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Abstract

: .
AlthOUgh stops and fr1cat1ves are generally considered

e

'qualltat1vely different types of consonants, this study

- nd 6

provides ev;dence that the distinction is quantitative. ATB&.
primary factor in dftferentiating English voiced 1abial~and
dental frioatives and stops is the .duration of the consonant
noise. ( | -

TwO experiments were designed to innestﬁgate how
alterations in some acoustic'attributes of stops'and
fricatines affect the perception of these consonants. The
particular EngTish consonants involved are /v/, /d/, ~/v/,
and /a/. These consonants appeared word- 1n1t1ally before
the vowels /i/, /=/, and /o/.in actual English words. -Two.
Canadlan English speakers,recorded these words in carrier
phrases. The intent of the experihents was to. investigate
the roIes played by onset slope, intensity,” and dnration in

distinguishing stops and fricatives. One experiment varied

the onset, the amplitude, and the duration of the noise

v

'portion of the stops. The other experiment increased the

: ;\\

’

amplitude and. decreased the duration of the fricative

frication. ' »

‘The primary determlnant of the ‘manner of the'
truent - stop or frlcatlve - 1s the consonant duration.

The durat1on-of.consonant noise boundary between stops and

fricatives occurred at approximately 25 ms. Signals shorter

R ,
- than this were identified as stops. Longer signals were

identified as fricatives. Removing the abrupt onset of a



-

p -

stop consonant without increasing duration had almost no

effect on the consonant's categorization, Intensity

"influenced the recognition of some stimuli with

manner-ambiquous durations.

vi
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I. Introduction

What is the difference between a stop and a fricative?

In terms of articulation, the-difference:is that stops
.involve a complete closure in the vocal tract while fric-
'atiQes are produced by harrowihg the vocal tract at some
point.. But what are the acoustic differences relevant to
stop and fricative identification? The‘answer is not as
cléar. Perceptual studies of the distinction between stops"
and fricatives in English are not available. ‘Many.papers on
the acoustic properties of fricatives exist (Carney & Moll,
1971; Delattre, Liberman, & Cboper,.1962;‘Fujisaki:& Osamu,
"1978; Harris, 1958; Heini & Stevens, 196T;‘Hughg§ & Halle,‘
1956; Jassem, 1965;'La¢érda, 1982; Lariviere, Winit21 &
Herriman, 1975; MéCasland,'1979; Strevens, 1960). There are
~also many studies of the acoustic properties of stops (fér
example, Blumstein & Stevens, 1980; Dorman, o

‘ Studde;t—Kenhedy, & Raphael; 1977; Fischer-Jorgenson,r1954;
Halle, Hughes, & Radley; 1957). As wel{, the differences )
between stops ahd:glides (Miller & Liberman,.1979;'Suzuki,
v197d), ana the differences between fricatives énd affricates
h%%e been investigéted (Dofman; Raphael, -& isenberg, 1980;
Géﬁiﬁman, 1957; Howell & Rosen, 1983; Repp, Liberman,
Ecc"rdt; & Pesetsky, 1978; and Van Heuven, 1979). But few
studies have directly compared perceptual attributes of
fricatives ééd stops (Bakéf,'i975; Iéenbér§, 1978;.Mal¢cot;
.1968; Treon; 1970).'vThis,thesis invgstigates‘the perceptuél
effects of manipuiating acoustic properties'of some,English



fricatives and stops. \\%
' Thé particular English consonants under consider\tion-

are the word initial /h/, /d/, /v/, and /3/. The acoustic .

properties of the noise portion of the consonants (stop

burst or fricative frication) which were manipulated are
duration, slope of onset (ahrupt vs. gradual), and inten-
_'sity. The frequency spectra of the'consonants'and the
formaht’transitions‘uere not\altefed. In the literature
review, the acoustic properties of stops’ and fricatives w1ll
be discussed. At this point, the four phonemes and the
,reasons for studying these'four ~are considered.

‘ The English stops /b/ and /4d/ and fricatjves /@3/ and
/v/ were{chosen ﬂecause they are the only English stop/fric--
ative pairsxthat/havevappnox1mately the same places of
articulation: /b/ and /v/ are.lahial; /d/ and /3/ are

dental.

]

Voiced consonants were chosen'intentionally. A
comparison of the voiceless f:icétives'and stops ;ould be
complicated by the ‘long voice onset'time,(VOT) after the
release ofﬁuoiceless stops which does notvappear.afterhs
'voiceless fricatives. Gerstman (1957) conducted‘an—e;peri¥f
ment in uhich the overall duration and onset time of the
voiceless affriCate /i)Y was reduced. At short duratlons .
aud abrupt onsets,'con51derably more voiced stops were heard
than unvoiced stops, altgough the_original stlmulus conso-

nant was unvoiced. Gerstman says that "the result is.not,

surprising when'we consider that voiceless Stops usually ..

e



show a considerable separatlon between friction and vowel

N

... while voiced stops do hot" (p. 51). Since there was no

delay between the consonant and vowel in Gerstman s .stimuli,
his consonants were heard as voiced when perce1ved as stops.
Voiced consonants were selected as stimuli for the present
experiments‘to avoid this complication associated‘with '
voicing of staps. |

There is some question of the comparability of /b/ to
/v/ and /&/ to /3/. 1n the case of /b/-/v/, the question is
primarily oné of difference in place of articulation: /b/ is
produced bllablally and /v/ is lablodental But, since both
are lablal, thelr consonant- vowel formant tran51tlons should,
be 51m11ar.' The non-existence of an Engllsh bilabial
fr1cat1ve phoneme and a lab1odental stop phoneme xndlcates
that /b/ and /v/ are the phones to be compared, even though
their places of artlculatlon are not identical. B |

Some 1nvest19ators regard the alveolar frlcatlves /s/
and /z/ as the counterparts of the stops /t/ and /d/. One
reason for compar1ng /d/ and /9/ instead of /d/ and /z/ is
historical. Accordlng to Grimm's- law,. the "Indo-European
bh, dh, and é_ became, respectively, the German1c sounds B,
a,land w, and later, in initial p051t10n at least b d g
(Pyles and Algeo, p 89). Also, Indo- European /p/ /t/ /k/
became Germanic /f/ /6/, and /x/. Further Verner s law
claims that these Proto-Germanlc VOiceless'frlcatlves became.

b K3

voiced in a voiced env1ronment before. a- stressed syllable.

y JE/, 16/, /x/ became /ﬁ/, /a/, /7/ ?hese sound shifts,



dh - /3/ - /4a/ and /t/ ~ /8/ - /3/ confirm the assumption of

. ~
a relationship between the dental fricatives'and‘stops.

Another justification for pairing /d/ and /d/ isNtheir
: similarlty.in production. fhe phonemes /6/ and /a/iare
often called “interdental", but, though /8/ may be
interdental, /d/ certalnly is not. Umeda (1977) noted that
many /3/'s are‘articulated with a tap of the tongue against
the ‘alveolar ridge, an articulation'very similar to that of
4d/. Slmllarly, in preliminary inuestigation the author. '
noted small bursts in the osc1llograms of some tokens of
‘/a/. Umeda descrlbed the artlculatlon of /a/ as glide- like
‘because\it does not "hold .a constant articulatory manner" as
do /s/ and /z/ (p. 849).f The author would call the artic-
ulation of /3/ stop-like because of thevhrieﬁ»OCClusion of
the vocal tract_so@etimes present in its production. Either
uay,'it is apparent that the‘articulation*of /3/ resembles
'that of /4/ more closely than the artlculatlon of /z/ does,t
both in place and manner of productlon. ‘ "
| Subst1tut1ons made by chlldren provide another argument
for the comparab111ty of /d/ and /a/ ln'chlld acqu1s;tlon'

English fricatives, MOSkOWLtZ (1975) noted'that /d/ ls

ypiCally substituted. for /3/ at first. In her study of
1ght chlldren, aged 1-1 to 3 5 Moskowitz found that seven
out.of the e1ght produced /d/ for /3/ at least sometimes.
'(Only ‘the 3:5 year old had complete control over his /a/ )
,Moskow1tz also notes that an older chlld may substltute /v/

for /a/ in 1m1tat10n when he has to match "the acoustic
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characterlstlcs of the model he41s to 1m1tate.A And /v/

e

serves the purpose more sat1sfactor1ly than -/d/ does" (p.

ﬂFastery “over /a/, .and who also.does not have /0/ or /z/, the
4 ZIOSest subst1tute in art1culat10n is /d/. 1In his
spontaneous speech he seems to be attemptlng to- learn how
to change or mod1fy /4/ approprlately to arrive .at /a/" (p
'147). This evidence supports the statement that /a/ is’
highly similar to /d/. \_ | '
A final piece of ev1dence supportlng /a/-/8/ 51m11ar1ty
is their occurrence 1n morphophonemlc alternatlons in some
~wlanguages. Danish exh1b1ts opp051t10n of strong and weak
consonants (Jakobson Fant, & Halle, 1969) Strong conso—
nants occur at the beglnnlng of monosyllablc words, weak
consonants occur at the end. For example, the phoneme /d/
occurs as [d] word 1n1t1ally as in ;_g "day"- however word
f1nally /d/ is pronounced [0] as in had [haa] "hate"
Another language with such an alternatlon is Portuguese'
‘intervocalically /d/ /b/, /g/ become [a] (81, [7] s
Spanish &zlisn exh1b1ts thls allophonlc var1at10n fThe
Vhlstorlcal ~ound changes of /9/ to /d/ the artlculatory
51m11ar1ty 9 these phones, the substltutlon of /d/ for /a/
in language ac-; ;aisition, and the occurrence of »
Umorphophonemlc alternatlons between /d/ and /0/ are all
ev1dence that /d/ and /3/ are similar and bear comparlson.
F1na11y, the status of ;a/ in English must be. dlscussed

-because of its pecullarlty The_phoneme /a/ is relatlwely



rare in languages .of the world. According to Ruhlen's 1976

inventory, it occurs in 36 out of the 700‘languages

surveyed - only 5 percent. In English, /3/ is unusual in
that it does not occur in initial position in "full content”
words (Umeda, 1977). It could be considered a word initial

function-word—allogpone of /4/. But ‘on the basis of the

4minimal’pair test, it is an English phoneme. For example,

the difﬁerence between the words "dough" and "though" is the

-word initial stop or fficative. In context, /d/ and /a/ may

beldiStinguished word 1n1t1ally, solely by linguistic

"factors; nevertheless, it is 1nterest1ng to study the per-

1

ceptual propertles of /3/ because, although its word 1n1t1al

.

occurrence is restglcted,to.functlon'words, these function

words oeccur very frequently. - :
v . . . (

' . . I
In a dictionary-frequency count done by Trnka (1935),

-/3/ was rated least frequent out of 23‘English consonants..

vSincel/a/ océursvin few words, especially few content words, .

it rates. low in a count in- which every word .is con51dered

only. once. In ‘this count /d/ was eighth, /b/ was tenth, and

_ /v/“wes'fou;teenth. _French“(1930) counted frequency of

occurrence of phones in.conversation, which meant that

phones in frequently occurying words - such as function

Y N : . )
- words - were counted as occurring more often. French's data

© was collected from exte%poraneous telephone conversat1ons..

"Tob1a59(1959) retranscribed French's data to a more standard -

\

_transcription and analysed the relative occurrence of

phonemes'in'the_data. He found that /9/ ranked sixth most



frequent consonant, /d/ ranked third, /v/ thirteenth, and

/b/ sixteenth in the retrahscribed data. It is clear from a

comparison Of Trnka's and French's studies that although WA VA

occurs in relatively few words, these words occur
frequently. The frequent occurrence of /3/ can be

attributed to the fact that many deictic words contain a

'/3/: the, this, that, these, those, there, then, than.

\
Other studies of phoneme usage also rank /3/ high in

{requency, usually just slightly lower than /d/. Denes&ﬁ

(1963) found /3/ to be the seventh most frequently spoken

.consonant. According to Denes, /d/ is fourth most frequent,

/b/ is twelfth, and‘/v/tds thirteenth. 'Word-initially,
however, /3/ is‘the most frequent consonant /b/ is the :>
seventh most frequent'consonant -/4a/ is n1nth and /v/ is H
nineteenth Wang an& Crawford (1960) compiled the results
of ten frequency counts of English phonemes, including the
Trnka and French surveys ‘mentioned above. In'nine of the
te the .tenth being Trnka [ dlctlonary count, /a/ was
betweén twelfth and 51xth most frequent: 1n four studies it

ff
was. s1xth 1n three 1t was seventh In these n1ne studles

./4/ was ranked between tenth and thlrd usually thlrd,

fourth, or Eifth; /b/ always ranked between 12 and 17; and

';'/v/‘ranked between 10 and 17. The phonemes /b/ and /v/

occur approximately equally often in Engl1sh. L1kew1se, /a/

and /d/ occur with similar frequency in English

conversation. These equalities support the'comparisonﬁof

‘the labial and dental stops and fricatives.



Much is known about English stops and fricatives. But

‘little is known about the perceptual relationship between

“the two types of consonants. The ‘many aspects in which they

are related encourages an investigation of the perceptidn of

these consonants. ‘The'intenﬁ of this thesis is to.
contribute to an ﬁnderstanding of the bases of'recqgnition
of the English voiced labial and dental stops and fric-
atives. ‘Aithough the question posifed at the beginning'qf
this chapter asked for*the differences.betweeh'stops aﬁd
fricatives, the intent here is to illuminate not only the
differences but also the’similariuiés.between’/béﬁand /v/4

and /d/ and /3/.. I o



II1. Literature Review

K

A, sisé‘c"t‘t%l—bepe rties

Many spectrographic studiesrhave been dope on the
propetties of fricatives and 'stops. (Such studies include’
Baker, 1975; Blumstein &'Stevens, 1980; Delattre, Liberman,
‘& Cooper, 1955; Delattre et al., 1962; Halle et ai., 1957;
- Heinz &~Stevehs, 1961;‘Hoghes & Halle, 1956; Jassem,.1965;
chCasland;_1979f'and Strevens, 1960.) The spectral
qualltles of stops and fricatives have not often been com-
pared, although some conjectures ‘have been made.‘ Strevens
- (1960) supposes that the spectrum of the burst of a
volceless stop woul@ be llke the spectrum of a closely
homorganic fr1cat1ve. Harris (1958) alsovsuggests that the
ftication’of a'fricative is comparable spectrally to the
burst of a stop. AIn_cémparihg»the specttograms of
affricates.and fricatives, Howell and Rosen (1983) found no
spectral differences. These'studies imply comparabilityt
between fricatives and stops, at least‘with respect to the
noise spectra. - A |

Another spectrai consideration in the comparison of
s consonants, other than that of: the n01se portlon, 1s the
. consonant to vowel tran51tlon.. Most studles of formant
tran51tlons and formant tran51t1on loc1 have con51dered stop:
.consonants, and ignored fr1cat1ves. Carney and Moll (1971)
>however,vsuggests that Ohman's (1966) observat1ons apply to

frlcatlves as well as stop5° VCv artlculatlons can be
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represented as vowel to vowel diphthongal gestures with an

in%ependent consonant'superimposed on, those gestures.‘

‘UeTattre_et‘EIT“TTQS57‘6is&ﬁsS“Second formant
}transition-loci and postnlate that since they reflect the
-place of articulation of a consonént, all honorganic conso-
nants'shpuld have the same second forment locus. ‘For
e#ampie( the second‘formant transitions from /b/, /p/, and
/m/ into a follow1ng vowel would have the same frequency
patterns since formant’ tran51t10ns reflect the movement® of
artlculators from the consonant to the follow1ng vowel, and
/b/, /p/, and /m/ all have the samevplace of artlculatlon,
In a 1ater~paper, Delattre- et ai. (1962) present the results
of an investigatiqn of second ﬁorment'transitiOn leci‘ror
English frieatives. As in Delattre's earlier stop>experi—‘
-ments, they synthesized stimuli with flét (horizontal)
second and third forments at Varidus'freqnencies. The locus
found for the second_formant‘of [a/-Was 1400‘Hz{ the locus ' |
for /v/ was 700 Hz. The placement,of.the‘FZ locns for /o/
is between those fbund~eariier'for /b/ (700 Hz) and /d/ |
(1800 Hz). This is the expected result since the_seCOnd
fornant‘transition varieS'accerding.td place of '
‘articnlation; and the place of.artieulation of /a/ is close
to that of »/d/, but slightly more anterior; The‘/v/ and /b/
.1loci were found;to.be the'same,’rndicating that the place of
’ prpductidn of‘these\two eonsonants is ‘the same.'
This brlef review of spectral propertles of stops and

frlcatlves 1nd1cates 51m11ar1t1es between homorgan1c stops
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and fricatives with respect to (1) the frequency spectra of

the noise portions and (2) the consonant-vowel.formant

transition ——the—n01se—of—the burst of the stop

. /b/ .and the n01se of the frlcatlon of the fr1cat1ve /v/ are
comgarable in noise L:equency leewlse, the stop /d/ and
the frlcatlve /a/ should be similar. 'As well, the
consonant vovel formant transitions for the lab1als and
_ those for the dertals should be the same.

B. Onset .

. Wh11e studles comparlng oerceptually relevant qualities
of stops and fricatives are rare, many stud1es have been
done comparing fricatives and affricates. v(For 1nstance,
Dorman et al.,A198O; Gerstman; 1957;vHowéil & ﬁosen, 1983;
Repp et al., 1978; and Van Heuven, 1975.) “In studies of .
English consonants, the‘particnlar friéatiVékand affricate
usuallononsidered are'/h/_and /tf/. The cues for the fric—l
ative/affricate distinction.afe'duration and fise_time' '
(Gerstman, 1957; Cutting &;Rosner, j974; and Howell & Rosen,
"1983) | | S |

In 1n1t1al pos1t10n‘ Gegstmanh(1957) showea that rapid-

rise times-and brief durations .of fricative noise lead to
“the perceptlon of affrlcates, whlle slower rlse tlmes and
longer frication lead to the perceptlon of frlcatlves.
Gerstman clalmed that fr1cat1ves are d15t1ngu1shed from af-

'frlcates pr1nc1pa11y on the ba51s of rise time. Cuttlng and

Rosner (1974) studied rise tlmes in both speech and
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*were“identffied‘as—”plucked“—924percent—of—the—tfme.

- affricate /dt/ and the voiced fricative /S/. At the same

12

non-speech stimuli and found that musical stimuli (sawtooth

and sine waves) with onset rise times of less than 40 ms

Stimuli with rise times of 50 to 80 ms were called "bowed"
87 percent of the time. This'indicates, generally, that
listeners can distinguish_signal quality,based“simpIY'on
duration of rise tlme. Using spegch stimuli, gutting and
Rosner found results similar to those of the musical f~l
stimuli. Obstruent consonant noise.signals with rise times
from zero to' 30 msglong_wgre identified as /t/f/ §8~percent
of the time; those with rise times 60, 70{ or\BOﬂhs lohg
were called /f/ 80 percent of the t1me, and stimuli with 40
or 50_ms rise times wvere amblguous. From these results, |
Cutting and;Rosner concluded'that the auditory mechanism has
a natural'sensitivlty at approximately 40 ms._

Howell and Rosen (1983) dispute Cutting andfgosner's

results. They found that the meanArise times for affricates

and fricatives were 33 and 76 ms in running speéch and 49

and 123 ms fnlisolation for /t!/ and /I/, respectively. In
nonsense syllables they were 61 and 120 ms long Howell and
Rosen also attempted to measure the rise t1me of the v01ced
tlme, they remeasured /tI/ and /f/ us1ng a dlfferent
procedure. They found mean rise times for /dS/ of 49 ms’ “and
for /%t/ of 90 ms, for /tf/ 53 ms and for_/!/ 99 ms. The
comparison indicates only a small difference between'tne‘

rise times of voiced and voiceless consonants.

sl

=

s

. l‘."‘v :
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3

Howell and Rosen use their.results to dispute Cutting

and Rosner's claim of a "natural auditory sensitivity" at

40 ms. The rise time -5'oundtatr_y_mu.s_t_n_o_t__be_‘_f_ix,ed_a,t_zl_o_ms
bécause>tise time yarias according to context - running
speech'vetsos isolatéd words. And, even, if there were no
' context variation in rise tlme, the boundary between /tI/
and /J/ could not be at 40 ms because thlS would result in
almost all of Howell and Rosen s measured stlmull belng
classified as frlcatlves.

" Howell and Rosen noted that their own measu;ements-of
rise times are notably 1ohget than Gerstman's (1957)
measurements for /tI/ and YV 'Gerstman found affrioates
with rise- t1mes as short as 5 ms. When Howell and Rosen
synthe51zed'/tl/ and /I/,_they founa’naturalvsounding af-
fricates with 30 to 50 ms long risé'times. ‘Although they
haQe‘yet to»determihe the.causé‘of the discfepanciés,.Howéll
'aﬁa Rosen do conour with-Gerstman that tise time |
' d15t1ngu1shes (v01ce1ess) frlcatlves from affrlcates.

'Howell and Rosen s flndlngs, and the flndlngs of . others
comparing stops w1th affrlcates and affrlcates w1th frlc-
atives, 1nd1cate categor1ca1 perceptlon of the manneri
classes based on differences which vary along acoustic
continua._'Qne'of'thase coatinua is duratioh of onsat rise
time. The present Study.invéstigatéd the role of the
'durat1on of onset in the 1dent1f1catlon of stops and

frlcatlves.-
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C. Duration

Rise ‘time is one facté;'in the fricative-affricate

distinction; another separate but related factor is conso-
‘nant duration. Van'Heuven\(j979) reanalysed Gerstman's
(1957) data; factoring out variances due to duration and to
rise time in order to verify Gerstman's analysis. Van |
Heuven-found thateduratfom aCcounts for 75 percent of the
response variance in the data, and rlse time and steady time
each accounted for only an additional’ seven percent of the
variance. This contradicts Gerstman'SJanalysis which
,attrlbutes the frlcatlve/affrlcate dlstlnctlon malnly to
rise t1me, not to overall durat1on." Other stud;es in which
duration is critical merit mentfonino to show the variety of
situations in whlch duration is 1mportant in d15t1ngu1sh1ng
speech segments. Liberman, Delattre, Gerstmanﬁ andACoopen
(1956) found that the'duration of the consonant to vowel
fqrmant.transition was a sufficient cue for distinguishing
'-stop51from‘semivowels. As the transitfon duratirn increasedi
‘the stlmull were 1ncrea51ngly percelved as semlvowels
“Duratlon also seems to be a factor 1n the fr1cat1ve stop
dlstlnctlon. Grlmm (1966) noted that truncated fr1cat1ves -
fr1cat1ves with part of their fr1cat10n removed - were
generally heard as'stops, Carden,‘Levitt, Jusczyk, and
.Walley‘f1980)’also found that the "primary cue to the
h.stop-frlcatlve manner constrast in Ccv syllables is the dura—‘

tlon of the aperlodlc noise that precedes the formant

tra@sltlons (p. 62).
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A few studies have measured the duration of stop and

fricative consonants and have come up with some&hat varying

_measurements. Umeda (1977) found the mean duration of /v/,

word initially before a stressedvvowel,.was'78 ms. He found
that /5/ is ‘usually shoxter.in the same position: 52 ms.
Umeda.attributed this diffefence to the fact that the oniy
English words that begin with /3/ are function words which
tend to be spoken relatively quickly. Malecot (1968)
measured the duration of the w0rd,initial-/v/ before a
sttessed‘vowel\as 202 ms. K(Malecbt qidvnot inciude‘/€7 and'
/3/ in his investigétions.) Abbs and»Minifie (1969) gaQe
the followiné meanudurations.fot /&/.anop/Q/ in initial
position in CV syllables: /v/ - 153 ms; /a/t;,123 ms. Thel
variétion'fonnd'in the'duration'of /v/ for”tnese'studies is
remarkeole:vaeda‘— 78. ms, Abbs and Minifie - 153 ms, and
‘Malecot - 202 ms. The-variation may be explained“by'the
fact thatuword initiaiistressea COnsonents show a,relatively
large'variance compatedeto,wotd4mediel and Qord—initiai
unstressed consonents (Umede, 1977). | | -

_Another possible reason for the'varietion in the
measured'duration of the fricativesfiSVspeaker variation.
Varietion in the articuiation of fricetines hasﬁpeen noted
by Hughes and'Halle (i956) Kiatt and Cooper (1975)»sﬁaleoot
(1968) and . Nartey (1983) Hughes and Halle found great
'dlscrepanc1es among the spectra of a fr1cat1ve spoken by
dlfferent speakers in varlous contexts‘ 'Klatt noted that =

' the duratlon of the fr1cat1ve /1/ was varlable across all

v
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the speakers studied. Malecot foundldifferenceS'existing
among subjects in the force of articulation of consonants,

including fricative consonants. He also noted variability

in the amplitude and duration:of the consonant. As well as
expectlng variation in the duration of consonants produced
-we should expect variation in the spectra and 1ntens1ty of
the consonants. |
" Many sgudies measure the‘duration of pre;bUrst tlosure
for Stopsj In comparison to fricatives, it is the_duration'
of the noise'portion of the stop,;rather.than_the pre—burst
. closure, which is of interest beoause-itfis,thé burst noise
that is comparable to. the frication noiserh Klatt<(1975)'
- measured the VOT of stop consonants (from the release of the
p1051ve to the onset of vertlcal strlatlons 1n the second
‘and higher formantsuof the vowel)., Hé_noted that for voiced
stops, burst duration'equais VOT by definftion He made the
'follow1ng measurements of voiced stoPs' The burst duratlon
.for /b/ was on. average 11‘ms' for /d/, 17 ms. The standard
'dev1at10n for hlS measurements was approx1mately 5 ms for
;jboth /b/ and /d/. | |
Klatt explalns the short duratlon of /b/ as a result of
a rapld lablal release. ,Further,»the rapldvrelease
fgenerates a burstﬂspectrum‘that is weak in fntensityfbecause'

there is no resonatlng cavity in front of the 11ps. :The:'

‘L-short duratlon and ‘the weak 1nten51ty of the /b/ release

fcause the burst to be judged as not very loud, slnce;the

loudness of the burst is’ proportlonal to both 1tS'intensity
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and its duration. This attribute of /b/ bursts may account
for identifications of truncated, or otherwise altered

sYllable‘ﬁnitialHCOnsonants, as /b/: The burst of /b/ is

very low in intensity; therefore, a consonant w1th no burst
or llttle burst m1ght be 1dent1f1ed as a /b/.

Although there 1s a\ large dlfference ‘between the dura-
tions of stop bursts and frlcat;ve-fr;catlon, there may be.a
durational continuum between the‘two. The experiments
conducted here altered noise durations'of stopé and;fricf
atives to test for such a relationship. 'The.large
fdiﬁferences‘in the origlnal dnrationS’of'these manner

.Classes'indicatelthat duration may be a major factor in
. . - : - B ‘\. R . :

AR

~distinguishing stops and fricatives. -

D. Intensity

4 Not only does 1ntens1ty play a role in d1st1ngu1sh1ng
~fricatives from each other, there 1s ev1dence that 1nten51ty
Jlnfluences the perceptlon of - v01c1ng and place of o |
bart1cu1at1on of speech sounds. It is well accepted that.
f.1nten51ty d15t1ngu1shes the. frlcatlves /s/ and avs from /f/
1and /9/ McCasland (1979) found that /s/ and /!/ are." '
1dent1f1ed as /f/ and /9/ 1f they are spllced to replace /t/°
'“or /0/ in'a cv syllable and attenuated in amplltude. ~When

‘. /s/ and /I/ reach the level of 1nten51ty of /f/ and /6/
lh’they are 1dent1f1ed as /f/ or /9/, dependlng on the orlglnal'

. ‘consonant.
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 Abbs and Minifie (7969) measured the intensity of the

fr1cat1ves /s/, /z/, /f/ /8/, and /3/ 1n CV and VC

syllables.. They found that /s/ and /z/ were 51gn1f1cant1y

more intense-than the other frlcatives. This.study supports
McCasland's evidehce that intensity is a cue used to
‘distinguish'fricatives{‘ | |
_ The eVldence of the effect oflintensity on-perception
X .
of v01c1ng is not as con51stent as that of 1ts role 1n
dlst1ngu1sh1ng'frlcat1ves. M1n1f1e (1973) claims v01ced
frlcatlves are less 1ntense than vo1ce1ess frlcatlves
"because of the reduced 1ntraoral pressure in the productlon
gof v01ced fr1cat1ves, even though Abbs and M1n1f1e (1969)

"found no con51stent dlfferences in 1nten51ty between v01ced
and unvo1ced frlcatlves. so, it is not_clear whether or not:
1nten51ty is ajrelrable cue for the perception'of voicing in
fr1cat1ves. .- B | | ‘ “

v', Repp (1979) found that amplltude of asplratlon noise: 1s
a cue for the dlstlnctlon between v01ced and v01ce1ess»

_ 'syllable 1n1t1al stop consonants in Engl1sh Repp ) . ;
1dent1f1ed a trad1ng relatlonsh1p between the amplltude of
'the asplratlon nolse and voT, '1n the 1dent1f1cat1on of
_synthetlc /da/ and /ta/ syllables whlch varled along a’ VOT

-contlnuum. An 1ncrease in the asplratlon ampl1tude resulted'
in sh1ft of the vo1ced v01ce1ess boundary towards shorter

VHVQTi | . '

Ohde and Stevens (1983) studled the effect of ‘the -

‘ relatlve amplltude of the release burst of a- stop on 1tS'
Lo (Y .



place‘identificatiom. They varied the amplitude  of the
‘f1rst 10 to 15 ms . of vo1ced and v01deless synthet1c stop

\
st1mul1 which varied spectrally along a lab1a1 dental place

: contlnuum. Ohde and Stevens found that "the relat1ve‘
‘amplltude of the burst 51gn1f1cantly affected the percept1on
of the place of art1culat1on of both v01celess and v01ced
stops (p. 706).  An increase 1n»amp11tude b1ased‘a response
toward-the"dental'consonant‘over the‘labial one.‘ This_ |
'effect was noted es pec1ally in- st1mu11 w1th spectra
1ntermed1ate between lab1al and- dental end- stlmull.t
Malecot (1968) measured the amplltude of Engllsh stops
'~and fr1cat1ves in various pos1t10ns w1th1n a nonsense _7
dlsyllable. HlS study is one wh1ch compares stops and frlc-
atives, but 1t does not 1nclude /3/ and /9/ In 1n1t1al
Z_Up051tlon Malecot found that the volced stops /b d and g/
N have greater amplltudes than the v01ced frlcatlves /v/ and
*hl/?/; . | , . | |
- Slnce only v01ced consonants -are belng con51dered here,_
studles wh1ch compare 1nten51ty w1th respect to vo1c1ng are
’relevant only in show1ng that.lnten51ty affects f, ‘
'1dent1f1catlon; The same: holds gor the effect of 1ntens1ty
'on frlcatlve 1dent1f1catlon 51nce we are 1nterested in the e
‘ comparlson of stops,and frlcatlves.- From Malecot 5 ev1dence»
- we would expect 1ncreased 1nten51ty‘of an amblguous conso-i
nant st1mulus to b1as response towards stop,_rather than -

"frlcat1ve. And Ohde and Stevens study suggests hlgher

’1ntens1ty will. 1ncrease the proportlon of dental responses. .
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At is to determine the validity.of these conjectures that

intensity is included as a factor in the present

investigation.
E Consonant Cdnfus1ons
1 :

Consonant confus1on statlst1cs are’ relevant to the.

'

current‘study-for the follow1ng reasons' 1) They spec1fy

errors in consonant 1dent1f1catlons to expect. 2) They

-1nd1cate'what proportnon of confuslons'between two

' consonants is normal.  And, 3) they give an estimation of -

the distanCe‘between consonants in perceptual space. This

'Aallows us to speculate on the salient dlstlnctlons between

consonants ~In order to get an - 1dea what 1dent1f1catlon

errors are common among the four consonants under

cons1derat1on, the results from four consonant confu51on

vstudies have'been tabulated ' The studles 1ncluded 1n the-

table are. Kent Wiley, and Strennen (1979) Mlller and r

T'Nlcely (1955)° Tolhurst (1954) .and Wang and Bllger (1973)

".Reportlng more than one study allows for the comparlson of a

var1ety of result5° thls is 1mportant because there are some

’dlscrepanc1es-1n~the proportlon;of mlspercelvedvstlmula~and
i - . . 3 - . ) . ) E vi

the usual choice:of substituted.consonant 'AlSO,v‘héi

-results of consonant confu51on studles

repllcated suggestlng that any clalms

llghtﬁpf other f1nd1ngs.

. The table of consonant confu51ons

’shows the most frequent mlsperceptlons

e

-are not ea51ly

must be con51dered 1n
~ '

studled Table 2 1

are between /b/ and
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Table 2.1 Results of consonant confusion studies. ’
Study
~ B /7
; Miller , . Wang &
‘ S .Kent & Nicely Tolhurst Bilger
' Confusion (1979) -~ (1955) (1954) (1973)
/b/-/d/ none rare, rare ra
/b/;iv/ some. many - many ‘man:
/b/-/3/ féw few _ some some
[v]-/d]- none ""rare- . few " - rare
IvIi-18] sohe many ° ‘many many
/dl-/&] some few 'sbon‘lg few .
Note. ”rére" indicates approxiﬁately 1% occurrence

"few" indicates approximately 5% occurrence
- "some" indicates approximately 10% occurrence
"many" indicates approximately 20% occurrence’
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/v/ and between /v/ and /37 Confus1ons between /4a/ and /a/'
and between /b/ and /a/ occur occa51onally, but between /b/

and /d/ and between /v/ and /d/ they are rare.' In general,

/d/ 1s well perceived, even under poor~acoust;c'conditions )
(such as hlgh signal to noise ratios and naérow frequency’.
ranges) On the other hand /d/ - is frequently m1sperce1ved .
Kent et al. (1979) found that at 40 dB SL all consonants are
perceived. correctly more than 80 percent of the tlme, except.
/6/ and /3/. - |
.The prevalence7of /v/—/&/*confusions isiinteresting

‘because it 1nvolves ah error in place 1dent1f1cat10n " The
phonemes /v/ and /a/ are often confused even under 1deal
condltlons. “Miller and Nlcely (1955) found that /v/-/8/ and
/f/ /G/Udlstlnctlons were - among the most dlfflcult for
.ullsteners'to make. Wang and Bilger (1973) 'who varled

Zslgnal to noise ratlos and presentatlon levels, found that
;2,/8/ was 1dent1f1ed as /v/ tw1ce as often as. 1t was correctly':
| 1dent1f1ed And Kent noted that even at 60 dB SL /v/ and
© /3/ were 1dent1f1ed correctly only 93 percent of the t1me. |

.The hlgh rate of confu51on between the lab1al and dental f:
»fr1cat1ves~suggests consonantwvowel’formant tran51trons are7g
-not always suff1c1ent ‘to establlsh place of art1culat1on.h

More surprlslng than the /v/ /a/ confu510n is the.

b*/b/ /a/ one, 51nce the latter differ in both manner and 1{
',place. Desp1te the1r dlfferlng art1culatory fJatures, these

_cphonemes apparently are somewhat 51m11ar acoustlcally The;

: /b/ /a/ etrors ‘do not. occur - very frequently, but they do
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occur in all the studies reported. The labial/dental mis-
. identification is another demonstration of the relative

difficulty of discerning place’of[articulation, as apparent

‘in /v/-/3/ errors. The manner confu51on suggests 51m11ar1ty
between v01ced stops and fr1cat1ves. Manner confu51on also
4appears im the /v/ /b/ substltutlons, wh1ch are frequent
"and the /a/ /d/ substitutions, wh1ch occur. occasionally..
.The relatlvely high occurrence‘of‘stop—frlcatlve‘confu51ons
lndlcates strongly that these consonants are close together‘
‘1n the audltory system s perceptual space. Under less than
'Jopt1mum llstenlng cond1tlon§ stops and fricatives are
: confused , |
Card\h et al. (1980) conducted an experlment de51gned
to explore not ]USt consonant confu51ons but partlcularly
'stop—frlcatlve confusions. As their aim 1; 51m11ar to the
aims of the present study and 51nce Carden et al, achleve
1nterest1ng results, their study w1ll be dlscussed in some
-deta11 ‘ ;’ ‘ |
The experlments of - Carden et al, ‘1nvestlgated the'
‘ relatlonshlp oetween manner 1dent1f1catlon and place
‘.1den;iiicatlon. Manner amblguous stlmull were created by
"truncating the Frlcatlon from natural fr1cat1ves.. From '
subject categorlzatlons of /f/ /v/ /9/, and /a/, they
concluded that percept1on of place is dependent on the
| manner percelved In one experlment they found that the

'proport1on of lablal responses was greater when a stlmulus

"was 1dent1f1ed as a stop ‘than- when _the same stlmulus was
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identified as'a fricativer For example, the truncated /8/
was 1dent1f1ed as /b/ 27 percent of the’ t1me and as /6/ 20

percent of the time. It was identified as a labial 75

percent of the time 1t was’ 1dent1f1ed as a stop, but as a
dental 84 percent of the time it was 1dent1f1ed as a-
fr1cat1ve. fCarden et al; stated the phenomenon thus: A
",.;perceived manner affects the perception of the
‘formant—transition cue" (pu 79). They suggeSt that.
l1steners compare 1ncom1ng tran51t10ns ‘to one of two
lab1al dental boundarles, one boundary d1v1d1ng the stops,

the other separatlng ‘the, fr1cat1ves. Two boundarles are.

$/ proposed because of the dlfference in place" of artlculatlon

‘between the lablal stops and fr1cat1vés ‘and between the>

dental stops and frlcatlves S1nce the stops and fr1cat1ves'

- are articulated at sllghtly dlfferent places, the1r formant

.trans1t1ons would be dlfferent and the opt1mal=boundary
between the lab1al and dental stops would not c01nc1de w1th -
“,the optlmal boundary between the lab1a1 and dental frlc— .
‘atlves. Carden et al further suggest that the fr1cat1ve
tran51t1ons, for. /f/ and /6/ at least 11e on the labial
51de'of the lab1a1~dental stoprboundary. ThlS expla1ns why
truncated'/e/_is perceived as lablalvwhen 1dentgf1ed as a
.stop | | ; | | o |

One d1ff1culty w1th thls explanatlon is 1ts 1nab111ty
.to account for the 1dent1f1catlons of truncated /a/, -which
,ywas malnly called dental not lablal whether 1dent1f1ed as,b

a stop or a_frlcatlve. Carden eh al. suggest /a/‘;s |-
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articulatedvfurther back, towards /d/ than /6/ is. Although

this may be tru? one wonders whether this slight difference

is sufficient to cause a noticeable difference in the

T Q

‘have not often been done, from the nature of stops, fric-r

formant transitions and is enough to separate,/e/ from /3/

over the stop labial/dental boundary

Carden et al, recognize alternative hypotheses to

‘explaln their results, hypotheses based on acoustic

attributes of the ambiguous stimuli. One acoustic
hypothesis they prppose is>that lacx_of burst is a labial
cue. habial stops typically'hawe smaller amplitude,lshorter
duration bursts'than dental stops.- For‘this reason,

manner- amb1guous stimuli l?cking bursts may be 1dent1f1ed as

;labials when identified as stops. The other cue proposed 1s-‘

length of frlcation distlngulshlng between /v/ and /a/ For

E some speakers, the fr1cation of /a/ 1s very short, thus

fricative stimuli w1th zero or short frication might be
identified as_dental more than as-labial;' These two‘cues'
are as predictive of Carden's'resultsvas the,two—boundaryv

hypothesis.:

Although direct comparisons of stops ‘and fricatlves

a

»atives, and affricates,,we can expect certain 51m11ar1t1es

.and dlfferences to be ev1dent - We expect the spectral w

aspects of the*consonants and the consonant- vowel

tran51t10ns will be: 51m11ar when the place of articulationa.

_of the consonants 1s 51m11arr ‘We expect duratlon of onset‘
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to distin%pish stops (with abrupt burst onsets5,{rom-affric—

ates (with slower onsets) and fricatives (with very gradual

N e

onsets). Since natural stops are much shorter than natural

fricatives, short dq;gtioh of noise should indicate a étop
while long @uration of noise should indicate a fritative.;
bFinally, since stops are higher in intensity than fric-
atives, higher consonant émplitude should .influence
perceptions of conSonants’toward stops. To verify thesé
'conjectures, dufation, intenéity, and slope of onsefgarg
investigated in the experiments described in the next

chapter.
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‘the creatlon of the experlmental st1mu11.‘ N

ITI. Experimental Method

Ekperiment I-involved manipulating stop consonants to

"

have them percelved as fr1cat1ves. Experlment II 1nvolved

alterlng fricative consonants to be. perce1ved as stops "The

consonants studled are /b/, /d/, /v/, and /a/ A recordlng
was made of two male Canadian Engllsh spegkers saying words

start1ng with these consonants in the sentence frames, "y

like that .. and "I block . -V-l—" The frames producef‘

¢

_'speaklng rates in 11ne with conversational speech. One
speaker recorded the stop—1n1t1al words for Experlment I.

. The other speaker recorded the fricative- initial wordsvfor

Experlment II. These two speakers produced consonants which

- were. typical in duration and shape‘of onset, ~The two
,speakers recorded vere chosen for. their stable,‘clean
i enunc1atlon and’ 1ntonat10n of the words 1nvolved The-

.vgﬁeakers recorded each stop and fr1cat1ve 1n1t1a1 wordrin

the. sentence frames a number of t1mes. From these

Ja

digecordlngs one token was chosen as the orlglnal syllable for

@ﬁ.«u

« ,\

The words recorded were chosen SO that the consonants

- occurred before a h1gh front vowel /;/; (hlgh‘FZ); a low i

'vowel /m/,'(mld F2) andva hlgh back vowel /o/; (low“Fz);

The vowel /o/ was chosen 1nstead of /u/ because of wlde‘

speaker var1at1on in pronunc1at1on of /u/ 1n this area of

Y

| North Amerlca, and to avoid the d1alect wh1ch pronounces yova
‘as /yu/ ' The attempt to study only real Engllsh words,v

o rather than nonsense syllables, also favoured the choice. of

27
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the vowel /o/ over /u/’because of the greater variety of

monosyllablc words with the vowel /o/

S

The words chosen for thls study are pa ners in minimal

-

pairs - one- word 1n the m1n1mal pair- beg1ns with a stop, and
.the other word beg1ns w1th a. fr1cat1ve These words a,re-.i
"bee", "vee" (as in the letter V); "bat",‘"vat":rfboat“,
"vote"; "dee" (as in 'the letter D) “theeﬁf ﬁDan",'ﬁthan"}
ldoughl and "though ‘ Flgures 3 1 3.2, and 3.3 ‘show
spectrograms of these words. The - spectrograms are grouped
by vowel to fac111tate comparlson of the four consonants
before the same vowel The compar1son shows the formant'
transitions from the Engllsh lab1al stop and. fr1cat1ve and

.dental stop and fr1cat1ve into the" vowels /1/, /m/, and /o/

are’ 51m1lar 1n frequency and dlrectlon of change, 1nd1cat1ng.

- .that CVv formant . tran51t1ons do not d1sF1ngu1sh homorganlc

*dlstops and frlcatlves.v The ma1n d1fference between the stopslwd
;pand frlcatlves appears to be the burst onset of the stops
and- ‘the perlodlc noise of the fr1cat1ves. '«}f'_ ~»d SRR s/

‘ It is 1mportant to use real words when the consonant

'/a/ 1s be1ng studled because of the 11m1ted occurrence of
thlS consonant rn the languageu: It.is. also espec1ally

"_‘difficuit to'find:ninimal'pairs”1nvolv1ng.the_consonant;/a/,'d
" In sonehinstances1vsuch as "banl,andg"than")/%he_available

real words arel5uspect in”their status as~J-word : "Than;r's

‘problemat1c, as. are all English words startlng w1th /a/,

because it is: a functlon word not a content word Functaong

words are pronounced qu1ckly, usually w1th reduced vowels.

Cood
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"Dan" raises d1ff1cult1es because the vowel‘pronunc1at10n
vvarles depend1ng on the speaker ' In some 1nstances ‘in
running speech and con51stently for some speakers,‘the
'Vowels in fDan and "than" are not the same.> Art1culat1ng
‘the Stlmulus words in sentence frames helped to allev1ate
these problems by mak1ng all the words have the same’ ”
pos1t10n and funct1on 1n‘a-sentence A word at the end of
:_elther sentence frame could be regarded as a noun glven an
bapproprlate semantlc context. Whlle plac1ng the st1mulus
blfwords in a sentence frame may gloss over dlfferences 1n
k'llngu1st1c roles, 1t 1s deszrable 1n a perceptual study
- because 1t allows us: to concentrate on the acoustlc
dlfferences between the speech sounds. .

- The recorded sentences were band pass flltered from 68

‘Hz to 6800 Hz to e11m1nate low frequency hum and prevent ‘i'

"alla51ng Next the sentences passed through an

\

ﬁ[analog dlgltal converter where they were sampled at a rate i
| fof 16 kHz." The partlcular word to be modlfled was extracted

lfrom the carrler phrase and stored in a. flle in a DEC PDP 12

' rfmlnlcomputer. Up to thlS p01nt the procedure for developlng

’._the stlmull for Exper1ments I and II was 1dent1cal

\

, \
A. Experiment I.

St1mu11‘ |
The st1mul1 for Experlment T varled in duratlon,f-:b

' J ,
-abruptness of onset and amplltude of the word 1n1t1a1 stop -
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}In'brlef duratlon was altered by repeatlng the word 1n1t1al
_ COnsonant B Abruptness of onset was mod1f1ed by w1ndow1ng
fthe orlglnal syllable to remove the burst of the stop and by
‘w1ndow1ng ‘to. create a’'very gradual dnset Amplltude was‘
‘?yarled by mult1p1y1ng the consonant portlon of the syllable.f'
iby two, effect1vely doubllng the amplltude of the consonant
;In constructlng ‘the experlmental st1mu11 care was taken to
:create tokens w1th osc1llograms wh1ch resembled natural
'-speech and wh1ch sounded 11ke natural speech '
| v The duratlons of the word 1n1t1al stops to be studled

1n EXper1ment I were found to vary greatly._ The duratlon of'

fthe word 1n1t1al consonant burst was approx1mately 10 ms for

°'.the;words "bat”, "Dan" "dee , and "doughg“- The‘

.correspondingfduration'for “bee"'andf"boat":was, however,

.only 6 ms and 4 ms,‘respectlvely The n01se of these two i

vdconsonants was extended to enable all the stlmull to be

wi»comparable and modlfled 51m11arly 1 Extendlng the consonant
.;noase was also necessary for ‘the changes 1n duratlon'if
repetltlon of short /b/'s created s1gnals wh1ch d1d not
Tsound 11ke speech To create a 10 ms’ long /b/ from the 6 ms'"
§one of /b1/, the last ‘4 ‘ms of the 6 ms burst was attached at
hthe end of the 6 ms, To create a 10 ms /b/ from the 4 ms '
one of /bot/, the last 3 ms of the orlglnal was repeated andﬂc
"tattached to. the orlglnal These extended cpnsonant :-_“:h ;
tsyllables were: ot used as orlglnal" words. . The 6 and 4 ms .
7hburst consonants were present 1n the experlment as the

orlglnal consonants.' But 1n;s;tuatlons lanthh“thQ

.
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consonants were mod1f1ed 1n any way, the extended burst con-
.sonants were used. | -

One modlflcatlon of the stop consonants for thlS exper—
“1ment was changes 1n abruptness of onset ThlS 1nvolved two

,separate alteratlons - one removed the burst of the stOp,

'_;the other w1ndowed the stop by a ramp to create a: gradual

,7onset ' Remov1ng the burst was done by multlplylng the 'ﬂ;“
wuorlglnal 51gnal by a3 ms long c051ne squared w1ndow.,rBy
. doing thlS, "burstless .consonants were created he.-

—

‘fgmodlflcat1on used to produce st1mul1 w1th gradual“ onsets
jwas one of multlplylng the or1g1nal st1mu11 by a llnear ramp
fw1ndow rlslng from zero to- one in 16/ms.- Thls w1ndow1ng had
hthe effect of remov1ng the burst o@ the consonant and |
'rdecrea51ng the amplltude of the 51gnal 1mmed1ately after the
.fburst W1th these two onset alter1ng mod1f1catlons,‘two
"ﬂjdlstlnct sets of stlmulf were produced from the siops. fjt
s yllables w1th 1n1t1al burstless consonants, and syllables
fbw1th gradual onset consonants.:.”e”'a‘ﬁlﬂ_ | »Hl '
Flgure 3. 4 shows all the w1ndows applled to thelfu
ffiExperlment I st1mul1._ The c051ne squared w1ndow used to

remove stop bursts appears f1rst 1n the f1gure.' Next 1s the e

c10 ms long llnear ramp used to create gradual onset conso— 1; -

inants.. Below that appear llnear ramps 20 30 40{ 50 and
7-f60 ms long.r The latter are applled to the 1ncreased dura—‘-ﬁ

ftlon stlmull of Experament I as descr1bed below.ri" A '

-‘OSC1llograms of the stlmull dlscussed thus far can be found

d1n Flgures 3. 5 to 3. 9 F1gures;3.5-and 3¢§-show-the ent;re,.mf

A

LA
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unmod1f1ed words used in thlS experlment Figure\3“7
contalns osc1llograms of the f1rst 20 ms of the words,
show1ng the or1g1nal unaltered stops in deta11 | Flgure 3 8
shows the’ 513 stops_after w1ndow1ng by the 3 'ms long w1ndow
that"remowes the'burst-of the consonants. 'Oscilloérams of
the consonants after belng windowed by the 10 ms long ramp
are dlsplayed in Figure 3 9. |

The varlatlon in duratlon of the word 1n1t1al consonant’

was created by repeatlng the or1g1nal consonant n01se from
two to six times. 1If the abruptgonset were left on the con- -
sonant that was'repeated, the'resu1t was'not'recognlzablexas
aAspeech sound hecause'of the per10d1c1ty created by the
jrepetition'offthehburst. To amellorate thlS condltlon, the__
repeated sectlonsfhad'thelr‘bursts removed by appllcatlon of
-a 3 ms cos1ne squared w1ndow.' The duratlon repetltlon waS'V'
done by concatenatlng the burstless consonant to 1tself
followed by the voweI/ The concatenatlon g nerated
;drconsonants two, three,‘four -f1ve, and s1x tlmes the :__

- original consonant length _ ﬁecause of a buzz Stlll heard"
due to the perlod1c fluctuat1on in the noise amplltude of /1.
the consonant these tokens were further altered by —

\‘mult1ply1ng them by a llnear rlse ramp of approx1mately the

 same duration as the consonant A 20 ms ramp was appl1ed to;“

~‘the st1mu11 created by doubllng the consonant length a
30 ms- ramp was applied to the st1mu11 that had consonants
three t1mes the duration of the or1g1nals, and SO on. 'The'

ramped onset st1mul1 were - more natural in structure, as. well
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- as sound, than the unramped_repeatednconsonants.
Structurally the stimuli reSemble fricatives, which have

'gradual 1ncreases 1n the noise amplltude from consonant

onset - to vowel onset The concatenatlons resulted 1n conso-.

vpnants w1th duratlon ranglng from approx1mate1y 10 ms long to
approxlmately 60 ms long 1n 10 ‘ms steps.. To 1llustrate the
| effect of repeatlng the consonant to: 1ncrease the duratlon
'of the consonant and, of applylng the ramps‘to these conso—]
"nants, Flgure 3. 10 contalns the /d1/ st1mu11 of all six o
l‘duratlons. | - B |

The three modlflcatlons d1scussed so far 'removal"of

'burst appl1cat10n of ramp w1ndow, and change in duratlon of
consonant resulted in 48 stlmull. 6 orlglnals (2 consonants

kw1th 3 vowels) 6 w1thout a burst 6 w1th gradual onsets

: fsiémamped) and 30 with" varlous consonant duratlons.- Each of

*

these tokens was used as the base for the amplltude factor.;'

u]To vary the ampl1tude,'the consonant sect1on of a st1mulus

was doubled 1n amplltude by mult1p1y1ng each p01nt by two.b

ThlS resulted in 48 stlmulﬂ w1th 1ncreased amplltude conso—'l

( P
0nants. ExperlmentvI-lnvolved 96 st1mu11 in- total These
k4 : .
tokens embody var1at1ons 1n presence or absence of stop

burst, gradual or abrupt onset durat1on of 1n1t1al conso-
nant, = . l'DlltUdGJOf the.1n;t1alvconsonant.

fig.re °. 1ﬁ”provides=more sample oScillograms to

-t V-
2

Mlllu;trate the constructlon of Exper1ment I stlmu11.~ Agaln;.;

&

these traces are based on the syllable "dee. Included in ;E"

‘:Vthls flgure are osc1llograms of the first 40 ms of the"

LB

5.
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' Presentation‘

Worlglnal /d1/ syllable, this syllable w1th the burst
;removed, the f1rst 1ncrease in duration due to repetltlon of‘f
'the burStless consonant the 1ncreased—durat10n syllable
'ramped and flnally, the ramped trace mod1f1ed by -an

_1ncrease 1n the amplltude of the consonant.

, The methods of presentatlon used 1n the two experlments"

were dlfferent. - For Exper1ment I, the stlmull were o
yrandomlzed and three repllcatlons of'drfferent

: randomlzatlons were recorded onto tape. _The stlmulus words'."

were placed at the end of the carrler phrase "Please say the~'

word l . . k Ten practlce sentences preceded the 288 (96
TStlmUll X 3 repllcat1ons) 1tems and two flller sentences
Ai.followed to round the number of 1tems to 300\ A 3»ms pause: '
;_was 1nserted after every tenth sentence. The entlre tape. '
*Twas 2O'm1nutes long It was played back on a TEAC A- 7030
=~_h¢sL stereo tape deck over Telephonlcs TDH 49 headphones 1n a:h
'Esound treated room. A sine wave wh1ch covered the . N
:mrhlcomputer S range of amplltude output was used to
'fcallbrate the’ recordlng level so that the stlmu11 would not .
"y_be cl1pped The same 51ne wave was used to set the the' R

‘_ playback level on the TEAC tape deck

Subjects were glven an answer sheet wh1ch 1ncluded

»

#1nstructlons, a- confldence<rat1ng scale, and numbered
ch01ces of. two. words correspondlng to the st1mu11 on the

fftape. (A copy of thlS answer sheet ‘is. 1ncluded 1n Appendlx
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”the end of . the sentence,."Please:say the word- . ///They-t

‘B.) Subjects were asked to choose wh1ch word they heard at.

“were glven a cho1ce of a word start1ng w1th e1ther a Stop or

. towards words in e1ther column. Subjects vere: also asked to

a: fr1cat1ve.‘ The vowel and optlonal consonant at the end of ‘

._-‘the word corresponded to the word heard on the ‘tape at/that

1tem number A word beglnnlng w1th a stop and a word\\

'yfbeglnn1ng w1th a fr1cat1ve appeared 1n alternate columns\?dr\ :

each 1tem; The alternatlon was de51gned to remove any b1as ‘>$S\g\

~~

‘1nd1cate thelr confldence 1n the1r response on a. scale of

‘,'one to three,‘three represent1ng hlgh conf1dence and . one

v*_representlng low confldence They 1nd1cated these _ ’_&'

confldence ratlngs by c1rc11ng the approprlate number on the‘yr

"response sheet.v‘ e E *,.-:;_11 _.:lT~S~J z'r;.?v

Th1s de51gn prevented subjects from confu51ng the place U

”of artlculatlon of ‘the word 1n1t1al consonant.:‘Forf<'

-”1nstance, 1f a subject was presented w1th the word "thee"

\

'he or she had as a response ch01ce "dee ;_' "thee._f The

. subject could not respond vee- 'even if the 1tem was’

‘percelved as startlng w1th a /v/ (Two‘of-subjects-dld'

A

‘vhowever 1nd1cate when they heard a. /a/ when glven only the

O

ch01ce of /b/ or /v/ These responses w1ll be d1scussed

__Abr1Ff1y 1n Chapters IV and V ).
e

| Every subject llstened to the tape at least four t1mes.‘:

ijubjects 1 and/S llstened 51x t1mes. Thls gave twelve

dimrepllcatlons of each st1mulus syllable for Subjects 2 3'_

: and 4 and e1ghteen repllcatlons for Subjects 1 and 5

o)
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~and one female.‘ All of the subjects were un1ver51ty

" -fSt1mul1

VSubJects

. 'A small number of subjects were used,'but‘each bubject. . -

vheard each stlmulus many t1mes. The.suhjects'for‘both ex%f",f
o per1ments were Engllsh speakers from variOUS-regions of
.Canada and the Unlted States who are currently res1d1ng 1n'

Edmontonj Alberta The d1alect of Engllsh the subject spoke -

was not expegted to affect hlS or her perceptlon of Engllsh'

fn‘consonants. The subjects reported hav1ng no known hearlng

'1mpa1rments.v,

F1ve people part1c1pated in Experlment I, fouP males
, G

students or: staff and all had .some knowledge ‘of phonetlcs.

‘4=Subjects 1 and 3 were famlllar wlth the. des1gn of the

£

) ‘\

" B. Experiment IT

S
\:‘,

L

Exper1ment II was de51gned to alter word 1n1t1al fr1c—'

';at1ves to determlne wh1ch factors wopld cauSe a fr1cat1ve tofh
'7_be percelved as a stop Modlflcatlons were made to the
:-duratlon and amplltude of the frlcatlve.v In thas exper1mentw""

‘the amplltude factor had three levels.f S1nce the orlglnal

fr1cat1ve waveforms were of such low amplltude,_lt was

“hposs1ble to multlply each consonant by two tw1ce.; The flrst7f
‘h‘level was normal amplltude- the second level was doubled x

famplltude, and the th1rd level was quadrupled amplltude.'.
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Each amplltude 1ncrease added 6 dB to the 1nten51ty level of

}the frlcatlon.l

The second factor 1n Experlment II was durat1on. The

Vduratlon of the fr1cat1ve was decreased to resemble a stop ;;
"by gatlng out m1ddle sectlons of the fr1cat1ve frlcatlon.
"Sect1ons were cut out leavrng three, two, and one perlod of
’chthe orlglnal v01ced fr1cat1ve. The perlods that were kept

'for thefthree perlod st1mu11 were the f1rst two and the last

s per1od (before the vowel) of the or1g1nal fr1cat1ve."The"

\

‘i_two perlod long st1mu11 were made of the farst and last

-perlod the one- perlod ones cons1sted of - only the last

f»perlod of frlcatlon before the vowel tran51t1on. 'The

fffr1cat1ve, and by creat* % two new consonant amplltude

f_’s1zes, 72 1tems were prepared for the second experlment

or1glnal fr1cat1ves var1ed ‘in duratlon,,and because the-

"*pfundamental frequency of the recorded words vary sllghtly,“H

the durablons of. the shortened fr1cat1ves vary sl1ght1y

i

ﬁ;around 30 20 and 10.ms.

By creat1ng three new. duratlons of consonant from each

lThese 1tems %6n51sted of two consonants (/v/ and /a/) w1th

vthree vowels (/1/ /m/, and /o/) four durat1ons (or1g1nal

/]:

| three perlods of fr1catlon, two'perlods, and one perlod)
band three ampl1tudes (or1g1nal double, and quadruple conso-..
nant ampl1tude) F1gures\3 12 and 3.13 show osc1llograms ofg‘

',the entlre syllables used 1n Exper1ment/II Flgures 3 14

U

ifand 3. 15 contaln osc1llograms of the consonant portlon of

fthe orlg1nal Experlment II sylbables.;;Flgure~3.16-1s_a o

LEETT
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‘DURATION IN MS -

¥

1S .

. Figure. 3.16 050111°9rams of a sample of the St_‘lm\]]l that vary

L in duratJ.on in Exper:.ment IT1.

K]
&
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-

’.'ratlng ‘the subject a55001ated w1th hlS og_

;top row s1gn1f1ed a confldence of 3 in Eg_

sample of the durat1onal stzmull used in’ Exper1ment II. The
. Dok ¥
last f1gure, 3.16, shows the entlre orlglnal consonant from

‘:the-syllable "theer,.the:stlmulus constructed from three

periodS'of'this syllahle, the. two- per1od stlmulus, and the

one- perlod stlmulus from the syllable "thee._

'Presentat1on

‘The method of presentatlon of st1mu11 ‘for Exper1ment 11

»;waslqu1te d1fferent from that for Experlment I After the

presentat1on 1s descrlbed the mot1vat1on for the

y dlffegenpes Wlll be dlscussed The 72 Experlment II stlmul1h”

I

‘;wene‘randomlzed and presented to subjects in sets of three
'Hrepllcatlons (216 1tems) These 1tems were. presented as’ .;

<1solated words over -a Heco Sound Master 15 loudspeaker at a-

M)

K omfortable llstenlng level 1n @ sound treated room. The'

'dfpresehtatlon was: computer controlled rather than recorded
4"fThe‘computer played the stlmulus repeatedly unt1l 1t

' 5rece1ved a response to that 1tem. Then the computer played

the next 1tem on the llSt of randoﬂ1zed st1mu11.
v .

For each 1tem, subjects were glven the cholce of

'g"frespond1n9 /b/ /V/ /d/. or /3/ : SUbJeCﬁQ responded on a

’four column by three row. touchpad Each column represented o

)

one of the four word 1n1t1al c sonant ch01ces.‘ The order
-of the consonants on the touchpad was rearranged every

trlal The rows on the touchpad repreSentgd the confldence‘

er-response.,yTheh

riment'I,;i;e.{



‘ "'.,,'.._‘ N

e : hlgh confldence. ~The3h1ddle row—andlcated moderate

4

e

confldence, -and the last row meant low confldence. " '

. subject responded by decad1ng which consonaﬂt the test word
N » v (J
started w1th and howwconfldent he .or she was of the ansMer
- . L Y

- and he or she pressed the approprlate key ; Usually,

)
\

subjects l1sg;ned to a word two or three times before

’vrespondlng The PDP 12 m1n1computer stored each response in
‘.} @ »..‘ . . S o

. @ separate flle for’ each tr1al for each subject AEaah

(

N e
.2

“f subject performed the three repl1cat10n tr1al 51x t1mes, o
- ,"’;: o N
' g1v1ng 18 responses to each stimulus- 1tem for each subjecb.:

A trlal took approx1mately 15, toago anutes to perform
"o o

dependlng on the: subject ¥ famlllarlty w1th tab procedure x
R _ .

' ‘and the stlmull.a i o ,'_"A fﬁf—v'_ R,

‘e

< f-u ' The presentatlon of Experlment 11 st1mu11 was df?ﬁeggnt;j

from the preségtatlon of Exper1ment 1 for a number
. \. Y . .3’. N .‘A
'reasons. Malnly, Exper1ment TI dlffered to allow sub]ectsr REAS

v o RS

-t

more choiées 1n the1r responses, to: allow them to respond

- ’f:j wlth e1ther a lablal or dental place of art1culatlon

;\oconsonant. Comments from subjects in Experlment 1 1nd1cated

s

'perceptlon errors 1n place of artlculgtlon.- The chang ' 5"' ;

'l

”~,_wstops and fr1cat1ves would allou suhjects tmfexpress these

° . K] . oL
,.,} . . B,
.

'perceptlons.. In addltlon,r

1

;j7f1*§> ..be Carden et al (198@) could be examlned from th &, o r _}ﬁ » é




v e
TR

The—change from‘headphones to—a“speaker"was made
abecause some Experlment I sub]ects complalned that ‘the

fgheadphgnes were uncomfortable and because headphones are not
\ \

-{ﬁ;h‘ usually volved Ah speech perceptlon.v The headphones had‘

v
Coan

' ;A.,r«'y"
'to fr@btlﬁ ’9 to reduce 1nterf;§ane from out51de n01se,
N
uﬂés
R

, / l M -
pec%gliy srhce subjects had only one chance to perce1ve

Y

st

part of the llstenern(Glbson; P966)° For greater subject

’

comfort and to 1ncrease the naturalness of the speech

N T V
presented ovem a speakerq.{ ‘ \.; ;itt; - o | ; e
; The touchpad allowed‘for four choices of consonant ‘
responses,,and ‘the - three confldence levels. as ‘i , -=, ,”. t
»Experiment I vaﬁdﬁautomated'data-recordlhg because o% the::i;{

-

connectlon to the mlnlcomputer, ”As well, u51ng a computer
. ) 5‘ ’
‘and a touchpad allowed supgects to’ cogtrol the pace of the

“a

R
-v wt o

presentablon; Subjects were able to llsten more crlyfcally
[

to the st1Q?11. Response errors due to acc1dentally#,ffﬁﬂ»jf’

«

touchlng tﬂ%»wrong key on the pad occurred but subjects ‘;f; |

-

2

s could correct errors by touchlng another key before the:e

)

fnrst was recorded _ When the computer recelved responses
from two ke¥§ it 1gnored both responses and replayed the f

_‘stlmulus. ;ﬂ

Fal

perceptlon task the second experlment st1mu11 werqP ' B
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T

Aphoneties,vdSubjects #1 and 2salso part1c1pated in -

. ¥, ‘ . .
Experiment I, as Subjegts 1fand’3. T

.

. \f
o ‘ . . L
. . . . &

’FiVe.native Englishlspeakerseparticipated in ‘v»: . )
?ts '

Subjects’ T T ;‘
R

Experlment 11, thr. .emales and two males. Theiﬁﬂf

were unlver51ty students and faculty members.v The subjects

¥, \'1

:shad no- known -hearing losses.A Subject 5 had no knowledge of e
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e S e IV —Results—
”fA, Experiment I

' *Measurements ' . ., . .o g

S .vDura't'ion"» | , ‘

» ‘ar‘ qu o

'the Exper1ment 1 stlmull.‘ These measurements weref@gd
{

L
the 51x or1g1nal words, the or1g1nal consonants, and” ¥

1 v

»
,altered consonant stlmull., (The alterat1ons 1ncluﬁed

=

-varlatlon of durat1on of onset of_duratlon and of the
famplltudewof'the consonant )-~ - | ;. |
Table 4. 1 glves the duratlons of the orlg1nal
'» _.syllables, the orlg1nal consonants, and the altered durat1on7
.consonant | The st1mu11 altered for 1nten51ty (ampl1tude)
'and duratlon of onset are not 1ncluded in thlS table s1nde

‘these modlflcatlons dld not change ‘the’ st1mulus durat1on.

"The flrst column in th table.shows thefruratlon of the' RRETI @551-

“-'orlglnal syllable, the second shows the?duratlon of the

" vowel; the\thlrd glves the duratlon of the or1g1nal conso— ;#.fgh'
bnantl The last column’ in Table 4 1 grves the duratlon of
lthe stop consonant which was repeated to create the duratlonv ;”

'fvary1ng stlmull.g Slnce\the five 1ncreased dufatlon st1mul1f

\ . Twere created by concatenatlng the ramped consonant the1r o
o .3 o
lduratlons are not 1nc1uded in the table, thelr duratlons are ,v'f'ffkv.‘
S ",73:’

'51mply multlples of the consonant in the last cqlumn. The

- # , L . X E .
stop con.onant measurements show that the burst of../b/ 1s, T

¢ e
L R TR S ) “
“ : .

oo T mR e T
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._Tabieb4.lQ Duratioﬁs-qf;ExQéfimenqﬁi stimﬁl;,. i.‘;iuh_'. e

i

sl
R

. Duration' in ms

L Gradual
‘Syllable . Syllable - . - Vowel-- Original C ~'; Onset C

bee e 330 . 6 .10

bat . 365 - 0 .10 -

boat < -.300 29 - 4 10
dee ~ 287 .25 . 12 12
Dan . . 376 . 363 13 13 L £

dough - 33 . . 320 12 o 12

. L
. , :
-
~
B . :
-
b ,

2 e .
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vl .
el

*ﬁton—average"_a—ilttle more_than-ha%f—the duratlon ofuthe'

'fconsonants, the table glves t'

‘ 3. 84
an 1nd1cat1on of the amplltuog‘

U°ip44 dB* The dental consonants have greater 1nten51t1es than o

o

‘“@burstvof /d/g; The mean measurement of /b/ 1s 6.7 ms~ the'

mean‘of”/d/bis 12,3 ms.

Inten51ty f, S ,“:_ L R

The PDP 12 m1n1computer was used to take measurements

‘bof the root mean square area of the stlmulus syllables and

the consonant portlons of the stlmull. These measurements

;>

-were converted to dec1bels to- represent the 1nten51t1es of o

'*fthe_s;gnals~v The dec1bel measurements are presented 1n

Table"4 2“ ‘The measurements have been averaged over the

(

‘7three vowels. As well as show1ng the 1nten51t1es of the

mean syllable 1nten51ty as

f the consonant relatlve to

»the vowel - The mean syllable 1nten51ty for both t

‘:f;,orlglnal labla} and dental stop words 1n Experlment I ‘is

4the lablals. The dental stop /d/, w1th a mean 1nten51ty of
*20:dB is 4 dB hlgher 1n 1nten51ty than the average /b/ at"
'16'dB‘ The 1nten51t1es of .the stops drop 2 to 3 dec1bels h%&
’ ;when the burst is removed.d And the 1nten51ty decreases L
hf agaln, by approx1mately 4 dec1bels,Awhen the stop has a.

.g adual IO ms onset. The 1nten51t1es 1ncrease as’ the dura-‘.

)n;, . : v

"rtlons of the consonant portlons of the stlmull 1ncrease from{ :

24 vy

'\5310 do"60 ms..5d . f: B . ""l"ki ;5”'l‘ | ‘;hd | ”-‘d'\\\m d

ll:’ ‘v .
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‘ Tablé 4.2?_Inféhsitieéjbf Exberimenﬁ,l stimuli (dB).

/ Conso-
".nanta

,.y‘

'StimuluS'”

RS

‘orig-  Burst- 10

- 'inal ' less . ms

ms

30
- ms

40

ms

&

ms

e
%

Syllable
Mean -

"“:/?/7'
4/

u l6Q;  Ql@;"_ﬂf{?f

.
ooy

200 170 14

11

16~

13

18

19

15

20
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'Recognition;curves"q’ SR, — f‘ e
The recognltlon curves of the consonants in’
‘,Exper1ment I are generally con51stent In only a. few

';1nstances d1d subjects reverse the trend of the1r responses

st Lt ,.‘_

;as the st1mull varled along the contlnua. Mean results fori-
jall the subjects are dlscussed below-'recognltlon.curves for
1nd1v1dua1 subjects are glven in Append1x C._ The 1nd%y1GMal
subject curves are supplled to compare<£ésults across’
subjects C | | | |

Experlment I data are recorded as a proportlon of stop

. ~C

_(/b/ or- /d/) responses at the var1ous 1nten51ty, onset

o slopes, and durat1on levels.‘ Flgures\4 1,to 4 6 show the;

Yr
Ry :

>mean>of'a11 subject responses to the st1mu11 w1th various
.donsets; The three onsets are labelled “burst" - the |
Torlglnal unaltered consonant' no burst"‘-ﬁi’theconsonant'j
“was w1ndowed by a short c051ne squared wave to remove the‘h

abrupt onset- and gradual" - the consonant was w1ndowed by

"a 10 ms:llnear ramp. Each flgure has two llnes - one. for

L Aﬁ' S
“‘each consonant 1nten51ty level normal and double amplltude.'

“>1F1gures 4, 1 to- 4 3 deplct the results for the consonant /b/,;

| 'Flgures 4 4 tqﬂ4 6 show the /d/ onsets. These

—

1llustratlons, for the most part flat horlzontal llnes, show
:that onset slope alone does ‘not greatly affect a consonant s

recognltlon as' a stop Stops are st111 1dent1f1ed as stops

T when thelr bu;stsuare removed _ Even stops w1th l1near 10 ms .

'-rlses are perce1ved as’ stops more than 80 percent of the

qt’tlme, All subjects categor1zed the consonant as a stop 100’
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' S ONSET .

- Figure,'a 1 Experiment I /b1/ onset recognltlon curve, nean of
o all subjects o
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. all subjects R . ) , ' .
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" PROPORTION OF

- Figure 4.4, Experiment I /di/ onset recoghltlcn curve, nean of -

"PROPORTION OF -
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| 2 c Amplitude x 2
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.,all subjects

STOP' RESPONSES
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Figure 4.5 Experlment I /aae/ onset recognltlon curve nean of .
B - oalls subjects. :

"

g
. J»b
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o

BURST " NO BURST' ' RADUAL T
. ONSET® ’ e

Flgure 4.6 Experlment I /do/ onset recogulrlon curve, Heah inf .'.f

all subjects S
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‘Qeggent;giaihe_timgagndﬁigﬁll three onset‘conditiOns uhen

" last p01nt labeled- graduaY” cn the absc1

‘Qflgu§es, Flgures 4.1 to 4, 6 The response c;'

’3>occurr1ng between approx1mately 18 and 30 ms 1n consonant

‘a‘happen at a- spec;_""~

. // .
- A

the'vowel foilowingsnas /i/ Only Subject 2 heard stops :

less than 80 percent of the tlme under these gradual onset

"cond1tlons.

- Whlle onset slope had only a small effect on the"

R

»perceptlon of stops, duratlon had a. large effect Flgures

4. 7 to 4 12 show the mean responses over . all subjects to-"

d

>-StlmUll that varled 1n duratlon 1n Experlment I, .The :1rst‘

o

.p01nt on the absc1ssa, labeled "10 ms" 1s the same as the

the onset

';s in these‘

'flgures show a sh1ft from stop to fricative response'

I" :. . o

@uratlon.’ The slopes of the 11nes arewnot steep, 1mp1y1ng
5 :

‘.

”c duratlon Rather, the st1mu11 w1th

-

hconsonant duratlons near the manner boundary appear somewhat

’ .

o -amblguous 1n the1r manner status. Slnce subjects are shown

to be 51gn1f1cant1y dlfferent 1n the stat15t1cal a e

h(dlscussed 1n the next sectlon) the 1nd1v1dual subjects _4;
1graphs 1n Appendlx C should be scrutlnlzed and compared

:Scrutlny shows*that 1nd1v1duals d1d have d1ffer1ng crossover'@?"

uy

.po1nts, some subjects glv1ng fr1cat1ve responses at earller

durations, some.later,,; f.' o PR e T y{uf R
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;ﬁglw_r_____Confx ence Rat1ngs

o v]_ "T ’ s well as- 1dent1fy1ng experlmental stlmull, subjects

'1nd1cated the1r confldence in the 1dent1f1cat1on u51ng a.
L

‘;ratlng of 1 (low confldence) 2 (moderate confldence) +.0F 3

<

 (high %§nf1dence) These confldence ratlngs provzde
'”ev1dence of ﬁhe locatlon of the subjects 'stop/frlcatlve e

"boundarles,.ln addltlon to the ev1dence from the recognltlon

’ . . v 4

: curvesL Table 4.3 llStS the mean confldence ratlngs each

'TExperlment I stlmulus“recelved The mean confldence rat1ngs7“' S
' Cio o _ ‘ .
for the orlglnal consonants are hlgh 2. 9 out of 3 The: = ‘ i

e S S
-ratlngs decrease as the stlmulus duratlondgncreases, ‘

-}reach1ng the lowest level at 20 ms consonanf stlmulus dura-
. o '2". :
'tlon;n The mean confldence ?atlng for the 20 ms Experlment I
""m"-. . A \- e o &
fstlmull is T 1. The 30 ms stlmull recelved the next lowest ST

. -.'nr

'ratlng, j.s.' The ratlngs rlse agaln as thg duratlon of the

”? ]]st1mulus consonant-further 1ncreases toward”the 60 ms dura-
N . ) ) ] : ) . . :‘ ,. v -' : . o ﬂr. . - . ' . :
; : tlonal st1mu11.- SRR : PR S N e e T
e ‘v EE B . . . 4 17 ‘3 . % s . .. R », > S . »sﬂga-«;y

”raffngﬁ 1nd1cates the

) e,

The decrease 1n the confldénc“

-glocatlon of the subjects stop/ercatrwgﬁ

boundarles because
B ‘-*.H.‘“JS* :

. .','.,

o the ratlngs show wh1ch stlmull subjects felt . were ..o T

: A._’ e SRR - P e

RN amblguous.» Uncertalnty about the manner of artlculatlon of o *?
the consonant 1s the prlmary reason for assﬁgnlng low conf1¥5‘~*:

c 3

dence ratlngs. The ratxngs are lowest for consonant dura- e

.,-,r_j:lons of 20 and 30 ms, whlch is ev1dence that the boundaryu_ég?;;'ﬂ

between stop and fr1cat1ve duratlohs is approx1mately 20 to

30 ms.
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. The confldence ratlngs also reflect how nanural the Z, I
& Ce . N ‘ N ‘e - : 4,

—toid“the—experlmenter that e

o ow ratlngs to unnatural soundlng st1mu11. ' ,,;,‘~ ‘ |
R %f‘\ # oAl 9 ! S ‘,‘
4.;~»4%3M Naturaln ss and’ confldence are closely llpked 51nce one A v
A . : , A PRI
t be . ent1rely sure of the status of a: consonant wh1ch E
K ,. v :..) M . » "'
- not.’ sound llke speechdorkwhlch sounds“llke speech bub . S;“
Y Pyt . g. v, Vo ~“‘W Com T
i has mever been&heard.BEfo confldence ratlngs glve an i
. * - ;- i é- ; < jJ.‘vm. ;ﬁ. ‘r
. '3-?9 ‘”tlmpx xas speemhﬁSounds, :-xig'
RERCE SO 1f they are ant%rpreted as reflectrn na%yrafhess. théu'f“if‘I¥Ai7
T : rr-'."\-""wa, —

T s A {l}c‘f ; R ‘ LT

TIPS W
LA overall mean ratlng*fbr Eﬁasglment I#é%

ARSI BRI Subgects~seemed reasonablygoonfmdént‘

RN g,--“satlsfaed that the stlmull weme speech

Tl G Ly R
'f‘.’ An analYS1S of varlance (ANOVA) was erformedru51ng t

. }.M. X X L

S 50 percentlstopir1cat1ve crossover p01nts of the durablon ”

\h recognltlon curves.of the suggects as 13pg& data.;’fhe”;fgpral;ﬂ .
';:’,igpssover 1s the p01nt/along‘the st1mulus conso nt duratlon -'}}:

I; . contlnuum at yhlch the subject’s resppmses reach 50 percent ~“*‘;:”

v?i'*q ;“{ stop~and frldatlve.. At duratlons gre;%:r than thlS ,J;'; sf‘?fi o

s '}ffv boundary, the stlmull were heard asvfrieatlves' at shorter ‘;pfyzfﬁ?

Rl / duratlons theyAwere peﬁ‘ o . )

“-Q;i5-5'3¥ repllcatlons,_so “ach géoup in the repeated measures de51gn o

, had a lar% gumber of responses. ;‘ "“:f A a £

' o ‘ . e °° ) & L B B o Lo .vz.'..',,: Co




‘ RN : u:-:! k .
T . f ’y : . e o T ‘%"‘5‘ >, )
et R . N SO . ) R o L . X
WoTe AT EE R o C SO
;7°‘"f‘ R The ANOVA was complled us1ng BMDP,BV in a four factor; ';?r“
;;T?% ; repeated ﬁeasures~@eszgn: ,The four factbtsmare SUbJECtb =
© st (s), 1ntensrty (2 levels- normal and consbnan@ﬁamplnﬁude -
) . :iftlmes Ego) cgnSonants (2 lablal and dental) and vowels
ST SURRING v R '.‘
p 7{{,4“-v /1/,w/m/,./o/V Sgbgects and repilcatlons were treated “3
AW : ; ,‘a"‘ 0““, ) , o o
SR ’ ‘as randémﬁeffects‘,1ntens;‘tyA cansonants, and vowels were L.
o Car _ o
> - e
';;_';Q-Jg_~two replgaatlgn groua m‘_ ‘;}v‘Ct trrals.' A %v;‘
§3fﬁ’f? - t f;l, The ana}ys;s of varlanee sums &; square§” eraﬂqbs, ana
e ¢ : S L
L *? . p?%babllltles of th@kfaqﬁors 1n‘Expe51ment L &re glven 1n;_' s w,fi
‘ Aafeﬂagactors ang&;ntegactlons zgre s1gn1f1cant-'-;;£;5
51‘ 3 . e * % Ca .,
N 0001) vowels (Q < gﬁq)w the subject by con- ‘.ﬁﬁﬁlj
o ;he subject byévOWQJ Lnter—ff'firﬁf
STl e , CTE
S O actlon (Q P %0001)90the conSonant by vowel 1nterac§§§h 3"5‘ e
“V(Q < 05) jand the subj
_Js\-‘--‘I ¢
7o Ap 0001)4.:The h1ghest<level 1nterattlon,
. L faL ;;hxfﬁ@jej; rs*dlagrammed 1n’Flgure 40 19 ;
A A ) | f St : ‘»,‘ -‘ s L ) I,. _.I“ ”’ = PR . R y .
5 ) " : ) : Lo - Yo s . 5‘ e - : _f:‘[
: S Proportlon of Varlance of«gach Factor K R Do
s f?*ff' The St&tlStlé’w (Omega, sguared? waﬁ calcuLated to° e
P . sy

e ;'wjestlmate/the proportlan.of total varlance assec1ated w1th ?L~.)v ‘
e ’ N . Lo

\ 2

i Feach factor (Hays,«1963) w?;ls a ratlo of the estlmaked RRLN
u,‘]‘ o, ) ;"" . 'I., ¥ ) . ) .‘

LT treatment varlance to the est1mated total varlance.‘dIt can.'

i ::bercalculated u51ng the follow1ng formhla. - h‘.h
DR where orb (MSB : MSW)/n S T
e L and ot (MSB + (n\1)Msw)/n. N o

'The ratlo 1nd1cates the approx1mate'amount of varlance whlch

/I L ..
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Vﬂq each factor 1s respon51ble for.f ThlS stat1st1c is presented

o;l -

3 in Tableu4 5»fo§§the subjectu—consonant»—vowelw—and-4nten-
e w-sity factors. The sub]ect factor accounts for ovﬁﬂﬁhalf of .

the total varlance, 74 percent Thls is a very large s Aii L
/r._ . '*”‘.& G v»"" .

'.portlon of the total var1ance assocaatedxvath a srngle_,7 R P

B RN TN

.5factor. Along w1th the’%NOVA results, the large subject B
: s gz -

» , ;r
varlance proport1on shows thgt subjects are a verw 1mpor"t:an.é-27gY
R PAML A

4 v

N ‘;,'v"p"

factorw n the experlmenégl resulgsaw!The next largesid

r'eggrtlon of the vér1qnce 1n Experlment‘l 1s assoclated Wlth h} K

- . .\,", . . Lk

“the vowel factor v18 percent The remalnlng factors, conso—',ﬂv

§ .

!
. e Le Lt
» e s Ve . SR e

»

’Consonant Confus1ons_

@

As the present experlments were de51gned to 1nduce

,f.ﬂui,hl,' stop frzcatzve changesnln perceptlon consonant confus1ons ;*h;ff~

.. ! . ;_.,. Ry R

1n maqper c;nnot be con51dered errors in 1dent1f1cat10n. o

jf "’hiij£1‘Confu51ons41n placeaof art1culat10n,uhowever, are'true {'Q
Lo e

/fv “fhh_'f,percept1on errors.; These confu51ons 1nvolve lablal conso-.

s

'n-jL"f; nants belng percelved aS'dentals and vrse versa. In.';}

. LffExper1ment I “the method of subject response dld not allow
T e NG . ’

E . \l

B ~:“f-ffor placeiconfusionsf” But two subjects reported hearlng the

N g v S
i '"f%e ch01cerof /b/ ‘or . /v/ as‘

R fdg‘éiglcatlveu,[’
"*fd¥7lj response,.l;f; when hear1ng a lablal consonant.: These two .

VT; f?ﬂrysugiects 1nd1cated when thlS perceptlon occurred 'S0 a small _
amount of conSonant confus1on data Js avallable from y]i*@_ S
“xﬂExperrment~1 The response /a/ to a lab1al occurred only :f};:p

. PR . : L. : : e " 3
NN . .- .
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. ’when the word "bat"/"vat*'or "bee"/“vee was presented;
e t 4

'never_when_!boat /"vote__was_the_stlmulusL_presumablv"

because the word’"thote does égk occur in Engllsh ~ Five

'ppercent of the responses to "bee of“these two subjects'were&,ﬂ

e ff"thee" : Th1rty two.- percent of the responses to "bat" were
el ‘”"that"" Thqs llmﬁbed Experlment I, data seems to 1nd1cate };fg
@f S . that 19 percent o{sthe "bat"'s and "bee“'s were percelved as v

N

beglnnlng w1th dental consonants., If the responses of the R

4'-.'other three subjects in thIs expérlment are 1ncluded thevy

u.

e T R

-~ . K . &

dar LT .

s 'MeasurementS$, - .

N.,u&

thegﬂxperlment II st1mu11 are glven 1n~-f Lo

amplrtude are not 1ncluded 51nce the amplltude 1t;‘;

B - L d

1ncrease d1d not affect the duratlon.- The flﬁSt column ‘in
'. ‘[ E N

. Table 4 6 shows the duratlon of ‘ he ent1re orlglnal e b

.'.‘

.

-

”'f;(;"u:syllable, the»second column shows the vowel. duratlon,\and’y/xJ

f:“"f,';‘ the thlrd the duratlon of the” orLg;nal fr1cat1ve.. The last

Al

- 3

h%hree columns glve the exact duratlons of the stlmull _Aii;‘ . '

con51st1ng of - three, two, and one perlod of frlcatlon. »The

-

average duratlons of the lab1a1 and dental fr1cat1ves are

A o

1'}1dent1cal 114 ms.5 But the‘duratlon of the /v/ Stlmulli'}wk




T

: Table 4.6. Durations df‘ﬁxp%riment.ll stimuli..
: ‘v . ' . .‘ . v . . : ‘, b ! \ o ' 4‘
: . .77 -Duration in ms o

) . . . N ) . -’ . , c:. ‘ ']“xgi 'r',;‘ .

T ... Original ,-3:Period . 2-Periodig
‘Syllable Syllable. Vowel C ' c . c -
o vee '+ - 360 274 . 8 -° 29 200 .. 9 -
o O S S ; o B PEPIET SS

C 0 vat 526 412 ll4 27 119 -

e o vote. 538 /}“396' w2 27 18- 90

- T B o Choe
3570 239 118 g7l 17 9 L

Lo B

582 472 11004 .30 . 20 - 10

397 ..263 7 . 1% - 30 .- " 20 . 10
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"spans a much greater range. The standard“deviation of.-the

duratlons of the three Sv/'s s 28J Thewstandardtdeyiationw_"__;;

~of the'three“/a/ durations is 4.

HEN - \:. o .

. Intensity " B P T
Table 4.7 ‘shows the 1nten51t1es of the Experlmentgik

;»frlcatlve based st1mu11 in dec1bels, averaged over the three r"

voweis,f Each amplltude 1ncrease added 6 dB to the consonant
intensity. The megn 1nten51t1es for the orlg&nal syllables .
are similar 41 dB for syllables start1ng W1th /v/y 42 3B w

. W B S .‘a--‘
’for syllables startlng w1th 5ai "The dental fricatlve

\f;nft ‘aloneprat 23-dBv‘ er rn 1ntens1ty than the ;1k;; -tl-;

%5? Lo ',vaverage-/y/ at ”t‘ |

- appear to be hlghefhln 1ncensaty~than the orlg{nal stops t

(see- Table . 2) “but the fr1cat1ves are approx1mately ten ' :x;,A

I'-tlmes as long as- the stops.‘ Ten mllllseconds of frlcatlon -
_y(13 B for /v/ 16 dB for /a/) is. lower in 1nten51ty thaw

Jthe orlglnal stops (16 dB,ﬁ@;.ggéjﬁzo ﬁor /d/)r For thef%

4 A }‘duratlons, stops are more 1ntense than frlcatlves.,-;‘ﬂV. : ;_:/F
2 ~t. A-‘ o T P L o C e
SR SN g T

g ”Recogn1t1on Curves y~,';"~_ R S

ol

O t s < o
. N ' N { '
h_:§\ig. N wg_Th . mean of all subjects reéponsésxgn Experlment II

‘are showh in tﬁgi;ecognltlon curves 1n Flgures 4 Rye to g, 19‘
‘%aQV'h; The ord1nate shows the proport1on oﬁ fr1cat1;e respo;sesrbf:};é;.p'
| ’ Although Experlment II subjects we able tp respond by .iw
”ch0051ng any of the four consonants (/v/, /b/, /a/, pr /d/)

?f{ l'the responses are glven 1n terms of the proportlon of fclc-;"
.tatxve reséonses.f The /v/ and /a/ 1dent1f1cat1ons weie {7” -
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pooled as were - the /b/ and /d/ 1den¢1f1cat1ons,Ato allow o
’ fracatLxe_yersus_stopwresponsesr _together
the! /v/ and /a/ responses hldesﬁerrorslof 1ncorrect place .
, ‘-1dent1f1cataon. Consonant confu51ons will be con51dered o
. - LIRS
g ! 3Q3 lllater in thqs paper w1th respect to plac% of artlculatlon.v'
h In these flgures,_4 14 to 4 19 the orlg1nar unaltered
£ | 1C°nso%hg; 1s the rlghtmost p01nt oh the absc1ssa,‘labeled
';w1th tﬁéﬁﬁuratloﬂ of - the or1g1nal coﬁéonant Slnce f _'
‘ vi =Enpe%%§ent TI'lnvblved three 1nten51ty levels,‘normal‘.t
g ? éz"double[:ang quadrupie consonant ampl;tude. these flguresﬁ
76?each have threeudlngsrT%f,, :'*~ifu'._;;;ﬂkxf_' “;f}‘?'"fah”l
_4543 " The graph l1nes show aiio;s%stent‘ﬁecrease 1n the? o
ft"q"proportlon of ?r1cat1ve responses as. duratron d; reases.ﬁAh%
;?g} :g;}f The change 1n response from 50 . percent frlcatﬁve t; 5 ”
: ,}ﬁ' V'percent“stop tends to occur,,for all conﬁonant 1nten51t1es;ﬁi*
'{ 'wﬂen the consonant 1s between 15 and 30 ms‘long;. Almost all |
R B g f1nd1v1dual sthECts curves, gaven 1n’Append1x D{;;f::n;ff
:f" . ;ﬁreﬁlect thns«lncreaseuan stop resppnses wlth decrease 1n~ ) B}
T o L‘;.he‘oniy exceptlonuls Subject 5,ﬂwho shows no RN
, i'fgjstop responses to’ the:/aen/~st;moiajat hormal or double;;:ﬁ,f'
) ;' L(?h-amplltude Devels«A In a fé#ﬁJEhéﬁlééses, subjects do not o
- ;;’reach 50 percent stop response .Subject 4.s /aen/ and )
-~ : 'i' ;a;f' :, ,‘J’ | .;T' ;7; ';;-ﬁ;\ ";75 r el C
o 'T Confldence Rat;ngs e ,*f K - " : -
Ht_t ? ;- J\”T%e Experlment II st1mulx recelved relatlvely hlgh o ¥
{;: . fb- confrdence ratlngs. The overaa} mean ratlng was 2. 7 out of .
.;, __?\:; A ‘i' r:[rf'; o ';n_.}j 1“{ »g’;gp’{' o il S
e 5 y: . ! "Wﬁ T ~ S
7 p 7 \‘ ' . : ,,‘ *9
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3. . The generally high scores for these stimuli reflect the '

naturalness of the stimuli sin¢e subjects gave lower scores

.~

to stimuli which they felt were ?ot speech-like,'és well as

to those ‘which were ambiguous. Subjects wefe_coﬁfident of

RS

their manner identifications of the original fricativesp

"giving them a mean confidence rating of 2.9. The ratings

are loyer for the\30“ms,stimuli,‘2.6, lowest for the 20 ms

4

stimuli, 2.5, and riSe for\éhe JQ~m§ stimuli to 2.8 (see

jTable.4.8):K;The lowef’éo and 30 ms ratings indicate that
fhe boundary between stop gha:fricative‘idehﬁifications
occurs at\épproximately this duration.

| -
Analysis of Variance ' '
' ' ‘\\ .

. Design

f in Expefiment_II the input tqrthe ANOVA were the

sf#p{fricatiye croSsover'points.‘ Although subjécts
 ;e§popded by'choosjng anbarticular cqnsdnaht En. |
’[-gxperiment 11, the ANOVA ihput points are indic§fionsAofj
',Qhere the‘fesponses‘chanqu-from f;icativq to stop,_nbt from
/v7 to /b/ or /9/ to /é/. The}six trials each subject
perfqrmedAwere totaled intd two groups to create. two
replications each consisting of nine responses per stimulus.
A few difficulties with the 50'perceﬁt créésover points
‘were encountered; "When the recognition curves did not reach
50 percent stop response, if the last point on the
recognition curve was close to 50 percent, the line frqm the
‘5econd'lést point through ‘the last one was extendegitgijudge

Y



Mean confidence' ratings assigned to

Table 4.8
‘ Experiment II stimuli.
1
7 - :
Stimulus Confidence Ratings
' out of 3°
Originél Consonant ‘ 2.9
'30\@6/ 2.6
20 ms 2.5 :
g -A \
-10 ms 2.8
!
\ N \.
/-
- /




! ' . : 85

the 50 percent crossovér. Thi8 extrapolation was done'thrée
times for the Experiment Il,ANdVA input (out of 90 cases).
ﬁgn‘three other_instances, vhbn the curve did not near 50
percent, the mean of\all the other subjects' response !
boundaries-under that| condition was'inserted. This was done
so that data would not beimissingl(especially since this
data was not.strictly %peaking."missing"). Inserting the
éroup mean of the condgtioanoes not increasewthe sum of
squares, of that factor) | . - |

-~

" One other compl1caolon with the. 50 percent crossover
points occurred in Experrment II. This problem developed
when the crossover fell between 30 ms duration: of, the conso-
nant and the duratlon of the original conscnant. ThlS
affected about 30 percent of the Exper1ment II-data. If the
50 percent crossover point were 1nterpolated between the
'30 ms and the original duration, the crossover might fall at
an unreasonably long duration because the original conso-
nants' durations ranged‘fron\Sé up to 142 ms. ‘Thus it .was
_p0551ble to "find" ‘a 50 percent crossover point at 86 ms.
The Experlment I results 1nd1cateh that this durat1on was
unreasonable since by 60 ms almost 100 percent of’ the
Experiment I responses were fricatives. More precisely, the
crossover from stop to fr1cat1ve response should occur \
before 60 ms consonant durat1on.\. RN

In order to resolve the dilemma of where to place the

1ntermed1ate crossover p01nt two ANOVAs were calculated.

The data for the first ANOVA assumed the crossover p01nt
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occurred between 30 ms andlthe original fricative ddratien.
The second data set used a nore conservative estrmate.of'the
crossovers between 30 ms and original duragion which
inéolved assuming that responses would be 100 percent fric-
_ative when the consonant duration was 60 ms. So, the cross-
over point was interpolated between 30 ‘and 60 ms. This

. . . .
resulted invcrossoder points at shorter'durations, durations
closer to the Experiment I boundaries and to the rest of the
Experiment II data, \

A comparison of- the results of these two ANOVAs
1nd1cated that they were largely the same, although the sums
of squares of the first were usually much»larger than those
~of the second data set. Only one difference in significance
‘of factors appeaied: the vowel by intensity interaction‘of
the first ANOVA had a probability of 0.0407 (p < .05); in
the second its probability was 0.0063 (p <.01). Otherwise"
all factors which had probabilities less than .01 in the
first ANOVA also had low probabllltles in the second Sinee’
the.second represented a more conservatlve and more
‘reasonable estimate of the 50 percent crossoVer p01nts,‘itf:
was selected as the ANOVA to represent the Experlment IT
data. Thus, 'in Experlment II ’1f the crossover |fell above
30 ms it was calculated as lylng between 30 and 60 ms.

The ANOVA was compiled using BMDP 8V in a four_factor'
repeated measures design. The four factors drexsubjects

(5), intensity (3 levels: normal, consonant amplitude times

two, and consonant ampfitude times three), consonants (2:



87

labial'and dental), and vowels (3: /i/, /#/, /o/). Subjects o .
) : . . . -

-and replications:were treated as random effects; intensity,

consonants; and- vowels vere regarded as fixed effects. The

repeated measures were the two replication groups of subject.

trials. -
The ANOVAiof the Experiment II,50,percent'crOSSOVer
points showed most ﬁactors and interactions to have ‘very low
probabilities. Tahle 4.9 gives these ANOVA results. ' The
“only factor significant at the 05 level and not at .01 is
vowels, with a probability of 04 AL other factors had
probabilities of .01 or less, except»for the folloy}ng: con-
sonant, the consonant by intensityiinteraction,_and the con-
sonant by -vowel by intensity interaction. The highest level
interaction, subject by consonant bylbowel by intensity
(p < .01) 1s graphed in F1gures 4.20 and 4.21, fhe*first
three graphs show the results’ 1nvolv1ng the consonant /v/ at.
the three 1nten51ty levels; the second three graphs show the
»consonant /8/ at the three intensity levels. | »
Proportion of Variance of Each Factor
The w? statistic, an estimate of the proportion of .
variance ofleach factor relative to the total varlance;fwas
calculated gor -the Experlment II factors (see Exper1ment I
results)» ’ able 4.10 gives the results. The subjects ’ l_ ]
accounted for 52 percent of the variance, over half the g
total variance. Intens1ty also .had a major 1mpact in " |

- Experiment II; it accounts for 30 percent of the variance.

Vowels and consonants are the source of much less var1at10n
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Table 4,9 Analysis of variance for Experiment II.
. il - \ '
SOURCE - ERROR TERM SUM OF JF - MEAN F PROSB.
SQUARES "SQUARE - S
MEAN s 89931.45 1, 89931.451 145,30 0.0003
S .. R(scvI) 2475.73 4. 618,934 39.40 0.0000
c , SC 877.41 . 1 877.415 5.40.  0.0809
v sv 910.95. - 2 455,477 5.05 0.0382
1 v SI 4287.84 2, 2143.919 26.74  0.0003
sC R(SCVI) 650.35 4 162.587  10.35 0.0000
sV R(SCVI) 721.78 8 90.222 5.74 - 0.0000
cv scv. 2573.53 2 1286.763  10.83 0.0053
S1 R(SCVI) 641.33 8. 80.166 5.10 0.0000
cr sCI 498.21 2 249,104 4.25  0.0554
V1 SVI 831.69 4 207.921 -~ 5.35  0.0063
scv R(sSCVI) 950.57 8 118.821 7.56. 0.0000.
scI1 R(SCVI) 469.28 8 58.661 3.73 . 0.0008
SVI R(SCVI) 622.24 16 38.890 © 2.48 0.0037
cvI scvi 351.29 4 87.822 2.17 0.1190
ScVI R(SCVI) 647.54 16° 40.471 2.58  0.0025
R(SCVI) 1413.81 90 15.709 R
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‘Table 4,10 Proportion Qf variance of each
Expariment II factor :

Factor w* ' " Rank
Subjects . .516 (1)
Consonant .047 '  . (4)
Vowel " .063 (3)
Intensity .300 (2)
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‘the consonant confusion studies mentioned in Chapter II.

¢V'
in the responses, 6 percent and 5 perceatsgeﬁpecélvely
- / N

»

Experlment II

'confu51onsji~Subjects~the ai

the four consonantsk so ;; wasyp0351ble to respond ~
1ncorrectly with respect to place of artlculatlon of the
consbnent stimulus. Six percent of the responses to labial
stinuli were dental, 3 percent /d/ andl3 percent /3/

responses. On1y~one'per¢ent of the dental ‘stimuli were

heard as labiéls. This 1 percent consisted of incorrect /b/

responses; no /v/ respanses to a dental consonant occurred.
The 5 percent Experiment I and 6 percent Experiment If
incorrect percepeions of labials -and the 1 perEent
Experiment II incorrect perceptions of dentals accord with
The place of articulation error rates in the pfesent experi—
ments. are actually relativeiy low. The average rétes;

however, gloss over the sdgﬁect variation - one subject in
/ .

Experiment I1 identified 17 percent of the labial stimuli as

‘dentals. This subject's high error rate means that the

place perception of the other subjects was even more

»

accurate than 94 percent correct.

-
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© V. Discussion
A. Measurements

Duration - ' o .

" The measurements of the original consonants in these
experiments indicate tﬁey are within a normal fange of fric-
afive and stop durations. The durations qf the /v/';T from
' 86 to 142 ms, shown in Table 4.6 fall between Umeda's 78 ms
(1977) and Abbs and Minijie's 153 ms mean\(1969). Likewise,
the /3/ dGratidns{<from 110 to 118 ms long, are greater than
Umgdaig;sszs‘qquglightly less than Abbs and Minifie's
123 ms mean. The stop consoﬁant burséiduratiOns fall within
one &tandard deviation of Klatt's (1975) measured durations

‘

(see Table 4.1). The /b/ mean, 7 ms, and /d/ mean, 12 ms,

are typical for these consonants in English.

Intensity )

The intensity measurements collebtéd by Abbs and
Minifie (1969), Malecot (1968), and Ohde_aﬁd Stevens (1983)
state that'stops'have higher intensities than fricatives and
~that dentals have‘greatef intensity than labialé. In this
. study the dentals do have greater intensities than the
labiéls, but the intensity of the stops.does'not appear to
be greater than that of the fricatives. The ihtensity of
/d/ is 20 dB and /3/ is 23 dB. The /b/ intensity is 16 dB,
- while /Q/‘is 19 dB. Considering the difference in duration

f

”

-93
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between.the"stops and the fricatives, though, the intensityl
of the stops isvgreater,.for its.duration, than that of the
fricatives. The fricatives are approximately ten times as
long as the stops: The 1nten51ty of the StlmUll (deriVed
from fr1cat1ves) that are the same duratlon as the stops’ 1s
less\than that'of the original stop consonants (see Tables
4.2 and 4.7). The measured intensities of the consonants
USed in the present.study are as expected, the'stops are
‘more intense than the fricatives and thecdentals.are more

‘intense than the~1abials.

B. Onset

The lack of onset slope effect in.the attempt to induce
fricative responses from stop consonants in Experlment I : |
shows that the difference between a stop and a frlcatlve )s
not‘51mply pIns or minus burst. Remov1ng the burst from a
stop did not cause it to be heard as a fricative."While
duratatlon of onset is considered to be a prlmary factor in
the fr1cat1ve/d§fr1cate dlstlnctlon (Gerstman, 1957) it
cannot be in the stop fr1cat1ve distinction because of the~
duration factor. The duratlon of the onset slope strmu11
which were originally stops is.about 10 ms. This-is too
short for them to be identified as fricatives since fric-
atives‘typically have durations of approximately 100 ms.
This duration is too short even for‘affricate identification_
since affricates typically have rise times of 50 ms. So,
although thefconsonants did not have abrupt onsets, they,‘ .

IR Y
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) ¢ -
were 1dent1f1ed as . stops due to thelr short durat;ons. This
result supports Van Heuven E (1979) c1a1m that the prlmary . l.rhﬁ§
. cue to the fr1cat1ve/affr1cate dlstlnctlon 1s not‘r1se tlmeyy?“ .

as Gerstman states,,but overall durat;on. Carden et N . {; ’ ?

41. (1980) have also claimed ‘that the prlmary cue in the ‘_>.‘£% |

stop/frlcatlse dlStlanlon ns duratlon. The onset l{ff 4*_“d~ '4 “-\;

atives. o . f; - ;d; | ?if(aw itymaf%? ”*?jvﬁ? '1IL_“@

. | DR R N
v; In both the stop to fricatiVévand-%ricativgito Stopi; v :Ff.
- . N Sl : . v -

identification experiments, the'cfossoﬁermin'nanner'i%ent~f;;'; :‘Fw"

1f1cat10n tends ‘to occur at approx1mately 25 ms consonant “f.,% u°~ ]
vduratlon. The locatlon of the boundary is apparent from | :hﬁ ‘

both the subjects recognltlon curves (see Flgures 4. 7 to : "rzé i; ‘

4,12 and 4, 14 to 4.19) and the confldence ratlngs assoc1ated 4: . v
‘with the stimuli (see Tables 4.3 and 4. 8) Both the"’ '}Qd b -

‘-recogn1t1on curves and the/confldence ratlngs show that the ;;{ :;i
. .- . ,

stop/fflcatlve boundary of . the subJects are at’ approxlmately oLy R

20 to 30 ms’ consonant duratlon;_ Subjects perceptlons vary,t o

[ -,w . i §

dependlng on the consonant’ vowel and 1nten51ty 1nvolved,

but 1dent1f1cat10ns usually cross from 50 percent,stop to 50 gf?”f
T T

percent fr1cat1ve w1th1n 15 ms of 25 ms .. Thls duratlon, ,_,‘nfgfﬂif?

25 ms plus or minus 15, seems to be a, maglc.nnumber,lnv;;

b - "f'.
L . " .
-speech recognition. Many duratlonal boundarles between LT e
speech sounds occur at appbqglmately 25 ms. _Eor‘examp&e, Lo
= : : | - . i
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Lieberman (1977) shows that stop VOT'svof 1essxthan 25 ms

are perceived a¢ . /b/ while those of more than 25 ms are

heard-as. /p/. |

Other studles mentlon duratlons close to 25 ms as belng
crit1cal;‘ L1berman (1956) reports that the stop /b/ is
identified as the sem1vowel /w/ when the duratlon Of‘lts‘
'transitionsireach 40 ms. Another instance of-a 40 ms
boundary.was noted by Cuttingvand Rosner (19745. They ‘
found, in both speech and non- speech stimuli, a "fixed"
auditory sen51t1v1ty at 40 ms. Howell and Rosen (1983)
dlspute Cutting and Rosner s flxed -auditory sen51t1v1ty
'cla1m1ng that it does not correspond to the fric-
at;ve/affrlcate‘rlse tlme boundary.Whlch occurs at a dura-
tion’greater than 40 ms.’ Howeii and Rosen support,their
aronment by showipg that natural affricateS'usualiy have
rise times greater-than 40 ms. Howell and Rosen; and
cCutting and Rosner assume that "plucked"'and‘"bowedf o
(Cutting and Rosner's non—speech‘identification terms)”
'correspond to affrlcates and fricatives. Perhaps these
terms apply to stops and fr1cat1ves and perhaps the 40 ms'

' boundary does too. '

An argument agalnst applylng Cuttlng and Rosner s
“plucked /" bowed" boundary to~stops and'frrdatlves.ls that.
theirs is an duration of.onset boundary while the stop—fric-.
,_atine boundarjhis onevof-duration, hut'duration-and onset
work together. In natural speech frlcatlves, and 1n st1mu11

created for the present study, duratlon covarles w1th rise

\
: .
¢
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time. Natural fricatives have roughly linear rises reaching

full amplitude shortiy‘before vowel onset. Also, Cutting

and Rosner, Van Heuven (1979), and Gerstman (1957) all
4ackno§ledge that duration and‘rise time are much more potent
together than either seperately, In the present experiment,
it was impossible to separate the.t%o,-using real speech,
and still achieve natural sounding oopsonene stimuli. 1If
stop consonants are concatenated to i%grease-durationv
without being ramped to create graduallonsets, the results
sound like mechanlcal buzzes, not like speech Hence an
increase in duration meant an increase in rlse time. This
also occurs in the productuon of fr1cat1ves¢ .A rapid rise
time followed by e long steady time woqid béaan affricate.
Since Cutting‘and Rosneg's 40,ﬁs'boundary doee nof'apply
well to affricates and stops, it may be more aptly applied

- to stops and fricatives, even though the 40 ms boundary is

15 ms longer than the stop-fricative boundary found here.

_ The variability of the subjects' crossover points
around the 25 ms mark may be reigfed to the sensi;ivity of
the éuditorybsystem; Liebgrman'(1977) notes that a time
deley'of,Zovﬁs is needed between two sounds for listeners .to
judge which. éeme fi;st. Lleberman suggests there 1s a 20 ms

Jdltory resolutlon factor. Klatt and Cooper (1975) report
that the just-notlceable d1fference (JND).for duration -
" change of the segments./i/iaqd /5/ is 25 ms or more.

Fujisaki, Nakamura, and Imoto (1975) found the accuracy of

discrimination. for 100 ms of white poise is 9.1 ms. .The

C
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whité noise is.comparable in duration and content to a

v01celess fr1cat1ve People can detect differences in dura-

/

c1on—vf§go to—QO—percent‘Of—the—orrg1nal speech ¢ segment
duration. - However, a just noticeable difference duratlon
change in a consonant dees not cause it to sound abnormal.
Huggins (1972) found that a word-initial /3/, originallyb
115 ms long, was judged "normal"” when its duration was.
between 83 and 162 ms. Subjects, then are not aware of
slfght differences in duration‘and are tolerant of fairly
iarge changes in duration. The crossover variation within’

subjects, associated with the consonant, vowel, and inten-

sity factors in the experimental reSplts; may be due to the

inability of the auditory mechanism to discriminate-
differences in noise duratlon and tolerance. of durat1on
differences. These possible sources of crossover var1at10n
méy fesult in chance dlfferences in boundary placement which
wou&d eauee apparent shifts of a subjec¢t's labial/dental
stop/fricative.boundary.

—

If the boundaries of individual subjects are varying

'randomly, for the reasons mentloned above, then

statlstlcally 51gn1f1cant interactions between subjects wlll
appear, just by chance. Whlle‘the author does not believe
that all the reeponSe variation can be attributed t¢ chance
diffefences in duration pereeptien, the very low ehalysis of
variance probabilities of the experimental factors and
interactiens afe believed fo be paftly the result of'a

etatistical system which discriminates more finely than the
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human auditory perceptual system does.

Production of stops and fricatives may explain\boundary

e

vafiaﬁion—between—subjectsT——The—variation—in—}istene s
boundaries is not important in distinguishing English - 6iced
labial and.aental stoﬁs and fricatives, because of the
produced durations of these speech sounds. The mean dura
tion of the original, unalfered stop consonants recorded fo
these experiments is‘9.5.ms; the mean fricative duration is
114 ms. The difference between these stop and fricative
durations is 104.5,ms< ‘While it may'be true.that the dura-
tion differences in'pfoduction of these consonants are
regulated by listehers' perceptual abllltles, the\lmportant
point here is that dlfferences among crossover boundaries
found in these experlments are 1rr41evantbecause of the

durations produced in real speech. To verify the truth of

this statement, consider the range of various boundaries

found for varlous subjects in these experlments and consrder

the mean duratlons of actual labial and dental stops and -

fricatives. Stop/fricative boundarles in Experiment I

ranged in duration from approximately 10 ms (for Subject 2's

/be/ at nbrmal'amp%itude)‘up‘to 50 ms (for Subject 3's_/ai/

~at increased amplitude).. (The 10 ms figure is an

approximation because~SUbject 2 heard all the duration

varying st1mu11 based on the syllable /be/ .as fricatives .

3

more than 50 percent of the t1me ) If each of the
™ %

originally recorded, real speech stops and frlcatlves; 12 in

all, were categorized based on the 150_boundaries found in
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the experiments (60 in Experiment I, from fiye subjects, two

consonants, three vowels, and two amplitude levels, plus 90

o

in+Expeniment—LLT—ﬁrom—ﬁive—subjectsTftwo—consonantsTfthree

vowels, and three.amplitude levels), 98.8 percent of the
identif;cations would be correct with respect to manner of
articulation. ~All the fricatives would be correctly iden-
tified; 878 of the 900 stopvidentifications (97.6 percent)
would be correct. Desplte the variation due to subjects,
consonants, vowels, and consonant amplltudesk the 50 percent
\Vstop/grlcatlve crossover points used as manner\recognltlon
vwcrdteria result in correct categorizations of the naturally
occurring stops and fricatives 99 percent.of the time, based
on dyration alone. 1If abrnptness;Of onset were also used as
an identification criterion, all the stops would probably be
coérectly identified -because Of their initial bursts.
Intensity could also be nsed as a secondary characteristic
‘on which ﬁndgements'may be based. : |
Ciearlyrthe variation in'resélts-betneen-suojects and .
w1th1n subjects, assoc1ated with consonant §owel and

ampllt de levels are 1nconsequent1a1 in 1dent1f1cat10n of

. actual»‘tops and fr1cat1ves.' Actually occurring Engllsh

e

v01ced lablal and. dental stops are shorter ‘than almost all

the 50 percent crossover boundary p01nts. Actual Engl1sh

»

>, .
voiced: lablal and dental frlcatlves are longer than® all the“
crossover<boundary points. The produced duratlons of these
stops and fricatives allowvlisteners a largelamount.of

discretion in establishing a stop/fricative duration




boundary.. Since listeners have no need to choose a certain,

precise boundary location, it woulll bé surprising™if the

d iAs.At_i_n.gAu,_i_shAi__nAg_dAu,r,_aLiyop a__l_c;_r_ij.:'.e_r_,i,aXQAf_a.l:l._s,u bj _e,c&s:_w_e re
exactly the same. | |
-Highlsimilarity amoné;subjects"duratioﬁ boundaries

might suggest a fixed, innate auditory duration sensitivity.
The variation foﬁhd among subjects indicates that the
boundary is hot fixed across all listeners. ‘Language
variations in stoQIand‘fricative duratioﬁs argue agéinst an
innate; fixéglboundary in humans. For instaﬁce( Dapish
.VOiced labiaf and denfal‘stops a:é longer than the
compéréblé Enélish stops,.approximately 20 ms long
(Fische;—Jorgenson, 1954). Categorizations of Dénish‘stéps
using-the duration criteria found here would yield much |
higher error rates than the criteria would for English
,stopé. Although Dahish‘lisfenens could use other acoustic
chafacteristics pflthe signal as vefiﬁying or sﬁpplementéry.
- criteria in stop vs. fricative identificafibnS) raising the
lower limit of the!du}étion boﬁndéry-wbuld<enablé'them to
judge manngr?of articulation solely by duration, aé English
”spéakéfs can.: This is not»pfoéf that Danish dufatioh
'boﬁndarieé,are higher, bﬁt}they may we;£ be, in‘which_case
.fhe:ZSAms duration boundary is not fixed and:innéte in humah
perceptual syst ms. B

o Now that'i havé arguedﬁfhat‘fhe stétistiéai-differences'
.assoéi;tea Qit the éipe;imental-treatmehf factors are -

irrelevant, I/will attémpt to explain the'boundary variation
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"related to the factors & Con51stent Varlatlon, partlcularly,
. . .

' deserves cons1derat10n if’we are to 1dent1fy acoustlc

aspects, other than durat1on, Mhlchllnfluence stop and fric-

ative perception.

'D. factors and'Interaotions
The subject by consonant by vowel ana1y51s of variance
interactlon of Exper;mentAI'(Q < 001) means the stop/frlc—
ative boundaries in Expefiment I pannot be dlscussed without
con51der1ng subjects, ‘consonants, and vowels simultaneously.
Slmllarly, the subject by consonant by vowel by rnten51ty
interaction of the Experimént II ANOVA (p < .01) means
éxperiment‘IIaboundaries'depend on all‘four factors. These
interactions, because they.involve 1o} many‘factors,'ate
complei. They oan be described, as they appear in Flgures
4.13 (Exoerlment I) and 4.20 to 4.21 (Experlment II) but

H
the1r complex1ty makes them difficult to explaln.,-To

51mpl1fy the dlscu551on, the factors are explalned - as fa;
as p0551ble'— one at a t1me in the followlng sectlons. .
Altl~ugh the effects are cons;dered»lnd}v1dually, their
interac:lon.ﬁith>other factors must’ be remembered and will
be reite“ateo And although the causes for the varlatlons
in both e: oerlments are discussed at the'same tlme,\the

Ry s

analyses of variance are separate.

. w
/l
. ) . o
. . . . ; L .
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Subjects
Subject variation accounts for more than half of the

variance in these experiment$, 74 percent in Experiment. I
. /

and 52 percent in.Experimént I1" (see Tables 4.5 and 4.10).

As discussed earlier, the variance due to subjects, although
large, is-irrelevant in proceéging real speech - as all the
factor varian@e is - because of the great difference between

the duration of stop consonants and the duration of fric-

$ative consonants,

In the discussion of duration, the sensitivity of the

auditory mechanism was proposed as part of the reason for

 crossover-variation within and between subjects, Individual

crossovers varied over a range of 40 ms, from'10 to 50 ms

consonant QUtationf The auditoryisystem's JND for speech

/

sounds is 10 to 20 percent of the original duration, which

may account for some of this Variatign. Listeners are not

i b - X . - . . . . ) N ' » . - "
accurate in duration dlscr1m1naq;ons, thus variation 1in
duration crossover points occurss

Subjecﬁ variation may also be related té the production
. I . : ) . g .
of speech sounds. The wide difference in the duration of

stop and fricative consonants allows subjects discretion in

esfabliéhingha manhgr boundary. As well,.segment duration
varies according to linguistic context - whether the word is

- - . ) 3 ’ . QQ ’ . N ° ' ' -
pronounced_in isolation or running speéch, where the word:

occurs within a sentence, whether or not the word is

. N\ : . . ’ (LN . .
stressed, and so.on. Listeners must cope with this

Variation'by seiecting an optimum duration boundary to
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distinguish speech sounds, one immune to variation due to
linguistic context. We should be surprised, because of the
. . . - ] '

variety of sources of duration variation, and because of the

~ differences among people }n such things as exposure to
| speech patterns, if duration boundaries for all subjects
occurred at exactly the same place. ? |
Between subject variation may simply reflect subjects
adopting aifference strategies for'performing the experi-
mental task. It is not possible to know exactly how
subjects performed the experimental task. It is plausible
that more than one method‘was used, even.by a s%ngle
subject.e While subjects did not report on how they"-éﬁ
performed the‘tasi, they expressed little'difficulty'in‘
xmaking the identifiéations; Subﬁects dia report variation
A

w1th1n themselves in assigning th% confldenée ‘ratings.

\\

Sometimes a subject based the ratlng on confldenCE‘alone,
\

other'tlmes the ratings were based on stimulls haturalness.
Hopefully, since subjects did not find the identification
. task unusual or diﬁficnlt the criteria they used in

(] . :
categorlz1ng the consonants waée ones used in everyday

T
-speech’ process1ng :

Since subjects are one factor in the hlghest orderv
1nteract10ns of both experlments, subject var1atlon is
related to the consonant, vowel, and - ;n Exper1ment IT -
intensity éf the consonant involved. An.inspectién of the

individual subject recognltlon curves reveals this

variation. *“ |
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The ‘-between subject variation is evidence that people
are different. People have been~exposed to different

auditory stimuli and people cope with these stimuli

differently. The variation among pegple points to the
‘effectiveness of the communication sygtem. Because people
;ére different and because individuals are_ndt 100 percent
accurate in discriminating acoustic signals, fhe
/igmmyniqatkfn system depends on gross differences in the

-acouﬁtic signals of speech sounds. The gross differences
f : : .

are/necessary so people can easily identify speech sounds

R
~

and then virtually ignore the auditory level of speech -
perception and cbncentrate on higher levels oféﬁ%rcepﬁion.
The differénce in duration beﬁween stops and fricatives is
one of these éross diffe%ences,that‘facilifate séeech sound
‘identifiéatiénf Jﬁ,_f | |
Intensi%y
Intensity.a&pountea,fof 4;5.percsnt of ;he,variaqce in

Experiment I and was not involved in. the highest level

interaction in that experiment. The recognition curves for .
-] n ot _ . ) .

- subjects in“Exberiment I‘shOW'a siight téndency'for greater

proportion of stop identificatidns atvhighe:'ébnﬁonant

. amplitudes when the stimulus duration is short, but this

difference is not statistically significant. At short- dura-

tions, an increase in the amplitude of the stimulus causes

its intensity to increase towards that of a stQp with a
burst. Fof‘example,’addiﬁg 6 dB (the'amount-added,by the

v \ o . ) - ¢
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amplitude increase) to the 20 ms /b/ stimulus increased its
intensity to 17 dB. The new intensity is very close to that

of the original /b/, 16 dB. This may partly account for the

increased stop responses to the increased amplitude, short

duration stimuli in Experimernt 1I.

In Experiment II, the intensity factor accounts for 30

percent of the overall variance. The intensity effect shows

up well on most of the subjects'’ recognition curves as

higher proportion of stop responses at higher consonant

amplitude levels. Intensity is involved in- the foqrth order
Experiment IT interaction (p < .01). This means the inten-
sity effect depends on the subject,.consonant, and vowel -
invoived. For example, Subject 4 shows variation'due to

amplitude forxyvm/ and /3i/ but not for‘/Qi/ /vo/, /d=/, or

,,/ao/. Subject 2 shows noticeable increase in stop responses

- due to 1nten51ty for all syllables._ The 1nten51ty 1ncrease

effect is especially apparent at consonant durations of 20

and 30 ms, ‘durations near the'fricative/stop'boundary.» At

these durations, stimuli are somewhat ambiguous in their

" manner status, so their perception seems to be more

susceptible to the 1nfluence of - other factors. (Ohde and

Stevens (1983) also found’ that the 1nten51ty effect in 1den—

Ptifying stops as labial or dental was more pronounced for

ambiguous stimuli )
. , ’ : :
" The reason‘why intemsity was highly variable in
Experiment IIAbnt not in Experiment I may be associated with‘

onset slope. All the Experiment I stimuli- had gradual
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onsets. The Experiment II stimuli onsets were not ramped to
be gradual, so an amplitude increase could also cause_aﬁ

" abrupt onset. However, the 20 and 30 .ms stimuli, which

showed thelgFeétest jncrease'ih stop responses along with
A ' ) . o

intensity increases, all begin with the first 10 ms of the
fricative signal. This first period of a fricative is very

léw in amplitude aﬁa\generaliy does not show abrupt changes.
in amplitude (sée Figuﬁes‘3.14 and 3.15). .Thus the . |
amplitude‘incféase would not create an abrupt onset on these
stimuli. | -
o oA ,
The most likely reason, why an amplitude increase
:resuited in a stop reSponse,increasé is tﬁat sfops.haQe
“higher intensities_at short dﬁrations than fficative signals
of Short"duration. The quesﬁion3of why»Experiment I did:not
also show a'éignificant intensity effebt‘Femains Unansvered.

[

Vowels PR : =

The VOwel_factof_acédunts for 18;percent Qf\the
‘Experiment I variance énd‘G_pefcen£'of thé.Expefimedt>iI
variance. VOwels'wéré invdlvéd in the highest‘levél
 iﬁte:aEtion$ 6f_both experiments. _Fiéﬁres 4.13;“the graphs
Qf-thé highest level-Ekpe;iménE:I'ihferagtion,_éhd Figufés

'.4,20_and 4.21, the highest level Exberiment”ll.faétof
inté%gétion ggéphs,‘show the response'véfiafioﬁ due to the:

:.,v6§e1 is irreéular;A Wwhen fhe c§dsohant"is aental,,the |

"stop/fficative crossover“is lowé; with-£he VOWQi?/&/ than -

. . S S : :
~~with the vowels /i/ and /o/, which have approximately equal

¥
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N\ crossovers. ' When the consonant is labial, the /z/ crossover
is highest in Experiment II and the /i/ crossover is highest

in Experiment I. Also, there is a large amount of variation

among the subjects with, especially, the labial consonant

and the vowel /Q/. The irregularity in the boundaries

associated with the uowels make the vowel effect difficult
to expla®#n. - Three possible causes will,be.considered. One 4
concerns the éy.relationship, the second the frequency of
occurrence of the CV pair, and the third is the influence of
the particular stimulus word.

One’possible‘explanation of the vowel effect i‘s conso-
‘nant-vowel;coarticulation. Carney (1971) p01nts out that
;coartlculatlon is greater when the tongue 'is not 1nvolved 1n
the consonant productlon. When the_tongue is not‘lnvolved,

. . ‘
it is free‘to assume the position'of articulation of the
following vowel, cau51ng coartlculﬁ;ory effects. Slnce the
tongue is not used in /b/ productlon but is in /d/

: productlonj the‘vowel effect would be greater for. /b/ than'
.for’/d/. Thuscthe greaterluariability-found in crossovers
of labial syllables than in dental syllables in both
ExperimenthI-and Experiment I1 may be dug tocconsonant-vowel.
coarticulation. Prec1sely how perceptlon 1sfinfluenced by
coart1culatlon is not clear from th1s study. |

The vowel effect may also be related to the irequency
of occurrence in real speech of the vowels /1/, /&/, and /o/

w1th the consonants /b/, /d/\‘/v/, and /a/ Denes (1963)

counted the number of tlmes these and other vowels occurred

Ve

o



aftervthese consonants in spoken, British English.
(Actually Denes collected his data from phonetic readers for

students of-English as a second language. ) Although the

dialect of English of the recorded words in his study is
British,,not Canadian, Denes' statistics may be helpful in’
inteppreting,the‘vowel and consonant factors. Table 5.
‘gives the percentage occurrence of each of thevthree vowels
-with the four consonants. The percentage is calculated as a
4 proportion of the number of times.a vowel occnrred\after‘a
consonant divided by the total number of times any vowel
eoccurredlafter that consonant. Table 5.1 also shows the

rank order, based on frequency of .occurrence, of each vowel

after each consonant, in comparisonrw1th all 20 vowels Denes

included in his study. The co-occurrences of the cOnsonants
with th; vowels are variable; None of the Gowels_occurs:
con51stently more often’ than any of the othe;atwo vowels
with all the consonants, none occurs consistently least
often. Perhaps theisubject by cOnsonantnby vowel |
interactions are a teSult'of the inconsistency of opcurtenCe
of these vowels'with'these consonants. 90551b1y some y .
'subjects con51dered the proportion of times /1/ occurs after

/b/ (9.0 percent), for ekample, in comparison w1th./1/'s

‘occurrence after /v/ (0 8 percent) in 1dent1fy1ng a labial

before /i/ . as /b/ or /v/._ It is also p0551b1e that subjects

considered the CVicofoccurtence frequencies as they appear
in a dictionary - -each word occurring only once, regardless
of how often it is used in speech._- in identifying

o
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Table 5;1 Percentage frequency of occurrence, and, rank order of

occurrence—-frequency,-of—/i-/—/&/-—/of—after—/b/-—/v /-
/d/, /3/, out of twenty vowels.

Vowel
/i/ A 2
Consonant % (rank) % , (rank) % (rank)
ey, 9.0 4 6.0 (6 2.1 (9)
R 0.8 (8 1.3 (6 1.0 - (7)
/a/ "‘, 1.8 (A - 0.6 A7) 13.0 - (2)
J5/ 0.4 9 8.0 (4) - 1.5 (7
Mean:_ ‘ 3.1 - 4.0 ( N 4.4 '

Note. Data taken from Denes (1963).

I
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i

consonants. Subjects may have considered the CV

\

co-occurrences sometimes, but not others. Or subjects may

have ignored the co-occurrence relationships completely. We

dovnot know éhat subjects did do, but CV co-occurrences
could have influenced\their'responses.

It is also possible that the vowel factor variation
rests on the word inyolved, rathar thanathe ' comoination.
SubjectS‘may have.been influenced by the:.particular words
used as stimuii. Fot-example;‘*Dan", chOsen to pair’witn
the fricative-initial word "than", might not be considared a
"real” word in English since it is a proper noun. subjects
may nave.tanded to avoid reoonting "Dan" as a résponse
‘because of itswuncommon word status. This conld oe thev
'reason why the crossovers of the /dw/ and /aa/ based stimuli
are lower than the stimuli w1th the vowels /i/ or /o/ The
lower crossover duration 1nd1cates fewer stop responses,
which may be attributed to avoidance of the raspOnse'"DanW.

R _ l
Consonant

The consonant factor alone is not statlstlcally
;sxgnlflcant 1n elther experlment but in both thlS factor
part1c1pates in the highest level ANOVA'interaction. The

varlance assoc1ated with the consonant. factor is qulte low

r

in both experlments- In Experlment I the consonant factor -
accounts for 9 percent‘of‘the.total variance; in’

Experiment II it accounts for 5 percéent of the total

"variance. So, although consonants do'interact with other
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factors, their effect is not as large as those of most of

the other factors. In both experiments the consonant effect

seems to be linked to ‘'the vowel effect. The same causes

suggested for the vowel variation ﬁay'account.for the consa-
nant variation. These causes are.théAqonsonant—vowel‘
coarticulation effect, the CV-co—occu:rence frequency bias,
and the dislike—of?fDan".hypothesis. The coarticulation
veffect suggests that CV qoarticuiatidn“ié moreﬁprevalent
Qith consonants that are articulated withoutAtbﬁéue
invblvement; Since /b/ and /v/ do, not involvevthe tongue, -
“while /d&/ and /0/ do, the coarticﬁlat{;as of the fofmer wifh
the following vowels will be greater. Thus there is'mbge
response vgriatiqﬁ‘eyident'with thé’iabial coqséhants fhén‘

with the ‘dentals.

L

-Thé'variability of frequency of 6ccu§;ence df.vowels.
« after the consonants'in question may‘afféct the_éonsonant
identification. If ﬁt does, it means that subjects hold off
éoﬁsbnént identification until .the fqllowing‘véwel‘is iden-
_{tified. Although this is possible, it ééems_less likely -
thénvthe reverse dépendency.‘ Nevertheiess it may accouht
for somé.of the-vafiatién iﬁ-the éonsonant récbgnitions._-
The dislike-of-"Dan" hypotheéié postulates that
_slUbjects méy avoid some responSes because the réspdnse is
: nogva_"}eal" word. Two subjéctéxin Experiment IT obviously
avoided the'“ban"‘response, since their recbghition curves

of /d4/ with this vowel do not reach 50 percent stop ident-

ification. Their avoidance of "Dan" may not have been due "’
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to their belief that it was not a real word, however. They
\ . \ , .
may not have responded "Dan" because:-they did not hear

"Dan." (The recognition curves of these subjects, 4 and §,

are presented in Appendix D.) . T
| Although explanations have been provided for the a

presence of the consonant . factor in thefhighest level ANOVA -

»

interactions, it seems that the stop-fricative continuum is'

independent of consonant place of articulation. Both the
. ’ A B ' , R ‘
labials and dentals have boundaries at approximately the

‘'same durations. Both consonants respond similarly to
_ : T
*

‘changes in onset'slope. In combination with the vowels,
subjects, and amplitudes they . behave dlfferently, but thlS
variation is relatlvely slight. ' B o
E. Consonant Confus1ons o : ’K t r
Ident1f1cat10ns of stops as frlcatlves -and fr1cat1ves
as stops have been 1nduced 1n the present experlments.; One
mlght wonder if changes in place 1dent1f1cat1on ‘occurred |
h along w1th the changes in manner 1dent1f1catlon. Carden
found 1n hlS 1980 study that- place 1dent1f1catlon depended
to some extent, on manner 1dent1frcat;on._ In_partlcularf
'Carden‘fOUnd the truncated.voicelessvdental-fricative; /é/;,
vas oftenvidentified as_a'labial stop. .Identification of
'dental fricatives as labial;stops,occurred only rarely‘in
.the present study. ' : | | .
Carden et al. suggested'the reason for the -

lablal/dental stop/frlcatlve dependency he found is the

\
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existence of two perceptual‘boundaries betyeen‘labials‘and
“dentals - one for stops and one for fricatives. Thé optimum

boundary between the lablal and dental stops -occurs midway

G

between the, two as the boundary between the labial and

~dental fricativgs falls midway. placew1se. However,_the two

boundaries do not c01nc1de since" the stops and fricatives 3
have (slightly) different places of artlculation.' The |

- fricative /6/ falls on the lab1a1.51de oflthe stop place.

'_boundary, althoughvit isgontthe'dental'side of the fricative

‘boundary. So:when /6/ is identified as a.stop, it is
categoriZedZas'allabial< This hypothesis is implausible
'given the difference in place of articulatlon of stops and

fricatives.t The difference 1s probably not suff1c1ent to

cause perceptible differences in the CV formant transitionsﬂ

.And the dlfference in place of articulation between /9/ and Ti

'w/a/,,if any, would not be enough to place /9/ on the labial :

51de of the /b/ /d/ boundary and /a/ on the dental 51de.
The results of. the present experlments do nbt support the;

two boundary hypothe51s.‘ No 51gn1f1cant errors in place

nidentification occurred beyond what was predicted by otheri

”consonant confu51on studies. Subjects did not tend to

videntlfy short stop-like dental fricatives as labial stops..

'.This 1dent1f1cation occurred in only one percent of the

responses, Changes in manner 1dent1f1cation dld not affect

the-place'identificationa The consonant confu51ons found by-
o Carden and those found in the present experiments are more

likely attributable to acoustic factors in the 51gnals. 5One'

N Lo
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possiLle acOustic‘factoriis lack of burst. Carden et

al. propose, as an alternative to the two-boundaty

hypothesis, that lack of burst may be'a labial cue. Thus

- truncated fr1cat1ves, hav1ng short noise 51gnals w1th no
.burst may be 1dent1f1ed as lab1al stops | |
| The /v/ /a/ confus1ons found in the present experlments

are expected in - llght of the s1m1lar1ty of these two phones
.’1n 1nten51ty a%d durat1on and 1n llght of the ev1dence of
the prevalence of thlS confus1on 1n other studles, such as
'Mlller and N1cely (1955)‘ Tolhurst (1954) “and, Wang and‘,
| Bllger (1973) The lablal dental fr1cat1ve confu51on
:suggests that consonant- vowel formant trans1tlons are not -
Pfalways suff1c1ent for place 1dent1f1cat1on. Lab1als,l7h
g partlcularly, would be. subject to mls1dent1f1catlon on- the_
B bas1s of formant trans1tlons because the short oral cav1ty.f-'
hanter1or to the lablal place of art1culat1on mlght prov1de

vpoor formant place 1nformatlon. On the ba51s of formant
v7tran51tlons,_lab1als would be mlspercelved more often than
.fdentals, as they are 1n these experlments.r r'l o

'"Real" Engllsh words and CV frequency of occurrence--'

':were probably other factors 1n the occurrence of confu51ons,';

7:.as dlscussed in the sectlons on. the vowel and the consonant‘.’.;'

effects.v Kent (1979) notlced a. response b1as, some conso—h
pnants vere subst1tuted more often then others 1n cases of
perceptlonwerrors. The four'most frequently substltuted .
'fconsonants 1n Kent ' 5 study were,lln descend1ng order, /p/,

R r\/b/, /f/, and /d/ These consonants were' chosen over 100
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- .times each, constituting 57 percent of .all the substitutions

1n ‘Kent's study Th1s bias may also be in effect 1m these

| experlments, perhaps accountlng for the h1gh /d/ response to

/v/ and /b/ to /a/ it is 1nterest1ng to note that the four y’

consonants wh1ch appear as a response b1as are not the most
frequently appearing consonants in- speech »Accord1ng to
Denes' (1963) data,’ /p/ is the fourteenth most frequently

occurr1ng consonant out of 24, /b/. is twelfth /f/ 1s

sflfteenth and /d/ is- fourth\\\Apparently the response bias

effect is 1ndependent of consonant occurrence frequency in

speech

Place confus1ons in consonant 1dent1f1cat1ons were

'falrly low 1n the present studles,.con51der1ng the f1nd1ngs :
70f others. The amount of confu51ons varled of course,

3accord1ng to subject. Subjects who made many errors 1n'

1dent1f1cat10n made . most of these errors by respondlng /v/ s

‘to a. /3/ stlmulus Favourlng /v/ over /a/ may represent a

hblas agalnst the consonant /a/ or agalnst functlon word
'veresponses.f (A few’ of the 1dent1f1cat1on errors can also be

'counted as.response recordlng errors. Maklng a mlstake in®~
“f respondlng was espec1a11y easy 1n Exper1ment II. where s

' _sw1tches were pushed to 1nd1cate the cho1ce of consonant )

Consonant confus1ons 1n place of art1culatlon proved to S

be 1ns1gn1f1cant 1n the present experlments.. The"

-1nfrequency of consonant place confus1ons 1nd1cates the“
stop-fr1cat1ve cont1nuum 1s 1ndependent of the place ofwﬁ

"-'artlculat1on.‘ Lab;al and dental consonants aregboth

s
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affected by chgnges in duration, intensity, and'onset~slope.

Any confu51ons that did occur can be explalned
| : .
,satlsfactorlly as functlons of the acoustic propertles of

the 51gnals. Dependency between the place and manner 1dent—
1f1catlons need not be solved by p051t1ng a. R
llstener 1nternal boundary, as Carden et al . (1980) do;
'place and manner 1dent1f1cat10ns are dependent on aCOUStiC
.‘cnes. When the ‘acoustic 51gnal of a lablal for“example,'
bresembles a dental it is more 11ke1y to be 1dent1f1ed as a
dental. L1kew1se a dental wh1ch resembles a labial conso—
"nantIWill be heard as a lab1al~. As well ?trrcatlves whlch'
resemble stops acoust1cally, by belng short in duratlon,

.wlll be recognlzed as stops., And stops Wthh resemble fric-

at1ves, by belng long and burstless, w1ll be categorlzed as

'R .

frlcatlves.

R IE

S



VIi. Conclusions

A. Improvements and Further Study

—Some modifications £o THis study are recommendEH in
order to improve the/experimental design. and to increase the
vreliability‘of'the results. Oneloﬁ these“improvements is
increaSing the‘numberjoflfricatlvevdura “on conditions. As
.“lt was, there were only four durational stir 11i made from .
F‘fricatives:\the original fricative (85 to 142 ms long),vthev
30 ms stlmull, the 20 ms ones, and the'10 ms ones: This A
range ‘of duratlons d1d not adequately cover the StOD/fflC‘.
at1ve duratlon bqundary - 30 percent of the Experlment 11
o boundarles fell- between 30 ms and the orlglnal frlcatlve
duratlon. TO enlarge the range to cover the entlre boundary
' area, st1mul1 should also have been made w1th duratlons of
| 46 50, and 60 ms. . Then Exper1ment~II would be exactly’the
same.1n terms of the number ‘and duratlons of these stlmull
B as Experlment I, and the po1nt at wh1ch the fr1cat1ke/stop
boundary falls could be judged more accurately. R
Inten51ty in Experlment I could also have been examlned
"‘more effectlvely. The 1nten51ty measurements of the:: o
‘or1glnal consonants 1nd1cate3 that fr1cat1ves were lesso .
-~ ‘intense than stops. Taklng thls 1nto cons1derat10n, the way
\is\i>to make stops resemble fr1cat1ves would be to decrease, not
g ‘1ncrease, the 1nten51ty of the stops. ThlS change mlght.'“t

have caused 1nten51ty to be as statlst1cally 51gn1f1cant a

factor 1n Experlment I as 1t was - 1n Experlment II.

118
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‘One more criticism of the design of.these experiments
might be made with respect to the naturalness of the

presentation conditions: ‘While~investigation'of'specific

acoustIt"factors cannot “be performed’in completely
'natural uncontrolled env1ronment the presentation of the
*st1mu11 can be arranged to be .as representatlve of naturally
‘,occurrlng 51tuat10ns as p0551ble. In th1s respect
presentatlon of an audltory 51gnal 1s better via a
, loudspeaker than through headphones since llstenlng‘through
headphones is an art1f1c1al situation. ° Asiwell- the?h' , B
v'stlmulus 1tems should be recorded and presented.w1th1n |
‘carr1er phrases. Recordlng thlS way controls the intonation
' and stress on the key word and helps ma1nta1n a con51stent
vconversatlonal rate of productlon. Presentatlon of the
{tems w1th1n a sentence g1ves the words context »Lrstenrng
'to a sentence is much more meanlngful than hearlng 1solated'
'Vwords.v For the present experlments, all the st1mulus words
f@ége recorded in carr1er phrases._.But they were presented‘»
iin—sentences ln»ﬁxperlmenth only In'Experlment.II the-:

jst1mu11 were presented over a loudspeaker, whlle 1n I they

’were heard through headphones. Each experlment was natural ,

1n one of the two aspects of presentat1on, but nelther 1n.
| both : “. : :
Another con51deratlon for experlmental naturalness ls
;’the nature of the st1mu11.‘ In these exper*nents . o

"monosyllablc Engl1sh words were used instead of nonsense

syllables so that the st1mu11 would be mean1ngful .Because
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of the unique status of the consonanti/a/,vthe choice of
words was limited, and it was impossible to choose all the

words from the same lexical class.; The voiced dental fric-

—Tativeoccurs word initially onlyin—function words; not—in

Cy

méjQr class words. .ideallylall the“words involved‘WOUld.

‘have been, for example, nouns.. This would reduce b1ases in

subject responses and expand the carrler phrase
possibilities used 1n record1ng and presentatlon.

Thas study could also have - been expanded to cover more = .

'V,Of the acoustlc aspects of stops and fr1cat1ves.» For

1nstance, onset could have been controlled more completely;
In order - to separate the duratlon changes from the onset C

slope changes, duratlon could have been 1ncreased 1n the

stop stlmull w1thout remov1ng the stop s abrupt onset ‘Atj‘

4longer durat1ons thlS 51gna1 mlght sound unnatural or’ it

might 'sound. llke an affr1cate, » 1t mlght sound l1ke a"

';nfrlcatlve.v Another way to separate duratlon and- onsek slope'
is to cross the two factors S0 there are abrupt burstless,
.and gradual onsets at . every duratlon level Aga1n, some'r

l unnatural sound1ng st1mu11 mlght result but-allowing" |
'subjects to 1nd1cate wthh sounded unnatural would mark

h~these'segments. The cr0551ng of the duratlon and onset

slope factors would. be 1deal for test1ng the relat1onsh1p
\

between the two, seelng how each factor affects the other..

Onset abruptness also needs further study ﬂ We need to ;;‘

know how small an amplltude 1ncrease 1s perce1ved as .an

:abrupt_onsett.vA slmple experlment-to test this would”

.:lid
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1nvolve 1ncrea51ng and decrea51ng the amplltude of a stop
onset at the beglnnlng of a 51gnal Changes in the duratlon"

of the st1mu11 could be var1ed 1n addltlon to onset

————— —~+amertudeT~and—the_&tems—mlghtwbe—categorfzedwas—stops+or
fricatives; ThlS has been done only partlally in the exper-
1ments here, only w1th gradual rather than abrupt onsets.

F1nally, we must con51der the va11d1ty of the 50

percent crossover p01nt as ‘an 1nd1catlon of the locatlon of

S

a boundary Llsteners may not have- dlscrete boundarles they i

.use to dlscrlmlnate speech 51gnals. :Rather, they may have.
| reglons of uncertalnty -For~1nstance, consonants with
_duratrons_anywhere;between 20 and 3Q”ms may-be dlfflcult for
r;subjects'tovclassify Sincefthe consonants' durations are
such that subjects cannot be certaln about the stop/frlc—h
‘latlve status of the consonant - 'The 50 percent crossover‘
' p01nt then,“lndlcates the appro#imate location of the
- region w1th1n whlch subjects are uncertaln of the1r,
responses; | - N
: - \,
‘B Summary and Conc1u51ons.
In summary,uthe prlmary acoustlc feature whlch gﬁf'
' llsteners use to dlscrlmlnate Engllsh vo1ced lablal and
dental stops and frlcatlves is duratlon. In one exper;mentg»'h
in this study the duratlon of ‘the n01se of stops'wast |
}.1ncreased in the other experlment the duratlon of‘the'

n01se portlon of fr1cat1ves was decreased Both “the eXpér—V

1ments 1nd1cated that llsteners Shlft from /b/ and /d/ to .
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/v/ and'/a/, or vice versa,'when the consonant.duration is
approx1mately 25 ms. This manner boundary varles
con51derably accordlng to the subject consonant place, and

;___“__yowel_lnvolvedh_ Inwthe_Second“experlment,_theuamplltude_of

the consonant also 1nteracted 1n the boundary varlatlon.
The varlatlon 1n;both experlments, although statistically -
_Significant,‘is inconseduential since'all the boundaries
lfound would result in correctfcategorization of actually
occur1ng frlcatrves and stops.
| The effect of ‘the amplltude of the consonant in the
fricatlve—basedaexperxment was one of increasing stop o
» responsesdwithfincreased amplitude. Sindf stopiconsonants
arebhicherpin.intensity'than‘frlcatives,,this effect was
predlCtable. | | | | |
. In one erperiment the ekplosiVe onset of the stops was .
‘remoued *Elghty percent of the resultlng stlmull, burstless..l
band gradual onset stops, were recognlzed as stops by
sub]ects. Presumably, the short duratlon of the stopsb
F”“overcomes the lack of explos1on. Although onset slope does
;not 1nfluence manner - recogn1t1on of normal duratlon stops,
we would expect that .a - stop burst followed by a longer dura—‘
‘tlon of nolse would be 1dent1f1ed as an affr1cate. Wlntq
uEngllsh however, there are no lab1al or dental. affrlcates.
uDurat1on, therefore, 1s a suff1c1ent cue to d15t1ngu1sh |
stops and frlca 1ves at these places of art1cu1at1qn.'
Durat1on 1s a more robust manner cue than abruptness of

, 3.
onset or.1nten51ty. The’ latter_could easrly be washed‘outn-
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3’

by extraneous“hoise. ‘Yet, while the content of a signal
might nBt be perceived, its duration could still be .
'estimated. Duration, then, is a reliable cue for stop/fric—

__u“_atlve_ldentlflcat1onh__WhLle_onsetmslope and_lnten51tymmay

1nf1uence manner 1dent1f1cat1on, the primary perceptual

‘difference between a fricative and a.stop is’ duration. .
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" 'CLEAR VI

i \ ‘V . - ; B ! » . . .
__v11+;,AppendixNAx;Alligatorﬂarograms
: R 2 . . .

../,

'"Random1ze
THIS IS A PROGRAM TO RANDOMIZE

A LIST OF SEGMENT NAMES.

THE SEGMENT NAMES ARE IN- A SOURCE
'FILE CALLED SEGNAMES. '~ = :
> THE RANDOMI ZED LIST.GOES INTO
‘THE SINK FILE,CALLED RAND.

- C'THE ARRAY VALUE IN VARLIST IS THE

C NUMBER OF SEGMENTS TO. BE: RANDOMIZED

DATA VARLIST(28)*8 B o

C

- DATA'I

- LABEL . 1.

. READ *SOURCE &VARLIST(&I)

ADD &I

 GOTO 1

C

\‘ .

' SOURCE SEGNAMES

" “IF &I.EQ 29 GOTO 2. L

e RANDOMIZING"¢
LABEL'2 '+ .
EM DO:RAND

... "SINK DO:RAND . . :
- C THE FIRST PARAMETER AFTER *SINK IN THE

Lf‘C RAND COMMAND IS THE SEED ‘NUMBER S
jC "THE SECOND IS THE NUMBER OF. REPLICATIONS
C AND THE THIRD IS THE LISTVTO BE RANDOMIZED

RAND *SINK’1000 3 &VARLIST

' REL *SINK
o END CC

o132 .

e
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B. "Playrand"

133.

C A PROGRAM TO PLAY BACK A

C LIST OF "SEGMENTS, WHETHER
C RANDOMI ZED - OR NOT o
DATA I 1 '

- DATA SEG*8

DATA FILE*6
SOURCE SFNAME
LABEL 1 S

. CL WA . e
.. READ *SOURCE &FILE &SEG
" GET D1:&FILE - - . , .
LQ &SEG DR
P
WAIT 1 SEC-.

IF &I .EQ -10 GOTO 2

~ ADD &I 1

GOTO 1.
LABEL 2

- WAIT BTSECs;

. sU &I 9 T
.GOTO 1 - ;.;;;//5 N
CEND. . S



C. "Measure"
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A PROGRAM TO MEASURE A
- SIGNAL'S DURATION, PEAK,
AND AREA.

THE SEGMENT NAMES ARE IN
A FILE CALLED SEGNAMES,
" BUT THE SEGMENTS THEMSELVES ARE

IN A FILE CALLED SEGFIL. ‘
DATA X
DATA Y
 DATA SEG*8
" SOURCE D1:SEGNAMES.
GET D1:SEGFIL
LABEL 1
CL WA
- 'READ *SOURCE &SEG
'L &SEG - :
MEAS DUR &X &Y MSEC
 PRINT &SEG ‘
PRINT DURATION= &X &Y.
MEAS PEAK &X &Y . = -
PRINT PEAK= &X &Y
~ MEAS AREA.&X &Y
IFERROR 50 PRINT 50
PRINT AREA= 8X &Y
- GOTO -1

OO0 0n

~ END
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D. - "Derand"

T T C A PROGRAM ™ TO_DERANDOMIZE"K‘EIST
DATA J.0 '
‘DATA I 1
DATA CR.

DATA -K
DATA RESP
DATA STIMNO
" DATA FILE*6
"DATA FILE2%6
 WRITE *TTY NAME OF FILE TO BE DERANDOMIZED’*
READ- *TTY &FILE2 .
WRITE *TTY NAME OF SINK FILE’
‘READ *TTY &FILE :
WRITE *TTY.STARTING AT LINE7
READ *TTY &K :
CRE D1:&FILE SIZE= 3
SINK D1:&FILE. :
LABEL 2
" LET &J 0
SOURCE D1: &FILE2(1)(&K)
 LABEL ‘1
ADD &J 1 . -
C IN THIS INSTANCE THE NUMBER OF ITEMS
. C IN A REPLICATION IS 96. .
" IF &J EQ 97 GOTO 2
READ *SOURCE" &STIMNO" &RESP
IF &STIMNO NE &I GOTO 1.
. WRITE  *SINK &RESP ' '

ADD &I 1
IF &L LT 97 GOTO 1
‘END

AN



E. "Switchbox" . W’
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"~ LABEL 5
. "ADD &J ‘1.

C A PROGRAM TO PLAY THE SIGNALS
FOR A CATEGORIZATION EXPERIMENT

'AND READ THE RESPONSES MADE ON A

TOUCHPAD - RESPONSE BOX.

SOURCE FILE MUST CONTAIN:

1) RANDOMIZATION NUMBERS

2) NAME OF FILE WHERE THE SEGMENT IS STORED
3) NAME OF SEGMENT.

hhonoonn

" 'SINK D1:DATFIL

SOURCE D2: SOUFIL N

CL AL . '

DATA SEG*8.

DATA FILE*6 . :

DATA MASK(12) 1 2:3 456 789 10 -
11 12 : S , e
DATA AV(12) - o :

- DATA MAXSW 12

" "DATA RESP
'DATA" SNUM
DATA I.

'DATA J .

-DATA CNT

'LABEL 2.

~ ADD &I n-, ‘ ,

. READ' *SOURCE &SNUM &FILE &SEG

IFERROR 43 GOTO 6 - . -

GET D1:&FILE . Co n’ e A‘.,<>\~’

LQ &SEG -
LABELa§7
P Vol

S WAIT 50 MS-

- PULSE 5 512 5.MS'

“WAIT 20 MS - .
. PULSE 5 0 5 MS o o

“RDSW XL: -1 &MASK &AV! Sy
. PULSE 5 512 ‘50 MS T
'PULSE 5 0 5 MS, -

LET &J 1 B

- LET_&CNT 0.

LABEL 4 - '
IF &AV(&J) EQ 4095 GOTO 5

' LET &RESP &J

ADD &CNT 1 -

" IF &J LE &MAXSW GOTO 4
"IF &CNT NE 1 GOTO 3. -
IF &RESP GT &MAXSW GOTO 3

- WAIT 200 MS ' by

_WRITE #SINK &SNUM &SEG &RESP
CL WA . ) o »
GOTO 2 LR TR R

THE SEGMENT NAMES ARE ALREADY IN RANDOM ORDER :



LABEL 6
REL
END
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. F. "Swscore S ' R
' 'C A PROGRAM TO DERANDOMIZE AND. - A
C AND REORDER INTO A RESPONSE
C ARRAY THE'RESPONSES GIVEN TO & . 3
C CATEGORIZATION EXPERIMENT USING -
C A. TOUCHPAD RESPONSE BOX. .
C (SEE "SWITCHBOX" 'PROGRAM. ) o
- DATA'T o R

. DATA ' J _ e _ Lo

CDATA SNUM. .
DATA RESP(12) ° g
DATA SEG*8
~ DATA R , ) , T e

~ DATA' K~ . o S o a;,

"-DATA M

. LET &M 0

 _DATA SOUF(4)*6 SUB11 SUB12 SUB21 SUB31
DATA SINKF(4)*6 S11 s12 §21 831 .

LABEL 9 = - . A T
- 'ADD &M 1 T o - o
“IF &M EQ' 5 GOTO 7 ,

'CRE D2:&SINKF(&M) SIZE= 11

© ‘SINK D2: &SINKF(&M) '

LET &J, 0 .

"~ LET &K'"0 o

- LABEL" 1 ji

. .SOURCE D2: &SOUF(&M)

ADD &J 1. .. S
C IN THIS INSTANCE/THE NUMBER OF ITEMS

.~ C:IN. A REPLICATION IS 72 ¥ . . St
IF &J EQ 73 GOTO - 5 Lo ,," R
"LET &I 0 - , . C A '

" LABEL 2
ADD &I -1°

'C IN THIS INSTANCE THE 'NUMBER oE'REPL;CATIONs;

. C IN A RUN IS 3.,

<

'IF &I EQ 4 'GOTO 4. R oL e
LABEL 3. : R R IR A
READ- +SOURCE" &SNUM &SEG &R . .- S T
IF &SNUM NE &J GOTO 3
- IF &R EQ 1 ADD: &RESP(1)
IF &R-EQ 5 ADD &RESP(2)
IF &R EQ 9 ADD &RESP(3)
- 'IF &R EQ 2 ADD &RESP(4)-
 IF &R EQ 6 ADD &RESP(5) - «‘.,b_;_\ S
‘IF &R.EY 10 ADD &REsp(s) L EE
~IF &R EQ'3 ADD &RESP(7).1 - - Lo -
-~ IF &R EQ 7. ADD &RESP(8) - ﬂ R T
... IF &R EQ 11 ADD &RESP(Q) Y v»-‘\
: IF &R EQ 4 ADD &RESP(10) 1-‘, o B

" IF-&R’EQ. 8 ADD &RESP(11) 1~ .~ -] T -Pgiw'

1;/

B i
o B

- IF &R EQ 12fADD &RESP(12) 1. , ,
.GOTO 2 - o L T :
‘LABEL 4 T RN
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TWRITE *SINK &SNOM &SEG
- WRITE *SINK &RESP .
C THE FOLLOWING LOOP RESETS THE

C"VALUES IN THE RESPONSE - ARRAY TO ZERO

_ LET ‘&K 1-

"LABEL 6 - L ';,“‘
LET &RESP(&K) 0 = \
ADD &K 1 :

IF &K LT 13 GOTO 6

- GOTO 1.

. LABEL 5

‘GOTO 9
LABEL 7 .
REL
END

R

g



VTiI Appendix~B: Experiment I Response Sheets

Janet Schwegel‘s Experlment : 'Name:».‘ - Datef-

83/08 . R ’ R

Pltase ‘circle the word heard at. the- end of the sentence "Please say the
word. ., . ~." Also, lndlcate your confldence in your answer, on a scale ¥
of one to three by. cirecling the appropriate number._ L : - o

:The flrst ten are practlee sentences. There: is.a pause after every tenth.

v 1
Scale: 1 (not-very sure) . 2 (falrly sure) ' %very sure)_ e

LN

"\, 2l bee’ .. vee:
22 thee - dee
23 bee . vee
24 vat,ﬂ_,:batv'
ZS'dee N 'thee
26. vote boat
.27 bee . vee
' 28-vote -  boat"
29 dough 1'though'
30 vat = bat’

bat . vat ’:"I
though® ‘dough -1
dough though R
thee - "dee - ("D")1
bee vee ("V")1
vat ."[ hat o1
dee thee- 1
than = Dan . 1
boat . . vote o 1
‘vee © bee N |

RN RO NNY NS D D
Ll e A Ll S
NN NN NN N NN
WwwwwwWwwew w

R e R R - )
Wwoww W w ww oW

w
L
pa .

31 bat'~"'yat
32 though dehgh_‘
33 dou§h3 “£hough
34 thee = dee
‘35ibee - ‘Veet
36 vat © - ”bat. _h
3 des thes

bat ' Vat
’thah'-ﬂffDan

N
P

SN N_ N »

- dough ‘though
though dpugh‘ﬂif
bat. Qat
theegh- aoﬁgh if

" dough - ‘thdggh".

“

’

J .

z

W oaonune w N
WWwwwww.wwww

PR O R e B e
RN N NN N NN
o R T VR CR R W
WWwwow W wow

NN N NN N

though: bdeegh'l‘ 38 tHan - . pan :
dee " thee 39 boat 1;;v9§eh ‘ .
‘{10 thee " . dee’ 40 vee = bee
11 dgee. .- thee .. ' 1 2 3 4i bat,  vat’ . 1. 3 300 T
12 vee bee  © 172:3. 42 thee '  dee 1 2 3
13 bat  vat 12 3 . 43boat  yote - 123
‘14 thee ~ dee . . 1 2 3 44 thee  dee 1 2.3
15 boat  wvote 1 2 3 45 pee - vee. 1 2 3
16 vote | boat = 1.2 3. 46 vat  bat 1. 2 3 -
~17Dan © than 1 4.3 . 47 dee  thee 1 2. 3
18 though dough: 1 2 3. 48 vee bee 172 3
19 pan than 1 2 3 . 49°dee ' 'thee . 1 2 3.
" 20 though *dough - 1.2 03 50 vee  bee 127 3
MO T
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—2- .
Scale: 1 (not, very sure) 2 (fairly’s?re) -3 (ve;yxsufe) :

A

\

8l bat' . vat

. 82" though dough
83 . boat vote
84  vat  bat
.85  boat " vote
>286 - than Dan

87  dough thbugh

88 vote . boat '

51  bee- vee.

' 52. vote  boat
53 Dan . than-

- 54 thee dée/ 
'55« dough . though:
56 though . dough
57 Dan . than
58 “vote boat ’
'459. banvi ';thah. . .89  Dpan ‘than
o 60 -thée: dee : . : ' 90 vat ‘'  bat

2

ca

BN NN NN N NN

I e e e e e
Rl e R N IR T Vi W

TWLWW W W W W W W W
TRNLN N NN N NN NN
WLww e wwwow

r

 f9l" boat  .. vote
"92° vat - - bat
93 'boatv‘ vote

61 Dan . than'
62 ‘than. Dan -’
63 bat  yat -
64 .thee ° dee’
“ 65 ‘Béat ' vote
. 66 vbée_  boat
67 ‘dee ' thee

g

WeWwowwwww wiww

" 94 vee ) bee
95  bee . vee
.96 than  Dpan
97 bge - -vee

NORNN N NN NN NS
Wwwwwe e www

o I Rl ol S R SRR
NN N N NN NN NN

H R R e e L e N R

68 than | Dan 798 vat . bat R
69 bee . vee 99 vbat’ - var a
70 Qéé' -1v5eé N Q .-100 though dough
71 »bat__ S vat .12 _3>; "lol':bee" Cvee 1 2::3':
'JT72 _vee - bee i b2 30 \102 theg . dee 12 3
S73 ﬁan " than 1 2 3 »éh@}' 5atfl,"§atﬁ 1..2 l3' -
74 though dough 1 2 3 104 vat - pat 1.5 3 o -
75 boat  .vote 142" 3 ' 105 dough though 1.2 '3 . -
76 than " Dan 1.2 3 . 106 thee ‘dee: 1 3. 3
77 Dan’  than -1 2 3 . 107° dee  thee 1 2 3
.78 vat. © bé# , "1‘12‘,3 los vee “bee" 1 2‘ 3:
©79 dough ~ though 1 2 3 - 109 . bat - vat 1.2 '3
80 vee: bee ' 12 3 110 vee bee i 33
N U ' g R o
s PR S 3
. LA
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Scale:;-

111

113
114
115
116

17"

118
.1l
- 120

121

C0122

123

124

125
126

127
128

129
"130-

131
132
133
134

135
136
137

138

139
140

sthan

‘bee
~though

‘Dan "

1. (not .
dough
thee
Dan

boat ,
vee |
Bat
vat

[N

.Dan _ .*
bat’
“than +

'vat‘

tﬁohgh:
bat
vee
bee
vee
‘dee

. vote

. boat

than
dee
vote’
dee

vee- .-

Dan

vote
’boaﬁ

vat

“vat
bee - .
:*vée_ ‘
-+ bee’
f_thee'.

' thee
boat
" thee . -

- boag
" vote

very sure)

Athoﬁgh .

dee

than "

Dap.

1

1

X

1
‘vpte‘:‘ 1
‘bee’ 1.
. L

1

1

1

vat.
bat
vee .
dough .

»

than -«

R PR e e e B

'édugh

boat -
vote
Dan
bee

than

bat

R I i T ST S VO

NN N NN NN N RN

NN NN N NN

W W W W W W W W W

LW W WWwWw Www W Ww W

W W W W W W W W W w

S =3

© 141
Cl4z
143
144
145
146

147
148

149

- 151,
152
. 153,

154
156"

157
158
159
160

161

162
163  dee - .
-"though

164

165
166
167
168
169 -
170

" dee:

*bee

.thee

vote

.dee

fhouéhi
bat . -
than
boat

VotgL"
~dough -

150

vote

beéil

'thoug
dee: -

vee

thgugk;

pan .
“than
dee -

thee-:

vat
dee -

boat' =

though -

boat

dough -

. thee:
- -boat

~dough. .

" though

vat
bat
'thég
_dough

“vote
dee -
~ though

<

thee

‘vat .-
Dan
vote -
boat

boat -

vée'v ”_1'

dough L
thee - '\1

r.-beé

“vee

G-

vote
dough '

Dan

e T S I R

5
]
V é‘ff . o

HFF R R R e

2 (fairly sure) _3 (very sure)

NN NN NN NN RN

NNNN NN NN N

W oW oW

W wwwewwww

W W W W W oW oW

Wwwwwww Wow ow

a
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<4 -
Scale: 1 (hdt'véry Su:ei f', ‘;3;(fairiy sure) W;g;(very.su;e) ,
201 bat  vat -
202", than 'zDan
203 . dough—though  °
204" vee“V‘.bee: '
205 dee “>'tﬁée”
206 vat ‘bat -
207 Dpan - than
ffzoé\_thee }dge,:
.>209 ‘bee '_QVeei 5
?, 210f'veé].“ bee .

171 ‘bat . vat
172 - than. Dan
“173 boat ‘vote'
174" though = dough -
175 bee . vee.

© 176 vat . bat-
' "~ 177 ‘boat :.vote.y

178 _vee ""beeill
179" Dan .~ than
180 though dough’

W LW e WwWww W oW

WL W W W W W oW W
NN NN N NN R

S T A S T R
NN NNNNNNO NN

211 ‘bee . vee
212 vat. ' bat
213, boat - Wote
v_214:‘th§n; © Dan .
. 215 . Dan . _ “than
216 thee  dee
} 517‘ bee Cvee
2i§i‘tq§e‘:',dée”:§j
- 219, boat - - vote
220 . though dough:

181 'boat - vote

. ‘flﬁé;'theél “dee -

. 183 'Dai , ‘than’
=  184 vatv'ﬁ bat

. 185 beé’:" veé» _

186 though' dough -

v1873'hq$€" ‘vote

188  thee . “dee -

189 pan ' ‘than

%igpf:thqugn “dough

W

X
‘ .

NN N NN N NN
.

TNNIN N N R N NN N

o e b o e e
WL Wwwwwww W W
e o Sl R TR T

W W wow uwu w

221 boat © ‘vote .
222f1the¢:3v deé o
223" bat’  vat -
:'224 :ygé o ;5§e'
‘f225 rboatf * vote
226 'Vee‘--‘>bée
:227‘ béé‘- > Vee
-228:‘Yéév ;ibeé.ﬁ
| 229 boat . ‘vote
230 though  dough

191- Dan. ' than .-
192 than  Dan

193 dee ' thee
.'.194_ éhee’j“dee

. 195 boat .. vote -

fi196 vee - bee -
197" ban . than

L 198 .though "dough

199 boat ~ .vote

C . 200 vat ' bat

.

I I I Ry T
NNRNN NN NN
e W Ww Wl W W W W .

e e N e o N R A
WYL LW Ww W we
- . : S
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.
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.
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Scale: 1 (not very. sure)

231

232

© 233

234

.2353f

236

F 237

238
239

240

281
242

243

244
245
246,
247
‘248",
249
C2s0

- 251
252"

253
- 254

255
. 256
257

. 258
259

" 260

Dan
than -
Dan
vote
dee
‘Vat
bat
“vee
;b&at
vat

though;
- R

-~ dough

than-.

dough ..
thee -
‘bat
vat
bee.
vee

‘bee
than
;‘dodghvv
bee .
vote
“than ™

dee .-
‘yeé

bat

" 'bee “

'6oﬁgh,Q

Dan

" than.

boat

thee ' =

bat‘v 

vat
'»bee:
- vote

bat

ld
vat

dough

'thoughl
-'Déﬁf
though
dee. -

vat

* bat ..

L vee

.

:vge'
Dan' -
Azthoﬁgh»

Dan

veel
boat. .-

ﬁhdﬁgh

Dan .
" thee -
bee

th&n’f“

L e T TR S LR TR

L T T R O D

R e N e I

o2 (féi:ly‘sure)

NN N NN NN NN
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-5
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261"
262"
‘263

264
265
266

267
- 268"

269
270

27
272 .

273
274
© 275
276

. 2771
278

1279

282
1283
284
285"
286"

287
288

289
» 1290

" Dan
--though.

" than

vat

quat

~ thee

- ‘dough
" vote
o vat’

* bee ..
‘than. .

dough ™ -

dough '

' dough
“than
" bat

théeﬂ

.bat'

thée
Qén

thee -
boétff‘
Qat 

tho@gh"
boat .~
dée"
dee

voteﬂ

Boat :

'thaq

_‘Dan
"though
“bat .’

"~ dee -

A bat
.vote

: .’.dee ‘ :

. @€e - thee .
though . do;
: 'v“thge"n
lrb§a£
:though'f
boat
“vote .
. bat
vee
:Dan 

'dough
though

thouéh
Dan
vat

L
vat
‘than
dee.
vote

‘dough .
vote

dough - -
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A

S _'v “ .. o . :
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4r ' o
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