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INTRODUCTION

It is generally well established that the conversion
of a continuously varylng acoustic waveform inte a string
of discrata phonetic segments involwves a number of distinet
stazes or levels of perceptuasl analysis (Fant, 1967;
Stevens and Ealle, 1967; Stevens and House, 1972; Stud-
dert-EKennedy, 1974). At the lowest level the physieal
Blgnal 15 analyzed into a set of time-varying auditory
dimensions such as timbre, pltech and loudness. This low-
lavel auditory information 1s then opérated upon by the
next higher stage of processing for the extractlion of
abstract phonetie features, This distinctisn between an
auvditory and a phonetic level of speech processing has
been experimentally supported by & number of different
researchers (e.g., Studdert-Kennedy and Shankweiler, 1970;
Studdert=Kennedy, Shankweller and Pisonl, 1972; Wood,
19743 Plsonl and Tash, 1974). The present study intends
to examine the role of this dichotmy in terms of a
feature detector analysis of speech perception.

The notion of a feature deteotor originally comes
from the electrophysiological investizations of single
oell neurons, Lettvin, Maturana, Hhﬂullunh. and Pitts (1959),
studying the vlisual system of the frog, discovared that
specialized neural receptors in the frog's eye sxtract
relatively restricted patterns of information from the

visual signal. In thelr experiment, four classes of
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featurs detectora were observed: edge detectors, moving
datectors, dimming detectors and convex edge detectors,
Bdge detectors responded whenever a border between light
and dark occcurred within a specific receptive fleld,

Moving detectors weres activated by the presence of a moving
edge. Dimming detectars reacted to an overall decrease in
1l1lumination. And convexr edge detectors responded when=
ever a small, dark, moving object appeared in the visual
field (i.e., a bug). The naturse of these datector mechanlams
suggest that they provide exactly the visual information
necessary for the frog to survive 1ln its sensory-restricted
environment.

In a series of later experiments, Hubel and Wiesal
developed a technique which smabled them to record from
sinzle cell units in the visual cortex of the cat (1962,
1965) end of the monkey (1968), What they discovered was
the existence of highly speclalized neural mechanlsms in
the cortex capable of extracting abstract features or
patterns from the visual signal. Purther=more, Hubel and
Wiesel noted that thlis extraction process involves multiple
stages of analysis, where depth of processing 1s directly
related to the complexity of feature abstraction. PFor
sxample, detectnr mechanlsms at the lowest level of per=
ceptus]l analysls effectively functinn as abstract pattern
recognizers by axtracting basic features from small,
speaific receptive flelds. These low-level feature

detectors whlch are located on the retina correspond te
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the pattern analyzers discovered by Lettvin et. al.

These processes, howewver, represent only the firat levels
of perceptual eanalysis. The neural signals gensrated by
these peripheral feature detecters are then sent to the
visual cortex for more advanced stages of precessing. At
the lewest levels ef cortlcal analysis, Teatures ﬁuhuutlrl
exist which monitor the output of the retinal detectoer
machanisms. Since the infermation being monitered is al-
ready abstract in nature, the task of the cortical pattern
analyzers 1s to detect abstract features from an abstract
measage. Simlilarly, information axtracted by these low-
lavel cortical detectors 1s then sent te hlgher=level de-
tector mechanisms for subsequent pattern analysis. In

this hierarchical manner, the system is able to continually
extract relatively more and more abstract features from

the original physical signal. Thus, a percaptual system
based on increasingly complex levels of detector mechanisms,
provides the powar required for the recognition of abstract
pattarns and features.

Evidence lfor the exlstence of feature detecters
invelved in the parception of speech siznals was eriglnally
presented in a study by Eimas and Corbit (1973). Thelr
intention was to demonstrate by means of a selective
adaptatinn precedure that the perceptlien of wvelcing contrasts
in speech 15 mediated by lingulstic featurs detectors, nquh
gensltive to a restrioted range of volce onsat times.

Veliced onset time (VOT) is a majer acoustic cue under-
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lying the percelved phonetle dlstinetion betwesn veleed
and volecelesss stop consonants. Per example, in English
it distingulsres /b/ frem /p/, /4/ frem /t/, and /g/ frem
/%/« In terms of production, VOT has been defined as the
interval between the release of the articulaters and the
onset of laryngeal pulsing (Lisker and Abramson, 1964),
Acoustically, 1t refers to the delay in the onset of the
first-formant relative te the second- and third-formants,
Additlonally, when the Tirst=formant 1s absent, the second-
and third=formants are nolasy rather than velced (Lisker
and Abramson, 1970). The amount ef delay in VOT required
for a stop to b= heard as volealess rather than volced is
normally about 30 - 40 msec (Abramson and Lisker, 1970).

In order to asaess the dezres by which selective
adaptation alters volcing perceptlon, Elmas and Cerbit
constructed a continuum of synthetic consonant vewel (CV)
syllables, by systematically varying the stimuli in equal
steps of VOT. Identification functions were then obtained
for listeners in the unadapted state and after adaptation.
Adaptation was accomplished by repeatedly presenting a CV
eyllable selected from either sxtreme and of the VOT
continuum.

Eimas and Corblt reasoned that If a glven detector
is selectively sensitive te a particular feature in a
gtimulus pattern, then repeated presentation of that
feature should fatigue the detesctor and reduce its sensil=-

tivity. As such, thay predicted that adaptation ef the
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volocing feature should cause a shift in the locus of the
phenstlic boundary in the direction toward the adapting
stimulus' end of the VOT continuum. The results oconfirmed
their predictions, Adaptation with /ba/ caused the phenetilc
boundary between /ba/ and /pa/ te shift toward the /ba/

end of the contlinuum, In ethear werds, stimull near the
boundary which wera identified as /ba/ when the listensr

was in an unadapted state, wers subseguently labsled /pa/
after adaptation, Similar results were obtalned when /pa/
wag the adapting stimulus,

The results discussed thus far do not conclusively
demonetrate that the observed effects are dus to the
selective adaptation of "lingulstic® feature detectors.
Alterpatively, 1t may ba that the seund patterns corresponding
to the phonetie units are being adapted, and as such, the
feature detectors may be auditery rather than phonetic in
nature,

Eimas and Corbit rejected this alterhative explanation
by pointing out that the effects of adaptation are not
class specific as indicated by the preaence of crossed-
consonant shifts., Por example, adaptation with the volce-
less bilabial stop /p/, produced approximately equivalent
sffects on the identification functions for a series ef
alveolar (/d/ and /t/) stop consonants as it did fer a
series of bilabial (/b/ and /p/) steps. In both cases the
locus of the phonetlc boundary shifted toward the volceless
end of the coentinuum, indicating that a greater number ef

identiflcation responsea belonged to the voleed or unadapted
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category. Frem these results taken together with some
additional findinge based on a discrimination task, Elmas

and Corbit conecluded thet the perceptlen of veolecing contrasts
invelves two dlstinet classes of feature detectors, each
elass being specifically tuned to a restricted range of

VOT values,

In & subseousnt study repeorted by Eimms, Cooper, and
Corbit (1973}, an attempt was made te corroborate the
earlier interpretation that the effects of adaptatlion are
the result of phonetic rather than auditory perceptual
analysis., They reasoned that 1f the information concerning
VOT 15 extrocted by detector mechanisme operating at the
audltory level of precessing, then repeated presentation
ef just the essentisl acoustic informatien required te
specify VOT should produce an equivalent shift in the
phonetie boundary as that incurred when veleing information
is presented in a speech context. If, however, adaptatlen
of the VOT detectors ocours only with a speech pattern as
the adaptlng stimuluz, then it would appear reasonable to
infer that the volecing detectors are operating only during
phonetic processing.

In erder to test these assertions, llisteners were
repeatedly expesed to a8 synthetie CV syllable /fda/,
selected from the extreme end of the VOT continuum. The
results from thls conditien replicated the findings obtalned
earlier in the Eimas and Corbit experiments. The locua of

the phonetlc boundary shifted toward the volced end of the
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continuum. In a different experimental conditien, ident-
ification functions were obtailned after adaptation with
d-chirps. These adapting stimull consisted of only the
initial 50 msec of the /da/ syllable. Although these
initial portions of the speech pattern carry the same
acoustie infermation concerning VOT as the antir; /da/
syllable, they do not sound at all 1ike speech, but rather
like glissandoes or the chirps ef a bird (Liberman, 1970).
Adaptation with d-chirps produced ne significant changes
in the phoneme boundary. These results lend additiconal
suppert te the notlen of linguistic feature detectors
specifically sensitive to the distinctive features eof
gpeech which are engaged by the lansuage preocessing syatem
during the phonetic stage of perceptual analysis.

All of the studles discussed thus far have dealt
arclusively with the phonetic feature of voleing. More
recent experiments have exsmined the effects of adaptation
along the phonetic dimension place of articulatien. 1In
English, the feature of place serves to distinzulsh among
the volced stop conson=nts /b,d,z/ and the velceless stops
/Pst,k/. The major acoustic cues which carry this infe-
rmation are the transitions (i.e., relatively rapid changes
in the frequency ef the formants) of the second- and third-
formants (Liberman, Ceoper, Shankweliler, and Studdert-
Kennedy, 1967). Hewever, unlike the feature of wolcing,
there exists no invariant renge of acoustic cues which

determine place distinctiona, Instead, the major acoustiec
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cues for place are hizhly subject to contextual wvariation.
This is so, because the formant transitions, at every instant,
simultaneously provide information about both the stop
congnnant and 1ts vowel environment. The classiec example
tllustrating this point comes from an exsmination of the
syllables /d1/ and /du/. In the case of /d1/, the acoustic
cue for the perception of the consonant /d/ is a rising
second=formant transition, It begins at 2200 Hz and c¢limbs
up te 2600 Hz., In /du/, the phoneme /d/ is ocued by a
second-formant transitlon that falls from about 1200 te

700 Hz. Thus, the same perceived phoneme 18 cued, in
different contexts, by audlitory features that are vastly
different in acoustic terms.

In a study by Cooper (1974a) an attempt was made to
determine whether the selective adaptation procedure can
produce alteratinng in verception along the acoustically
non=invariant place feature in a mAnner analogous tn that
observed for volcing. It was argued that 1f adaptation
operates oenly on invariant acoustle information, then
perceptual shifts should not cccur for the feature of place.
If, on the other hand, adaptation 18 a funetion of phonetile
processing, then perceptual shifts should be observed.

To examine these lssues, Cooper constructed a set of
thirteen synthetic speech syllables ranging perceptuslly
from /bae/ to /dae/ to /gae/, by systematically varying
the starting freguency of the second- and third-formant

transltions. By then presenting listeners with repeated
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presentations of elther one eof the endpoint stimull er the
midpoint stimulus, 1t was possible to evaluate the effects
of the adaptation procedure en tha loecl of the twe phonetic
boundaries., The obtalned results indicate that a selective
adaptation effect can be induced for the feature place

of articulation, Thus, repeated presentation eof /bae/
produced a shift in the locus of the /bae/-/dae/ boundary
toward the /bae/ end of the place continuum, However,
since place of articulation is & tri-valued dimensien,

it is necessary to alse examine the /dae/-/zae/ phonetic
boundary.

If adaptatien iz operating on stable feature modes
such as bilabial, alveolar, and velar, then no shift is
predicted for the alveclar-velar phonetle boundary when
the adapting stimulus is bilablal. ©On the other hand,
if it 18 found that thils boundary dees shift toward tha
bilablal end of the place continuum, such that stimull
that were eriginally ldentifled as alveoclar were, after
adaptation, identifled as velar, then thias would indiocate
that adaptation was effecting a purely relative feature
analyzing system, The results suggest that the former is
correct. Adaptation with /bae/ produced no significant
change in the /dae/-/gae/ boundary. Similarly, sdaptation
with /gae/ caused the /dae/-/gae/ boundary te shift toward
/eae/ but had ne effect on the /bae/-/dae/ phonetie boundary.
Finally, adaptation with /dae/ (the midpoint stimulus)
produced a shift in the loci of both the /bae/-/dae/ and
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the /dae/=/gae/ boundaries. These results, then, suggest

that place information 1s decoded in terms of three separatas

analyzger modes, and that the locus of a phonetic boundary

sorresaponds to the point along the place continuum whare

two ad jacent analyzer modes respond with equal strength.
After having obtained results consistent with Elnas

et. al.'s original "phonetic® interpretation of feature

detectors for the feature place of articulation, Cooper

gset out to axamine the axtent to whioch the adapting stimulus

could be varied, 1In one conditlon, a test was conduoted

to determine the role of vowel context on the adapting

stimulus. It was argued that If adaptation eperatss pri-

marily at an acoustic-invariant lavel of perceptual proec-

essing, then no boundary shifts should occur in a “crossed-

vowel” adaptation test since the frequency values of

second- and third-formant transitlions are highly vowel

dependent, On the other hand, if boundary shifts do occur,

then this would suggest that the phonetlc feature detecters

fatizued during adaptation are specifleally sensitive teo

the distinctive features of speech. To examine this problem,

listeners were tested along the /bas/-/das/-/gae/ ldent-

ification series after adaptation with the real apeech

syllable /bl/. The obtained identification functlions

indicate the presence of & slgnificant shift in the losus

of the /bae/-/dae/ phonetic boundary. However, the

magnitude of this shift was considerably less than those

obtalned after adsptation with the real speech syllable /bae/.
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In & second experimental condition, the real ppeech
8¥llable /bae/ was conpared with the synthatic speech
eyllable /bae/ in terms of their effectiveness as an
adapting stimulus for the synthetlc /bae/-/dae/-/gne/
test series. The results showed that both stimull were
able te produce a shift in the /baes/-/dae/ phonetic boundary,
but that the shift lnourred by tha synthetlec spasech
syllable was significantly larger than that incurred by
the real epeech syllable.

Pinally, a third experimental condition was run in
which a "orossed-consonant®™ adaptation stradezy was employed.
Listeners 1in this condition were adapted with the real
speech volcelesas bllablal stop CV syllable fphtuf and
then tested for identiflicatlion with the synthetlo speech
serles /bae/-/dae/-/gae/. Although the results indlcate
that fphnaf was affective Iln producing a perceptual shift
along the /bae/=/dae/=/gae/ continuum, the magnitude of
t~1s shift represented a significant decrement when compared
with those obtained when the adapting stimulus was the
real speech wvnleced bilabial stop CV syllable /bae/.

The results from these three different experimental
conditions strongly suggest that Eimas' interpretation |
may be too simplistic. Perhaps instead, it would be mere
beneficial te view adaptation as & multi-component process
which operates during multiple levels of perceptual analysis,
such that part of the adaptation effect 1ls attributable
to the fatigulng of feature detectors at the auditery lavel,
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while another pn;t is due to the fatigulng of feature
detegtors at tha phonetie lavel. Thus, /bl/ may have been a
less effective adapting stimulus than /bae/ because 1t was
only fatiguing the feature-specific compenent of adaptation
eperating at the phonetiec level of processing. Similarly,
the synthetic apeech syllable /bae/ may have prn&u:nd morea
auditory adaptation than the real speech syllable /bae/
because the real speech syllable contained more acoustie
information irrelevant to the task of percelving phonetie
distinctinne based solely on differences in the second- and
third-formant transitions. However, this interpretatien
gtill does net explain why the real speech syllable /bae/
should have been a more effective adapting stimulus than the
real spesch syllable fhhuai. At the auditory level, the
information specifying place should have been nearly identical
for both of these syllables. Alse, at the phonetie level
beth should have been classified as bilablal. Thus, it appears
that some additional explanatory companent i= required to
account for the observed difference,

Cecper's explanation for the significant difference
in s~1ft magnitude between the real speech /bas/ and
fphnuf adaptation conditions was based on the postulatien
of a high-level "phonetlic unit® component of adaptatien.
This phonetie unit component presumably operates . sn-
consonantal sounds as & unit rather than on individual
distinctive features. Therefore, a larzer shift coccurred

for the adapting stimulus /bae/ because this syllable's
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consonant was represented directly in the /bae/-/dae/=/gae/
test serles whereas the syllable fphnuf'u consonant was not,
Thus, 1t can be seen that Cooper's interpretation of the
selective adaptation results assumes not only that the pro=-
cessing of speech sounds takes place at more than one level
of perceptual analysis, but alsn that more than one such leval
is capable of being adapted (Cooper, 1974b), This approach
olosely resesbles Hubel and Wiesel's account of m per-
captual system based on ilnereasingly complex levels of
detector mechanismse., However, thils 1s not the only posslble
explanatory model of the selective adaptation phenomena.

A different explanation can be derived from Helson's
Aaptation Level Theory (1964)., According to this theory,
listeners should partition the /bae/-/dae/-/gaes/ tast
gcontinuum into three egquivalent categories when each
stimulus cccurs with an esgual probabllity. However, when
one stlmulus occurs wore often than any of the other
stimuall, the theory predlcts that the phonetlc boundary
ghould shift toward the more frequently occurring stimulus®
end of the continuum. Thug,; for the selectlive adaptation
procadure, both a feature detector theory and Helson's
adaptation level theory predict that the locus of a phonetic
boundary should shift toward the adapting stimzulus' end
of the test continuum., For the feature datector theory,
the effect is due to a generalized decresse in the sensit-
ivity of a feature detector acrosg 1ts entire response

range incurred by repeated presentation of its adeguate

W7



stimulus, For the adaptation level theory, the effsoct 1is
attributed to simple response bias. That 18, during
adaptation the listener 15 sxposed to many more instances of
the category from which the adapting stimpulus was drawn, and
a8 a result, he has a tendency to identify sounds as belong-
ing to a category other than the one assigned to the adapting
stimulus. WwWhat Helson's theory is describing is a phenom-
enon commonly referred to in the psychophysical literature as
the contrast effect.

In an attempt to distingulsh betwean these two differing
interpratations of the selective adaptation results, Sawusch
and Pisonl (1973) and Sawusech, Pisonl, and Cutting (1974)
examined the effects of unbalanced probabllities of ococcurrancae
of stimull on the identiflecation functions of s voleing (/ba/-
/pa/) and a place (/bae/-/dne/) test continuum., By manipulating
the distribution of probabillities such that one of the sndpeint
stimull appeared more often than any of the other members of
the test series, 1t was possible to determine whether
frequency of osccurrence pan, by itself, alter phonetile
boundariss. According to adaptation level theory, the boundary
should shift toeward the more freguently occurring stimulus,
Feature detegtor theory, on the other hand, makesno such
prediction since relatively no adaptation (fatiguing) 1is
operating within thls test procedurse. The results indicate
that for the class of stop consonants phonetic boundaries do

not shift as a function of probabllity of =timulus occurrence.
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It was thus concluded that a response blas explanation cannot
account for the boundary shifts found with the selective
adaptation paradigm. This conclusion cannot, howaver, be
considered definitive. First of all, there exlsts a problem
related to the degree of probabllistic asymmetry. In the
Sawusch et, al, experiments, the more freguently occcurring
stisulus appeared only twice (volcing) or four times (place)
as often as each of the rest of the test stimull. In contrast,
the adapting stimulus 1in a typlcal selectlive adaptation
experiment can nccur =s much as 100 - 200 times more
frequently than any other test item, Given the relatively
samall shifts obtalned after adaptstion, 1t 1s not surprising
to find that no shifts resulted from such minor probablility
manipulations. A seacond, and perhaps more serious problem
involves the assumption that a contrast interpretation
Aand s featurs detector lnterpretation are mutually exclusive,
It is possible that a response blas component is confounded
with the effects of feature detector fatigzus 1in the
selective adaptation procedure's sinzle response measure.
If sno, then some type of response blas explanation may account
for why, ln Cooper's experiment, /bae/ was a more effective
adapting stimulus than fphauf.

Regardless of whether a response bilss componant 1s
involved in the selective adaptation procedure, the evi-
dence from Cooper's crosssd-vowel and crossed-consonant
conditions clearly indicate the presence of a feature-specific

gomponent. In order to obtaln further information concerning
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the organizational properties of these leature-specilio
analyzing mechanisms, Cooper and Blumstein (1974)
investigated the adaptation effects when the adapting

and test stimull belenged to different consonant categories.
It was reasoned that perceptual shifts should be obtalned
Af the detectors whilch extract place information operate
irrespective of manner information. In contrast, the
fallure to obtaln perceptual shifts would tend to ilndlecate
that the adaptation effects nperate on manalyzera of ma

more restricted nature whlch decode place information

for each of the major consonant classes individually.

To test thls, ldentification functlons were obtained for
the /bae/-/dne/-/gae/ test series with five different
adapting stimuli. The flve adapting syllables selected
were the voleced stop /has/, the voloeless stop fphllf.

the nasal /mas/, the volced fricative /vae/, and the
semiconsonant /wae/. Since they all contained a labial
initial segment, a positive finding would be indlcated by

a shift in the locus of the /bae/=/dae/ phonetie boundary
toward the /baes/ end of the place continuum. This predisction
was partially confirmed. The results obtained with the
adapting syllables /bae/ and ,fphlnf replicated the findings
of Cooper (1974a). They showed a significant shift in the
/bae/=/dae/ phonetic boundary, the shift being directed
toward the /bae/ category. Similarly, the adapting stimuli
/emae/ and /wvae/ produced the expected perceptuaml shifts,

thus demonstrating that place information 18 extracted from
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consonants independently of thelr particular manner of
articulation. The adapting stimulus /wae/, however,
displayed only a slight, non-slgnificant mean shift in
the /bae/=/dae/ Boundary, although it was in the predicted
direction. Since /w/ is a semiconsonant, it was suggested
that this single discrepent finding may indicate that
the defining limit of the "place” analyzers is that they
extract Informatlion only for the class of true congonants.
In a more recent experiment, Cooper (1974¢) has
investizgated the affects of vowel environment on the
feature-specific component of adaptation. To accomplish
this, listeners were adapted with an alternatins sequence
of two different adapting syllables, /da/ and /tPi/, and
then tested for identiflcation with stimull selected from
two different VOT continua. One VOT serles rangsd from
/oa/ to /p"a/ and the other from /bi/ to /p™/. Stince
/da/ and /tNy/ represent both extremes of the VOT dimension,
thelr repetitive alternating presentatisn should simul-
tansously adapt both the volced and volceless VOT detectors,
and as such, produce no perceptual shiftse along either
test serles, Thls, of course, is assuming that the effecta
of adaptation are operating solely on the consonant feature
of voleing. The results, however, demonstrated a differential
aeffectivensss for the two adapting stimull as refleoted
by the occurrence of opposite shifts in the ildentification
functions of the fhaf-fphaf and fbif-fphlf serieg. For
the /ba/-/p"a/ series, the phonetic boundary shifted toward
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the /b/ category. Conversely, the /bi/-/phi/ series
exhiblited a shift toward the /p/ category. Thus,
perception of the /ba/-/pMa/ stimull was primarily
influenced by the adapting stimulus /da/, while the
perception of the fhlf-fphif stimull was malnly influenced
by the adapting stimulus Ithif. Thege resulta indicate
that adaptatleon operates on volelng perceptlon in a
vowel-contingent manner.

The results from Cooper's contlingent-adapt=tion
experiment makes it necessgary to reevaluamte the clalm
that the feature-specliflic component of adaptation 1s
gelectively sensltlve to a set of "phonetic dlstinctiwve
features" in the Chomsky - Halle (196B) sense., Alternatively,
it is pessible that the feature-specific component reflecta
the operation of high-level auditory detector mechanisms
that are speclifically sensltive to the acoustlec cues
which underlie the phonetic distinctive features of speech.
Taking this latter interpretatlion, Stevens and Klatt (1974)
have shown how the perceptlion of volcling eontrasts can
be accounted for strictly in terms of an acoustically-
based feature detector model. Similarly, the findings
obtalned with the selesgtlve adaptatlion procedure for thes
feature place of articulation have not distinguished phonetie
Bimilaritles from the acoustlec simllarltlies that underlla
them, For sxample, in both Cooper (1974a) and Coeper and
Blumetein (1974), 1t was found that /plas/ was a less

effective adapting stimulus than /bae/, when the test series
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ranged from /bae/ to /dae/ to feae/., Thils result ean
be understood in terms of an acoustic pattern interpretation
by noting that fphlnf contained second-and third-formant
transitions that were relatively weak 1in enerzy, whereas
the adapting stimulus /bae/ and the /bae/ members of the
test serles both contalned strong second-and third-formant
transitions. HRecall also that in the Cooper and Blumstein
study, relatively strong adaptation effects were obtalned
for the sdapting stimull /mae/ and /vae/, but not for
the adapting stimulus /wae/. This finding can be explained
by examining the slepes of the formant transitions. For
/mae/ and /vae/, the second- and third-formsnt transitions
were, like the /bae/ members of the identification series,
both rising and steeply sloped. The syllable /wae/, on
the ether hand, contalned ri=zins trensitiona whilch sloped
only graduamlly., Thus, from the presently reported data,
it is impossible tn determine whether the fatisued detectors
are apescific for distinctive features, or rather for the
acoustic cues that underlle these feature,

In an attempt to distingulsh between an acoustic and
a phonetic interpretation, Ades (1974) examined the
effects of a CV adapting stimulus on a VC 1dentification
series, and vice versa. To accomplish this, two different
test continua were constructed. One series ranged from
/bae/ to /dae/, and the other (1ts mirror-image) ranged
from /aeb/ to /aed/. The set of adapting syllables consisted

of the four endpoint stimull, /bae/, /dae/, /meb/, and faed/.
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Listeners were run in elght different experimental sessiensi
four sesslons with the /bae/-/dae/ test serles and four
with the /aeb/-/aed/ series. In each session a different
adapting stimulus was used. It was reasoned that if
adaptation cperates at a truly pheonemle level, then
repetition of any sound centaining a /b/ should shift the
ID boundary toward /b/. Likewise, repeated presentation

of a sound eontaining the phoneme /d/ should shift the

ID boundary toward the /d/ catezory. The results showed
that adaptation with either /bae/ or /dae/ produced
positive adapting effects on the /bae/-/dae/ test series.
Similarly, adaptation with elther /aeb/ or /aed/ produced

& positive shift in the lecus of the /aeb/-/aed/ phonetic
boundery. However, when the adapting and test stimuli

ware drawn from different eontinua, there were no differentiml
adaptation effects. Thus, /b/ and /d/ in final position
werea upnable to Tatlgue the detectors responslble for

the perception of /b/ and /d4/ in initial position, and

vice versa, This firding, althouch not streng enough to
refute a phonetlcally~bazed feature detector model, clearly
specifies the limits of such a model on adaptation.

If the feature detector systems responsible for the
perceptinn of speach sounds are sensitlve to individuml
auditory features rather than fer entire "lingulstic
features® (alla Chomsky and Halle), then it should be
poeslble to demonstrate thils faoct experimentally. Reecall,

however, that in the Eimas, Cooper and Corbit (1973) study,
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it was found that the initlal 50 mseo0 of the syllable /da/
(d=chirp) was ineffective 1n producing alteratinons in the
perception of wolcing contrasts. As Ades(1973) has pointed
out,; though, thls finding can be accounted for 1If 1t 18
assuzed that the hypothetiecal "volclng detectors" are only
gensitive to the relative onset times of falrly sustained
componentse. As such, the d-chirps would not convey eneough
information about volece to affect the "volcing detectors.”
With rezard to the feature place of articulation, Ades{(1973)
has provided results which demonstrate a substantial
adaptation affect with chirpa (chirps were, however, sig-
nificantly less affective adapting stimull than syllablas),
Purthermore, since listeners found it relatively easy to
identify the chirps as speech-like (e.g., b-like or d-like),
adaptation was also attempted with an even less spsschlike
stimulus, the tweet., Tweets consisted of only P2 and P3
transitiona (exactly that part of the sound that distinguishes
it from the others in the place serles), Again, slgnificant
adaptation effects were observed, although the effect wWas
relatively small in comparlsgon to those obtalned with
gyllables and chirps.

The question of concern now 18 how to lnterpret
Ades' regulta, Clearly, they do nnt suzgest that adaptation
is operating solely at the auditory level of perceptual
analysis. Had thlas been the case, then syllables, chirps
and tweats should all have produced egqulvalent adaptation

effects slnce each contained ldentioal macoustie information
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relevant teo the perception of the feature place of articu-
latlon., Especlally intereszting is a comparison eof the
effectiveness of chirpe and tweets as adapting stimmli,
Since the only difference betwesn these two classes of
sound patterns 1s the presence or absence of FPl, then thils
component of the adapting stimulus should mccount for a
relatively large proportion of the auditory adaptation.
This conclusion, however, is unreasonable aince the first
formant can in no way help distingulsh individual members
of a place series., Perhaps, lnstead, Ades' findings can
best be understood in terms of a strletly phonetlc model
of feature analyzers. It ls poaslble to view phonetlc
fertures as purely relative events., Fer example, Ades?
38 reported that chirps were b-like or d-like. 1In this
reapect syllables can be consldered as being more b-like
or d-like than chirps, whereas tweets can be thought of

as belng less b-like or d-=like. Thus, 1t 1s possible to
gcongtruct a contlinuum for the phonetle features bllablal
and alveolar in which the syllables /bae/ and /dae/, the
b=chlrps and d-chlrps, and the b-tweets and d-tweets re-
present strong, moderate, and weak exemplars, respectlively.
Such an approach can easlly account for the observed data.
Alternatively, Ades' results are generally conslstent
with Conper's (1974b) multi-component model of adaptation
which states that part of the adaptation effects arse
attributable to the fatisulng of feature detectors at

the auditory level while another part 1s due to the fatiguing
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of feature detectors at the phonetic level. Within the
frasework of thls acproach, the tweet adaptation conditlion
can be viewed as reflecting only the adaptation of
auditory detector mechanisms. Adaptation with chirps and
gyllables, on the anther hand, inveolves both the auditeory
and the phonetic feature detector systems. The difference
in effectiveness between chirps and syllables can be
explained in terms of depth of processing. For instanoe,
syllables may also be adapting highar-level "syllable"”
feature detegtors in additlon to the auditery and phonatieo
feature detectors. The rinding that 58 were able te
identify the chirps as b-like or d-like tends to indicate
that they are processed at least during the early stazes
of phonetic orocessing.

The purpnse of the present experiment was to provide
additional information concerning the nature of the
datector mechanlame operated upon during selective adapt-
ation. 3Specifleally, thle study attempted te resolve
the issue of whether the effects of adaptation are the
result of feature detector fatigue at both the auditory
and the phonetic level of perceptual analysis, or
alternatively, whether they only reflect the adaptation
of feature detectors opara“ing during the phonetic stage
of sapsech processing. To accompllsh this, 1t was necessary
to construct an adapting stimulus which would preserve
all of the acoustic properties underlying the perception

of place informatlon while dissoclating any corresponding
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phonetioc information. The sound pattern chosen for thils
task was the "speech-embedded chirp."

The speech-exbedded chirp consisted ef a CV syllable's
initial 50 meec segment (l.e., a chirp) preceded by a
gsteady-state vowel whose formant values were firxed egqual
to the starting frequencies of the formant transitinns.

The majnr advantage of the speech-ambedded chlrp 18

that the formant transltions occur in final pesitien.

This contraste wlth the role of the corresponding acoustie
gegment in the CV syllable whers the same acouastle info-
roation occurs in initlal position.

By representing the s=me acoustic informatinn in
different serial posltions in the adapting and test
stimuli, the possibility of phonetic adaptation is
greatly reduced. Since the acoustic cues which underlie
place informatinon ere highly context-dependent, 1t is
vary unlikely they would produce ldentical phonetie
transformations in both initial and final position.
However, evén if they did, it 1s still unlikely that
phonetic adaptation would necur, Thils assumptleon ls
based on Ades® (1974) findings that a phonetic segment
in final position was unable te fatlgue the sama phonetle
gegment in inltial positlon,; and vice versa. Thus, 1t
wnould mppear reasnnable to infer that any oesitive adapting
effects obtained with speech-embedded chirps would represent
adaptation operating solely during auditory analysis.

The failure to find such effects, however, does net rule
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eut the poesalbilicy of auditory adaptation, A negative
finding could indicate that aundltory adaptation 1s, llke

phonetic adaptatlon, dependent upon serial position.
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METHOD

Subjects
The listeners were {flve pald volunteers, all ef
whom respondsd to an advertisement in the Indiana University
student newspaper. All 88 were right-handed, native
speakers of American English with no ¥nown histery of
A hearing or speech disorder. 35 were pald at the rate
of $2.00 per hour. No 8 had had any prior experience
with the selective adaptation procedure; although.two
S8 had had some previous experience with synthetlc apeech

stimull.

Stimull

All eof the stimull used in this experiment weres
three=formant speech patterns conatructed on the parallel
resonance speech synthesizer at Haskinas Laboratories, and
recnrded on magnetie tape.

The tegt stimull consisted of m serles of seven
gynthetic CV syllables 300 msec in duration, These
stimull rangzed perceptually from /ba/ te /da/. 8Stimuli
Aifferad from one another only 1n the starting frequency
and direction of the second= and third-formant transitions.
The different starting frequencles of F2 and F] are
displayed in Table 1. Pl always started at 412 Hz.

All transitinns were 50 msec in duration and linear,
The final 250 msec of the CV syllables consisted eof

steady-state forsants appropriate for the Ensglish vowsl
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fa/. These fixed steady-state formants were centered

at 769 Hz (P1), 1232 Hz (F2), and 2525 Hz (F3).

Insert Table 1 about here

- - -

In addition to the seven test stimull, two additional
stimull wers synthesized, the b-"Speech-Embedded Chirp"
(b=3EChirp), and the d-"Speech-Embedded Chirp" (d=SEChirp).
These stimull were construeted in the following manner:
First, a 250 msec three=formant steady-state was inserted
at the beginning of the two endpolnt stlmull in the teaat
series (l.e., Stimulus 1 or /ba/, and Stimulus 7 or /da/).
The frequeney values of these new steady-state formants
were set egual to the starting values of Stimulus 1's
and Stimulus 7's formant transitions 4.e., 412 Hz (F1),
996 Hz (P2), and 2180 He (P3) for the b-SEChirp stimulus,
and 412 Hz (F1), 1465 Hz (P2), and 3195 Hz (F)) for the
d-SEChirp stimulus, PFinally, the original 250 msec steady-
states (l.e., the vowel /a/) were deleted., Thus, the
b=SEChirp and d-3EChirp stimull can be characterized as
300 msec sound patterns with 250 msec steady-states in
initial position and 50 msec transitions ln final poaltlen,
Stimulus 1, Stisulus 7, b=-SEChirp, and 4=SEChirp are
displayed schezatically in Plgure 1.

.

Insert Plamure 1 about here
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TABLE 1

Starting Frequencles of the Second- and Third-
Pormant Transitlons for the Synthetic CV Test Stimull

Starting Freguencles (in Hz)

Stimulus F2 F3
1 996 2180
2 1075 2348
3 1155 2525
U 1232 2694
5 1312 2862
6 1386 3026
7 1465 95
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Speech SEChirps

/bal
Transitions

/Ida/
Transitions

Figure 1. Schematized sound spectrogzra=zs of the adapting
stimull /ba/, /da/, b=-SEChirp, and d-SEChirp.
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Stimull 1 and 7, and the twoe apesch-embedded chirps
were used to construct four different adaptation sequences,
Each adaptation sequence consisted of 100 repetitions

of the adapting stimulus with a 225 msec interstimulus

interval.

Apparatus

All experimental materianls weare recorded on aundie
tape and reproduced on an Ampex AG=500 twe-track tape
regorder and were presented dletically through Telephonics
(TDH-39) matched and calibrated headphones. The galn ef
the tape recorder playback was adjusted to glive a voltage
acroes the headpnones equivalent to 850 4B SPL re 0.0002

dynes/on®

for a vowel=lilke /a/ ealibration signal,
Measurements were made on a Hewlett-Packard hTF! (model
400) prior to the presentation of each experimental tape,
All five S8 were run together in a small experimental

TOON s

Erocedure

Baseline identificatinon functions were obtalned for
all listeners in the unadapted state by presenting twenty
random sequences of the seven test stimull with an lnter=-
stimulus interval of 3 see, The 88 were instructed to
identify each stimulus as either /ba/ or /da/ by writing
the appropriate ennsonant letter on answer sheets, The
listenara were told to respond to saveary ildentification

stimulus even 1f they had to guess,
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On the day after the initlal ldentific-tion test,

a series of four different mdaptation teste was conducted,
each test lasting roughly 1 hour, and taking place at

24 hnur intervals. The order ef presentatinon of the
adapting sessions was as follows: BSessien l. /b/ - Adapt;
Session 2, /d4/ = Adapt; Session 3. b-éEchirp Adapt; and
Sesslon 4. d-SEChirp Adapt,

Each of the four adeptation tests was conducted in
the following manner: Listeners were first presented with
two consecutive adaptatinn sequences (200 presentations)
of the selected adapting stimulus (/ba/, /da/, b-SEChirp,
or d-8EChirp). Following this "warm-up” perted ef
adaptation (after Cooper, 1978a), ten adaptation trials
were administered. Each adaptation trial was composed
of 100 presentations of the adapting stimulus with 225
msec between repetitions (l.e., one adaptation sequence).
This wae followed by 2 sec of silence and then the
presentation of the five middle stimuli from the origzinal
test series (3timull 2-6). The Ss were instructed to
identify esch of these filve test stimull as either /ba/
or /da/ by writing the appropriate consonant letter en
respnonse sheets, The five middle test stimull eccurred
in random order with & sec betwesen each. After the
fifth stimulus was presented for identification, 5 sec
intervenad before the onset of the next adaptation trial.
Each of the ten adaptation trials had a different rendom

order of the five test stimull. Each stimulus socurred
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in sach of the flve test positions twlce. After one
presentation of the experimental adaptation tape, S8
were given a short bhreak after which the same tape wasn
rewound and played again. In this manner, =ach of the
five middle stimull in the test series was presented
for identification a total of twenty times within &

ginzle adaptation session.
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RESULTS

Table 2 shows the individual and mean phonetic
boundaries for each of the five experimental sessionsy
one identification session without adaptation and
four adaptatlon sessiona. Each phonetlie boundary
was computed by finding the polnt along the stimulus
scale which would, by extrapolation, recelve 50%

/ba/ responses and 50% /da/ respenses. In all,
there were twenty instances of attempted adaptatlion,
four adapting conditions for each of fiva subjects,
In all but one instance there was a shift in the locus
of the /ba/-/da/ phonetle boundary in the predicted
direction, The only exception was S 2 who showed
virtually no shift at all in the d-SEChirp adaptation
test,

Insert Table 2 about here

In Flgura 2 the group ldentillcatlion and adaptation
functions, averaged over all flve 3s, are plotted.
It should be noted that the shifts produced by selective
adaptation were not accompanied b;ln decline in the
steepness of the response function slopes,

W E NN NN W W

Insert Figure 2 about here
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TABLE 2

Individual and Mean Locl of Phonetic Boundaries
fer Each Test Condition

Syllable Conditions

Subjects Without Adaptation with

Adaptation /oa/ /dn/
1 b.09s5 3.250 5.250
2 .59 2.600 b.357
3 3.571 2.625 b.625
& 3.950 3.100 5.6473
5 &.095 2,588 5.643
X 3.797 2,766 5.133

Speach-Eabedded Chirp Conditions

Bubjects Without Adsptation with
Adaptation b=8SEChirp d=-SEChirp
1 4,095 3.556 4,500
2 .59 3.412 3.588
3 3.571 3.478 b,167
L 3.950 3.556 4.286
5 4.095 3.714 4,500
3.797 3.534 b,228
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Shown in Table 3 are the results of tests of
significance for the shifta in the locus of the
/ba/=/da/ phonetiec boundary. Only one-talled tests
of significance were applied, the predicted direction
of the boundary shift beins toward the category of
the adapting stimulus. All shifts in the phonetie
boundary lnocurred by adaptatlon were found to be

Blgnificant In comparlsnn to the baselina ldentification
data.

Insert Table 3 about here

For the /ba/ and /da/ syllable adaptation conditilons,
the respective mean shifts in the locus of the /ba/-
/da/ phonetic boundary of 1.031 and 1.336 stimulus
valua unlts were found to be highly significant
(Correlated t-tests: t=8,36 for /ba/ adaptor, p<005;
t=7.36 for /da/ adaptor, p{.005). Moreover, the
magnitude of these shifts are comparable in direction
and eonsisteanoy to thase found 1n prufinﬁu ptudiss
which investigated adapt-tion effects on a place
series (e.g., Cooper, 1974a; Cooper and Blumsteln,

19745 Ades, 1973; Ades, 197&).

FPor the speech-embedded chirp adaptation enndlitions,
the mean boundary shifts of .263 (b-SZChirp) and
431 (d=-SEChirp) stimulus value units were also

found to be signirficant (Correlated t-tests: t=L4, 02
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TABLE 3

Teats of Significance for Shifts in Fhonetle Boundary

Loci Batween thé Unadapted Condition

and Each Condition of Adaptatlon

Syllable Conditions

Adaptation withs /oa/ Jfda/
p-valus: p <.005 p<.005

Speech-Embedded Chirp Conditlons

Adaptation with: b=SEChirp d=SEChirp
p=value: p<.01 pé.02

Note: All tests were one-talled, The direction
of each significant shift was toward the
cateagory of the adapting stimulus,
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for b=SEChirp adaptor, p€.01; t=3.5) for the d-3EChirp
adaptor, p<.02). Within these test conditloms, the
direction of the significant shift was toward the
phonetlo ecategory from whileh the adapting stimulus®
formant transitions were originally obtsined. Thus,
after adaptation wlth the b-SEChlirps, S5 made fewer
/ba/ identification responses. Similarly, after
adaptation with the 4-8EChirps, the listenars assigned

fewer identificstion responseg to the /da/ category.
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DISCUSSTON

The fact that spesch-embedded chirps were able to
produce mlterations in the perception »f a place series
strongly supports the nntion that one component of the
selegtive adaptation process reflects the fatigulng of
aco ‘stleally-oriented {eature detagtars that oparate
during the auditery stage of perceptual analysis,

The reasoning underlying this conclusisn 1s based on
the assumptinn that any phonetiec information conveyed
by the speech-embedded chirps was irrelevant in the
present task., This assumptlon was darived from Ades®
(1974) results which deronstrated that repeated pre-
sentations of a phonetie segment in flnal position
were unable to fatigue the feature detsctor mechanisms
responglible for the perception of the same phoratie
gegment in initlal positlon.

The validity of this study's conclusion, however,
does not depend on the valldity eof 1ts underlying
agsumption. In fact, 1f we reject Ades' results as
the prnduct of statistlcal error, and conslder the
poesibllity that phonetic asdaptation was sperating
within the present experimental paradizm, then the
results polnt ﬂvtﬂIMﬂTE definitively toward an acnustio
interpretation. Thie 1s so because a phonetlc accnunt
of this study's design would have predicted shifts in
the lecus of the /ba/ - /da/ phonetic boundary opposite

13



those predicted by the acoustic model for the speech=
embedded chirp adaptation conditlions. Thus, a phonetic
interpretation would predict fewer responses assizned to
the /d/ category after adaptation with the /b/ - speech-
embedded chirps and fewer /b/ responses after adaptation
with the /d/ - speech-erbedded chirps. The lngzic behind
these somewhat counter-intultive predictions can best

ba understnnd by examining the acoustic structures
charscteristic of the phonemes /b/ and /4/ in final
praition, Gilven elther the steady-state formants assigned
to the b=SEChirps or the steady-state (armants assizned
to the 4-SEChirps, the phoneme /b/ in final position
would have been characterized bs falling transitions

in all three formants. The phoneme /4/, on the other
hand, would have baen characterized by risine second-

and thlird-forrant transitions, and a fallins first-
formant transitisn. In the mctual b-3EChirps, all

three formants were Tvising. In the actual 4-3EChirps,
the first-formant transition was risine while the s=gond-
and third-farmant transitiom were falline, However,
gince Fl does not convey any infarmatisn concerning
place of articulation, 1t would bs expected that if
pdaptation sms operating durlng the phonetiec stage of
perceptual processing then, based snlely on the slopes

of the segond- and third-formant transition=, the listener's
/ba/ -« /da/ phonetlec boundary should have shifted toward

the /d=/ caternry after adaptation with b=3EChirps, and
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toward the /ba/ category after adaptatinn with d-SEChirps.
Oof eourse, the obtained findinga displayed the opposite
effects indicating that adaptation was nparating during
the auditery stages of perceptual proces=ing.

An interesting follow-up to the present study could
attenpt to replicats the findings abtalned here using
sapeech-axbedded chirps with falling first-formant
transitions., Then, assuming that Ades' results are
not the product of statistical error, 1t should be
possible to shift a listener's /ba/ - /da/ phonetic
boundary toward the /ba/ category using an adapting
stimulus with a d-1ike quality in final pesition (b-
SEChirp with falling Fl1 transition). Similarly, it
should be possible to shift the /ba/ - /da/ boundary
toward the /da/ category using a b-like adapting stimulus
(d=SEChirp with falling F1 transition).

Of particular interest in the present investization
was the finding that the magnitude of the shifts lncurred
during the speegch-emb=ided chirp adaptation condltinons
closely resemble the shift magnitudes obtained by Ades
{1973) after adsptation with tweets (only 72 ard F3
transitions). If vou recall, 1t was susgested that
tweets represented the adaptation of only the auditory
component of adaptation. As such, 1t would appear
that both results refleact the adaptst on of the same

underlying perceptnal mechanlsms.
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The axistence of detectar mechanisms nperating
at the audltory level af speech Analysis has two Very
important implications., Firat, it crovides the missing
1ink in a hiersrchlcal feature detector network such
as that proposed by Hubel and Wiesel. And second, it
corroborates the findings of several different paradizms
which have demonstrated a distinction between auditory

and phonetie =tapes of processing.
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