evidence for this comes
fromthe study of Jassem Morton & Steffen-Batog (1968) who used the same
stimli as that of Morton & Jassemwi th Polish listeners. Results indicated both
simlarities and differences among the English and Polish group. VariationinFO
was the most striking simlarity seen between the groups whereas variations in
durationweremoreeffectivew thPolishthanw thEnglishlisteners. Intensity was
foundto be effective only when the difference was above 6dB. FOhas been found
tobe abetter cue in Serbo-Croatian accents. Rehder (1968) studied the relative
inportance of FO and intensity as distinctive components of Serho-Croatian
accents. FOand intensity were mani pul at ed usi ng a vocoder. He sel ected m ni mal
accentual pairs as spoken by a native speaker which were processed and re-
recorded under the fol | owi ng conditions: (a) FOunchanged, intensity |eveled; (b)
intensity unchanged, FOmonot oni zed at 155Hz; (c) both paraneters |evel ed at the
sametime. Resultsof listeningtestsindicatedthat FOprovided relatively stronger

cues for the presence of stressthanintensity.

However, durationisfoundtobe the prom nent cue of stressinltaian In
a study by Bertinetto (1980) atotal of 64 stimli were constructed by means of a
formant synthesizer, according to a pre-established pattern. Special care was
devotedtothe determnation of duration, intensity and FOval ues, whi chhadto be
assigned in turn (through a systematic permutation) to both syllables of the
disyllabic word chosen for the test. This consisted in the phonem ¢ sequence
I'papal, which can give rise to two meaningful words in the Italian | anguage,
according to the position of prom nence. The stimli were presented inrandom

order to two groups of listeners. The main set was composed of 52 [talian



speakers fromthe northwest, whereas the second (control) group consisted of nine
subjects fromthe north-east. Test responses, analyzed inrelationto the various
paranetric val ues present in each stimlus, consistently pointedto duration asthe

most effective prom nent cue.

Laterality effect intheidentification of stress has beenreported by Behrens
(1985). His study consisted of two experinents. Inthe first experinent he used
stress contrasting real -word mnimal pairs (e.g. hotdogvs. hotdog). Theseitens
possessed both phonetic and semantic information. To determne the extent to
whi ch this phonetic and semantic information affected ear scores, they removed
the phonetic, and consequent|y semantic, content of the stimili by passing the
same tapes through a | owpass (200 Hz) filter inthe second experiment.  Third
experiment consisted of nonsense words differing only in stress placement. In
this, phonetic information alone was replaced. Experiment 1 was carried out to
determne possible laterality effects of stress identification, using mnimal stress
stimlus pairs presented dichotically. Fifteen graduate and undergraduate
students, age ranging from19-31 participated inthe experinment. Test naterials
consi sted of 21 pairs of compound nouns (e.g. whitecaps) and correspondi ng noun
phrases (white caps) which differed only inthe stress placement. The compound
noun had primary stress on the first syllable while noun phrase had it on the
second syllable. Subjects were first presented with the binaural pretest, which
consisted of 84 stimli, each utterance appearing twice, half with first-syllable
stress, half with second-syllable stress. This was fol lowed by presentation of
dichotic tape, which consisted of stimulus pairs with each token appearing twice,

eachtimewthadfferent conpeting stimilus. These were presented once in each
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ear witheach utterance appearing four times. Subjects were first presented with
the binaural pretest. They were asked to listen to each utterance and to decide
whet her stress occurred on the first or second syllable. They were also asked to
mark "1 or '2' onananswer sheet, accordingly. Alaterally index was comput ed
to measure ear performance using the formula nunber correct right ear-number
correct left ear / Total number correct. A positive score indicated a right ear
advantage, and a negative score indicated |eft ear advantage. Subjects showed a
significant right-ear (left hemi sphere) advantage inidentifying stress dichotically,

suggesting a | eft hem sphere processing conponent .

In the second experiment, filtering the same stimli at 200 Hz for
presentation or reducing the semantic content of the stimli (e.g. hotdog) did not
leadto aright-ear advantage. The results suggested that |eft hem sphere processes
stress contrasts except when these cues are of mnimal linguisticinport (asinthe
| owpass-filtered stimli). Inthe third experinent, nonsense words were created
fromthe original 42 real word preserving phonetic informtion hut |acking
semantic content. This was done by switching the initid consonant or consonant
cluster of the syllahles of each stinulus (e.g. "blue print" became 'prue blint").
Resul ts indicated no ear asymmetry. Overall the results of the study suggested that
as the linguistic significance of the stimli is reduced, thereby |essening the
linguistic function of stress, there is a less dom nant involvement of the |eft

hem spherein stress processing.

Wilians (1985) experinents on synthesized Wel sh m nimal stress pairs

found strong effects of duration on listener's stress judgments, but inconsistent
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effects of FO. In Kannada, durationis foundto be the major cue of stress. Four
studies have been conducted i n Kannada. Savithri (1987) studied some acousti cal
and perceptual correlates of stress in Kannada. She considered 11 three-word
meani ngful Kannada sentences. The placement of stressed word was varied in
each sentence to make four types of sentences - sentence with no word stressed,
sentence with stress on first word, sentence with stress on second word and
sentence with stress on third word. A total of 39 sentences formed the test
material. Four Kannada speaking adults (two mal es andtwo femal es) spoke these
sentences. The sentences wer e recorded and 30 subjects listenedtothemcareful ly
and identified the stressed word. Further, they also indicated the perceptual cues
used by themto identify the stressed word. Only those words, which were
identified as stressed by 80 % or more subjects, were subjected to acoustic
analysis. FO, intensity, duration, Fl and F2 (vowel) of the stressed words were
conpared with those of the words in unstressed utterances. Acoustic analyses
reveal ed duration as the mai n parameter and perceptual anal yses reveal ed duration
and intensity increments as maj or cues to stress. RajuPratap (1991) investigated
perceptual correlates of stress in Kannada |anguage. Twenty-seven Kannada
clauses and 10 Kannada sentences as spoken by a native Kannada femal e speaker
stressing the target word was audio recorded. This was audio presented to 10
native Kannada speakers (five males and five females) one at atime who were
instructed towite down the words that they perceived as stressed. Further, they
were also instructed to indicate the perceptual cues of stress. Results of the
perceptual test indicated that a total of eight cues were identified by Kannada
speakers - increased wor d duration, shortening of stressed word, prolongation of

the stressed word, extra-effort in production, pause-before or after stressed word,
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raising and falling intonationin stressed word, and articulation. It was found that
durational changes and | oudness wer e the maj or cues for the perception of stressin

Kannada.

Savithri (1999 a) investigated theinportance of vowel durationas acuefor
wor d stress in Kannada. Fivetwo-word phrases as uttered with and without stress
onthe first word by a native Kannada femal e speaker aged 25 years wer e recor ded.
The duration of the vowel in the stressed word was decreased in steps of three
pitchpul ses till it matched the duration of the vowel inthe counterpart unstressed
word. The edited words were iterated thrice and audio presented to 10 Kannada
speaki ng normal subjects. Subjects identified a phrase as having a stressed or
unstressed word. The responses were tabulated and percent response was
cal culated. Vowel durationwas foundtobeaninportant cue of stress inKannada.
In a second study, Savithri (1999 b) investigated the relative inportance of FO,
intensity and durationin signaling word stress. Five two-word phrases uttered by
a 25-year-ol d native femal e Kannada speaker with and without enphasis on the
first word were recorded.  FO, intensity and duration of the stressed and the
unstressed words were measured. Three experinents were done in which FO,
intensity and duration of the unstressed words were edited to match that of the
counterpart stressed words. Atotal of 63 tokens along with the original phrases
Wi th unstressed wor d were audio recorded and this formed the test material. Ten
femal e subjects were audio-presented with the material and were instructed to
indicate when they perceived stress on the first word of each token. Results
indicated that the increments in duration were a major cue of stress in Kannada

fol | owed by increnents inFO and intensity.



Measurements of segnental |y mat ched stressed and unstressed syllables in
Arabic by de Jong & Zawaydeh (1999) revealed duration and FO as correlates of
stress in Arabic. I'n Spanish, stress is perceivedif cued by FOand duration or by
FOand anplitude, but not by any one cue al one (Uisterri, Machuca, de La Mot a,
Rera, & Ros, 2003); syllable weight and lexical analogy also affect stress
perception (Face, 2000, 2003). In Thai, a tone |anguage, stress is signaled

effectively by durational one (Potisuk, Candour, &Harper, 1996).

Above studies have used words, phrases or sentences as stimli. These
stimli are synthetic, tape-spliced, vocoder synthetic, and natural. The results of
these studies indicate that the perception of stress by normal subjects depends on
the primary acoustic features like FO, duration and intensity. However, the
promnent cue varies fromone |anguage to another. Wile in languages like
English, where the durational difference between short and ong vowels is not
clear, increment in FO signals stress. But, in languages like Kannada, where

durational differences are predom nant, |engthenedvowel s signal stress.

(g) Perception of stressinbraindamaged

Monrad- Krohn in 1947 introduced the notion of prosody in verbal
behavi or of certain brain damaged individuals. He distinguished four different
types of prosody: intrinsic prosody (referstointonation contours that distinguisha
declarative froman interrogative sentence), intellectual prosody (refers to the
placement of stress, which gives a sentence its particular meaning), enotional

prosody (conveys enotions), and inarticul ate prosody (consists of grunts or sighs
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and conveys approval or hesitations). He also described three disorders of
prosody- hyperprosodia, an excessive or exaggerated prosody observed in manic
states and i n mot or aphasi a, dysorosodia, alsocalledataxic, isadistorted prosody
whi ch was first observed in a patient recovering from Broca's aphasia, and
aprossodia, that referred to an attenuation or lack of normal prosody observedin

the case of Parki nsoni an patients.

Theories of receptive prosodic lateralization have concentrated on
affective prosody, but the discussion may benefit froma reviewof the linguistic
functions of prosodic cues as well. Prosodic features expressed over various
domains signal differencesintheillocutionary intent of an utterance (e.g. whether
information is stated or requested), highlight items of relative inportance in a
spoken message (enphasis), or di sanbiguate the meaning of words with simlar
segmental structure (phonem ¢ stress). Several investigators have explored the
neural basis for comprehension of locally defined Iinguistic-prosodic features

such as phonem ¢ or enphati ¢ stress.

Bl umst ei n & Goodgl ass (1972) conducted one of the first experinents on
the conprehension of lexical stress in l|eft hem sphere damaged (LHD)
individuals. Seventeen aphasic patients and 13 normal controls served as subjects
for the study. Qut of 17 aphasics, nine were fluent aphasics conprising of
conduction, Wem cke's and anomi ¢ aphasias and remaining eight conprised of
Broca' s aphasi cs. Test materials used for the study conprised of 25 picture cards.
Of these, 20 required a decision between compound noun (re'dcoat) and a noun

phrase consi sting of an adjective plus noun (red coat) conprising of mnimal pair
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differinginstress. Fiverequireda decisionbetweenapicturedverb (convict) and
its corresponding identically spelled noun, differing only in stress. Each of the
pairs was represented on a card illustrating the two contrasting words and two
ot her pictures having reasonabl e relationshiptothe stinulus word. Subjects were
made tolistentoeach wordand select one, out of four pictures, correspondingto
the word. Inthe exanple of red coa't, the correct picture woul d be that of a
British soldier of the 18th century, the other pictures woul d be of a red coat and
two distracters (i.e ared capand aporter dressed inred). Results reveal ed that
both stress and randomerrors were of greater magnitude inthe aphasic than the
normal group for every category of stimlus. Both aphasics and normals made
fewer errors in recognizing nouns than in recognizing their oppositely stressed
adj ective-noun phrases or their oppositely stressed verbs. The total number of
errors was significantly greater for aphasics as a group than normals. However,
the number of stress-determned errors was not significantly different either
bet ween aphasi ¢ subgroups or bet ween nor mal s and aphasi cs. The relatively high
percentage of errors made by normal s as wel | as aphasics may reflect inpart the
atificidity of this task, inpart the difficuty of making these discrimnations on
wor ds spoken out of context. In normal conversation, the listeners may depend
much more on context than on stress perception. The two groups were
distinguished by the percentage of randomerrors with more errors in aphasics.
Thus, the most remarkabl e finding inthis study was the stability, onthe face of
aphasi a, of the recognition of stress and the application of the granmatical rules
to which stress applies. No significant differences were found between the two
aphasi ¢s groups. Part of these results may be due to the fact that the posterior

aphasics included both conduction and anom ¢ aphasics who clinicaly have
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relatively good conprehension, as do the anterior aphasics. Thus, the only
subjects with relatively inpaired conprehension are the Wem cke's aphasics.
Nonet hel ess, the results suggest that regardless of clinical type of aphasia, stress

contrasts are pr eser ved.

Asimlar study in German (\Weniger, 1978) revealed that errors due to
poor conprehension of the placement of lexical stress were more frequent in
aphasics than innormals. It should be noted, however, that the task was more
difficult thanthe one used by Bl unstien & Goodgl ass (1972), since twice as many

pi ctures wer e used (eight pictures).

Wintraub, Mesulam & Kramer (1981) focused their attention on
enphatic stress and intonation based modality in a discrimnation task. They
considered 9 RHD patients and 10 normel subjects for their study. The subjects
wer e asked to determne whether two sentences were identical. The sentences
differed (1) by the enphatic stress, whi ch was either onthe first word or onthe
last word(e.g., "Stevedrivesthecar" versus"Stevedrivesthecar"), or (2) bythe
intonation contour associated with a gi ven nodality, whichwas either declarative
or interrogative (e.g., "Margo plays the piano" versus " Mar go plays the piano?).
They found that RHD made significantly more stress-placement errors than
normal subjects. The results of Weintraub et. a's (1981) study suggests that
several different types of linguistic prosody (lexical stress, enphatic stress, and
accentuation of the intonation contour) were the source of the difficulties of the
RHD patients. They further predicted that a simlar deficit subsequent to |eft

hem sphere damage would be unlikely to emerge and therefore the right
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hem sphere is dom nant for prosodic production in general. This conclusion
drawn by the authors based on the task used rai ses certain criticismdue to absence
of LHDcontrol group. However, it shoul d be noted that withasimlar number of
stimii, the scores of RHDwas al nost identical (75% tothe results reported by

Emmor ey (1984).

A further study by Baum, Daniloff, Daniloff & Lewi s (1982) exam ned
the conprehensi on of | exical stressin sentences suchas"Sheishomesick" and
"She i's homesi ck" inagroup of eight Broca's aphasics and age mat ched nor mal
subjects. Results indicated that Broca' s aphasics made significantly more errors
conpared to normals in conprehending sentences that were disanbi guated by
stress change and even mor e so as their aphasi a increased in severity contradicting
the results of Blumstein & CGoodglass. Smlar to Blunstein & Goodglass's
picture pointingtask, Baumet. d.'s study had patients identify stress that best fit
sentences. Point to be noted hereis that the Broca's aphasics had difficulty with
the contrasting stress, which signal s the boundary bet ween two mor phemes (e.g.,
'It's a great day" Vs "It's a grade A"). The authors concluded that Broca's
aphasics have deficit in processing and perceiving variations in the acoustic

informationthat signals stress.

Emmorey (1984) used the same procedure as that of Blunstien &
Goodgl ass (1972) but also included right hem sphere damaged ( RHD) patients.
She conpared the performance of 15 aphasics, 7 RHD patients, and 22 nor mal

subj ects. The success rate of the RHD (76% was simlar to that of the normal
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subjects (87% and significantly better than that of the aphasics, whether they

werefluent (55% or nonfluent (62% .

The results of these studies seemto suggest, not withstanding the
limtations concerning the Bl umstein and Goodgl ass (1972) study, that L HD do
experience difficuties in understanding the acoustic cues involved in lexica
stress. Therefore, theintegrity of theright hem sphereis not sufficient toensure
normal performance onthese tasks. Aconparisonof performance of patientswith
RED and LHD (Emmorey, 1964) suggests a necessary contribution of the |eft

hem sphere.

It has been observed that enphatic stress plays a role in auditory
conpr ehensi on. Pashek & Brookshire (1982) studied the effects of rate of speech
and linguistic stress on auditory paragraph conprehension of aphasic individual s.
Intheir experiment, they used 12 expository paragraphs that had been equatedfor
length, lexica and syntactic conplexity, reading level, number of sentences
(eight), and number of words per paragraph (93 to 96). Three paragraphs were
recorded at a normal rate with one mainfact in each of the eight sentences per
paragraph produced with exaggerated stress. Also, three paragraphs were
recorded at a normal rate with normal stress patterns. Aphasic subjects then
listened to each paragraphs in both conditions and then answered 16 Yes / No
questions about the mai nfacts ineach paragraphs. Results reveal ed that subjects
w th aphasia demonstrated better auditory comprehensi on when paragraphs were
presented with exaggerated stress rather than normal stress patterns. The study

conpared the auditory conprehension of stressindifferent paragraphs. Sressin
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each paragraph was different and the results also did not indicate any test-retest

reliahility.

Ambi guity regarding the benefit of stress for aphasic listeners |ed
Ki mel man & McNei | (1987) toreplicate aninvestigation by Pashek & Brookshire
Anbi guity regarding the benefit of stress for aphasic listerners |ed
and enphat i c stress on the auditory comprehensi on performance of nine aphasics
and five normal adultsinthe agerange of 56- 70 years. They randonly sel ected
and re-recorded four of the paragraphs devel oped by Pashek & Brookshire. Each
paragraph was recorded once usi ng nor mal stress and agai n usi ng enphatic stress
as spokenby a mal e native English speaker. Each paragraphwas presented twi ce.
paragraph was recorded once using nor mal stress and again usi ng enphatic stress
questions about the eight target facts ineachparagraph. This procedure al | owed
for direct conparison of performance across conditions on the same paragraph
flat her than on different paragraphs as inthe origina study. The number of facts
correctly identifiedwas tabul atedfor each paragraph. Difference scores werethen
det erm ned by subtracting each subject's total scoreinthenormal stress condition
fromhis total score inthe enphatic stress condition. Ttests were conducted on
the difference scores for each subject group. The study confirmed that aphasic's
conprehension of spoken paragraph length narratives was significantly better
when target words were enphatically stressed than when they were normally
stressed. In addition, no significant learning effect was observed over two
repetitions of each paragraph. The results suggest that enphatic stress plays an
stressed. In addition, no significant learning effect was observed over two
emphatic stress coul d not be attributed solely to changes incunbent upon the
inportant role in auditory conprehension. However, the observed effect of

emphatic stress coul d not be attributed solely to changes incunbent upon the
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stress bearing word. The benefit accrued fromthe presence of stress in an
utterance may be due to factors that occur simultaneously with the stressed word
(local), nonlocal factors, or a conbination of both local and nonlocal factors.
Local |y there are changes inastressedword' s intensity, duration and fundanent al
frequency. The presence of these acoustic changes may attract attention, filling
the listener that something inportant is occurring at that point inthe message,
simply by being physically different fromprevious words. The influence of stress
on auditory conprehensi on may also be attributed to acoustic changes occurring
on segments of an utterance that occur prior to the word receiving stress. Such
nonlocal changes have been documented (Cooper, Soares, Ham, & Damon,
1983), and research on normal subjects has reveal ed nonl ocal influences on the
speed of processing stressed targets (Qutler, 1976). The nonlocal acoustic
changes may act by alerting the listener to the presence of an upcom ng stressed
word. Alerting signals have been shown to i mprove performance on a variety of
tasks for both normal (Neisser, 1967) and aphasic subjects (Loverso & Prescott,
1981). Because wor ds that are stressed usual |y carry ahighlevel of meaning, fare
know edge canal | owthe al I ocation of additional attentionto the processing of the
word, resulting in inmproved auditory conprehension. Also, while the positive
effect of enphatic stress on aphasic auditory conprehension appears to be a
reliablefinding, thedifferencein absolute magnitudeof theeffect issmll and has

little i medi ateclinica wility.

There are several issues of interest intheinvestigation of the neurol ogical
substrate for the processing and control of prosody. Frst, is the function

(linguistic vs enotional) lateralized or are the acoustic cues (pitch vs tim ng)

47



lateralized? Second, giventhat the linguistic prosodic systemis part of several
grammatical components (phonol ogical, lexical, and syntactic) to what extent
does a particular breakdown in the prosodic systemaffect these conponents?
Finally, are the conprehension and production of prosodic cues simlarly affected
by brain damage and under the same hem spheric control? In an attenpt to
answer these questions, Emmor ey (1987) studied conprehension and production
of stress contrast (Iinguisticstress). Seventeennouncompound/ adjective noun
pairs and 3 noun/ verb pairs used by Bl unstein & Goodgl ass (1972) formed the
mierial.  Eight non-fluent aphasics, seven fluent aphasics, seven right
hem sphere damaged ( RED) individuals, and 22 normal controls participated in
the study. The subjects were presented withtwo practice itens and were toldto
listen to howthe words were said and to point to the correct picture. Inthe
production task the subjects were asked to name the noun compounds and
adj ective noun sequences in the picture. Results indicated that nonfluent and
fluent aphasics performed significantly worse than normal controls on the
conprehensi on task and the RED group performed as wel| as normals.  There
was no significant difference between the performance of nonfluent and fluent
aphasics. Further acoustic measurement s reveal ed that no non-fluent aphasic used
pitch to distinguish noun compounds from phrases, but two of them used
duration. All but one of the RHDindividuals and al but one of the normal s used
pitch and / or duration cues. Emmorey (1987) interpreted her findings as
indicative of a functional organization for prosodic lateraization, with an
additional inportant determnant being the size or domain of the unit planned.
The results indicated that comprehension of lexical / phrasal stress contrasts was

preserved with damage to the right hem sphere but inpaired wth damage to the
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left hemisphere. The fact that the right hem sphere damaged patients did not
performsignificantly different fromnormal controls conflicts with the Weintraub
et. a's (1981) results, which showed a difference het ween these groups using a
subset of the same naterials. However, since eintraubet. a's (1981) used only
10 of Bl umstein & Goodglass's 25 stimli, the particular subset of itens chosen
may account for the different results. The results also differ fromthe original
Bl umstein & Goodgl ass results, which showed no difference between aphasics
and normals. But, in Blumstein & Goodglass's study the aphasics made more
errors than the normal controls. The results support the hypothesis that the
functions of prosody (emotional or linguistic) determne the laterally of
processing.  Prosody itself is not controlled by one hem sphere, and when
prosodic parameters signal linguistic structure, they are processed by the |eft
hem sphere. The ability toutilize different conponent s of the prosodic systemcan
be dissociated with brain damage - duration beingmore resilient thanpitchto left

hem sphere damage.

Behrens (1988) conducted acoustic and perceptual analysis of lexical
stress pairs and pairs of sentences with enphatic stress contrasts produced by
RHD and normal control subjects. Duration, anplitude and FO measures were
conputed for stressed and unstressed syllables elicited in a scenario-conpletion
paradi gm Results of the acoustic analysis revealed that the RHD subjects used
fewer of the cues tolexical and enphatic stress than did normals, but they were
able to signal stress, as determ ned by perceptual identification scores. Behrens
concluded that the right hemi sphere is probably not dom nant for [inguistic

prosody at word Ievel.
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Ki mel man (1991) determned the influence of stressed word prosody on
auditory conprehension by listeners with aphasia. Four paragraphs each with
eight sentences taken fromKi mel man & McNei | (1987, 1989) were used for the
study. Target words were selected for each of the eight sentences, and each
paragraph was recorded twice by a Native American male speaker. Paragraph
l'ength narratives were conput er editedtoyieldtwo conditions. Inone condition,
both the target words and the surrounding context were periodically neutral. 1In
the second condition, target words were stressed and the surrounding contexts
wer e prosodically neutral. The paragraph length stimli were presented to 10
aphasic listenersin different randomorder. After listeningto each paragraphthe
subj ects wer e instructedto answer 16 yes/no questions verbal Iy and/ or gestural ly.
Two questions were asked about each of the 8 target words in each paragraph.
Anal ysi s reveal ed that for aphasic listeners, target word stress al one does not
contribute significantly to the auditory comprehension of those target words in
paragraph length stimili. This suggests that i mproved auditory conprehension of
paragraph-length stimili, when target words are stressed, may be due al most to
contextual influences. Also, it was apparent that some aphasic |isteners canuse
stress to facilitate their auditory conprehension. The evidence suggests that the
rol e of stressinaphasic auditory comprehensionissinlartothat of reducedrate;

it facilitates comprehensionfor some of the peopl e someof thetine.

I ndependent mani pul ation of acoustic cues may deternine whether
patients with LHDand RHDrelay on different acoustic paraneters. Totest this,

Baum (1998) attenpted to neutralize the FO or duration cues in phonenmic and

enphatic stress stinuli to ascertain the effects of such manipul ations on
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identification accuracy. Three groups of participants were included in the
experiment: 12 LHD and aphasia, 10 RED, and 10 age-matched non-brain-
damaged individuals. Two sets of base stimili were created: phonem ¢ or |exical
stress pairs (i.e, pairsof utterances that are phonol ogical |y identical anddifferin
stress pl acement) and emphati ¢ or contrastive stress pairs (i.e, pairs of utterances
that differ interms of which content word receives primary focus or enphasis).
For the phonemi ¢ stress stimili, 12 two-syllable utterances that formed either a
compound noun or noun phrase, depending on which syllable was stressed, were
used. Smlarly, for the enphatic stress stimli, 12 short (4-5-word) NPV NP
utterances that coul d receive contrastive stress onthe initid or find noun were
created. For each version of the phonem c stress pairs, a color draw ng depicting
the meaning of the stimlus was prepared. For the enphatic stress pairs,
utterances were printed in orthographic formwith either the first or last noun
highlighted. Fromthis set of naturally produced base stimili, two additional
stinulus setswerederived. Inone, FOcuestostresswere neutralized, whereasin
the other durationcues were effectively neutralized Participantswere testedwith
stimli in each of 6 subjects (phonemic stress - full cue; phonem c stress -
duration equivalent; phonem ¢ stress - FO equival ent; enphatic stress - full cue;
enphatic stress - duration equival ent; enphatic stress - FO equivalent). Stimuli
wer e presented via conputers over headphones. Simultaneous with presentation
of theauditory signal, achoice of two pictures depicting contrastingstress (for the
phonemi ¢ stress subsets) or t wo orthographic stimli with contrasting highlighted
nouns (for the enphatic stress subsets) wer e presented. Responses wer e recor ded
by the exam ner. Percent correct stress identification was computed for each

individual. Results demonstrated that aphasics with LHD exhibit an inpaired
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ability to make phonem ¢ stress judgments, even when stimili contain the full
conpl ement of acoustic cues to stress. Because their performance on full-cue
stimli does not differ fromchance, altering the stimli by neutralizing tenporal
or FO cues does not further dimnish their performance. Individuals with RHD
also exhibited a deficit relative to normal participants in identifying phonem ¢
stress contrasts. Onthe full-cue stimili, their performance significantly exceeded
that of the patients with LHD and was significantly better than chance. When
either FOor duration was neutralized, the patients with RHDperformedat chance
level. It isinportant tonote that, for stimili inwhichFOcues were unavailable,
KBD control participants also coul d not identify phonem c stress contrasts with
better than-chance accuracy, suggesting a heavy reliance on FO information in
maki ng such j udgements. The results of the above study inpart support the claim
that linguistic prosody is processed in the left hem sphere, whereas the right
hem sphere controls emotional prosody. A comment concerning individual
variability in performance is also warranted. Wthin both the RHD and LHD
group, there were individual participants who performed wel | above the group
average, in some instances approximating normal performance. Al though, no
measured clinical characteristics differentiated these individuals fromthe rest of
the group, there are several factors that could have influenced performance.
Per haps most obvious among the contributing factors are differences in site and
extent of [esion. Some previous investigations have reported marked differences
i'n prosodi ¢ processing, depending onlesion site (Ross, 1981, among others). A
related factor is severity of deficit and acconpanying neural gic symptoms, such
as visual or behavioral neglect. It has been suggested that the presence of such

associ ated deficits may reflect a more severe i npairment and thus be indicative of
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poor performance inprosodic perceptiontasks (Pell &Baum, 1997a). Finally, it
I's noteworthy that, even among the normal control group, some inter individual
variability was found in performance and inthe relative reliance on durational or
fundanental frequency cues to stress. In order to make clains about inpaired
performance, it isthereforeinportant toexam neindividual performnce as well

asgrouptrendsinanal yzingthe perceptionof prosody.

Whet her additional discourse processing of nonreflexive pronouns affects
Broca' s aphasic's conprehension of contrastive stress inisolated sentences is a
further question of study. Avrutin, Lubarsky & Greene (1999) took eight patients
with Broca's Aphasia and five control subjects in age ranging from45 to 81
years. The stimili consisted of 52 isolated sentences. Thirteen sentences wer e of
the form"Rrst John [verb hit] s Bll and then MARY [verb hit] s him" (vocal
stress indicated by capitalized letters). These kind of sentences had pronoun
stressed and were referred to as stressed condition sentences (SC). These were
mat ched with 13 sentences of the form"Frst John [verb (hit)] s Bl and then
Mary [verb (hit)] s hint. These kinds of sentences had pronoun spoken wi t hout
stress and wer e referredto as unstressed condition sentences (US). The remaining
26 sentences in which none of the words were stressed beyond the normal
patterns served as control | ed sentences. Prior tothe test, the subjects were shown
pictures of John, Bill, and Mary, introducing each character and askingthemto
identify the characters ontheir own. The subjects were instructedthat they woul d
be listening to sentences containing two parts. They were shown the picture
illustrating the action described inthe first part of the sentence and then asked to

point tooneof thethree pictures that best illustrated the scenario describedinthe
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second part of the sentence. All sentences were presented orally inrandomorder
and repeated once upon the request. Results showed a significant discrepancy
between the normals and Broca's aphasics in both SC and UC sentences; the
aphasi ¢ group was not significantly above chance oneither. Theresults suggested
a disruption in Broca's aphasics ability to conprehend stress during sentences
requiring the establishment of pronoun reference. Accordingto authors of this
study, thisdisruptionisduetosimultaneous di scourse processingof pronouns that

general |y poses probl ens for agrammati ¢ subj ects.

In order to test this hypothesis they conducted a second experiment in
whi ch discourse-rel ated operations were elimnated. Thus, none of the sentences
contained el enents requiring discourse-level processing. The aimof the second
experiment was to test Broca's aphasic's conprehension of contrastive stress in
sentences invoking norphosyntactic rather than discourse-related Iinguistic
operations. The same subjects participated inthe second experinent. The target
stimli consisted of 40 isolated sentences such as the form"show me an X'
(hot dog vs hot dog). Thisincluded 10 conbi nations of mi ni mal pairswithrespect
to stress and 20 control sentences. In 10 of the sentences, Xwas a compound
noun (CN) and these were matched with 10 sentences in which Xwas a noun
phrase. The remaining 20 sentences were controls (CS). Al sentences were
presented orally in random order and repeated once upon request. For each
sentence, the subjects wer e asked to point one of the three pictures corresponding
to the correct meaning of X Results indicated that Broca's aphasic group
i mproved significantly intheir conprehension of sentences involving compound

nouns, while their conprehension of sentences containing adjectival phrases
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remained at chance. So, authors concluded that Broca's aphasics, though not
insensitive to the stress patterns of sentences containing discourse-related
operations, have difficulty in inmplementing an intact know edge of contrastive
stress to assist their establishment of reference for pronouns. When they are
presented with sentences i nvoking morphosyntactic without additional discourse
processing, Broca's aphasics showed an enhanced ahility to apply their
knowl edge of stress towards interpretation and conprehension of sentences.
These results offer into the nature of |anguage inpairment in Broca's aphasia,

supporting a processi ng account model of linguistic deficit.

Different theories have been proposedto provide plausible expl anations of
the conflicting findings regarding hem spheric specialization in processing
prosodi ¢ structures. In order to exam ne the functional lateralization theory,
Wl ker, Trager & Buzzard (2002) conducted four experiments that altered the
linguistic and nonlinguistic functions across a range of prosodic structures. They
addressed the extent towhich the processing of |exical stress differences woul d
be lateralizedto the Ieft or right hem spherethrough four experinents that altered
the linguistic and nonlinguistic functions across a range of prosodic structures.
Three groups of subjects participated i n each of the four experiments: 8 LHD, 8
RHDand 8 control subjects. The first experiment addressed the extent to which
the processing of lexical stress differences woul d be lateralized tothe left or right
hem sphere by requiring listeners to determne the meanings and grammtical
assignments of two-syllable words conveyed through stressed or unstressed
syllables. Inanother linguistic condition, the second experiment placed demands

on syntactic parsing operations by requiring listeners to parse syntactically
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ambi guous sentences, which were disanbiguated through the perception of
prosodi ¢ boundaries located at syntactic junctures. Athird linguistic condition
required listeners to determne the categorical assignment of aspeaker'sintention
of making a statement or asking a question conveyed through the prosodic
structures.  The fourth experiment was designed to determne hem sphere
lateralization in processing nonlinguistic prosodic structures. Inthis experinent,
listeners were required to determne the emotional state of a speaker conveyed
through the prosodi ¢ structures in sentences that contained semantic infornation,
whi ch was either congruent or incongruent with the enotional content of the

prosodi ¢ struct ures.

The results of experiment 1 in which subjects were asked to identify
lexical stress differences indicated that control group (total = 127/136, 93 % M=
15.8, SD= 0.64) and RHD group (totd = 116/136, 85 % M= 14.5 SD= 17
performed better than LHD group (totd = 90/136, 66 % M= 11.2, SD = 2.6).
The results fromthis experiment supported the functional lateralization theory as
the lexical stress placement in two-syllable words performs alinguistic function
of conveying either noun or verb grammatical categories. Further, the pattern of
errors too supported functional lateralization theory with the control and RHD
groups having made fewer errors than the LHD group. The results of experiment
2 involving syntactic parsing identification again indicated better performance of
control (tota = 147/160, 91 % M= 18, SD = 1.18) and RHD group (tota =
135/160, 84 % M= 16.8, SD=10.83) conparedto LHD group (total = 102/ 160,
63 %, M=12.7, SD=3.19). This again supported functional |ateralization theory

as prosodic structures that influence syntactic parsing decision perforns a
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errors conpared to LHD group. Third experinent involving questions and
statenents identification too indicated better performance of control (totd =
149/ 160, 99 % M= 19.8, SD=10.35) and RHD group (tota = 149/160, 93 % M
= 18.65, SD=1.68) in conparisonwthLHDgroup (tota = 113/160, 70 % M=
14,12, SD = 3.48) supporting functional lateralization theory. Experiment 4
invol ving enotional identification reveal ed better performance of control (totd =
159/160, 99 % M= 19.85, SD=0.35 and LHDgroup (total = 143/160, 89 % M
= 17.87, SD=3.64) conpared to RHD group (total = 108/160, 67 % M= 13.5,
SD=2.87). This again supported the functional lateralization theory with LHD
group performng better than RHD group i n processing prosodic structures that

per forma nonl i ngui stic function of conveying enotion.

Because the LHD group had a poorer performance than the other two
groups i nthe linguistic experiments, inferences canbe drawnwhichinplicatethe
left hem sphere in processing prosodic structures that play a linguistic function.
Smlarly, based on the poorer performance of the RHDgroup than the other t wo
groups onthe nonl i ngui stic experinents, inferences can be drawnwhichinplicate
the right hem sphere in processing prosodic structures that play a nonlinguistic
functionof conveyingenotion. Someof thelimtationof thestudyisthat afewof
the subjects woul d have benefited frommore than two practice itens as their
responses reflected a learning effect on intid itens. Fctorial anbiguities of
some of the stimlusitens contributedtothe difficuty afewof the subjects had
informilating responses, inspite of the piloting procedures utilized during the

stimli devel opment and visuo-spatial screening procedures that were
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admnistered prior to the execution of the experinents. Wilizing more concrete
stimli that are easy to depict may have el imnated potential anbiguities. Lastly,
the experiments were inpacted by individual subject variations in response

strategies, aprobl eminherent inal researchusinghuman subjects.

The results of the above studies support the functional lateralization
hypothesi s that |eft hem sphere controls Iinguistic prosody and right hem sphere
controls enotional prosody (Van Lancker, 1980). Accordingtothis theory, the
specialized role of the left hemsphere is revealed for processing prosodic
structure that performs a linguistic function (e.g., conveying lexical stress
differences), and the right hem sphere for processing nonlinguistic prosodic
infornation(e.g., conveyingemotion). Thistheory does not account for potential
hemi sphere differences i n processing the acoustic characteristics of the prosodic
structure at aperceptual |evel. Rather, it suggests that hem spheric specialization
isdetermnedat later stages of sentence processing wher e anin-depth analysis of

the linguisticandnonlinguisticfunctionis determ ned.

The most straightforward of the hypothesis contends that al | aspects of
prosody areprocessedintheright hem sphereandintergratedw thlinguistic
informtionviacallosal connections (Kloudaet. a., 1988). The hypothesis that
callosal connections are directly involved in prosodic processing woul d be better
supported by evidence of inpairment to both affective and linguistic prosodic
features fol [ ow ng callosal disconnection. Véintraubet. a. (1981) ina study on
phonem ¢ stress contrasts in RHD patients concluded that right hem sphere

damage yields a deficit in linguistic prosody as well as affective prosody. The
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i npai rment of the RHD appears to concern the actual perceptual decoding of
prosody, independently of its linguistic function. This hypothesisis al the more
plausibl e since these subjects also had difficuties discrimnating enotional
prosody. Anot her argument to support this hypothesi s woul d be the observation of
a positive correlation between scores for emotional or linguistic prosody and a
deficit on an auditory discrimnation test. Weintraub et. a. (1981) further
predicted that a simlar deficit subsequent to left hem sphere damage woul d be
unlikely to emerge and therefore the right hem sphere is dom nant for prosodic
productionin general. Thetask uponwhichthese conclusions are basedis open
toagreat deal of criticism renderingthe datasuspect. Listener judgments may be
quite subjective and those of a single listener are even more prone to hias.
Moreover, the absence of aL EDcontrol group raises questions about the validity
of the clainms of right hem sphere dom nance for both affective and linguistic
prosodi ¢ production. The results of the intraub et. a. (1981) study suggests
that several different types of linguistic prosody (e.g., lexical stress, emphatic
stress, and accentuation of the intonation contour) were at the source of the
difficulties of the RHD. However, it isnot knownif thesedfficulties wereof the

samenatureor if theywerecorrelatedtoone another.

The model proposed by Gant & Dingwall (1985) adds interesting
perspectives, at |east withrespect tothe Englishlanguage. Frst, it postul ates that
lexical stress islinkedto a given linguistic segment, whereas intonation-hbased
modality is more independent and concerns the sentence as whole. The
hypot hesi s advanced by these authors is that the [eft hem sphereis al the more

invol ved as prosody is related to a given segment (stress), whereas the right
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hemi sphere is dl the more invol ved as prosody occurs over a |onger period of
time (and therefore involves a greater number of segments). Gant & Di ngwal |
used discrimnationtask to eval uate the conprehension of shifts in grammatical
class as a function of the placement of lexical stress. They considered 9 RHD, 9
L HDand 9 non- brai n- damaged as subj ects and each subj ect was askedto identify
verb or noun, based on stress pl acement onthe first or second syllable. Thus the
word "inmport" inEnglishcouldbe either anounor averb, dependi ngonwhether
the stress is placed on the first or second syllable. They found that RHD
performed same as aphasi cs. However, the performance was significantly Iess
than that of non-brain-damaged (NBD). In a second task, the subjects were
required to discrimnate bet ween the intonation-based modal ity of two sentences.
RHDmade significantly more errors than aphasics, whet her or not the sentences
wer e filtered, andthe performance of hoth of these groups was significantly worse
thanthat of NBD. I'nsummary, RHDobtained | ower scores than normals for both
types of linguistic prosody and obtained | ower scores than aphasics only for
prosody mar ki ng i ntonation-based nodal i ty. Thus the authors concl uded that each
hemi sphere is involved to a varying degree depending on the type of linguistic
prosody. The Grant &Dingwal | (1985) model requires more study, but it shoul d
be recognized that it is compatible with the results of previously mentioned

st udi es.

Kloudaet. al. (1988) presented a case report of 39-year ol d woman who
suffered an aneuri smal henorrhage damagi ngthe anterior four-fifths of the corpus
callosum In their study they wanted to find evidence for inpairment of both

affective and linguistic prosodic feature follow ng callosal disconnections and
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whet her callosal connections are directly involved in prosodic processing.
Patient's prosody was tested | ongitudinal Iy at 4 weeks, 4 months, and 1 year after
surgery. They administered two production tests during each test period. The
first test intended to assess the patient's ability to modul ate prosody in order to
signal emotional andthe linguistic contrast between interrogative and declarative
sentences. Base stimli for thistest includedfour sentences that were affectively
neutral and plausibly rendered with different affective tones. The patient was
instructedtoreadeachsentence withahappy, sad, angry, neutral, and questioning
tone of voice. Totally there were 20 items that were presented randomy at each
test period. The second test assessed the patient's ahility to utilize prosody to
signal enphatic stress placed on the initid or final words of a sentence. The
subject was asked to read sentences in which the location of stress was
systematical |y varied. The second test included 18 test itens that wer e presented
random y at each test period. Subject's utterance for bothtests wer e recorded and
conput er aided acoustic analysis was performed on emotive and non-enotive
utterances at 4 weeks, 4 months and one year post surgery. FO and durational
measures were taken for each set of utterances. FO measure included peak FO
val ues for each key wor d and durational measures included word duration, pause,
sentence duration, voice onset time, vowel duration, second formant frequency,
transition duration, fricative duration and closure duration. Results of affective
prosody analysis indicated acoustic evidence of the loss of affective FO
distinctions i mediately followi ngcallosal disconnection, withinprovement asa
function of time. Linguistic patterns characteristic of enphatic stress and
questionforms werefoundtosomedegreeat dl test periods, but againinproved

with time. Suprasegmental durational analysis revealed intact affective and
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linguistic durational distinctionsonemonthfollowngcallosal damage, suggesting
that interhem spheric connections may not be necessary for proper programm ng
of these durational features. However, adecreaseindurational distinctionsfor the
second and third testing sessions is attributedtothe signs of depression shown by
the patient during the same time period. In general, the results of this study
provided acoustic evidence that interhemspheric connections via the corpus
callosum are inportant for proper FO programmng, especially enotive
distinctions.  Further, the study provided strong evidence that the right
hem sphere generally contribute to the processing of FO information and
suggest ed that FOinformation processedinthe right hem sphereisintegrated wth
information processed in the left hem sphere speech centers via the corpus

cal | osum

The fact that durational measures were relatively intact in this patient
suggests that, unlike FO, duration may be processed primarily in the left
hem sphere. This conclusion is consistent withthe results of several studies of
speech perception in normal and brain damaged subjects (Bl unstein & Cooper,
1974; Berlin&Me Neil, 1976; Gegory, 1982; Sdtis, 1984). Further, it canbe
noted that although the patient exhibited FO deficits initialy, she showed
considerabl e inprovement with respect to both affective and linguistic FO
distinctions as a function of time (post surgery). These inprovements in speech
production wer e acconpani ed by i nprovements inthe perceptual judgment of her
i ntended tone by normal [isteners. Such inmprovement may inply that, while the
right hem sphere generally contributes to FO programmng, follow ng callosal

damage the left hem sphere can later performsuch programm ng.
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Bryan (1989) examned the right hem sphere contribution to the
processing of linguistic prosody by (a) conparing the performnce of RHD to
both normal and L HD subjects, (b) exam ning discrimnation and production in
the same subj ects, (c) exam ning several aspects of prosody invol ving lexical and
sent ence processing, (d) exam ni ng prosodic productioninanumber of different
tasks e.g. repetition, nam ngand elicited speech, and (e) by ensuringthat aphasia
and dysarthria do not account for any right hem sphere disorder. Groups of 30
RHD, 30 LHD and age and gender matched 30 NBD control subjects were
assessed on a hattery of 13 [inguistic prosody tests that incorporated stimli of
various perceptual domains (lexical stress, intonation, enphatic stress, |exical
stress in sentence contexts, |anguage identification using prosodic cues, and
prosody in discourse) to exam ne discrimnation and production of aspects of
linguistic prosody. For discrimnation of enphatic stress three short sentences in
whi ch stress coul d occur inone of the four places withthe enphasis in meaning
changing accordingtothe stress pl acement. Each subject was made to hear each
sentence tw ce and asked to tap the phrase and indicate the stressed word. Atotal
of 12 itens were used in the test. For the production of enphatic stress two
sent ences each havi ng t wo cl auses j oi ned by the conjunctions "and' or "but' were
constructed and each itemwas depicted intwo clearly drawn pictures. The two
pictures were placed infront of the subject and were asked to describe with the
expected stress pattern.  The utterance was recorded and judged by an
i ndependent observer in terms of stress placement. For the discrimnation of
lexical stress subjects were asked to discrimnate between compound words
whose meaning changed depending upon the location of the stress. For the

repetition of lexica stress pattern, five pairs of words from each of the
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discrimnation tests were selected randomy. Each word was produced once and
the subject was instructed torepeat it. The responses wer e assessed for simlarity
of stress placement by an independent judge. Production of lexical stress was
assessed by selecting five pairs fromeach of the two types of lexical items with
each word illustrated by a line draw ng. Subject was asked to name the picture
and responses wer e recorded and an i ndependent observer judged stress patterns.
Conprehension of lexical stress in a sentence context was assessed using
noun/ noun phrases and noun/verb. Ten items fromthe discrimnation test were
selected, for each of which two sentences were devised. In one sentence the
target word was stressed correctly and in the other it was incorrectly stressed.
The sentences were recorded onto atape and presented randomy. Subjects were
made to hear each sentence tw ce and asked to indicate whet her or not it sounded
correct. Discrimnation changes in intonation were assessed by a set of 30
sentences produced either in statement or questionform The subjects were made
to hear each sentence twice and asked to point one of the two cards indicating
same or not same. Conmprehension of intonation was assessed by using same set
of sentences but whi ch were spoken either as a statement or a question. Each
sentence was presented twi ce and subj ects wer e askedtoj udge it as astatenent or
question by pointing tothe appropriate card. Results of their study indicated that
individuals with RHDwere inpaired onal 13 tasks of linguistic prosody relative
tothe NBDand on 8 tasks relative to the individuals with LHD, favoring aright
hem sphere basi s for this processing. However, it isnoteworthy that, individuals
with LHD reported by Bryan (1989) were significantly inpaired relative to the
NBD on 10 of the 13 tasks as well; a finding the author conceded may be

suggestive of bilateral control for at |east some aspects of |inguistic prosody. The
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authors also indicated that the parieto-tenporal area seemed to be particularly
inportant in prosodic processing inthe right hem sphere. However, the results
indicatedthat there m ght be difficulties inthe deficit accordingto the exact site
of the damage. Also, the results supported the notion of specific Iinguistic

prosodi c disorder after right hem sphere damage.

Bradvik, Dravins, Holtas, Rosen, Ryding, & Ingvar (1991) also noted
inferior performance of their RED individuals on both linguistic and enotional
tasks and arrived at conclusion of essential role for the right hem sphere in the
processing of both (linguistic and affective) prosody, irrespective of the domain
over whi ch prosodi ¢ cues wer e perceived. They conpared the performance of 20
Swedi sh- speaking patients with stable right hem sphere lesions and 18 nor mal
control s on tasks of both linguistic and affective prosody (e.g. enmphatic stress

perception, identificationof linguisticandenotional intonation).

The omssion of a conparable LHD group in the latter two studies
(Weintraub et. al. 1981, Bradvik et. a.. 1991) again inmpedes an appropriate
under st andi ng of each heni sphere' s potential i nvol venent in prosodi ¢ percepti on.
Therefore, evidence of ahilateral substrate for emotional prosody conprehension

s | acking.

Pel | (1998a) studied prosodic perceptioninLHDs, RHDs and age mat ched
NBDs. Short utterances distinguished sol ely by their prosodic features (stimili
differedw threspect toenphasis assignment, |inguistic modality, and enotional

tone) were presented over headphones to 11 LHD, 9 RHD and 10 normal
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Individuals. Subjects listened to this common set of utterances over several
condi tions, whi ch manipul ated the strength of particular acoustic paraneters of
stimli and were to independently judge either the location of enphatic stress
wthinthesentence (initid, final, none) or the emotional tone (happy, angry, sad,
neutral). Results indicated that although enphasis perception was uniquely
disturbed inthe LED, accuracy in recognizing enotional attributes of the same
stimili was significantlyinpairedinbothREDandLHDrelativeto age matched
NBDs. For enotional prosody, thispatternadvancesthe positionthat distributed
mechani sms in both hemspheres of the brain may be necessary for such
processing. However, the observationthat RHDwer e selectively inpairedinthe
emotionconditionrelativetothe linguistic (enphasis) condition (the accuracy of
the LHD did not differ across conditions) inplies that the locus of certain
operations inherent to enotional perception and evaluation may stemfroma
uni que right hem sphere mechanism Delineating the conponents within this
functional systemthat favor right versus |left hem sphere-processi ng mechani sms,

remai naconsiderabl e chal | enge for further research.

Van Lancker & Sdtis (1992) formulated a different perspective on the
contributions of left and right hem sphere mechani sms in the conprehension of
affective-prosodic stimli and put forth a third hypothesis, the differential cue
laterlization hypothesis. Intheir hypothesis, Van Lancker & Sdtis stated that
the hem spheric specialization is dictated by the acoustic characteristic of
prosodi ¢ structure where right hem sphere domnance exists in processing the
frequency characteristicof of theacousticsignal andtheleft hem sphere processes

the tenporal information contained within prosodic structures. The hypot hesis
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was based on the results of their study, which conpared the performance of
participants with LHD and RHD, and non-brain damaged ( NBD) individuals on
an enotional prosody identification task observing a simlar level of impairment
inthe accuracy of both clinical groups. The authors further expl ored whet her the
conprehension errors of LHD and RHD coul d be predicted in terms of one or a
combination of the acoustic parameters underlying enotional prosodic meanings.
The authors determined mean and variability measures of FO, anplitude, and
duration for the stimli they had presented to patients for perceptual recognition.
Discrimnation function anal yses were then performed to ascertain which of the
acoustic cues served to signal the intended emotional meanings of the stimili
intidly presented, and which cues predicted the conprehension errors made by
each clinical group on the identification task; this procedure involved receding
each enotional stinulus accordingto the most frequent error response observed
for that stimulus, i ndependent!y for each group. Inthisway, the authors sought to
determne the extent to which the LHD and RHD subject's enotional
conprehension deficits were related to inpaired perception of specific acoustic

features of thestimii.

Despite the simlar level of inpairment of LHD and RHD on the
enotional identification task, analyses performed on each group's recognition
errors suggested that LHD and RHD were using the acoustic cues to prosody
differently injudging affective meanings. Interestingly, the discrimnant analysis
of the LHD errors reveal ed that these patients might have been basing their
deci sions on FO information (particularly FOvariability); whereas an analysis of

RHD subject's affective msclassifications indicated areliance on durational cues
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inidentifying the stimli. This pattern of results suggested to the authors that
receptive disturbances of enotional prosody mght be perceptual in nature,
possibly reflecting the superiority of each hem sphere in processing different
acoustic parameters that signal prosodic meaning. Van Lancker & Sdtis (1992)
concluded that mechani sms sub serving prosodic processing are bilateraly
distributed with right hem sphere mor e specialized for processing FOand the |eft
hem sphere mor e specialized for processing tenporal acoustic paraneters. More
generally, the authors concluded that the comprehension of prosody is best
described as a multifaceted process sub served by distributed (i.e bilateral)
mechani sms that are strictly localizable to the right hem sphere, contrary to
previous assertions (Ross 1981). The hypothesis got support fromthe results of
Kl oudaet. a. (1988) whoreported contribution of right hem spherein processing

FO information.

Thi s hypot hesi s al so recei ved support fromthe results of a study of ERPs
inRHD and LHD patients (Twist, Squires, Spielholz & Slverglide, 1991) and
Posi tron Em ssi on Tomogr aphy ( PET) study by Zatorre, Evans, Meyer, &G edde
(1992). RHD patients were shown to exhibit abnormal ERP patterns in non-
speech frequency discrimnation tasks as well as in an affective prosody
discrimnation task. ~ LHD only displayed abnornalities in a semantic
discrimnationtask. Twi st &colleagues interpreted the ERP results as supporting
the right hemsphere's role in prosodic processing, despite the ahsence of
differences hetween the two brain-damged groups on standard behavioral
measures of prosodic abilities. Zatorreet. al. (1992) in aPET study with non-

brain-damaged individuals compared activation patterns in tasks requiring
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phonetic judgments and pitch judgments. The result demonstrated increased
activity in Broca's area during tasks requiring phonetic judgments concerning
CVCsyllahles; in contrast, tasks requiring pitchjudgments of the same CVC
syllableselicitedright prefrontal activation, suggestingthat identificationof FOis
associated with right hem sphere mechanisms. These findings may support
dissociation inthe lateralized processing of specific acoustic parameters. Agood
deal of evidence has supported RH invol vement in pitch discrimnation in the
nonspeech domai n (Robin, Tranel, &Damasio, 1990; Sdtis & Fel dmann, 1990;
Zatorre, 1988; Zatorre, Evans, & Meyer, 1994). Unfortunately, to date little

conpar abl e research has beenreportedinthe speech domai n.

Further evidence onthe role of right hem sphere comes fromthe study by
Baum(1998). She investigated the role of FOand duration in the perception of
linguistic stress by individuals withbraindamage and non-brain damage ( NBD) .
Specifical Iy FOor duration cues were neutralizedinphonem ¢ and enphatic stress
stimili to ascertainthe effects of such manipul ations onidentification accuracy.
Twel ve LHD patients, 10 RHD patients and 10 age-matched NBD individual s
participated in the study.  Stimli consisted of two sets of base stimli
comprising of phonem ¢ or lexical stress pairs (pairs of utterances that were
phonol ogi cal |y identical and differed in stress placement) and enphatic or
contrastive stress pairs (pairs of utterances that differ interms of which content
wor d receives primary focus or enphasis). Phonem c stress stimili included 12
two-syllabic utterances that formed either a compound noun or noun phrase,
dependi ng on whi ch syllable was stressed. Enphatic stress stimli conprised of

12 short NPV N P utterances that coul d receive contrastive stress onthe intiad or
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fina noun. The meaning of phonem c stress pairs were depicted by line draw ng
and enphat i c stress pairs were printedinorthographic formwtheither thefirst or
last noun highlighted. From a set of naturally produced base stimli, two
addi tional stimlus sets, duration equivalent and FOequivalent, were derived. In
one, FOcues to stress were neutralized, whereas inthe other duration cues were
effectively neutralized. FO equivalent stimili was created by extracting the FO
contour fromthe unstressed version of the target syllable in each utterance and
thenre-synthesized withthe filter functionof the stressed versionto create stimii
that retainedthe tenporal cuesto stress, but neutralizedthe FOcues. Participants
wer e tested individually by presenting stimili in each of six subtests (phonem c
stress - full cue, phonem ¢ stress - duration equivalent, phonemc stress - FO
equival ent, enphatic stress - full cue, enmphatic stress - duration equivalent,
enphatic stress - FO equivalent). W th the sinultaneous presentation of the
auditory signal, a choice of two pictures depicting contrasting stress or two

orthographi ¢ stimili with contrasting highlighted nouns was randonl y present ed.

For the phonem ¢ stress, the results indicated that patients with LHD
exhibited an inpaired ability to make phonem ¢ stress judgments even when
stimili contained full complement of acoustic cues to stress. Further, individuals
with RHD also exhibited a deficit relative to normal participants in identifying
phonem ¢ stress contrasts. On the full-cue stimli, the performance of RHD
patients significantly exceeded that of patients with LHD and was significantly
better than chance. Patients wth RHDperformed at chance level when either FO
or duration was neutralized. NBD control participants also could not identify

phonemi ¢ stress contrasts with better-than-chance accuracy, for stimli inwhich
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FO cues were unavailable, suggesting a heavy reliance on FO information in
maki ng suchjudgments. RHD as a group did not show better performance on
duration equivalent stimli as conparedto FO-equivalent stimli and LED as a
group did not show differential performance on duration equivalent and FO-
equival ent stimli, contradicting agreater reliance by individualswithLHDon FO

cues and RHD on duration cues.

On enphat i ¢ stress subtest, only the performance of LHDpatients differed
fromNBD individuals suggesting inpairment on linguistic stress identification
task by LHD patients. Accuracy rates for RHD fell between those of the NBD
and LHD and did not differ significantly fromeither group, suggestingthat RHD
may not consistenty inhibit identificationof emphatic stress. Identification of the
full-cue stimili was better than stimli inthe other t wo conditions across groups.
However, only LHD patients demonstrated chance performance in the FO
equivalent condition indicating that the FO manipulation had a much smaller
effect onthe RHD and NBDindividual's enphatic stressjudgments conparedto
their phonem ¢ stress judgments. There was high individual variability in the
results obtained fromboth subtests. Based on the results obtained through both
subtests, Baum(1998) concl uded that neural substrates of prosody remain el usive,
undoubt edl y bot h hem spheres i nvol ve i nthe processing of prosody. But, thereis
differential preferencefor tenporal andspectral cuesfor processingstressin

the brain damaged.

High individual variability seen in the performance of the subjects

warrants the presence of other factors influencing the performance. The most
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contributing factor may be differences seeninterms of site and extent of |esion.
Ross (1981) reported marked differences in prosodic processing, depending on
site of lesion Further Pell &Baum(1997a) suggested that presence of associ ated
deficit like severity of deficit and acconpanying neurological symptoms may
reflect amore severe inpai rment andthus indicate poor performnce. InBaum s
study no clear-cut relationship hetween severity and prosodic processing was
established as hoth severely and nildly inpaired were considered as subjects.
Some inter individual variability seeninthe performance of normal control group
interms of relaive reliance on durational or FO cues to stress warrants
examination of individual performance as well as group trends in analyzing the

perceptionof prosody.

I'nKannada, aDravidianlanguage, thereisnophonem c stress. Stressis
used at a phrase/sentence level to bring about enphasis. Sarah, Prakash &
Savithri (2000) investigated the perception of stress in three Kannada speaking
adults with left hem sphere damage and their age mat ched normal subjects. Ten
noun-adj ective phrases as spoken with and without stress on the first word by a
native Kannada speaker was the original material. FOin the unstressed word were
changed to that in stressed word. Smlarly, intensity and duration in the
unstressed word were changed to that in stressed word individually and in
combinations. Theoriginal unstressed phrase was pairedwiththe edited phrase.
Subjects listened to the sanpl e and sai d whet her the phrases inapair were the
same or different. The results indicated that patients with the left hem sphere

damage percei ved wor d stress poorly compared to normal subjects. The authors

12



also noted that duration was a prominent cue in the perception of word stressin

Kannada.

Subsequent |y, Sarah (2000) studied the perception of stress in Kannada
speaki ng i ndividual swithRHD(1), LHD(5) and normal controls (5). The stimili
considered for the study were five two-word phrases with adjective-noun
combination. These phrases as spoken by a normal Kannada speaker with and
wi thout stress on the adjective were audio-recorded and acoustically anal yzed to
extract FO and intensity (every 10 ms), and word duration of the stressed and
unstressed adj ectives. Synthetic stimili were generatedinwhichasingleacoustic
paraneter (FQintensity/duration) of the stressed word was transposed to the
counterpart unstressed word. Therefore, three types of synthetic phrases - one
withFO cue, onewthintensity cue, and one with duration cue - were generated.
Each synthetic phrase was paired with its origina unstressed phrase to make
phrase pairs. Subjects listened to the phrase pairs and responded on a hinary
response sheet indicating whether the two phrases in a pair were the same or
different. The results indicated that individuals with LHD performed poorly on
task involving tenporal cue (duration) and those with RHD performed poorly on
task involving FO cue. The results supported the differential lateralization
hypothesis. It appeared that hoth the hem spheres are involved in prosodic
processing. \hilethe right hem sphere processes the frequency paraneters, the
left hem sphere processes the temporal paraneters. However, the study was
limted to one RHD, and 5 LHD. Hence, based on the response of one RHD

subj ect, the results coul d not be general i zed on RHD popul ati on.
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The extent to which a cue contributes to prosodic processing and the
effects of spectral manipulations on conprehension of prosody is less well
understood. For exanple, both FO (Fairbanks & Pronovost, 1939; Ladd &
Silverman, 1985; Lieberman & Mchael's, 1962; Ross, Edmondson, & Seibert,
1986; Van Lancker & Sdtis, 1992; Wlliams & Stevens, 1972) and duration
(Fairbanks & Hoaglin, 1941) have been shown to be inportant cues in
di stinguishing affect conveyed in speech, but their respective contributionis ill
debat ed (Lakshm narayanan, Shal om Wassenhove, O beelo, Houde, &Poeppel,

2003).

Traditionally, FOthat carries pitchinformationis assumedto be the most
crucia cue for prosody. This viewis referred to as the FOhypothesis. The FO
hypot hesi s was weakened by the findings of Grant &Wal den (1996), who tested
the comprehensi on ahility of normal |y hearing speakers in six different spectral
mani pul ations of sentences and phrases (linguistic prosody), each manipul ation
preserving a different part of the acoustic spectrum They eval uated several
l'exical prosodi c phenomena, specifically syllable number and stress, whi chwere
perceived better in some "high' band-pass filter conditions (that omtted the FO
spectral range) conparedto alow band-pass filter conditions (that included the
FOspectral range). Neverthel ess, overal | performance was remarkably goodinadl
six different band- pass manipul ations. The main conclusion drawn by Gant &
Wal den (1996) concerned the robustness of prosodic processing across the
acoustic frequency spectrum  The authors interpreted this robustness as
indicating a differential distribution of prosodic information across the speech

spectrum Hence, the same prosodic functionis sub served by miltiplefrequency
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cues. Ontheir viewhigher frequency bands provide more information about the

stress pattern and syllable number while [ower frequency bands provide nore

information with regard to intonation patterns.

The questions astotheextent towhi chlinguistic and affective prosody are
differentially manipulated by the signal manipulation and which signal
mani pul ations affect the perception of prosodic contrasts remain unanswered.
Lakshm narayanan et. a. (2003) investigated the effect of various spectral
mani pul ations on the identification of sentential prosody. The primary purpose of
the study wastoinvestigate (a) towhat extent linguistic and affective prosody are
differentially modul ated by the signal manipulations introduced and (h) which
signal manipul ations selectively / differentially affect the perception of prosodic
contrasts. Two main categories of prosody - affective (happy, angry, sad) and
linguistic (statement, question, continuation) - were studied. Thirty-six normal
subj ects i nthe age range of 18 to 34 years were presented with stimili that were
recorded by a female native speaker of American English. Four semantically
neutral sentences formed the test items using which an affective and linguistic
stimlus sets were constructed. There were three conditions in each of the sets.
Affective (AFF) conmprised of angry (ANG), happy (HAP), and sad (SAD)
intonation conditions and linguistic (LING) conprised of statement (STM),
question ( QUE) and continuation ( CON) intonation conditions. The second
experinent comprised of different spectral manipul ations of each condition. Such
as (1) natural ( NAT- high-quality recorded original utterances), (2) synthesized
( SYNTH- are-synthesized version of the NATstimilus usingavocoder), (3) re-

entrant ( RENT - auditory signal convol ved with a steady -state signal), (4) | ow
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band-pass (LBP- SYNTHsignal filtered w thbandw dth 80-300Hz) and (5) high
band-pass ( HBP - SYNTHsignal filtered with bandw dth 1830-2240 Hz). The
stimii were presented using Syncope. Atwo-block design was used to separate
affective and linguistic conditions. Each bl ock consisting of 60 trias was further
sub-divided into two sub-blocks. The synthesized and re-entrant stimli were
presented in a pseudo-randomorder in the first sub-block (24 trias) and the
natural and filtered conditions were presented in the second-block (36 trias).
Subjects wereaskedto listentothe stinuli and categorize t hemby an appropriate
key press. A prelimnary practice session conprising of two sentences was
presented i n each of the NAT, SYNTH, LBP and HBP forms inrandomorder.
Subjects were asked to identify the prosodic conditions they heard. Results
indicated that overall, subject performance was significantly degraded in LBP
(0.83) comparedto NAT (0.92), SYNTH(0.90) and HBP (0.89). REENT was
significantly worse (0.74) conparedto NAT (0.92), SYNTH(0.90), LBP (0.83)
and HBP (0.89). Arelative ordering of performance in accordance withthe FO
hypot hesi s reveal ed best performanceinthenatural and re-synthesized conditions,
whi ch had conpl ete FO, duration, anplitude, and phonetic information, followed
by medi umperformance in the re-entrant condition, which had al but phonetic
information, followedby the | ow band-passedthat retainedthe FO spectral region
but lost some phonetic information, followed finaly by high-band- passed
conditions that did not includethe FOspectral region. Results of a forced-choice
discrimnation paradi gmshowed that, in general, performnce was remarkably
robust despite spectral manipul ation, evenwhentherewas relatively little spectral
information. However, performnce was significantly degradedinthe | owband-

pass and re-entrant conditions. Ingeneral, thedataof the study appear tobe more
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inlinewththe differential cue hypothesis that individua acoustic cues are

lateralizeddifferently.

An inportant novel aspect of the above work is the use of the re-entrant
(REENT) signal, which seems to be a promsing de-lexicalization tool. One
m ght expect tofindafla FOcontour inthe REENT conditionsinceit isprimrily
synthesi zed f roma steady-state vowel . However, contrarytointuition, it hasthe
advantage of preserving the duration and pitch cues while removing phonetic
information. Another inportant feature of this study concerns the degradation of
performance in REENT condition, raising the possibility of syllahification as a

critical cue for the identification of some forms of prosody. Further studies

speci fically addressing therel ationbet ween (hbothacoustic andlinguistic) syllable

structure and prosody are neededtoclarify theissue.

Al'though intriguing, the hypothesis that individual acoustic cues to
prosody are independently lateralized (Van Lancker and Sdtis, 1992) remains

specul ative and awai ts future expl anation.

To sunmari ze, there are three hypot heses on the perception of prosody.
The first hypothesis functional |ateralization hypothesis (Van Lancker, 1980)
claims that linguistic prosody is processed in the left hem sphere, whereas
enotional prosody is controlled by the right hem sphere. It has also been
suggested that the level of linguistic function may play a role in functional
laterizations (Behrens, 1988: Candour, Dechongkit, Ponglorpisit, andKhunadom,

1994) . Asecond hypot hesi s posits that al | aspects of prosody are processedin
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the right hem sphere and integrated across the corpus callosummith [inguistic
representations (Kl ouda, et. a., 1988). Athird inportant hypothesis that has
recent|y gai ned some experinental support contends that i ndivi dual acoustic cues

to prosody are lateralizedto different hemspheres, with fundamental frequency
parametersprocessedbytheright hem sphereandtemporal parametersbythe
left hem sphere (Van Lancker & Sdtis, 1992). Ten studies support the first

hypot hesi s, five studies support the second hypot hesi s and seven studi es supports

the third hypot hesi s. Tabl e 2 provi des asummary of these st udi es.

Hypotheses Authors Supporting studies Subjects

Functional lateralization Van Blumstein & Goodglass, LHD: 17 NBD:13
hypothesis: Linguistic Lancker, 1972

prosody is processed in 1980 Weniger, 1978 LHD, NBD

the left hemisphere and Baum et. al.,, 1982 LHD:8,NBD:8

emotional prosody is Pashek & Brookshire, LHD, RHD, NBD:

processed in the right 1982

hemisphere. Emmorey, 1984 LHD:15, RHD:7, NBD: 22
Kimelan & McNeil, 1987 LHD:9, NBD:5
Emmorey, 1987 LHD:15, RHD:7, NBD: 22
Behrens, 1988 RHD,NBD
Kimelman, 1991 LHD: 10 , RHD, NBD
Baum, 1998 LHD:12,RHD:10,NBD: 10
Walker et. al, 2002 LHD:8, RHD:8, NBD: 8

Al aspects of prosody are  Klouda, Weintraubet. al, 1981 RHD:9, NBD: 10

processed in the right Robin, Grant & Dingwall, 1985 LHD:9, RHD:9, NBD:9

hemisphere and Graff- Bryan, 1989 LHD:30,RHD:30,NBD:30

integrated across the Radford, & Bradviket. al., 1991 RHD:20, NBD: 18

corpus ca/tosum with Cooper, Pell, 1998a LHD:11, RHD:9, NBD:10

inguistic representations 1988.

Differential cue Van Klouda et. al., 1988 BD:1
lateralization hypothesis: Lancker & Twist et. al, 1991 LHD, RHD
Individual acoustic cues to  Sidtis, 1992. Zatorreet. al., 1992 NBD

prosody are lateralized to Baum, 1998 LHD:12,RHD:10,NBD: 10
different hemispheres, with Sarah et. al., 2000 LHD:3,NBD:3
fundamental frequency Sarah 2000 LHD:5, RHD:1 , NBD:5
parameters processed by Lakshminarayan et. a, NBD: 36

the right hemisphere and 2003

temporal parameters by

the left hemisphere

Table 2. Summary of studies supporting 3 hypotheses on the perception of
prosody.
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Al these studies are i nnon-Indianlanguages, mostlyinEnglish except two
studies that was done in Kannada. Further, most studies do not have sufficient
number of subjects to conclude. Kannada, a Dravidian [anguage, is syllabicin
nature. In this language stress is not phonemc but used for enphasis at
phrase/sentence level. The studies conducted so far have used linguistic,
enphati ¢ and phonem ¢ stress. Inthese, stressw !l change the word meaning or
linguistic conponent isinvolved. Inalanguage like Kannada, stressis usedto
emphasi ze a word. Neither stress wll change the meani ng of a word nor does it
have a linguistic component. Kannada has durationas a major cue for stress, but
Englishhas pitchas amajor cuefor stress. Also, theratio between short and | ong
vowel is 1 2 inKannada (Savithri, 1986), whileit is 1:1.54inEnglish (K att,
1976). Therefore, the perceptual responses of Kannada speaking patients with
brain damage for stimilus with altered duration woul d be different than those of
English speaking patients. Thus, if the left hemisphere is specialized in
processi ng t emporal acoustic parameters (duration), it shoul dbe better reflectedin
left braindamaged patients speaki ng Kannada. (Kannadais aDravidian |anguage
spoken by 20, 000, 000 persons i n Kamat aka, a state of southIndia- H M Nayak,
1967). Inthis context, the present study was planned. The objective of this study
was toinvestigate perception of stressinsubjectswthCVA, andnormal controls

speaki ng Kannada.
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Chapter |11

Met hod

"It is inpossible to understand human behavior without sone |evel
of understanding of the physical structure-the brain-that enables
behavi or. Wi leasenseof thenolar (general or | arge-scale) structureis
essential for abasic recognition of the master organ of the body, an
appreciation of the molecular (denser,inner-intricacies) provides
foundation and insight to the conmplex nuances of human behavior".

www. enchant ed/ | ear ni ng. con anat ony
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The objective of the study was to investigate perception of stress in subjects
wi th cerebro-vascul ar acci dent ( CVA), and normal control s speaking Kannada. Three
experiments were conducted to achieve this objective. Experiment 1 dealt with
acousti ¢ anal yses of Kannada phrases with and without word stress, experinent Il
dealt with generation of synthetic phrases and experiment H dealt with perception of

stress innormal control subjects andin subjectswthCVA.

Experiment |: Acoustic anal yses of Kannadawords w thandw thout stress

Subject: A 42-year old native Kannada speaking female speech pathologist
participated i nthe experinent. She hadnormal speech and hearing (< 15 dBat 250 Hz

t0 8000 Hz inboth ears) and had no sensory or mot or deficits.

Material: Twenty-five meaningful two-word Kannada phrases were selected by the
experimenter. The first word of these phrases was an adjective and the second wor d
was anoun. The adjectives and nouns wer e selected fromtext books of standard | to
H sothat they were famliar. Al adjectives and nouns were bisyllabic. Each phrase

waswittenonacardwhichfornedthe material. Tabl e 3shows the material.
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S. No. |Phrases
1 kari ko:ti
2. mir.ru pavu
3 mond.u magu
4, bili katte
. gundukalu
6 bili but t.i
1. kandu ko:tu
8 benki tjend.u
9. aru pati
10. ni:li bassu
11 ke li but. t.i
2 naku naryi
133 shitindi
14 entutae
1. ni:li ang
16. kari kannu
1. kempu gud.de
18 mu:ru ko:li
19, adukaru
20. kempubatte
2L, kahi kafi
2. tju:pu katti
23, ni:li pat. ti
24, kari ka:ge
25. bil.i tat.t.e

Table 3: Materia for experiment I.

Procedure: Subject was visually presented withthe material one at atime. She was
instructed to speak each phrase five times without stress on any words into a
m crophone connected directly to the conputer. The same procedure was repeat ed,
but this time the subject spoke the phrases with stress on the first word/ adjective
(subj ect recordedtill she was satisfiedthat the key wordwas stressed). The datawas
acquired on to the computer memory using the acquire programof the SSL Pro2V2
software (Voi ce & Speech Systenms, Bangal ore) at a sanpling frequency of 16 k Hz.
Using the signal edit programof SSL Pro2V2, these phrases (clear and without noi se)
was stored on to a separate wave file. Two speech pathol ogists listened to these

phrases andwr ot e the wor d stressed. Three of fiverecordings of each phrase that were
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agreed upon by bot h speech pathol ogi sts (r = 0.99) as having the key wor d stressed

wer e consi dered for further anal yses.

Anal yses: FBAS (formant-based acoustic analysis) programwas used to extract
acoustic paraneters of stress. A 15 ms bl ock duration and a 10 ns resol ution was
used. Lowand high frequencies were set at 80 Hz and 500 Hz, respectively. Pre-
enphasi s factor was set at ' 1'. Fundament al frequency (FO0), intensity, open quotient
(0Q), speed quotient (SQ), and|eakage quotient (LQ) wereextractedfor each phrase.
0Q, SQ, and LQrefer to glotta opening and closure and were not edited in the
present study. FO and intensity at every 10 ns of each phrase was noted using the
View & Edit program Figure 3 illustrates FBAS extracted FO and intensity
i nformation (graphical) and figure 4 shows nunerical val ues of these paraneters as

extracted f romFBAS.

FBAS Modue: Edt Parametars Batween Framss

Figure 3: Illustration of FBAS extracted FO and intensity information (phrase /aru
patif).
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Figure 4: Numerical values of source parameters as
extracted (every 10 ms) from

FBAS program {Lable (Lbl - V - voiced, U - Unvoiced, S -
Silence),

intensity (dB), FO (Hz), Open quotient (0Q), Speed
quotient (SQ), and

leakage quotient (LQ)}.

Duration of individual phonemes and first word of each
phrase was measured

from waveform. Duration was measured as the time
difference between the onset and

offset of the phoneme / word as depicted on the waveform.
Figure 5 illustrates the
measurement of phoneme duration.

faf i i T p lal it/ il
From 1191.224 to 1446 491 Duration = 255.265
Figure 5: Illustration of measurement of phoneme

duration (highlighted part
shows vowel /a:/ in the phrase /a:ru pa:ti/).
FO, intensity and duration in stressed and unstressed
words were noted and the
difference between these parameters (S-Ratio) in stressed
and its counterpart
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unstressed wor ds (every 10 ms for FO and intensity) was calculated. For exanple, if
the FO at 10 ms was 180 Hz in unstressed word and 220 Hz in stressed wor d the

differenceis220-180=40Hz at 10 ms.

Experiment | I: Generationof synthetic phrases

The study was designed to exam ne the effect of CVA, acoustic cue and age
onthe perceptionof stress. Inorder totest this, wordswithonlyF0cue, only duration
cue andonlyintensity cueto stress were required. Further, wordsw th conbination of
cues were required to examne the effect of miltiple cues on stress perception.
Acoustic measures extracted i nexperiment | were usedto generate synthetic tokens.
Using the "PATPLAY" program of SSL Pro2V2 software, seven sub-experinents
wer e conducted i n whi ch various paraneters cueing stress were altered inisolation
and in conbination. Inthe first sub-experinent, FO of the unstressed word in each
phrase was atered to match FO of the counterpart stressed word. This was done at
every 10 ms. Phrases were synthesized after atering FO. In the second sub-
experinent, duration (DO) of each of the phoneme in the unstressed word in each
phrase was altered to match the duration of the same phoneme in the counterpart
stressed word. Phrases were synthesized after altering duration. In the third sub-
experinent, intensity (AQ) of the unstressed word in each phrase was altered to the
intensity of the counterpart stressed word. This was done at every 10 ms. Phrases
wer e synt hesi zed after changing intensity. Miltiple acoustic parameters - FO and A0,
FO and DO, A0 and DO, and FO, AQ, and DO- of the unstressed word i n each phrase
werealteredtomat chthesame paranetersinthe counterpart stressedwor dinthe next
four sub-experiments. Inthis manner 25 synthetic phrases wer e generated i n each sub-

experiment and a total of 175 synthetic phrases were generated. Figures 6 to 8
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illustrates FOand AO curves and duration in unstressed and synthetic phrases. Table 4

shows the details of the experinents.

FiinHz 053Kz

FinHz [0Hz W\l\
e A

Unst ressed Stressed
Figure 6: Fundamental frequency curve of phrase (/kal.i butti/) with unstressed and
stressed wor ds.
Source It in 8 14008 Sowcelntn &l 15508
. St

: o

S r ueme

Unst ressed Stressed

Figure 7. Intensity curve of phrase (/kal.i butti/) with unstressed and stressed words.

% K FF
Unstrassed 1 r Stressed

Figure 8: Duration of phonemes in unstressed and stressed words word /bili/ of the
phrase/bil.i but.t.i/.
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Sub- Parameter Details Total
expt. atered no. of
No. Tokens
Fundamental FO of the unstressed word in each phrase was dtered 25
Frequency to FO of the counterpart stressed word every 10 ms.
FO)

2 Durdation Duration of the phonemes in unsresssd word in each 25
(DO) phrase was atered to duration of the phonemes in the
counterpart stressed word.

3 Intensty AO of the unstressed word in each phrase was dtered 25
(AO) to AO of the counterpart stressed word every 10 ms.

4 FO & A0 FO & AO of the unsressed word in each phrase was 25
atered to FO & AO of the counterpart stressed word
every 10 ms.

5 FO&DO FO0& DO of the ungressed word in each phrase was 25
atered to FO & DO of the counterpart stressed word.

6 AO & DO FO & DO of the unsiressed word in esch phrase was 25
atered to AO & DO of the counterpart stressed word.

FO, A0 & DO FO, A0 & DO of the unstressed word in each phrase 25
was atered to FO, A0 & DO of the counterpart
stressed word.
Total No. of Tokens 175

Table 4: Details of the experiments for generating the synthetic phrases.

These 175 synthetic phrases were paired with their corresponding unstressed
origind phrase (with unstressed word) forming atotal of 175 token pairs. These
token pairs were random zed, iterated thrice and were audio-recorded on nmetallic
cassettes with aninter-tokeninterval of 2 seconds and inter-pair interval of 5seconds
using the 'Play Bat' programof SSLPro2V2. Thus, atotal of 525 pairs of tokens
formed the material for perceptual evaluation. Table 5 shows an exanpl e of token
pairing. Inthefirst rowof table5, only FOof the unstressed wordis alteredto match

the FOof its counterpart stressed wor d and synthesized. S1-US1 means the synthetic
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phrase (with FOcue only) ispairedwthits counterpart unstressed phrase. Smlarly,
dl 25 synthetic phrases are paired with their counterpart unstressed phrases. Inthe
second row, S1-US1 meanthat the synthetic phrase (withdurationcueonly) is paired
withits counterpart unstressed phrase. Synthetic phrasesalteredinintensity are paired
with their counterpart unstressed phrases in row 3. Phrases with altered mltiple

acoustic paranetersareillustratedinthe next four rows.

9. No. Details of the token Parameter
pair altered
125 S1-US1 TO S25-US25  FO
26-50 S1-US1 TO S25-US25 DO
51-75 S1-US1 TO S25-US25 A0
76-100 S1-USITOS25-US25 FO+AO0
101-125 S1-USITOS25-US25 FO+ DO
126-150 S1-USITOS25-US25 A0+DO
151-175 S1-US1 TO S25-US25 FO,AOand DO

Table 5: Details of synthetic phrase pairs (S = Stressed, US = Unstressed).

Experiment I11: Perception of stress in normal control subjects and in
subjects with CVA,

(a)  Perception of stress in normal controls: Knowl edge of the perceptual
response by normal controls was necessary for the understanding of stress
perception in individuals with CVA. Therefore, normal subjects were tested

initialy.

Subj ects: Ffty normal Kannada speaking subjects (29 mal es and 21 fenal es,
29 young and 21 ol d) inthe age range of 21 - 80 years (mean age = 43.9 years)
participated in the experiment. None of the subjects had any past/present
history of any neurological or psychol ogical disorders and any sensory or

mot or deficits. All subjectshad Kannadaastheir mother tongue. All subjects
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had formal education for a period of at least 10 years. Table 6 shows the

details of subjects.

Age group No. of No. of

Young 21-30 4
31-40 7
41-45 4
Oold 46-50 4
51-60 4
61-70 3
71-80 3
Total 29

Tabl e 6 Detailsof normal control subjects.

Material: 525 synthetic phrases generated in experiment || were used as

material.

Procedure: Subjects were tested individually. Stimli were audio presented
through headphones at confortable listening levels. Subjects were instructed
to listento each phrase pair carefully and indicate whether two phrases in a
pair were'same'" or 'different' onabinary forced choi ce response sheet by
marking Vunder the category 'same' or "different'. The same procedure was
fol lowed for dl the seven sub experinents. Appendix | shows the binary

forced choi ce response sheet.

Anal yses: The responses of the subjects wer e tabul ated and percent" same' or'
different” for each token and for each subject was calculated. The mean
percent "different' response was cal culated for each of the 25 phrase pairs

using the fol l owi ng forml a:
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Total no. of "different' response
Per cent "different' =------eeeeeoannnnn *100

Total no. of "different' phrasepairs

The mean percent different response (discrimnation score) for each of
the 25 phrase pairs was tabul ated and plotted on a graph. Those phrase pairs
that were discrimnated more than 70 %of times were considered as material

for experiment i nsubjectswthCVA.

(b) Perception of stress in subjects with CVA

Subj ects: Two groups of subjects participated in this experinent. Group |
consisted of 50 patients with |eft hem sphere damage (LHD) and group ||
consi sted of 50 patients withright hem sphere damage ( RHD) . 59 %of these
subjects had CVA and the other subjects had varying lesion sites. Only
subjects with CVA ( MCA infarct and henorrhage) were considered for the
study. This was doneinorder tocontrol lesionsite The diagnosis was made

by a neurol ogi st and supported by conput eri zed t omogr aphy ( CT) scan.

All subjects were native Kannada speakers and were referred from
neur ocenters and speech pat hol ogi sts. Subjects wer e tested at the Depart ment
of Speech- Language Sciences at the Al Indialnstitute of Speechand Hearing,
Mysore, Kamat aka Institute of Medical Sciences, Hubli, Neurocenter, Hubli,
SDM Medical College, Dharwad, Speech and Hearing Center, Shinoga,
Bapuji Medical College, Davanagere, Manipal Academy of H gher Educati on,
Mani pal , MV Shetty Col | ege, Mangal ore, and Neurocenters, Bel gaum
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The age of the subjects with CVAranged from26 years to 79 years ( CVA
mean age = 50.4 years, LHD mean age= 49.8 years, RHD mean age = 50. 8

years). Thefol | ow ngcriteriawereusedin subject selection:

1. Al subjects wer e di agnosed by neurol ogi sts.

2. Both adult mal es and femal es wer e consi dered for the st udy.

3. Apost onset period of greater than 6 months, but less than 1-year was
consi dered (on an aver age young subj ect s* wer e tested at 7-8 mont hs post -
onset and ol d subj ect s* wer e tested at 8-9 mont hs post - onset).

4. Only subjects who had Kannada as their not her tongue wer e consi der ed.

5 Participants with no hearing and, or visual deficits (corrected) were
considered. This was ensured by talking to subjects and their famly

member s and i nformal testing.

Consi dering that the subject's age range was vast, and as age coul d be
one factor affecting their performance, subjects were groupedintoyoungand
ol d stroke subjects. Subjects bel owthe age of 45 years were grouped under
young subj ects* and those above 45 years wer e grouped under ol d subj ect s*.
This was done as per the recommendation of the pre-thesis colloauium
comm ttee. There were 19 young subjects and 40 ol d subjects. Tables 7 and 8
showsubj ect details and demographi ¢ data, respectively (Appendix |1 shows a

questi onnai re used to col | ect demogr aphi c data).
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LHD Young Male | Young Female | Old Male | Old Female | Total
Number 10 0 12 5 27
Age range | 26-45 49-66 53-79

Mean Age | 37.30 55.16 62.0

RHD Young Male | Young Female | Old Male | Old Female
Number |7 2 20 3 32
Age range | 38-45 31-39 46-75 46-54

Mean Age | 41.71 35.0 55.60 51.33
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LHD RHD
Young | Age | Gender | Lesion Age | Gender | Lesion
43 M Lt MCA infarct 44 M Rt MCA infarct
35 M Lt MCA infarct 39 F Rt MCA infarct
45 M Lt MCA infarct 31 F Rt MCA infarct
26 M Lt MCA Infarct 43 M Rt MCA infarct
41 M Lt MCA infarct 42 M Rt MCA Hemorrhage
40 M Lt MCA infarct 41 M Rt MCA infarct
33 M Lt MCA Hemorrhage | 38 M Rt MCA infarct
A M Lt MCA infarct K] M Rt MCA Infarct
42 M Lt MCA infarct 45 M Rt MCA Infarct
A M Lt MCA infarct 0
Ood 53 M Lt MCA infarct 65 M Rt MCA infarct
50 F Lt MCA infarct 51 M Rt MCA Infarct
60 F Lt MCA infarct 53 M Rt MCA infarct
50 M Lt MCA infarct 49 M Rt MCA infarct
53 F Lt MCA infarct 60 M Rt MCA Hemorrhage
68 F Lt MCA Hemorrhage | 48 M Rt MCA infarct
79 F Lt MCA Infarct 58 M Rt MCA infarct
66 M Lt MCA Infarct 62 M Rt MCA infarct
30 M Lt MCA infarct 4 M Rt MCA Hemorrhage
538 M Lt MCA Hemorrhage | 51 M Rt MCA infarct
65 M Lt MCA infarct 5 M Rt MCA infarct
52 M Lt MCA infarct 48 M Rt MCA infarct
49 M Lt MCA Hemorrhage | 54 F Rt MCA Hemorrhage
55 M Lt MCA infarct 47 M Rt MCA infarct
49 M Lt MCA infarct 75 M Rt MCA infarct
61 M Lt MCA infarct 46 F Rt MCA infarct
54 M Lt MCA infarct 48 M Rt MCA infarct
46 M Rt MCA Infarct
54 F Rt MCA infarct
54 M Rt MCA infarct
47 M Rt MCA infarct
75 M Rt MCA infarct
65 M

Rt MCA Hemorrhage

Tabl e 8; Demographi ¢ data of subjects withleft andright CVA.

Material: Sixty-seven phrase pairs that were discrimnated correctly by more than

70%of times were used as material. These phrase pairs were random zed, iterated

thrice and audio-recorded with an inter pair interval of 5 seconds and inter-token

interval of 2 seconds. Thus, a total of 201 phrase pairs formed the material. The

detailsof thematerial areintable.




No. of

Altered parameters Phrase pairs
t Frequency 7
Amplitude 0
Durétion 12
Frequency and amplitude 5
Frequency and duration 14
Amplitude and duration 13
Frequency, amplitude and duration 16
Total 67

Tabl e 9: Number of phrase pairs usedin subjectsw th CVA.

Procedure and anal yses: Procedure and anal yses wer e sinilar tothat inexperiment
[Ewithnormal controls. However, subjects with CVAwere pernmttedto dothe task

by any other means in case they had probl emi n marki ng manual | y.

Satistica analyses: The data thus obtained from normal control subjects and
subjects with CVA was tabulated and subjected to statisticd analysis using a
comercial |y available Satistica Package for Social Science (SPSS- version 10).
The mean and standard devi ation wer e obtained for paraneters in experiment | and
SRatio (difference bet ween unstressed and stressed condition for a paraneter) was
calculated. Two-way ANOVAwas usedto test main effects of group [(a) normal
controls and subjects with CVA, and (b) LED and RHD], age and interaction
bet ween age and group. |ndependent t-test was used to compare scores wthin and
between age (young and old), and group ( LED and RHD) . Repeated neasures
ANOVA were used to compare sub-experiments. Bonferroni mltiple conparison

was usedtofindpair w sedifferences across sub-experiments.



Chapter IV

Results

Middle cerebral artery

Central sulcus

Lateral suicus
| supply from middle cerebral artery|

"The beauty of the brain liesin itsincredible complexity. the
neur oscience challenge isto transform the mind boggling appr eciation
of the central nervous system's complexity into manageable proportions" .

www.inner body.com/tutorial2/tutorial.htm
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Experiment 1. Acoustic anal yses of Kannada words wi th and w thout stress

Fundanment al frequency (FO: The results indicated that FOin the unstressed words
varied from118 Hz to 181 Hz with amean of 158 Hz. FOin stressed wor d was i nthe
range of 164 Hz to 237 Hz with a mean of 198 Hz. Paired T-Test showed significant

difference [t (24) =7.27, p<0.000] bet ween FOof stressed and unstressed wor ds. FOin

stressed wor ds was significantly higher than their unstressed counterparts. Al stressed
wor ds had hi gher FOconparedto unstressed words. I't was observed that the difference
bet ween FO of stressed and unstressed wor d was maxi mumfor phrase nunber 10 and
least for phrase number 11. Table 10 shows mean, range and standard deviation of FO

(Hz) inunstressed and stressed wor ds.

Mean| Minimum Maximum | Range | SD
Undressed | 158 | 118 181 63 19.02
Stressed 198 | 164 237 73 20.11
S-uU 40 |46 56

Tabl e 10: Mean, range and SDof FO(Hz) i nunstressed (U) and stressed (S) words.

Intensity: Intensity in unstressed words varied from51 dBto 64 dBwth a mean of 58
DB. Intensity in stressed words was inthe range of 56 dBto 66 dBwth mean of 62
dB. Paired T-Test showed significant difference [t (24) = 4.73, p<0.000] between
intensity of stressed and unstressed words. Intensity instressed words was significantly
hi gher than that in unstressed words. Table 11 shows mean, range and SDof intensity

instressed and unst ressed wor ds.
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Mean| Minimum Maximum | Range | SD
Unstressed | 58 51 64 13 319
Stressed 62 56 66 10 2.84
S-U 4 5 2

Table 11. Mean, range and SD of intensity (dB) in unstressed (U) and stressed (S
wor ds.

Duration: Duration of unstressed words varied from289 ms to 501 ms with a mean of
377 ms. Durationof stressed wordwasintherangeof 430 msto 647 ms withamean of
513ms. Paired T-Test [t (24) =11.51, p<0.000] indi cated significant difference bet ween
the duration of stressed and unstressed words. Duration of stressed words was
significantly longer than their unstressed counterparts. Duration of stressed words was
longer thanthat of unstressed wordsinal phrases. The difference betweenthe duration
of stressed and unstressed wor ds was |ongest in phrase pair 13 and shortest in phrase

pair 8. Table 12 shows mean, range and SD of duration in stressed and unstressed

wor ds.

Mean | Minimum Maximum | Range | D
Unstressed | 377 | 289 501 212 60.04
Stressed | 513 | 430 647 217 73,32
S-U 136 | 141 146

Table 12: Mean, range and SD of duration (ms) in unstressed (U) and stressed ()
wor ds.

Frequency, intensity and duration of unstressed and stressed words in each

phraseareinappendi x I11.
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Experiment I1: Using the val ues obtained fromacoustic anal yses in experinent |, a

total of 525 synthetic phrase pairs wer e generated as describedinthe met hod.

Experiment I'11: Perceptionof stressinnormal controlsandinsubjectswithCVA

(a) Perceptionof stressinnormal controls

The results of the seven sub-experinments conduct ed wer e as fol | ows:

Sub-experiment 1. Altered fundamental frequency (FO

Inthis experinent, FOof the unstressed words was altered to matchthat of its
stressed counterpart. The altered phrase was paired with the originad unstressed
phrase for perceptual evaluation. Table 13 shows the mean percent scores (percent
“discrimnation') ineachof the 25 phrase pairs. O the 25 phrase pairs, 7 phrase
pairs were discrimnated by morethan 70 9%of tines. These 7 pharse pairs (boldin

table 13) were considered for further experimentationin subjectswthCVA.
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Phrase Percent D)
pair no| discrimination
score

1 41.66 312
2 51.66 6.45
3 76.66 243
4 78.66 2.56
5 71.66 3.23
6 10.11 6.58
I 32.33 5.85
8 41.45 2.62
9 10.11 7.05
10 17.33 342
1 37.33 5.76
12 0 0

13 0 0

14 74.33 244
15 41.33 245
16 70.33 342
17 26.45 4.32
18 71.42 212
19 11.33 213
20 0 0

21 0 0

2 16.11 212
23 70.33 343
24 3.33 3.23
25 36.45 4.15

Table 13: Percent discrimination score on phrase pairs altered in FO.
Sub-experiment 2: Altered duration

Duration of the unstressed words was altered to match that of its stressed
counterpart inthis experinment. The altered phrase was paired with the original
unst ressed phrase for perceptual eval uation. The results indicated that 12 out of 25
phrase pairs were discrimnated by more than 70%of times. These 12 phrase
pairs (bold intable 14) were considered for further experimentation in subjects
with brain damage. Table 14 shows the percent discrimnation score on each of

the 25 phrase pairs.
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Phrase Percent SD
pair no. | discrimination
score
1 23.33 2.01
2 0 0
3 46.41 6.91
4 84.33 3.55
5 93.68 2.76
6 77 5.23
7 90.3 212
8 57.78 2.08
9 392 4.14
10 37.99 212
1 47.25 2.08
12 80.33 5.78
13 1011 5.05
14 97.25 2.63
15 87.56 2.08
16 63.33 3.06
17 93.97 214
18 77.33 4.32
19 77.33 323
20 30.33 213
21 17.33 214
22 70.47 2.18
23 60.06 4.09
24 0 0
25 83.33 204

Tabl e 14: Percent discrimnation score onphrase pairs alteredin duration.

Sub-experiment 3: Alteredintensity

Intensity of the unstressed word was altered to match that of its stressed
counterpart in this experinent. The altered phrase was paired with the original
unstressed phrase for perceptual evaluation. The results indicated that none of the
phrase pairs were discrimnated by more than 50%of tines. Therefore, none of
these phrase pairs were considered for further experinentation in subjects with

CVA. Tabl e 15 shows percent discrimnation scoresineachof the 25 phrase pairs.
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Phrase Percent D
pairno| discrimination
score

1 9.99 2.56
2 0.66 101
3 39.33 323
4 26.66 4.15
5 10.66 2.22
6 9.33 121
7 11.99 2HA
8 10.66 312
9 45.33 2.03
10 30.66 2.34
1 133 101
12 8.66 2.32
13 8.66 204
14 0 0
15 20.66 2.22
16 8.66 121
17 4.66 101
18 9.99 2.03
19 0 0
2 0 0
21 3.33 111
22 866 2.32
23 133 102
24 19 124
25 7.33 2.32

Tabl e 15: Percent discrimnationscore onphrase pairs ateredinintensity.

Sub-experiment 4: Altered frequency and intensity

Frequency and intensity of the unstressed wor ds were altered to match those
of itsstressed counterpart. Thealtered phrasewas pairedw thitsoriginal unstressed
phrase for perceptual evaluation. The results indicated that 5 out of 25 phrase pairs
wer e discrimnated by morethan70%of times. These5pharsepairs(Boldintable
16) were considered for further experinentation in subjects with CVA. Table 16

shows the percent discrimnationscoreineachof the 25 phrase pairs.
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Phrase Percent D
pair no. discrimination
score
1 45.33 211
2 9.99 121
3 10.66 123
4 30.66 234
5 20.66 202
6 1.33 011
7 30.66 215
8 45.33 267
9 77.33 6.07
10 4.66 103
11 0.00 0
12 39.33 262
13 i 37.33 321
14 41.33 222
15 71.66 121
16 63.33 245
17 63.33 2.09
18 71.66 2.89
19 70.66 345
20 30.66 3.76
21 45.33 332
22 39.66 270
23 20.66 201
24 48.33 267
25 71.66 245

Table 16: Percent discrimnation score on phrase pairs altered in frequency and
intensity.

Sub-experiment 5: Altered frequency and duration

Frequency and duration of the unstressed wor ds were atered to mat ch those
of its stressed counter part inthis experiment. The atered phrase was paired with
the original unstressed phrase for perceptual evaluation. The results indicated that
14 out df 25 phrase pairs were discrimnated by more than 70 %of tines. These 14
pharse pairs (bold in table 17) were considered for further experimentation in
subjects with CVA. Table 17 shows percent discrimnation score i neach of the 25

phrasepairs.
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Phrase Percent D
pair no. | discrimination
score
1 56.90 2.32
2 61.31 4.54
3 77.34 3.20
4 84.30 4.57
5 80.27 231
6 84.07 2.03
7 77.40 3.09
8 64.34 123
9 56.16 3.57
10 20.26 4.32
1 77.21 2.07
12 50.34 2.87
13 12.12 3.65
14 93.23 2.76
15 77.46 231
16 79.20 2.54
17 81.17 343
18 93.27 123
19 61.21 321
20 20.32 321
21 10.32 4.32
2 86.14 321
23 71.32 321
24 0 0
25 90.43 3.32

Tabl e 17: Percent discrimnation score onphrase pairs ateredinFOand duration.

Sub-experiment 6: Altered intensity and duration

Intensity and duration of the unstressed words were altered to match those
of its stressed counterpart. The altered phrase was paired with the origina
unstressed phrase for perceptual evaluation. The results indicated that 13 out of 25
phrase pairs wer e discrimnated by mor e than 70 %of times. These 13 pharse pairs
(boldintahle 18) were considered for further experimentationin subjectswithCVA.

Tabl e 18 shows percent discrimnation scorein each of the 25 phrase pairs.
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Phrase Percent D)
pair no. discrimination
score

1 57.33 2.09
2 18.66 3.56
3 26.66 6.07
4 34.63 3.65
5 88.42 2.76
6 63.96 3.12
7 77.97 5.19
8 64.33 6.68
9 50.66 2.76
10 62.66 6.90
11 71.33 3.55
12 50.66 321
13 51.19 8.19
14 79.99 3.68
15 77.32 2.63
16 79.99 6.45
17 80.33 3.44
18 83.92 2.76
19 38.66 3.10
20 71.33 3.68
21 73.33 245
22 79.95 4.55
23 73.33 2.07
24 51.97 2.34
25 81.33 4.32

Table 18: Percent discrimnation score on phrase pairs atered on intensity and

duration.

Sub-experiment 7. Altered FO, intensity and duration

Frequency, intensity and duration of the unstressed words were altered to
mat ch those of its stressed counter part inthis experinent. The altered phrase was
pairedw ththe original phrase for perceptual evaluation. Theresults indicated that
16 out of 25 phrase pairs were discrimnated by more than 70 %of tines. These 16
pharse pairs (bold in table 19) were considered for further experinentation in

subjects with CVA. Table 19 shows percent discrimnation score in each of the 25

phrase pairs.
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Phrase Percent D
pairno.| discrimination
score
1 41.66 212
2 42.85 349
3 73.33 4.32
4 74.40 501
5 87.49 2.65
6 7142 215
7 88.68 298
8 55.95 2.34
9 67.85 543
10 66.06 2.23
1 83.92 4.67
12 67.25 213
13 53.56 214
14 89.28 254
15 77.97 287
16 85.11 231
17 82.73 432
18 80.94 6.03
19 58.92 4.39
2 73.21 4.23
21 74.99 3.67
22 83.92 6.59
23 86.33 5.19
24 51.78 364
25 77.97 5.05

Tabl e 19: Percent discrimnation score onphrase pairs ateredin frequency,

intensity and duration,

To summari ze, results indicated that phrasepairs altered inindividual / mltiple
parameters (except that in intensity) were discrimnated by normal subjects.
However, the number of such phrase pairs depend on the paranmeter altered. Percent
discrimnation scores were higher for phrase pairs atered in mltiple parameters
compared to those altered in single parameters. Subjects discrimnated maxi mum
numoer of phrase pairs when duration was altered compared to other single cue
conditions. Also, subjects discrimnated maxi mumnumber of phrase pairs whendl

3 paraneters - FOAODO - were altered conpared to other nultiple cue conditions.
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The totdl number of phrase pairs discrimnated were 7, 12, 0, 5, 14, 13, and 16
whenthe paraneter/s atered was FO, duration (DQ), intensity (A0), FOandintensity
(FOAO), FO and duration (FODO), intensity and duration (AODO), and dl the three
parameters (FOAODO), respectively. Tabl e 20 summari zes the results of experinent

[l innormal subjects.

Phrase FO DO AO FOAO| FODO| AODO | FOAODO
pair no.

1 4166 | 23.33 | 9.99 45.33| 56 57.33 | 41.66
2 5166 | O 0.66 9.99 | 61 18.66 | 42.85
3 76.66 | 46.41 | 39.33 | 10.66 77 26.66 | 73.33
4 78.66 | 84.33 | 26.66 | 30.66| 84 34.63 | 74.40
5 71.66 | 93.68 | 10.66 | 20.66| 80 88.42 | 87.49
6 1011 | 77 9.33 133 | 84 63.96 | 71.42
7 32.33 | 90.3 1199 | 30.66| 77 77.97 | 88.68
8 4145 | 57.78 | 10.66 | 45.33| 64 64.33 | 55.95
9 1011 | 392 | 4533 | 77.33| 56 50.66 | 67.85
10 1733 | 3799 | 3066 | 4.66 |20 62.66 | 66.06
1 37.33 | 47.25 | 1.33 0.00 | 77 71.33 | 83.92
1 0 80.33 | 8.66 39.33| 50 50.66 | 67.25
13 0 1011 | 8.66 37.33| 12 51.19 | 53.56
14 7433 19725 |0 41.33| 93 79.99 |89.28
15 4133 | 87.56 | 20.66 | 71.66 77 7732 | 77.97

16 70.33 | 63.33 | 8.66 63.33| 79 79.99 | 8fUI
17 26.45 | 93.97 | 4.66 63.33| 81 80.33 | 82.73
18 71.42 | 77.33 | 9.99 71.66 | 93 83.92 | 80.94
19 1133 | 77.33 |0 70.66 | 61 38.66 | 58.92
20 0 30.33 |0 30.66 | 20 71.33 | 73.21
21 0 1733 | 333 45.33| 10 73.33 | 74.99
22 1611 | 70.47 | 8.66 39.66 | 86 79.95 | 83.92
23 70.33 | 60.06 | 133 20.66 | 71 73.33 | 86.33
24 3.33 0 19 48330 51.97 | 51.78
25 3645 8333 |7.33 71.66 | 90 81.33 | 77.97
Average 3395 |555 1082 |37.85/60.12|61.30 | 70.24
No. of phrase

pairs perceived | 7 12 0 5 14 13 16
as 'different'.

Total 67

Tabl e 20; Summary of theresults of experiment [11 innormal control subjects.
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Atota of 67 phrase pairs of 175 phrase pairs were discrimnated by normal
subj ects. These 67 phrase pairs wer e random zed, iterated thrice and audi o recor ded.
Thus amaster tape was created with atota of 201 pharse pairs. These phrase pairs

wer e used for perceptual eval uationinsubjectsw thCVA.

As performance of subjects with CVA was conpared with that of normal
control's and as subjects with CVAwere grouped as young and ol d, scores of nor mal
subj ects for these 67 phrase pairs wer e conputed. I ndependent t - test showed no
significant difference (P<0.001) bet weenyoungand ol d normal controls onany of the 6
sub-experiments. However, young subj ects performed better comparedto ol d subjects
on dl the seven sub-experinents. Both young and ol d subjects scored highest on
altered DO condition and least on altered FOAQ condition. Table 21 shows percent
discrimnation scores in both groups on six sub-experiments (No phrase pair with

atered AOwas discrimnated by more than 50 %of times and therefore, it was not

included as atest i nsubj ectswithCVA) .

Sub- Young SO | old Dt (49)*

experiments | ** **

FO 75.09 3.11 | 71.59 3.55 | 1.968
(72.23-79.7) (68.30-74.87)

DO 85.31 8.45 | 83.50 820  0.532
(79.94-90.68) (78.29-88.71)

FOAO 73.23 2.77 | 71.96 2.61 | -1.786
(69.79-76.66) (68.73-75.20)

FODO 82.98 6.58 | 81.16 6.91 | 0.713
(79.18-86.78) (77.17-85.15)

AODO 78.60 5.20 | 78.09 510 0.114
(75.46-81.75) (75.02-81.17)

FOAODO 81.94 5.85 | 79.52 6.25 | 1132
(78.82-85.06) (76.19-82.85)

Tabl e 21: Percent discrimnation scores inyoung and ol d normal controls on 6 sub-
experiments (* - 95 %confidenceinterval of mean).
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(b) Perception of stressinsubjectswithCVA

CVA subjects included subjects with MCA infarct and hemorrhage. Percent
discrimnation scores of al subjects, and subjects without henorrhage were
calculated to, find out any significant difference between these two groups.
I ndependent t - test showed no significant difference (P<0.001) between these two
groups. Therefore, subjects with hemorrhage were retainedinthe study. Appendi x

|'V.shows percent discrimnation scores in hboth groups.

(i) Qonparison of perfornance of subjects wth CAand nornal subj ects:
Two-way ANOVA showed significant main effect of group (normals and CVA
subjects) on al six sub-experinments and main effect of age on atered FO
condition.  Further significant interaction between group and age was seen
on atered FOcondition. Subjectswth CVAperformed significantly poorer than
normal subjects. Young subjects had significantly higher score on atered FO
condition conparedto ol d subjects. Normal subjects obtained highest score on
altered DO condition and subjects with CVA obtained highest score on atered
FOAODO condition. Al'so SDwas higher in subjects wth CVA conpared to
normal controls. Table 22 and figure 9 show percent discrimnation score in

bot h groups on 6 sub-experinents. Tabl e 23 shows F and P val ues.
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Sub- Normal SD [CVA SD t (107)*

experiments  |**

FO 73.34 3.68 [19.53 16.51 |25.033
(71.21-75.47) (15.23-23.83)

DO 84.41 8.19 |28.11 17.39 |24.864
(80.95-87.87) (23.57-32.64)

FOAO 72.59 2.62 (25.30 20.18 [17.997
(70.72-74.47) (20.05-30.57)

FODO 82.07 6.69 |21.02 23.48 [19.968
(79.48-84.67) (14.90-27.14)

AODO 78.35 5.05 |22.12 17.92 |24.109
(76.31-80.39) (17.45-26.79)

Table 22: Percent discrimination scores in normals and
subjects with CVA on 6 sub

experiments (** - 95% confidence interval of mean).
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Figure 9: Percent discrimination scores in normal controls and

subjects with
CVA on 6 sub experiments.

FOAODO 80.73 6.08 (30.86 20.81 |[18.405
(78.54-82.92) (25.44-36.28)

Sub- Group Age Group * Age

experiments  [(PO.OOI)

FO 758.897 48.497 (PO.001) 25.554 (PO.001)

DO 561.553 3.696 7.059

FOAO 444.891 7.173 4.376

FODO 1115.825 ]0.583 0.055

AODO 1015.675 [0.734 1.304

FOAODO 564.458 0.062 0.807

Table 23: F and P values for group, age, and group * age
interaction (degrees of
freedom (1,105)]
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(i1) Across group and acrross age conparisons i nsubjectswth CVA: Two- way
ANOVA showed significant main effect of group (LHD, RHD) onFODO and
FOAODO and significant main effect of age on FO and DO. No significant
interaction bet ween group and age was observed. L HD scored significantly
higher on altered FODO and FOAODO conditions conpared to RHD. Young
subj ects had significantly higher score on atered FO condition conpared to
old subjects. But old subjects had significantly higher score on atered DO
condi tion conparedto young subjects. Tabl e 24 shows percent di scrimnation
score intwo groups, andyoung and ol d CV A subjects on 6 sub-experiments.
Figures 10 and 11 showpercent discrimnation scoreintwo groups andyoung

and ol d CVAsubjects. Tabl e 26 shows F and P val ues.

Group/age FO DO FOAO | FODO | AODO | FOAODO

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

LHD Young | 37.14 | 1833 | 3666 |27.62 | 2333 |3521
(27.40- | (854- | (20.11- | (7.81- | (1153 | (19.19-
46.88) | 28.12) | 5322) | 47.42) | 3514) | 51.22)
LHD old 1540 | 3742 |2823 |3123 | 2081 | 3897
(8.73- | (24.23- | (1397- | (1365 | (7.83- | (23.07-
22.08) | 50.60) | 4250) | 48.82) | 33.80) | 54.87)
Total 2345 3035 | 3136 |2989 |2175 | 3758
(16.81- | (21.00- | (21.07- | (17.46- | (13.10- | (26.63-
30.10) | 39.69) | 41.64) | 4233) | 3049) | 4852
RHD young | 3121 |*2284 | 2740 | 1508 | 1567 | 24.07
(13.18- | (13.92- | (17.01- | (874 | (395 | (1508
49.25) | 31.76) | 37.79) | 21.42) | 27.39) | 33.06)
RHD old 1035 | 2753 | 1739 | 1204 | 2508 | 2563
(8.32- | (23.88- | (13.15- | (9.03- | (19.64- | (21.65
12.38) |31.19) | 21.62) | 1685 | 3052) | 29.62)
Total 1621 | 2621 | 2021 | 1354 | 2243 | 2519
(10.54- | (22.79- | (15.10- | (10.39- | (17.45 | (21.66-
21.90) |29.63) | 21.41) | 16.70) | 27.41) | 28.73)

Tabl e 24: Percent discrimnation scores inLHDand RHDon 6 sub-experinents (* -

110



QP
2 %9
3
@ 0
£
.! 20 1
= 154
=
2 104 —— LHD
- —8— RHD
5.
o

FO DO FOA0 FODO AODO FOAODO
Cues altered

Figure 10: Percent discrimination scores in LHD and RHD subjects on 6 sub-
experiments.

"8R8 8

20 o
15 1
10 1
§
0 . —

F0 DO FOA0 FODO AODO FOAODO

——CVA(Y)
= CVA(0)

% discrimnination score

Cues altered

Figure 11: Percent discrimination scores in young and old CVA subjects on 6 sub-

experiments.
Sub- Group Age Group * Age
experiments
FO 2.286 34.409 (P<0.001) 0.014.
DO 0.341 6.678 (P<0.05) 2.445
FOAO 3.425 2.884 0.021
FODO 5.967 (P<0.05) | 0.014 0.208
A0DO 0.112 0.464 1.388
FOAODO 4.614 (P<0.05) | 0.218 0.037

Table 25: F and P values for effects of group (LHD and RHD), age, and group *
age interaction [Degrees of freedom (1, 55)].
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(iii) Wthin group conparison of young and subjects with CVA

LHD group: Independent t - test * showed significant difference
between young and old subjects on atered FO (P<0.001) and DO
(P<0.05) conditions. Young subjects had significantly higher score on
dtered FO condition and significantly |ower score on atered DO
condition conpared to old subjects. Table 26 and figure 12 show

percent discrimnation scores inyoung and ol d L HD subj ects.

Sub- Young SD Old SD | t(25)*

experiments *x

FO 37.14 13.62 | 15.40 12.99 | 4.126
(27.40-46.88) (8.73-22.08)

DO 18.33 13.68 | 37.42 25.65 | 2.167
(8.54-28.12) (24.23-50.60)

FOAO 36.66 23.15 | 28.23 27.74 | 0.808
(20.11-53.22) (13.97-42.50)

FODO 27.62 27.68 | 31.23 34.20 | 0.283
(7.81-47.42) (13.65-48.82)

AODO 23.33 16.50 | 20.81 25.25 | 0.281
(11.53-35.14) (7.83-33.80)

FOAODO 35.21 22.38 | 38.97 30.93 | 0.335
(19.19-51.22) (23.07-54.87)

Tabl e 26: Percent discrimnation scores inyoung and ol d LHD subjects on 6 sub-
experinents (* - 95%confidenceinterval of mean).
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Figure 12: Percent discrimnation scoresinyoungandoldLHD subjects.
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RHD group: Sgnificant difference between young and old subjects on
altered FO (P<0.001) and FOAO (P<0.05) conditions was observed. Young
subj ects had significantly higher scores conmpared to old subjects on both
conditions. Mann-\Ahi t ney test al soshowedthe sameresults ast-test. Tabl e 27

and figure 13 show percent discrimnation scores in young and old RHD

subj ect s.

Sub- Y oung SD Old SD t(30)*

experiments | ** *x

FO 31.21 23.46 | 10.35 4.69 | 4.158
(13.18-49.25) (8.32-12.38)

DO 22.84 11.60 | 27.53 8.45 1271
(13.92-31.76) (23.88-31.19)

FOAO 27.40 1352 | 17.39 9.80 | 2.335
(17.01-37.79) (13.15-21.62)

FODO 15.08 8.25 12.94 9.05 |0.615
(8.74-21.42) (9.03-16.85)

AQODO 15.67 15.25 | 25.08 12.58 | 1.794
(3.95-27.39) (19.64-30.52)

FOAODO 24.07 11.70 | 25.63 9.22 | 0.399
(15.08-33.06) (21.65-29.62)

Tabl e 27: Percent discrimnation scoresinyoungand ol d RHD subjects on 6 sub-
experinents (** - 95 %confidenceinterval of mean).
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Figure 13: Percent discrimnationscoresinyoungand ol dRHDsubjects.
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(iv) Wthinagegroupconparisonof subject withCVA: No significant
difference between young subjects with LED and RHD was noti ced.
However, significant difference [t (38) =2.461, PO. 05] between old
subjects with LHD and RHD was observed on atered FODO conditi on.
LHD had hi gher score conparedto RHD. Percent discrimnation scores

are al ready presentedintables 26 and 27.

(v) Sub-experiment conparison: Sgnificant difference [F (5,110) = 23.797,
P<0.001] between sub-experiments in RHD ol d subjects was observed.
Atered DO, AODO and atered FOAODO conditions had significantly
hi gher score conpared to FO, FOAO, and FODO conditions. Repeated
measures ANOVA showed no significant difference between sub-
experinentsin(a) LHDyoung subjects[F (5, 45) =3.124, P>0.05], (h)
LHD ol d subjects [F (5 80) =3.478, P>0.05], and (c) RHD young
subjects [F (5, 40) =1.467, P>0.05]. However, LHDand RHDyoung
subj ects had hi gher scores on atered FO condition and L HD ol d subj ects
had higher scores on atered FOAODO condition conpared to other
conditions. Pair-wse conparison was obtained fromBonferroni test.
Tabl e 28 shows P val ues on Bonferroni multiple conparisoninRHDold
subj ects and figures 14 to 19 showpercent discrimnation scoreinLHD,

RHDand normal controls on 6 sub-experi nents.
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FO | DO FOAO | FODO | AODO | FOAODO
FO 0.000 | 1.000 | 0.035 | 0.000 | 0.000
DO 0.000 | 0.006 | 1.000 | 1.000
FOAOQ 1.000 | 0.001 | 0.000
FODO 0.052 | 0.021
A0DO 1.000

Tabl e 28: Significant differences between sub-experinents - Pval ue on
Bonferroni nultiple conparisoninRHDold subjects.
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Figure 15: Percent discrimnation scores onal tered DOcondition.
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Figure 19: Percent discrimnation scoresonaltered FOAODO condition.

To summari ze, the results of experiment | indicated significantly higher
FO, intensity, and|onger durationinstressedwords conparedto unstressed words.
Based on these results, 525 synthetic phrase pairs in 7 sub-experinents were
generated i nexperinent Il. Experiment 11l investigatedthe ability of two groups
of subjects (normal controls and subjectswithCVA) todiscrimnate these phrase
pairs. Seven sub-experinents were conducted in which individual and multiple
paraneters of stress were atered. Two hundred and one phrase pairs with 6 sub-
experiments were retained fol | ow ng investigationinnormal subjects. Results of
experinent Il indicated that subjects with CVAscored significantly |ower than
normal subjects on al six sub-experiments. Among CVA subjects, LHD had
hi gher scores on altered FODOand FOAODO condi tions comparedto RHD. Young
subjects had significantly higher score on altered FO condition and significantly
| ower score on atered DO condition conpared to old subjects. Sgnificant
difference hetween sub-experiments was observed only in RHD ol d subjects.
RHD ol d subjects had significantly hi gher score on altered DO, AODO and al tered
FOAODOcondi tions conparedtoaltered FO, FOAO, and al tered FODOconditi ons.
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Chapter V

D scussi on

Middle

Cerebral
Coitical (M3)

riery
(Coronal Plane)

Sylvian (M2)
Segment
(M.CA,)

"1f the human brain were so simplethat we could under stand it, we
would be so simple that we couldn't”

Emerson.M.P.Quotes
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The results of experiment | indicated significantly higher FO, intensity and
wor d durationin stressed words conparedtotheir counterpart unstressedwords. The
Sratio (difference bet ween stressed and unstressed wor ds) was 40 Hz, 4 dB, and 136
ms for FO, intensity, and word duration, respectively. It appears that durationis a
maj or acoustic cue of stress (in Kannada) followed by FO. The results are in
consonance with those of Fant (1958 - Swedish), Lehiste (1968a - Estonian),
Bertinetto (1980 - Italian), Balasubramanian (1981 - Tamil), Savithri (1987),
Raj upratap (1991), and Savithri (1999) (dl inKannada). The data supports the notion
that acoustic cues of stress differ fromone |anguage to another. In languages like
Swedi sh, Tam |, and Kannada wher e the ratio bet ween the duration of short and | ong
vowel sis1: 2, short and | ong vowel s are distinct. Therefore, duration may be usedto
indicate stress. Conversely, inlanguages |ike English, theratiobetweenlaxandtense
vowel sisaround 1. 1.54. Therefore, Iengthening of vowel wll change the Iax vowel
to tense vowel or change the quality of vowel. Thus, vowel lengthening can't be
presumably used to indicate stress. The other options are FO and intensity and
therefore, FO may be the major cue of stress in English. The fact that duration
emerged as amj or cue of stressinKannadamade oneto expect better scoresinRHD
on altered duration phrase pairs giventhe hypothesis that right hem sphere process FO

and | eft hem sphere process tenporal paraneter (duration).

The results of experiment H on control normal subjects indicated that 67 of
175 phrase pairs were discrimnated by more than 70%of times. The number of
phrase pairs discrimnated was 7 (FO and 12 (duration) when FO or durationinthe
unstressed word was altered to match that of its counterpart stressed word. The

results indicated that more number of phrase pairs was discrimnated when duration
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was altered than when FOwas altered in a single cue altered condition. This again
supports the notion that duration is a major acoustic cue of stress in Kannada. An
examnation of the mean difference between FO in stressed and unstressed words
(appendix I11) indicated that perhaps the steepness of FO increase, and not FO
difference, is inportant in discrimnating phrase pairs. This needs to be exam ned
further. I't wasinterestingtonotethat noneof the phrase pairsalteredinintensity was
discrimnated by more than 509%of times. Jassemet. a. (1968) report that intensity
was effective only when the difference was greater than 6 dB. Inthe present study
there were phrase pairs that differed by more than 6 dB. But, subjects did not
discrimnate phrase pairs that differed even by 11 dB (maxi mum). The JKD for FO
and intensity in discrimnating words with stress needs to be investigated. An
inspection of multipleconditionindicatedthat 5(F0A0), 14 (FODQ), 13 (A0DO), and
16 (FOAODO) phrase pairs were discrimnated. In atered duration single cue
condition, 12 phrase pairs were discrimnated.  Addition of cue enhanced
discrimnation score (FODO- from12 phrase pairsto 14, FOAODO - from 12 phrase
pairsto16). Onthe other handin FOsingle cue condition, the number of phrase pairs
discrimnated was 7. Addition of intensity (FOAQ) cue reduced the number of phrase
pairs discrimnated from7to5. Subjects discrimnated more number of phrase pairs
inFODO condition (14) conparedto FOAO condition (5). A so, normal subjects had
hi ghest scores on duration atered phrase pairs among single or mltiple cue atered

condi tion.

Results also indicated that CVA (both LHD and RHD) subjects had

significantly | ower scores conpared to normal control subjects in al the six sub-



experinents. Thi s supports the notion of bilateral (both hem spheres) invol venent in

processing stress.

LHD performed significantly better than RHD on altered FODO, and altered
FOAODO conditions. Also, LHD scores were better than those of RHD on dl sub-
experinents except when AODOwas altered. Poor performance of RHD conparedto
LHD on duration altered phrase pairs does not support the results of Baum(1998).
Baum(1998) investigated the role of FOand duration in the perception of Iinguistic
stress by individuals wth brain damage and non-brain damage. FOor duration cues
were neutralized in phonem ¢ and enphatic stress stimili. Stimuli consisted of two
sets of hase stimili conprising of phonem ¢ or lexical stress (12 pairs of utterances
that wer e phonol ogical |y identified and differed i n stress pl acement - compound noun
or noun phrase) and enphatic or contrastive stress pairs (12 pairs of utterances that
differ in terms of which content word receives primry focus or enphasis - NP
utterances). Six conditions - (@) phonem ¢ stress - ful cue, (b) phonem c stress -
duration equivalent, (c) phonem ¢ stress - FO equivalent, (d) enphatic stress - full
cue, (e) enmphatic stress - duration equivalent, (f) enphatic stress - FO equival ent
were presented to subjects. Results indicated that subjects with LHD performed
poorly on duration equivalent stimli and those with RHD performed poorly on FO
equivalent stimli (phonemc stress). On enphatic stress subtest, LHD subjects
demonstrated chance performance in the FO equival ent condition indicating that FO
mani pul ation had a much snaller effect on the RHD and NBD individual's enphatic
stress judgments conpared to their phonemc stress judgments. Baum (1998)
concl uded that both hem spheres invol vein the processing of prosody and that thereis

differential preferencefor tenporal andspectral cues for processingstressinthe brain
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damaged. Results of present study did not support
this differential preference with right hemisphere
processing FO (spectral) information and left
hemisphere processing temporal information (FO).
However, the type of stress and the type of responses
are different in these two studies.This result that
LHD performed better compared to RHD on altered FO
condition (though not significantly) 1is in consonance
with that of Sarah (2000), who used the same type of
stimuli and response. However, the scores in RHD in
Sarah's study were much higher than those in the
present study (figure 20). This may be attributed to
the number of RHD in the two studies. While Sarah had
one RHD subject, the present study examined 32 RHD
subjects.
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Figure 20: Comparison of results of two studies in FO
altered condition.

Another interesting finding was the difference
between young and old subjects. Young subjects (both
RHD and LHD) had higher scores on altered FOcondition
(spectral) and old subjects (both RHD and LHD) had
higher scores on altered DO (temporal) condition.
There is psychoacoustic evidence of age-related
changes in temporal processing. Speech cues can be
coded by at least 3 different types of auditory
temporal processing. Voice cues such as voice quality
and pitch rely on
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synchrony codi ng (phase- | ocking or neural firingtimedtothe cycles per secondof the
i nput sound). Second, somewor dlevel contrasts (for e.g. dit vs. split) relyongap or
duration coding (specialized neural responses to the onsets and offsets of sound
energy). Third, syllabicrhythms andahilitytofol lowdifferent rates of speechrely on
coding of prosodic patterns. Kathleen Pichora-Fuller (2000) reported that ol der
listeners were |ess able than younger listeners to use synchrony coding to detect
signal s innoisebetter withtwoearsthanwthoneear. Also, rapidpatterns are mre
chal l enging for ol der listeners thanfor young listeners. Inthe present study, FOof the
unstressed wor d i n each phrase was changed to FO of the counterpart stressed wor d
every 10 ms and duration of the phonemes in unstressed word in each phrase was
changed to duration of the phonemes in the counterpart stressed word. Thus, FO
changes are rapid patterns comparedto duration and hence ol d subjects m ght have

discrimnated atered DOphrase pairs better than altered FO phrase pairs.

Variations in the use of stress cause different |anguages to have different
rhythms. Inthe present study al subjects had Kannada as their native | anguage and
30%of themwere also exposed to English. Englishis stress-timed | anguage whi ch
makes far use of differences in stress than do most of the | anguages of the world.
Engli shuses phonem ¢ stress wher ei n wor d meani ng changes dependi ng on change in
stress on syllables. A native speaker of English mght be influenced by the stress
pattern of his | anguage while perceiving stress of a non-native | anguage whi ch has
stress patterns other than phonem c stress. But, in Kannada, stress is used for
emphasi s. Evenif subjects of thisstudy wereexposedtoEnglish, itishighlyunlikely
that they are influenced by the phonem ¢ stress pattern of English as most of the

subj ects used Engl i shas infl uenced by Kannada.



As no difference bet ween mal e and femal e subjects was noticed separate data

for gender i s not presented.

Lastly, high individual variability was seen in the performance of LED and
RHD and further in young and ol d subjects. This warrants the presence of other
factors that influence the performance. In the present study, LHD and RHD were
restricted to MCAinfarct and hemorrhage. However, the extent of lesion was not a
factor considered. Future studies may consider a correlation between discrimnation

of stress and extent of |esion by using FMRI .

Theoretical |y the results of the study have enriched the infornation about the
neuroanat om cal regions active in prosodic processing, and the specific role of
hem spheresinstress processing. It appears that both the hem spheres and the regi ons
suppl i ed by m ddl e cerebral artery are involvedin stress processing. Further research

insubjects with specific lesions, and with sub-cortical |esions may provide useful

i nformation on stress processing.

The acoustic correlates of stress vary fromlanguage to | anguage and currently,
at the national |evel, researchhas beendone onlyinTam | and Kannada. India being
a mltilingual country provides anple opportunity for cross-linguistic research
concerning the neural substrate of prosody and future investigations can be focused on

the type of stress and their perceptioninvarious I ndianlanguages.

The information obtained through this research woul d help us in formulating

di agnostic procedures and planning intervention goal s directedtotap and i mprove the
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stress conprehension ahility of persons with CVA. The material devel oped for
perceptual evaluation in subjects with CVAin the present study may be used to
evaluate conprehension of phrase level stress in subjects with CVA. Further,
information on specific cues used by individual patient in the conprehension of
phrase level stress may be used to plan appropriate therapeutic programto work on
i mproving the perception of stressinsubjectswthCVA. For exanple, if the subject
has the poorest score on FO, then training can be geared towards discrimnating FO
patterns. Also, duration may be a useful therapeutic parameter in old patients with
CVA. For exanpl e, time warped (timeexpanded) stinuluscanbeusedinoldpatients
with CVA. Thus, clinicaly the research woul d be of i mmense help in providing

effective diagnostic and rehahilitative met hods insubjectswith CVA.

Investigations of acoustic correlates of stressintonal |anguages and perception
of stress inspeakers of suchlanguages will beinteresting (although some studies have
been conduct ed) as speakers of tonal | anguages use FOtoindicate tone. Therefore, it
islogical toassumethat they use an acoustic cue other than FOfor stress. Also, the
cue lateralization hypot hesis that FOis processedinright hem sphere and durationin
left hem sphere may not hol d good for tone anguages. In such [anguages FOis
linguistic and, therefore, may not be used largely at a suprasegmental level. If
listeners of such | anguage are using duration as the only acoustic cue to stress, then
investigationin subjectsw thbraindamage usingtonal |anguage shoul d clearly show
the hem sphere processing of duration. What are the acoustic cues of stress and how
do normal subjects and subjects with brain damage using tonal |anguage perceive

suchcuesisaquestiontobeansweredinfutureresearch.



Chapt er VI

Summary and Concl usi ons

"Thegood lord gave me a brain that works so fast that in one moment |
can worry as much asit would take othersa whole year to achieve" .

Emerson M .Pugh quotes
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In the search for neuroanatomcal correlates of behaviour, a great deal of
attention has been focused on |anguage processing. Prosody serves a variety of
functions in | anguage processing and it is aninportant component of the linguistic
system Prosody or suprasegmental incorporates intonation, rhythm stress and
quantity. Intonation is the change in fundamental frequency (FO over a period of
time. Rhythmrefers to an event repeated regularly over a period of time, quantityis
the duration of speech sounds and stress refers to extra energy. Sress has been
called the most elusive of adl prosodic features (Lehiste, 1970) signaled by at |east
three acoustic correlates i.e. a change in fundamental frequency, anplitude and

duration (Lieberman, 1960).

I'n most model s of speech production (Levitt, 1989), the prosody generator is
considered as a distinct component of the speech production system or a
subconponent of the phonol ogical system To date, majority of neurolinguistic
researchinthis area has focused in some detail onthe neural basis of the segnental
aspect s of speech. But far less attention has been devoted to speech prosody. Thus,
despite its inportance in communication, the neural systems responsible for the

production and compr ehensi on of prosody remain largely unspecified.

Some of the continuing questions posing those interested in the neural
substrates for the processing and controlling of prosody are (&) is the function
(linguistic vs. emotion) lateralized or are the acoustic cues (FO vs. duration)
lateralized?, (b) given that the linguistic prosodic system is part of several
grammati cal conmponents (phonol ogical, lexical and syntactic), to what extent does a

particular break down in the prosodic systemeffect these components? (c) are the
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conprehension and production of prosodic cues simlarly affected by brain damage

under the hem sphere control ?

Three vi ews on prosodi ¢ processing have been put forth. The first hypot hesis,
functional lateralization hypothesis (Van Lancker, 1980), clains that linguistic
prosody is processedinthe left hem sphere, whereas emotional prosody is controlled
by the right hem sphere. A second hypothesis posits that al | aspects of prosody are
processed in the right hemsphere and intergrated across the corpus callosumwith
linguistic representations (Kl ouda, et. a., 1988). Athird inportant hypothesis that
has recent|y gai ned some experimental support contends that i ndi vi dual hypithesis cues
to prosody are lateralized to different hemspheres, with fundamental frequency
paraneters processed by the right hemsphere and tenporal paranmeters by the |eft
hem sphere (Van Lancker & Sdtis, 1992). Several researchers have investigated the
role of hemi spheres in prosodic processing. However, the results are inconcl usi ve and
are contradicting. Further, the type and perception of prosody (especially stress)
differs fromone | anguage to another. Thus, the existing contradictory evidences on
stress perception in brain damaged and the | anguage dependency of stress perception
provoked the present study. The present study investigated perception of stress in
Kannada speaking subjects with cerebro-vascular accidents (CVA). If the left
hem sphere is specialized in processing tenmporal acoustic paraneters (duration), it
shoul d be better reflected in left hem sphere damaged individual s speaki ng Kannada.
Studies in language like Kannada, where duration is a major acoustic cue of stress,
woul d be interesting in that the role of left hem sphere in processing tenporal cue
woul d be better enphasized compared to a language like English where the mgjor

acoustic cue of stress is FO. Therefore, the ability to perceive stress in Kannada
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speaki ng subjects with CVAin left hem sphere and right hem sphere was conpared
wi th Kannada speaki ng normal controls. Further, subjects were grouped as young and
old patients and their performance was conparedto study the effect of age on stress
perception. The fol | ow ng research questions were asked: (1) Are there differences
bet ween subjects with CVAand normal controlsin perceptionof stress? (2) Arethere
differences between LHD and RHD ( CVA) subjects in perception of stress? (3) Are
there differences bet ween young and ol d CV Asubjects in perception of stress? (4) Do
LHDand RHD ( CVA) subjects use different acoustic cues to perceive stress? and (e)

Arethere differences bet ween singl e and mul tiple cue conditions?

To approve or reject the specul ation, independent and combi ned mani pul ation
of the acoustic parameters - fundamental frequency, intensity and duration- available

inthestimili was performed. Three experinentswere conduct ed.

Experiment | dealt with acoustic anal yses of Kannada words with and wi thout
stress. Twenty-five meaningful two-word Kannada phrases (adjective + noun) as
Uttered by a native femal e Kannada speaker (42 year ol d) with and without stress on
the first word of each phrase were directly recorded into the conputer at 16, 000 Hz
sanpl ing frequency and were stored onto the conputer memory. The phrases were
acoustical |y anal yzed using the ' FBAS programof SSL Pro2V2 (Voi ce and Speech
Systens, Bangalore). The fundamental frequency (FO) and intensity (AQ) of each
syllable of the stressed and unstressed words were extracted at every 10 ms. The
duration of individual phoneme in the stressed and the unstressed words were

measured fromthe wavef ormdisplay. These parameters in stressed and unstressed
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wor ds were compared and the difference bet ween the stressed and unstressed wor ds

for each paramet er was cal cul at ed.

Experiment |l dealt with generation of synthetic phrases.

Using the

"PATPLAY" programof SSL software, seven experinents were conducted, in which

various paraneters cueing stress were altered inisolation and in combination as in

table 29.
Expt. Parameter Details Total No.
No. changed of Tokens
1 Fundamental FO of the unstressed word in each phrase was 25
Freguency (FO) changed to FO of the counterpart stressed word
every 10 ms
2 Intensity (AO) AO of the unstressed word in each phrase was 25
changed to AO of the counterpart stressed word
every 10 ms
3 Duration (DO) DO of each phoneme in the unstressed word in 25
each phrase was changed to DO of the counterpart
phoneme in the stressed word
4 FO&AO FO & AO of the unstressed word in each phrase 25
was changed to FO & AO of the counterpart
stressed word every 10 ms
5 FO&DO FO & DO of the unstressed word in each phrase 25
was changed to FO & DO of the counterpart
stressed word.
6 AO&DO FO & DO of the unstressed word in each phrase 25
was changed to AO & DO of the counterpart
stressed word
7 FO, A0 & DO FO, AO & DO of the unstressed word in each 25
phrase was changed to FO, AO & DO of the
counterpart stressed word.
Total No. of Tokens 175

Tabl e 29: Details of the experimentsfor generatingthe synthetic phrases.

These 175 synthetic phrases were paired with their corresponding unstressed

original phrase formng a tota of 175 phrase pairs. These phrase pairs were
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random zed, iterated thrice and wer e audi o-recorded. Thus, atota of 525 phrase pairs

formedthe material for perceptual eval uation.

Experiment I1l investigated perception of stress in normal controls and in
subjects with CVA. FRfty Kannada speaking normal subjects (below 45 years -
young: 29, above 45years - ol d: 21) inthe age range of 21 - 80 years participated this
experiment. Stimuli were audio presented to each subject through headphones and
subj ects were instructed to listen to the naterial carefully and indicate whet her two
phrasesinapair were' same" or ' different' onabinaryforced choi ceresponse sheet.
Adiscrimnation task was used. The same procedure was followed indl seven sub-
experinents. The responses of the subjects were tabulated and percent' same' or
different’ for each token and for each subject was calculated The mean percent

"different' was calculatedfor eachof the 25 phrase pairs.

The mean percent different response (discrimnation score) for each of the 25
phrase pair was tabulated and plotted on a graph. The phrase pairs that were
discrimnated by more than 70 %of times were considered as material in subjects
wth CVA. Fifty-nine subjects with CVA participated in the experiment. Subjects
wer e di agnosed by neurol ogists and supported by CT scan. The age of subjects with
CVAranged from26 years to 79 years. Subjects with CVAwere further subdivided
intotwo groups - subjects wth CVAin left hem sphere (27) and subjects with CVA
inright hemsphere (32). These subjects were further grouped into young and ol d
subj ects. Subjects bel owthe age of 45 years were grouped under young patients and

those above 45 years were grouped under ol d patients. There were 19 young subjects



Sixty-seven phrase pairs discrimnated by more than 70 %of times by normal
control s were iterated thrice and random zed. Thus, a totd of 201 (67 * 3 = 201)
phrase pairs were used in subjects with CVA. The procedure was the same as in

nor mal controls.

The results of experiment | indicated that FO, intensity and word duration in
stressed wor ds were significantly higher/ longer (at P< 0.005) than their unstressed
counterparts. The Sratio (difference between stressed and unstressed words) was 40

Hz, 4dB, and 136 ms for FO, intensity, and wor d duration, respectively.

Usi ng the val ues obtained fromacoustic analysis inexperinent |, atota of 525

synthetic phrase pairs were generatedinexperiment Il

The results of experiment [Il on normal controls indicated that subjects
di scrimnated phrase pairs atered inindividual / multiple parameters (except that in
intensity). However, the number of such phrase pairs depended on the paraneter
altered. Percent discrimnation scores were higher on phrase pairs atered inmitiple
paraneters comparedtothose atered insingle paraneters. Not al phrase pairs were
discrimnated by normal subjects. Only those phrase pairs that were discrimnated by
more than 70 % of times were considered for further study in subjects with brain
damage. Atota of 7, 12, 0, 5, 14, 13, and 16 phrase pairs were discrimnatedin 1-7
sub-experiments, respectively. No phrase pair was discrimnated by more than 50 %of
times on sub-experiment 3 inwhich intensity was altered. Atotal of 67 of the 175

phrase pairs wer e discrimnated by normal subjects.



Results of experiment H in subjects with CVA indicated that subjects scored
significantly |ower (P < 0.001) than normal controls on al six sub-experinents.
Among CVA subjects, LHD had significantly higher scores (P < 0.001) on altered
FODO and FOAODO conditions conpared to RHD. Young subjects (both RHD and
LHD) scored significantly higher (P<0.001) on altered FO condition (spectral) and
ol d subjects scored significantly higher (P < 0.001) on atered DO (tenporal)
condi tion. Table 30 shows percent discrimnation scores inyoungandoldLHDand

RHD subj ects.

Grouplage | FO DO |FOAO | FODO |AODO | FOAODO
LHDYoung | 3714 | 1833 | 3666 |2762 | 2333 |3521
(27.40- | (854 | (20.11- | (7.81- | (1153 | (19.19-
46.88) | 28.12) |5322) | 4742) | 35.14) | 51.22)
LHD old 1540 | 3742 |2823 | 3123 | 2081 | 3897
(873 | (24.23- | (1397- | (1365 | (7.83 | (23.07-
2208) | 5060) | 4250) | 48.82) | 33.80) | 54.87)
Totd 2345 | 3035 | 3136 | 2989 | 2175 | 3758
(16.81- | (21.00- | (21.07- | (17.46- | (13.10- | (26.63-
30.10) | 3969) | 4164) |42.33) |3049) | 4852
RHDyoung | 3121 | 2284 |2740 | 1508 | 1567 | 2407
(1318 | (1392- | (17.01- | (874 | (395 | (15.08
4925) | 3176) | 37.79) | 21.42) | 27.39) | 33.06)
RHD old 1035 | 2753 | 1739 | 1294 | 2508 | 2563
(832~ | (2388 | (1315 | (9.03- | (19.64- | (2165
1238) | 31.19) |2162) | 1685 | 3052) | 29.62)
Totd 1621 | 2621 | 2021 | 1354 | 2243 | 2519
(1054- | (22.79- | (15.10- | (10.39- | (17.45 | (21.66-
21.90) | 2963) | 2141) | 1670) | 27.41) | 28.73)

Tabl e 30: Percent discrimnation scores in LHD and RHD on 6 sub-experinents
(95%confidenceinterval of meaninparenthesis).

The results of the present study indicated that acoustic cues of stress differ from
one | anguage t o anot her and supported the notion that durationisamajor acoustic cue
of stress in Kannada. Results suggested that both hem spheres involve in the
processing of stress.  However, results did not support the differential cue

lateralization hypothesis which stated that the right hem sphere is specialized in
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processing FO (spectral) information and |eft hem sphere is specialized in processing
temporal information (DO). However, this may be because of differenceinthe type of

stress usedinearlier and present studies.

A significant difference (P< 0.05) between young and old CVA subjects on
altered FO, altered DOand altered FOAO conditions was noticed. CVAyoung subjects
scored significantly higher on altered FO and FOAO conditions compared to old
subjects. CVA old subjects scored significantly higher on atered DO condition
compared to CVAyoung subjects. There is psychoacoustic evidence of age-rel ated
changes intenporal processing. Speech cues canbe coded by at least 3 different types
of auditory tenporal processing. Voice cues such as voice quality and pitch rely on
synchrony codi ng (phase-1 ocking or neural firingtimedtothe cycles per second of the
input sound). Second, someword level contrasts (for e.g. slit vs. split) relyongap or
duration coding (specialized neural responses to the onsets and offsets of sound
energy). Third, syllabic rhythms andability tofollowdifferent rates of speechrely on
coding of prosodic patterns. Kathleen Pichora-Fuller (2000) reported that ol der
listeners were less able than younger listeners to use synchrony coding to detect
signals innoisehetter wthtwoearsthanwthoneear. Also, rapidpatterns are mre
chal I enging for ol der listeners thanfor younglisteners. Inthe present study, FO of the
unstressed wor d in each phrase was changed to FO of the counterpart stressed word
every 10 ns and duration of the phonemes in unstressed word in each phrase was
changed to duration of the phonemes in the counterpart stressed word. Thus, FO
changes are rapid patterns conpared to duration and hence ol d subjects m ght have

discrimnated altered DOphrase pairs better than atered FO phrase pairs.
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Lastly, high individual variahility was seen in the performance of LHD and
RHD and further in young and ol d subjects. This warrants the presence of ot her
factors that influence the performance. In the present study, LHD and RHD were
restricted to MCA infarct and hemorrhage. However, the extent of |esionwas not a
factor considered. Future studies may consider a correlation between discrimnation

of stress and extent of | esi on by using FMRI .

Theoretical |y the results of the study have enriched the infornation about the
neuroanatomcal regions active in prosodic processing, and the specific role of
hem spheres instress processing. It appears that boththe hem spheresareinvolvedin
stress processing. Further research in subjects with specific lesions, and with sub-

cortical Iesions may provide useful information on stress processing.

The acoustic correlates of stressvary fromlanguage to | anguage and currently,
at the national level, researchhas beendoneonlyinTam | and Kannada. India being
a mitilingual country provides ample opportunity for cross-linguistic research
concerning the neural substrate of prosody and future investigations can be focused on

the type of stressinvarious I ndianlanguages.

The infornation obtained through this research woul d help us in formulating
diagnostic procedures and planning intervention goal s directedtotap and i nprove the
stress comprehension ahility of persons with CVA. The material devel oped for
perceptual evaluation in subjects with CVA in the present study may be used to
evaluate comprehension of phrase level stress in subjects with CVA. Further,

information on specific cues used by individual patient in the comprehension of
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phrase level stress may be used to plan appropriate therapeutic programto work on
i nproving the perception of stressinsubjectswth CVA. For exanple, if the subject
has the poorest score on FO, then training can be geared towards discrimnating FO
patterns. Also, duration may be a useful therapeutic parameter in old patients with
CVA. Thus, clinically the research woul d be of i mmense hel p in providing effective

diagnostic and rehabi litative met hods i nsubjectswith CVA.,

Investigations of acoustic correlates of stressintonal |anguages and perception
of stress inspeakers of suchlanguagesw |l beinteresting (although some studies have
been conduct ed) as speakers of tonal |anguages use FOtoindicatetone. Therefore, it
islogical toassumethat they use an acoustic cue other than FOfor stress. Also, the
cue lateralization hypot hesis that FOis processedinright hem sphere and durationin
left hemi sphere may not hold good for tone languages. In such Ianguages FOis
linguistic and therefore may not be usedlargely at asuprasegmental level. If listeners
of such language are using duration as the only acoustic cue to stress, then
investigationin subjects withbraindamage usingtonal |anguage shoul d clearly show
the heni sphere processing of duration. What are the acoustic cues of stress and how
do normal subjects and subjects with brain damage using tonal |anguage perceive

suchcuesisaquestiontobeansweredinfutureresearch.
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Name:

Appendi x |

Bi nary forced choi ce response sheet ( Nor mal subj ects)

Agel Cender : Qccupat i on: Dat e:
Listl Ligl List I
Phrases Phrases Phrases D
aru pati kari ka:ge aidu karru
benki cendu ni:li bassu kari ka:ge
bili butti mu:ru ko:li kahi ka:pi
bili katte aru pati gundu kallu
bili tatte ni:li angi entu tale
cu:pu Kkatti bili tatte cu:pu Katti
entu tale kari ko:ti ni:li bassu
gundu kallu kempu gudde ni:li patti
aidu karru mu:ru pa:vu kempu gudde
kahi kapi cu:pu katti bili butti
kali butti kandu ko:tu mondu magu
kandu ko:tu nidi patti aru pacti
kari ka:ge kali butti kali buitti
kari kannu bili butti sihi tindi
kari ko:ti benki cendu benki cendu
kempu batte mondu magu kari ko:ti
kempu gudde gundu kallu kempu batte
mondu magu bili katte naku natyi
mu:ru ko:li kempu batte bili katte
mu:ru pa:vu kari kannu mu:ru pa:vu
naku nawyi sihi tindi mu:ru ko:li
ni:li angi entu tale ni:li angi
ni:li bassu naku nayi kari kannu
ni:li patti aidu karu bili tatte
sihi tindi kahi ka:pi kandu ko:tu
S Sane
D Dfferent

XVi



Bi nary forced choi ce response sheet (Subjects with CVA)

Name: Agel Cender : Qccupat i on: Dat e:
Provi sional O agnosi s:

FOas Cue

Listl Lig Il Lig Il

Phrases Phrases Phrases

1. biliKatte 1. bill katte 1. ni:li angi

2. mondu magu 2. kempu gudde 2. bili katte

3. cu:pu katti 3. ni:li angi 3. sihi tindi

4. shi tindi 4. curpu katti 4. kempu gudde
5. gundu kallu 5. mondu magu 5. cu:pu katti

6. ni:li angi 6. sihi tindi 6. gundu kallu
7. kempu gudde 7. gundu kallu 7. mondu maeu
DOas cue

List 1 List I List 11

Phrases Phrases Phrases

1. bili butti 1. bili butti 1. karika:ge
2. bilikatte 2. kali butti 2. bili butti

3. kahi kapi 3. kari kage 3. kahi kapi
4. entutale 4. kempu gudde 4. mu:ru koli
5. ghi tindi 5. bilikatte 5. gundu kallu
6. kali butti 6. kari kannu 6. kali butti
7. kandu ko:tu 7. sihi tindi 7. bilikatte

8. gundu kallu 8. entutale 8. kempu gudde
9. kari ka:ge 9. mu:ruko:li 9. kari kannu
10. kempugudde 10. kandu ko:tu 10. sihi tindi
11. kari kannu 11. gundu kallu 11. entutale
12. mu:ru kol 12. kahika:pi 12. kandu ko:tu
S Same

D Dfferent
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FODOas Cue:

Lig1l List I Ligt Il

Phrases Phrases Phrases

1. bilibutti 1. bili katte 1. kahikapi

Z. bili katte 2. kari kage 2. cupu katti
3. cu:pu katti 3. kahi kapi 3. kempu gudde
4. entutae 4. kari kannu 4. kandu ko:tu
5. gundu kdlu 5. gundukalu 5. ni:li bassu

6. kahi kapi 6. mondu magu 6. ni:li angi

7. kandu ko:tu 7. cu:pu Kkatti 7. bili butti

8. kari kage 8. ghi tindi 8. kari kannu
9. kari kannu 9. bili butti 9. ghi tindi

10. kempugudde 10. kempu gudde 10. gundu kdlu
11. mondumagu 11. kanduko:tu 11. mondu magu
12. ni:li angi 12. ni:li bassu 12. entutale

13. ni:libassu 13. entutale 13. hili katte
14. shi tindi 14. ni:li angi 14. kari ka:ge
AODOas Que:

Listl Ligt Il List 11

Phrases Phrases Phrases

1. ghitindi 1. nidi basu 1. ni:li bassu
2. kandu ko:tu 2. ghi tindi 2. gundu kdlu
3. adukaru 3. gundukalu 3. kahi kapi
4. kahi kapi 4. kempu gudde 4. Kkempu gudde
5. kempubatte 5. kari kannu 5. kempu batte
6. entutde 6. entutde 6. cu:pu katti
7. kari kannu 7. kahi kapi 7. adukaru
8. gundu kalu 8. ni:li angi 8. nili angi

9. kari kage 9. kanduko:tu 9. kari kage
10. ni:li bassu 10. kempubatte 10. ghi tindi
11. ni:ll angi 11. curpukatti 11. kandu ko:tu
12. kempu gudde 12. aidukaru 12. kari kannu
13. cu:pukatti 13. karika:ge 13. entutae

S: Same

D D gerent
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AOFOas Cue:

Listl Lis Il List 11

* Phrases Phrases Phrases
1. entutale 1. arupati 1. kempu gudde
2. arupati 2. entutale 2. entutde
3. kempu gudde 3. mu:ruko:li 3. arupati
4. kari kage 4. kari kage 4. kari kage
5. mu:ru koli 5. kempu gudde 5. muruko:li
AOFODO as Que:
List1 List Il Lid ni
Phrases Phrases Phrases
1. adukaru 1. adukaru 1. adukaru
2. arupati 2. kanduko:tu 2. cupu katti
3. bili butti 3. hili butti 3. kandu ko:tu
4. bili katte 4. kempu batte 4. bili katte
5. cu:pukatti 5. kari kannu 5. kempu gudde
6. entutae 6. kahi kapi 6. hili butti
7. gundu kdlu 7. gundu kdlu 7. kahi kapi
8. kahi kapi 8. kempu gudde 8. kari kage
9. kandu ko:tu 9. entutde 9. kari kannu
10. kari kage 10. arupati 10. gundu kallu
11. kari kahnu 11. karika:ge 11. aru parti
12. kempu batte 12. nidi angi 12. nirli angi
13. kempu gudde 13. Bilikatthe 13. benki cendu
14. benki cendu 14. ni:li bassu 14. shitindi
15. ni:li angi 15. ghi tindi 15. entutale
16. ni:li bassu 16. cu:pukatti 16. kempu batte
17. shi tindi 17. benki cendu 17. ni:li bassu
S: Sane
D: Different
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Appendi x |
Questionnaire for demographic data on subjects
Name: Age/ Gender : Cecupati on: Dat e:
Address:
Present conpl aint:
Brief history of theproblem

Language history: (encircle the mot her tongue)

|.No. | Comprehend | Speak | Read | Write

S
1
2
3
4
5

Language commonl y used at:

Horre:

Nei ghbors:

Ofice:

Friends:
Pre mor bi d and post nor bi d handedness:

a) For witing:

b) Qther skills (throw ng, cutting, grasping, conbing, |ocking):
Reports:

a) Neurol ogi cal / Physician findings

b) Psychol ogi cal findings

¢) Physi ot herapi st/occupational therapist findings

d) Ocher reports (E N. T, Audiol ogi cal, opht hal mol ogi ¢, medi co social
wor kers)

Ongoingtreatnentsif any:

XX



a) Qofacial mechani smexam nation

Communi cat i on behavi ors including Speech & Language (pre & post mor bi d)

Structure | Appearance Movement
Lips Normal/cleft repaired/unrepaired Normal/abnormal/retraction/
If repaired: satisfactory/deviated/scared pursing/symmetrical/asymmetrical
Teeth Normal/missing/supernumerary
Cross hite/over bite/ labio vertion/
Lingua version/others
Tongue Normal/microglossia/macroglossia/ Normal/abnormal/protrusion/
Bifid tongue/tongue tie/ tongue Retraction/lateral/retroflex/
thrust/spastic/atrophic Elevation: front/back
Hard Normal/repaired/unrepaired/fistula/
palate Scarred/high arched/low arched
Soft palate | Normal/repaired/unrepaired/fistula/ Normal/abnormal/elevation
Scarred/short/sub mucous cleft Symmetrical/asymmetrical/
Sluggish/deviation to R/L
Uvula Normal/repaired/unrepaired/bifid/
Missing/short/elongated
Pharynx Normal/abnormal
Nose Normal/abnormal
Jaw Symmetrical/asymmetrical Normal/deviation to R/L
Micrognathia/macrognothia Exaggerated/jerky
b) Language tests adm ni stered:
Results: (Not usedinthe study)
¢) Speecheval uation
1) Voi ce:
PAtch: Loudness: Quality:
i) Articul ation:
1ii) Prosody:
Sress: | nt onat i on; Rhyt hm

Overal | I npression:

Recomendat i ons:

XXi




Appendi x 111

Mean val ues of FO(Hz), AO(dB) and DO(ms) i nstressed (S, and
unstressed (US) wor ds and the mean difference between Sand US (S US)
for dl the 25 phrases

Prase F AO Do
N. |S |S lg-yg|S | S |S |US |[SB
1 |18 |166 16 |59 |58 1 3% (31| 5
2 | 174 | 157 17 162 | %5 7 | 464 | 385 79
3 |18 |16 | 16 |65 |58 7 | 518 |426 | 92
4 |26 (169 |37 |66 |58 § |511 398 | 113
5 |18 172 | 08 |64 57 7 |55 |37 | 168
6 29 180 |29 |68 61 7 527 349 | 178
701181 |16 (05 62|56 6 460 | 313 | 147
8 |20 |12 |29 |63 |59 4 582 500 | 8
9 |18 |11 | 17 66|60 6 | 441 | 295 | 146
10. |25 | 178 | 47 |61 | 59 2 | 552 | 403 | 149
n |64 14 |23 | 65|57 10 | 647 | 374 | 273
2 |16 (124 |52 |62 |51 N 642 501 | 141
13 ]201 (180 |21 |63 | H4 9 492 289 | 203
4 1200 176 |25 |6l | 57 4 1609 | 378 | 231
15 217 |18l | 36 58 5 | 645 493 | 122
6. 1197 149 |48 |63 | A4 9 437 30 | 1%
7. |200 |18 | 8 |61 | 53 8§ |53 1| 18
1B 210 |152 | 58 |64 | 60 4 |53 |41 D0
9 122 |10 |62 |62 60 2 |50 348 | 1%
2. |19 157 |42 |64 58 6 | 473 |35 | 118
21 180 183 |17 |63 56 71430 |36 | 124
2. 1230 |21 | 09 |6l | 5 4 1449 | 342 | 107
231237 142 | 9% 62|55 7 | 451 |39 | 72
24, 1220 1% |8 62|58 4 1456 ¥ | 1
25 208 [168 |40 |65 |61 4 | 508 | 313 | 1B

XX



Appendi x |V

Percent discrimnationscoresinal subjectswth CVAand subjects w thout
hemor rhage (A-all subjects, - H- without henorrhage).

Sub- LHD RHD CVA
expts. Young_ Od Young Od Young
A | -H A -H A -H A -H A -H A -H

FO 37.14 j 37.56 | 15.40 | 16.00 | 31.21 | 32.11 | 10.34 | 10.47 | 34.17 | 34.83 | 12.87 | 13.23
DO 18.33 | 19.75 | 37.41 | 37.30 | 22.84 | 24.30 | 27.53 | 27.63 | 20.58 | 22.02 | 32.47 | 32.46
FOAO 36.66 ! 36.51 | 28.23 | 29.90 | 27.40 | 26.66 | 17.38 | 18.66 | 32.03 | 31.58 | 22.80 | 24.28
FODO 27.61 | 29.62 | 31.23 | 34.01 | 15.07 | 14.58 | 12.93 | 13.68 | 21.34 | 22.10 | 22.08 | 23.84
AODO 23.33 ! 24.49 | 20.81 | 23.44 | 15.66 | 14.74 | 25.08 | 25.64 | 19.49 | 19.61 | 22.94 | 24.54
FOAODO | 35.20 | 35.87 | 38.96 | 40.47 | 24.07 | 22.91 | 25.63 | 25.72 | 29.63 | 29.39 | 32.29 | 32.09

XXili
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ABSTRACT

The melody of speech is conveyed through
Prosodic features. Stressis one of the prosodic
features, the other two being intonation and
rhythm Stress refers to extra effort andis
perceptual Iy correlated by increased pitch,
quantity and |oudness. The acoustic correl ates
of stress are increased FO intensity and
duration, and change in vowel quality. These
perceptual and acoustic correlates vary from
language to language. The present study
investigated the inportance of fundamental
frequency as a perceptual cue in the perception
of stress in Kannada |anguage. Twenty-Five
meaningful  two-word  Kannada  phrases
(adjective + noun) as uttered by a Kannada
nornmal female speaker wth and wthout stress
on the firs¢ word of each phrase formed the
origina material. Twenty-Five synthetic phrases
wer e created atering the fundanmental frequency
of the phonemes of unstressed word to match
the FOof phonemes in the counterpart stressed
word. The origind unstressed phrases were
paired wth the corresponding synthesized
phrases. These pairs wer e randoni zed, iterated
thrice and wer e audi o recorded. Fndly atotd of
75 pairs of phrases wer e audi o presented to 50
Kannada speaking normal subjects in the age
range of 40- 60 years for perceptual eval uation
of stress. Results indicated that fundamental
frequency was not a cue for the perception of
wor d stress in Kannada.

INTRODUCTION  in  signaing

Prosody or supra segmental features convey the
mel ody i nspeech. Intonation, stress, rhythmand
quality are four prosodic features. O these,
stress is created by subtle changes inpitch,
duration and intensity of a syllable or a word
Price, PJ., Gstendorf, M, Shaltuck - Huf nagel,
S, &Fong, L. (1991) [1]. Enphaticstressis

wor d

Campus, | Vtanasagangothri, Mysore

of the divisions in understanding stress.
Enphati c stressin a phrase or sentenceis used
to  indicate the word, which needs to be focused,
to  indicate the syntactic relationships between
words or parts of word, and has a lingistic
function in distinguishing between a compound
and a noun. Acoustic parameters such as
increased fundanental frequency, increased
intensity, prolonged duration or. change in the
vowel quality, cue stress Fry, D. B, (1958)[2];
Jassem W (1959) [3]; Rgault, A, (1962) [4];
Fant,C G M, (1958)[5]

Swithri.SR, (1987)[6]; Rajupratap, S, (1991)
Swithri.SR ,(1999a) [8]; Swithri, SR
(1999b) [9. However theses acoustic cues
used for stress perception vary from one

| anguage to another Fry, D B, (1958)[2];
Jassem W (1959) [3]; Rgault, A, (1962) [4];
Fant,C GM,(1958) [5 Savithri.SR, (1987)[6];
Rajupratap, S, (1991) [7]; Savithri.SR,(1999)
8] Swithri, SR (1999b) [9]. Various
investigations have been done to note the cues
for  stress perception in variety of |anguages,
Pitch  proninence is considered as primary cue
in perception of stress in English Fry, D B,
(1958)[2], PFolish Jassem W (1959) [3] and
French Rigault. A, (1962) [4]. Wile in

| anguages like Swedish and Kannada, duration

iS  considered to he the mgjor cue Fant,
CGM, (1958) (5] Swithri.SR, (1987)[6);
Rajupratap, S, (1991) [7]; Savithri.SR,(1999)
[8]. Savithri(1999b)[9] had investigated the
relative i nportance of FO, intensity and duration
Stress. Resul ts i ndi cat ed t hat

the increment in duration was a major cue for
stress perception followed by increment of FO
aid Intensity. Though different opinions exist
among the investigators regarding the prom nent
cues of stress, there is a consensus that
increase in FO intensity, duration and alterations
in vowel quality are primary cues for stress.
Keeping in viewthe hypothetical contribution of
one FO  thecurrent investigation was carried out

J. Acous. Soc. I nd. Vol . 31. 2003



{o understand the coniribution of fundamental
frequency in cueing stress in words.

METHOD

MATERIAL: 25 meaningful two-word Kannada
phrases (adjective + noun) as uttered by a
native female Kannada speaker with and without
stress on the first word of each phrase were
directly recorded into the computer at 16,000 Hz
sampling frequency and were stored on to the
memory of the computer. The phrases were
acoustically analyzed using the 'FBAS' program
of SSL Pro2V2 (Voice and Speech systems,
Bangalore). FO of individual phonemes in the
first word of each phrase and the difference in
the FO of individual phonemes between the
stressed and the unstressed word was
calculated. The FO of individual phonemes in
the unstressed word was scaled to maich those
of its stressed counterpart word. These 25
edited phrases were paired with the
corresponding original unstressed phrases.
These phrase pairs were randomized, iterated
thrice and audio recorded on to a casseite.
Finally a total of 75 phrase pairs formed the
material.

SUBJECTS: Fifty normal, Kannada speaking
subjects in the age range from 40-60 yrs,
participated in the study.

PROCEDURE: Subjects were tested
individually. The stimuli were audic presented
through headphones. They were instructed to
listen to the material carefully and to indicate
whether two phrases in the pairs were’ same’
or' different” on a binary forced choice response
sheet.

ANALYSIS: The responses of the subjects
were tabulaied and percent’ same’ or’ different’
for each token and for each subject was
calculated. The mean percent same or different
were calculated for all the 75 phrases using the
formula — Total no. of same or different/50 * 100.
The total number of same/ different responses
for the 75 phrases were tabulated and the
percent same/ different response for each
phrase was plotted on a graph.

J. Acous. Soc. Ind. Vol. 31. 2003

RESULTS AND DISCUSSION

None of the subjects perceived two phrases in a
pair as “differenf'. The results indicated that
fundamental frequency alone was not a cue for
stress perception in Kannada. Depending on
their “different’ responses, subjects were
classified under three categories as having (a)
best (> 60%) (b) poor (<40%), and (c) in
between perception (40-60%). Graphs 1-3 show
the responses of subjects. The percentage
response shows that none of the subjects were
in the category 'best. This shows that FO
variation was not a major cue for siress
perception in normal native Kannada listeners.
Savithri [9] investigated the relative importance
of FO, intensity and duration in signaling word
stress. Her results indicated that duration alone
was a major cue followed by FO and intensity in
Kannada. In the current study 0% of subjects
perceived two phrases as ‘different’ and 78% of
the subjects perceived two phrases as 'same’.
Also individual variations were evident. Though
FO was not a major cue, in-between responses
suggested that some of the subjects might
perceive FO as cue for siress. It might be
speculated that FO combined with duration may
yield a better perception of word stress in
Kannada. It can be concluded that FO alone is
not a major cue for perception of word stress in
Kannada

‘@ Different%
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Graph 1: Percentage of responses in three
categories.

151



[3] Jassem, W., (1959). “The phonology of

Polish stress”, Word,15, 252-269.
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the syntactic relationships between words or
parts of word and-it has a linguistic function
in distinguishing between a compound and a
noun. Stress is cued by acoustic parameters
such as increased fundamental frequency,
increased intensity, prolonged duration or
change in the vowel quality. The importance
of these parameters indicating stress 1is
language dependent. While in languages like
English, where durational difference between
long and short are not very clear, increments
in fundamental frequency signal stress
(Savithri, 1987). While this has been found in
speech production studies, it is not clear
whether the cues have the same function in
perception of stress. In this context the
present study is aimed at investigating the
importance of temporal parameter: word
duration on the perception of word stress in
Kannada.

Methods

Material: Twenty five meaningful two
word Kannada phrases (adjective + noun) as
uttered by a native female Kannada speaker
with and without stress on the first word of
each phrase was recorded at 16,000 Hz
sampling frequency using a 12 bit A/D
converter. All the phrases were stored on to
the memory of the computer. Using the
program wave spec (SSL-Voice and Speech,
Bangalore), the duration of individual
phonemes in the first word of each phrase
was calculated. The difference in the duration
of individual phonemes between the stressed
and the unstressed word was calculated. The
duration of the individual phonemes in the
stressed word was truncated to match those of
its unstressed counterpart word. These 25
edited phrases were paired with the
corresponding original phrases. These phrases
were randomized, iterated thrice and audio

recorded on to a cassette. Finally a total of 75
phrase pairs formed the material.

Subjects: 50 normal subjects, Kannada
speaking in the age range from 40-60 yrs,
participated in the study.

Procedure:  Subjects were tested
individually. The stimuli were audio
presented through headphones. They were
instructed to listen to the material carefully
and to indicate whether two phrases are 'same’
or 'different'.

Analysis: The responses of the subjects
were tabulated and percent ‘'same' or
'different’ for each token and for each subject
was calculated. The mean percent same or
different were calculated for all the 75
phrases. The total number of same / different
responses for the 75 phrases were tabulated
and the percent same/different response for
each phrase was plotted on a graph.

Results and Discussion

The results of the present study do not
indicate “duration” as a major cue in the
perception of word stress in Kannada. This
further suggests a lack of relationship
between speech production and speech
perception for word stress. Savithri (1999a)
studied the importance of vowel duration as a
cue for word stress in Kannada and reported
that vowel duration was a cue in perceiving
word stress in Kannada and suggested a
relationship between speech production and
speech  perception.  Savithri  (1999b)
investigated the relative importance of
fundamental frequency, intensity and duration
in signaling word stress in Kannada. The
results of her study indicated that the
increments in duration were a major cue for
stress in Kannada followed by increments in
FO and intensity. The results of the present
study are in contrast to the results by Savithri -
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Abstract

The melody of speech is conveyed through the Prosodic features. Stress is one of
prosodic features, the other two being intonation and rhythm. Stress refers to extra
effort and the perceptual correlates of stress are increased pitch, duration &
intensity of a syllable or a word. The perceptual correlates of stress vary from
language to language. The present study aims at investigating the importance of
duration as a perceptual cue in the perception of word stress in Kannada language.
Twenty-Five meaningful two-word Kannada phrases (adj. + noun) as uttered by a
normal Kannada speaker with and without stress on the first word of each phrase
formed the original material. Twenty-Five synthetic phrases were created altering
the duration of the vowel and the consonant of the stress word. The original stressed
phrases were paired with the corresponding synthesized phrases. These pairs were
randomized, iterated thrice and was audio recorded. Finally a total of 75 phrases
were audio presented to 50 Kannada speaking normal subjects, age ranging from 40
to 60 years for the perceptual evaluation of the stress. Result revealed that duration
alone was not an important cue for the perception of word stress in Kannada

41

language.

Introduction

Suprasegmentals or Prosodic aspects are
those superimposed upon the smaller speech
sound segments combined in words, phrases
and sentences and includes intonation, stress,
rhythm and quality. While intonation refers to
the movement of fundamental frequency in a
sentence, stress is the extra energy or effort
used to emphasize a syllable or a word.
Rhythm is a repetitive event and quality is the
duration of individual speech sounds. Stress
is viewed from the speakers as well as from

the listener's point of view. It is considered as
the comparative force with which the separate
syllables of the sound groups are pronounced.
Speakers and listeners symbolically benefit
from the use and interpretation of stress.
Speakers emphasize salient aspects of a
message to enhance the probability of listener
comprehension. Listeners attend to the salient
stressed segments of an auditory message,
which in  tun  facilitates  listener's
comprehension of the entire stress bearing
utterance. Stress is also used to Indicate the
word which needs to be focused, to indicate
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(1999a and b). These differences may be -

attributed to the difference in the
methodology used in the present study. While
imn her studies the duration of individual
phonemes in unstressed words was increased
to match those in stressed word, in the present
study, the individual phonemes in stressed
words was truncated to match those of the
unstressed words. The results indicated that
the subjects differed in their responses. While
some subjects identified the difference
between the original and edited phrases, some
could not. Depending on their responses,
subjects were classified wunder three
categories as having (a) best (b) poor, and (c)
In between perception. Figures 1 to 3 show
the responses of subjects in the three different
categories.

Figure 1: Percent response in best listeners
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Figure 3: Percentage response in in-
between listeners
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The results indicated that 6% of the
subjects differentiated phrases in pairs of
word stress when duration of phonemes in the
stressed words was altered. 30% of the
subjects could not differentiate the two
phrases in the word pairs. 64% of the subjects
had in between perception.
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