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In the experiments, Swedish utterances were used that we
sooken with a rorersñ"ãëiãät-ãñã-inát, above -arr' .deviåt
¿ã;âïÏv";;ä invtññiËlrii--Ïñ -ä- èlè"i wav' Bv introduci

i:äir:i;;Ï:,Èii:å;åi:a;'i:";:l;llË3'în"'f;3"'i3È13fl ""iiiiiããi,ãiãäti;s the uttèiãñces wer" artered Þy LPc-svnthesrs
iE';;;-põ;;Íoiä-to õ¡ieive the effect or these reatures
oerceotion. ¡t turnãã--out -ttr"t- 

- ttre word âccent plays
ã;äã;ñi.;;ii iõr"l-Äððe"tuãteo svLrables act as isrands
Ll aritv and stabiriõ;-Ïñ-;ht-sóéãcn chain due to their joi
;ä;iï;ð Ë;-"-t;;ãt--ðnã'igé, èiear. spectrum duration' a

intensitv. Thererore-îñe'iistener is âbre tó process the
;;õñiñ;.¿ and consplcüäus-lviráb:.es quickrv and accurater
õ'tËäi"-"ii"öüi.[Ïð---i;;Èu;é; (spËctral, .morpholosica
ivä[ãctiõl -ano t"."ntiõ ] 

- -wnicn âre còntained in t
åñä"ãticãirv-biurr"o-lñã-incomptete parts of the sisnar ' a

!ljË;;di;äÊ;á [õ-i¡'e*riliöultliä'-ltrucütre or the identiri
accsnt pattern '
The mode]. of prosodicatly.guided. speech recognition presented
here shows some ipãciíiã ieatuies ' For - instance ' the
Ëiåã".iÏãô-rniis ""å--ñõt--coniidered 

to þe words in the
ãit¡,.ãiã"ñicaI sensé ( strings of Ietters sepàrâted by_ spàt:es
ãñ-öãõã;'t þut rattrer the acõentuated syrrab]-es as-anchors or
+i !ât-ion oornts súriounteO by unstíessed syllalrJ-es ' The
:öâä;Ë";""ãõñiii"n-piãõãii-ã""i-not leed to the identíried
mbàninq of á siven utcãiåÃce by matching. a .word completely
äñåiv'.ão-'año--witn--ãiãètrv úerined -boundaries þv the
äIõüÉtiè-pnonetic anãrviii- wittr a . corr-esponding temprate
;ðã;ãã-in-tñe Léxicon. - The identification of meanrng. ts
Iñiirão-ä.Èievec uy-ã èoniiñuou! inreÌacrivê searching _which
is'-pãiroimêà as an'ongoing interplay between different l"eveLs
õi Ir,e speech reconõiËiõn-proces's.. Óuring. this interplay, the
ðúriäñt-Structure mãy þe aitered qç any time as a consequence
õi- - iàveraf factorsl new acousÈic. i-nformatron whrch 

'-sãåntiñúóuslv extraðieo" - irom the incoming speech signal,
i;lj;;'i;;i;-'coñ-JÈiãiñtl apóiicaure to tne intermediarv
;;;ü;tü;.;, ;ñä-tñ;-sénerài'and prasmatic knowledse or the
Iistêner.
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I NT RO DUCT I ON

Perception plays a very important part in speech
communication. Perception in speech can be defined as the
l-istener's active processing of the speech signa.l in order to
reconstruct the message intended by the speaker.

There exist a number of modeLs of word and speech
recognition. They represent differ€nt approaches and views
ancl partly are clesigned in þasically different ways. Often
word recognition is synonymous with pàttern recognition
i-mplying that the structure ârrived at by the
a€oustic-phonetir: analysis of the incoming signal is compared
and matched with temp1ates that have been stored previously.
As the next slep, Iexical acÊess is exer:u!ed where the
semantic representation, i. e. the meaning is identified '
Pisoni ( 1 984 ) points out particularly that a clear
distinction has to be made betwèen word recognition and
lexica]- access, Pisoni al"so presents a good overview and a

review of seven recent models of worcl recognition, among
which the Phonetic Refin€ment Thëory developed by him and hj-s
col1aþorators ( Pisoni et a1. 1 985 ) is to be found.

The Phonetic Rèfinement Theoi'y and the model of Shipman and
Zue ('l 982) represent a reaJ. c¡eve.lopment of earlier mode].s
lf,ecause they take int.o due considèration phonetic features
and interretationshj.ps. However, it seems to me that these
models can be further devel-oped and supplemented, especially
whete the ro].e of prosody, i. e. the tonal- and rhythmic
aspects of speer:h, in word and speech recognition is
conserned.

Every tinguistic unit , tike sytlable, stress group, phrase,
sentence, and text, häs â specific structure, the knowledge
of which is of centrat significance for speech recognition.
The competence of the speaker/tistener a]-so r:ontaíns, among
other thj"ngs, the knowl-edge of the phonotactic structure of
syllables ånd word s , thèir morphologica]. s tructure ( root ,

affixes), their prosodic structure, âhd the number of
reductions and a ssimilàtj-ons. The prusodic features are very
often strongly -interrel-ated with other phonotogica]" and
morphoJ-ogical features, for instance phonotactic, morpho-
phonological", and syntactic ones.

Mode].s of speech perception have to cope with the far:t that
the speech signal is not always distinct and compLete.
Instead, most often the acoustic signal artiving at the
].istener's ear contains distortions of clifferent kinds, These
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deviations appear as thê consequsnces of at least three

dimensions o¡ inoisiinltnt"' namel-y of speech tempo (s1ow

fast), of 
"rtl"'r"tion 

(distinct - lax) ' and of the

linguistic dÍstance between a norm or standard and the actual

form ( smâ11 - 1ar96 ) 
-*nitft contains regional ' social ' and

individual features and forej-gn accent as wel].' These

deviancies incrude "toJ"ão 
or mi!sing spectra conpared to the

intended form þoth of which can originate from lax or fast

speêch of from êxbeÌnàI distortions ' opposite to

imcompleteness, the ti;;;1 ;;u contain a larger numþer of

segments , e.9. p"oo"tã þy vowet epenthesis ' some sper:tra mày

be anaJ-ysed only to a ceriain extent ' e'g' an tml onJ.y a s

nasaI, an IoI onay 
"' 

palataf ' 
prosodic features måy be wrong

(shortinsteadoflongvowel),theaccentmaybeplacedon
the incorrect syrrauiË (tetephóne) ' etc' Therefole it has to

be assumed that the resutt of the acoustic-phonetic ana].ysis

not always amounts tã a comptete and unambiguous phonological

form whj.ch will real Citå"t:V to the l-exical. element which'

eventual].y, wi].l be id€ntifiåd correct]-y' 0n the contrary'

the phonologicat r"pt*sentation as the result of the working

of thê bottom-up ptL'"'ses has to be thought of as incomplete

and deviant .ornp"."d to the meaning intended bV the speaker'

An ädequate model of speech perception should be atrle to

handle a rather wide variation in the speech signal '

L is t6ner s do commun ica te wi th ea ch o bher in s pÍ te o f

individual, social-, geographical, and other differences in

theÍr pronunciation ' A clear instance of Iarge acoustir:

deviancesistoþefoundinforeignaccent.Thusphonetic
variation is a rather complex phenomenon' resulting from a

gi".; i""grage þeing spoken not only as the first language
but also as bhe.secãno rânguàge þy people with different
first languages ' A simpl-ified multi-dimensionaL mode]. of
phonetic variation is presented in Eannert ( 1 982 l '

Itistheaimofthisinvestigationtopresentanoutlineof
amodelofspeechrecognifioninwhichprosodyplaysa
significant and Leading rol"e (*)' This model is compatibl.e'
to certain parts, wiin other mDdels of word or speech
recognition, especial]-y with the Phonetic Refinement Theory
presãnted by Pisoni et aL (1984) However' it adds some new

aspects focussing on the incompLeteness and fuzziness of the
resulbs of the acoustic-phoneLic analysis ' I t does not work
with the processing unit of the woxd characterized by cJ-ear].y
defined boundaries. Thê phonological form of the word is
þeingbui]-tandassemþ].edstartingfromphonological
fragments and applying ' among othêr thj'ngs ' the
morpho-phonol'ogicat knowledge of the listener'
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I{ETHOD ANO }IOOEL

As the þasis for testing inte]-ligibil-ity of Swedish spoken
with a foreign âccent¡ the so-cal].ed correction method is
used ( Bannert 1 978 l . The starting point is an utterance
spoken by a non-Swedish speaker. It contains certain features
which are anaLysed and welÌ-defined. These deviations ar€
corrected in the acoustic signal step-by-step by means of
LPC-synthesis. The tona]. feature of accent corresponds to
certain parts of the Fo-contour of the utterance, the
temporal features of quantity and phra se rhythm are
manifes ted in the durations of the segments and their
re].ationships to other segmènts and groups of segments
( syllables ) . The Lund model for Swedish intonation ( Bruce
1977, Gårding and 8!ucê lgBt, servec, as the mode]- for the
tonal corrections. The tempora]. corrections had to be catfied
out according to estimated values which were then checked
auditorily. l^re arê still lâckin9 a comprehensive mod€I for
Swedish speech rhythm.

Inte].].igiþiIity of foreign accent is investigated against the
background of a kind of Active Oirect Access ModeJ_ for word
recognition similar to the mode]- deve].oped Þy MarsLen-Wilson
and WeI"sh ( 1 978 L Recognizing a word is considered a
time-dependent active process where acoustic (bottom-up) and
-linguistic, pragmatic, and gêneral- information (top_down)
conspire.

Intelligibil-ity is seen as an aspect of th€ bottom_upprocesses. Intej-ligibiìity is high if the acoustic, auditory,
and phonetic analysis of the speech signa]" resuJ-ts in apossiblê phonorogicar structure processed in the short-term
memory that easily and quick]-y can find its way to thephonologicâ1 !-epresentation of å wo¡.d stor6d in the Iong_termmemory. In the opposite case, intelligiblity is 1ow i; thespeech signal is analysecl in such a wây thàt no corresponding
l-exical element can be cliscovered. Thus intelligibility
facilitates decoding by decreasing thê demands on thêtop-down component and makes comprehension faster, easier andbet ter .

If thê model of Active Direct Access is expanded toforèign-accent speech, one prediction, then, wil-l be that al-onger stretch of acoustic information _ a larger chunk ofthe speech signar - is neecred before a word spoken with aforeign accent can be recognized. Thus, due to the acousticdeviations, it shoul"d a]-so lake more time to process foreignaccent' For€ign accent puts a rot of strain on the short-term
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memory and a heavier demand on the top-down processes

TEST PARADI6H

Testing ínteltigibility is not easy. task' 
--1It"t

considering oi+tereii p".ooiet., their approaches and possible

solutions. a têst p"t"åigfn was constructed which is shown in

FÍ9. l. sampLes "f 
;;;;iö; accenu !hat are crearrv deviatine

ín the prosodic *""iitãt"lo " 
investigated constitute the

starting point. uti;; ¡p¿-speech synthesj-s ' each utterance is

altered in such " *"i t¡t"t corrections corresponding to the

deviating prosodic iå"t"t' are introduced into the speeEh

signat <1>. rn thit';;;;-iamiries of utterances.. are ,:I:"t"0
that consist of severa]. members ' namely the original
utterance "no ".u"tãi-tå"ti"nt 

that differ from the foreign
accent original ov l-tåil"in correction or improvment' Each

family of utterances is extended by adding an idiomatic
version spoken by a màle StockhoLm speàkeÌ" Thus a dimension

of variation witnin eàcn famiry is established where the

foreign accent origin;i ånd the Swectish version mark the end

points and the corrected versions are assumed to Iie in

þetween,

AIl these utterances are then distorted in different ways 
'

using noise and Íncreäsed speech tèmpo <2>' This test design

makes it more Oi+ficuft for the ]"istener to understand

speech, and, at the same time ' ib is easj'er to dist:ern che

effects of the various corrections ' In both tests ' the

"ign"f-to-noise 
ratio in the noise !est and the speech tempo

in the second test were chosen þased on preliminary tests
using naive listeners ' The lÍsteners understood the

utterances with difficultY'

The Swedish l-i-stoners who werê not accustomed to foreign
accent participated individual]-y in the l.istening tests' They

heard the test utt€rances via Loudspeakers in the perception
].aboratory and repeated in their own Swedish without
frà.it"tioÁ nr¡"t they could understand of the utberances
pfayeO to them <3>. The Listeners were urged to respond' even

it ift"V did not understand the whole utterance and to guess

ireety-in case of uncertainty' The test utterances and each

list€ner's responses were recorded on different chànneIs of a

REVoX tape recorder. The responses were analysed' eva].uated'
and compared to ths intended meaning' Response bÍme in the
noise test was measured. Transmitted prosodic information
analysêd in the oral responses and response time are lhe
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The test material consisted of 9 relative].V short utterances

<4> thê ]"ength of which ranged from a sin91e. compound-w::o "t
3 sytJ-ables t,ttt""nt" 6 ) tá a compJ-ete sentence consisting

of subject, adverb, and actverbia]. phrase (utterance 1't ' fhe

testutterançeswererenderedbythreemalespeakerswith
French, Greek, ând Persian (Farsj-) as their first language

(L1). These utterances and theiT corrections are shown in

Fig. 2, Ïhe features of quantity and phràse rhybhm are

corrected by ctransiis 
- 
s"gment dirrations ' the feature of

accent <5> is 
"o".u"uão 

by inserting â tonår peak in the

accentuated syl-l-abte and, at the same time' de].eting the

óriginal peak in tnå ii"å*t"ct syllaþle <6> ' An illustration

of the tempora]- and tona]. correctic¡ns in utterance B is shown

in Fig. 3.

The kind of stimu.li and their number varied from test t'o

best. The tsst mateÌÍa1 common lo aIl 3 tests consi'sted of

the I origina]" utterances spoken with foreign accent and

three correÈ!ion.s eâch. They were inberspersed with twelve

different utterances spokên with foreign accent which served

as distraÉters and, at the same time' as calibrators for the

reliabifity of the listeners' responses. The inteltigibility
tests also- contained a version of each of ttre original

,itrr"n"r, of foreign accent spoken by a male stockholm
speaker. FurthermotJ, t¡tt intel'tigÍbility test presented with

increased speeçh tempo and the accepÈability test also
r:ontàined a version of ear:h of Lhe 9 ol.igina]. foÌeign accent
utter:ances representing cteterioratecl Swedish ' These

åeteriorated Swedj-sh utterantres were produced þy inLroducing
into each of the original- Swedish utterances a]-l the prosodic

deviàtions of its original ulterances <7> ' AII the stimuli
*"r* t"-synthesized. They were free from dj-stortÍons suth as

c1Ícks or lruzzes ând sounded quite natural '

þasis for a ranklng of the phonoIogical featuÙes

HATERIAL AND CORRECTIONS

LTSTENING TESTS

Each Listening test concerning intelligibility
three parts. First, the utferances
presented in the following order:

of the fou¡'
French, Greek

consisted of
speakers werè
, Persian, and

'7



UtrrR¡¡¡cr
No L1 UrTE RANc E

FRENcH EN KAFFEBRICKA

SOI'I EN MYcKET L¡TEN PoTATIs

LITE RÖDA TYGBITAR

A soLEN LysER BLEKT I SöDER

BADA ÄR DYRA

NARKATTA

DET ÄR EN ¡4ANDAGMORGON

GREEK

PERSIAN

I sA¡4HÄLLET

O ptrcn AccENr

f ennase RHvTHM

) oueNrrrv

Fig, 2 The eight utterances and their corrections
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100
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Fig. 3 An ¡'ustration of the tempor", 
"r. ,":",:::::::::r:t
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Swedish. The speakers read aloud a texL' approxÍmately 45

seconds each. Thus the l-isteners were given the opportunity

to adapt to the tour speakers' voices and pronunt:iation ' This

speaker adaptation is also necessary as a precondition in

orcler to be aþIe to-"o*ptttt"nd speech in a normal way' In the

a.c"pta¡ifity test ' the Swedish speaker was ex'luded ' a s were

ln"-ãtigit"I swedish utterances ' Seconcl ' eight utterances
( six in the acceptability test ) fol"fowed ' two for each

speaker, presented in the same way as the test ploper ' The

utterances of the second part were intended to get the

lísteners accustomed to the presentation Df the utterances

undêr noise, wj-th increased speech tempo for the

intel]-igiþiIity tests or in the normà1 way for the

accÊptabi]-ity test and to practice responding to the stimuli'

These practice utterânr:es did not appeer in the test ' Third 
'

the noise test proper contaíned 21 utterances' nameJ-y nine

têsb utterrances ( 1 version of each original utterance ) and

1 2 distracters, AS each listener responded to each utterance

on]-y once, the 45 stimuli [(original foreign accent utterance
+ 3 corrections + origina]. Swedish versj-on) x I utterancesl
of the whole test werå divided into 5 series and administered
iepar"tefv to 5 different ].istener groups ' The test with

increased speech tempo Èontaj'ned 54 test stimuli ( 45 stimuli
+ I deteriorated swedish utterances) ' The test was divided
into 6 series and gi-ven to 6 new Iistener 9rotlps '

In the two intel-ligibility tests, each l.istener heard and

responUed to each test utterance only once ' In the

accepta¡iIity test three marks ( 1 for a low degree of foreign

""""nt 
, 2 fot a high degree of forej'gn accent ' and x for à

degree of foreign accent in between) were given to each

stimutus by êach of bhe 20 speakers ' The total duration of
the listening test under the conditions noise and increased
speech tempo, respectively, was about seven minutes ' The

acceptabitity test took about 20 minutes' Fifty South Swedish
listeners ( university students ) took the noise test
individually. Thus each version was given i0 responses by the
whole 9roup. The test with increased spe€ch tempo was tåken
oy 3O iisteners under the same conditions ' Thus, in thj-s
tàst, each version was given 5 responses by the whole group'

The responses of the two Ínte'l].igibility tests were ana]"ysed
and evaluated according to a scoring system thåb primarily
counted the prosodic information contaÍned in the listeners'
responses, sutlh as number. of âccents, number of syllables
(vowels), stress pattern, syl]"aþ1e quantity (Iong/short vowel
end consonant), etc. The response time was definecl as the
time J.ag þetween the end of the test utterance and the
b€ginning of the listener's response msasurecl on

9



duplexosci].].ogrammes. The marks of the acceptability têst
were counted and are given as group scores.

RESULTS

The results of the three experiments are reported as foLLows:
The effects of various prosodic features along the dimênsion
intelligiþi]-ity are shown under the two conditions, nâme].y
original speech tempo and noíse in Experiment 1 (Fig. 4) end
increased speech tempo in Expel'iment ? ( Fig. 5 ) . In paral-1e.1
and supporting this aspect, the reaction times of Experíment
1 iJ-tustrate rather the psychol"inguistic climension of spêech
processing (Fig. 6). some selected typicàl examples of
].istener responses that clid not corr€spond to the intended
utterances ând which may provide some revealing information
about the proces ses involved in speech recognition are
pÌesented and ana]-ysed. The assessment of the sUimuli
according to their acceptability in Experiment 3 provides
some useful i.Llust.ration of the psyr:hological and subjective
aspects of speech recognitj"on (Fig. 7). Fina.l..ly the resuJ.ts
of each experiment are compared with one another:
IntefLigibi].ity and Reaction time in Experirnent 1, troth with
Intelligibility in Experiment 2, and the three of them with
Acceptability in Experiment 3,

I nte].].ig ibility

In Figures 4 and 5, the clistribution of the stimuli under the
condition Noise (original speech tempo) and Increased speech
tempo, respective.ly, are given as percentage along the
dimension intelligibiLity which is defined in terms of
trensmitted prosodic information and represented as a
straight Ij.ne . Each of the I families of utteranÊes < r+> is
shown incliviclua].].y.

Fig. l+ shows ttìat the utterances with the orj-gina1 and
uncorrect€d fol'eign accent oftên have onIV a low
inte].Ligibi].ity which expectedly is j-n opposition t,o the
Swedish corresponding utterânc€s that âre understood v€ry
wel-1 and without diffÍcul,ty. However, in both cases there are
several excepgions. Utterance 4 is esp€cíal_Iy conspicuous
showj-ng a re.latively high degree of intetligiþil-ity in spite
of its foreign accent. The corresponding Swedish utberance,
on the contrary, shows a l-ow degrêe of intelligibility. In
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most utterances, the correÈtions bring about ån increase of
the clegree of inteJ.J.igibi].ity, utterances nos. 4, 5, and 6

being the exr:eptions. In some cases (utterances nos. 2, 3,
4), in fact, a h-igh degree of intetligilrility is reached as a

r:onsequence of the corrections. Distributed acÌoss the whole
material-, the corrections crf worcl accent and ( phrase- ) rhyhtm
produced the besL results (exceptions here are utterances
nos. 4 and B).

Fig. 5 a.lso shows the distriþution of the stimuLi a].ong the
dimension InteIIigibility, but h€re the deteriorated Swedish
versions are aclded. Compared to Fig. 4, this resu.].t, by and
Iarge, is quite similar. The utterances with the foreign
accent show a retatively tow degree of intelligibility, their
original Swedish counterparts, on the other hand, â very high
degree. Even under this cóndition, utterance no. ¡. is the
exception. The original Swedish u!terances suffer from a
dramatic decrease in thÉ clegree of intel]-igibility when the
cleterj-oration of the prosodic features are introduced into
the signa.I. This holds especiaLLy for utterances nos . 3, 1 ,

and 6. Under the condition of Increåsed speech tempo, boo,
the corrections inc¡ease inte].].j,gibility, And here, too, the
combined correction of word accent and (phrase-)rhythm 1eàd
to the þest results in most cases {cLear.ly in utterances nos.
?,3, 1, 6, 8).

A comparison of Figures 4 end 5 revea.l mj-nor differences. For
instance, the corrections of utterances nos. 2, 3, and I in
FiS. 5 ( Experiment 2l produce hlgher values. These
differences might be attributed above aIl to the different
condj-tions in the two experiments, The behaviour of utterance
no. 4 which clearly devj-ates from the other utterãnces¡ even
with respect to reaction time ( see the following section ) ,
might be attributed tù its syntactic compl.exity ànd its
l"ength.

Reaction times

Fig. 6 shows the clistribution of the stimuti of Experiment .l

( origina]. speech tempo, noise ) àccording to reåction time of
the group scores. Compared to the results concerning
intelligibilj-ty, by and large, simiLar relationships bêtween
the clifferent versions of an utterrance are to be found. The
original Swedish utterances almost aJ_ways show the shortest
reaction times, as could be expected. But even in this case,
utterance no. 4 comês r)ut as the real exception. In onl-y à
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few cases do the uncorrected foreign accent utterances have
the largest reactiorÌ times. The shortest reaction times among
the corre¡:ted utterânces are for those stimuli in five cases
where word accent and ( phra se- ) rhythm we¡e co¡rected in
combination (utteranr:es nos. 1, 3, 6, 7, 8).

A comparison of these results concernj-ng reaction times in
rel-ation to the corrected versions r€veaIs that the combined
correction of word accent and ( phrase- ) rhythm are
characterized by the shortest reàction times which may be
interpreted as an indication of easy and fest processing and,
at the same time, bring about the highest degree of
i n t e 1l- i g i þ i l. i t y .

Accept a bility

Fig. 7 shows the clistribution of the stimul.Í assessed by the
].isteners according to the degree of foreign accent which may
serve as a direct measure of acceptability. The test materiaL
here is arranged along the dimension of high vs. 1ow
acceptability. In most cases, the utterances with the
origina]. foreign accent are assessed with the Iowest degree
of acceptaþility. 0n1y utterances nos, 4 and 5 represent
c].ear exceptions. Those corrections where the features
worcl accent and {phrase- }rhythm were manipuJ-ated
combination, with only one exception, namely utterance no
show the highest degree of acceptabi]"it.y.

of
in
5,

The deteriorated versions of the original Swedish
show a very Iow degree of acceptabi].ity in
(utterances nos, 1, 2, 3, L, 5, 71, and in
( utterances nos. 2, 3, 4, b ) , in fact, the l-owest
all. versions.

utterances
six cases

four cases
degree of

Comparing the resuJ.ts concerning acceptabiJ.ity with those
concerning intelligibi]-ity under different conditions,
reveaLs a clear and parâ11eI behaviour of certain stimuli.
Among the corrected features, the combination of word accent(accent pattern) and (phrase-)rhythm stands out as the most
efficient one, Tlrese stimuli obtain the highest degree of
intelligibitity under different conditions, need the ihortest
reaction times, and are accepted most readily.
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Analysíng and eval-uating fistener responses with respect to

the altered featuiis 
*ot 

!he stimul-us may provide some

informationaooutttreprocessingoftheincomingsignâ1.
Those cases where the listener did not respond at alI or

responded with the intended utterance <8> are not very

interesting.

some typica]. examples of listener responses showing the

effects of on].y cotr"cting word acEent on the resulbs of the

rå"".tt recogniiion proces ies , i ' e ' putting the tonal change

onto tt,. cor¡'€ct syIIaÞ1e, are given in TatrIe 1 '

In genera.l, the accentuated sytlaþ1es in the stimu'lus ' no

matterwhere,comethroughverywell.'Theresponsestothe
originaJ" utterrances where word acGent falls on the wrong

syllab].e ÈorrBspond exa¡:tly to this àccent pattern ' By

correcti.ngthewordaccenton].y,i.e.þyshiftingthetonal
;;;;;; onio tne right svltàbLe, the rBsponses r:hanse in such

a \^/ay as to colrespond lo the new and correct accent pattern'

in tány cases it can be observed thât the accênt paLtern of

the intoming signa.l determines the accent pattern of the

,'..pon." ,t i.n will be identi':à1 ' although the other

linguistic structures and features of the response differ
witÃ respect to the simulus' It seems as if spectral'
morphological, syntactic, semantic, and pragmatic e].ements

arefittedintothefrâmeworklaidoutbytheaccentpàttern'
Thus it appears rather cJ.early that thê word accent syl]-ab].e
serVesasthèfirstanddecisivesignpostorguideinthe
processing of the acoustic information at non-periphera].
Ievsls. Therefore word-accentuated sy].lab]-es ' as a

.on..qu.n""oftheirprominentmarkingbycombiningtonal,
rhyhtmic, spectral, and dynamic featul'es in them' play a

pråoominånt' part in speech recognition ' other l-inguistic
aspects of the possibLe linguistic structure ' drawing upon

atI kinds of information avai]-ab].e ¡ seem readily to be

subordinatêd to the gross structure defined Þy the actent
pattern.

Response Patterning

DISCUSSION

First the effects of the corrected
speech recognition are commented upon'
mode]. of prosodically guided speech

prosodic features
Second an outline o

recognition wi].].

on
fà

be
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TabIe 1. Some typica]. listenêr respons€s

StÂIEDI SH FOREIGN ACCENI
(ORIGINAL}

en ' ka ffe . brickâ ( en kaffebri'cka : )
ja e inte 'k.lar
en ].iten 'fl"icka

'båda är 'dyra { þåda är 'oyra }

va dê 'blir
på ois 'båoa
fotogra'fí

'mar,kat,ta (mar'ka:tal
mân 'pratar
dom e 'korte
ma'kaber

det är en (det är en
mån'da r gmorgon l

dêt är en
nou'gatmåIning,

det år en
han'garmåtning

måndag , morgon

i ' sam, häIIst ( i sam'hå: tet )
i sin 'helhet
utan 'teve

The accentuated syLtabLe is marked by
vowe]" is specified in the very broad
original stimulus in parentheses for

i 'sandtrådet
i 'samtingen
i 'handlingen

' proceding it, A tong
transcription of the

reasons of c].arity.

CORRECTED
t^IORD ACCENI

èn 'vacker 'flicka
'kaffêt e 'ktart

båda , d€ra
både , ,.

'prata
marknad

det

ctet

det

är en
'vårmorgon,
är en

'söndagmorgon,
är en

'kundrediÕ

tb



presented and,
the asPect of

third, sPeech reÉognition
the difficu.l.ties retated to

is discussed under
f oreiqn accent.

The effect of the corrected prosodic features on speech

recognit ion

Itwasexpectedthatthemanipulationsinthespeechsignal
whichwerêmadeinâcontro]"ledandstep.wisewayshouldmake
it possiþIe to make clear and definite statements about the
effectofthecorrectedprosodicfeatules'HoweVer,the
resultsc}earlyshowthatthereisnotalwaysasimpteand
directrelationshipbetweenthecorrectionofagj-ven
prosodic feature and the Iisteners' reaction to it' Thus it
irapp"nt severàl timês that the ¡:orrected version shows a

lower degree of intel].igibÍlity than the utterance with the
original foreign ac¡:ent ( for instance Fi9 ' 4, uulerance no '

s; Èig. s, utterances nos. 1, 2, and 4)' corresponding
statmants Èan be made with respect to reaction times and

acceptability. In the opposite case, the Swêdish originaJ-
utterances, too, get Iow scores rather often and, in facb,
they score worse thân some corrected versions (for instance,
Fíg, 1, utterånces nos. 3 and 4; Fì'g' 5' utterance no' 4i
Fig. 6, utterance no' 4).

This unexpected behaviour may have several explanatj-ons ' No

doubt, however, the reason can hard]-y be found in the fact
that the score of each version in the dimensions
I nteLtigibility , Reaction time , and Acceptability ,

respectively, was given by å different group of listenèrs. In
order to e].iminate this supposed factor, the number of the
]-isteners has to be increased considerably. But, as far as
the assessment of the speech signa.]- by the ].isteners is
concerned, it ii quite cJ-ear that phonetj.c and phonologica].
deviating features are analysed and evaluated rather
differently. In my experience, this j.ndividuâl reat:tion
pattern on beha].f of the l-isteners aLways þecomes obvious,
even when trained and expeÌienced teachers of swedish as a

second Ianguage are exposed to foreign accent.

However, a more pLausible explanation for this divergent
behaviour seems to be found on purèly phonetic and
phono.Logj-EaL grounds, The various manipulatíons, e.g. on]-y
vowel or consonant duration, only word accent, may have a

somswhat negative effèct on the processing of the speech
signal by the listener. This is because some marìipu.lations
may interf€l'e with th€ various proces ses involved in speech
recognition or even impair and, at worst, bl-ock them. We must
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not forget that evÉn the corrected sÍgnaI is clearly heard as

foreign accent as it sti.]-.I contains certain prosodic and a1Ì
of the segmenta]. deviances. By correctj-ng onty one feature eb

a time, new conste].fatj.ons of foreign aGcent may þe created
which, against the background of the interpl.ãy between
prosodic features, segmental features, morpho].ogicaL and
syntactic features, may exert an impairing Ínfluence on thê
processing of the speech signa.l..

In conclusion, then, a generel statsm€nt can be made:
comparèd to the original Swedish utterances and also to the
deteriorated Swedish utterances, most of the prosodic
features affect speech recognition in a positive way by
increasing the degree of intelligibiLj.ty, by decreâsing the
reaction time, and by being âccepted to a higher degree
compared to their deviant countèrparts. The Iargest positive
effect is exerted by the combination of word accent and
rhythm.

t,,ith respect to the significance of prosody in speech
recognition, another general statement can be made: The
accent pattern, rhythmic structure, and overall intonation
contour facilitate purposefully the successful processing of
the speech signal. These features give a macro-structure to
the speech chain by dividing the spectral events or the
stream of sounds into useful units ].arger than sounds and
syllables, name].y accent groups, prosodic phrases or
intonation units (cf. Nespor- and Vogel 1983) <9>,

Outline of the model

0n the þasis of the results of my investigations and the
mode].s of word recognition mentioned in the Íntroduction, a
prosodicaJ"ly guided mode]. of speech recognition has been
developed. Prosodic features pLay the decisive part for the
searching of l"exical elements. The model, out].ined in the
following in a simplified wây, is shown in Fig. I <10>, It
describes an j-nteractive process on several Ievets where
information and knowleclge of various kinds affect the
recognition process from the speech signa]. to the identified
meaning.

Starting with the input, the acoustic-phonetic basic
information of ( one part of ) the uttêrance is extracted by
the periphera]" audj-tive-acoustic analysis. This first
automatic analysis proceeds from teft-to-ri9ht, i. e. the
incomj-ng speech signal is processed continuously a].ong the
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time åxis

The acoustic anaLysis is done in two different channels,
name]-y the prosodic and the spectral one (cf. Svensson 19?4,
House 1 985 ) . While in the prosodic channet the tonaL and
temporal features of the chunks of the processing units aÌe
estaþ1i shed, the spectral channel provicles the information
about the quelitative features ( formant frequen¡:ies, band
wiclths, etc.) of the segments <11>.

0uj"te often the auditive-acoustic anal_ysis cannot always
resu].t in a complete phonetic hlasic structure, The speêch
signal may lle tllencled with acoustic distort.ions f ¡.om outside,
the sigrral-to-noise ratio may be too small or the speech
signal- might contain in some form components that are
recluced, missing or, wit.h respect to the form êxpected þy the
].i.stener, deviant in some other way,

The auclitive-acoustic analysis is fol-Lowed þy the phonetic
anâlysis which combines and integrates the auditÍve-acoustic
parameters into chunks of approxímately the size of e
syllab].e and whir:h labels it phonetically. The phonetic
1aþeI1ing, most often, cannot be performed in a refined way
( cf. Pisoni et al. 1 984 ) . Tlìe phonetic interpretationprovides the basis foÌ the acoustic_phonetic basicinformation about the chunk of the speech signal to beprocessed.

lhe acoustic-phonetic basic information is structuredaccordj.ng to prosodic and spectral fea¡ures. The prosodic
features provicle the position of the accentuated sytl.ab.le oxsyllab].es j,n the chunk or chunks; the spectral featurescontain information about the spectral gestures of thesegments. raken together they provide information arrout thenumber of sy].lat¡.les in the chunks. There is, however, a c]'eardifferencè between th.r two dimensions: whi].e the accentuatedsyllable always appears correct in the basic sùructure, thespectra]. component oftetì remains classifiecl only in a grossmannet.

This fact has certain consequences fox the emergence of thehypothesized phonologirjal basic structure on the followingIeve.1: The spectrat elements j.n the acoustic_phonetic basicinformation are subordirìated to the prosodic struÈtur.e of theaccent groups where accent group means the accentuatedsylIatlle surrDuncJed by the unstressed sytlaþIes. Thissubordination is brought about by the top-down constrai-ntsand the general know.ledge of the listener whj-ch operate ingenerating the hypothesized phonologicat structure. it r*
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constraintsârephonetic,phonologica]..morphological,
syntactic, and semantic'

The hypothesized phonologicat structure is not generatecl onl-y

once and for ever uut, iñstead, can be altered in a short

åerioo of time as a consequence of not onry new

acoustic-pnonetic information but à1so of new top-down

information which is flowing forth and thus becomes avai].ab].e
al-l the time ' The definite hypothesized phono]-ogica].

structure of accent groups generates the possible
phono]-ogical strcuture of {chunks of) utterances which are
storeO in the Short-Term Memory (STM) as we].I"' Now the search
inthelexiconintheLong-TermMemory(LTM}forlexir:al
elements which correspond phonologically to the equivalent
elÊmeñts stored i.n the ]-exir:on will- stàrb ' The semantiÈ
etements of the lexicon are arranged in a multi-dimensiona].
fashion according to various phonological features ånd

structural characteristics ' These possiblê phonologica].
structures provided by the ana.]-ysis 'rf the speech signa]. ãnd

the working of Iinguistic constraints, it must be assumed '

normatly do not ]-ook Iike orthographic words with clearly
definêd boundaries, whj'ch correspond exactly to a stored
counterpat't, They are not searched for like a numbeled r'ook
inaþookshe].fandfoundimmediatelybyitsdistinctive
digit, App¡'oaching the lexical elemènts would rather amount
to a search consisting of a )-arge array of activities
utilizingdiffêren! featurès simultaneously' The possiblè
phonological structure which êmerged from the fragments of
ln. acoustic-phonetic þasic information contains the
accentuated syIIab1e as its most important search criterion
which is stuffed with the most distinct acoustic and
structura]. information. Therefore it can be assumed that the
search starts out for phonological l'epresentations of Iexical
e].ements showing the identical accent pattern and most of the
spectraJ- featurès of thE äccenCuated sytlaþle. 0f course, all
the information concerning the surrounding sy]-taþIes is used
as a supporting criterion as weII. In 9enera1, it has to be

assumed that speech recognition is characterizecl by an
interplay of acÈivities where al]- information available is
processed simultaneously and optimal].y. This kind of seerch
assumes explictily that the boundaries in bhe possj-ble
phonological structure need not be defined exact.l.y and in
advance. The first aim of the search for Iexica]- elements
seems to be to find the syt].aþLes wíth the most clistinct
marking which, in turn, are identi':al- wj.th the bàsic meaning
of the root or stem of a word, i.e' to find the skeleton or
the corner stDnes of meaning'

As is genera].ly known, ].anguages use different principl-es for
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accant distribution in their information struÊture ' In acc€nt
languages like, for instance, swedish, En9]-ish, and German 

'
worã aicent, in princip]-e, exactly functions for signalling
the word stem as the kernel of the meaning of a word' This is
true both of morphologÍcally simple and complex words, But
a.Lso in languages with clifferent princip.les for accent
distribution, like for instance Finnish and Czech with
initial accent o¡ PoIj-sh with accent on the penultimate, the
accentuâbed syllabl-e rÉpresents a prominent feature of th€
phonologicaÌ structure of lexica.l elements and thus a clear
and distj.nct signal. for starting the search and for the
successful finding of lexical elements.
The information which is stil-1 needed at this point ín order
to be abLe to reconstruct completely the utte¡'ance containing
several words wilt be processed and gained in the next step
where verification is carried out by a component caI].ed the
Master. Herè, accessing the remaining information in the
possibl,e phonologica]. structure and the top-down component,
àt this point especially syntax, pregmatics, and semantics,
the missing parts of the phonol,ogical--syntactic structure are
hypothesized and built into the total structurè corresponding
to ( parts of ) the utterancè, After this veÌification, the
process of speech recognition, hopefull,y, will êñd up with
the identified meaning. As can be seen in Fig.8, the Master
has access to th€ Iinguistir: constraints ànd the knowledge
which, in turn, have access to the threê ].ower ]"eveIs. For
the Master there is âlso a feeci-back channel- to the possible
phono.]"ogica]. structure which, again in turn, feeds back to
the two Iower 1eve1s. Thus il becomes quite clear that thÈ
top-clown informätion is avai].ab]-e to clifferent and rather low
Ievels of pror:essing in speech recogniti-on. It becomes also
clear that, due to this fect, the speech signaJ- need not be
clear and distinct at every point in time. 0f course, the
more distinct the signat is, the easier and faster the
lexical search can be becâuse aJ-most no support by the
top-clown component and no feeding-track is needed in this
case. If the verifir:ation Þf s¡rme çhosen lexical elements þy
the Master as to their.lingu-istic and pragmatic correctness
and of their semantic creclability comes out negative, the
feèd-þa(:k channel to the possj-bLe phono].ogical structure, the
hypothesized phonological structure and, if necessàry, to the
acoustic-phonetic basic information wiIl be activated. Then a
change of the phonolgical structuÌe already arrived at wil.t
be enforced by starting the searching process anew which,
fina1ly, will arrj.ve at an acceptable resul-t after having
passed through a number of stages a second and maybe a third
time.

In this interactive process of speech recognition, it is
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obvious that prosody, especiaLly word âccent' plays a direct

and guiding part' såårtÀing rot-.1exicar elements stored in

LTM takes pface not Uy 
'ilng 

words. with clearly defined

boundaries but rather åv ,rinõ prosodíc features where word

accent and phra.. 
"I""n't 

o" rõ"ut distinctly point to fhe

most important semantic elements of an utterance ' The

syllabtes whiEh are promínent due to word act:ent represent

re].iabte islands in ihe stream of sounds and there they

function as the "nl:¡tot 
or fixatj'on points of speech

recognition. ffleretore it is easily understood that word

boundaries are not an aþsolute and signifit:ant support or

;;;; a precondibion for speech recosnition Phrase

boundaries,nowever,p].ayànimpol.tantpartindividingthe
speech chain into' áppiopriate processing units ' It is

inter-esting to notíce in lnit respect !hàt phlase t)oundaries

are clearly marked, often þy several prosodic means ' In

contrast, word boundal'ies, are not màrked in any sperlial wåy '

Even where morphoJ-ogicai word structure is concerned '

unstressed syllabIes, especially at the end of à word ' as

markers of concord, nott"ffy "oÀt"in 
tinguisti'c informat.ion

which cän easily be derived ' TherefÕre it is not astonishing
to learn that speech recognitÍon systems cannot fincl words in

itre sign"f of conÈinuous speech if the word' even in longer

texts, are not pronounced in a staccato way' i'e' surrounded
by pauses ' In the speech signal therê are no word boundaries
but acoustical-fy more distinct and elaborated chunks of the

size of a syIlallIe, namely the prominent ånd accentuated
s y].la bLe s '

The model- of speech perception outl-ined here differs from
previousmodelsinseveralrespects'althoughsomeparts,
äspecialty at the more periphera'l LeveJ-s, coincide' In the
present modeI, prosocli¡: information in ùhe signal and in the
finguistic constraints applying to different leve].s and

structures ptày a Ieading and guiding part in solving the
task of searching for a lexical element, name'Iy the finding
and identifying of, above aII, bâsic semantic elements '

making up the skeleton of meaning'

IncontrasÙtothècohoÙttheory'thereisnoar:tivatingof
groups of possible word candidates a].I of them beginning with
ih. ."tt sound and the number of which wilt be graduàIIy
decreased as a consequence of acoustic information arriving
Iater and of contextual constràints untiI, in the encl, only
onecandidatewitl-holdtheffoor.Inmymodel,thespectral
information of phonemes does noL pÌay å pxedominant palt'
Guided þy the prosodic information pointing especiaJ-1y to the
clearly marked accentuated syI].aÞ1e. one ol' more possible
phonolãgicaJ. structures not exactJ.y clefined by word
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bounc¡aries, måy stârt for the
Very often they may even act
1980 ) .

search of ]"exical e.lements,
a s competitors ( cf. Bannert

Rather as an amendment to the Phonetic Refinement Theory, j-n
my model the strong part of prosody in finding the most
signif.i"cant and central e.lements of meaning is dul-y
recognized. The process of speech recognition obeys the
principle of c]"arity. The accent pattern, prominent in the
signal and easil-y to be discovered and processêd, forms a
Iinguistic frame or skel-eton which the spectra]. features are
subordinated to and built into. Every part of thè
phonoJ.ogical structure which is missing or indistinct, if
pos sib1e, wiJ.l be restored or corrected later in the
interactive processes.

Another virtue of this mode]. Lies in the fact that it is
applicable to the whole rånge of different conditions of the
speech signa]. in verbal communication and the bottom-up
component of speech perception. The top-down component is
a].ways at work. It is obvious that a clistlnct and good speech
signat makes speech re.:ognition easier, faster, and accurate,
If the speech signal is deviant with respect to a given (þand
of ) norm or distorted by external sources , ä largèr period of
time will be needed j.n order to identify a meaning because a
Iarger burden is put onto aIJ- kinds of memory, information
paths , and feecl-back channel-s . An increa sed activation of
search processes and memorj,es explains the fatigue
experienced by ]-isteners who are exposed to speech in noisy
environments or to strong foreign accent for Ionger stretches
of time.

In conclusion, then, this mode]. also covers speech
recognition under different conditions: the optimal speech
s-ì-gna1, spoken clistinctly ancl free from externaL acoustic
distortions, the speaker and l.istener using approxinate].y thesame standard of pronunciation; the indistinct pronunciàtion
due to Iax or fast articu]-ation; thè acoustir:àIIy distorted
signa]"; the perception of tlìe hard of hearing and the deaf ithe percepti-on uncrer inattentivenes s and non-ristening of theintendect listener; the geographical, dia.Iectal, sociã1, andindividual varieties of a lenguage; the foreign âccent.

Recognizing foreign accent

There is clear].y
foreign accent is

no doubt that the speech
analysed auditoríl-y and

signal containing
acousticallV in the
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same way as the speech signal derivéd from sbandard language'

First differences are to be found at the point of the

acoustic-phonetic "n"fy'i" ' Searching for Iexicà1 elements

cannot be done in ,."i time, because the incompLete and

fragmentary basÍc acoustic-phonetic nformatitln does not

pårtit geÁerating a hypothesized phono].ogical structure

leading to a possibtê phonological structure ' As a

consequence of this-f"if"t', information has to be kept in

the short-term memory which puts an exLrå 1oåd on j-t' while

the searching for a word is expanded tty waiting for more

phonetic þottom-up j-nfoÌmation and by switchj'ng o1ì the

top-down restoratÍon and corrections components ' This ' in

turn, wi].t put even mrrre strain on the rer:ogniti'on processes '

Another problem for lexical search arises when the possible

iinguistic struc!ure points to the wl'ong lexi':aI element '

This is the case when a word pronounced deviatingly coincides
with a different, existing word; for instance when the
pnon"t. /v/ ts rendered as the phoneme /i/ ( Swedish byta
bita 'change - bite' ) . In this cäse ¡ the lexical sear¡:h

seeming].y wi].l- succeed in iclentifying a word and finding a

meaning, However, this mj.stake wit]. be discovered wh6n the

word is put into the phrase or sentence where the context
dÍscloses that the wrong word was piEked. The interpretation
of the whole phrase or sentence has to be reiected at this
stage ancl a new recognition prot:ess has to þe stalted' now

afsã Uy activating the restoration component' Again a greater
sÈrainisputontheprocessingofthespeechsignal'
Furthermore, it has to þe pointed out that the speech signal'
while repetitions and l'€bentions in the short-term memory are
in fu11 progress, continues to enter the ear ' and the
peripherai automatic acoustic anåIysis must continue its work
without interruPtion.

The decoding prôcesses for foreign accent should show the
hêaviest strain with ]-istenet's who are not acËustomed to this
phono]"ogical variation and who are not motj'vated to do such
extra 1aþour, The decoding processes for foreign âcr:ent
shoutd show the lightest strain with listeners who have
devêIoped in their longtêrm memory a l'ich component of
correction rules for foreign accent - which is closely
related to the typica]- features of foreign ât:cent of a given
L1 - and who real-1y want to understand foreigners by
activating þoth the feed-back path (bhe correction componen!)
and the access path of top-clown information (the restoration
component ) ,
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I woulcl .1ike to thank KLaus-Jürgen EngeIberg, DavÍd
House, Bernhard Keck, Gerhard RigoII, and Herber! Tropf
for helpful and va.t.uab].e comments and contributions to
this paper.
This research was supported by the Bank of Sweden
Tercentenary Foundation,

<*>

<l> The manipuLations of the speech signâ1 were made
0epartment of Linguistics, Uppsala University. I
grateful to Sven öhman for his kind support and
Nordstrand for his expert assistance.

at the
am v€ry

Lennart

<2> It became evident from preliminary tests using filtering
as a means of dj.storting the acoustic speech signa]. that
inte].ligibiLity would not be decreased to a sufficient
and desired degree. Therefore the planned experiment with
fj.].tered speech was excluded (cf. Bannert 1984),

<3> The listening tests were disguised as reaction tests
attempting to measure the listeners' abiLit,y, as quickJ.y
as possible, t.o prompt the uttêrances spok€n by
foreigners and presented under trarcl listening conditions

</r> One uLterance (L1 = Greek) that was part of the Uest was
excluded from the presentation of the results as the
manipulation of voicing and voicelessness of the
obstruent cluster by LPC-synthesis is not reLiable in
this respect.

<5> 0uantity in Standard Swedish is mar¡ifestecl as the
complementary length pattern /V:C/ vs /VC:/ in the
stressed syJ-1ab]"e. phrase rhythm means the temporal
relationships between successive syllables, Accent is a
tonal feature of syllabl_e prominence and is manifested as
a chànge of Fo in or in connection with the accentuated
syll-ab1e.

<6> The parãmeter of volume (intensity) of syLlab.les was notincluded in the manipu]-ations of äccent. This does not
mean, of course, that intensity might not be a
contÌibuting factor in the complex feaLure of accent. Itis belj.eved, however, that intensity is not an essential
feature of norma]. word accent (as opposed to contrast oremphasis).

<7> These prosodic deteriorations corresponding to the
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features of phrase t'hythm, quantity, ànd pitch eccent¡
had a detrimentaÌ effect on the identity of thê
utterances, In several instancës of demonstrations where
the deterioratêd Swedish utterances were played to
linguists, phoneticians, and experi€nced têachers of
Swedish as a second language, these disguised utterances
were accepted ãs fÐreign accont and associated with
certain first J.anguages L1.

<8> As individuals, tistêners react differently to the
presentation of the stimuli. White some of them always
try to r€spond even guessing to some degree, others
hesitate to respond at aLt if they are not quite sure
about the intended structure'

<9) For these larger units no definition is provided here
Yet it is assumed thât the notion is well-established

<10> Some possibte elaþorations in certain respects may look
like parts of the model in Lêa et al, (1975).

<11> The dimensions of voice quaLity and vol"ume wiJ"l- al"so be
enalys€d on this I€vel. This processes are only
mentioned to complete the picture and wi].l not be clea]-t
with here.
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