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The present study examines the effect of context on the
use of transitions as cues to vowel perception. Thirty
Vv, CVe OV, utterances were recorded, with V, being one of the
three vowels /a,i,u/, and Ve onme of ten Ewnglish vowels
(/i,1,el,E, ae, a}*,GU,U,u/). After removal of the outer
vowels (Vy), three sets of stimuli were created from the CVC

parts: (1) urmedil fied comtrols (CO)3 (2) Ve steady—-state only

(88); and (3) tranmsitions only (TR). Twenty subjects were
asked to  identify Va. Subjects and speaker were matched for

dialect and all subjects had some phonetics training.

Regults showed significant differences across conditions
ard contexts. SCQfes for 88 stimuli, for all contexts, were as
high as for CO stimuli. Ferformance o the TR stimuli was as
good as  on the other two conditions for two of the contexts.
Howevery, forr the TR condition—-/a/ context, performance was
considerably worse than for any ather combivation of conditions
and contexts. Fossible reasons for this are discussed, and
the rneed for testing of other vowel contexts is emphasirzed.

It is concluded that, in some  V,CV.CV, contexts,
transitions can provide information about vowel ddentity on a
level equal to steady-—-state alone, or to the combined
information provided by both  transitions and steady-states.

This effect, however, is rnot undform across contexts. For at
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least orme context, tramsitions alone are not sufficienmt to cue

vowel ddentity at a level comparable to @ steady-state o
combined information, This lack of uniformity sugpests that
the role of transiticons varies with the type of vowel context
present, and conclusions  about general usefulrness await

systematic testing of a rnumber of vowel contexts.
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Chapter 1

INTRODUCTION

Speech perception has often been examined by use of short,
isolated phoneme o syllable-length segments, naturally e
synthetically produced. Gerneralizations were thern made to owe
caomprehension of speech sounds in commected discouwrse.

This apprmachvhas tended to assume that speech perception
is a sequential process, where the linking of discrete phornemes
o syllables in words and senternces has no effect on the nature
of those basic speech units, and  that the perception of each
unit is essentially urnaffected by the preceding or following
senments.

Descripticons of perception  arnd phoneme  ddentification
based salely on isclated productions may be misleading since
evidence from studies in speech production suggest that the
basic speech units are produced in & btemporally overlapping
MAVIVIET Y This averlap, or caarticulatior, is due to plarming
and inertial factors, resulting in  individual phonemes whose
phonetic realizations are guite different in spectral and
temnporal character from when they Qc&ur inm isclation.

The coarticulation taking place in the produaction process
is reflected iv the resulting acoustic pattern. In some cases,
the effect of coarticulation can be seen more than a syllable

away on sound spectrograms. If the changes brought about by



coarticulation are visible and measuwrable, it is plausible that
they may be used by the perceptual system and they could be
reasonably expected to affect the natuwre of percepticon.

Evidence sugpgests that, in perceiving speech, we do seem
to make use of many of the ocues available, even those
relatively distantly located. ITderntification of speech
segments involves a dynamic incorporation of information over a
period of ftime to arrive at a unified percept of a /b/ or an
rar. The "distortion” of the phorneme caused by this temporal
and spectral spread of cues would be expected to affect which
cues are used and their relative importance for phoneme
identification as compared to the ordering of cues established
for phone o syllable-length segments. A question arises as to
how the charnges brought about by coarticulaticon affect the cues
normally available when the phone or syllable is presented in
isolaticon.

The present study looks at the cues used in the perception
of vowels, and  how  the presence of context, through the
resultant coarticulation, affects the relative utility of
tramsgitions and steady-state information as cues to vowel

identity.

A



Chapter &

REVIEW OF THE LITERATURE

Ze 1 Imtroduction

Modern vowel perception studies date fram the inventicon of
the spectrograph rnearly forty years agao. Although  the rnumber
of studies done since then is very large, ocow understanding of
vowel perception is still limited. Section 2.8 summarizes the
state of krowledge of @ wvowel perception and the effects of
context  on percepticn. Section 2.3 further examines the
influence of comtext and its resultant coarticulation, at the
articulatory and acoustic levels. Section 2.4 deals with the

perception of coarticulation, and suggests how the perceptual
effect of coarticulaticon on speech segments may affect our

current conception of the relative utility of known vowel cues.

Zeif Cues to Vowel Perception

Vowels have beert traditionally characterized by the
frequencies of their first few Fformants, especially the first
two in the case of English (referved to as F, and Fg)l. Wher
viowels are produced in disolation, the formant frequerncy values
of these vowels, for a speaker, can be plotted as points in a
two—dimensional space (Fy vs. Fel. Formant plotting tends to
cluster phoremically equivalent tokens, and can be related to
articulatory production patterns. This characterizatiaon,

however, is insufficient to distinguish vowels in all but the

{



4
most ddeal condition, that of a sivgle speaker producing
isnlated vowels.

Feterson and Barney {(1952) plotted the vowels of 1@ /hVd/
wonrrds spoken by 76 speakers, in an Fy, ~Fa graph. They found
that the distributions of formant values did rnot correspond
closely to  the distribution of phonemic values, Pesultiﬂg in
coverlapping vowel loops.

Steverns and House (1963) measwred the first two formant
frequerncies and bandwidths of eight vowels, for three male
Americarn English speakers, ive  #HVH, /hvd/, and 14 different
/halVe/ contexts by three male speakers. They fouwnd
sigrnificant differences between their results and the vowel
loops plotted by Peterson and Barney (1952), and by FPeterson
(1961) for vowels  in /hvd/ context and im  disolatiaon
reﬁpectivelyi Some of the difference was systematic arnd found
to be caused by differences in production related to vocal
tract length, especially for the vowels in isoclation and in

/hVd/ comtext. Consonants were found ©to exert a large effect

o vowel formant values. The consonant effects were systematic
and regular, depending on place of articulation, mavier of
afticulatiaﬂ and presence of voicing as well as on the
particular vowel invaolved. The accoustic effects tended to be
of movemernt  tawards the locus of the comsonant or movement

towards rnewtral schwa values. Movemewnt towards the center of
the vowel triangle, o centralization, has also been found to

acour with incoreased speech rates and in vowels of weakly



stressed syllables, bath ivn British and Americarn Ernglish
{(Lindblaom, 19633 Gay, 1978). Individual differernces in degree
of Fa undershoot not accounted for by syllabic rate or vocal
tract differernces have also  been documented (Stevens, House &
Faul, 1366), but, in gerneral, the differences in formant
freguency ccourring foro the same vowel gernerated by different
speakers can  be ascribed to differences in vocal tract size,
speaking rate and degree of stress. Stevens and House (1963
concluded that the charnges in measwred formant freguency values
for a given vowel are
- ew i large measure explicable in terms of the

dyrnamic properties of the articulatory mecharnism. The

inertia and delay characteristics of the articulatory

structuwres and musculatuwre result in undershoot inm the

motion of  the structuwres from one tarpget configuration

to the next, pgiving rise to corresponding changes in

the vocal tract resonances. (p. 1&6)

Although changes in vowel formant fregquency largely follow

lawful and predictable patterns based onm  articulatory dyramics,

the praoblem of how they are decoded by the listerner remains.
Characterizations based on single formant frequency measures
(e.g. Fe wvalues) result in too great an overlap in categories to

adequately account for vowel identification. RAs a result of this
ambiguity, attention was devoted to further specifying the static
model of vowel space as well as to investigating other possible
cues within the vowel signal.

Arn early attempt to refine the vowel space model was
presented by Reterson (1961). Feterson recorded sustained vowels

imitated by men, women and children. The speakers listeved to



recorded reference vowels and attempted to produce a phonetic
match. The vowels spoken included wnon-English vowels, which
Feterson  reported the subjects had no difficulty matching. (8
single freguency measuwre was taken for each of the Firet two
formant s. Varicus transformations using linesar, logarithmic, and
mel scales were attempted, s as  to produce oreoupings of
phemetically eguivalent tokens  and differentiaticon of mone
equivalent items. PFeterson  (1961) concluaded that, For any of
these transformations, "either a fixed formant frequency rnor a
formant frequency ratico hypothesis iz adequate to explain vowel
perception  fully * (ibid, pD.  24-23). He also concluded that
other aspects of the vowel influence perception, such as the
fundamental freguency, amplitude and phonetic ernvironment.
Stevens and House (1963) supgested that some of the difficulty
specifying a workable model  arises from the lack of agreed upon
mathod for gsampling vowels and the insufficiency of using a
sirngle freguency measure to characterize formants which show
continuous movement throughout the syllable wnucleus. Lirvedblom
(1963) advocated defining the target rnot as the measwed Fformant
freguency value, but as a potentially wwrealized asymptotic
value., This wvalue corvresponds to the averapge isolated vowel
production value for that speaker. Stevens and House (1963), as
mertiorned earlier in this section, confirmed the systematic and
predictable natwe of the changes in vowel formant freguencies.

Transformations  of the target formant freguencies and  the

relative relationships between them were developed to acoount for



differences among speakers (e.g. Neary, 19773 Skimner, 1977).
Approaches involving calibrations of a particular speaker’s
vawel space either from frequencies of the formants of other
vowels occourring in the same awditory context, or from high
formants (F, or Fs)  have been postulated, e.g. by Joos (1948).

Joms, as reported in Ladefoped and  Broadbent (1957), suggested

that wvowel iddentification was based on kriowledge of that
speaker’s vowel space. He sugpested further that a vowel was
identified, rot on the basis of its absclute values, but on the

relations between those vowel formant fregquencies and the gereral
ranges of frequencies which seemed typical for that speaker.
Ladefoged and Broadbent (1357) supported this claim by showing,
with synthetic speech, that identification of a test word is
greatly influerced by the rarnge of formant frequencies in the
preceding carrier phrase. Gerstman (1368) was able to
successfully develp a computer algorithm using the extreme values
of a speaker’s vowel space (usually the vowels Ja/,/7/i/,/u/) to
scale all the tal&er’ﬁ vowels. Whether or vnot  this type of
scaling is an actual perceptual strategy is as yet unknown, but
other studies, such as Verbrugpge, Strange, Sharnkweiller and Edman
(1976), Macchi (1982, and Assmarn, Neary, and Hogarn (1982) have
showr that, although speaker familiarity does Lmprove
idemtificatimn, it is rnot necessary. Iri these studies, Ffor #VH
and /hVd/ productions, with multiple mixed speakers, the vowels
were idenmtified well despite the lack of cues for rnormalization.

It would seem that calibration of the vowel space may be



accomplished without the scaling information available in
multiple vowel productions by the same speaker. Scaling may be
accomplished with informaticon from a single vowel by employment
of the values of the formants or  their relations between, as
cited earlier (i.e. Neary, 1977; Skirnner, 1977).

Vowel formant normalization stratepgies have had SOMe SUCCeSS
im accounting  for vowel ddentification over speakers  with
different size vocal fracts, but they still do rnot adegquately
account for listener success with vowels produced in CVC conmtext,
where formants are shifted from the position occocuwrring when they
are produced in isaolation {(carnomical position). A possibility is
that the vowel oo syllable may be sufficienmt in itself to provide
viowel rmormalization informat ion. This information may be quite
different from the formant freguency values usually considered.
Possible Cues include diutrat ion differences, intensity
differences, degree of diphthongization, and transition rate and
direction.

Vowel duration has been shown to separate vowels inbo two
groups: tense  and lax, with tense vowels (/Fi/,/ae/,/a/,/93/,/u/)
héving longer steady-state segments {lLehiste & Peterson, 1961)
and lax vowels (/1/,/E/,/793/7,/7U/) having longer offglides. L.ack
of durational cues carn have significantly detrimental effects on
viowel identification as Fairbanks and Grubb (1961) fournd for
sustained isolated vowels.

Intensity also varies systematically among vowels. Lehiste

and Petersorn  (1989) found a 5 dBR ranpge of intensity for vowels,



with /a/ the most intense and /7i/ the least.

Vowels also vary irn  their degree of diphthongal movement,
which carnn be used in iderntification (Assman et. al, 198&). The
diphthorgal offglides for the tense vowels tend toward the
extremes of the vowel space (/i/  for fromt, /u/ for back).
Conriversely, for certain North American dialects, lax vowels may
shaow offglides in  the directicn of schwa, according to Joos
(1948).

ARlthough vowels produced in dsclation are considered the
ideal o carnonical foorms, several studies have found high errore
rates for naturally spoken, isolated vowels (Lehiste & Meltzer,
19735  Strange, Verbrunge, Sharnkweiler & Edman, 197&6) and for
vowels excerpted from context (Boond 19753 Fujimuwra & Ochiai,
1963), suggesting that more information tharn that contained in

the vowel steady-state may be useful in vowel  perceptioor. In

covmmected discouwrse, vowels  occour joined to consonants. The
transition intervals occowring betweern the previous consonant
terminatiorn and the vowel steady-state, o between the vowel
steady-state and the following comsonant initiation were

initially ascribed the role of characterizing the consomnants and
were not consgldered useful for vowel identification:
It is assumed that such changes are cues for the
perceptiorn of the consonants rather than linguistically
significarnt ocomponents of  the vocalic nucleus (i
movephthongs) . (lehiste & Peterson, 1961, p. 268)
The contribution of transitions to vowel identificaticonm was

first indicated by Lindblom and Studdert-HKermedy (1967). They

syrnthesized a vowel steady-state corntinuum varying from LI to



Cul. These vowels were both preceded and followed by  one of two
consomantal frames, Cw-wl o [j—3d, and presented in CVC form.
For the same vowel midpoint  Ffreguency, presence  of different
comsonant transiticons  shifted the category boundary betweern the
vowels., This indicated that the identity of a wvowel is
determined w2t only by the formant-frequency pattern of the
steady-state, but alsas by the direction arnd rate of adjacent
"econsonant!" formant tramsitions.

Transitions increased in significance vis—a-vis vowel
identification when better vowel identification rates were found
to ocowr in & consomantal context rather thanm in iscolation.
Millar and Ainsworth (1972) reported a more reliable‘ and urniform
identification of vowels synthesized in a /h—-d/ context than when
fore the same vowels synthesized as isoclated steady states. This
finding suggested; that, although /h-d/ is sometimes considered a
rill context, because of its minimal effect on  formant steady-—
state values, the tramsitions are somnehow contributing to
identification.

More cornvineing evidence comes from comparisons of natural
vowels spokern  in CVE contexts ~amd  in isolation where both
productions have speaker—controlled onsets and of fsets. Strange
et al. (197&) compared perception of isolated vowels to vowels in
/pVp/ syllables spoken by men, womern and children. Speakers
were given one practice trial for each stimulus type. The
recorded items were presented to listerers iv single and mixed

speaker conditions. Subjects heard the stimuli over loudspeakers



and responded on scoresheets coded with the orthographic
equivalent of each vowel v a "pVYp" form Ervvore for the /pVp/
comditions were 17.0% and 9.5%  for mixed and blocked speakers
respectively. Foor the idsolated vowels, errors were 42.6% and
31, 2%, Similar results were found by Gotitfried and Strange
(198a) foor /pVp/, /bVb/, and  /kVK/, but rot for /gVlg/. These
results show a very poome identification  performance for isolated
vowel productions and a strong advantage for vowels produced in
CVC contexts as compared to vowels produced in isolation.

These studies, showing better identification performance for
vowels produeced in CVO sequences as  compared to that of vowels
produced in isclation, and high error rates for  isolated vowel
producticons, were oriticized on proceduaral grounds. Criticisms
involved the dubious listening quality obtained in free field
testing, the lack of checks an vowel guality, and lack of dialect
matching. A major sowrce of oriticism was the use of CVC
orthographically spelled response choices, fors both isolated
vowele and vowels in CVEC frames. It was felt this introduced a
response incompatibility for the iscolated vowels, thus depressing
performance iv that conditior.

Resman et al. (1982) performed two experiments to evaluate
the effect of response types on  performance. They attempted to
praovide high quality listening conditions by uwee of headphornes,
moritoring of  guality, and dialect matéhing {(Nlberta, Carnadal.
Their first experimernt examirned whether a significant proportion

of errors were due to mislabelling rather tharn perceptual

i1



confusions. Subjects were presented /pVp/ stimuli. Responses
were /hVd/  keywords and repetition of the sound heard. Ervors in

the writtern condition were 17% foro #VH anmd  19% Fforr /pVp/s, thus

showing v contextual  advantage. Ervrore  inm the written and
spaken condition were 3% for both #VE and  /pVp/. The marked

decrease in  errors for the combined conditicn as compared to the
written condition showed that a large proporticon of errors in ey
worrd tasks can be the result of mislabelling rather  than
perceptual confusions. Inm the second experiment, #VE  and /pVp/
stimuli were again presented and keywoerd (/hVd/) and spelled
responses (/pVp/) were compared. The hypothesis was that spelled
responses  are easier for listerers thaw  keywoed responses.
Errors were significantly different only forr the /pVp/ stimulid,
with the kKeyword task prodoacing more eryvyors, Both  these
experiments showed response types can inflate error rates and can
do so selectively.

Rdditicornal studies also showed that when attenmtion is paid
to obhtaining gquality productions and listening oconditions,
matching regional dialects, arnd providing compatible response
alternatives Fm% both conditions, url formly low  error rates and
little contextual advantape is found (Kahn, 19783 Macchi, 198
Diehl, Ruchwald, McCusker, & Chapman, 1981).

Vowels praduced in CVE's are not consistently easier to
identify than vowels produced in isoclation. However, performance
o vowels produced in CVE’s dis nio worse  than  performance on

vowels produced v dsolation either, which is what might be



expected if the presence of tramsitions served only to "distort®
vowels from their canonical steady-state frequencies. Compelling
evidence for the involvement of transitions in  the wvowel
identification process comes from two recent studies, by Jenkins,

Strange and Edman (1983) and by Strange, Jenkins and Johnson

(1983). These studies investipgated how strong a cue transitions
are when rno steady-—-state information is  provided. Results were
similar for  the two studies. The latter study will be descoribed

since it comtains a more systematico treatment of the variables in
gquest iorn. Natuwral /7bVb/ utterarces were modified by substituting
silent intervals for the tramsitions or the steady-state portions
of  the vowel. Novrmal duration differences were maintained to
varying degrees: for the steady-state only stimuli (88), the
remaining center was either kept at its rnatuwral duration or was
cut to a standard length; for the tramsitions only stimuli (TR),
the silent cernter was either its natuwal dwration or was the
standard lewgth, while the transitions maintained their original
lengths. The results showed, for stimuli  with dwaticonal
information  (both  the transition and steady-state durations
preserved), erroe rates for both 85 and TR stimuli Qewe very lows
8% and &% respectively. fAdditiomally, performance  was not
sigrnificartly different betweernn the CO and the TR stimuli.
Reduced duwraticn  information  (standard lerngth center, normal
duration tranmsition) did rnot significantly affect the TR stimuli.
Absence of duratiornal inmfoormat Lon (standard lergth center, rno

transitions) did damage the S5 sounds.

13



There is not only  an  advantage in the identification of
vowels produced in a CVC sequernce, but trarnsitions without the
presence of steady-state o full duration ihfmrmatiaﬂ also
provide adeguate informaticon for vowel id@ﬁtificétimn. Based on
these findings, an approach incorporating dynamic processing into
vowel perception was put forward (Strange et al., 1876 Jernkins
2t al., 1983 Strange et al., 18983) as an altermabtive to static
vowel space characterizations. The dynamic process descoribed

identification of & vowel as involving both temporal and spectral

informaticn  over the cocourse of a complete CVC gyllableu
fdentification could be acconplished through the partial

information presented in isclated vowel productions, such as the
steady-state formant fregquency values, but rnormal identification
invaolved information integrated over an entire CVC time period.
This dymamic process approach is reminiscent  of an acoustic
madel developed by Stevens, House and Paul (1966) and based onm a
dyvnamic  articulatory descoription. These authors desoribed
articulation of a CVOC syllable as comsisting of a superposition
of articulatory events sequentially ordered but  overlapping. e
a result, "the articulatory activity - and the resulting
acoustic output - that characterizes a syllabic nucleus depends
o the initial and  final consonants as well as on the vowel
itself" (ibid, p. 123). Their dynamic model calmulated vizcalic
contours representing the firset and second formants as a function
of time. The parameters wsed included iwitial and firnal

frequencies, midpoint freguencies, duratiorns, and measures of
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tramsiticon curvature.

Strarnge and her colleapues (Strarnpe et al., 1976; Stravge et
al., 1983; Jenkins et al., 1983) did not specify the details of
their model in perceptual terms, but a fairly swuccessful attempt
to dinvolve dyrnamic variables was made by Assman et al. (1988,
who developed this dyvramic process approach  further by combining
measures of "steady-state information® {(formant freqguencies and
Ffundamerntal freguency), “"dynamic informaticn”" (Formant transition
slopes  and  duration) and  "speaker information” (VT length) to
achieve a characterization that resulted in relatively little

overlap between vowel categories.

Zed Coarticulation

Evidence sugpgests that a setatic corneceptualization of vowel
identification, involving derivatiocrn of formant frequency values,
is insufficient to adeguately describe vowel perception. 8
dymamic approach, involving time-varying as well as staticonary
cues, seems to account for the process of identification better.
If a dyvnamic model is to be postulated, then the presence and
utility of phoretic overlap extending further than that ocourring
For vowels produced ivn CVE sequences should be specified. How
distant carn the cues to phorneme identity be? Is the syllable an
adeqguate uwnit of arnalysis? Both  segmentation studies and
coarticulation studies sugpgest otherwise.

Mormal  discourse invaelves the blendiwg of  vowels and

consomnants to such a degree that it dis difficult 4if  wnot



impossible to segment the acoustic sigrnal

into discrete segments,

as Liberman, Comper, Sharkweiler and Studdert-Kermedy (1967)
point out in  their review of work in speech perception. The
sentential context of cormected discouwrse provides cues nat only
at higher levels of analysis such as syntactic and semantic, but

at the relatively primitive phonetic level as well. Ladefoged
ard Broadbent {(1987), as described earlier, showed  that
identification of a word is greatly influenced by the range of
variationm of each formant frequency in the preceding carrier

phrase. Verbrugge, Strange, Shankweller,

the idertification of three types of

their carrier senterces; (&) syllables

utterance; (3) excised

with conflicting tempo informatian.

(3) and

to speaker tempo, thus aiding in vowel

Cormected discouwrse vt oo ly

informat ion, but, by the very

conmect ions and parallel

identification information over a

of  the heard phorne, thus affecting

underlying phonemes and changing them

atimulisz

Evrroors

it was corncluded that senterce context

riature of

transmissiaon,

the

& Edman (197&) compared

(1) syllables in

excised From the same

syllables preceded by precursor strings

ircreased from (1) to

allows adjustment

identification.

pravides additional

its overlapping

distributes phone

time larper than the duration

realization of the

from what they are or would

appear as in isoclation. The process involving this spread of
information is  called coarticulation and occowrs  because of the
programming . and  execution properties o f the articulatory

mecharism.
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Coarticulatory effects are of tw:x types, referred to as
anticipatory and carryover. Left-to-right or post-articulatory

effects, termed carryover coarticunlatiorn, effects occocury when the
articulation of a phone  is influernced by the articulation of a
previous phone. Carryover coarticulation is the most predictable
of the two types, being primarily caused at the execution level
by mechanoinertial factors specific to the articulators.
Anticipatory effects are right-to-left or pre-articulatorys; the
articulation of a phone is influerced by that of a subseguent
phicone. Anticipatory coarticulation originates at the plarnning
level, because the speech gestuwres are gernerally rnot independent,
ror strictly linearly sequenced. Articipatory effects are of
greater  interest thanm carryover effects inm models of speech
proaduction, although both are of concern in percepticorn.

Hozhevrnikov and Chistovich (1965), in their model of speech
product Lo, postulated an  "articulatory syllable” in which
commands  for the entire articulatory syllable are initiated
simultaneosusly. The commardds are also executed simultanecusly if
the requirements are nuﬂ~cﬁmpeting, but sequentially if they are
competing. For  Russiarn, coarticulation  is cornsidered to be
maximum over the strongly cohesive CV (or CCV, .. .0 syllable unit
and minimum across syllable boundaries. The model was based on
their (1965) study of electromycgraphic activity in  the
crbicularis oris muscle, foorr liprounding, during production of
various vowel and consonant combinat ions.

Fromkin (i966) alsoc did an EMG study of the muscle used in

17



liprounding duwing rounded and urnrounded vowel  and /by, p/
productions in CVE sequences. She found that different motor
commands produce different muscular gestures fore imitial /b/ or
/p/ as compared to final, but vowel context did not significantly
affect EME activity, nov did consornant context seem to affect EMG
activity in vowels. Fromikivn suggested that sowme aspects of
context somehow restrict or reosrganize the newonuscualar commands
and gestwes for some phonemes, but this effect is not  commorn to
all characteristics of context. Orme explanation given was the
possible existence of a feedback system corncerning the state of
muscle activity, wherelin the basic unit of speech production is
still a phoreme-size unit. Arther  explanation was that the
mimimal lirnguistic uwurnit at the motor command level may be larpger
thar the phomeme, possibly on the order of a syllable.

Herke! s (1966) model gave support for a  phoneme-sized
executiorn unmit, but added a "look ahead!" system. Iv his model,
production is orpganized phoneme by phorneme, but includes scanming
forp upcoming  features. I¥ & phoneme currently being realized is
wnmarked for a particular featuwre, the Ffeatuwre will be set to the
value of the rnext cccurrence where it is marked. This value will
be determined by means of the look-ahead mechanism, which scans

wpcoming phovemnes to examine the value of each featwre.

y :

Ohman {1366) alsa  espoused a scarmming  approach. Hes
conceived of  phoneme  production in conmected digcourse as
ivvirlving invariant inmtent tons, with variable motoric

realizations. These result in variable VT shapes, which are the
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result of late termination of the previous phoneme (due to
ivertial factors) and early initiaticon of  the upcoming phoneme,
Both  occouwrring during the execution of  the current phoneme.
Flarming over at least the interval from one vowel to the next
over intervening consonants is thought to occowe. fhman describes
the articulaticon of each phorneme of @ a VOV sequence as involving
separate but overlapping sets of muscles, each set having a
separate rewral representation in  the control networks  of the
brain. The wvocal tract shape at any point in time is a funcobion
of messages  from multiple chammels. FAlthough  the phoneme
currently in  production is  the main  informaticonm contribuator to
these charmels,

sew @& VOV utterance of the kind studied here can,

accordingly, not be regarded as a linear sequence of

three successive gestwres. We have clear evidence that

the stop—-consonant  gestures are actually superimposed

ot a comtext—dependent vowel substrate that is present

during all of the consonantal gesture. (Ohman, 1966,

p. 1&635)
Ohman (1967) matched lateral x-ray data of VOV productions to his
rumerical model of coarticulation. He found that actual vocal
tract shapes for Swedish VOV utterances compared well with shapes
generated by his coarticulation formula.s His model was based on
spectroagraphic data concerning  transcomsonantal coarticulation

reported in Ohman (1966). This data were obtained from Americar,

Swedish and Russian speakers prooodueing V, CVe utterances.
Transition onset fragquency and steady-state freqguency were
measured for each vowel. N measuwrable carryover coarticulatory

effect from Vi on the trarmsition portion of the CVe and a similar



anticipatory coarticulatory effect from Ve o bthe transition
portion of Vi C were found., The effect on the vowel steady-—-state
portion was reported to be small.

Major evidence for anticipatory coarticulation in the speech
producticn process  comes from articulation studies, e.g. Bhmar
(19663 1967). Carmey and Mall (1971) extended these findings
with a cirefluorographic irnvestigation of fricative consornants in
VCV context. They found coarticulation effects similar to those
found by Ohman (1967).

Coarticulatory effects have also been investigated for velar

movements by Moll and  Daniloff (1971). Four  subjects produced

Erplish senternces containing various combinaticons of  rnasal
comsonants (N), comsonants  (C), arnd vowels (V). These were
examined cinefluomrographically. The results indicated extensive

anticipatory coarticulation of velar movement in CVN  and CVYVYN
sequences, begirming during the approach to the inditial vowel.

Coarticulation effects across longer segments have alsao been

shown to occcour (Berguerel and Cowan, 1974). Benguerel and Cowarn
examined the timinmg of upper  lip protrusion in French,
particularily the ornget of protrusion in a consonant cluster

followed by a rounded  vowel (.. Jhstry/ in "la dextre
universelle'). Results showed that rounding movement could start
as early as four to six consomants before the vowel.

The studies cited show that coarticulation carn be ocbserved
at bhoth the articulatory and  the acoustic level to varying

demgrees depending on the featwre involved. The models of speech
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proaduaction desoribed differ in the degree to which they admit
coarticulation, but a&all those cited offer plausible explanaticons

for coarticulation iv proaduction of speech.

=« 4 Perceptual Effects of Cocarticulation

Coarticulatiaﬂ>is acoustically present, but whether it is
perceivable, and §if and how it is involved in the normal process
of phoneme iderntification is still to be determined.

Ferception of coarticulation could occowr  ive & vumber of
ways. A strong coarticulatory presence would allow prediction of
the iderntity of arn upcoming phorne. A weaker manifestatiorn would
be sufficient to allow prediction of featuwres (e.g. liprounding).
Arnother possibility is that coarticulation may affect the natuwre
of the phoveme it overlays, resulting in a change in identity o
at least a charnge in guality.

RAli, Gallagher, Goldstein and Daniloff (1971) tested the
perceivability of the nasal coarticulation described by Moll and
Daniloff (1971). They spliced out the final consonant (including
its VC transition) from English CVE  and CVYVE utterances, where
the final C was sometimes a rnasal consonant, and sometimes a rnone-
riasal consomant. 22 subjects were asked to identify whether the
missing consomant was nasal or norn-nasal. Nasal consonants were
predicted cormrectly at better than chance levels (p{.d2l1). Stops
were perceived as nasals more  frequently than fricatives.
Consomants following low vowels were perceived as nasals more

often tharn those following high vowels. R1i et al. reported all



af these findings to be consistent with previous studies on rnasal

identificaticrn such as Lintz & Sherman (1961).

Reviguerel and Adelmarn (1977) examined the perceptual
significance of 1lip rownding coarticulation  in French vowels
described by Benguerel arnd Cowan (1374). They truncated —-CCCCY

utterances (o parts thereof) at fouwr different points before the
vowel and had Frernch and English subjects predict the identity of
the missing vowel. French and English subjects were used to
examine the possibility of differential sensitivity related to
linguistic experience since in French, liprounding on vowels is
contrastive, while in English it is not. The results showed that
when segments up to and  including at least half the final
consonant of the cluster are present {i.@. truncation occocurs
before the CV  ftransiticond, subjects correctly identified the
missing vowel well above chance level. There were wno significant
differences between the Frenmch and Evnglish ﬁubjecﬁé, sungest ing
that this coarticulatory Feature can be perceived
subphonemical ly.

firiother st udy looking at the perceptual effects of
liprounding and nasality was that of Sharf and Ostreicher (1373).
They conmstructed utterarces of the form €3NCe_V where N is a
nasal consornant (/n,m,o/), Co-& is a consomant cluster comsisting
of zero, one or two non-rnasal consomants and Vodis an ureourded or
a rounded vowel (i, uw/) (e.g. ftomi/, ftymtis, /tamsti/s). The
postrasal segment  was .them gspliced out of the utterance. 37

subjects were asked to identify the nasal consonant, in noise and
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iv silence, and the fFivial (deleted) vizwel inm silence.
Identification of the rasal cmnémnant was better when all the
postrnasal  sounds were retained than when they were deleted,
sugpesting that the carryover coarticulaticon nmormally  present in
the second syllable aids identification. Whern rno consonant
intervened betweern the nasal and the vowel, idemtificatiorn of the
missing vowel was sigrnificantly better thanm charnce, demonmstrating
the presence and utility of anticipatory coarticulation.

The consequences, at the perceptual level, of Ohmar’s (1966)
findings i the acoustic presence o f transconsonantal
coarticulation were examined by Lehiste and Shockey (1972). A AV
utterances, composed of the consornants /p/,7t/, /k/ and the vowels

/it e/, fal, and Ju/, were cocut in twoe parts, at the voiceless

plosive gap, leaving either a VO~ or a —-CV syllable. Subjects
were asked to  identify, from a choice o four vowels
(/i/g/7ae/y/7a/,/u/), the missing vowel. The results showed that

the remaining information was insufficient to cue the iderntity of
the missing vowel and responses did not fall into classes sharing
some Ffeatuwre with  the correct response, such as high/low or
front /baclk.

Clark and Sharf (13973) axamined the coarticulation effects
on short—-term memory recall. Vi CVe Vi C— (Vg deleted), and V,C
utterances were composed, where V; was one of six lax vowels, C
was a /t/, and Ve was an /a/ ar an /17, These utterarnces were
presented to subjects who were asked to recall the first vowel.

The V,C- stimuli resulted inm better recall scores thanm the cther

e



two conditions only when the missing vowel (Ve) was the same as

the vowel present (V). The authors concluded that the presewvce

oof coarticulation influenced recall uriclenr memory =t ax ing
conditions: coarticulation of the deleted vowel appeared to
facilitate recall of V, if Ve was the same vowel, and to hinder
recall if it were different. The lack of facilitaticonm iw the

ViCVe stimuli was attributed to perceptual overlaoaad from hearing
two vaowels.

Coarticulation effects are not sufficient to predict phorneme
identity. They are sufficient to predict certain phonetic
Featwes, both contrastive and rorv-—comtrastive, such  as rounding
and masality, but rot others, such as vowel heipght. The presence
of coarticulation can aid identificaticrn and recall, although the
presence of the anderlying elements can be distracting.

Ary aspect of coarticuwlation that has ot been examined is
its effect on the underlying phoneme. Does the presernce of
coarticulation  charge the way in which an affected phoneme is
pewceived? A possible candidate for this is  the identification
of vowels in the presence of the transconsornantal coarticulation
described by Ohman (1966).

Ohmar reported that, in VOVs, transitions were affected to a
much greater degree than steady-states by coarticulation firrom the
transconsonantal vowel. The recent work by Jenkins et a&l.
(1983) and Strange et al. (1983) suggest that, in a (CVC
utterance, transitions carry sufficient information to allow

vowel identification scores comparable to those for the entire

[reet
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Cve. Neither Strange et al. (1983), rnor  Jenkins et al. (1983)
excised the experimental stimuali ouwt of & larger utterance,
consequently, the effect of rov-adjacent elements could rnot be
examined. It ié a well supported fact that items remcoved from
context are less intellipgible than isolated prodoctions, due to
lost informatiorn about context  and rate, but the effect of the
coarticulation resulting  fFrom prodoacivng them ivn context is not
usually considered. The relative importance of the various cues
used in vowel ddentification, as determined whern produced in
isclationg may change when the same vowels are taken out of a
larger context, where the foreces of coarticulation selectively

affect aspects of these cues.



Chapter 3

AIMS OF THE EXPERIMENT

Cues to vowel  percepticon include  formant freguencies,
duraticrn, diphthongal movement and consonant-vowel transitions.
Recent work (Stranmge et al., 19835 Jenkins et aln, 13983 has
sugnested that consonant ~vowe transitions alorne corntain
sufficient ivifoormation to permit vowel identification, The
speech segments used by these authoors  have been  produced as CVE

syllables and have not  been spliced out from longer wbterances.

Studies have shown  that the suwrrounding phoretic context
influences the nature of the consovmant-vowel uanmit. This

influence is  strong enough to permit identification of certain
featwes of the sowece of influence. Accordingly, its effect on
the intelligibility of the wnderlying segment could be expected
to be reasonably strong, at least in some situations. Sinee this
effect has been showrn to differentially alter parts of the vowel,
the guestion asked will be whether it alters the relative utility
of the various cues to vowel identificatior.

This study examirnes the effect of context on the cues to
vowel perception. The contextual effect to be examined is
transconsonantal coarticulation, which is  kRnown  to affect the
transition  part of the vowel  moore than the steady-—-state part
(Ohmar, 1966). It is expected that the changes to  the
transitions caused by transconsorantal coarticulatiorn will reduce

the intelligibility of utterances which have tramsitions as the

L2
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primary  oCues (i.e. the steady-state portion of  the vowel
removed) . The degree of intelligibility shouwld be less than that
of vowels containing steady-state and tramsition information, oe
steady-state information alonrne. The degree of intelligibility
will be measuwred in a forced choice identification task. It is
expected that coorrect identification rates will be lower for the
tranmsition only stimuli spliced out of longer uwtterances thanm for
urmtad i Fied stimuli, or steady-state only stimuali, both spliced
ot of longer utterarnces.

Starting from recorded utterances of the form WV, 0Ve OV, the
cuter vowels are removed and  the sounds altered following the
Strange et al. (1383) procedure for coreating steady-—-state only
arnd tramsiticr—only stimuli. The experiment to be descoribed

examnines

(1) whether consorant-—-vowel transitions are sufficiernt to cue

voawel didentification inm the presence of coarticulatory effects.

() whether different vowel contexts differentially affect vowel

cuss (steady-state and tramsitions).

m
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Chapter 4

METHODROLOGY

4.1 Freparation of Test Tapes
Speech Materials

The speech materials from which the stimuli were extracted
were natural utterances of the form V,CVeCV,. The consowmant
(C) was always the voiced plosive /b/. Vi was one of the three
vowels, /a/, /i/, /n/, all found by OCOhman (1966) to have a
transconsonantal  coarticulation effect. Va was ane of ten
vocalic vwwaeleis /i/, /Y/, /el/, /fE/, Jfae/, /raf, /~/, /ol/, /U/,
FATY N

A male adult speaker from the same region as the subjects
{(Western Carada)l), with some phornetics experievcse, pﬁ@duced the
uwtterances. He read them from a list written in phonetic
symbols, with careful monni T oring to ensure corvrect
pravnunciatian. Instructions to  the speaker were that he say
each utterarce with even stress on each syllable o, failing
that, with slightly ircreased center syllable stress, at a
comfortable rate. He could practice beforehand, repeat the
utteranrnce, and pause as rneeded. Each taken was recorded a
rumber of times. The tokens selected for further evaluation
were chosernn for the accouwracy of proaduction; relative evermess
mf pitch and stress, and lack of extraneous noise such as paper
rattling. The tokerns were thern transcoribed by three listerers

trained in transcription but uninformed as to the rnatuwre of the
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experiment. They were told that the tokerns were of the form
vV, CVe CV, (see above). They were encouwraged to tramscribe using
whatever labels they felt necessary. They were also asked to
make gqualitative comments on pitch, stress and roise, whenever

possible. .

Editing

Editirng was dorne on a PDE-12 computer with WAVES, a set of
programs written by Lloyd Riece at UCLA.

The auwdictaped speech was played back at half-speed, low
pass filtered at 2.3 kHz and transfervred to the FPDEF-12 computer
and digitized with & 1@—bit aralag~to-digital cornverter at 6
kHz sampling freguency.

The V,CVelV,;s were reduced to —~CVeC-’s and three sets of
stimuli were generated from these with WAVES. The first set of
stimuli consisted of the wuwnaltered ~CVeC-'s (control or CO
comdition), the second set had the tramsitions replaced with
gilernce (Steady—-State Only o 88 conditior) and thivrd set had
the steady-state portion replaced with silence (Transitions

Ornly o TR condition).

The cutpoints for elimination of the cuter vowels were
determined on spectrograms and corroabovrated with  voicing
information obtained from the speech-sigrnal display used for

editing. The boundary of the segment retained (—~CVe C—) was
comsidered to be  from  the initial covnsormant release to the

fFirmal comsonant closure.
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The criteria used in selecting cutpoints were based on the

procedure used by Strange et al. (13983). They reported three

sets of cutpoints, arrived at by examivnation of Lebiste and
Feterson’s (1361) data o vowel transition and center

durations.
In Lehiste and Peterson (1961), there were two groups of
simple syllabic rnuclei: short and long. The two types were

differentiable, rnot by absolute duwratiorn, but by the relative

duration  of their centers and offpglides. Lonmg vowels had
lornger centers and shorter offglides, and shovrt  vowels had
shorter centers and longer offplides. A third group of single

vocalic wucleid, composed of /ei/ and /ou/, were described as
lormg, complex nueclei, with an extremely long onglide /ei/ o
offglide /Zou/.

Strange et al. (1983) used a rumber of different cutpoints
for the onglide and offglides. They set the initial pooetion,
or onglide, at a constant 15%  of the total duwration for all
vowel  types. For the offglide  portion, they used three
cutpoints. Long vowels were cut  at  the last 20% and short

viowels at the last 35%4. The third cutpoint, for a group termed

)

the intermediate vowels, /7i/ and /u/, was at 254 of the total
duration. There is rno discernable reason why this group was
created: /i/ and /u/  are not  intermediate iv offglide length
relative to total duration (Lehiste & Peterson, 1961), rnor in
absclute duration (Peterson & Lehiste, 1968). It is possible

that the goal of the manipulaticn was to prevent steady-state
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ivfFormation from occouwrring in the transitions, due to the
individual variation occocwrring forr the particular vowels used
by Strange et al. (1983), but this is rnot actually specified in
the paper.

The cutpoints  for the stimuli of the present experiment
were also based on Lehiste and Peterson (1961). The steady-—
state portion was defined as that time period during which the
formants (F1,FE,F3) are steady (i.e. parallel to the time axis
o a spectrogram). Transitions were measured from the onset of
voicing ta the begirming of steady-state and from the end of
steady-state to the conclusion of wvoicing at the point of
consornant olosure. Whern the cutpoints described above were
applied to  the vowels for the present experiment, they did naot
mateh the actual spectral bouwdary betweern the tranmsition awnd
steady-state. The greatest conmcern was for those vowels where
the relative length of tramsitions was shorter tharn  the length
specified by Strange et al. ((1983). In those vowels, steady-—

state information is present im the tramsition sections, thus

praviding  informaticon known to be wseful in identification
(i.e. target informaticon)d. The vowels causimng the majore
concern were  Ju/, /U7, /al/, and //., These vowels had near—

horizontal transitions for either oy both  the orglide and the
offglide. A=z well, the wvowels /el/ and /ol/ presented the
added problem of being placed in the simple ruclei, long vowel
category, although their gliding natwe did rnot conform to the

cutpaoints for  this category. Finally, variation in total
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vowel, steady-state and transition durations was much greater

in this experiment tharn in Strarnge et al. (1983), as seen in

Table I.

Table I

Ranpne of Vowel and Yowel Component Durations (in asec.)

for the Present Data and

for the Strange et al. (1983) data

Fresent Data Strange et al. (1983)
total vowel 142 — 248 114 — 2
ol i de 15 - a2 & - 3@
target 45 — 142 57 —~ 127
offglide &2 - 98 33 ~- 48

Some of  this additicwmal wvariation was  probably due to the
multiple contexts and/or to transconsomantal coarticulatiorn.
All of these factors comtributed to making the application of
the cutpoints laid out by Strange et al. (1983) problematic.

In determining how to resolve these difficulties,
increased attention was paid to the method of determining
bounmdaries between transitions and steady-state. Most studies
do mot explain how exactly the boundary is determined, so two
methods were compared to see whether the choice of method would

significantly affect duration values. Each vowel was divided
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into transition and steady-state portions inm two ways, based on
spectragraphic measurements: (1) the division point was chosen
where a line drawn in the center of the formant band departed
by more tham 1 mm from  its averapge position, ands; (2) the
divisicon point was chosern at the intersectionm of a horizontal
lirne with a lirne extending the tramsition slope. Table II
shows the results obtained with these two methods. These two
methods were rot significantly different (p{2.2%) whern measured
with a t-test foor dependent means. The difficulty of
determining the division between transition and steady-state

increased as the slope of the tramsition decreased.



Table II

Relative Duraticon (in % of total vowel duraticoon)

of Inmitial and Final Tranmsitions

obtained with Two Methods

INITIAL FINAL.
abVba bV ibVbi abVba ubVibu ibVbi
Y #1 #= #1 #= #1 #= #1 #2 #1 #= #1 #=
a 19 14 18 za 31 17 19 14 12 12 19 14
i 1 21 33 46 =g 16 23 2 =7 32 18 18
ae R v 16 22 bl " A et r o] v NN 17 11
E =9 2 ed R a7 31 48 41 a7 31 43 46
I ie 11 =6 21 i5 15 47 48 536 36 36 48
1 15 13 Sl 1 8 8 28 38 37 29 53 36
U i6 11 =40 1@ 9 11 18 16 16 14 9 9
- =E 19 w21 iz 8 14 12 16 19 18 1@
el 37 2 S5 6 69 59 17 2@ 14 7 i4 =
ol a8 8 14 1@ 11 & &2 5w =l 18 T By
Methods #1 and #2 are descoribed in the text. The items
underlined are those for which both methods result in relative
cdurations at least = less  than the relative durations

specified in Table III.

Ar approach  considered was to taillor-make the cutpoints to
fit each vowel. This would inswe that no steady-state
information was present i the transition segments. This
approach was not used for several reasons. A major concert was
the veliability of the measwres of  the near-horizontal

tramsitions. In several case, F2 was horizontal, and movemernt



measuwres were based on Fl oo F3. This would mean that the
major cue, FE, was already at its target. As well, the brevity
of the dwations of these transitions was such that less than
2% of the total stimulus would be presented in some cases,
thus possibly making the task too difficult. Finally, it was
felt that sirnce the effects of the subgroup of vaowels
(/Uygu, o, /) could be separated and examined afterwards, using
different cutpoints for each vowel was armecessary. T
changes were made though. Firstly, sivnce the ratiomale for the
intermediate grouping (Zigw/) used in Strange et al. (1983) was
not apparent, its members were maintained as an intermediate
group for  the sake of comparison but also included in their
corvect grouping (based on Lehiste & Petersomn, 1961), with the
cther long simple nuclei vowels, resulting in & double grouping
For them. Secondly, the long complex rnuclel were treated as a
separate group. The divisions for /el/ had a 30% onglide
porticoy and a 1@%4 offpglide portion, while for /oU/, it was the
reverse: 10% for the onglide and 30% for  the offglide. These
percentages were ochosen with reference to the values obtained
from Lebhiste arnd Peterson (1961) as well as to  those obtained
from the present speaker’s vowels across contexts.

Iri summary then, the cutpoints that were chosen were based
on Lehiste and Peterson (1961), Strange et. al (1983), and the
present speech materials. The vowels were separated into four
groups; short nuclei (/U E, 170, intermediate nuclel (/i,u/),

lovpg simple rnuclei (/a,a@,i,u/), and long complex nucleid

o
p]
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(/el,oll/). The percentages used are detailed in Table III.
These percentages are rnot perfect matches for the actual
relative durations of each vowel stimalus. The mismatches that
result in some steady-state information being included in the

tramsiticrn porticons are underlined in Table I1.

Table III

Relative Duwrations (iv % of tobtal vowel duration)d

of Imitial and Fiwnal Transitions Chaosen

For EBEach Vowel

VOWEL GROUR MEMRBERS INITIAL FINAL

shart VANV ANV ALY VA -V A V4 15 25

"intermediate” Fily/u/ 15 =5

lowmg simple ralyfae/f, /il Su/ 15 =

lowmpg complex /fel/ S 11

lovg complex st/ 1a 3
The oL ps anrd durations showrn here, other  than  the
intermediate group, are based on descriptions by Lehiste and
Fetersorn (1961). The intermediate group is based on Strange

et. al (1983).

The VWIECVe LV, s were reduced to —CVeC—-s  and each vowel
(Ve) was thern cut, according to its category. The stimuli for
the Control condition (COY remained unaltered after being
reduced  to /bVb/. The stimuwli  for the Steady-State Only
corndition (88) was composed of only the cernter portion of the
viowel. The stimuli Ffor the Transitions Only conmditicon (TRD

were made up of the initial and firnal transitions, separated by



a silent interval, whose duratiom was equal to the duwration of
the absent center portiorn. The composition of the stimuli were
such  that any timing cues available from the relative
transition and target dwrations were still present all the

experimental conditions.

The relative intensity of the vowels, as measuwred on the
control  ~CVe C-? 5, was then compared to the values found in
lLehiste and Peterson (139359). Several recorded vowels showed

significarntly atypical amplitudes, possibly as a result of the
speaker’s efforts to maintain distivctions iv  the face of the
articulatory constraints  that had to be met. Those vowels not
fallivig intos & high, mecl i um, low  intensity classification
according to Lehiste and Peterson (1359) were adjusted by
replacing the original  amplitude with the oroup mearn, thus
achieving a better agreement with Lehiste and Peterson’s data,

as seen in Table 1V,
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Tabhle IV

Intensities (in dB) after adiustment according

INTENSITY

Med.

Loow

to Lehiste and Peterson (1959)

v CONTEXT
abVia nlCVCu OV

a T7.1 77.1 79. 1

ol T8, & 7T7.6 (7%.8) T3 6

o T7.6 (8@, 77.1 77.6

ae 78.7 77.6 T7.6

E TE6.5 T4, 1 77.1 (83,8
el 75. 8 4.6 T4.1

t T4.6 76.5 77.6

1 Th, 6 7i.6 T, 6

I 73. 6 Ta. 6 (78.7) 4.1 {(8@.a)
i 71.6 Til.6 (73.6) TE. 6

The values in parentheses are the origivnal intensities of
the vowels wnot fitting into the high, medium, low disteibuticonm
cof Peterson and  Lehiste (1959). Their adjusted values are
listed in the repgular columns.

The edited stimuli were lowpass filtered at 2.8 kHz and

recorded onto awdiotapes on & reel-to-reel Revoax A77 tape

recorder for presentation to the subjects.

4.2 Experimental Conditions

There were three experimental conditicns, corvesponding to

the three

sets of stimuli described above: 1) Contral (CO)g &)

Steady—-State Only (85); 3) Transition Only (TR). Within each
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condition, each of the ten vowels occurred in three contexts,
resulting in a total of 38 stimulus types. I additiorn, foor
the second and third cornditions, tws of the vowels (/7i,0/) were
modified in two ways (gee Table 1I1), resulting in twelve vowel
types and three contexts, Ffor a total of 36 stimulus types.

Each stimulus type was repeated five times for each

corndition. Each condition was preceded by five buffer items
which were rnot scored. This resulted in a total of 155 items

for the Cornmtrol Condition (CO) and 185 items for the Steady-—
State Only (85 and the Transitions Only (TR) cornditions.

Fior each condition, presentation order of the stimuli was
randomized with the constraint that each vowel had to ocour
once in each block of 3@ (or 36 items, depending on condition),

arnd vno vowel (Vg) could occouwr twice consecutively.

4.3 Subjects

Listerers were 2 graduate students, 13 women and one marg
from the speech science department. They were not paid for
their time. Pricre ta the experiment, each was questioned oo
his o her language background and hearing ability.

All participants (speaker, transcribers, and listerners)
had some phonetics training and were native speakers of
(standard) Canadian English, moest being from regions of Western

Carada.
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4.4 Procedure

All subjects were administered all the conditions. Tapes
were presented to the subjects individually over Beyer DT48
headphones in an IAC soundpraocf booth, at Sd-c@ dR SPL.. The
subjects were told that the stimuli were electronically
modified vowels. They were asked to identify the vowels heard
by circling the appropriate keyword., The keywords were: beeb,
bib, babe, beb, bab, bob, bub, bobe, buub, ‘b::u::b. A list of
corresponding phonetic symbols occcurred after every ten items
o the answer sheet to aid the subjects in interpreting the
orthographic representations. The tern choices were reviewed
once before begirming testing. A copy of the instruacticons o
the subject carn be found in the appendix.

The testing period, consisting of a practice period and
three test periods, with short breaks betweaen, was
approximately cne and a half hows  long. The practice items
ware always presented first. Fresentation order for the test
comditions was balanced across subjects.

The tern item practice pericd was composed of a subset of
the control stimuli. Each vowel type occocurred once, but the
choice of context was random. Feedback was not provided.

Items were presernted at an 181 of 4 seconds, with an 8
second gap occourring after every block of ten. A 12@a-Hz beep
wae inserted in the center of the gap to help subjects keep
their place on the answer sheets, since the stimuli @ewe vk

preceded by any spoken numbers.
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Chapter 35

.1 Orgarnizaticon of the Data

A de-randomizatiowm programn was  writtern ta sort the
subjects’ respornses. After the data was entered and de-

randomi zed, it was oollapsed into a rnumber of  confusion
matrices to allow examination of the pattern of responses,
using subject, context arnd condition as  the independent
variables. The matrices were initially organized as 12x1@
grids  (tern stimuli by ten responses  (1@xi@) for  the CO
condition, amd 12x1@ for the 88 amd TR conditions. The 13x1@
matrices were actually the result of collapsing two 1@xig
matrices, e@ach identical except for the presence of a different
version (intermediate or  long grouping) of i/ and  /u/.
Because the twa versions of i/ and /u/ were found to yield
identical results, the intermediate grouping of Strarnge et al.
(1383) was eliminated, resulting in 18x10 matrices for the §85
ard TR conditions as well as for the CO condition. The 1@xiad
matrices will be referred to as the winodified matrices in
descripticns to follow. Im additice, for reasons to be stated
i following sections, 7a/7 and 77/ results were collapsed, and
data regarding U/ were eliminated. The resulting matrices are
referred to as the modified matrices, and are considered to
present a clearer swmary of the subjects? perceptions than the

1@x12 matrices. ANOVAs and Newmarn—-Meuls were then performed orn
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the total correct responses  for both the urmaodified and the
modified matrices to determine any significant effect(s) due to
condition, corntext, interaction o subject. Post~-hoe
transcriptions (described in the discussion) by four of the
subjects were performed later in an attempt to explain some of
the error patterns encountered.

The following results and discussion sections involve
error rates rather tharn correct performance rates. Error rates

were used because the studies on which aspects of this

experiment are based Strange et al., 1283; Jernkins et al.
1383) reported their findivngs in terms of error rates. In the

confusion matrices of Table V, cormrect responses are located on
the diagonal, and errors are  responses accuwrring anywhere

cutside of the diagonal.

e 2 Performance aover Donditions and Contexts

Table V shows the rine wnodified comfusion matrices for
condition and context, each summated over all the subjects.
The total correct  responses, calculated by summing the
responses from the diagomals of the conmfusicorm matrices in Table
vV were subbtracted from the total possible. The values
remaining are the error rates and are shown  for each condition

and context in Table VI

L



(la) CO - /a/

resp 1 I
stim
i 79 13
I - 83
el

1
i

E
akE
a
/\ - -
ou

u - -

(1b) CO - fu/

respi 1
stim
i 98 2
I - 99
el - -
E - -
ak - -
a
A - -
oU - -
U - -
u - -

el

ak

[N SR |

ae

=1

100

vt s |

Summated Confusion Matrices

Table V

for All Subjects

(2a) SS - /a/

resp i I
stim

iy 81 10
is 79 19
I - 91
el 1 17
E - -
ak - -
a - -
A - -
oUu - -
U - -
uj - -
uy - -
(2b) SS - fu/

resp i I
stim
iy 98 1
iz 100 -
1

el - -
E - -
aE - -
a - -
A - -
ou - -
U - -
uy - =
uy - -

el

I NW

72

akE

0
I T I N T O - T R T A |

ae

2 - - -
85 - ~ -
8 - -~ -
- 100 ~ -
6 - 9% -
- 1 16 83
- 2 8 90

7 - - -
61 - - -
- 100 - -
9 - 3 -
- 1 4 95
- 1 1 98

(3a) TR - /a/

resp 1 I
stim
i
12
I
el
E
aE - -
a - -
A - p—
ou - -
U - -
ul - -
u -7

9
13
13

I

|
N

(3b) TR - Su/

resp i I
stim
i) 66 7
i 60 13
I - 70
el - -
E - -
akE - -
a - -
A - -
oU - -
U - -
up - -
un - -

el E aE

85
82

72

87
25
50

= O |

29



Table V (cont.'d)

(lc) CcO - /i/ (2¢) 88 - /i/ (3c) ™R - /i/
respi I eI E ae a A oU ‘U u resp i I eI E ae a A o0 U u resp i I eI E ae a A o0 U u
stim stim stim
i 090 - - - - - - - - - iy 98 2 - - = = - - = = iy 9 1 9 - - - - - - -
I 297 - 1 - - - - - = is 06 - - - - = = - = - ip 86 - 13 - - - 1 - - -
el 1 -9 - - - - - - I -100 - - - - - = - - I - 95 - 5 - - - - - =
E - - =100 - - - - - - el 28 - 7% - - - - - = = el - - 98 2 - - - - - -
ak - - - =100 - - - - - E - - =100 - - - - - - E - - =815 1 - - - -
a - - - - -8 9 2 - - ak - = - -9 1 - - - - ak - - - 297 1 - - - -
N -~ - - - =991 - - - a - - - - -9 2 - - - a - - - = - 66 34 - - -
ol - - = =~ - = =100 - - N - - = - =10 9% - 1 - AN - - - -1 22 77 - - -
- - - - - - = =100 - oU - - = = - = -9 - 1 oU - - - - - = -9 - ]
u - - = = = = = -1 9 U - - -1 - - 9 -9 - u - - -1 - 6 - 93 -
uj - - - - = =1 3 - 9 u) - - = = = - - - 2 98
uy - - - - - - 2 - 98 ug - - = - - = = - & 9%
(1d) CO - 3 contexts (2d) SS - 3 contexts (3d) TR - 3 contexts
resp i I el E ae a A oU U u resp i I eI E ae a A o0 U u resp i I el E ae a A oU U u
stim stim stim
i 277 15 8 - = - - = - - iy 277 13 10 - - - - - - - i 160 17122 2 - - - = - =
I 22799 - 19 - - - - - - i 279 19 2 - - - - - - - i 150 26 122 2 - - 1 -~ - -
el 1 -294 - - - - - - - I -289 -1 - - - - = - I -178 =122 - ~ - - - =
E -1 -297 2 - - - - - el 25 17 248 10 - - - - - - el - 229 27 - - - = - -
akE - - - 1273 151 - - - E - - =300 - - - = - - E - - =211 87 2 - - - -
a - - - - -=-11418 2 4 - ak - -1 -28 11 2 - - - aE - - - 9242 21 28 - - -
A - - - - =825 - 1 - a - = - - 2133164 - - - a - - - - 286210 - 1 -
ou - - - - = - =299 - - A - - - - 2 89208 - - - N - - - - 1108189 1 1 -
U - - - - = 59 -2005 - oU - - - - - = =299 - - ou - - = = - = =200 - 10
u - - - - = - = - 8292 U - - -1 - 31109 -187 - U - - - 1 - 20 85 4 190 -
uy - - - = - -1 5 2027 u) - - - - = -1 3 34 262
uy - - = = - - 5 9 286 uy - - - -1 - - 1 35 263

The summated confusion matrices for the twenty subjects are printed above. The matrices are coded by condition and context. The SS and TR conditions
are asymmetrical as a result of collapsing the 10x10 confusion matrices occurring for each of the two groupings of /i/ and /u/ (#1 = intermediate and
#2 = long) into 10x12 matrices for each condition and context combination.

~
N



Table VI

Error Rate (in #) across Conditions and Contexts

CONTEXT
COMDITION /rar ) 7/ Fi/
co 2. 4 . @ 3. =
88 2l 2. @ S
TR 48. 4 33 4 11.6

The values from Table VI show errore rates as high as 2@%
for the CO condition and over 33% for two of the three contexts
in the TR condition. This is actually misleadiwng, because, orn
examiration of the confusicon matrices of the comtrol condition,
it is apparent that the low scores are primarily caused by two
factors: (1) conmfusion of /a/ and /77/ with each other (264/271
oy 97%  of the total misclassificaticonms for both, from matrice
(ld) of Table V) and; () misclassification of U/ in  the /u/
comtext as  Za/ or /77 (IE/10@ or 9% of the total presentation
times foorr /U7, Ffrom matrice (ib) of Table V).

The confusion of /a/ and /7/ appears bto result  from a
similarity in product o, arising From the lack of
comtrastivity in the dialect of speaker and subjects, since the
confusion was consistent over subjects, few octher confusions
oocurred, and  spontaneous subjective  judpgements of difficulty

ivm differentiating /a&/ and /7™/ were reported. PRssman et al.
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(198, wha  drew subjects from the same dialectal region as
those in the present study, used the /™/~/D/ contrast instead.

The extremely regular misclassification of the stimulus
/U7 in the /u/ cortext as anm /a/ or an /7/ suggests that this
vawel  type was  poorly praoduced, although it had been
transcribed correctly when presented in its original V, CV OV,
form.

Rased or these two rationales, certain adjustments to the
matrices were made. The /a7 and /™/ stimuli were collapsed
inte a single stimulus type. The rumbey of combined respornses
was divided by two to ensure equivalent weighting compared to
the other vowels. All confusions, thern, of /a/ and /™/ with
each ather were cournted as correct, and all aother errors were
maintained (with the absolute scores foro both  correct and
incorrect balved). An example of a result of this maﬂipulatiqﬂ
is score of 98 correct and & incorrect obtained for /Za/+/"/ in
the matrice (lb) of Table V.

Next, the vowel type /U/ was elimirnated from the analysis,
due to the low performance on this vowel type in the /u/
context, evern in the control condition. Although performnance
inn the other two contexts was good, /U7 was also eliminated for
those contexts. This was done to keep the comtexts equivalent
in terms of the rwnumber of vowel choices thereby reducing the
riumber of statistical asymmetries to be dealt with.

The values remaining yvielded the modified totals. The sum

of these totals for all subjects for each combination of
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context and condition was  subtracted from  the total responses
possible. The resulting error rates are shown as percentages
in Table VYII. They are considered to present a clearer summary
of the performance ivn each of the conditions and comtexts than
the urmodified wmatrices and their corresponding scores and

arror rates.

Table VII

Modified Evvor Rates (in %) across

Conditions and Contexts

CONTEXT

CONDITION rfars /w/ /ir/
Comtroal 9.2 1.5 1.1
Steady-State lg. & 1.9 3.5
Transitions 41.6 14.8 He

The modified values show  high performance (less than 1@%
errors) inm the CO conditicon for all contexts: the error rate is
9.8% foor the /a/ comtext, as compared to less than 1.5% for the
other  two contexts. Ferformance is similar for the 88
conditiom, with 1@.8%, 1.9%, and 3.5% errors in /a/, /u/ and
i/ contexts, respectively. The TR condition shows a marked
drop in  one of the contexts, with error rates of 41.6% for the

/a/ covntext, as compared to 14.8% for the /u/ context and 3.2%
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for the /i/ context.

The statistical analyses were performed orn both  the
maxdified and wimodified totals for comparison. The ANOVA and
the Neumarn—HKeuls tests had similar results (concerning
significance) for condition and  interaction effects. This
shouwld be expected since the difficulty with /a/ and /77/

ceourred across all the contexts and conditions, resulting in

generally depressed performance scores. The major difference
between the uwmodified and the modified data arose in
comparisons of performance across contextsg it was caused

primarily by the apparent selective difficulty in perceiving

the U/ stimuli. Sirce the difficulty originated most

certainly in the production, not  the perception of /U7, the

results for the modified totals, where /U/ is not included,
will be the ores discussed in detail.

A treatment-by—treatmert-—-by-subject ANOVA was performed

on the total correct responses for each condition and context.

The ANOVA showed & highly sigrnificant condition effect,

a highly significant context effect, and a highly sigrnificant

interaction effect with F  values of 115,42, 1@7.64 and 49,51

respectively. The results are displayed in Table VIIIL.



ANOVEA Results

Table VIII

for both

Unmiodified Tatals

UNMODIFTIED TOTALS

SOURCE
Total

Subjects

Treatment
Treatment

1

Tre 1 % Tr. &

Error Treatment 1
Ervyor Treatment &

Evror Tr.

1 % Tr.

MODIFIED TOTALS

SOURCE

Ttal

Subject
Treatment 1
Treatment &
Tre 1 % Tr. &

Evroe Treatment 1
Ervor Treatment 2

Evrror Tr,

1 x Tr.

(Comditions)
(Corntexts)

[

(Conditions)
2 (Contexts)

-
.

A Neuman—Keuwls

and the Modified Totals

85

Da4IZ3. o

376. 76

2428. 13
4669, 22
7El.47

1723. 61
1565. 63

854. 67

283,73
B276. 37
328. qa

analysis was

af ms F

179 - -

19 - -
= 1204, 07 85.85
= 2334. 600 I23. 688
4 19w, 37 35, &2
38 14,43 -

38 7.2l -

76 S. 414 i
cdf ms F

179 - -

19 - -
= 861, 82 115. 4&
= 782. 8 147. 64
4 213,67 49,51
38 7. 47 -

S8 7.7 -

76 4. 32 -
used to

were causing the sigrnificant differernces.

49

p¢.@l
p (.2l
p{. @l

examnine which pairs

The pair-wise comparisorn showed that the condition effect,

with context

collapsed,

Was

caused by significant differences
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TR  and the ng conditions at p ( @5 (degrees of freedom (df)
begirming at 59 and 3). The CO and the 55 conditions were rnot
sigrnificantly different up to p ( .05,

The context effect, with conditicons collapsed, was found
to be significanmt for /a/ versus /u/ and /a/ versus /i/, again
at p ( .@5, (df begirming at 59 and 3). The conmtexte /u/ and
/i/ were not significantly different.

The interactions were alsos tested with the Neumarn-Heuls
(df begirming at 19 and 3). FPerformance for the TR conditiocen—

/a/ context combimation  was fournd to be significantly
different fram every other total at p ( .2l. Nowme of the other
comparisonms, including those with the /a7 comtext iv the other
conditions, were significant at p ( .a%9.

Fraom these analyses, it can be seern that TR stimuli are
identified significantly more poorly  than 85 o CO stimali.
The /a/ covtext was found to be a sigrnificant detriment to
vowel ididentification as compared to the /i/ and /u/ contexts.
The combinat iorn cof condition and context resulted  in
sigrificantly pocorer performance in the /7a/ context for the TR
condition as compared to every other combirnationm of comtext and
covrdition.

The rsa/ context vyielded the laowest score  in every
conditian, producing a sigrnificamt corntext effect, but not
producing signi ficant interaction comparisons except in  the TR
cond it iom. Rased on  this, an  additiomnal Newman-Heuls was

performed to compare conditions, withowt the influernce of the
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Ja/s context on the scores.

Without the /a/ conmtext, the TR condition was not found to
be significarntly different from the 88 or CO conditions up to p
{ .85 (df begirming at 39 and 3. This indicates that the TR
astimili are perceived as well as the 88 o the CO stimuli Ffor
the /u/ and /i/ corntexts.

The results viod orly support  the sufficiency of
transitions as cues to vowel ddentification, but show, For tw
ot of  three contexts, performance level o transitions only
stimuli to be at a level comparable to  that of control and
steady—-state only stimuli. A marked context effect, however,
gqualifies this conclusion by depressing performance  1n the TR

comdition foar the context /a/.

5.3 Comparison of the two medial /7i/ and /u/ groupings

Twa different cutpoints had beer used for the /i/ and /u/
vowel rucleis orme conforming to the Strange et al. (1983) and
the Jenkinse et al. (1983) intermediate prouping, and one
placing these tw:x vowels in Lehiste and Peterson’s (1961) long
simple nuclei orouping. Ferformance was very similar for the
two versions of /i/ and /u/ in pach condition (see  Table IX).
Comparison  of  performance on these iditems with a t—-test for
deperndent means found ro significant differernces at p ( @035 for

either the 88 or the TR conditiocns.
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Table IX

Comparison of Ermror Rates (in %) for

Two Groupings of /7i/7 and /u/

58 condition TR condition
VOWEL intermed. lomg intermed. lomg
Fi/ 7.7 7.1 46,7 Sd.
/s 8.7 8.@ 12.7 12.3
Based on these findings, the stimuli from the intermediate

grouping were dropped from further analysis.

S.4 Item Analysis

The ervor distribution was mot wndform over the ten vowel
types as can be seen in the confusion matrices of Table V.
Errors tended to be orne to two vowels away around  the vowel
"loopt, wherr plotted i an Fi1/7F2 graph, with confusions
ceeurring for spectrally similar members. Ervorse  were rnot
limited to confusicons within a single vowel category (e.g.
tense vowels). Evror rates for each vowel type are displayed

in Table X.
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Table X
Error Rates (in %) as a Functionm of Yowel Type
fFor ALl Conditions and Contexts
CO condition

Y y-vi4 /s /i/

i =1 = v

I 17 1 3

el 4 1 1

E 3 @ i

ae ] 1 7]

a Q7 L) TE(E) 11¢1)

- 37 329 9

cild @ 2 1

W] @ 95 2

1 = 5 1

TR condition 88 condition

v /ars a4 fir/ v g-vi Yavs /i/
i 96 414 14 i &1 i 7
I a7 34 5 I 9 & @
el =8 i = el =8 7] =
E bty =3 1& E @ i i@
ae 44 11 3 ae ia 3 i
a 24 (2) 86 (&) 3501 a 86(1) 730G =)
- 49 39 =3 - 4 329 1@
ol A 3 i cald i ] 1
U & 37 7 U & 37 LA
1L S 1 ) ! 1@ i =

The mnmumbers in parentheses the error rates after
/™7 into a single vowel type.
the regular columns.

ard

The

eryor

pattern

varied

collapsing /a/

The original scores are in

gomewhat over conditions and



contexts.

the /oU/ and 7/
combinat iorg
error rates
these errors,
with 144 other
13% correct), and

S correct).

viowels,

of  steady—state
stimuli, but in
examnple, /i/ in

the steady-—-state

Comsistently good performance was

where the majority of errors ocouwrred,
were
the

erroars

These

are quite consistent,

5

obtained cnly for

W/ vowels. For the TR condition—/a/ context

the highest

forr /37 (96&%), /1/ (874, and /E/ (S@4%). Of

majority of confusions were /i/ to /ei/ (824,

and 44 corvect), /17 to JE/ (874, with

/E/S to Zae/ (49%, with 14 aother erroes and

errors, as well as those for the other

suggesting that the elimination

information does not vesuwlt  in ambiguous

categorical changes in vowel guality, for

the /sa/ context becomes /ei/ uporn removal af

povtion of the vowel.
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Chapter &

DISCUSSION

.1 Vowel Cuess Available in TR Stimuli

Ferformance in two of the three contexts of .the TR
condition was as good  as  performance in the CO and S8
conditions. If good performance resuwlted in the TR condition,
it was originally hypothesized to be due to  the sufficiency of
transiticon information as cues to vowel iddentity. Examination
of other possible reasons  should ocouwr before concluding that
high performance o stimuli  withouwt steady-states is actually
due to the presence of the tramsitions. Sowreces of information
still remaiving in the edited stimuli  other tharn tranmsitions
could play a significant role in the identification process.
This information includes duraticorn, diphthongization (Formant
movement ), and iﬂtehsify differernces.

If duraticon is  an  important cue, then its maintained
presence should aid differentiation of twe groups of vowels:
lormg (tense) and short {(lax). = Examinaticn of the TR matrix
(3d) of Table V reveals that the conmfusiorns of the vowel types
with the highest error rates, namely /i/ to /ei/ and /1/ to
/E/, are both within the short vowel group, o within the long
vowal graup, but matrix (3d) also shows that many of  the other
confusions are betweern these two groups. Duration may be a

useful cue, but its presence here does not  prevent ternse-lax
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confusions. This finding is further supported by the Fiﬂding‘
of  Stranpge et al. (1983)  that partial newtralization of
duration does not significantly affect perception of vouwels

with the steady-state removed.

Fovmarnt movement resulting from diphthormpgization is
difficult to separate from that resulting from consonant-—-vowel
transitions. The abviouws diphthongs (/ai,oi,al/), described

originally by Lehiste and Peterson (1961), were rnot included in
the present vowel set. Glided vowels (/ei,ald/), however, were
used. For the these vowels, the pglide and the consomant-vowel
transition were rnot separated; the cutpoints  were adju5£ed to
encomnpass the entire pericd of movement. Rs a result, these
stimuli  had the additional initial or fivmal gliding coue
available. Examivmation of performance (see matrice (3a), Table
V) shows that the vowels /ei/ and /old/ had among  the best
identificafioﬂ BOOTES in  the critical combination {(where
overall performance was worst): TR condition—/a/ conmtext. The
glidivwg informatiorn present ivi the tramsiticn segments may,
therefore, have been useful 1in idenmtification of the TR
stimuli.

Novmal intensity cues were maintained and even provided
wherever the typical relative intensity did r»not occouwr at
producticn of  the vowels. This informaticn is present in all
the conditions, and could then be used to identify the TR
vowels. Whether it is used o not carmmot be determined in this

design, and no published work on its atility as a cue cowld be
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Irn summary, the TR stimuli have the additional cues of
duraticrn, glide, and intensity. Duraticn  information does wat
appear to  have affected the ervor patterns. Formant movement
information contained in the glides present may have ailded
differentiation of plided and ron—-glided vowels. Intensity
cues are present, but whether or not they are used is not
discernable in this experimental desigr.

Although possibly useful, the presence of these cues
(duration, glide and intensity), does not provide an adeguate
explanation of performance in the TR condition, especially for
the contexts showing performance equal to that i the other
conditions. Therefore, the remaining cue, trarnsitions, already
shown to play a vrole  in vowel identification (liriciblom &
Studdert-Kernedy, 1967; Strange et al., 12763 Strange et al.,
19833 Jenkins et al., 1983), may reasoviably be invoked as an
explanaticon for the good performance in the TR comdition.

Transitions, then, could  be said to be the major cues

available in the TR stimuli. They provide sufficient
information tao cue vowel identity and are, most of the time,
sufficiently robust to do so evern in the presence of the
transcomsonantal caoarticulat ionm arising ive a Vi CVe OV,

utterance. The uwtility of tranmsitions, however, is not uniform
over  all wvowel contexts. In the presernce of coarticulation
from suerounding /a/’s, the indentification of vowels cued by

transitions alone s considerably impaired, whereas for vowels

7
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embedded in  /i/ o /u/ contexts, the fransitions succeed
equally well in cueing the identity of the wvowel as the
informatiorn available in the uwnmodified vowel (Ve) excised From

its Vi CVe OV utterance.

&.2 Froblem Vowels

Ferformance on twas of the three contexts in the CO
condition was  high (less  than 2% ervors). This can be
attributed, irn part, to experimental design factors such as the
moritoring of  production gquality, dialectal matching, good
listering conditions, and the use o f subjects with
transcription experience, all factors cited as impovtant in
mreviouws  studies (e.n. Macchi, 198@; Assman et al., 1982).
Reasons for the decreased performance on the /a/ context in the
cortral condition  are not  obviows, but  parallel decreases in
performance for this context  in the other two conditions.
Fossible explanaticns for this effect will be dealt with later.
Difficulty occouwrred with several of the Ve vowels (those to be
identified) in the control conditicon, despite the precautions
taker. Fossible reasons  for this shall be discussed in this
sect ior.

The moriitaoring o f product i on thraough speaker and
experimenter judgements, as well as through urmanimous agreement
from three transcoribers was =till rot sufficient to ivswre the
intended responses for all vowel types in the CO condition from

all the subjects. Comsistently differing perceptions from
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those of the evaluators were obtained Ffor the /a7 and /7/
gstimuli iv &all comtexts, and Fforr the /U7 stimulus in the /u/
context. Fossible explanations for the fact that these items
were not  Jjudpged as arnomalous initially include low reliability
af the trarsceriptions and changes in perception from the case
where the wvowel (Ve) is in the V, 0V LV, context to the case

where it is excised from ite context.

The possibility of low reliability for  the transoriptions

was examined first. Fouwr  additiomal trarscoriptions of the
entire V;0CVe OV, utterances were made, this time by four
listerners who had participated in the forced choice ~CVaC~
experiment. The subjects were chosen on the basis of
avallability, ot o their  particular  performances in the

earlier experiment.

Gond agreement was abtained for the V, CVe OV,
transcriptions and the —-CVeC- forced choice results in that,
high error rates occourred in the transcoriptions  for those

vowels designated problematic in  the forced choice procedure,
and low error rates occurred forr the aothers. Examination of
the individual listeners! responses For the problematic vowels
(/7a/ and /™/ in  all contexts, 4/ in context /uw/) showed,
however, little conmsistency in  their perception  over the two

situations (see Table XI).

9
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Table XI

Comparison of Identificaticon Responses for

1 EVe CVy _Transcriptions and —CVeC— Forced Choices

for the Problem Vowels

subj. utt. /ababa//ab’ba/s /ubabu//ub’bu//ubUbus /ibabi//Ziblbi/

#1 —~{Ve C— 4/ f G/ f 4./ f LY ARV Y4 V-V ¥ ALV4
Vi CVe OV, ra/ /ars rars YE-V4 U/ rars fars
# (Ve C~ S// 37/ S/ S5r~7  Sr/ S/a/s S/a/
V, CVe OV, fars Ya-v4 /ar fa/s /U/ /ar /ars
#3 ~CVa G~ 4/ f S/al KV E-Vi S/ 47 4/ar s/ /
Vi CVe OV, e-v4 Yaav4 Z-v4 aav4 y4svs /rars raav4
#4 ~LVe O~ 4/ 4/a/ S/a/ 4/7 LS/ 4/sas 3/als
V, CVe CV, Vaav4 lae/ - /a/ /s /U7 -v4 FARYs

The underlined vowel in the first line is the vaowel to be

identified. The forced cholce ~CVeC~ situation involved five
repetitions of each vowel type 1w this position. Only the
madal  response  is  recorded  here. I almost all cases, the
vemainder was either /a/ 1if the modal was /77/, o /77 if it
were /a/. The V,CV0V, stimuli were only presented once each

and the transcriptions for each are recorded here.,

The subjects involved in this comparison all had training
in transcriptiorn. Althaough the /a&/ and /7°/ vowel pair is not
comtrastive in the dialect of the region the subjects were
drawr:  from, it is expected that, because of their training,
they should have beer able to. reliably transcribe the phones.
The presence o off disagreements Foo the /a7 arnd /T/

transcriptions across subjects, and the inconsisternt natuwre of



&1
the cholices for the five repetitiorns of each of the —-CVeC-'s by
each subject suggest that these vowel types were not produced

contrastively by the speaker, but were prodoaced sufficiently

differently to result in uwncertainty and the use of more than
e symbol by some of the listeners. The tendency to attempt
toa fit  the vowel produactions in more than onme category was

probably exacerbated by the bias existing from the listeners?
kriowledge that both Za/7/ and 777 were available as possible
resSpoOnsSes. A wumber of the twenty subjects in the —-CV L~
expariment spontanecusly commernted that they had difficulty
differentiating these two vowel types, and that the /a/ seemed
to lack "operness'.

Fov  the U/ in the /u/ context, the subjects had
previously responded with an /7&/ or an /77/ to presentations of
the vawel in the ~CVeC-— forrm. Inm the additioral V,CVeCV,
transcription task, this vowel was transcribed correctly by all
four listerners. These fouwr tramscriptions, plus those of the
coripginal evaluators, pravide reliable evidence that this vowel
actually had the quality /U/ in the full V,CVCV, form. If so,
this makes the suggestion of a charnge in  vowel guality for Ve
uporr remaval from the surmrounding vowel (Vi) cantext more
ternable.

If vowel guality changes when the vowel is removed from
its surrounding wtterarnce, that would suggest that recessary
vowel ddentificaticon information is  spread over a segment

larger than a CVO syllable. This possibility is consistent



with findings (g the perception o f other types of
coarticulation  (e.q. Ali et al., 1971; Benguerel & Adelman,
1977  and the well established difficulty encountered in
identifying vowels excised from comnected discowrse as compared
to ddentification of those produced in isolation.

Foorr wine of  the tern vowels in the presemt study,
identification of the medial vowel was not affected by the
removal of  coarticulatory informat ion available in  the
surrcunding  vowel context of a V,CVeCV;y wtterarnce. For the
vowel  /U/, however, the transconsomantal  coarticulation
information provided by the frame /7uCVeCuw/ is apparently

critical to its perception in the Ve positicoon.

6.3 The Effect of Cubtpoint Placement

The hypothesis to be tested in this study was that the
information comtained  in transitions would vt be as effective
as that corntaived ivn the steady-—-state irn cueing vaowel identity.
Transition only, steady-state only and uwnodified vowel stimuli
were used to test this hypothesis. A crucial factor in drawing
conclusions from the identification of these stimuli is whether
o ot steady-state  information was  present within the
"transition only" vowels.

In chapter four, it was stated that, Ffor U/, /w/,/ol/, and
£/, difficulty was encountered 'ih determining  the boundary
between steady-state and trangition because of the nearly

horizontal wmatuwre of the transitions. For those four vowels,
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the cutpoint placement resulted in steady-state information
being present in the transiticn segments of the TR stimuli.
For the glided vowel /olU/, the low percentage used (1@0%) for
the rnear—flat transition reduced this concern, but some steady—
state information was still present. Fresence of this "target"
information in the transition segments could be expected to
lLower error rates in vowel identification performance in the TR
covdition.

Examination of the performance of /uw/,/U/7,/77/, and /oll/ in
the TR conditiconm in Table X, reveals that these vowels do, in
fact, show lower error rates than do the other vowel stimali.
The wvowel /7/ did wot show good performance, and had to be
collapsed with /a/, but their combirned error rate was low (2%
ervrors over all contexts). The vowels /U7 (in contexts /i/ and
fwsy, /su/s, and /oll/s are  among the best  identified vowels,
although the presernce of the additional glide cue for /ol/ must
be included ivn the explarmation of good performance.

Gound  performance on the vowels descoribed, however, may
be explained by reasons other than the presence of "tarpget”
imformation, suech as the glide cue mentiorned, the salient
positicn of  /u/ v the vowel triangle (as an extreme value),
arnd the lack of close rneighbours for /77 because of the
collapsing of /a/ and /7. If the presernce of steady-state
information is the critical factor iv  ailding identification in
the TR vowel stimali, then any vowels displaying steady-—-state

patterns within the desigrnated transition segments should be

Y
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expected to show correspondingly lower error rates, while those
not possessing this  "target"  information should  show higher
rates of errar.

The vowels showing the highest error rates in the TR
condition, and contributing most to the  poor per“fu:lr*maﬁce were
Fil, 71/, /E/, and  /ae/ with error rates of 19% o above. A1l
showed a clear increase in errors from the CO and 58 conditions
to the TR conditicor. If these particular vowels are examined
amraoss contexts, it can be seen  that in the /i/ context,
performance is comparable to the other vowels and to the other
comditicons. In the /u/ context, pe%formance is  poor fore
/i/4/71/7, and /E/ at  ervror rates of at least DE8%. Almost all
the vowels (/i/,/1/,/E/,/7ae/,/ei/,/n/) in the /a/ context are
pocrrly ddentified (errors at or above 28%).

If one examines the degree of matcech betweern the actual
ralative durations of the transitions irvn Table I and the
relative durations chaosen to base the cutpoints used on (Table
ITT), the /u/ cantext shows the greatest number of mismatches
{(items underl ined irm Table I, with Five viowe ls
(/a/, /E/, /U7, 77/, /70U/)  having some steady—-state in  their

transition segments. These particular vowels are not, however,

the vowels with the lowest identification error rates. Res
well, despite containing a large number of vowels with

mismatches between actual and chosen relative durations (where
steady—-state information is present in the transitiaon

segments), /u/ is rot the best perceived conmtext. Furthermnore,



im  the fas  and /i/ oconmtexts, the particular mismatehbes
aecurring do not mateh up with  the pattern of performance in
the idenmtification task. As well, the mismatches in the /a/
arnd /i/ comtexts are <imilar  iv rnumber  and  pattern, yvet
performance for each differs greatly.

Arn additiconal scwrece of support for transitions as cues to
viowel identity was the identification performance  for those
vowels forr which the mismatch went in the opposite divection,
resulting in incomplete transiticns for either the initial o
Firnal segments. A comparisan of the actual relative durations
of Table I and the relative duwrations chosen {(Table I11) show
almost all the vowels having one oo both of the transitilion
segments cut too short. Ferformance in the contexts /i/ and
/wu/y Forr the TR condition, shows no decrease in identification
rates as a result of this early truncation; performance is as

good as in the 58 and CO conmditions.

Pt her peint o f comparison 1s  the identification
performance for the two versions of /i/ and /u/. Twao different

sets of cutpoints were used for the vowels /1/ and‘/u/, based
oy how the vowels were grouped. The intermediate grouping
resulted in a mismatceh for the wvowel /7i/7 in the /i/ context,
with steady-state information presewnt i the transition
segment, but the error rates for the two versions were similar
(124 and 14%4). Re well, differing degrees of transition
present in the TR condition for the two versions of /i/ and /u/

in the other conditiorn—context combinations, as a result of the
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20% anmd  25% final relative duwrations used, do not result in
different performance. The presence of completed transitions
therefore, does not appear to be orucial for identification.

The lack of relation between the location used for the
cutpoints and ddentification pewformahce sugpnest that the
presence o absence of steady-state ivnformation does not
greatly affect vowel percepticn, and that completed tranmsitions

are not required for identificatiorn.

G4 Foaor Performance in the 7a/7 Context

FPerformance in the /a/ oconmtext dis consistently below
performance in the other contexts. The differevnce is rnotb
statistically significant for the CO or the 885 conditions, bat
is still present. For the TR cowmdition, a significant increase
in emrors from those in the €O and 88 conditions ocours.
Fossible factors toe be considered include  poor prodoaction
quality, cuawticulafury comstraints, cutpoint placement and
subject-specific performance.

The production of /a/ in the Ve positicorn was shown earlier
to have been ron-comtrastive with 77/, It is possible that the
/a/ was poorly produced in the outer vowel position too. Only
ome af  the origimal three evaluators took exception to the
choice of /a/, /uw/, or /i/ as a trarnscription of the outer
vawel {(she ftranscribed the outer /7a/ as /7/), but an /a/ bias
was introduced when a @ set of the interded productions was

provided to the three evaluators. If the rsa/ vowel was
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actually produced as an /77, it still does rnot explain the high
eﬁrov rate of the "/a/" comtext since the transconmsonantal
coarticulation would cccuwr regardless of whether the original
context was  that of an /a7 or an /7. Ohman (1966) did wnot
specifically examine /7/ coarticulaticm, but there is no reason
to think that it would not occour. I¥f, for some reascowm, Lt
should rnot occowr, the effect wounld be better performance in the
TR econdition - /a/ context (actually /7/ context) since
potentially less "distortion” would be introduced. Guality of
praduction shouwld ot therefore, bhe a factor in the poome
identificatiorn  performance for vowels produced in the /Za/
context.

Flace of production affects the spectral patterrn of the
vowels. There is the possibility that /a/, as the only low
vowel tested i the outer position of the V,CVeCV, utterarce,
has an effect on the  transconmsomantal vowel (Vg ) and its
transiticon that is somehow more damaging than the effect of the
high vowels. This assumes, of course, that the /a/ was
actually produced as a low back vowel, rnot as the more central
vowel /7/. If +the 7/a/ was actually articulated, greater
coarticulatory effects might be expected if the coarticulation
was extreme, for example, from a low to a high  and back to a
low vowel, like /abiba/. However, the error pattern in this
context does not reveal difficulty only with high vowels (see
Table IX); in the TR condition, the highest error rates occour

for the high fromt vowele /717 and /717, but high error rates
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also acocur  throughout the vowel set. Ivi the other conditions,
the errors are less widespreads; /7i/7 and 71/ are still among the
highest, but Zae/ (low fromt) in the CO and /ei/ (mid front) in
the 58 conmditicors alen show  error rates as  high  or higher.

Articulatory movement Ffrom  low  to high toe low  does wob,

therefore, show a consistent correlat o with PO
identification. Coarticulatory difficulties stemming from the

reverse pattern (high-low-high) do not result iv higher evrore
rates either, as evidenced by the good iddentification
performance obtained for low vowels produced in /17 and /u/
contexts. Froduction constraints do not appear to result in
perceptual ambiguity, and do rot account forr the high ervore
rates for the vowels in the /a/ context.

Articulatory  factorses do not provide clear evidence to
accournt foro the performance aobtained in the /7a/ context. It is
possible that articulatory patterns may result in subtle
acoustic changes that result in specific iddentification

difficulties. The acoustic patterns of the medial vowels were,

therefore, gxamined o urusual characteristics. The
spectrograms fore each vowel type varied slightly aoross

contexts, presumably as a resualt of the transcomsonantal
coarticulaticn from  the outer vowels. Measuwres of transition
ornset and offset freguerncies, and transition slope angles were
taker. There were no larpe o consisternt differences for any
of the vowel types, takern individually or as a whole, acrass

contexts. Acoustically, thern, the context /a/ does not appear



to stand out from the osther two contexts.

Ferformance v the /7a/ context was most notably impaired
in the TR condition. These results might be an artifact of
cutpoint placement caused by inflated rates for the /7i/ and /u/

contexts due to the presence of steady-state information in the

transiticn segments. This possibility was dealt with earlier
(section  &.3) in  an attempt to explain the pattern of
performance over vowel types, Comtexts /a7 and /i/ had very

similar patterns of mismatch between actual relative dwrations
and chosern relative durations, yet performance for these two
differed greatly. As well, the actual errore patterns over the
vowel types did rnot match up  with the pattern of mismatches
over the vowel types. The presence or absence of steady-state
information thus dogs not  explain the performance variation
across contexts.

The detrimental effect of the /a/ context on medial vowel
identification is strong, but the possibility that the pattern
of errars may have been cauwsed by a&a few subjects and be, in
fact, idicsyncratic, was examined. Subjects were rank ordered
by the average performance across conditions and separate
ANOVAS on the top and bottom tern subjects were performed. The
results from  this aralysis were the same as that Ffor all the
subjects together, showing a‘cmntext effect four /a/. Thus, the
lower performancé on vowels in the /a/ context is & consistent
effect over the twenty subjects tested.

Nome of the factors considered account  for the poor
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performance  of subjects  in the /a/ corntext, oy e
specifically, in the TR conditicn for this context. This

effect, although robust, is unexplainable by the information
examinegd so far, Urtil explained, the performance in the TR
condition—/a/ comtext presernts a constraint on concluding that
transitions are sufficient to cue vowel identity. This
constraint becomes more severe with the pogsibility that the
intended low back /a/ was actually produced as the more central
/ry the likelihood of aother contexts showing similar patterns
increases as the vowel in questicrn  becomes less articulatorily
"extrema', Howaver, the fact that performance in the /Za/
context was also impaired in the other conditions, albeit to a
lesser arid rnovi—-sigrificant extent, sunpests that the
identification difficulty may rnot be due to the insufficiency
of transitions as cues  bhut rather to some essential ambiguity
about vowels produced in the /7a/  context, which is irncreased
when cortiguous chunks as large as the steady state (SO0%-E£5% of

the total dwration) are removed from the vowel.

.35 Summary and Conclusions

This study has examined the effect of transconsonantal
coarticulatiocr o the usefulness of tramsitions as cues to the
pervception of the medial vowel (Vo) in V,CVg OV, utterances,
where V, was aorne of three vawels (Fa/,/u/, or /i/), C was the
plosive /b/, and Ve was one of ten vowels (/i/, /17, /el/, /E/,

rae/, /lal, /=/, fal, U7, /u/).
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For twa of the three V, contexts, the vowels ivi OV C—
stimuli with the V, steady-state removed (TR comdition) were
identified equally as well as vowels in —CVeC- stimuli with the
transitions remaved (85 conditior and  those in wemodified-
CVe O~ stimuli (CO conmditicm). For these contexts, information
from transitions alome is sufficient to cue vowel identity at a
level equal to that of the wvowel cue formly considered to be
the most important, steady-state information.
A major limitation on concluding that  tramsitions cue
viowel identity equally well as steady—-state o combined

information results  from  the wareven performance  ocourring

acroess  contexts. Vowe l s inn an /Ja/ comtext were identified
conmsistently more poorly tham those in /u/ o /i/ contexts.

This effect was not statistically significant for the CO or 58
conditicrn, but was highly significant for the TR conditiaon.
Various explanations of the effect, ircluding quality of
praoductiocon, cutpoint placement, arncd  articulatory constraints,
were considered. Nove  were  found to be adeqﬁate. A major
difficulty in accournting for this effect was the small riumber
of  comtexts used. Further wnderstanding of this patterrn of
performarnces regquires a more systematic, comprehensive
examination of the effect of coarticulaticon by other vowel
comtexts.

It can be concluded that, in VLV LV, utterances, where V,
is /uw/ o /i/, the medial vowel (Ve ), with éteady~5tate

information removed, can  be identified well. Ivi this



situaltior, tramsitions  ocan, depending on the nature of the
transconsornantal coarticulation present, cue identity equally
well as steady—-state information alorne or evern informatice From
steady-state and transitions oconbined. The usefulress of
transitions as cues to vowel identity in the presence of
transconsonantal coarticulation, however, carmot be pgerneralized
to all vowel contexts without fuwrther examinatiorn of the
relative uniquerness of the effect of the sa/ context. The
reasons fory this effect are yet to be explained anmd the range
of  effects of vowel context are yet to be charted, =]
definitive claims about the sufficiency of transitions alone as
cues  to voweld identity carrmot be made. Whether or not
tramsitions are sufficient in themselves to cue vowel idertity,
it can still be concluded, with some surity, that the
performance on tramsition only stimuli strongly supports the
potential wsefulness of informaticon  from  tramsitions in the
riarmal identification situation, where steady-state and

transition information are both available.
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Instructions to Subiject

Welre looking at how people perceive vowels, and what
parts of the sound are wused in vowel identification.

You are going to be presented with electronmically modified

speech sounds. Listernn to the souwnd carefully, and circle the
keyword on this answer sheet oovrvesponding to the vowel you
think you heard. There are rno right or wreong answers in this

task, Jjust circle the keyword that you thinmk best approximates
the vowel you heard. Guessing is fine, Jjust be swe to choose
ore answer every single time. Do ot take too long to decide
because there i1s only fowr seconds between sounds. I will go
aver the coding system with you before we start.

There will be three sessions of approximately fifteen
minutes each. Une will be 185 items long, and the others will
be 183 items long. There is a pause after every tewnth stimulus
at which time you will hear a beep. The beep should coincide
with the gap on the paper. If it doesn’t at any time, say
"stop" and I will ﬁﬁmp the tape and Figure out where you have
gore  Wrorig.

Before we start, I'd like to ask you some questions and
have you rvead and sign this consent form. The only risk

involved in the experiment is possible boredom.



~ go o Questiommaire and Consent form (pern) -

I am row going to play ten sownds to familiarize youn with

the task. I am rnot scoring these; it 1s just to get you used
to moving acrass the sheet and locating the answers. Here is
the answer sheet. The practice items are on the back papge.

The response shoices are written ocrthographically for those who

do not know the phonetic alphabet. For those of you wh dog k

you  will  probably find the orthographic representaticon
confusing  iwitially. That is why I have written the
corresponding phonetic symbols  at intervals on  the response
sheet. The wvowel key 1s as follows: /bib/, /blb/, /beib/,

/baeb/,./bab/ as in  "bhaaa'" that a sheep would say, /b™b/,
Fbolb/, /bUb/ as in could, /bub/. Bay the sounds to yourself,

then tell me when you are ready.

= Do practice items -

Arny guesticons? OuK., now welll start. The sounds you hear may

riot sournd exactly like those you heard orn the practice tape.



Appendix (cont. *d)

Guesticormaire

Subject Mame Date
Assigrned Number Order of Conditions

#oode answer sheelts®

1. Have youo taken any courses in phonetics  or have you
experience in transcription?

Is your nmative tongue Eviglish?

T

What other languages do you speak fairly fluenmtly?

03!

4. What regicn were you brought up in, or spent a majaf part of
youy 1ife?

5. Do you have norvrmal hearing?

. Congsernt form

7. Note exceptional occurrerces



Response Sheet*
(i/ /t/
i. beeb bib
2. beeb bib
3. beeb hib
4. beeb bib
S. beeb bib
6. beeb bib
7. beeb bib
8. beeb bib
3. beeb bib
1@2. beeb bib
/i /r/
1i. beeb bib
12. beeb bib
13. beeb bib
14. beeb bib
15. beeb bib
16. beeb bib
17. beeb bib
18. beeb bib
19. beeb bib
Z¢. beeb bib
#The spacing

presented to the subjects to fit

/er/ /e/
babe beb
babe beb
babe beb
babe beb
babe beb
babe Dbeb
babe beb
babe beb
babe beb .
babe beb
/er/ /[e/
babe beb
babe beb
babe beb
babe beb
babe beb
babe beb
babe beb
babe beb
babe beb
babe beb
of  the

Apperndi x (coﬂt.’d)

Cond. 1
/ae/ /a/
- bab baab
bab baab
bab baab
bab baab
bab baab
bab baab
bab baab
bai baab
bab baab
7 bab baab
/ae/ /Ja/
bab baab
bab baab
bab baab
bab baab
bab baab
bab baab
bab baab
bab baab
bab baab
bab baab
ten

Hx]
8]

/a/
bub

bub
bub
bub
bub
bub

bub

‘bub

bub

bub

/a/
bub
bub
bub
bub
bub
bub
bub
bub
bub

bub

bobe
bobe
bobe

bobe

/ou/
babe
bobe
babe
bobe
bobe
bobe
bobe
bobe
bobe

bobe

choices has been
margin demands.

Nz
/v/
buub
buub
buub
buub
buub
buub
buub
buub
buub
buub
/v
buub
buub
buub
buub
buub
buub
buub
buub
buub
buub

reduced

81

/u/

boob
bbb
boob
boob
boob
bbb
boob
boob
boob
boob
/a/

boob
boob
boob
baob
boob
bbb
boub
bmob
boob
boaob
fram

that



