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Abstract

Juncture has received attention in theoretical literature,

but insufficient work has been done on this problem

l~experimenta]1yl In selected utterances Whichrdiffer in the

‘location of‘anctureJ the duration and intensity of several

segments ~ were measured. .Analysis showed that juncture .

location affects the duration and ihiensi;y of  those

elements close to the juncture. PeréeptuaT experiments were

designed in order - to*test whether these differences  were

.psychologically';important to listenersx Results indicated
~thét these differences did play a"' percebtual - role.
Experiments also ihdiéatedi fhat the response task did not
affect “Jisteners judgements to a marked degree. -Othef

L]

perceptuai experiments were designed in order to test the
' &R

effects of different combinations of segment durations.

Results‘ indicated that these effecfs “are Complex since

sy lent . portions of the signal may .play a different
i

perceptual role than speech sounds . Finally, 'models of
juncture perception are tentatively proposed. Further
experiments .are also proposed in ‘order to test several

'hypdtheSes.
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I. Introduction | s
LlnguTeth 1nvest1gators had long ago noted that 'Word

boundar}es, or quptures, play an. lmportant role in the
: ) A

‘ sound.patternsjof\langdage. Mjntma].pairs such as Fan aim
vs. "a name" were considered to differ only in One~aepect :
the placement of -juncture “Much "ControverSy emerged ’
however over the role and nature of JuLcture Ear11er
1nverst1gators argued about how Juncture should be treated
in the' phonology ‘of.a language.‘Should it be cons1dered a
separate phoneme? Does it have allophones? Ord is it a
suprasegmental  feature? Such\‘ questﬁonS"prg%pted much
‘theoretical.speculation on_the nature of juncture that was
often dependent entirely on'fhe general tingui;tic framework :
at hand. ; | | |
. Since juncture p]ayed SO important. a role in
descriptive _systems, an important question arose regard1ng'
its phyeioallcorrelates. Is there a phonetic basis for
jdnctur??.ln other words, is juncture based ::’realgphysical
events from the speech gignal, or is it »mereiy/y a
péYchologica] entity imposed‘ by l1ngu1st1c perception?
Invest1gators thus attempted to def1ne »phys1cal‘ oorre]ateq
of juncture® in terms of both proddction, processes -and
aeougtic events.. Recently, ‘:questions ‘regarding " the

- perception of Juncture have emerged. IS'the"perception‘off'
juncture related to the phys1cal man1festat10ns of Juncture7}

‘More 1mportantly, what part1cular phys1cal e]ements in the

'speech " signal cue the existence of juncture to the



‘

oerceivér? Such,.quesgions‘ haQé been “addressod by recent'
',experiments, but the area of juncture-‘perception dis\ still
- rolathely unexplored. | |

Thi;  worK‘HWill concentrate on’ tne. perception of
juncfure baoed‘ on more ‘or less continuous aspeots of
segmemta l e]ementé of _the-.speech signalﬂ in pértjcular,
, durat1on and 1ntens1ty of c]usters involving the fricative
/s/ with the sonorants /n/, /m/, /1/ ;;d /w/ are explored
in relation to vboth the' product1on and perception of
~junctural placement It was dec1ded that an 1nvest1gat1on of
the ;fricative/s junctural behav1or was appropr1ate for
several reasons. first, /s/ is not assoc1ated with d1fferent
spootral pétterns depending upon junctural presenQF, nor
does it coniain quaLitativély"distinot ’marginalf or
boundary allophones e.g.,  SUCh as aspiration)or “devoicing,
as 'in the case of stops Thus, an investigation into the
effects of the ,continuous properties of ‘duration .and
~1ntens1ty is. feasible. Second /s/ is a prime elénent‘in
. Engl1sh clusters, and therefore, clustering effects could be
~ studied. Third, ,/s/_ is an important,morpholochal~suff1x,
'gégociated"with meaningful_‘Semandic changes’ (e.g. third
person. singulér"'and. plural markings5. Thus, SUbject
identifioation of junotUre could vbe based on meaningful
.differenceS' 'The sonorants Wege exénined‘ bedauSe their
behav1or within clusters at boundary points are largely

unknown. as well most of these elements(/n/ /m/, and /w/)

are not assocwated with ma jor allophonic -d1fferen¢es near’




-

the junctures to be examined.

The following chapter outlines past investigations of
juncture phenomena. The first section reviews thgoretical
and formal arguments within several general frameworks. It
investigator’'s own intuition, and the choice criteria

involve formal elegance and logic. The second section
: o

reviews experimental research in juncture phenomena.

Measurement studies in both 'prgguction'and acoustics are

-

reported. Finally, previous perceptual experiments are

reviewed. It is noted that there have only been few

experimental Studies in the area of juncture pRénomenaand‘

that this area requires Aore empirical study.

Chapter Three outlines a measurement study of

production, where differing juncture placements between

/s/+sonorant strings are produced. A - second factor is

contrastive stress, Which, in one condition is placed on the
pre-junctural word, and in the”othér conditionrplaced'on'fhe
poét-junctura] word. The' effects of contrastive ' stress,
clUstering, and change o#‘wérd bouﬁdary aﬁe measured, and
thefr interbe]ationships_are discussed. Both intensity and
duration differences are “recorded..These measuremenfs are
then used in delimiting the changes done to signals for the
purposes of Spééch perceptién\studies.

Chapters Four and Five outline four percepﬁué]ystudies.

Preliminary identification experiments are outlined in

Chapter Four; more elaborate experiments .are in Chapter

4

£
is noted that arguments are largely based on the -



Five. The first study consists of  forced-choice
identification of juncture ﬁlaéement ﬁn fypica]]y produced
frames. jhfs s tudy produced a 'base-line’ of identification
curve: and -furthermore, shé@ed thét duration differences
did, in fact, alter fﬁéteners’ chQices. The second'study was
a 'free-response’ identification of these frames. Results of
this investigation indicated that the response task did not
affect listeners’ choices to a’marK?d degree. However, there
Qere subject differences ‘involved, indicéting some.
differences in listener sfrétégies. Thé‘third study tested
tﬁe 'effécts of altering one element in a typical.frame. It
waé found that the /s/ contributed to large perceptual
changésy but the other elements (/k/, pause, and /n/ 
duration) merely strengthened 'or weakened the frame
response. The fourth' study was the major investigation
involving_ crossing possible . dhratioh | levels, in a
forced—choice‘taék. Results indicated that all elements have
an affect on listener’'s perception, but it was not ful]y}
- clear, given the nature of tﬁe-data{ how these elements
_interaéted. - |

| Chapter Six discusses the possibility of a ‘bottom-up’
modelb of speech perception. Thisléhapter outlinés several
pottom;up models,  and diséusses their merits and
difficulties. ‘Several‘ models based on categorization data
are reviewed: the 'context allophonic’, the ’'diphone’, the

‘whole-word’, the ' feature detector’, the 'memorial’, and

the 'allophonic detéctor’ models. Two segmentafion models



are Qroposed: the ' segement -al lophone’ a#ﬁ the
"pairwise-evaluation’ mode]s; It is hoped that models of
this Kind and previously proposed. models of ' top-down’
" processing can eventually merge for a comprehensive model of
juncture .perception. Implications for future researéh are

mentioned in this regard.
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A. Formal In\{est-ig/ﬁ - ; /.

Q’s

"It was obth/ QU t% 6r1& thﬁt thePe 15 no one o

one corresponde%/ §ef Q'\ ara '\nﬁ”Qa]' WOrd5 - norMmally
wr‘ltten bet‘ween Sb/ﬂ \ - I\“ tr\Q .r"fehha] StrUCtUFe of a
: | :

spoken chain “of %/f\ v k\-g . 60" p.5). HOW then: Were

word divisions ty tr/t\i e ‘b Op logwa] deSCMphonsv

Sweet (1913) SUQ/Q ted t'\ . th SDaces between wOr‘dS in
e

or thography shou]d ,}S avm %hed

iNStead, the phONetic
| Word’ be* consig / N\ 5 t

g
he PR3, UMt of speech. That is,
t\

the mterna1 Str“c/§§0 X pokg Ol"a‘n of sOUnds shoy1d

dictate word dW/ n Vg s st m”hmal pa1rs d1ffer~emg

only in the placg, of k‘h LN
o ' c
(1831). Trube_tskD

V,er'e compiled by - Yones

9 g’ tran%] t@d 1969) was perhaPs the -

r\
.first to theorizg /,\ the \tufe' of these differencéS: he,

v r : :
termed the phen %\ 0 \51'9"&1 , (boundary signals!  but

considered them ‘a/\\y .\\“n—ﬁm'\e ' Rather, he likened '
N . m i

them to ‘traffig A JISh 480 the flow of SPeech

understandab1e by/ \en t\g 9eqt‘enong words ahd mrphémés.

fBloomﬁeld (1933 hg¢ Qted that Juncture phenomen?@ were

simply a subset of r eg “her"’"‘s ang sajg that MiNimal

pa1rs differing i N ‘\cf \ 18c (1{ really d1ffered in the

p

moment at which ] \54 [ g1(,s t 1 iNCrease.

The first ¢

“ into a phonemm *i% a&c% ;6Ned by Trager and Bloch -

/ '\e(’ \' P QQ mgﬂt of juncture pheno"‘e”a
5
(1941), and ]at@r/\o( t%d pY T@ge,\ and Smitn (1851),

r



Thes% ﬁUtths defined.two'méjop types of juncture - opén and
cloé%q‘ opPeN ju“Cture is the transition between a pauée-
'_(eitwgh ‘5t' the‘ end or béginn{ng of the utterance) and the
‘segm/ntal p‘hone,"‘eborde"ing that pause. More explicitly, it
is fhg sy tota) of featuresyof therphonemes bocbering the
paus? A IQ{5t1HCtiOn was made between ' internal  open
Juncfuhe' and 'external 5pen' JUnCthe'-b'InternaJ open
junc‘uhe regergv toh featunes of open juhctureA that are
DFZS/nt Within an utterance, and is symbolized by hyphens..
Exte/nﬂ] 0Py jUncture refers to features of .open. juﬁcture
that Qhe’{bpegent - across UttefanCés, gnd are ‘symbolized by
spac/S befw$én Segments. Closed juncture is the transition
betw/eh tw® segMental Phonemes in the same Utterance, and is
gtaK/n}tb by the manner of ﬁormal transition from one
phon/"\ to anPther” . The authors symbolwzed c]ose JunCture
1@14C‘t1y by Writing the 'segmer.),tal phonemes without a -
Spacé’ and  gxplicitly by a 'tie‘1f”e' (v) between the 'two
segm¢ S, HoweVeP;‘.they stress that the ‘tie-line’ s
non*- V Q\hem?c “In the 1951’ refinement of the system,
junct stress and .iﬁténation“patterns weré given
'phoné I 5tqtus: Internal open thcture was represented.as’
the ¢ Q’“erﬂe /+/7 thus: for exampie, the difference between -

‘nitr Ao 2ng 'Night rate’ was considered as 3 difference of
tpang1t10n b etween- /t/ and /r/, and was thus repregeﬂt&d
‘/nayt Yty And /”ayt*reyt/. PeSpect1ve]y

1
e Eghtroversy over the nature of junctural phenomena‘

was M tialeg py Moulton's ana]ySii£ of German _(1947). He




oor
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1

postulated allophones of juncture; According‘ to Moylton,:

-

open juncture is a segmental phoneme having two a]10phohes:t

at the bounds of an utterance it is manifested by a pause,

while within the utterance it appearé either aé a brief

pause, or is in free variation with ‘zero' (/§/). ‘Leopold
(1948), however, pointéd' out that the zero a]}bphone only
occurs when “there. is word-formation processes (e.g-

compounding, Suffixation) and that, »thérefore, there 1S
"TOf‘phOI‘DhonO1OQ1'Cal conditioning in\)olved. Pike (1947) arguéd
that in fact, thé morphoogy ,involved should .be taken
directly into consideration when'postulating the Aexistence
of Jjuncture. Thus, he argued that junctures are bbﬁnd not
only to the SUPfacé phonetic - forms; but also to the
morphology of a 1anguage-_ “

Harris (1951), on the other hand.‘intPOduced juncture

"as a factor in bhonemiciZation. but only, of course, to'fhe

extent  that this is possible without Knowledge oOf

‘morphemes”. Juncture, for Harris, is a phoneme set yup for

the -purposes of simP]ifyingythe structural description by.

reducing the number of phonemes. He outlined a specific

procedure  for  the introduction of  junctures in a

. phonologijcal description. This basically entailed altering

the environment of one phoneme set by Postulating the

‘existence of a juncture, so. that its environment  is

hon-identica1 with its counterpart phoneme set. For example,
the /ay/ of 'minus’ and the /Ay/ of“’slynesé’ Seeming]y'need,

two phonemes, /ay/ and /Ay/ because a meaningfull éh{rast



\\ ' ‘ 9
\1
\

1

{
"is obtained in Fhe same ;envirdnmenf.\‘However, Harris
suggested.that the /Ay/ of "slyness’ fbé\ﬂrepresehted' as
/ay-/, wﬁeré‘thelhyphen représents é junclure phoneme. Since
}the two phonemes /ay/ and /Ay/ can now be ;represehted as
/ay/ and /ay-/, only one phoneme, /ay/ is nééded. Thus, two
sets of phbnemes are Feplaced‘by one set. Sim{larly, fhe‘
uhre]eased set  of stops, /p'/, /t'/, [/K'/, can  be
fepresented= as /p/+/#/, [t/+/4/, TR/+/#] respectively,
'fhéreby réducing.the'two sets of phonemes (/p/, /t/, /K/ and
/p’/;;/tf/, /K’ /) into the one set /p/, /t/, /k/. ‘Harris"
juncture is a ’zero phoneme’, havihg no phonetic présgrtieék'
of its own, but Father}\aéting strictly as environment for
the purposés of.reducing the phonemié inventory. |
In the same vein,- Chomsky, Halle and Lukoff (1956)
apgﬁed that junctures are no§  in themse]ves,' physical
entit%es, ‘but aré rather introduced in order to reduce the
number  of . featpreé that must be cdnsidered phonemic.'
ngevgr,"these authors do equate juncture placemeht to
méﬁﬁﬁéme boundary~1océtidn; junctures are only p]ac;d in the
system. where phdhetic‘gffeqfs éré chrelated with horphemic
boundaries. Furfhermore; different junctures can represent
different mofphplogical énd syntactic cqﬁstructiohsi Thus,
Pike's original argument (1947) OF,'the. infiltration of
‘higher level 'Systems (ie;‘mquhbiogy and syntax) into- the. -
phonemic system was recél]ed." C | |
| ~ Hockett (1955), inllcohirast to Hanris}~‘non-physical

phoneme of juncture, set up a phoneme of juncture which is
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associated‘with all types of physica],chahges which occur at

boundaries. Thus, allophonic changes aglboundary points are

_discussed in terms of the presence of the juncture phoneme |

different classes of allophones are merely "allo- junctures’ .
0Of course, allo-junctures are not phonetically homogeneous,
but Hockett considered this a benefit rather than a setback.

"It takes longer to describe all the allophones of a
juncture, but once the juncture has been described,

it constitutes a power ful tool. .. [Tlhe
heterogeneity of the allophones of a juncture- .~
renders possible a much neater phonetic layout  for
'ordinary’ phonemes, because one has drawn from the &
latter many of the messy marginal differences which
would Otherwise yield a very complex system. "
(Hockett, 1955, p. 171) ‘

Hockett = points  out that, although the phonétic
manifestations differ, the structural consequences  are

homogeneous. Furthermore, ~ Hockett clearly states that

5junctUre phonemes are not related to higher grammatical

boundaries, such as boundaries between words. For example,

~the homophony of ,'finder’ and ' find her’,-accoﬁding to

- Hockett, displays di*?erent word boundaries, but  not

different junctural boundaries (Hockett, 1958) .
" Hil1l (1958) provided a new approach to the treatment"of )

juncture, 'by considering it a Tsuprasegmental,-' timing

“phenomenon. According to Hi1l, the distinctions between, for

example, that Stuff and that’s tough is chiefly “in  the

prolongation of the final /t/ of 'that in thévformer vS.

prolongation of the /s/ in the Jlatter. Fuhtheﬁmore,v he

considered that jthese\'pro1ongation differences were only

"half-units’ i.e., half the time of ‘a “normal’ segmental
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sound. Hil] discussgd,ihe,ﬁossib{ljty that the allophonic
changes‘ surrounding a boundafy weré rédUndant in light of
the redef{hition of juncture phenohena in terms of time
phenomena . Jlny a footnote, Hill also rajsed the poésibi]ity
that intensity'differences may be 1nvolved, alpoint which.he'
states "wil) hévé to await acoustic analysis”. It was only
;tWo ‘years - jater, in 1860, that the first pubTished
experimental work on the sub ject emerged; Lehiétef
experimentally measufed the acousfic manifestations  of
junéture; Her work 1s‘hore Fu]]Y-descnibed below.
: The trend towards experimental analysis of junctural
Bhngfizi—Yas set asjde due to the increased attentioﬁ _péid
to | the new-'Transformatibngl Generative  Gramma} (TGG)
frameworK. Chomsky and Halle (SPE, 1968, p. 369) stated %hat
~acoustic phonetic factors *Reed not be téKen: intQ
cconéideratiOn;."ihe ngduirement'of phonetic'effecfs of some
| sort = be 5 assOciated with  word bOuhqary appéars as
insufficiently motivated, and we have not' incorporated it
into ‘ouf"theory of language." They‘ give no'substantiél
reason for thi$' decision, other than ‘ak'shaky, comment
regardihé the_’combeténcé-performance’ distinction. In SPE,.
'boundariés' thus become..mofe ‘absfréct and more tightly
»cohnected_‘to the higher'levél grammétical structure of the
“language. In fact, the'tOp:down machihery of TGG Asupp]ies
the - boundariés‘(the boundary # is‘ﬁnserted'automatiCally at
the bordergvof eachrsfnﬁng dominated by a major. category) .

These ‘boundaries are then modified by rules to obtain
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,»'correét output. ‘Ecénomy ,and' generality are the main
considebations. For example, the stress rules of English are
greatly simplified, but this is done at the expense of
posfting abstract - boundaries: {n_ the under lying
lrépresehﬁation. Boundaries, jn'thg.Chomsky and Halle sense,
are considered as "units in a string... on a ;ar Qith'
'»segménts". ThQs, like segménts, boundaries are "complexes ofw
features”. Phono]ogiéal rules are S}mp1ified, in that théy R
may apply to strings which contain specific -types of
boundaries. Thus, bbundéries are a]sd used for the purpose
" of blocking specific rule applications, which in turn, allow
rules} to overgeneralize. At the end? of the grammar,
junctures'areferased. { |

McCawley (1968) retained much of the Chomsky and Halle
. approach, énd’further refined;@heISysfem. Eé]]owing the SPEv
model, he proposed that a hierarchy of junctur§§‘be set up,
implying that there is a fixed 'order ~re1atiohshipf’be1ween
gifferent types of junctures. He also- sugéesged tﬁat a
‘rank’ of a rule be used in dfder tokindiéate the‘scdpebof a
particular ‘junctufei Thus, for example, a strfng such as
#A:B#C#D;E#,‘where_# and : are junctural elements, and # s
Aofv a higher rank, would be segmented into AB,C,DE by a
#-rankihg rule, and into A,B,C,D,E, by a rule of rank
Therefore, the hierarchic classification makes all #'s also-
~count as s, In'McCaW]eyfs system, junétures ére assumed to
occur- at morpheme boundaries only. Therefore, he proposed

that the morpheme boundary (symbolized by &) be . the lowest
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juncture in the hefranéhy. The highest juncture, he said, is
a pause. sym601ized as $. Furtﬁermore, a rule becomes more
compléx by a junctural element only when .that e]ément s
lower than § (i.é; it is ‘marked’ ). Finally, McCawley
a]]owed jﬁncture insgrtion_rules in additibn tb. supplying
junctufes by general éyntactic ‘conventions. Therefore, a
rule of the type ¢‘_—*' #/N_. was permissable. He
completed his outline of‘junctufal elements by»stating a few
ad hoc 'conditioﬁs. on- the interaction of junctures and
,"tfanéfOPmations!' such as "a éonstituent»transporfatioﬁ also

| carrigé the jUnétureé" and "a deletion: rule leaves behind
the stronger of the anctureS'which had been at the borgers
~ of the‘deleted constftuent" (1968, p; 58 ) .

‘McCaw[ey’s ideas were extended by H;rms (1968) and
Stanley'(1973).‘Harms outlined a feature matrix system which>'
portrayed McCawley’s hierarchy in more dépth, wHi]e Stanley -
attempfed to éfésSify types .ofz ihteractibns betWeeﬁ
‘boundaries and phohological“rules.in terms of the hierarchy
df boundary types. Like McCawley, Stanley aggued‘thgt the
' stronger’ bouhdary type always 'won’ at each stage of the
‘grammar . However, Stanley also >introduced a notion of
’boundéry weakening’,_whéreby initfally assignedA}’s at the
borders of stems were weakenea. depending -upon fhe class of
affix fo whibh fhé-sfem was attached; Thééé “claéses weré
hierarchically organized on the ‘baéie of :the affix’'s
phonological abilities to combine with adjacent materials.

Stanley's pape; baved‘ the*fway for other tybés of

& B
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*®
boundéry mutation. Notvonly boundary“ Qeakening, but also -
;.boundary :Strengthening« was invited (cf. .Selkirk, 1974 and =
Sag, 1974). Eventually, all types of boundary changes_‘foond‘
their way into the'grammarf(eg. + — f, ## ——~+,#; etc.).
These boundary mutatiqns ‘were designed to ,handlc .the>
problems 'of ’excepfionéf (particolarly wifh morpho]ogical‘
exceptions). As a conseqoencé, exceptions,"Which' ‘wére
'previous1y taken vcare of in the lexicon (i.e., épecia]ly
"marked). instead became handled;diffébently.in‘tne course of
derivation by rules of vboundary--meation. Again, ﬂthé
~criterion of.generéliﬁy evokéd‘ fhié treatment. In other’
words, generalizable exceptions (or classes of exceptions)
were handled by “rules, wnere these roles invoived' the
changing of boundary ass1gnment |

' The concept of boundary mutat1ons grew nore extens1ve1y‘
with the introduction of other generat1ve concepts, such as
context sensitivity (Sag, 1974)! rule-order1ng (cf. Devine _
“and Stevens, 1976), _and universal strength hierarchjes

(Lass, 1970). Thus, the 'machinery’ for boundary mut;tions ’
| grew to the point where aostract;generalizations became ’ﬁhe
norm. 'Aslwith’generative systemsiin'genera15 the system for
treating boundaries became oo power ful, too abétrac}; and
quite mfcleading.
It became the burden of jNatu?a1MGenerativisfs' to
constrain the vabstractness‘rand use of .boundarfes. They
proposed that boundaries ‘could not ‘be pnésented in the

undérlying form unless motivated by some .morpho1ogical
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' behav{ertﬁ»This contrests with the generative 'approéﬁhl
Whereby‘ abstract-boqndariestebe motivated for the purposes
of genera\ityjahd simplicity; it also’ conthasts wiLh the

'structural1st approach, whereby boundar1es were motivated by
phonetic »cond1t1onjng. The natural generativists .
'distihéuished between the vahious types of phonological
rules; thus.‘ they made a d1st1nct1on . between ;’true’
‘phonological boundar1es and boundaries wh;ch ‘'were spec1f1ed
ineterms.ef the morphology. As a consequence, the number of
different types of‘: boundarieS' deereasedL while the

"exception’ lexicon 1ncreased Indeed the 1exiconr in . this

./a

approéch, now had to handle exceptions, as well as problems
left over. from the abolition of rule orderlng The
'‘machinery’ of ihe “grammar was reduced, but the Texicen
swelled. z’ _ | . |

| Hooper (1975) exemplified the NGG (Natural Generative |
Grammar) - approach; she stated that.-wordbeunda;ies were
permissable fn’ morpholegical rules, but net »iﬁ purely

phonological rules. Anderson (1974) made a distinction

f'between morphologxcal phonological, and phonetic}rules. He

stated that$}phonological rules could include» boundary
ljelements (and also reference lex1ca1 class), while phonetie
rules ‘ could . only reference "phonet1cally realizeaele
boundaries”. Rhodes (1974) eliminated boundar1es‘ from _his
natural - processes by ftransder1vat1ona] constraints”, which

were basically‘censtraints‘ on"deriyatidné containfng *thé
': same morbhemes. He then had to ‘speeﬁfy'the location of

AN

AN
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‘syntactic and morphemic- boundaries by,.indirect Lme%ns.>
Basically, a segment was‘ccnsidered ‘to }be' adjacent to a
°boundary if there existed a derivation _cf'the-morphemé
containing that segment, such‘fhat‘theﬂseghenf occured next -
. to s1lence This ~was nothing mOre than.bringing the old
structurallst 1dea that a boundary existed 1f there was a
'possible’ or opt1ona]’ pause. Vennemann (1974)‘replaced
‘ pdundariesswith a convention of marking ‘consonant strength"
in  the lexiconflVennemann’s lexicon contaﬁned-“@drds ra}her_’:
than stems" and basiclal]ophcnes were directly listed in ‘the
,pTexical representation;'Valid genera]izations of aflophonic.;
variation were expressed by means of redundancy rules. |
This controversy over the presence of boundar1es fﬁ:
'phonology led ‘Devine and‘.Stephens (1976) to review their
usefulness in the system. These ‘authors concluded'that |

..a grammar can produce correct outputs without
phonolog1ca1 boundaries simply by a direct
correlation of the rules of the phonology with the
boundary sequences of the morphosyntax. Phonological
boundaries capture general1t1es about correlations

between  phonological rules- and morphosyntactic

" boundary sequences. Other - organizations  capture

~certain -similar generaﬂ1zat1ons but phonologitcal
boundar1e5ﬁcapture some generalizations that all.

- other organizations fail :to capture, and there are
no generalizations captured by other organizations
that = cannot also be effect]vely expressed in terms
of phonolog1cal boundarles

Summary

s.'The role }er ‘boundary vphenomenaf i .phcnologfcal
descripiidns”;has varied considerab1y; depending‘]argely on
"the basicT déScripije' framework 1nvolved and  related .

definitiona]'differences Pre structura11sts ma1nta1ned that'



17

+

boundary phenonomena existed, sbut that they were not to be

treated separately from phonemic theory. Structuralists

included boundary phenomena in the phonological system as

P phonemes; however, they maintained that these phonemes  must

be identifiable from the surface data. Generativists kept

the boundary phonemes in their system, but maintained that

they need not be manifested in the surface daté, but could

be more abstract and motivated - by morphological  and
syntactic. considerations..Natural generativists argued that

bQundaries in phonology must eithéy be - surface-conditioned,

- non-abstract entities or else abofished a]togethér in favor

of more complex lexical representations.
| These shifts of definition of the nterm boundary’ in
phonoldgy.have led to various forms of phonological'systems.

Thus, the form of the lexicon and rules differ.. in these

~systems, depending on the use and definition of the boundary

component. The various phohologica],inff?ms thaty'have" been

discussed . thus far differ as to theIerm and pTacement,of
boundaries. A hore- compéﬁ]fng and fundamental question,
however, is whether boundariés evén exist at all, as opposed
to how théy_exist or where they exist. Cena (1978, p.1) puts
the’issue thié way: _ | /

“Competing rules (or definitions) within theories
may differ crucially only in their form...However,
.the question of the substantive reality of a rule
(phenomena) takes precedence over the question of
its formal validity since it is pointless to examine
the correctness of a form of 'a rule ' (phenomena) if
‘the  (phenomena) in the . first place has no
substantive basis". : ' '

X ' ) '
- This more important .question was not addressed by the
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aforementioned theoreticians who all implicitly assumed the

existence of 'boundaries’. However, it was addressed by
experimentalists who- intended to explore the acoustic,
physiological, and psychological manifestations of so-called

'boundary phenomena’, or juncture. ’ ' 4

B. Experimental Investiggtions
There have been sévéra]kgkperﬁments investigating the

nature of juncture. Since " juncture phenbmena entails the

study; of allophonic variation, - Sfudies which have

investigated  juncture . are based on data describing

alldphonic distinctions. There have been three main_types of
expebimenta1‘ studies ' on_‘juncture: those dealing vwith
acoustic output, those’;.dea]ing with 'bhysio]ogica1
productionfv and finally, those dealjng'with perception of
juncture.' | |

Aéoustic Phonetic Studies

The earliest Studies which experiméntally investigated
juncture phénomena were acoustic phonefié-studies. These
studies typically investigated the .acoustic manifestations
of bouhdary presénce.

The first study accomﬁlished was that done by Lehiste
(1960) . She’Was'interested in measuring and defining the
cﬁanges which taKe‘place phonetically when a word boundary .
is'imposed;.Hér study used minimal pairs differing only in
juncture placement,ﬁ'such as fa;hiée'man" vs. "an ice man".

She selected those: minimal pairs which _.were highly
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identifiable as distinct utterances, and then identified

;junctural chs on the basis of sonographic meésureménts of

‘i differing aspects between the two utterances. A summary of

her results folloys; '

1. there exists . glotta]fzation‘ (glottal stop)  or

' ]aryngea]izétion for word initial vowels;

2. final vowels are very long in duration; |

3. initial nasals are longer than final or med{al nasals,
and final nasals are Ibnger than media]fnaéa]s:

4. /s/ durations.‘are 1ohger in both fina] phrase position
ahd initial word position; | .

5. stop‘durations are longer in initial position;

6. voicéless stops have an ‘aspiration cue 1n‘ initia}
position;. . .

7. final /1/ is longer than initia]land medial /]/;.formant
differences appear betwen /1/'s in different positions
of the‘word;

8. 1intensity differences are often appafent; ﬁorma]]y,
initial allophgnes increase in intensity while intensity
decrease§ in fiha] allophones. However, this pattern is
inopehafive in the case of voiced stops.

‘Lehiste concluded by refering to ’bQuhd” utte;ahces in
which . there éxist‘ initial 0and final allophones which cue
junctures. She also suggested that fhe most prominent cues
which aid listeners seem to be largely segmental in nature
(i.e., aspiration, glottal stop placement, etc.), whereas

suprasegmentaT"cues such as inténsity aid the listener, but
‘ ’ N
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less so than ségmenta] cues. However duration is also
considered a primary cUe, xéfnge differences of duration
affected juhcturé perception. |

Lehiste (1964) also conducted studies invéstigating the
allophones of /r/ and /1/. She found that some é]]ophonesjbf
/r/ have reliably stable formant pattérns which signify
.boundaries of larger phono1og{ca1 units.‘ For example,
initial /r/'s have relative]f low formants (F1 is less than
300 Hz,AFQ is less than 1000°Hz, F3 is less bthan 1400 Hz)
thjlé /r/'s in;ail ofher positions have much higher formant
~values (e.g., Syllabic final /r/ has F1‘1ess than 450 Hz; F2
less fhan_1400‘Hi. and F3 léss than 1600 Hz ). A]lophoﬁes of
/1/ are also marked byvdfstiﬁct formant patterns. The final
allophone of '(IA has a clearly defined acoustic structure
which is not influenced by the preceeding vowel; the second
formant anticipates vthe second formant of the following
vowel. For ihtervoca]ic /1/ allophones, F1 and F3 véry
according to the first a%d third formants‘of the preceeding
vowel, and F2 varies according to the second fopmanf of the
following vowel. Morphologically significant /1/-type
7endings were distjhguishab]e from one another; for example,
“for the ‘-1ly’ in-"sblelyf and "cooly”, differences in the
vowel /i/ were found. | |

Hoard (1966) verified that the phonetic correlates of
juncture, as defined in theiLehiste study, were maintained
in connected discourse. He used four native English

speakers, and eighteen listeners, and analyzed correctly



identified choices  from . juncture minimal

duratipn' fs a }"systematic acoﬁstjc correlate'of juncturey
while fundamental frequency and ‘amplitude are not. In
addition, allophonic distinctidns indicéting - junctural
presence Qeré:maintaiﬁed in connected speecﬁ. h

| Liéker (1965) conducted a measurement study of./s/—stop 3
sequences in. which the boundary was varied (eg.. /s/+/t/,i
/s//t/+} /sl+/sl/t/, +/§//f/). He measured bothk’ the /s/
»fﬁicatiOh and thé sfop é]osure duration. His'déta-further
verified Lehiste's résuTts; for both /s/ and the stops,
final pﬁonemes weré significantly shorter in duration than
initial phonemes.

A more recent study measuring-aﬁlophonic variation - was
conduc ted by Umeda and 'Coker (19755.‘ Th{s impdrtant'
investigéfionl revealed fhat‘ sUb-phonemic details were
consisféntly mahifestéd‘ fn production; Umeda and Coker
classified these variat{bns in terms of simp1é rules. Their
study covered variations of consonant durations, and the‘
allophones of voiced and voiceléss stdps, as well as
variations of the other consonants found in American
English. |

These investigators found‘ that consonant -duration
varies according to stress, poSition and confext._ The
conditions which influehced cbnsonant ‘durationS' ére not
interactive, however, 'and can be explained by a linear

additive model. ‘Two major rules were proposed: the

! -
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lengthening -factors are stress, word boundaries, and pauses,
whereas tHe shbr{ehing factor consisted of being édjacent to
a fricative. The 1éngthening factor of  "presenCev- of
boundary; was further detailed: "Boundarieékbethen,function
words do not lengthen consonants; bouhdaries with strong
content wbrds‘lengthen conéonahfs“. Thus, word importance-is
“also a factor in cOnsonanta]-lenéhtening. , |
| The duration Qf stops and nasals is also inf]uenced to
a high degree by contextual factors. Preceeding and
fo}léwihg consonanté‘affect ‘their,‘durations. éven across
word bbundaries,. but stréss does not affect'sfop and nasaT
durations as muqh as it éffects fricative durationsl. The
éuthdrs suggested that segmental alTophonic variation plays
a greater role in stops, but durational allophonic cues are'
important  in  fricatives (which have little Segmenté]
allophonic variation). | | |

Umeda and Coker (1975)}fduhd that‘allpphonié variation.
was charécterized by 'devoicingvvtime fo; voiceless stops,
vocal cord oscillation fob_fVoiced stops, ahd amplitude .
differeﬁées for' other consonants: Initial word and initial
stressed voiceless stéps ére marked by éspiration aﬁd have a
burst. Voiceless stops which are posifipned near nasals, or
which are in funétion'words, are shorter- and less aspirated.
Final vofceless stops in vocalic cohtexf% are uﬁaépihated
and have no burst. (An exception is found with /t/, which
bécomes aSpirated when>a non—sibilant‘consonant preceeds it,

Prepausal /t/'s have approximately 30 msec. of aspiration.)
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For voiced stops, two aspects are allophonically
imbortant - intensity and harmonic quality. These factors
. can 4beg discussed in terms of vocal cord oscillations.
- Basically, word and stress'initiall voited :consonants are
lower in 1ntens1ty than med1a1 ‘and f1na1 vo1ced consonants
However , when Coker and Umeda (1975) attempted to synthes1ze
this distinction they found that amplltude contro] was done
more effect1ve1y by lower1ng the f1rst formant of initial
allophones. Thus. they suggested that the contrast between .
1n1t1al and non- 1n1t1a1 voiced. consonants lay in spectral
d1fferences in the vo1ce bar These d1fferences could be
caused by either the exc1tat1on source or by voca{ tract
transmission  (i.e., either the source or the fllter was
causing these differences).‘, From g]ottograph1c . data
word-initial‘ voioedl consonantst:were found to have higher
‘glottal ampl1tude oscillations. The authors sUggested 'that
the excitation source was caus1ng the d1fference in spectral
.bar deta1l. for the fo]low1ng reason from spectrogram
analysis of the voice bar, initial stressed voiced stops
vhaVe strong fundamental. frequencies and ‘1acku vhigher
components{ but stressed consonants are produced with tenser
cheek muscles. than unstressed consonants ‘which would have
the effeottof raising the fundamental, rather than 1owering
it. Therefore, the difference ~ between linitials " and

non- 1n1t1als must be due to the glottal source.
Using a fiber- optic techn1que Coker and Umeda (1975)

found several differences of vocal cord oscillation between
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linitial and  final voiced consonants. These differences
result“in~-differences of spectrélvquality. Basicallyr for
initial consonents. the vocal cords gradua]Ty Qome.apartﬁ at
the transifjon from - the preceeding phone to the voiced
conSQnent. The.cords:continue to spreéd until tne c1osure
period - of  the stoo, when they close slightly, orveVen
Ainoomplete1y‘close; compiete closure is not attained Unt%l a
few 'pﬁtcn periods after the start of the fo]]o@ing.Vowe],'
}Thue, word initia] voiced . consonants-}nave the -following .
properties: ». | | ‘ _
1. the 1ntens1ty of glottal v1bratlon is h1gh

there 1s no closure of the glott1s,

the glottal spectrum is mostly:fundamentaT;
_‘the'intensity of the fundaméntal fs high{

the intensity of the harmonics is low: and

Lo s w N

the glottal waveform is sinusoioal.
For - word fina].voiced stops on the other hand, the glottis
mc]oses completely, with the resu]t that the glottal waveform
produced ' is not s1nuso1dal but rather sawtoothed, and
therefore gs richer inn higher  harmonics. Therefore,
word-final voiced stops have the opposite orOperties than
those found for word-initial voiced stops. Also, initial’
voiced consonants have pTosive‘bursts, while final ones‘do
not }i.e., ffnal,voiced consonants are 'devoiced’ ). |

For other consonants, oeak—to-peak 'amplitude patterns
parallel the devo1c1ng time of voiceless st0ps Consonanfs

in word 1n1t1a1 pos1t1ons have amp11tude d1str1but1ons which
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are fairly sharp, while word-medial of final consonants have
' spréad\ amplitude distributions. For /n/, the,intensity is
not constant, but tends to increase in time in ‘initial
position.. Voiceless fricatﬁveS' have highv ahplifudes in

initial andbstressed positions, but low amplitudes in medial

.\

and final positions; prepausal voiceless fFiCétives‘have the

lowest amp]itude. However, voiced consonants, which clearly

haVe esegmental cues for differentiating word-initial and
word-fiha] al]ophones. have Tlower «ampTitudes in initial
pos}tion tHan.in final or medial positions.

Coker and Umeda's study dealt with the acoustic

consequences of physiological happenings which occur at word

boundarfés. The following section will describe studiesv

which = investigate some important aspects of the

physiological articulation at junctures. B
Physiological Studies - |

| Studies of the 'articulatiQn near juhctures typical]y

ihvolve the notion of ‘"coarticulation -blocking".f Context

effects on articulations are well known; anticipation of the

following phone and the effects of a previously articulated

phone affect the articu]atory béhavior of the phone which is

being articulated. It was hypothesized that coarticulation
would be blocked at juncfure boundaries. |

McLean<(1973) studied forward coahticulation effects of
~velar mbvemgnts - at junctural ‘boundaries. .Using
cineradiographic itechniques, . he found  that yélar

coarticulation was delayed 'consisténtjy where a marked
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,.juncture bbundary existed. McLean kept the lexical items
constant and varied the type of juncture ﬁas defined by
Trager and Smith) wﬁ&hin these words, which were placed in
different sentence frames. A “marked" juncture bbundary
typically contained‘ prosodic markings to indicate  the
existenée of the bQundaryf fhus, MclLean actually found that
coarticuiatfon is blocked at»senfencé»or clause boundaries,
and not, per se,“ét']exical or word boundaries.

Lewis, Daniloff and Hammeberg-(P975) invéstigated'the
artlculatory aspects of coarticulation in vwofd-leve]
s1tuatwons They stud1ed the dental a]lophone of /n/ in /ne/
and 1ooked at denta] coart1cu1at1on which was 1nd1cated by
_’dental contact‘~dur1ng the pronunc1at1on of the /n/. They
found that coarticulation éffects were}nbt impeded‘ by most
junctures; in ‘fact, coarticulation was blocked dnly in the
presenﬁe- of  long pauses. The‘ authors . felt”_ that
Coarticulatjon is theréfore not useful in marking junciube.
Their results also seeming]y conflict with those of McLean'
(1973); howévéf, 'fhis 'is' not the case, .since McLean’s
results vwere ‘based on prosddica]]y. marked  junctural
boundarles, and not word-level Juncture | _

B]adon_ and Al-Bamerni. (1976) looked at -allophonic
variation in térms‘ of coarticulatory res1stance They
studied Speétrdgrams of the different Eng]1sh /1/ s and
found clear /1/ (word initial /1/) admits an exeptionally
- Iargé .degree'.of coarticulation, dark /1/ (erd”final_and

word'media1 /1/) admits a less amount of cbarticUlation and
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syllabic /1/ (word final /1/) is very ‘resistant to
coarticulation effects. The;e results agbee:WRth Lehiste’s
original sthy (1964) on /1/}éllophoneé. However, the notion
of coar?iculation blocking is more pfOper]Y defined within
the scope of articulatory behaQior,.rafher than in terms of
| acoustic output. |
g Perceptual Studies \
HQw is the-‘acoustic output of juncture pépcieved? Of‘
the_cues mentionéd avae,‘which are importantwfor‘listehers?

Chrisfie (1974) Qsed'Synthetié Speech in studying  the
‘lcués for  juncture:per¢eptjon. Thé aufhor‘was‘iﬁterested in
“éyllabic juncture, and uséd'ihé nonSenSe;wofa /asta/, which‘;
¢ou}d be varied fn ordér  to kpenceive eithér /as-ta/ or
/ast-a/. Christie found that formant transitions have.litfle
or no effect on the boundary, but silence and aspiration
both affect the location of where the bouﬁdahy‘is perceréd.

‘Simjlarly, Darwin and Brady (1975) examined the }éueé
which distingﬁish thé phrases "I made rye" vs. "I may dry”,
using real speech; They found that if'ihe stopr‘closurev is
shqrt; fgrmant transitions have 1little effect on thé :
boundary. |
. Some other important studies have used real speeéh in
order to . fihd: the perceptual"cues involvéd in juncture
perception. (The use, of. Eeél speech  offers dire¢t
jmpliCations for perceptual cues, WhereaSVSynthetic speech

is,often plagued by the uncertainty as to whether or not. its

synthetic nature is éltering perceptual responses.) Several



28

other jUnctuhe. studies usinp real speech have been'ddne:
some have dealt Qith the locus of segmental cues for word
juncthe, others havekinvestigated suprasegmenta] aspects of
juncture perception, and still Gthers have studied some
‘durational cues associated with juncturet, |

| Nakatani ~ and Dakes (1977) perfomed . a listening
experiment using minimal pairs differtng in junctural
ptacement (i.e., similar to Lehiste’s minima] pa1rs) By |
splicing parent minimal paihs ih_ varying locations, they
obtained 'a fut] set of‘offspring utterances which centainedj'

varying amgunts of particular jUnCtUre ~cues. Listeners

. of the two;parent‘phraseé\theh"new“ utterance
fresembled They’found that the\-cues for the
;of word Juncture occured at the word offset only"
jo_/r/ and at thevword onset for all other ﬁthes,
+  occurred media]]y.'Thatis,'tiSFEhersvperceived.
f ;;ntatning hore junctural cues at word onset as
- were from the’ parent m1n1ma1}pa1r which. conta1nsa
those caes more med1a1 cues did ) affect l1stener s
cho1ce %Ef ,arental utterance, and more final cues only
affected listener’s cho¥ces for -those wordsi end1ng - in /1/.
‘and' /r/.  The authohs suggested two _stmp1e_ perceptual
strategy rules: | |
1. what we hear at the beg1nn1ng of the word depends on how
the word beglne but |
hear at the end of the word depends on how “the

,, o
 begins, except for cases 1nvolv1ng /1/ -and

2. what_}

- next
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e/, | v .
‘Spectrographic studies done by vNakatani,‘and Dukes

showed that the cues most important for change of'junCture:

perception were burst, aSptration, gtOttal'istop placement,

“laryngealization, 'and_ distinct'syllable initialiallophOnes ‘
of /1/ and /r/-. Addinp more;durationat information into the

hybrid. utterances did not affect listeners’ judgements

regarding juncture placement, and hence, the authors

_concluded that duration is not a.juneture cue. However,,they

admit that their_Choices of minimat pair -utterances could

have beena factor, s1nce a]t pairs could be d1fferent1ated

solely on the bas1s of segmental allophon1c cues, no pa1r‘§

was testedv which _d1fferedv only in atlophpnic durat1ona1
dtfferences

The prosodlc cues for word perceptton were 1nvesttgated
- by -~ NaKatan1A and Schafer (1978). They gave 11steners
'utterances_in which two adJacent words from.:the. utteranee
Were-‘replaced; by - cerresponding'numbers ot /ma/'syllabtes.
For exampte, if the _ortginal utterance ‘was "The .remote
stream was perfect tor.fishing » ]1steners heard "The mama
gm was perfect for f1sh1ng The stress pattern as defined
by stress transcrtpttons of the 51gna1 by tratned phonettc
listeners, was a]tered according to ‘the"1ntended«,phrase

substitutea' by /ma/’sft Listeners were instrUcted to parse

the ‘mama’ phrases accord1ng to whether the ftPSt word had

one -or two syl]ales (i.e., ma/mama or mama/ma) The authors :

"found that most (but not. a]]) subJects cou]d correctly parse

0



30

the uttérances-when‘thésé: differing stressv'paﬁterns'-were
giveﬁ. That isg most _éUbjects $gpuld -té]l whéther  a
mondsy]lable,was fo1lowed.b§'a bisyII;bTe,or the‘reversé._on ‘
‘the. bésis;-of fétréss- pattern. alteration alone. For those
phraseS'withlaMbiguous stress pafterns, sUbjectsiwere still-
‘ab1e~ fo parse the utterancés at a beﬁtér than cﬁaéce'level.
Therefore, the authors -concluded that other ~ prosodic
features were also inyo]ved. ) -

Using the " technique of hybbid spéech”synthesis (0live
and Nakatani, 1974), which is a fechnique designed to assess .
the strengtﬁ ‘and interactions amdngVFSpeech -feature$?
Nakatani and Schafer studied the effects of rhythm,  pitch
| and 'émp]itude. Rhythm pattébns were hybridized'by Iineariy‘.
.VstretChing 6r Compreséing the /m/ and f/a/ segments, 'in
synchrony ‘with other a]ferafibns of pitch and amp1i tude so~ .

‘that naturalness was retained.v‘Thé -authors found that

' v_a]tera1ions,of rhythm affected'listenersf parsing responses,

But_thatgalferafiohs'in}pitch and-amblitude did not affect
liéténérsﬂi performahceg}‘They .then'vtesfed what specific
attribute fn rhythm'wés,fmeftant by measuring durations of
-,the}ssy1iab1e§' in the ‘/mama/}uttérance. The'authors fouhd
that ~'Worclls[. judgedfuasA monosyliabic  wére'_ longer' ‘thah'
, comparable syflables7 in;a_word judgéd aé_being biéyTlabic,'
~and fhat word-initiai Consohants were also ]ther, . _k

| Nékatani‘(1973)- suggested_‘thaﬁ _both‘ allophonicl and -
"prosodié cUeé,3¢Xist for par;ing speech; Héhsuggested that

there were two basic kinds.of parsing cues, which he called
. pest . . S = .
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fission and fusion cues. }Fission cues indicate that the

utterance must contain a boundahy. These include allophonic

variation cues (e.g., aspiration of word-initial voiceless
: stops), and prosodic  stress and’ rhythm cues - (é.g.,
chsecutive primary stressed syllables muét beiong to
different words). Fusion cues indicate that the utterance
cannot contain a‘boundary and include allophonic variation
(such as syllabic ‘nasal), andwﬁfosodic streés and rhythm
cues (such as an.unstressed syllable in a content Word). In
Nakatani’'s - paréing exper iments, using utterances which
contained both fission and fusién cues, listeners parsed on
the basis of both these cues.

Nakatani and Dukes (1879) compared allophonic, stress,
and prosodic cues for word perceptibn, They used phrases
‘coﬁtaining words With moré‘than one syl]ab]e,jsuch as "maid

enforced“ vs. "maiden forced". They found that .allophonic

variations were the most salient parsing cues, gtress cues

were salient to a lesser degree, but prosodic cues such as

pitéh and rhythm were not salient.

| ft}is impor tant to note that in Nakatani and Schaffer’s
1877 experiment where the segmental, spectrél allophonic
gicués wefe gliminated, rhythm was fOundptg be a parsing Cue,
but when these stronger allophonic .cues Qére included in his
1979 ‘study, rhythm. ”was' no longer found t% be a parsing
agent. It is also ihportant to note that in the 1977
expériment. the syntaxsremained constant, which ié not the

“case in the 1978 study. Many of the minimal pairs in this

0o Ak A 2905 g, 1
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later study differed fn‘the location of the major syntactic

boundary.

Andresen  (1979) made - a .similar mistake 1in his
identification experiments. Listehers were asked - to
correctly identify  intended utterances, which  had
counterpart utterances in juhcture location l(e.gQ, ~syntax
vs. tin-tax wvs. flint-axe). He attempted to relate

identification responses to the canonical forms involved;
however, he found that correct identification depended more

on the quality of the consonant or consonant cluster which

separated the vowels. For example, if stops were involved, a.

much higher correct videntification rate wés ‘found, but
- utterances . differing in the llocation of nasals Were
identified poorly.LHoweveg, many of his fest items. differed
in éyﬁtax; SN addﬁiion, some_‘ utterahces involved
ident%fications of portiOnskof words which may also not be
appropriate. |

McCas land (1974) studied the effects of segmental

duration in the:perceptiOn‘of juncture. Using phrases like

"fts still" vs. "it still" vs. "its_tiil“ vs. "its dill", he

obtained the following results:
1. .aspiration of fhe /t/ determined a parsing response of

"its till", and

2. parsing responses for the other three choictes were based

on a combiﬁatory effect of the duration of the /s/ . and

the duration of the stop closure.

For the geminate /s/ condition (i.e., "itSistill"), a long

Vo
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/s/ was required. In order for the boundary to be heard
before the /s/ (i.e., "it still"), the /s/ had to be fairly
long, and the /t/ fairly short; for a boundary to be héard
after the /s/ (i.e., "its dill"), the /¢/ had to be fairly
short and the /d/ fairly long. Bofh segments had to be taken
into consideration; subject hespoﬁses could not be acéoUnted
for if only one of the éegments was considered.

Repp et. al. (1978)‘ also ‘investigated durational

aspects in juncture location. Their study dealt with the

differences between 'grey ship’ vs. ’'great ship’ vs. 'grey

chip’ vs. ‘great chip’. They fQund that both the sijlence

(t-closure) and fricative durations were impgntant in these

distinctions. Fur thermore, speaking rate affected the
relative durations between the silent portion and frication;
the noise duration was effectively Jlonger at the faster
rate. Results are similar when the 'source’ sentence is
altered (e.g.. using the utterance ‘great ship’ and altering
its silence and frication. duration values vs. using the
" Utterance 'grey ship’ aﬁd'altering these segment durations) .
*The authors  conc luded thét,since listeners iﬁtegraté such
. numerodéJpres of cues into phonetic perception, it is the
articulatory act’ that 1is perceived. However, there is no
clear motivation for their negleét of other models of speebh
perception. | |

Pérceptual studies of juncture have led to some

~interesting questions regarding listeners’ ability to

segment words from an utterance. We know that spectral
. ¢ .
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allophonic differences play a large role, particularly in
differentiating juncture location among simple monosyllabic

words. We also know that both stress and rhythm affect

listeners' parsing responses in differentiating the syllabic

patterns of words in an utterance. Furthermore, we know the
general‘relétive_importénce of spectral, stress 'and rhythm
cues in parsing speech. Howévéb, it is . not Known how
utterances involiving segements with weak allophonic cues are
handled, nor is it discussed how sg§éss and duration
patterns affect juncture locafions. The foi]owing StUdies
address thesé questions, both from a production” and

perception point of view.

Vudsmmanal o
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III. Measurement Study of Production

This' ¢hapter describes a quantitative analysis of

intensity and duration differences of segments near junéture.

points. In additioh, the'effects of contrastive stress are
investigated, as well as effects due to differing types of

consonants.

A.'Descﬁiption and Measurement}of_Data
o Spéakers

Four  speakers, three -male_\and one‘ femaie}. were
recorded. A1l speakers were. native Canadians and had no
history of speech disabilities. |
~Materials | |

Four sets df short sentences were constructed. The

carrier frame was Kept synfactically constant for reasons

discussed in Klatt (1975). This frame was: "The sheep
Jike(s) (verb). Four verb pairs were chosen such that
~deleting the initial /s/ of the first verb would result in

the second. In addition, it was important that‘the number of

'syllables remain constant (cf. results of Lehfste, 1960,

regarding e]ohgatioh‘of'fiha1 syllabies).‘These yerb pairs
were: ; "sleepfng-}eaping",." "sweeping-weeping",
“"smashing-mashing”, and “snapping-napping". Thus, foUr
sonorant consonants (/m/, /n/, /1/, and /w/) were clustered

with /s/, two of which carry no noticeable allophonic

spectral differences (namely, /m/ and /n/). Changing the

placement of juncture resulted in three distinct meanings

35
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for each'setﬁ

1. S#S: The sheep likes s]eéping. (single sheep)
2. K#S: The sheep‘like sleeping. (many sheep)

3. S#C: The sheep likes leaping. (change of verb)
Similarly, other suéh sets were éQnstructed .using the
remainihg verb paﬁrs. Thﬁs, a total of twelve sentences were
conétructed'prpendix (AR | | |
In addition, stress was altered contréstive]yf

The sheep 1{Ke_sléeping.

- The sheep like sleéping.

" Since each sentence was spoken under -the two stress

conditions, this further doub]ed the material size to a

total of 24 sfnténces.

Apparatus

The instruments‘vbeiow were used in. this study. Their
technical specifications follow. -
1. Microphone: _Sennheisef MD 421N, frequency résponse
30-17060 Hz. 25 dB; sensitivity .2 mV/imicrobar at 1000

7

. Hz.; cardioid directionality _ P ,

2. Tape Recorder: TEAC A-7030, frequency respénsé 50-1500

Hz. %2 dB: speed 14 ips.: SNR 58 dB. |

3. ‘Audio-frequency- Filter: Fr¢KjaueE-den£en type 400,
frequenéy response.slépe 36 dB/oct. _ |

4. Minicomputer:PDP-12A; word length 12 bits; A/D, D/A

cohverﬁors 10 bits; operating systems 0S/8 and

T,
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Alljgatoh. ‘
Recording

.SLbjeﬁis ‘were individually recorded in  a sound
_insulated fécordihg room. In order to elihinate possible
crosstalk'effectg, on1y the leéft channel of the TEAC was
used. - In ord$95~t§ reguTafe- the tempo;of speaking, each
sentence was first presented to.the-subject ”from a master
tape on whichvla.’master’ speaker was recorded. The master
tépe was made tempo constant by having the maéter' speaker
utter the sgﬁtences.af thé_éame rate_as qjgitally preparéd
beats. These beats simulatéd the nhyfhm’}of the sentences.
The maéter tapé waé présented with a Sony tapearecobder QVeE
Sony headphones. / '

Subjects were asked fo rebeat the sentence at tﬁe same
rate as the preséntation bn the master:tapqﬂ'bdt to do so in:
a natural manner . However, one épeaker (Speakef 3) seemed to
speak at}a}faster:rate.‘The‘sentéhces weré élso~wrftten out |
for the subject in ordéf to prevent'slips Qf the tongue and
to make.theftask‘eésier. Fbur‘replications were recordeq. In
’eéch replication, the ' subject  ffrst recorded the
post-juncturally stressed sentehces'(i.é.,'stress)on likes),
and then recdrded the pre-junéturally stréssed' sentences
(i.e., stress dn sléepfng); The middle two repiications were
picked forpmeasurehent purpOées. This ‘procedUre‘.dim{nished'
warm-up .and fatigue effects in épeaking.l o )

o ‘ | y

1The Alligat8r programming system, developed by Stevenson
and Stephens (197Q?'is written in 0S/8 PAL 12D assembly
language and is designed for psychoacoustic experimentation.
The system is executable on PDP-12 computers.

- - - -
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Digital Gating

Digitization was done by an interactive Alligator

program. For each stimulus Sentence, the portion surrounding

~the~fbncture (e.g., for ‘the sentence ‘The sheep likes
.]eaping.’, ‘the sUrroundiég portion is 'likes 1eap’) was
digitized and stored on tape. Only this part of the signal
'was stored due to the Timitations of computer mehory. THe
“audio signé] from ﬁhe tape recordér was bandpass fi]teréd
(68-6800 'Hz.) in order to eliminate 60 Hz. hum and possible

speech components above 8 KHz. before digitally gating the

,signaT. Care was taken to avoid signal clipping, whi]é.sgjll |

"maintaining the broadest possible range of quantiz@ffon.‘The
wiring diagram is shown in Fig 1. | |
Segmehtétion and Measurement |

| anh stimulus was segmented into seven sections via
Fortran programming described by Nearey and Hogan (1879). To
aid in the segmentation procedure, a spectrum ahalyzer ahd a
‘playback device were availab]é.’Thelwiring diagram is shown
in Fig 1. The seven sections were defined as_followé:
1. 'LAL': onm the beginning of the /1/, ‘indicated by the
start of ﬁeriodicity of the waveform, up to the silent
: pértiOn of the beginning of the /R/-closure |
2. K: the silent /k/-closure, 1ndicatedvby zero ahplitudé
line | |
3. BUR: indicated by '/k/-burst’ spectral peaké ranging in
. the 1.5;4'KH2. range (Hajlé et. al., 1957)
4. S: the /s/-noise indicated by random-appearing points in
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the waveform and havtng‘a spectrum peak at approximately
6 kHz. (Strevens, 1960) | | |
5. P: the pause,; indioated by a.silent portion
'5. C: the consonant from the heginning of oeriodicity in
the wayeform following -pause or /s/ up”to the vowel as
def ined by formant’changes or distinct changes in‘ the
_pattern ot the wavefOrm ‘(as in the case of nasals).
Decisions were a]so based on audio- p]aybacK |
7.V from the beg1nn1ng of the vowe | ast def1ned the
formant pattern appropr1ate to the vowel in quest1on up
to the beginning of the silent port1on of the following

/p/, or in the case of the verb- pa1r smash1ng mashing’,

*up to the random waveform of the frication»of-/s/.

It' should be’ noted that for the- /1/ and /w/ cases,

Segmentation - of the consonant from the vowel was d1ff1cu1t

and some arb1trary dec1s1ons had to be made

The durat1on and intensity of each  of the seven.

sections were then measured by OS/8 Fortran Iv programm1ng

written by T. Nearey. .For 1nten51ty rmeasurements, the

program first removed the DC bias, and then calculated

average amplitude as r.m.s. values. All values were stored

in the Amdahl 470/V6 computer for statistical analysis.

' Ny . . . . " o
‘Measurement means and standard deviations are listed in

\Apoendix 2.

BN
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B. Statistical Analysis:'Resu1ts'and'Disoussion |
The  duration and- intensity . measurements were

statistically analyzed using two statistical tests: the

analysis of variance (ANOVA) and the discriminant function

analysis (DFA). The raw duration data was transformed in two
ways, log and square-root conversﬁons. and both ANOVA and

" DFA  wefe per formed fof; allﬁthree measurement scales. Log

conversions were investigated because'of.the-report by‘ Poht .

(1978) that all segment durations are roughly proportional
to speaking . rate.. In  the‘ log soale, the constant of
pboportionééﬁty ‘becomes an  additive term. In this

. experiment, there were indications of rate variations among

speakers, as -noted  above. Under Port's hypothesis, such

~ variations might be expected to be - subsumed by the additive

‘main effects for speakers -in the ANOVA. }Squ3re-root

conversions were investigated, since JND's for noise ‘and.

 tone burst duration are nearly constant for durations in a

square-root scale for the range in whioh most of the present -

segment durations belong (i.e., - 100 msecs. ) (Abel, 1971).

Intensity measures®are reported in decibels%

Considering both ANOVA and DFA results, the square root

transformation seemed to be the most appropriate;
significant subject. interactions decreased, while the

proportion accounted by main effects increased in the ANOVA

and the'Wi]Ks'lambéa score in the DFA (a measure of group

separation) was higher for this transformation:



,F for Duration

fﬁ;esortbed by the segmentatiOn procedure. The

; :onsisted of four fully. crossed factors with

twolrep} J;ns in each cell. The four fectors were:

1. -S: .of wntch there were four, Si, $2, $3, and.

-S4

2. A of which  there .»were two levels
oost-jiuivural stress A1 and preJunctur11 stress A2

3. C;27c0nsonant,'of which there were four; /1/=C1, /w/-C2;

/m/=C3, a}: /n/=CA4. |
4 J:  junct fﬁype of wh1ch there . were three; S#S=d1, =
k#S=u2, Bhd S#C=U3. | TS

Table 1 shows' the nesults of the ANQOVA' s for each ‘

~section. A conservative F-test (Winer, 1971) was done due to -

the violation of:hOmogeneity of variance which was found in

~ the durat1on of the K-closure, and in the - ampl1tude

‘_measurements of the fo]low1ng consonant (i.e., /m, n‘ w, and:

‘,l/), and the final vowel. The Bartlett Test for

of ~variance indicated = that these sections  showed

heteroscidasticity beyond the .01 -level. It ’ seemed

reasonable to treat all sections in a similar manner; hence,

all sections were tested conservatiyely'owingrto the lacK.of:

homOgeneity of lvariance in some sections. In gddition. all

reporteqésignifioant effects are significant’toithe .01

2 'C’ is meant to designate only the four sonorant
consonants in this investigation and does not refer to all
consonants, as in the ordinary symbolic convention.

%
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S were done one for each of the seven’

his
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level | _

For all sectlons except the pause sect1on, speaker main
‘effects were slgn1f1cant Slgn1f1cant mawn effects due to
jUncture were evident for‘all sect1ons except for th_,.LAlx\
and b rst portlons In other words, the different types of .
Junctures affected the duratlons of five out" of,dthe_ Seveqf
sect1ons measured S1gn1f1cant consonant‘ matn effects
'_ appeared -in the analys1s of the vowel sect1on only. Thus,~ o

the duratjon. of the vowel was affected by the type of
consonant preceedingl it. Two slgn1f1cant' 1nteract1ons
emerged. The LAI portion shOwed"a “Subject?Accent,.(SA)
interaction, 1nd1cat1ng a speaker. dependent effect ‘of stress
on | the vowel ¢ The 'S' sect1on showed a 51gn1f1cant
Subject-dJuncture (Sd) interactton Fig. 2 shows ‘that the
maln effects of Juncture (descr1bed belowl\are ma1nta1ned
Tukey Tests for Durat1on | |
Tukey ) tests, destgned to V'tesgb',or ~significant S ;
d1fferences betWeen levels w1th1n each factor were done lforva |
all 51gn1f1cant main Juncture effects. Ma1n effects due to
‘;subjeCts were nofj/analyzed since vit'lis‘ the gﬁfects ofh
junCture -and not speaker d1fferences wh1ch are of 1nterest
Table 2 summarizes the results of these tests o S
The durat1ons of the ZK in the K#S cond1t1on areo g 1
s1gn1f1cantly greater than K duratlons in e1ther S#S or S#N o . h
That is, a non- clustered K at the end of the word (1ike) is

51gn1f1cantly longer than a clustered K (l1kes)

°S duratlons in S#S were 51gn1ftcantly greater than §- 'lg-,l7

e
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Fig 2. Subject-Juncture Interaction
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durations in K#S, and those in K#S were greater than those
in S#C. That is, a double /s/ is longer than a single /s/,
and furthermore, a word-initial /s/ is longer ‘than -a

word-final /s/. The consonant following the /s/ is longer in

S#C than in K#S or S#S, which means that an initial

non-clustered sonorant consonant is;”]onger than an a
non-initial, clustéred consonant. Finally, the vowel portion
is longer in SKC than ‘in K#S or S#S. That is, vowels
fol]owing single consonants are longer than vowels fél]owing
, clustered'_consonants.»However, this last result is based on
a somewhat 'arbitrary segmentation procedure, as it was
difficult to find the exact location of where the consonant
ended and the vowel began. The differences in pause were not
analyzed since fhe pause Was found only in the S#C
- condition. | |

| For the significant main_effects of consonant on the
vowe 1 section; a Tukey test‘was also done. It was found that
vowels following nasals were.longer tHan vowe 1s fo]iowing
liquids. 3 However, due to the arbitrary cut-off decisions
“while measuring liquid consonants, this result is difficult
to interpret.

Analysis of Variance for Intensity

Five ANOVA's were - done, one for each section except

"pause” and "K closure". (These.sections were omitted since

STukey tests showed that the following differences were
significant: /n/ vs. /w/, F(4,9)=5.99; /m/ vs. /w/,
F(3,9)=5.82; /1/ vs. /n/, F(3,9)=5.96; /1/ vs. /m/,
F(2,9)=5.79. The differences between /1/ vs. /w/ and /m/ vs.

-l o4 4% _2__2err. _
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they are normaliy segments of zero intensity:) The ANOVA
design was identical te the analysis of duration and thus
had the fouf< fully crbssed factors -of Subject; Accent,
Consonant and Juncture type. Table 3 shows the ANOVA results
for the five sections. For all sections, speaker. main

effects were significant, indicating either ]argé speaker

vab4abi1ity and/or possible minor effects in the recording

situation, Juncture affected the /s/‘ahd consonant portions
but only to a .05 significance level; this is {nfefesting
because only these sections are in prbximity to the boundary
locafion. ANl sections except - the K-burst  showed
Subjéct-Accént interactions. It is evident that {ntensity of

- : . )
elements is affected by contrastive stress; elements in a

stressed word are generally more intense than elements which

are not in a stressed word. However, subject differences do -

exist, as evidenced by the SA interaction.

T&key Tests for Intensity

Tukey. tests were done only for,juncture'effects{ as

subject differences are not under discussion. Results are
'shown‘in Table 4.

S's in S#C abe less‘intense than S's in S#S or K#S.
That .is, final 5's are less intense than S's in the chef
conditions. Similarly, the consonant portioﬁ in S#C was less
intense than in S#S or K#S. Thus, ° initial sonorant
consonants are less intense than consohants within words. It
is important to note that these intensity heasures'deal with

overall intensity values and not intensity shapes. (For

3
%
X
;
3
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example Lehiste, 1960, found that the intensity of initial
‘(n/’s_rose slower than non-initial /n/’s.)

' The Discrjminent,Function»Analysis

on all duration and intensity measurements combined. This
" analysis classifies data into groups according’tolfunctions
l‘based on~veriables. For this experiment, the functions were
based on the duration'and intensity of the seven measured
sections. The groupsglnto which the data was classified were
the three | juncture categories, where S#SsCategory 1,

K#S=Category 2, and S#C=Category 3.

Table 5 shows the classification results, Overall, the

groups were correctly\classlﬁied 91.67%lof-the'time, based

on all duration and lntensity.measurements. The group® which

-was  classified correctly to the highest extent was SHC. S#S.

was correctly classified‘the'second highest,, and finally}
K#S‘was classified the poorest. Fig. 3 shows the scatterplot
d1agram where * 1nd1cates the group centro1d The canon1cal
. discriminant funct1on 1 is most strongly correlated with the
S-durat1on; duration of the consonant, information about the
pause, and to a -lesser extent, on the S-intensity. In
general, hdwever S- 1ntens1ty ﬁnd S-duration are correlated

Function 2 s most strongly correlated with the K-duration

and S-duratlon. ‘As the scatterplot shows, Funct1on 1 ‘
distinguishes S#C from K#S and S#S, while Function 2
distinguishes K#S from S#S. Thus, qoration of the S, C, and

P serve to separate S#C from the other two juncture

A linear Discriminant ‘Function Analysis (DFA) was done
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conditions,’while the double and single S conditions are
separated on the basis of the 'S and K durations. In £
'addition, the plot shows that. S#C is separted from the other’
conditions to ‘a larger extent, but S#S and K#S often

« F

R overlapi'tThis' is also reflected in the classification
\\\Eoores\ above. ) cApparently, ‘subjects produce 'a'.QPeater
difference between “likes napping” and the other two
sentencee than between "1likes snapping” vs. "Tike snapping” .
;Summary;; _

‘This measurement study showed that the three categories
of juncture are differentiated in speech production, ‘and
further'pointed to those elements within the signal that are

‘affected as a resu]ttof juncture location. Both the ANOVA
and DFA analyses}pointed to the duration of the S ae being
the most highly. affected element as 'juncture ‘is varied

Other -elements which are of impor tance are durat1on of the

consonant, K-closure, and pause.

PR ‘::v,-'w r'.t,:n i e N
AR e B L A L

In general,'S#C produces a short K, a short non-intense

S, a: bahse, and a long N. This reflects the cluster at the

3 e S e e
F B R o

left side of the juncturk, an the single consonant at the
right side. K#S produceé a long K closure, an S with medium e g
duration_and high'tnténsity values, no pause and a short N. ;
This.'refleCts the single consonant at the 1eft side of the
HUnctufe, and the clq’ﬁer follow1ng the Juncture. S#S

produces a logw S of med1um«1ntens1ty, a short K c]oSure no

pause and a sﬁ%rt'N Th1s reflects the pre Junctural cluster

and the conjoining of the two /s/'s in productlon




IV. Identification Tasks
In the previous chapter, severél aspects of the signal

differed  in duration according to juncture 1ocationy/hamely

the durations of K, §, C, and P. This dhapper, addresses .

whether  these changes alter subject's perception of
juncture. Two perceptual ‘experiments wéhe done. * They were

designed to establiSh~ sets of stimuli that were largely

'identifiéd as'representingbthe three juncture = types. Thesé 
experiments were done in order to test whether alterations
observed in the signal’ (as defined by production

‘measurements) cued word boundary location for listeners. The

first éxpeﬁimenf'uged a forced choice method, whereas the
secdnd‘ used a free response mode. It wasiof‘interesf to see
whether the“response'task altered subjects( identificatiqns.
It was also of interest to see whether “typical’ or.avebage
duratidn'valuesrfor - each juncture’ Cétegory .would indeed
signal thét'category. o |

Due to computer storage restrictions, as'well as the

desibeAto‘limit the number of stimulus items, only one

speaker, one stress condition, and one verb-pair werf used.

‘The utterances of Speaker 2 were ‘chosen due to their

consistency and low misidentification rate in the DFA. Also,
average values for this Speaker coincided to a high degree

to the averages poo]éd across subjects. The 'normal’

post-junctural étress, mode was employed (i.e., likes'

nabping) due to the absence of accent differences (in

- relation to juncture) in the ANOVA tests. Finally, the verb

55
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pair "snapping-nappfng"'was chosen because the segmentation

: prdblems' were considerably less than with the .‘liqUid

~consonants /1/ and /w/; the "smashing-mashing" pairfcould

have been utilized as well, but it Was avbit‘mdre difficult
to'segmeht a following /s/ than a fo]]oWing p-closure.
A.-Experiment 1: Identification by Forced Choice Method

This first experiment used the. method of forced choice

in order to obtain identification curves of,. juncture

~location.

Preparation of Stimuli

The Stored portions of Subject 2‘s{"1ikes snapping" and

"l}KQ§'napping" were used in this experiment . In addition,

the subject’'s - beginning and final portion of an originally

taped sentence was sampled, digitized and stored in 'the same’
-manner as déscribed aboVe. From these utterances, a total of}'

31 segménts was made. There was one beginning‘ segment SHLK:

("The sheep 1ai"), ten K-closures of'vabying_duratibns, siX

pause (P) lengths,‘five different durations of N, eight S

durations and one end portiQn "APPING". For eaCh of K, S, N

and P, there were three.éegmehts correSanding tb'typjcal or
average values in each juncture }¢ategory and ambiguoUs
dating of mean values between eéch‘ typical

é : .
fegments  were ‘prepared using interactive

3. Their preparation is described below.

l‘ i

ng and their detailed characteristics are

, the long nasal portion of theiorﬂéina{jy taped -
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"napping" portlon was segmented Beginning and end port1dnsv
Were-segmented out u31ng zero- cross1ngs as ‘end- po1ntsx ,and '
stored. A 'singte p1tch’,per1od from the m1ddle port1Qnrof
‘this long N_iwas subseduently- segmented at ,zero-erossing.
end-points;“and stored. New N's were‘ made by digitally
queuing the beginning; pQrtion;g with a numbeF of middle
-pgrtipns, }andv»the 'end portion By Qarying the number off
middle pdrtions added the durat1on of the segment could be
varied; Two "typical’ N’s were constructed “one for: S#C and :
one for S#S and K#S. The latter two juncture cond1t1ons”
: required. only one repreSentative as.the measurementtstudy.
,_revealed no s1gn1flcant d1fference between N durations' in
:these categorwes A short N, a long N, and one ’ambiguous"N‘h
(hav1ng a duration between S#C " and _K#S/S#S)"were also
constructed. | | |
“For the S's, 50 mseesn' ot the beginning and end :
portions of the subject’s S in "likes‘isnapbing" were
segmented‘ out and Storedt The burst of the /K/ was 1nc]uded -
in the beginning port1on due to pOSSIb]e- segmentat1on
: prob]ems. The mlddle portton of thts fairly steady- state /s/
‘was sdbsequently segmented at vary1ng degreesd_fromf the
’centre}h providtng several different duratibnal values. New;v
segments were made by - queuxng the beg1nn1ng port1on, -any one
- of the several m1ddle port1ons, and the end port1on Three
”typ1ca1’fand three amblguous S’s were made, as we]l as a
- short S, and a long S. In add1t1on the 1ntens1ty values of}

each ftyp1cal’ S were altered SO as to co1nc1de w1th average
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1ntens1ty values for each categoryo The: 1ntens1t1es ofr‘the

~eamb1guous - S's were altered to be the mean average between

intensityfyalues of two categorwes._-bﬂke thev‘durat1onal_

values intensity values for each category were based on the
prev1ous measurement study The short and long S 1ntens1t1es
were altered to typ1cal S#C and typlcal S#S 1nten51ty

.yalues, respect1vely

The P (pause) and K- closures were made by us1ng ‘small.
- silent pOrt1ons and stringing any number of these port1ons

- ,together in order to produce varying durat1onal levels of -

!

s1lence - The or1g1nal port1on, was from anse in the_'

.'speaKer s S#C category

The durat1on and 1nten51ty values of all segments; are

l1sted 1n Append1x 3.

Lists of St1mul1

For this eXperlment,f,it was of interest to test the

E perceptual .categorizatlpn of -, 'typicalt‘ and ."ambiguous'

frames. Three of each of such fnames were constructed and ,‘V

presented using All1gator programmlng The segments for each

| of these frames were: :
1. Frame 1: 'Typical 'S#S'; SHLK (=SHEEP LIKE), typical K i,n‘
s#5, long S, no pause, typical N in S#S/K#S, APPING. |

2. Frame 2: 'Typ1cal K#S“i SHLK, typ1cal K and S in K#S - no

' pause, typ1cal N in S#S/K#S APPING

3;,cFrame 3: ’Typ1cal SHN' $HLK typ1cal K S P and N in

- S#N,- APPING

. 4.5 Frame. 4. ’Amb1guous betweeng S#S"and' K#Sf;n aSHLK; p

e it e i e P e s e

o kB s e o s, e DL

i < Ta

e e e

oo
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ambiguous K, S, and N (mean values between) S#S and K#S,
no pause, APPING. ‘

5. Frame 5: "Ambiguous between S#S and . S#N’'; SHLK,
ambiguous K, S, P, and N between S#S and S#N.

6. Frame 6: 'Ambiguous between K#S and  SHN';  SHLK,
ambiguous K, S, P, and N between‘K#S,and S#N.

A ‘random list of six of .each of these frames was
produced, providing 36 stimuli. All stimuli were repeated
twice”. This set of stimuli wés desampled by passinglit
through the Frékjauer4dehsen filter described in Chapter 3,
and recorded on audio tape. l
Sub jects -

Eight linguistically-trained sub}écts,‘ with no known
hearing difficulty, participated in this experimeht. Seven
of the 1listeners were native speakefs of Canadian English,
}whife the eigﬁth, a trained phonetician, Q;s a native
speaker - of American English. Only the latter was familiar
~ with the details of the experiment. In addition, three
subjects did two experiments, while the remaining five did
the test gply 6nce. Séhcé this was a pilot test, the
_'exp;;iment was treated as if there were eleven sub jects,
each doing the test only once. | ‘
Apparatus. _’

The tapé-recorded stimuli were presented to subjects.
~ The.ingtruments used for this presentation were as follqwgz
1. Power Amplifier: Braun AG Type CSV 250
2. Tape Recorder: TEAC A-7030 |
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3. Headphone Sets: Telephonics TDH-49,‘ fheqbency response
30 to 6000 Hz 3 dB.

The w%ring diagram 1is shown‘in Fig 4.
Procedure | .

Listenebs were givén a blahk response sheﬁ and a "Key’
sheet on which was wfitten the three juncture conditions and
their corresponding response number. They were instructed to
write a 1 on the énswer sheet if they heard "The sheep likes
shapping”, a 2 if.they heard "The sheep like snapping” and a
3 if they heard "The sheep likes napbing". Sub jects were
asked to make their decision after the second repetition of
each:stimuius; this was done in order to _reduce possible
auditory contrast‘ effects. . They were also given a 'kKey’
sheet on which was writfén the three juncturé~conditions and
their corresponding . response numbens. Subjects were
requested‘to refer freely to the key sheet, so ~as not‘\to
forget the juncﬁure-number correspondence. | |
"Results and Discussion '

The listeners’ responses were taJlied for each frame.
The totals are listed in Table 6. As can be seen by these
totals, a S#S/S#N ambiguous frame was no different from a
K#S/S#N ambiguous frame, so the latter was subsequently
removed. from the analysis. The identification curves which
resulted are shown in Fig 5. These curves show that average
values for S#S, ’K#S, " and S#N consisfént]y elicited the

highest responses from listeners in those categories. The

ambiguous frames were crossover, or boundary points.
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D

H

T=tapec recorder
A=amplifier
D=distribution board

H=headphones

Fig 4. Block Diagram for Signal Presentation




TABLE 6

Subjects' Responses [or the Forced Choice Experiment

Frame
Stimulus
skttt

s#s
#s
S#N

Ambiguous
S#S/K#S

Ambiguous
S#S /SN

- e

Ambiguous
K#S/S#N

Responses

b

i

21

36

27

32

30

43

10

62
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However, S#N had a much larger percenf of 'correct’
identifications than either of the other two categories.
| Also, the 'responses for the 'ambiguous S#S/K#S' frame were
more evenly split than in the “ambiguous K#S/SEN' case. A
possibility of potential difficulties with a‘ﬁorced‘choice
procedure became apparent; it was possible thaf in a free
choice situation, the S#S résponse might not eQén appear . In
‘addition, subjects-feportgd that a distinction betwéehf S#S
and K#S was often very difficult to wmake, whereas S#N
séntences were easily identifiable. A'reSpon;e p;eference to
the K#S category in the"difficult’ cases Was suspected, -
siﬁce there weré Iargef totals in this _éategory for all
ambigudus “frames (see Tabie 6). Perhaps this prefefence was
due to the fact that the K#S response number (2), was always

positioned in the middle of the two alternate choices on the

answer sheeat-

B. Experiment 2: Identification‘by Free Choice Method
In order to ascertain the extent of'any respohse bias,
if in fa¢t,thebe waé one, a second eXpebiment was conducted.
This experiment replicated Experiment 1 with one . variation.
.Choiées of “besponses were . not given to the listenefs;
rather,Asubjects wrote down what théy heard! It was of
intérest »whether the S#S category would emerge under this
condition. If no subjects 1isted this as an alternative, it

would be an indication that the previous identificafion-

curves were‘a,resglt of the forced choice method used.
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Sub jects
There were eight linguistically-trained subjects, none
of whom had participated in Experiment 1. A1l subjects were
native speakers of Canadian English, and had‘ no Known"
hearing disabilities. |
Stimuli and Apparatus : .
| The stimuli and apparatus were identical to those 'used
in Experiment 1. -
Procedure |
 Subjects were instructed to listen to the presented
sentences and wr1te down what they heard. Sufficient time
was provided for these wr1tten responses o |
Results and D1scuss1on |
Subjects’s responses were totalled and identification
curves generated (Fig 6)1 Subject differences emerged. Two
subjects had no‘S#S category‘at all; they did not hear any
of the sentence frames as having a double /s/. Of these two -
listeners, one responded with. K#S responses to all presented -
stimuli. For all subjects, again, more responses were-listed
asdvbeing in K#S than in any other juncture category. This
suggests that there are indiytdualmdifferenCes regarding the -
extent of a K#S preference. AJso, the fact that, for sohe
subjects, the S#S category was not there"indicateS* that -
~either it is harder to signal this category, or. the subjects
did not ’thinK of’ all the poss1ble alternat1ves There is
some 1nd1catlon that the latter explanatton was at work due

to ‘the observatlon of one subJect’s response behaviour. This ;
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subjgct,.up.to the middle of the experiment, did not respond
w;fh | any  S#S's, bpti after the 'discovery’ of this
é]teﬁnétive choice, began responding in the same paftern és
‘those who had|a]1>thnéé categories ffom}the beginning. ‘
Indeed, the méjorify of subjects‘résponded with all
three categories. When only their fdentification curves are
.pldtted ¥f}:ig 7) these curves are similar to the
- identificafion curves obtaihed by the forced choicé_ method.
Thus; for suﬁjects with all thbee Categqries, either method‘
. of response produées similar'resu]ts. }
‘This expériment fherefore indicates  that while there
are ‘some 1i;tener differences, the majorjty of subjecté‘;
~ respond similarly in the two response condﬂfidhs.
Fur thermore, the forced choice method offers the

experimenter a controlled response structure.
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V. Combinatory Perceptual StUdies of Juncture
~From thévprevist pilot tests, it is Known that cHanges-
in  the sign?] alter listener’s perception of word boundary
loéation. This chapter addresSes what particular aspecfs' of
the signal ‘account for suCh changes. Furthermore, it is of
iﬁtereét to thw how various combinations of cues afe.
handled by listeners, partﬁcular]y ‘when these ’heaker’
durationa] allophonic changes ‘are | involved. ,Thus,
experiments were designed in order to test the COmbinatoﬁy
effects of the K, S, P and N elements. | | |
~ In designing such cbmbinatory' expefiments there are
numerous problems éssociated vwfth fhe statisicé] design.
~ There is a generai‘]ack of statistical exper ience {hroughoﬁt
the literature, and bropeh' statistiéal ‘models for such
experiments Havé’not been devé]oped. ‘Nonetheleés, liti is
important - to expidre the effects of a multitude of féétors,
and perhaps such gxpefimentation will spur thé' development"

of stastical methods that can better handle these problems.
It wa§‘ of particular interest to find out what
,'Tfstehers Q@Uld do when ségmgnt durations conflicted.} What
wou ld supjects‘hearvwhehAeleﬁents were artificially combined
‘that wé}e not in combinatioﬁ in actual production? Is .theﬁe
a péttern to these tyﬁes 6f judgements; or are they random?
Do some spe;ific elements of tHeVJSignai_ foverride’ other
cues? finaily, do the ma jor: ques' K, 'S, P, ’and N act
:indepeéQently in éome'sense, or do ‘they' interact? ATheSe

éxperimeﬁts, therefore,  tesf ~the limits to which

AQ
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combinations of elements can be classified, and which
speoificr elements are most important in the decision making

process of the listener.

A. Experinent Three‘ Swamping Experiment

This exper1ment was exploratory in nature to see if a

change in only one segment of a frame would alter subJects ;
responses. Would any such elements complete1y override the

~ cues in the frame? Would such cues -'swamp’ listeners’

judgementS‘ to one. category only? This pilot test was
per formed in order to test for levels of segments that wou id
make a,difference in perception. but not override " subjects’

judgements comp]etety oIt was of concern to limit the
duration of the elements to those found in product1on It
was also of concern to define ' perceptua]’ rqageg% SO that

in .the ful]y crossed experiment, all elements would show a

| mean1ngfu1 cross- -over point in categortzat1on

In 'add1tton,‘ a type of rat1ng task was s1mu1taneously~‘

‘ administereéghtn order to test subJect’ strength of

responses. This was done in order to obtain a rough estimate

~ of how,subjects class1f1ed utterances'wh1ch seemed somehow
‘odd to them for the category chosen .=
. Subjects /

«Ten_'ltnguistioa11y' trained subjects.‘ with no known
hearing difficulty, participated in this study. |
Lists of Materials -
The three typ1cal frames used tn Experiment 2 were

Q
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aga1n used} Four extreme levels of each of K, S, P( and N
were p1cKed from the extreme ranges found 1n product1on Two
of these 1evets were short whtle two levels were long. These‘
levels of elements were substttuted one at a t1me into the
frames; the other rema1n1ng elements in the frame were held}
constant . Thus, only one_subst1tut1on was done for any'One_
frame at‘a time. All levels were within .the -llmlts of
‘observed product1on measurements The four levels of each'
segment were: - | _
. K: typical K in S#N, ambiguous K between S#S and SN, a
Fairty long K, and:a very long K. | ’ o
2. St a snort S, a typical S in'S#NL a typica]tS in‘S#S andeqﬂ%
a long S. ' | ‘ |
3. P: no pause, a short P, typical P~in'S#N; and a 1ong P.
4. “N: a short N, amb1guous N between K#S and S#N. a typical
"N in S#N, and a long N. |
' (See Appendix 3 for actual durat1on and 1nten51ty values )
“This y1elded a total of 48 st1mu11 (i.e., four levels ofn

four variables in three frames). Two random1zat10ns were

fi§ffdone thereby'increasing the number of stimuli to -96. A

:'d1g1tally prepared sine tone was inserted after every five
sets of repeated st1mu11 in order to allow subJects to keep
their proper location on the answer sheet. The st1mul1 were}
recorded on audio tapet- |

Apparatus

Fhe same 1nstrumentatton was used as in Experlment 1.
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'Prooedure . R L d | S . .

- The identificationjtask was identical to that'explained
in Experiment 1. 'Subjects were ‘asked to record, = on
computer-scoreable answer‘sheets, at, 2, or 3; depending on .
their judgements of S#S K#S, or VS#N .categories."hIn i
iadd1t1on subJects were asked to tick off the number of the
: quest1on if the utterance seemed 1n thelr Judgement to be
a ~part1cularly odd representatlve of  that categoryf.Thef

'key' sheet was again provided for their convenience.

-
121\

| Results and-Discussion = ng ‘
Four.identiftcation curves for each of the three frames
were generated one for each var1able (K S, P and N). These»
‘,curves are shown in F1gs 8. Each varlable w1ll be d1scussed,_
separately. ﬁ' |

‘In'some cases, the effects of ihe elements with respect N

to one another 1s d1scussed 1t is 1mportant to note _thatr-

. the dlfferent elements cannot really be equated since. it.is

" not . knownawhether a part1cular duration Tevel of the S, for
“”aexample,,vi -,comparable to that same duratumfcﬁ ‘the K (or
any other element) Therefore it must be Kept in m1nd thati
- these *elements may have d1fferent psychophy51cal effects
-ﬂfrom one another. Another po1nt of caution IS;that the range
of durat1on is d1fferent for each element athe:S'ranges from
100-200 msecs y the K from 2385 msecs., the P ; f'rom 0-72
msecs., and the N ranges from 40-80 msecs Thus, the ratlos
between the longest-and shor test elements. d1ffer- between_

-

these four elements. "'jf»,”"f'h' 'a N
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The Effects of K

For the S#S frame, a 1ong!K would ‘override’ the
long .S cue and more K#S responses resQ]ted..Shorter K's
in this frame are typical of tHe'frame, and therefore,
subJects responded with more S#S responses.

For the K#S frame, longer K's, which are typ1ca] of
this category. yielded more K#S responses. Shorter K's
elicited more S#S or S#N responées; sinéetthe short K
signals a_clueter at the end of the word "likee".

For the S#N frame, the K was not power ful enough to

override the other cues in the S#N frame (i.e. the S, P

~and N) and subjects responded with more S#N responses

for all Jevels of K that were inserted. These K's made a-
marginal difference, in that K#S responses ¢ would
increase sl{ghtly with the insertion of a’lqng‘K, but

the majority response was 11 S#N.

- The Effect of S

The S's clearly affected eyery' frame. For all
frames, inserting . a ‘long S elicited "S#S or K#S

responses, while  inserting a short S elicited S#N

‘responses. Intermediate length S’'s provided cross-over

points between S#N, and K#S/S#S. In all ~frames, the S

Que' could override aill three comb%natory cues provided

by the frames (i.e., K, P, and N). As in_the first two

experiments, -the nUmber of K#S responSes=was higher than
S#S responses. 1nd1cat1ng.a subJect pref@rence for K#S.

The number of resﬁahses in the S#N category, however, ,
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was always h1gh for appropr1ate S values s

: However, ini»the K#S frame, the 1nsert1on of short
S's led-te a majority of S#N hesponses, but not to the
same high levels that were found when these S's were
inserted into the S#N and S#S frames. Presumably, - the
]ong K ‘in the,K#S ftame interacts with the S cue in‘an;
inhibitery way. It is also important to note that the S
can. oVerride all other ‘&yes-(K, P, end<N5. but the’ K
duration cannot. . | | |
The Effect of P o

In the S#N frame,‘a,tong pause elicited more S#N

responses.: In the other two frenes, a long pause
increased the number of S#N responses slightly,'but the
maJor1ty of responses ‘was determ{hed by the frame.
Therefore, ‘no swamptng occurred and \heagfuse did not
}ioverrlde cues in the S#S and K#S framesf*lt may be'that
the longest pause was too short to elicit such. response-
behaviour. This suggested thatva wwder range in pause.
duration would be ‘neéessary for the futly _cbbssed”;
expertment,‘ in order tb’ebtain cross-over‘points in the
" identification curves. - D g w%yefb.

The Effect of N

The dunﬁtion of the N seemed to strengthenii?“ﬁj74h

 responses for the S#N frame }he‘ ‘other fhames were
. ‘ ° i N

affected only’ to a small gegree by the 1ength of the N.

| Thus, N by itself_ could nottoveerde.the other three

cues (K,vS,.and‘P) provided by the S#S;and K#S frames.

L
v .

v ; »
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In summary,\the‘S duration could override all other

" cues and is therefore, considered a primary. signalling

agent of juncturef The K duration could override cues in

: | . | .
the S#S frame, 1nd1cat1ng that - it is a ,signal for

cluster K-S vs. non- clustered K#S. N's were not strong -

- enough to oVerride the § and K cues in _S#S and K#S
frames. Pause levels w\re too short, and‘the effects of
P therefore are inconclupive. In general, the ranges of
“:‘elements provided -cross-over polnts (except for pause.
whose range may have 4been ‘too .narrow) " Thus, these
}ranges of elements could be used 1p the follow1ng fully
crossed expertment.‘ |

Rating Results

. Subjects were asked to cross off the number of the item

if, after _identification, they felt that the utterance was

somehow odd for the  selected category Analy51s of. the

',results indicated that subJects marKed-off an utterance as

being odd for that category’ in two cases:

1, _MISIDENTIFICATION Subjects classified the utterances in -

~a category of which the elements were typical of another
. . 4 ’ _ }

category. L

2. CONFLICTING CUES: The variable»inserted was an extreme o

which confllcted w1th typical cues w1th1n the frame that

vghappen to be extreme -(For example 1nsert1ng a long S
in the K#S frame, which already has a long K.) |

It is notable that subJects did not cross off typical frames

~ which they ' correctly_ identified.
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‘ When there were cont]icting cues, and-subjects‘crossed
. Joff'these'utterances as being odd, the following vresponse |
patterns emerged W en/}ong K’s and long- S’s were combined, |
‘~35% of the subJects crossed off the utterance, and the S cue
- generally  ‘won’. However. there were dlfferences among the
’subjects; some subjectsyresponded with a K#S in this, case,
1nd1cat1ng that,  for  them, the - K vpredomtnatedr
(Approx1mately 60% of those . subjects ucrosstng voff these'm
“utterances }responded wtth S#S, whereas the others‘reSponded
with K#S~) When long S’s and. 1ong P's cOmbined theAP was a
stonger cue for 70% of those subjects mark1ng these as be1ng
odd combinations. About 35% of the subjects had crossed off
these utterances However as noted by the or1g1nal graphs
(Fig 8) most subJects were 1nf1uenced by the S. Thus, ffor
subjects who thought these- comb1nat1ons were odd _the pause _‘
predominated, thereby y1e1d1ng'S#N‘responses When long K's
and long fPﬁs combined, again the pause'affected lrstenersv'
eventual choice (i.e., more S#N responses were found 'under‘
’this condition for the‘tO% of subjects who crossed off these
utterances). T |
These results indicate that for combinations which
. sound ‘odd’ to 'subjects,llater<cues affect responses more
‘than earlier cues, when these cues are in conflict.
- Admittedly,},these results are hard to interpret sincevthe
relative'salience among.elements is. unknown. Mobed work is
‘needed on',thev rating = technique and it may prove to be a

useful paradigm for -eliciting information» regarding the



 were -similar 'to those‘in'Experiment'3
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finer detail of subjects’ decisions.
B. Experiment Four:’The Fui]y Crossed Experiment
' Experiment .3 showed that changes of single elemehts {in

a frame could alter percept1on but not completely overr1de:
all the frame cues in all cond1t1ons  Experiment 4 was
 designed ih onder to test the comp]ete comb1natory effects
of the K, §, P' and N segments. Since' the P levels ‘ih

EXperjmehi’ 3 were in too'narhow of a range for meaningful
.choss-over pofnts, the range was ihereased for \ ‘this
experiment to‘ 0-72“msecsi (as opppsed to the 0-45 msecs.

”range'fn Expehimeht 3). Al ranges.from the other variables -

S .

This comb1natory eﬁEer1ment was des1gned in order to
test what would’happeh&1f all of the elements changed. What
. combinations would lead'tdychanges in juncture percebtien?
How‘do listeners'éope with fcdnfl{c}ing cues’ ? Fina]ly:‘ is
. there an 'interdependen§e~ of elementsvor is_the'peﬁceptual~
vdeciSion4maKihg process.based oh'the K, S, P, and N cues

ihdependent of one another?~1t'was impontant.'therefore, to
| ':cross levels of all foﬁr factors'in order to address these.
queStions. o ,  ) N Q_‘ | o | |
Cswbgects . &

' There were 36 first-year psychology students who
part1c1pated in the experiment fprs course credifv The-

subJects were om1tted because they marked the1r sheets in an

1mproper manner . A1l subJects were nat1ve Engllsh speakers
LIS . L .
. . ~ ) ‘ ¢
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and had no Kann‘hearing difficU]ties;
Lists of Stimuli -

Owing te the‘Jarge number of stimuli in such fully
crossed  experiments, enly oner‘fandomization list was
prepared. Four levels of S, and three levels of N, K, and P
‘were fully crossed producing 108 combinations. The beginning
pbrtien’SHLK and .{he end pontion. APPfNG ,Wergv attached td
each combination to complete ,the sentences. The’stimuli‘and
their dOratiQn valueSOEPe listed>tn.Appendixt4svTnese levels
wefe, bicked'ybeeause,. according_‘to‘ Egberihent 3, such
-duratien 1evels'would provide appropriate crossover points.
In addition “they wefe equally 'spaeed in terms efllinear
_duratlon Each stimutus was nepeated‘twice After every five
sets of repeated stimuli, a digitally prepan;; sine-: tone was
inserted in order to allow subjects to keep»track .ofl-theln_‘
'neSponses. The stimuli were recorded on audio tape. |
Procedure | o

o SubJects wergﬁgskgd,bo 1429t1fy each sentence and mark
, el
out.a t, 2, or 3 on. a computer scorable answer sheet
'eerrespondtng- to S#S K#S and S#Ny- respect1vely The ‘Key'
sheet of Experiment 1 was prov1ded. A pragtwce block of ten
stimuli, taken from the middle of the stimulus list was
played before the actual experimenttf’Thé'-subjects marked
trial respenses,on-a sepafate cemnutefysheet.'
The 108 . Stﬁmulus. list was broken'into'two parts;‘and
the test Was conducted5in twbisessidns:'lntthe first session :
the first’ 55 stimuli were playedﬁ_ Aftef a break of ten
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~ minutes, the second session was conducted in which‘the'last
53 st1mul1 ‘were presented The test was conducted.’in, this
way in. order .to reduce subJect fat1gue effects The stimuli

were so d1v1ded in order to make the locat1on of the sine

tones coincide with the demarcat1ons of the computer score
sheet. | |
- Results A

/" 'The listeners’ responses were totalled and = the
./ « . ‘ ) - . ) . .
“identification curves were plotted (Fig 9). The effects of
[ . : -

" each variable are discussed below.

)

The K-closure | N
The length of the K generally distinguishes
clustered " K's from the non-clustered;case ti:e;, tends
. to cue a é%s response)‘ If‘theAN is short and there is
not"a long pause, a large K y1elds more K#S rfsponses
However , 1f the N is long or 1f a long pause 1is there,
this ~does‘not take place Thus when K and N confl1ct’
'A(1 e., long K s1gnall1ng K#S. and long N s1gnalllng S#N)
ne1ther element really dom1nates in the l1stener §_"
judgement..lnstead the’ judgement seems to' be more
dependent on the § duratlon When the K and P elements’
conflict (i.e.,' long K s1gnall1ng K#S and long P
s1gnalllng S#N) l1steners Judgements agaip depend more'
“on the S durat1on espec1ally if there is a- shorter N.
The K, then, can be seen to have a greater effect'
when the other- elements are short, a long K under these_

cond1t1ons will s1gnal a non- clustered ftnal K, thus
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yieidingvmore!K#S'responsest HoweVer; when these other

ele@ents;areATarger, the K'effegt;isﬁless~and longer K's .

do not elicit Vthuese high/ levels of K#S responses. ..

" The S duration |

“The S duratton.js a powerful signalling cue. As

expectedq;from the'swamping experiment, the duration of
the S is'a ma}br-cue'for signalling juncture location;

’ all graphs show that smaller ‘S!is lead to SN Judgements
‘1arger S's lead to.K#S or S#S responses, and the longest
S generally cues’ the S#S condition. The%e,were, however,

ot

a few except1ons wh1ch are. out11ned in the following
" paragraph | .
| As mentioned above if the K was long and the other
,etements-were short, the short S+ cue (s1gnall1ng S#N)
_was“overridden by the'gK cue, thus ¥1e1d1ng more K#S
responses. A second exeeption can' be found when all
etements are‘long. Here,’the‘tOngest S signaWs more S#N
responses than K#S_or S#S. However, since _the. rest of‘
‘fhe cues are ’Conflicting’ in this case, subjects seem
to_be relying on the latest signal. This was also
_ev1dent in ‘the 9wamping&‘experiment; when dtterances.
sounded odd for that category (as seen hy- subjects’ .
_cross-off rat1ngs) the1r judgeMents were bised on the |
latest cues, namely the P and N, thereby yielding more
:S#N responses. Also, there are two cues here for S#N
(hamely, P and'N) and'on]y‘one for each ongﬁS and - S#S; -

perhaps it is a cue majority and not a ' latest cue’

9

)
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which makes this bccur. (See- perceé{ua] médé%s.for
’ ’segmentati;n in Chapf;:iB.} /
_Anbther'interesting poinf should é]so"be noted.
iWh%ye.sthf S's ihvar%aQJy Jead to SAN responses, longer
, f$’s can lead to eitﬁer S#S.;r )K#S respohses. In soﬁe‘
K[gasés,_ p?rticﬁ}ar]y with - a lohgv N, fhe S#S and K#S
;cunves are almost identical. -Thus, the curves show that
S#N beh;ves markedly different' frdm thg othé}'btwo
categories.. but that the K#S - and S#S curves. are not
' differént from one another. This is pariitu]arly evident a
| When the long pause is used. This sUggests that subjects
cou]d. more easily judge a S#N category than distinguish
between S#S and K4S (i.e., they could tell a final S had
' occufred, ‘but wereb‘undecided when an initial S vs. a
double S had ocurred). In this érossed experiment, a K#S
preferencé was not found: ' rather S#S responses'were
“highly evident, apd' in .some cases, overshadowed K#S
responéest Many subjeéts - responded ;;Yh S#S when the
longest S‘was ﬁresent; perhaps they developed an ad hoc
strategy of ]istenihg directly f?r the long S.1in order
to judge this cétegény. : : \
The Duration.of‘the Pause a
:The effect of incfeés?;g the bausq_ duration was
that mohe S#N responses were obtained. In additioh, when
pause conflicted with othef cues, it cbuld‘not override -
the S cue except“fbr the;cése; mentioned above, where

A3

every-seément is long. The other effect of pause, as,

¢
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. BESCS |
mentioned above, was that the responses in a Tong pause
condition showed identical K#S and S#5 curves. |
‘jhe'N Duration - , - L . . .
Increas1ng the duration of N strengthened; S#N
responses. In a]] cases where the long N was. present
the K#S-S#N~boundary was pushed_to theyr1ght, 1nd1cat1ng
that more S#N responses were'being given:' In addition,
very 1ongtN s would not allow long K’s*to override the 5.
cue,, ;s was the%case when N's &ere short indicating an
inhib1tory roﬁe. |
Stattstical‘Analysis e
| The identification curyesv (Fig 9)‘were statistically
analyzed in several ways Owing to. the general lack of
'exper1ence in - applying statistical models to such data it
.was neoessary to apply several stat1st1cal evaluat1ons . The
‘statistical models used inoluded the ANOVA and seVeral
]ogistic models: these analyses were then compared to one
;another. ‘ | |
| | The ANOVA Imode] is easy to apply since the perceptual
exper iments followed a fully crossed design. However:, each
hcategory had to be ana]yzed separate]y thus, wht]e'the data
were treated as three separate problems,, this: was not *tn
fact the case. An ipsitive relat1onsh1p ex1sted between the
three categories - by "knowing = the responses ~in two
7categories, the third category responses we;e automatically

known. In some cases, signjficant interactions were found

that were: suspect, owing to this ipsitivity; some
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fnteractions were  found. only inbone of the thgee éategories,
?uto@ing fo the'ipsitiye‘ re]ationship ‘that exists amohg ﬁ
" these .Categories; it-75~expected that if an inféréce;Zh was
.trufy evideni, itq;Ould‘&be significant in'vatfvlééét‘\two
catégories. “In addif?on, these same jnteracti6ns were not
-fgﬁnd to be significant when subjected to the 1ogi§fic
~analyses.’ - ;" ‘ | | |
2‘ The logistic analyses fit several specified hodelségok
the data. This. procedure, in  some reSpects,’ is a’ more
justifiablé ‘mode 1 fér such multi-categorical dété, since an
ipsitive relétionship 15 “built - into the lbgistic mode
itself. - |
In 'the last section, the ANOVA and logistic models are .
“v coﬁbared.vﬁ model is qpqsén on Fﬁe basis& of cOnvergdng\
results,Of‘the two analyses. |
ANOVA Results - i

For each cafegory, response proportions were fit

‘into the arcsin space by the following formufg\

2*arcsin V/' (pr thfion)*.ZS/Total+:5

This was 'done 'fp;‘;eaéons dis§hssed in Bock and Jones -

' (19?8, 5. 72) . ANOVA‘testg were done oﬁ\;eaéh /Eétegory

_separately so that éignfficamt- main effects would be-

meaningfu].'waeQer, as mentioned aBove, an . ipsitive

E ‘re]ationéﬁﬁp )exﬁsts' amoné the catégories; which is not

taken)ihtoAhccount'by this ANOVA aﬁalyéis. The = ANOVA.
‘results.are showh in-Table 7, ' a

Eor the S#S Cétegbhy, the main effects of N, K, and

..
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S are significant From the cell}means-it’can be seen .
that shorter N's yleld more S#S responses _while longer
“N's. yleld fewer S#S responses The same trend is evldent
for th\\h S. Th1s trend | . reversed in . the S-case;
longer _S’s lead to mor e S#S responses shorter S"s to
vlesss In‘aédltﬁpn, the ‘PN, KS, and NKPS 1nteractjons‘are
_significant. The tWO’wéy interactions are shown'sn_rsg_
10. The PN interaction accounts’ for only a very Tow
;proportion of the‘total var.iance (1%) 7ﬁd' furtherhore,v
s suspect in vwew of the 1ps1t1v1ty problem, since it
only showed sxgn1f1cance irf thls one category (Also
the log1st1c analysws (d1scussedl belowlh<found this
.interaction to be non-significant;l'lhe KS)interaction
shows that long K's lead to-fewer S#S reSponses'when the
S s short~thanvwhen‘the S'is:long; in rglatﬁon‘to‘the
other K levels - Thus, when S is short and K. is ,long,
more K#S responses result (i.e., less S#S responses) but -
this same K does not have this effect when followed by a
long S.° The NKPS~interaction follows the trends-of‘the
main effects;~ this lnteractlon will‘enot» Se fgrther.‘
analyzed slnce vit'aocounts for.onlyha snala‘propont?on
of the total variance\(<:3%l '1 , : s'{ '
For the K#S category all }lmain effects arequ
51gn1f1cant Cell means show that | |
1. the l;nger the N, the fewer the K#S'responses,
because long N’s tend to el1c1t S#N responses p

-

2. the longer the K the more K#S responses

,‘\ ] . - A , R
. . . .
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‘ .
3. the longer the‘pause; the fewer the K#S vresponses,
~ because long pauses tend to elicit S#N responses .
4. shortest S's (a cue for S#N) yield the least K#S
‘responses, while intermediate S's yield the most K#S
responses; the longest S. leads to ~f%yer K#S
f responses, because it is a cue for S#S. However, the
level of K#S responses even for the longest $ 15 
still quite high.
fhe SN and PS’ interactiéns' were significant and are

. '
shown in Fig 11. In the SN case, longer N's tend to

o ¥

. elicit fewer K#S responses when preceedéd by a short S
~ (S#N cue) than when these same N's are pheceedety a
long S.\However, sho‘t N's and short S’élbroduced near]y:
the same number of K#S responses as short N's and)long‘
S’ s; presumably tHe S#N category is taKingi away - some
‘respohses iﬁ' the former case, while S#S-resbonses are
»gredominant in‘the latter case. For the PS interaction,.
as 'S increases with no pause presént; the K#S reSpohse
‘becomes more frequent. Howeyer,‘thié is not‘ the case
when -a pause duratiof is present: when the pause is
'presenf, subjecfs do not. produce a greater number of K#S
responses as fhe S duration increases. When no-pauseis
present, ;he.S cue acts alone, but when pause is .there,
"a conflict arises between S and pause. -

In" the analysis of the S#N ca%egory, all main

effects were significant. Judging from cell means,
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| longer N's and pauses y1e1ded more S#N responges while

shorter K's. and S's led to more S#N responses; Several
s1gn1f1cant 1nteract1ons were evident for th1s category,
namely, PN, SN, KS, 5P, NPS,&,and NKPS. The two-way
interactions are plotted in- Fig 12. The three and

four -way. 1nteractlons fo]low the main effects trends and

‘w111 not. be further analyzed since they account for

small proportions of the total variance ( 07% and 2%,
respectively}. For both the PN and SN cases, it can be
seen that the trends of the Ta1n effects are evident,
but only a difference in degree exists between the
different levels of each of' the two, factors. It could be

the case that these interactions are found when this .

‘measurement scale’ (arcsine transformed counts) is used.

The KS interaction also shows the basic main qeffects

’trends. However, .it seems that short K's and short S's

produce'more S#N responses than when these K's are

| combined with » longer S's, _in relation to the other K

levels. In fact, there seems ‘to be no difference in -the
number of S#N responses between the three levels of K at

longer S values. The SP -interaction 1in this category

‘seems to be the inverse of the SP interaction in the K#S

category; there 15 a differenee ‘between no pause and
some pause.in nelation to S levels.
Problems With ANOVA

Unfdrtunate]y, statistical results of categorical

data using the ANOVA tests have several difficulties.

£
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>First, the ANOVA assumes homogeneity of variénce, which
in,cafegorical déta is not neCessari]y irue; Seéond,
'thefe‘ is the ipsitivity broblem (disbussed above). The
basic problem,..theq,)“is‘ that we are dealing with
.multi-dﬁmentibnal frequency tables, where thé‘ ANOVA
}model is an inappropriate stétistic. |
The Logistic Model Analysis
The 1ogist;c analysis is a fairly new mgthod of
dealing with ’mu}ff-dimentional contingency tables.
‘Statistical tests in this model are based on the
 assumption:that the set of res?onses to a given stimUIds
are drawn from a product-nomial distribution (Fienberg,
 1978, Neareyl and. Hogan, to appedr). Thus, thé thfee‘~
categories can be dichssed together, and iheir\jpsitive
relgtﬁonship is built ihto the model. Tﬁis data was
énalyied in terms of Several hierarchical logistic:
models which are . outlined below, and were done by a
log-linear proghamming package. The results are
tabulated in Table 8. The statistic used in this
analysis is the so-called likelihood ratio chi squared,
G2 (Fienbgrg, 1978)- |
1. Main Effects Model (CS, CK, CP, ,CN):.AOn]y‘thé
interactions of the main effects with the -juﬁcture
categories,"with no interactions among the K, S,'ﬁ
and N elements are in this model. This mode 1 éppears
to provide a reasonably good fit to the dafa and is

a good first approximation to the identification

s AN
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.
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curves of Fig 9.'Howevén,=the global goodnesé of fit
test - cannot be taken at face value when méhy of the
expected values are small (Haberman, 1978). 4
2. Adjacent Two-way Interactions Model (CS, CK, CP, CN,
CKS, CSP{-CPN):-This model.has the main effects plus
vthe interaction terms which are 1mmedlately ad jacent
A temporally (1e KS, SP, and PN). Th1s model was
significantly better thanﬁ'the~Maiﬁ Effects Model;
the goodnéss . of fit to the curves of Fig 9
significantly improved. |
3. A1l Two-way Interactions Model (CS, CK, CP, CN, cﬁg{
CSP,, CPN, CKP, CKN, CSN)? This model was based on
the ﬁain,_effects plus all two-way interactions.. It
was not significantly bétter- than the  Adjacent
Two-way Interactibns Model. Therefore, adding those
two-way inteEaCtiéns “which are not temppra]ly
adjaceﬁt does not"prbvfde asbetter goodness of fit
to the data. : | |
4. Higher-order Interaction Models (CKSPN): | ‘Adding
Athree or four-way 1nteract1ons 1nto the model did ‘"
. not s1gn1f1cantly improve the mode 1’ s goodness .of‘
/f1t as compared to the f1t obtained by the AdJacent

Twa- way Interact1on Mode]

“Note, however, that Haberman (1978) indicates that tests
based on differences in G° are generally close to their
descriptive s1gn1f1cance levels when compar1ng models, even
in this case.

|
|
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;. . |

In order to test which of the Adjacent interactions
were impoftént{ a ’backwérds\ stepwige’»bénalysgs» was.
done, using procédures described in Fienberg (i978). In
this procedure, the model “containing all  Adjacent
interactions is .compared with models Awhereby oné of
theée interactions is dropped at a time. Results are
tabulated in Table 9. It was found that dropping the PN
interaction did not‘producé'a significant difference in.
' the .goodness bf fit, but dropping either the kS or PS
lowered the goodness of fit significanfly} As - a vsecond
~ step, a Moaified Adjaceht Twoiway Iﬁ;eraction Model was

»

tested which had. the main effects plus only the KS -and

PS interactions. Dropping either the KS or PS from this._ :

vmodifiéd model again significantly reduced the /goodnes§
of fit. | | o
Comparison of ANOVA and Logistic Analysis

Although it is difficult to compare the ANOVA and
1ogistic ana]ysié@ it is possible to at 1ea§t examine
“the ‘differences between ﬁheéé two methods of analyses.
In the follbwihg discussion, it is notéworthy to-Kéep in
‘mind thaf"the ANQVA was conducted on each‘category |
sebarate]y while the"logistic analysis combined all
three categories. The ofher major~differen§e betWeenA
both methods is the nature of the analysis. The ANOVA is
a .modeflkwith additiye effects, whereas the logistic is
based on)effeCts which are basicalfy 'ﬁUTtiplicatiVe in

nature. Therefore, an exact comparison bebween’the two
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methods is difficUlt.'fhe two analySés can be summarized

“as follows, using on]&jfhe main-effects as anfeXamp]e}

The ANOVA Model: ' B g ‘
’Y(spknr)=m+a(K)+b(s)+C%p)+d1n) e Ksbnr)}
where "the eiror‘febm e(KSpnF)=N(O.d).,

. S BN | v .
In this model, three separate analyses a orne for each

category. o
The Logistic Model:

: &,
V(CKSPNR)= p [A(CK) B(CS)-CICP) DICN) F(C)]+E(CKSPNR)

‘ . [A{ jK) B(3S).C(ip) D(jN) F(j)]

where A(CS)=elexp o« CS)

and £ 1s " a ;product multinomial’ error distribution

~_(Feinberg, 1978). Note that Y is constrained to range

from 0 to p. -
In this model, the three categoriésvafe built into" the

‘model ~ simultaneously. The ANOVA ,model is largely

~inapropriate for these data, since it cannot handle the

ipsitive relationship that exists  between  the
categorieé: It also produces more - significant

interactions than the best fit logistic model. A]fhoUgh

the logistic assumptions are not violated, thére are
still  problems with this model, pafticularly with

"respect to its handling of low expectéd values. However,

»

. . N L
it seems to .be .the more appropriate moqsl'and yields

less signi?icant interactions; thiéj is particularly
appealing since those interactions which are not found
to be significant in in the logistic model, but were so

ye

L}
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in the ANOVA, were thosefvery ones which Webe"suspected
-of resu1t1ng as-a consequence of the 1ps1t1v1ty problem
(cf. Snedekor and Cochrane, p.494, on d1fferences
between transformed probabi]ities and logits). 5

In conclusion all analyses point to 'the main
'effects and the the KS and Sp 1nteract1ons as be1ng Phe
vonly s1gn1ficant‘ factors. 'Itb is noteworthy that - the
ANOVA  model  may produce  additional significant "
}tnteraCtions in categorical'analyses.,Foture.research'on
appropr1ate stat1st1ca1 models is necessary and' it is
suggested that for futu?e experlments w1th a categor1cat

\
structure, a more vthorough- ana]ys1s using 1og1st1c

) A Y . . ’
models is. appropriate. Furthermore, strict reliance on-

the ANOVA model seems ill_adyised for an analysis of

‘ categortca1rdata.

2 N 4

5T. Nearey(personal<xmﬂun1cat1on) conducted several p1lot
statistical experiments regarding the differences between
the ANOVA and logistic analyses. Initial results indicate
that these interactions are indeed a result of the

 ipsitivity problem.
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V1. Perceptual Models andiDiscussion'
It.was the purpose of the- experinents to investigale
bottom-up“ processing; that::is, the amount of 1nformat:on
‘that could be derived ,frdmi the. acoustic stgnal w1thout
syntactio, semantsic, cr pragmatic aid1 It is not inteﬁaed to
suggest that such higher level processing does not influence
fspeech perceptionr kindeed several prev1ous 1nvest1gat1ons
have led to the conc1USﬁon.that.such higher Jevel processesv.
| .
a

are involved (Warren, 1870 and Morton -and Long, 1971).

'Rather, th1s 1nvest1gat1on dea]s w1th processes\vwhtch are
used tin “the absence of h1gher order 1nformat1on It seems
reasonable to assume that where these bottom up processes
are operat1ve, higher order var1ab1es may either strengthen
- or weaken them, kbut such ’lower*]eve]’ 1nformat1on does play
a raole in percept1on of speech Thus,'llsteners must gain’
some 1nformat1on from the acoust1c s1gnal as a ’f1rst step’
in understand1ng speech

Many mode]sv of - speech perceptton reiy heayi]y on a
top-down-component . However, some models have recently been -
developed ‘which depend more heav11y on low)level acoustic
1nformat1on The first sect1on ~of this chapter"reVieWS'
'iseveraT such’ models and outlines possible ' problems
assoc1ated ﬁ?th the1r assumptlons The. seCOnd section
descr1besv vtwo alternat1ve bottom up process1ng models
"des1gned to account for word segmentatwow in speech "~ The

rconclud1ng sectwon suggests several exper1ments and out11nes

guide]ines for.the1r rationale.

‘112
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] . ’ ; o
A. Some Bottom-up Models of Speech Percept ion
. Bottom-up mode];‘of;speech perceptibn typ{calry uf{lize'
aspects 6f ‘the incoming signal to decode information and
”tHen send this ihformat{bn to higher; level procgsses. The
‘ma jor di]emmasﬂin §Qch modélé are
1 .whét are the minimal units of thé speéCh signa]-that may:\‘J ’
be a&fendéd‘toiinlspeech perception | J
_in.fwhat ané‘the'1oW 1eVél'storage~lihftatidné éf’memory@and
3.' at what étage,is_a decision made? . -
Wickelgren (1969 prbpoéed ; fﬁat “contéit*senSiEive, ,
allophone§ werevthe,mjnimal uhitsvin speeCh‘percepfion. The‘.
surro@nding}f context qu" enéorporated :‘iﬁto | these t
’éllopho%es': ,Typically, a word such as ;stop"w0u1dvbe,—

,

pepregented{_in'Wickelgrpn’s.tgyms, as #st to 19 P

#
This = procedure tried tc take care of a segmentation prbblem

° t P o

long inherent in  speech reseérch. és well as to,.giVe-
tentative.' orderiné” constr;ﬂn}s oﬁ phonemes . ,The‘ basic, -
problem with wﬁckelgfeh’s units is that 'they,.sugéést that
1isteneﬁs ‘will  have 'psychQFIinngSticalfy_ relevant
differences jn'perceptibh befWgén; for example, the /a/ in

/

- "#:apf

' vs. the /a/ in ' jap’ . While there is"a distinct
difference in the Whole waveform between /ap/ and /pap/

sequenges,  fhere is no real evideﬁce to Suggest that a ¢
. linguﬁstic ~distinction” is baSed’ on these differences;
listeners . will _éategorize both /a/'s as being /a/7sL,Wh%1e-

it is § mafteg_ for psychoacoustics to determine whether
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listeners hear a difference bet@een these two 'sounds, it is
not ciear that such a difference has linguistic relevance.
Léhisté (1972, p. 188) commented %n this distinction between‘
auditory énd linguistic processing. |

One of: the problems in trying to establish what
constitutes the minimal unit of speech is drawing a
boundary between ‘the perception of signals in a
psycho-acoustic experiment (auditory processing) and
the perception of signals in a speech mode (phonetic
processing). It is well known that an identical
physical stimulus may be perceived in two different
ways, depending on the psychological setting...The
question 1is now whether listeners are capable of
distinguishing subphonemic phonetic detail while
listening in a speech mode. \

"Lehiste (1972) also criticized Wickelgren’'s model on the
- basis that context in° contextual .allophones shbuld be
“equally recoverable, while her experiments showed that this

was not the case.

Several bottom-up models have been propésed for speech
perception"'thét attempt to define basic ‘units of
peréeption’ which liéteners attend to in the speech signal.
These models were designed largely‘ tg account for a
;henomehon Known as 'categorical Qé%cebtion’, .inl which
listenérs are more able toidistinguish acoustic differences

between 1labelled cafegories than. within categories. ‘For

example, a particular ‘b’ will be more distinguishable from

~a 'd. than another ‘b’ even though the acoustic differences

between all .stimuli are commensurate.
. & .
- A memorial model designed to account for this phenomena
was suggested by Crowder 'and Morton (1969) and further

developed by Fujisaki and and Kawashima (1969) and Pisoni
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‘(1971). This model suggests that acoustic and phbnetic
information isfd?fferentially stored in memory; detailed
| acoustic informétion is stored fqr short periods of time
until a phonetic categorization is done. At this’ point all
irrelevant acoustic information is lost from ’precétegorica]

/
acoustic’ memory and phonetic memory retains only the

linguistic classifications of these sounds. The pﬁ;netic
store retains this classification for a ldnger time, bpt all
finer acoustic detail has been lost. This model has not been
further developed in order to handle boundary phenomena, but
it is a-genéral model that can be used inbconjunétion with
such phenomena (see models for juncture perception, below).

Other bottom-up ’categorizﬁtion’ models encorporate
featuré detectors (Stevens, 1975) which, in an all-or-none
response fashion, respond to parameters of \the speech
signal. Such detectors have been proposed for VOT, for
example,bon the basis of adaptation experiments in infants
(Eimas, et alf; 1971). Oden and Mass;ro-(1§78) attempted to
show how continuous-valued featural information might be
‘integrated in speech perception. Aithough there may be
problehs associafed with feature detectors, .these models
neverthe]essl point té interesting ways in which the
percebtua] mechanisms might operate in - human speech
reception systems.

Recently proposed models proposed by Nearey and Hogan

(to appear) attempt to relate the categorical nature of

perception to choice models based on diStributions of
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natural speech. They offer two basic modeTs, the ' Threshold
Thurstonian Modél’ and the "Normal A Posteriori Probability
Modei"(NAPP). The Thurstonian model bases perceptual choice
on boundaries between relevant categories, while the NAPP
mode 1 base$ perceptual choice on relative étrength of group
membefship‘éf the\signal to the perceived category. ‘They
give exambles of VOT .classificatiOn experiments where
subjects identify a signal as a 't’.-or 'd based on a. VOT
attribute. For the ‘NAPP mode]? they prbpose that such
perceptual _érocésseS* may involve a ’ségmeﬁt likelihood
estihator’ (SLE). The SLE’é aﬁe "tuned so that their 6utputs
aré pFoportiona] to .the probability density of , their
>correspohding segments in the relevant popu]étion of siénals
in the 1aﬁguage" (Nearey and Hogan, to 'appear).‘ Therefore,
listeners "know' the distribution of speech sounds in their
language. {he SLE’; ére hot an all br none decision ih
themselves, but 'merefy encorporate the first stage of
decisions, name]y, the likelihood .estimatfon stage. The
second stage involves a .choiCe"mechanism such as that
described by a Luce choice-theory model and which is
encorporated’ into their NAPP framework. These mode]s lead us
to some viable' psychologicalf interpretations and -are
testable 1in experimental situations. What is reqpired is-to
examine if in fact listeners h;;e Know]edge 'of the
distribution of natural speech sounds in their language.

This will be discussed later with regards to implications

for. future research.
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‘Models from Research in Computer Speech Recognition
Researchers invo]ved in computer recognition of sﬁéech
also developed vsomé. bottém4up aspects in their models of
speech‘recognition. That is? they developed systems which
gleaned information from'~the ,acoustic signal for h%gher
level decisions. Inmost cases, bhonemic 'neéogni}ibn '
followed (see Wolf, 1976 for review). Klati’(1979): hpWever,
passed over this ’phonemic—decis%on’ stage and fed' acoustic
parameters¥ directly into a ’ﬁord-detision"process based on
a best-match scheme (LAFS,‘or Lexjcal:Access From Spectra).
Klatt's ' ﬁodé] also }differé in the use of basic parameters
obtained from the' acoustic signal. For example, HARPY
(Reddy,k 1976) segments: the continuous waveform on the basis.
of zero-crossings and peaks, and a hechani;m identifies
feétures sueh ‘as voicing, silence, friéation,,peak and dip -
detection, ete: These elements .are then matched with
“allophonic templates’ to prbvide phoneﬁic labelling. In
Klatt’'s model, .however, spectral sequences are compared with
internally represénted }diphones', or transition templates
-representing the connecting élements‘ between two phones
(cél]ed ~ SCRIBER). These are similar to °Wickelgren's
allophones reduced to account for one coh;ext ingtead of twd ,
,éfklatt’s‘l a _p i

, # a P,
.} This allows for template sharing in those sequences

(ie. W1ckelgren s £%%  aPi ple
involving partially similar environments. As with
Wickelgren's model, Klatt's model is at the disadvantage in
proving‘ a psycholinguisticaldy relevant “basis for his

“
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diphones; " in his other approach, LAFS, he must show
psychological relevance for the word as a basic unif]

Lehiste'(1972)'has questioned the re]evance of this unit.

¢
L4

B. Models for duncture Percept1on

Most of the bottom-up models of speech percept1on have
dea1tvwith the spec1a1 case of categorical perception for
contrast1ve phonem1c categor1es in a fixed context and have
not oealt with boundary prob]em phenomena. It is of 1nterest
to  devise models of juncture perception; whi]e the computen.
recogn1tlon models have focused moré on this prob]em, the
psychol1ngu1st1c validity of those models is in question. A
bot tom-up mode]_wh1ch has two ver51ons is described below:
the pairwisehevaluation modei”(PE) and the segment-allophone
'modef.(SAf. The segment-alTophone model is considered as .a
~ special case, or subset of the pairwise-emaluation modei.
These models differ in the choice of a basic unit of speech
perception - and qin‘ the 'procedure for word bounda(yv
~segmentation. D L - a 7

The SA model uses the al]ophones of segments-as minimaf
units; these segments are stored in memory and then a global
boundary decision is made. The PE model uses adJacent pairs
of .segmentsfas a special unit of Juncture percept1on, these
units are Kept in memory, and the boundary deciSion fs based
on these» segmenf paims. The models lead 'Fo_'different
mathematical treatments, which will be outlined below. "Both

the models . considered here have two stages‘of decision. In’
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the first stage, signal properties are converted _ihto
phone like strtngs The exact nature of this conversion. is
not detalted\ In the second stage, the output of the f1rst
stage is examined and 'corrected’, if necessary, to yield a

transéription consistent with English phonotactics.

The pepcept1on expertments 1nd1cated that 11steners can s

’

segment an utterance in different ways depending  upon the

nature of “the'acoust1c signal; they d1d ndt 1ndtcate wh1ch

'basic unit’ was attended to nor ‘did  the experjmentat

results lead toespecific decision modets (In fact, in the

statistical analys1s of both the measurement and percept1on

data,, the. three ‘categonies were treated as three separate

unanalyzed categories. 1f such an approach were taken for a

perceptual model, the basic unjt of perception would bé the

phrase or sentence leg. LIKES#NAPPING].. Clearly, this 1is

unnacceptable. It is more appropriate to supoose that there

is an early transformation from the segment to a 1inguistjc§

representat1on ) These Juncture perception models, then, are
tentative proposals which ~ require future experimental

validation or refutation. They are}presented 1n the'hope'of

»spurrtng exper1mental interest in word boundary phenomena.

They_are mere]y attempts at a ' first sketch’ and«by no means

are intended to cover all aspects and problems in

vsegmentat1on Rather the& are designed in obder»to provide

.a conceptual framework for modelling decision procedures in

Juncture percept1on and will be genera11zed with the utmost

caution. F1na11y,-these models are proposed in order to

3
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generate new questions regarding juncture'phenomena and are
by no means iintended' as answers to this very complex
‘problem.

In providing a‘framework for juncture perception, two
s1gna1 poss1b111t1es must be taken into cons1derat1on

1. there are no confl1ct1ng cues in the signal and

2. there is at ileast one cue wh1ch-conf11cts with another

\

cue.
The proposedn models will both be discussed in these
ccnditiohs. |
No Conflict in Cues

" When no _conflict in athe signal is preseht,: pure
bottom-up processing is possible. It is in this case that
the ﬁperceiver can obtain - information direct]y from the-
signal, wighout phonotacttc or other higher-order input

(except for the ' pa1rw1se phonotact1cs bu11t into the first

' decision stage of the PE model). Under- optimal communication

conditions, the speaker would enunc1ate clearly, prov1d1ng‘

ho’conflict-in‘cues, the 11stener_woubd be able to decode
this information. rapidly and be;hcre certaih that he/she
" understood the utterance correctly Thus reaction _time .
exper1ments should show that listeners are faster for these
cases than when cues conf\lct in 'the  signal. If listeners
were asked to rate utterances as to their typ1calness of
that category, they should rate utterances with “no
cohflicting‘ cues higher than utterances "in which cues

conflict. Both versions of the propcsed model handles this
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case in which no cuéS’coquict. This is ~discussed in the
following sect{ons.
The Pairwise-gvaluation ModeTv
This mode]l assigns a special role to adjacent pairs |
of elements. Since interactions in  the pefceptda],
éxperiment. (Chapter 5) wé;e largely associated with
ad jacent segments (KS and PS);'it méy be vworthwhi]e to
 consider a pnécéss 'that effective)y ‘dea1$ ‘with two
elements at a,”timé.‘ In" this model, gubjeots décfde
‘whether any‘ two adjacent elements should be consideréa
as a 'segment-pair’, or. as separate elements. For
example, subjects could decide; upon heahing a shqrt K-
and short S, that these two elements must béth~belong-to
the’ same word, and are fherefbre a cluster or fused
" segment-pair. The direct reﬂationship-. between  the
attributes = of . the segments and the jUdgemenf of
segment-pairs is given by the-phonotéctic constratints of
- the 1angﬁage (for example, me%surements»{;.Chapter 3
showed that the éldster at the end of the wohd'LIKES had
short K's ahd shobt S's). Presumably, classes of segment
'pairs‘ coq]d ~ be  defined (eg:, . [voiceless
fricativetvoiceless stop]) with generalized
characteristic distributions. 5  Decisfons as to' these
pairwise segments are stored ih short ‘term _memOby.a A

6Exeptions to these generalizations must be included in the
model; for example, [voiceless fricative+sonorant] is
permissable except for these cases: *FW, *SR, *0W, =*0L,
(*SW), (*5L). In some cases, it is easier to state the exact
element in the generalized case, for example in the case of
[S+stop]. ‘ ' : ' :
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’second-stage’ decision is made on the basis of all
confipmaiory information. In this'case, when there aﬁe

‘no conflicting cues in the utterance, tﬁis decision 1§

easy; subjects choose the juncture location that is

~given by non-conflicting pairwise cues. An illustration

"is shown below, where the‘examples are taKeh from the

perception experiments in Chapter 4. |
Example 1: The PE Model with No Conflict im Cues
Suppose the pairwfﬁé decisidns are as follows:

K--S, which suggesfs thaf the K and S are clustered, and

'S N:; which suggests -that the S and N are not

<clustered.

~This yields a tentative transcription of

TK-S][TS#N]
’ . |
In this case, there - is: no cohf]iét,: and the word
<ségmentation response whicH, willl be givén is “the

‘LIKES#NAPPING respOnsé, since 5t is only this respohse

in which the K and S are clustered and the S and N are

not.

Subjects'can not be eXpected_to"respond‘ with 100%

clarity as to whether-or not'they have heard a cluster

-

~(or  segment-pair) - vs. a non-cluster (or sépar;ted

elements). To account for this, we might pestulate
probabilities associated‘with each pairwisé decision.
For’ example, .suppose the following probabi]ities were

obtained;a
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K—-S]( 6)/ /I SEN: ]
[ IK#STH [#S:N-1(
This marking convention indicates that al] possible

segment pairs are eva]uated (in this case there areifour

-~

fp0551biiities): Suppose also that subjects decided that

a pause coincided with ,Lpe_7S#N decision, with a

-probability of (.9). This would efféctively raise the

o of

probability of this deaision (eg., by 90%)  and

,effectively lower the 'alternatiVe ‘pairwise desision

(S-N), presumably by the same amount. Notice' that “the
pause mereiy - strengthens ’ the sprobability, and Sis -
therefore censidered'asw a sebarate process, than the'
pairwise decision: 7 TheAfhighesf aQerage probabi]ity
from all pairwise’decisibnshyieid‘a temtative phonetic
transcription if this "is. consistent with ; the
phonotactic constraints of the. 1anguage as'it is in the

case of no ‘conflict among cues, that s 'the response

LN

' subjects give. Therefore, in this'case, a LIKE§#NAPPING

. response wou]d be - given$ghe mos t often, since- it has the

highest average probabi ity. Other responses by subJects_
will emerge due to different_assessments ~(by different
subjects) - of" segmﬁgt-pairs at  the first stage of,

decision.

19

7This is motivated by the fact that the two interactions
~found in Chapter 5 (KS and SP) both involve silent- portions;
perhaps subjects treat Silence differently than speech
sounds.

LW
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The Segmént Allophone Model

This model 1is a special case of the PE model.
Whereas the PEnnodel used pairs of  segments, the. SA
“model uses .the segment as a ntnimal unit; Tnis seémént
unit can be .ccnsicered allophonic 'in - nature ~ and
therefore, a]]ophcneé of the'segment ‘are cons1dered as
the'minimal unit in'th1s model. For example, in the
perception experiments in Chapter .5, the K could be
considered as a short K or é‘tong K. Thesetdecistons are
independent of vsurroundtng context The decisions thet
such: a]lophcnes exist wouldﬂ 1ead tc tentative
transcbiptions.'”For exampte,.Kf wou 1d signa] K#, or S:
would signal k#Si- These allophones thus ' cue ~word
beginnings_ {or ‘endings)’V»as ~a -function of their
distributicn in natural production (i.e., S: does. not
signal S# stncev’wond-finat S's in iEnglish are not
norma]ly'long; see Chapter 3). TheSe»tranSCriptione ~are
stored in memory;.when a sufticient;number of them are
etored, a.,junctUPev decisicn"ié made, based on’ the
cOnfirmatory : 1nformat1on prcuided by the tentetiVe‘
transcriptions. In th1s case where all cues conftrm one
another, - the dec1ston is easy; subjects choose the
juncture location thathall conftrmatory cues signal. An“
111ustrat1on is shown below.

Example 2: The SA Model w1th No Confl1ct in Cues
the subject cen decide whether he hears a long or short

K (K: or K) a long orvqhobt S (S:.or S) a pause (P) or
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; no.anSe (0) and a long or}short N (N: or Ntu If there
is no confliot'in,cues‘supjects may assess thehdurations
of these elements as follows: | -
K, a fus1on cue Wh]Ch suggests that the K is not at word
beg1nn1ng or end1ng[k ] | :

‘S, a f1ss1on cue "which suggests that the S s1gnals the
end of a word['s#] '

P, is a fission cue [#]
N:, a fission cue which suggests that,the,N signals “the

‘beginning of a word. [#n] | |
‘Noticeh that ‘the‘vpause assessment is a special case,

since its distribution in natural speech .is, in many

‘optional’.  This . reflects the KS and SP

,gcasesdl'
i fiionslfgund in the perception\experiments, above;
;fperhaps constitutes a signa]ltng\e]ement that is
fintatly d1fferent from other speech sounds |

F These allophone decisions g1ve. ‘the forlowing
{at1ve transcr1pt1on o - |

K-V L-s#1(#11#N] |

'5'e - represents a fusion cue and #, a ftssion cue.

Téese markers - and #, will be éalled ' segmentation

mlékeri.. Compatable segmentat1on markers can be pruned

4 -

yielding ' | S Ly

 K-S#N .
—Sinee all' cues comb1ne to ‘produoe\ a p segmentation ‘
" response of LIKES#NAPPING _the subject will so respond.

However, the subject cannot ‘always tell with 1C0%

~
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vacquracy whether :the elements are 1ndeed ’1ong VS.
shontﬂ. S1nce these are durat1ona1k‘cont1nqa ,1nvo]ved
it is"more appropr1ate to des1ghate'phobabi1ities~of'
~assessments. An example 15 giveh betow[~5uppese that the
. subject assesses these'.elehents with  the following
; probabtlities:i | . |
: KL sr's:t.S) 01.8) N-1.9)
.5) S- ( 2) P( 4) N: (.1)
This would suggest that the sﬁbJect is unsure about the
length of the K’ falrly unsure of the ex1stence of.the

pause, and more confldent of the S and N durat1ons Such

o

an aSsessment will pnoduce | several _segmentat1onv_
possibilities: A.- B -
" ke ) #s] el fren) | N
{IK-J -s]| L0 [-nl] R
: whehe’.all-,possible pathways = are c:hecked-i Other
segmentatione are hot,poesible since they are never
prdeced in English (eg. LI#KSNAPPING) Furthermore'
.such segmentations would be 1nvo]ved in the durat1on
-.assessments of other segments notably the vowel Al in
YLIKE | | '
These possibilities are associated with their
elements’ respect1ve probab111t1es -as shown above 'A
tentative tsanscr1pt1on i - produced depend1ng on the3
’_h1ghest average probab111ty comb1n1ng all relevant cues.

In. thls example; two tentatlve transcr1pt1ons are kept

since they have the same (h]ghest) average probab1l1ty
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Therefore, the LIKE#SNAPPING and  LIKES#SNAPPING
-,responses will be chosen equa]Jy;‘since their'aveﬁege‘
vprObabilities_are equal’and they add up: to a’ higher
level -than -any kother possibility. In this particUtar
case,:htgher'aevel oroceseing would:be required in order B
.‘to‘sort out whether thetsignal intended one S or two S's
and‘>in thef categorization experiments conducted in
Experiment 4, this would‘lead‘to‘an}equal number of S#S
nand K#S responses As in the PE ~model L var1able,:
responses are accounted for by suggest1ng that there are
d1fferences among ‘subjects in the,ftrst stage al]ophone_o
decision. -
Conflict in Cues
| When one cue conf]icts.with another cue tngthe signat;
this conftict must be 'resotved‘ ~ This reso]utlon "ts :
accompllshed by adherlng to phonotact1c constralnts - a type{:
- of top down correct1ng mechan1sm When there 1s ‘a confltctvv
in E cues, speakers ‘have‘ not enun01ated as 3cJeer]y.nas
"possible,. thereby produc1ng ;no1se in the ‘signal. | This
nakee communlcatlon more d1ff1cult, s1nce the llstener mus t
decode the 1nformat1on from th1s no1sy s1gnal Th1s 15, done'
by bottom up processing of the S1gnaT and a top down check’
r,that w1ll prune out conf11cts of the 31gna1 These conf11cts
are @ funct1on of: the 1anguage structure; phonotact1c}
constralnts are broKen in the case. of confl1ct1ng cues ’

- Thus, listeners should show markedly longer reaction

‘times in these cases than_when no cues conflict; In a rating *

9
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task, listeners should rate 'these utterances lowef than
utperances with no conflict in cues.
‘The Pairwise-e?a[yation Mode 1
In the PE model, these phonotaétic constraints
wou 1d outline possible combinations of segmeht pairs!
Recall that the minimal unit is a segment'pair wh}ch 'is.
defined  in terms of sound classes (eg.,
[fricative+stop}).‘The phonotactic constraints therefore
out]iné the possible combfﬁations of segment pairs.‘For
exémplé, [friéative+stop][vowe1+stop]wou1d be a
permissable étring for English, but [fricative+stop]
[fricativetstop] would not.OAnother example is is where
three adjacent elements &lead to two segment-pair
decisions,' i.e., the tentative transcrip}ion is
[K“S][S-N]. In this case the geminaté /s/ condition is
signalled (LIKES#SNAPPING), since it is only in this
case that both the K-S and S-N are clustered. A third
example is thé casé where there .are three adjacent
elements and no segment-pair decision %é made, since
this woufd sUggest that at least one element stands
alone. An example of this case is given below.
| Example 3: The PE Model with\Conflict in Cues
Suppose fhe pairwise deCision‘was as;fdllows:
K:#S:, which suggests that the K arid S are not clustered
S:#N:;~which suggests thét'the S and N are not‘clustered
This yields a tentative transcriptioh o? [K#] [SH]I[#N].

‘Since -the S cannot stand alone, a decision one way or



the other must be given. In this case, either the

LIKES#NAPPING  or LIKE#SNAPPING response Qould be
obtained, since in the LIKES#SNAPPING segmgntation, the
S is clustered ‘with both K and N elemen£s. Therefore,
the double S condition is ruled out. In these cases, the
average probability of pairwise assessments cguld
determine which response would eventually be chosen. For
example, suppose the subject were more certain that the
K and S were clustered than the Shand N. Therefore, he
wou ld ‘chobse the LIKES#NAPPING response to a greater
degree. This "would be done in the same manner- as
- described above. The pause is tréated in the same way as
déscribéa above: {t strengthens the decision that two
adjacent sements should not be paired.

The Segment-allophone Model

g n,
In the SA model, the phonotactic constraints would

deal with pernﬁisable. segment combinatiohs. These
constraints afe of a first-order tyﬁe that deal with the
segments themselves, rather than classes of ‘sounds,
whereas thé ‘PE model has a second-order constraint,
' dea]ﬁng with classes of paired signals. The SA model
suggests thét, for example, [S:][R] is a noﬁpermissable
string Whereas [S:1IW] is permissable. éome elamples of
the SA model in the case of conflicting cues is given

below.

e
i
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Example 4: The SA Model Wifh ConfliET"ﬁL Cues

Suppose thé( sugject assesses the durations as
follows: |
K, a fusion cue which suggests that K is not at a word
beginning or ending.
S:, a fission cue which suggest that the'S signals the
beginning of a word
#, a fission cue ‘
N:, a fiss{on cue which suggests that the N signals the
beginning of a word. | ' |
This yields a tentative transcription of:

| [-k11#s]1#][#n]
Since there is only one instance of like segmentation
markers (ie“[#][#n]), the segmentation which'ﬁs cued by
this string cdmbinafion is more likely to be chosen
(i.e., the LIKES#NAPPiNG response) . Thus, phonotactic
constraints 'correct’ the placement of S in the signal
by chabging the S from [s#] to [#s]. This is doﬁe in
order to comply Qith the phonotactic cqnstraint that
elements cannot stand alone (i.e., *[#s][#n]). The other
half of the transériptkon ([k-]1[#s]) would ‘suggést the
| o . TN

geminate S case, since the K is short and S is long and
would thus comply with the pHonotactics only if the S#S
case is signalled (i.e., this is a special phonotactic
rule). Both phonotactic cohstraints correct the conflict

by attaching the S to the previous word (i.e.,to LIKES
rather then to SNAPPING). ‘ -



Ihe worst case condition, when many: cues confiict,

is when the tenfative transcription reads
[K# ) [#s](#][#n]
Again, phonotactiq' constraints must cbrrect“ Ehese
conf]icts; This‘is.done by assessihg the probability
strengths of each element and choosing that boundary
segméntation which hgs the highest average probabiiity.
The crossed experiments in Chapter 5 showed that, for
this case, later cues dominéted for the 1istenérs (see
Fig 9 where all elements are’]ong).'This suggeéis that,
for this case, the phpnotactic constraihts pass from
right to left.as follows:
CL#IIANT — [#N]
«[#S1[#] changes to [-S#]1#]
© +[K#1[#S] changes to [K-][-S#]

Thus, earlier cues are changed so as comply with(lqter
cues. |

Of course, the probabilities associated with these
decisions are important in all these cohfliéting cue
cases. The output could ‘changé depending upon the

probability strength of "the elements involved.

C. Discussion

The major differences between model§ of speech
perceptiqn,‘as ment ioned above, lies in} fhé choice of
relevant units and the nature of the ‘decision’ .or labelling

process. Proposed models have suggested that perceptual
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units are eontextual - allophones . (Wickelgren, 19691,
transitional allophones (Klatt, 1979), allophones in the |
descriptive linguistic sense (Nearey and Hogan, 1986. and\
the SA. model above), featural (Oden and Massaro, 1979),
segment pairs (the PE model above),_and finally, the word
(Klatt, 1979) . What 13 needed, therefore,.are exper imental

techniques des1gned to test these different models.

It may prove to be very difficult, if not 1mposs1b1e,

to determine the 'basic unit’ of speech perception.

Licklider (1552) pointed out that " certain  types of

“feature-based and template-based systems are functionally

equivalent. However, if a unit is postulated in a model, it
must be shown‘ to have some psychotinguistic importance.
fhus, it should be fhoWn to_have an effecttve int]uence in
speech perception'in a linguistically relevant task. In the‘

experiments of Chapters 4 and 5, it is clear that duration

*is influencing the 11steners in a ltngu1st1cally relevant

way - alternative word segmentat1ons of the speech signal
emerge when durattonal patterns are altered. However, these
exper1ments do not po1nt to the basic unit involved. ‘While
it is known' that duration is 1mportant it is not Known what
const1tutes the decision unit. Is it durat1on of the segment

or 1is it the faet that duration 1nfluences perception of
clustering (or segment-pairstz Perhaps the' duration values
prime word segmentation based on syllable or word units.
E;perjments dealing with these types of questions are -

needed.
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For example, if the segment-pair 1is suggested as a
unit, _thjs' unit must display some psychological importance

when duration is héld constant. Ffor examp]e,_-sUppose the

/ , ~ .
utterance  "The sheep like(s) srapping {wrapping)" was

tested. If the segment-pair is a minimal.unit, it would be

expected that "subjécts consistently  report hearing

LJKES#WRAPPING under all >duration levels of K found in

- natural production. Of course, if this K is lengthened to an

extreme, the LIKE#SRAPPING response shéuld emerge, since'the

signal  would be too strong to be phonotactically

"corrected’ . Thfs'presumably happéns in  the perceptﬁon of
nonsense words, or non-kEnglish séqUences; the Sjgnal is
attended to wholeheartedjy.dﬁd the phonotactic ‘cohstrainfs‘
aré diSCarq;;., However, under normal listéningvconditions

(i.e., ‘1istehing to English  sounds) the phonotacfic

constraints may be assumed to be operativé when a conflict

between the signal cues is present.

It may prove to be impossible in the case = of
distinguishing featUres'from'seghents since, if a - segment is
altered, its featuresv are- also altered. However ,
‘experimental ingenuity may 6vercome at leastyéome of these
problems. | | -

Thé point at thch choices are made can be explored in
greater detail by using alternate experimental.paradiQMS.i
Thése -include: .reaction t'ime experiments, “interruption
tasks, and- partial identification (eg., does the'subject
hear ’fike’ or /likeS’, ’shappihg' oﬁ.fnapping’}ka long S or

4
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a short S, a cluster or a non*cluster?); Thé’choice' of the
experimenté] ‘paradigm -may -prove to be very ihportant. Fér
example, in!the‘thew;ully crossed experimeht in Chépter 75,
it Wa§ fqghd that the response preference found in the other
experimentsbtoward a K#S word seghentat%on was h6t'apparent.
‘Perhaps thjs experimeht was too‘structuredland allowedifor
§d hoé strategies fo devé]ob (ég.,iﬁonitoring,s .duratidns).
A variety of stimuli, including ,dfstraétor _Stimuii,(is
needed sdvthat these!tYDES‘of problems will be reduced.’

If a ‘Knowledge' of natural distribution in speech is
aéquifed; adutt subjects should be able to rate utterances
as to whether they ére\’typfcal’ tokgns oan category (see
Nearey and Hogan, to appear).\gﬂch rating experiments EoUld‘
aﬁso'test‘WHether confiiétingLCués in: the sighal‘ lead ‘to
lower ratings than for those utterances in which no cues
éopflict. _ | | ' | | -
| A fUrther area of 'stddy;’ié the Eélation bétweén
| mathematical | ﬁodels, vspeech : béﬁééption,: and',natubal
distributions of speech (Nééréyrand‘Hogan,vto appear ). .The
juncture perception mOde]s.but]inéd abbve lead to different
mathemafical Qutputs as.a_result-ofﬂprobabalistic‘decisions.
These could. be further refinéq and tested. An additional
suggesfion is  to 'change the _resp0n5§ tésk;!'away _fPOh
mu]ti-catggorie;. in order. to. §imp1ifiy the statistical
models which must béjappliéd. ’
Conclusiéns R -

Thé aim of_rgsearch,is to open up new ways Qf looking
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at old problems. but fhe aim of experimental ;eséarch is to’

give ‘substantive support to these new direthonsl Furfher
exper imentation in the area of speech'segméhtatioh}may of fer
this support to the mOdeﬂe outT?ned above . FUrther modelling

.maxh'yet open other doors in approaching phis comp lex

‘problém.' d
" The area of speech segmentation is new in that only
\ sevéra] investigators = have approached the . subject
expjicitly. It -is hoped thatxmore interestiin the aﬁea will
deVeiop, and provide more information aboutl fhis cohpféx ,
issue. In particular, more emphasis. is\ required‘on9thév
lnétdre of the acoustié«signal and how it ,isr'handled by’
1is;§nébé ;of the language. it» is for this reas?n that
,Jbéttoh?up' models are proposed4\0bviousfy¥ a complete model
will 'incorpOrate a]l'possible processes involved in speech,
but it is felt that detailed hodel]ing of each process is )
x required first. This reseérch hés béen anyattempt tQ.outliné
possibie.botfomfup°models, énalyzé their problems, and give
. some support"fhgt such models, in geherél; are ihvélyéd in-

the speech perception ﬁrocess.
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APPENDIX 1: Stimulus Sentences

sheep

sheep

sheep

sheep
sheep

sheep

sheep

sheep

sheep

éheep
sheep

sheep

like sleeping
likes sleeping

likes leaping
like swecping
likes sweeping
likes weeping

like snapping

likes snapping

likes napping

like smashing

likes smashing

likes mashing
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: APPENDIX 3: Duration and S Intens

N s ‘
~Duration Duration
SN =38 SS =100
A = 49 TS3 = 117
N = 60 $23 = 127
N3 = 70 S13 = 148
LN =81 152 = 167
512 = 178
TS1 = 188
SL = 202
SX = 255

v

S Intensity

(dB.)

15
15
17
17
19
19,
19
19
19

Pause
Duration
PA = 0
T =13
" TP3 = 36
K12 = 45
LP =72

ity Values

»

K Closure
‘Duration

TK3

K13

TK1
K12
MK

TK2
LK2
LK

RLK
ULK

= 31

= 38
= 45
= 54
= 60
= 67

=100

= 115
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APPENDIX 4: Segments Used in the Crossed Experiment

Segment | §f}’-’jiﬂ€]’l£ Hlame Duration
i | 3N - 490
NX ~ T 60
IN 80

S SS 100 .

523 - ’ 127

A . L TS2 | 167

’ S SL » 299

P -~ PA S -0,

TP 36

Lo 72

K K3 , 23
| - MK - 54 7
LK ' 85 '

& | . N



