The Encyclopedia of Language
and Linguistics

Pergamon Press Ltd.
Headington Hill Hall

Oxford OX3 0BW

UK

794

; o4

Sawashima M, HilPSC’H 983 Laryngeal-gestyres in speech pro.™ ;&'

dua@écl\leilag (ed.) The ProXuction of Spepcy 2]
Springer-Verlag, New York

3%

H. Hiro

Speech Perception

This article gives a functional account of speech percep.
tion—how people discriminate and categorize the objecs”
of spoken language. This functional account also includeg
the dynamics or time course of the processes taking the-
perceiver from spoken language to its understanding,
Beginning with the issue of the functional units in speech
perception, the article turns to a detailed discussion of cat-
egorical speech perception: a classic study to illustrate how
speech perception is studied, with what appeared to be
surprising results. These results motivated a theory that
remained dominant for several decades. The article then -
gives a functional account of the results and develops a new -
theoretical framework, assesses theories of word recogni- -
tion within a common framework, presents the state of the
art in research and theory, and closes with some remarks
about what remains to be learned about speech perception
in the 1990s.
Speech perception is one of the most impressive demon-
strations of auditory information processing. It can be
described as a pattern-recognition problem. Given some
speech input, the perceiver must determine which message
best describes the input. An auditory stimulus is trans-
formed by the auditory receptor system and sets up a neuro-
logical code, called a preperceptual auditory storage, This
storage holds the information in a preperceptual form for
roughly 250 msec, during which time the recognition pro-
cess must take place, The recognition process transforms
the preperceptual image into a perceptual experience, called
a synthesized percept. One issue given this framework is,
what are the patterns that are functional in the recognition
of speech? These sound patterns are referred to as percep-
tual units. '

1. Perceptual Units in Speech
One reasonable assumption is that every perceptual unitin
speech has a representation in long-term memory, which is !
called a prototype. The prototype contains a list of acoustic
features that define the properties of the sound pattern as
they would be represented in preperceptual auditory stor-
age. As each sound pattern is presented, its corresponding * §
acoustic features are held in preperceptual auditory storage. ~
The recognition process operates to find the prototype in
long-term memory which best matches the acoustic features -
in preperceptual auditory storage. The outcome of the rec-
ognition process i§ the transformation of the preperceptual -
auditory image of the sound stimulus into a synthesized
percept held in synthesized auditory memory. Fig. !
presents a schematic diagram of the recognition process.
According to this model, preperceptual auditory storagé
can hold only one sound paltern at a time for a short tempo-
ral period. Recognition masking studies have shown that a
second sound pattern can interfere with the recognition of
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Figure 1. A schematic diagram illustrating the recognition process in
spcech transforming a preperceptual auditory image into synthesized audi-
tory memory.

an earlier pattern if the second is presentcd before thc first
is recognized. Each perceptual unit in speech must occur
within the temporal span of preperceptual auditory storage
and must be recognized before the following one occurs for
accurate speech processmg to take place. Therefore, the
sequence of perceptual units in speech must be recognized
one after the other in a successive and linear fashion.
Finally, cach perceptual unit must have a relatively invari-
ant acoustic signal so that it can be recognized reliably, If
the sound pattern corresponding to a perceptual unit
changes significantly within different speech contexts, rec-
ognition could not be reliable, since one set of acoustic
features would not be sufficient to characterize that percep-
tual unit. Perceptual units in speech as small as the phoneme
or as large as the phrase have been proposed.

1.1 Phonemes

The first candidate considered for the perceptual unit is
the phoneme. Phonemes represent the smallest functional
difference between the meaning of two speech sounds.
Given the word ten, its meaning can be changed merely by
changing the consonant /t/ to /d/. The two sounds form
Awo different words when they are combined with -en; they
Aare therefore different phonemes. On the other hand,
unds are said to be within the same phoneme class if
bstitution of one for the other does not change the mean-
ing of the sound pattern. One example is the word did. The
0 d’s in the word are not the same acoustically and, if
eir sound patterns were extracted and interchanged with
€ach other, the word would not sound the same. Yet they
are not functxonally different since interchanging them
Mould still give the word did. In this case, they are called
different allophones of the same phoneme. Thus, if the sub-
f"ltutlon of one minimal sound for another changes the
Meaning of the larger unit, then the two sounds are
Onemes, If such substitution does not change the mean-
8 of the larger unit, then the different sounds are allo-
_:Oncs of the same phoneme class.

COnsnder the acoustic propertics of vowel phonemes.
: nlike some consonant phonemes, whose acoustic proper-
-change over time, the wave shape of the vowel is consid-
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to be steady-state or tone-like. The wave shape of the

vowel repeats itself anywhere from 75 to 200 times per
second. In normal speech, vowels last between 100 and 300
msec, and during this time the vowels maintain a fairly
regular and unique pattern. It follows that, by the above
criteria, vowels could function as perceptual units in speech.

Now consider consonant phonemes. Consonant sounds
are more complicated than vowels and some of them do”
not seem to qualify as perceptual units. It has been noted
that a perceptual unit must have a relatively invariant sound
pattern in different contexts. However, some consonant
phonemes appear to have different sound patterns in
different speech contexts. Fig. 2 shows that the stop conson-
ant phoneme /d/ has different acoustic representations in
different vowel contexts. Since the steady-state portion
corresponds to the vowel sounds, the first part, called the
transition, must ‘be responsible for the perception of the
consonant /d/. As can be seen in the figure, the acoustic
pattern corresponding to the /d/ sound differs significantly
in the syliables. Hence, one set of acoustic features would
not, be sufficient to recognize the consonant /d/ in the
different vowel contexts. Therefore, linguists must either
modify their definition of a perceptual unit or eliminate the
stop consonant phoneme as a candidate.

[

L2 CV Syllables

There is another reason why the consonant phoneme /d/
cannot qualify as a perceptual unit. According to the mode!
perceptual units are recognized in a linear fashion. Research
has shown, however, that the consonani /d/ cannot be
recognized before the vowel is also recognized. If the con-
sonant were recognized before the vowel, then it should be
possible to decrease the duration of the vowel portion of
the syllable so that only the consonant would be recognized.
Experimentally, the duration of the vowel in the consonant-
vowel syllable (CV) is gradually decreased and the subject
is asked when shé hears the stop consonant sound alone.
The CV syllable is perceived as a complete syllable until
the vowel is eliminated almost entirely (Liberman, et al.
1967). At that point, however, instead of the perception
changing to the consonant /d/, a nonspeech whistle is
heard. Liberman, et al. show that the stop consonant /d/
cannot be perceived independently of perceiving a CV syll-
able. Therefore, it seems unlikely that the /d/ sound would
be perceived before the vowel sound; it appears, rather,
that the CV syllable is pcrcewed as an indivisible whole or
gestalt,

These arguments lead to the idea that syllables function
as perceptual units rather than containing two perceptual
units each. One way to test this hypothesis is to employ the
CV syllables in a recognition-masking task. Liberman, et
al., found that subjects could identify shortened versions of
the CV syllables when most of the vowel portion is elimin-
ated. Analogous to interpretation of vowel perception, rec-
ognition of these shortened CV syllables also should.take
time. Therefore, a second syllable, if it follows the first
soon enough, should interfere with perception of the first.
Consider the three CV syllables /ba/, /da/, and /ga/ (/a/
pronounced as in farker), which differ from each other only
with respect to the consonant phoneme. Backward recogni-
tion masking, if found with these sounds, would demon- .
strate that the consonant sound is not recognized before
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Figure 2. Second-formant transitions appropriate for /d/ before various vowels.

the vowel occurs and also that the CV syllable requires time
to be perceived.

1.3 Recognition Masking
Newman and Spitzer (1987) conducted such an experiment,
employing as test items three synthetic CV syllables /ba/,
/da/, /ga/, each 40 msec long with 20 msec of that duration
comprising the transition and the remainder the steady-
state vowel. The masking stimulus was a 40 msec steady-
state vowel fa/. N h

Figure 3 shows the percentage of correct recognitions for
8 observers as a function of the silent interval between the
test and masking CVs. The results show that recognition
of the consonant is not complete at the end of the CV
transition, nor even at the end of the short vowel presenta-
tion. Rather, correct identification of the CV syllable
requires perceptual processing after the stimulus presenta-
tion. These results support the hypothesis that the CV syli-
able must have functioned as a perceptual unit, because the
syllable must have been stored in preperceptual auditory
storage, and recognition invelved a transformation of this
preperceptual storage into a synthesized percept of a CV
unit. The acoustic features necessary for recognition must,
therefore, define the complete CV unit. An analogous argu-
ment can be made for VC syliables also functioning as
perceptual units.

1t is also necessary to ask whether perceptual units could
be larger than vowels, CV, or VC syllables. George Miller
argued that the phrase of two or three words might function
as a pereeptual unit. According to the above criteria for a
perceptual unit, it must correspond to a prototype in long-
term memory which has a list of features describing the
acoustic features in the preperceptual auditory image of
that perceptual unit. Accordingly, preperceptual auditory
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Figure 3. Probability of correct recognitions of the test CV syllables as 2
function of the duration of the silent intersyllable interval ($11) in a back-
ward recognition-masking task (results of Newman and Spitzer 1987),
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storage must last on the order of one or two seconds to holg:
perceptual units of the size of a phrase. But the recognitio
masking studies usually estimate the effective duration of:
preperceptual storage to be about 250 msec. Therefore, pér.
ceptual units must occur within this period, eliminating g,
phrase as the perceptual unit.

The recognition-masking paradigm developed to stud
the recognition of auditory sounds has provided a usef
tool for determining the perceptual units in speech. If pr
perceptual auditory storage is limited 1o 250 msec, the pe
ceptual units must occur within this short period. This tim
period agrees nicely with the durations of syllables in nor.
mal speech, -

2. Categorical Perception

One persistent and popular belief is that speech is perceived
categorically. In fact, the study of speech perception has -
almost been synonymous with the study of how it is per-
ceived categorically. Perception is said to be categorical if .
the subject can only make judgments about the name of a
stimulus, not its particular sound quality. For example, the -
same speaker may repeat the same syllable a number of .
times. The acoustic patterns representing this syllable would
differ from each other since a speaker cannot repeat the
same sound exactly. A listener who perceives the sounds
categorically would not be able to discriminate any differ- -
ence in the particular sound quality of each repetition of :
the syllable. The same listener, on the other hand, would. :
be able to recognize a difference between any of thes
sounds and another syllable spoken by the same speaker. |
categorical perception, the listener can recognize differences & §
when the syllables have different names but not when they
have the same name.
Subjects are certainly not limited in this way in the pro
cessing of nonspeech. They are able to discriminate two :
tones as different even though they can not differentially
label them. This is true for all sound dimensions: subject
can discriminate many more differences than they can iden-
tify successfully. This phenomenon, in fact, was one of the
observations that convinced George Miller that, although,
subjects can make many discriminations along a unidimen
sional stimulus continuum, they can identify accurately |
about 742 of these stimuM, In this case, discrimination is
not limited by identification, since subjects can discriminate
differences along a stimulus continuum which they cannot
identify absolutely.

2.1 A Seminal Study
A seminal study established the experimental paradigm for 3
the study of categorical speech perception. Liberman, et al. %
(1957} used synthetic speech to generate a series of 14 CV- !
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syllables as in Fig. 4, i.e., where the second formant (F2)
- onset was varied in 120 Hz steps and the steady-state vowel
_was /e/. Consistent with prior studies, listeners identified
- these stimuli as /be/, /de/, or /ge/ as shown in Fig. 4a,
. which gives the results for one subject. They then tested
listeners’ ability to discriminate pairs of these stimuli using
the ABX method, i.e., where three stimuli were presented
in the order ABX: A and B differ and X was identical to
sither A or B; listeners had to indicate whether X was
Kentical to A or B. This judgment was supposedly one of
auditory discrimination since the subjects were instructed
to use ‘any cues’ they could hear. The results of the same
S Subject’s discrimination of stimuli pairs immediately adja-
> Cent on the stimulus continuum (‘one-step’), as well as those
that were 2 steps and 3 steps apart are shown in Figs. 4b-
d. The authors also compared such discrimination scores
With those predicted on the basis of the identification
Unctions. The authors concluded that discrimination was
tly well predicted by identification and thus that speech
fod perceived categorically. This view is still widely held
Oday.
&Bl{t.with the advantage of hindsight, this conclusion can
;< Criticized on at least two points, First, the ABX paradigm
May encourage the verbal encoding of the stimuli A and B
fince it would be very difficult to remember their sound
hW-‘ Therefore, subjects might simply be performing the
48X discrimination task as if it were an identification task
. th}ls it should not come as a surprise if subjects show
9ot discrimination of different syllables that have the same
Second, quantitative measures of the ‘goodness-of-
Of the predicted and obtained discrimination functions

o

et

. ﬁgure 4. Probability of identification in the labeling task (top left panet) and observed and predicted probability of discrimination in the ABX task
i (after Liberman, et al,, 1957),

are not very impressive; in fact discrimination was generally
better than that predicted and this is evident in the data
presented in Fig. 4.

Ay
2.2 Negative Evidence
Subsequently experimental evidence has been obtained to
show that [isteners can discriminate auditory differences
between stop conscnants that are given the same label in
identification.

Using a F2-onsel stimulus continuum similar to that in
Fig. 4, but with the V= /&/, Barclay (1972) first obtained
listeners’ identification of the initial consonants as /b/, /d/,
or /g/, and got results similar to that in Fig. 4a. He then
later asked the same subjects to listen to the same contin-
uum but reduced the eligible responses to /b/ and /g/.
These subjects were successful in differentiating stimuli they
had earlier assigned to the /d/ category, that is, now assign-
ing either to the /b/ or the /g/ category.

Pisoni and Lazarus (1974) also demonstrated that sub-
jects could discriminate between stimuli that they would
give the same name to by first providing subjects more
extensive training on the items in the stimuli continuum
and second by employing a discrimination method that did
not tax auditory memory as much. They present two pairs
of stimuli, one pair always being the same and the other
different; subjects simply had to indicate which pair had
different stimuli. Their results show that discriminating
between sounds that are usually given different names was
not significantly better than that between sounds usually
given the same name.

4189
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There have been many demonstrations of continuous
perception of speech since these initial studies. Without a
doubt, the task of the speech perceiver is to categorize. The
child must decide whether the adult said, Get the ball or
Get the doll. However, the decision appears to be based on
continuous information provided by the speech signal. As
in other domains of categorization, speech recognition
involves the evaluation and integration of continuous, not
categorical, features. It is particularly important that the
information is maintained in a noncategorical form because
it can then be supplemented with other types of informa-
tion. If the child had insufficient acoustic information to
distinguish between ball and doll, 2 nod or hand gesture by
the speaker toward one of the objects could help dis-
ambiguate the instruction,

2.3 Categorical Partition

It is still a common mistake to interpret categorization
behavior as evidence for categorical perception. It is only
natural that continuous perception should lead to sharp
category boundaries along a stimulus continuum. Given
a stimulus continuum from A to not A that is perceived
continuously, GOODNESS(A) is an index of the degree to
which the information represents the category A. The left
panel of Fig. 5 shows GOODNESS(A) as a linear function
of Variable A.

An optimal decision rule in a discrete judgment task would
set the criterion value at 0.5 and classify the pattern as A
for any value greater than this value. Othetwise, the pattern
is classified as nor 4. Given this decision rule, the probabil-
ity of an A response would take the step-function form
shown in the right panel of Fig. 5. That is, with a fixed
criterion value and no variability, the decision operation
changes the continuous linear function given by the percep-
tual operation into a step function. Although based on con-
tinuous perception, this function is identical to the idealized
form of categorical perception in a speech identification
task. It follows that a step function for identification is not

1O

Goodness (A)
e
o
I

e
=
i

0.2

(1] ™ ~

Not A A
Variable A

Figure 5, Left Panel: The degree to which a stimulus represents the category A, called GOODNESS{A} as a function of the level along a stimulus
continuum between nor A and A. Right Panel: The probability of an 4 response, Probability(4), as a function of the stimulus continuum if the subject
maintains a decision criterion at a particular value of GOODNESS(A) and responds A if and only if the GOODNESS{A) exceeds Lhe decision criteriof
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criterion represented in Flg 5, but with normally distributed noise addadt ]
to the mapping of Variable 4 to GOODNESS(A).

evidence for categorical perception because it can occuris:
given continuous information.

If there is noise in the mapping from stimulus to 1dennﬁ
cation, a given level of Variable 4 cannot be expected to
produce the same identification judgment on each presenta-
tion. It is reasonable to assume that a given level of Variable
A produces a normally distributed ' range of GOOD-
NESS(A) values with a mean directly related to the level
of Variable 4 and a variance equal across all levels of Vap-
able A. If this is the case, noise will influence the identifica-
tion judgment for the Jevels of Variable A4 near the criterion
value more than it will influence the levels away from the
criterion value. Figure 6 illustrates the expected outcome
for identification if there is normally distributed noise with
the same criterion value assumed in Fig. 5.

If the noise is normal and has the same mean and van-
ance across the continuum, a stimulus whose mean good-
ness is at the criterion value will produce random
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jassifications. The goodness value will be above the crite-
‘jon on half of the trials and below the criterion on the
5ther half. As the goodness value moves away from the
iterion value, the noise will have a diminishing effect on
i identification judgments. Noise has a larger influence
%n identification in the middle of the range of goodness
salues than at the extremes because variability goes in both
YJirections in the middle and only inward at the extremes.
:This example shows that categorical decisions made on
ihe basis of continuous information produce identification
unctions with sharp boundaries, previously taken to rep-
;esent categorical perception, Strictly speaking, of course,
categorical perception was considered present only if dis-
% rimination behavior did not exceed that predicted from
ategorization. However, one should not have been im-
pressed with the failure of discrimination to exceed that
predicted by categorization if the discrimination task resem-
bled something more akin to categorization than
discrimination.
Drawing upon a broad range of methodological, theoreti-
4l and experimental issues, an attempt has been made
@& to present the evidence against the theory of categorical
“perception. At the methodological level, it has been shown
that the relation between identification and discrimination

it:i“' : “provides no support for categorical pqrception. First, the
able . * categorical model usually provides an inadequate descrip-

D- tion of the r_eSI_ﬂts, and it has not been shown to provide a
level better description than al'tcmatlve rpode]s. Second, even if
Fari- the results were to provide unequivocal support for the

categorical model, other explanations than categorical per-
ception would be possible.
At the theoretical level, it is necessary to distinguish
between sensory and decision processes in the categoriza-
tion task. What is central is that decision processes can
. transform continuous sensory information into results usu-
ally taken to reflect categorical perception. Finding rela-
lively categorical partitioning of a set of stimuli in no way
" implies that these stimuli were perceived categorically. Tap-
-ping into the process in other ways than simply measuring
- the identification response reveals the continuous nature of
. Speech perception. Perceivers can rate the degree to which
- speech event represents a category and they can easily
discriminate among different exemplars of the same speech
Category. In addition, RTs of identification judgments illus-
Irate that members within a speech category vary in ambi-
Emty or the degree to which they represent the category.
Although speech perception is continuous, there may be
a few speech contrasts that qualify for a weak form of
Rlegorical perception. This weak form of categorical per-
Cption would be reflected in somewhat better discrimina-
ton between instances from different categories than
tween instances within the same category. As an example,
nsider an auditory /ba/ to /da/ continuum similar to
One used in the experiments described above, The F2 and
transitions were varied in linear steps between the two
W‘}Pomts of the continuum. The syllable /ba/ is charac-
ed by rising transitions and /da/ by falling transitions.
Yubjects might discriminate a rising from a falling transition
m:i’.;ieasily than discriminate two rising or two falling tran-

the

5 even though the frequency difference is identical in
two cases. Direction of pitch change is more discrimin-

¢ than the exact magnitude of change. This weak form

of categorical perception would be due to a fundamental
characteristic of auditory processing and would not be a
result of having speech categories. Thus similar results
would be found in humans, chinchillas, and monkeys and
for nonspeech analogs. However, it is important to note
that discrimination between instances within a category is
still possible. Although a weak form of categorical percep-
tion might exist for a few distinctions, most distinctions do
not appear, to have this property, and the linguist is left
with explaining continuous rather than categorical speech
perception.

3. Theories of Word Recognition

Although there are several theories of spoken-word recogni-
tion, they can be classified and described fairly easily. All
theories begin with the acoustic signal and usually end with
access to a word or phrase in the mental lexicon. Seven
models of word recognition will be discussed to highlight
some important issues in understanding how words are rec-
ognized. Several important characteristics %f the models
will be reviewed to contrast and compare the models. Figure
7 gives a graphical presentation of these characteristics.
One important question is whether word recognition is
mediated or nonmediated. A second question is whether
the perceiver has access only to categorical information in
the word recognition process, or whether continuous infor-

mation is available. A third consideration is whether infor- -

mation from the continuously varying signal is used on-line
at the lexical stage of processing, or whether there is some
delay in initiating processing of the signal at the lexical
stage. A fourth characteristic involves parallel versus serial
access to the lexical representations in memory. The final
characteristic to consider is whether the word recognition
process functions autonomously, or whether it is context
dependent.

3.1 Logogen Model

The logogen model described by Morton {1964) has had
an important influence on how the field has described word
recognition. Morten proposed that each word that an indi-
vidual knows has a representation in long-term memory.
To describe this representation, Morton used the term log-
ogen—logos, meaning ‘word,” and genus, meaning ‘birth.’
Each logogen has‘a resting level of activity, and this level
of activity can be increased by stimulus events. Each log-
ogen has a threshold---when the level of activation exceeds
the threshold, the logogen fires. The threshold is a function
of word frequency; more frequent words have lower thresh-
olds and require less activation for firing. The firing of
a logogen makes the corresponding word available as a
respanse. Figure 8 gives a schematic diagram of the logogen
model.

Morton's logogen model can be evaluated with respect
to the five characteristics shown in Fig. 7. The model is
nonmediated because there is supposedly a direct mapping
between the input and the logogen. That is, no provision
has been made for smaller segments, such as phonemes or
syllables, to mediate word recognition. The perceiver of

- language appears to have continuous iriformation, given

that the logogen can be activated to various degrees. On
the other hand, one might interpret the theory as categorical
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Figure 7. Tree of wisdom illustrating binary oppositions central to the differences among theories of spoken-word recognition.
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RESPONSES

Figure 8. A schematic diagram of the logogen model. Recognition occurs when the activation in a logogen exceeds a critical level and the corresponding .
word becomes available as a response.

because of the assumption of a threshold below which the
logogen does not fire. Processing is on-line rather than
delayed. With respect to the fourth issue, words are activ-
ated in parallel rather than serially. Finally, as can be seen
in Fig. 8, the logogen allows for the contribution of contex-
tual information in word recognition. Contextual informa-
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tion activates logogens in the same way that mt"ormatlon
from the stimulus word itself activates logogens. The main
limitation in the logogen model is its nonmediated naturé.
Thus, the model has difficulty explaining intermediate rec-
ognition of sublexical units (e.g. CV syllables) and hoW
nonwords are recognized.




Speech Perception

7 Cohort Model
1 influential model of word recognition is the ‘cohort’
= odel (Marslen-Wilson 1984). According to this model,
ord recognition proceeds in a left-to-right fashion on-line
ith the sequential presentation of the information in a
oken word. The acoustic signal is recognized phoneme
by phoneme from left to right during the word presentation.
Fach phoneme is recognized categorically. Word recogni-
tion occurs by way of the elimination of alternative word
“indidates (cohorts). Recognition of the first phoneme in
the word eliminates all words that do not have that
-‘phoncme in initial position. Recognition of the second
phoneme eliminates all of the remaining cohorts that do
‘not have the second phoneme in second position. Recogni-
on of phonemes and the elimination of alternative words
ntinues in this fashion until only one word remains. It is
at this point that the word is recognized. Figure 9 gives an
example illustrating how the cohort model recognizes the
‘word ‘elephant.’
43 The cohort model is easy to describe with respect to the
‘five characteristics in Fig. 7. The model is: mediated, cate-
‘gorical, on-line, parallel, and contextually dependent to
some extent, Word recognition is mediated by phoneme
'recognition, phonemes are recognized on-line categorically,
words are accessed in parallel, and the word alternative
finally recognized can be influenced by context. The pri-
‘mary evidence against the cohort model is that phonemes
are not perceptual units and that speech perception is not
categorical.

ref

/el Jela/ Jelaf/ Jelafa/
acsthetic elbow clegiac elephant elephant
any elder elegy elephantine

eldest element —_— D
. eleemosynary elemental (2)

* thony elegance elementary
ebullition  elegiac elephant
- echelon elegy clephantine

element clevate
. elemental clevation
tconomic  elementary elevator
ecstasy elephant elocution
. elephantine  eloquent
. elevate
¢lement elevation {12)
elephant
tlevate

(28)

.‘-lo’!!“fe 9. Hlustration of how the word *elephant’ is recognized, according
-"qt:he Fohort model (Mgrslcn-Wilso.n 1984). Phonemes are recognized
wo gﬂrgcally a!nd on-line in a left-to-right quhion as they are spoken. All
-‘f'éohr S Inconsistent with the phoneme string are eliminated from the

ort. The number below each column represents the number of words
i;:u:"mmg in the cohort set at that point in processing the spoken word.
iy ote that the example is for British pronunciation in which the third
vowel of ‘elephantine’ is pronounced /2/.

£l

3.3 TRACE Model

The TRACE model of speech perception (McClelland and
Elman 1986) is one of a class of models in which informa-
tion processing occurs through excitatory and inhibitory
interactions among a large number of simple processing
units. These units are meant to represent the functional
properties of neurons or neural networks, Three levels or
sizes of units are used in TRACE: feature, phoneme, and
word. Features activate phonemes which activate words,
and activation of some units at a particular level inhibits
other units at the same level. In addition, an important
assumption of interactive—activation models is that activa-
tion of higher-order units activates their lower-order units;
for example, activation of the /b/ phoneme would activate
the features that are consistent with that phoneme.

With respect to the characteristics in Fig. 7,.the TRACE
model is mediated, on-line, somewhat categorical, parallel,
and context-dependent. Word recognition is mediated by
feature and phoneme recognition. The input is processed
on-line in TRACE, all words are activated by the input
in. parallel, and their activation is context-dependent. In
principle, TRACE is continuous, but its assumption about
interactive activation leads to categorical-like behavior at
the sensory (featural) level. According to the TRACE
model, a stimulus pattern is presented and activation of
the corresponding features sends more excitation to some
phoneme units than others. Given the assumption of feed-
back from the phoneme to the feature level, the activation
of a particular phoneme feeds down and activates the
features corresponding to that phoneme (McClelland and
Elman 1986: 47). This effect of feedback produces enhanced
sensitivity around a category boundary, exactly as predicted
by categorical perception. Evidence against phonemes as
perceptual units and against categorical perception is, there-
fore, evidence against the TRACE model.

3.4 Autonomous-search Model

A fourth mode! of word recognition is an autonomous-
search model of word recognition. The model involves two
stages—an initial access stage and a serial-search stage. This
model was developed for the recognition of written words
rather than for recognizing spoken words. However, advo-
cates of the model have begun to apply its basic
assumptions to spoken-word recognition (Bradley and For-
ster 1987), For~ease of presentation, the model will be
presented in terms of recognizing a written word.

The first stage in processing a written stimulus is in terms
of recognizing the letters that make up a word. The abstract
representation of this information serves as an access code
to select some subset of the lexicon. The distinctive feature
of this model is that words within this subset must be pro-
cessed serially. The serial order of processing is determined
by the frequency of occurrence of the words in the fanguage.
After making a match in the search stage of processing, a
verification or postsearch check is carried out against the
full orthographic properties of the word, If a match is
obtained at this stage, the relevant contents of the lexical
entry are made available.

The autonomous-search model can be described with
respect to the five characteristics in Fig. 7. The model is
mediated, categorical, on-line, serial, and contextually
independent. Written word recognition is mediated by letter
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recognition, letters are recognized on-line categoricaily, and
final recognition of a word requires a serial search. All of
this processing goes on without any influence from the con-
text at other levels, such as the sentence level. The auton-
omous-search model appears to fail on at least two counts:
categorical perception and contextually independent pro-
cessing. Evidence for continuous perception has been
reviewed and there is convincing evidence for the influence
of context in word recognition (see Sect. 4).

3.5 Lexical Access from Spectra ( LAFs) Model

Klatt (1979) developed a LAFs (lexical access from spectra)
model that bypasses features and segments as intermediate
to word recognition. The expected spectral patterns for
words and for cross-word boundaries are represented in a
large decoding network of expected sequences of spectra.
Figure 10 illustrates how each word is first represented
phonemically, then all possible pronunciations are deter-
mined by phonetic recording rules specifying alternative
pronunciations within and across word boundaries, and
these phonetic representations are converted to sequences
of spectral templates like those shown in Fig. 11. Figure 10
shows a sequence of 5 static critical-band spectra corre-
sponding to the middle of [t] to the*middle of [a]. ’

Central to the LAFs model is the assumption that running
spectra fully represent speech and that the differences
among spectra can differentiate among the meaningful
differences in real speech. With respect to the five character-
istics in Fig. 7, the model is mediated, continuous, on-line,
parallel, and contextually independent.' A goodness-of-
match is determined for each word path based on the run-
ning spectra of the speech stimulus. The goodness-of-match

. 60
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Silence

20 J
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4, 20

provides continuous and not just categorical informay;
Multiple alternatives can be evaluated in parallel anq ;i3
line as the speech signal arrives. Finally, the conteyp-
dependencies built into the representation are phongy,
ically based and, therefore, there is no provision for se

tic and syntactic constraints. That is, the contribution
linguistic context is limited to its effects on articulation an,
therefore, properties of the speech signal. Constraints oﬁé
and above this influence are not accounted for in the mod:
Thus, the model could not easily account for the contriy
tion of linguistic context. -

3.6 LAFF Model A
Stevens Kenneth has articulated a model describing lexicy
access via acoustic correlates of linguistic binary phonefi:
features. These features are language universal and binarf
(present or absent). Table 1 gives a featural representatiog
of the word ‘pawn.’ i
This model is driven by parsimony in that the feature
are assumed to be binary and robust. Binary features alioy
the integration process to by shortcircuited in that multiple
ambiguous sources of information do not have to be com--%
bined. With respect to the five characteristics in Fig, 7,
the model is mediated, categorical, delayed, parallel, and
contextually independent. A goodness-of-match is deter-
mined for each word path based on the distinctive features 3.
assembled from the speech input. The goodness-of-maich &
provides just categorical information with respect to each :
feature, Continuous information could be derived from the
number of features that match each word in memory, - |}
Multiple alternatives can be evaluated in parallel but the .
matching process cannot perform reliably until the com.-
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Figure 10. The phonetic transition from the middie of [ta) to the middle of {a} has been approximated by a sequence of five static critical-band speetrd,
(after Kiatt 1979). :
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- Figure H. The lexical tree, lexical network, and lexical access from spectra
of the LAFS model (after Klatt 1979).

. plete word has been presented. Finally, the contextual
" dependencies built into the represention are phonologically-
. based and, therefore, there is no prescribed provision for
. linguistic constraints.

3.7 Fuzzy Logical Model of Perception ( FLMP)

.According to the fuzzy logical model of perception (FLMP),
well-learned patterns are recognized in accordance with a
general algorithm, regardless of the modality or particular
Bature of the patterns (Massaro 1987). The model has
Teceived support in a wide variety of domains and consists
of three operations in perceptual (primary) recognition:
f_cature evaluation, feature integration, and decision, Con-
Unuously valued features are evaluated, integrated, and
Mmatched against prototype descriptions in memory, and an
Wentification decision is made on the basis of the relative
Eoodness of match of the stimulus information with the
televant prototype descriptions.

.- Central to the FLMP are summary description of the per-
Ceptual units of the language. These summary descriptions
.‘!’C‘calied prototypes and they contain a conjunction of
Various properties called features. A prototype is a category
580d the features of the prototype correspond to the ideal
BUes that an exemplar should have if it is a member of
that Category. The exact form of the representation of these
gf_’pemcs is not known. However, the memory represen-

sp
' Uon must be compatible with the sensory representation

Table I. A conventional lexical representation for the English word ‘pawn,’
shown at the top, has been modified below to reflect expectations as to the
temporal locations within the sytlable of acoustic information important to
the detection of feature values, In addition, features not specified by a
plus or minus are deemed not critical to the lexical decision. (Klatt {1989).

Conventional lexical representation

P 2 n
high - - -
low - + -
back - + -
nasal - - +
spread glottis + - -
sonorant - + +
voiced - + +
strident - - +
consonanial + - +
coronal - - +
anterior + - +
continuant - + -
Modified lexical representation
p 2 n
high -
low +
back +
nasal +
spread glottis +
sonorant -
voiced -
strident
consonantal + +
coronal - +
anterior + +
continuant - -

resulting from the transduction of the speech, Compatibility
is necessary because the two representations must be related
to one another. To recognize the syllable /ba/, the perceiver
must be able to relate the information provided by the
syllable itself to 5ome memory of the category /ba/.

Prototypes are generated for the task at hand. In speech
perception, for example, the linguist might envision activa-
tion of all prototypes corresponding to the perception units
of the language being spoken, For ease of exposition, con-
sider a speech signal representing a single perceptual unit,
such as the syllable /ba/. The sensory systems transduce
the physical event and make available various sources of
information calléd features. During the first operation in
the model, the features are evaluated in terms of the proto-
types in memory. For each feature and for each prototype,
featural evaluation provides information about the degree
to which the feature in the speech signal matches the featu-
ral value of the prototype.

Given the necessarily large variety of features, it is neces-
sary to have a common metric representing the degree of
match of each feature. The syllable /ba/, for example,
might have visible featural information related to the clos-
ing of the lips and audible information corresponding to
the second and third formant transitions. These two
features must share a common metric if they eventually are
going to be related to one another, To serve this purpose,
fuzzy truth values are used because they provide a natural
representation of the degree of match. Fuzzy truth values
lie between zero and one, corresponding to a proposition
being completely false and completely true. The value 0.5
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corresponds to a completely ambiguous situation whereas
0.7 would be more true than false and so on. Fuzzy truth
values, therefore, not only can represent continuous rather
than just categorical information, they also can represent
different kinds of information. Another advantage of fuzzy
truth values is that they couch information in mathematical
terms (or at least in a quantitative form}. This allows the
natural development of a quantitative description of the
phenomenon of interest,

Feature evaluation provides the degree to which each
feature in the syllable matches the corresponding feature in
each prototype in memory. The goal, of course, is to deter-
mine the overall goodness of match of each prototype with
the syllable. All of the features are capable of contributing
to this process and the second operation of the model is
called feature integration. That is, the features (actually the
degrees of matches) corresponding to ¢ach prototype are
combined (or conjoined in logical terms). The outcome of
feature integration consists of the degree to which each
prototype matches the syllable, In the model, all features
contribute to the final value, but with the property that
the least ambiguous features have the most impact on the
outcome. :

The third operation during récognition processing is deci-
sion. During this stage, the merit of each relevant prototype
is evaluated relative to the sum of the merits of the other
relevant prototypes. This relative goodness of match gives
the proportion of times the syllable is identified as an
instance of the prototype. The relative goodness of match
could also be determined from a rating judgment indicating
the degree to which the syllable matches the category. An
important prediction of the model is that one feature has
its greatest effect when a second feature is at its most ambig-
uous level. Thus, the most informative feature has the great-
est impact on the judgment, Figure 12 illustrates the three
stages involved in pattern recognition,

Different sources of information are represented by
uppercase letters. The evaluation process transforms these
into psychological values (indicated by lowercase letters)
that are then integrated to give an overall value. The deci-
sion operation maps this value into some response, such as
discrete decision or a rating. The model confronts several
important issues in describing speech perception. One fun-
damental claim is that multiple sources of information are
evaluated in speech perception, The sources of information
are both bottom-up and top-down. Two other assumptions
have to do with the evaluation of the multiple sources of
information. Continuous information is available from
each source and the output of evaluation of one source is
not contaminated by the other source. The output of the
integration process is also assumed to provide continuous
information. With respect to the contrasts in Fig. 7, spoken-
word recognition is mediated, continuous, on-line, serial
and parallel, and both autonomous and context-dependent.

Evaluation Integration Decision
Aj—d d; '
ot Pij ] o Rif
Vj —] = v ——]

Figure 12, Schematic representation of the three operations involved in
perceptual recognition.
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The theoretical framework of the FLMP has Proven v‘ :
able for the study of speech perception. Experip s
designed in this framework have provided importang inf,
mation concerning the sources of information in gng
perception, and how these sources of information ae 3
cessed to support speech perception; they have Sllldied
broad range of information sources, including bottgpys
sources such as audible and visible characteristics of speg
and top-down sources, including phonological, lexica] ¢
tactic, and semantic constraints (Massaro 1987), '

Seven models of speech perception and word recogpi
have been reviewed. All such models have trouble dey;s
with aspects of speech that are apparently easily dealt yin
by humans. In short, it is difficult to accommodate
extreme contextual variation in speech. The same aco
feature is sometimes associated with one phoneme, sop;
times another, ¢.g. the voice onset time (voT) for the voj;
stop in the syllable /gi/ is roughly equivalent to the yoEa gt
of the voiceless stop in /pa/. On the other hand, the syt §l 16250
phoneme has many different acoustic characteristigss:
depending on its context, e.g., the formant values for i
high front lax vowel /1/ change dramatically when followed# §=..2
by the lateral /1/. Conceivably, human listeners solve uﬁiﬁg A
by storing a much larger inventory of phonological uniti ¥
than has previously been entertained, i.e., separate protos
types for each V, CV, and VC sequence.

4. Linguistic Context
There is considerable debate concerning how informative
the acoustic signal actually is. Even if the acoustic signal &
sufficient for speech recognition under ideal conditions, few
researchers would believe that the listener relies on only
the acoustic signal. It is generally agreed that the listener
normally achieves good recognition by supplementing the
information from the acoustic signal with information
generated through the utilization of linguistic context. A
good deal of research has been directed at showing a posi
tive contribution of linguistic’ context.

4.1 Detecting Mispronunciations :
Abstracting meaning is a joint function of the independent
contributions of the available perceptual and contextual
information. In one experiment, Cole (1973) asked subjecls
to push a button every time they heard a mispronunciation
in a spoken rendering of Lewis Carroll’'s Through the
Looking Glass. A mispronunciation involved changing &
phoneme by 1, 2, or 4 distinctive features (for example,
‘confusion’ mispronounced as gunfusion, bunfusion, and::
sunfusion, respectively). The probability of recognizing 3%‘ G
mispronunciation increased from 30 to 75 percent w1th§r et
increases in the number of feature changes, which reflectsg
the contribution of the perceptual information passed o83
by the primary recognition process, The contribution of:
contextual information should work against the recognilmg
of a mispronunciation since context would support a ¢or:
rect rendering of the mispronounced word. In support ¢
this idea, all mispronunciations were correctly recogniz
when the syllables were isolated and removed from th
passage.

The detection of mispronunciation technique was als
used (o demonstrate that additional higher-order conteX;
tual redundancy is also used in perception, e.g. more accl’,
rate detection of mispronunciation in the word ‘kitler” if &
prior sentence included the word ‘murder. :
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' g;glén~Wilson (1973) asked subjects to shadow ({epeat
Pering 'prose as quickly as they heard it."Some individuals
Ant infop #ble to shadow the speech at extremely close delays
0 Spieg S ags of 250 msec, about the duration of a syllable or so.
N are pro- esiioht argue that the shadowing response was simply a
Studiaf ¥ '“, J.to-sound mapping without any higher order seman-
’0”%‘?’“ Aot actic analyses. When subjects make errors in
Of spo s#wing, however, the errors are syntactically and

tEcally appropriate given the preceding context. For
aple, given the sentence, ‘He had heard at the Brigade,’
. subjects repeated, ‘He had heard that the Brigade.’

le deafing's iiéturc of the errors did not vary with their latency;
dealt wigh 3 s <hadowing errors were always well-formed given the
e ac " —~' ing col’ltext. . . .
iThe field of speech perception is an area of research rich
R‘: Some, 'foth theories and methodologies, and developments in
5 th‘:: | FTTR :}.wo domains feed each other. This happens for several

~ns: what is valued more than one experimental

a::}:::u% f"_:'q'd.ology that yields reliable results relevant to a given
es for the s @”’gr_etxcal issueiis two or more methodologies whose results
n followed I show convergence. Furthermore, as new methods emerge
solve M—fﬁ ‘gnd yield results new questions arise which often lead to
sical it pew theories. It is not possible in the space of this article
ate p over all the issues and methods that occupy researchers

” e . - .

i this area. However, a brief case study of the interaction
one particular methodology and certain points of theory
be illustrative.

formative i
ic signal i 2 Limitations of Results
itions, fex Perceivers have been shown to be efficient exploiters of

S on m]y different types of context to aid in speech perception. The
he 1}5‘5‘“ “mtonomous-search, the LAFS, and the LAFF models have
?ﬂtlﬂ;ég ‘Efficulty in accounting for the contribution of context
orm

berause it assumes that speech perception goes on without
' “amy help of context. Even these models are not necessarily
"____;fllsiﬁed by the context effects, however, because it can be
ehaimed that the context eflects that were observed occurred
-after speech perception. It might be argued, for example,

depenical at the rapid shadowing errors observed by Marslen-Wil-
sontextusl ‘3m (1973) occurred at the stage of speech production rather
d subjds An speech perception. Analogous to research in other
Junciatoe - nains, it is essential to locate the stage of processing
rough o m3ponsible for experimental findings. A new task helped
hanginéh 'ddms this issue and, more importantly, the results can be
. exa ®ed to reveal how stimulus information and context jointly

ision, M Matribute to word recognition.
izinf
L ¥ ? Gating Task
 the gating task, portions of the spoken message are elimi-
U or gated out. In a typical task with single words, only
ok t 50 msec or so of the word is presented. Successive
e ;M tations ir'wolve longer and longer portions of the
'3 ’ﬁh by increasing the duration of each successive presenta-
010y 20 msec. Subjects attempt to name the word after
sxe Presentation. Warren and Marslen-Wilson (1987), for
3 le, presented words such as ‘school’ or ‘scoop.’ Fig-
lﬁ: shows that the probability of correct recognition of
el

L Word increases as additional word information is
tcd In the gating task.

Speech perception and spoken language understand-
Vestigators have worried about two features of the

In

ﬁa,.orgating task appears to have promise for the inves'tiga-,
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Figure 13, Probability of correct recognition of the test word as a function -

of the distance from the alignment point in the test word, The alignment

point corresponds to a point near the onset of the final consonant of the
word (results adapted from Warren and Marslen-Wilson 1987},

gating task that may limit its external validity. The first
potentially controversial feature of the task is that subjects
hear multiple presentations of the test word on a given trial.
The standard procedure is to present increasingly larger
fragments of the same word on a given trial. The subject
responds after each presentation of the fragment. The
repeated presentations of the fragment may enhance recog-
nition of the test word relative to the case in which the
subject obtains only a single presentation of an item. In
visual form perception, for example, it has been shown that
repeated tachistoscopic presentations of a test form lead to
correct recognition, even though the duration is not
increased as it is in the gating task. The same short presenta-
tion of a test form that does not produce correct recognition
on its initial presentation can give correct recognition if it
is repeated three or four times in the task. This
improvement in performance occurs even though the dura-
tion of the test stimulus was not increased. These repeated
looks at the stimulus can lead to improved performance
relative to just a single look. Information from successive
presentations can be utilized to improve performance and
therefore multiple presentations lead to better performance
than just a single presentation. Based on this result, per-
formance in the gating task might refiect repeated presenta-
tions of the test word, in addition to the fact that the
successive presentations increased in duration.

The standard muitiple presentation format has been com-
pared with the format in which subjects heard only a single
fragment from each word in the task. Similar results were
found in both conditions. A similar study found that the
average duration of the test word needed for correct identi-
fication was only 5 msec less in the task with multiple pres-
entations on a trial than for a single presentation of the
test word. Thus, using successive presentations in the gating
task appears to be a valid method to increase the duration
of the test word to assess its influence on recognition.

A second question concerning gating tasks has to do with
how quickly subjects are required to respond in the task.
It could be the case that subjects, given unlimited time to
respond in the task, will pecform differently from their per-
formance in the on-line recognition of continuous speech.
That is, the gating task might be treated as a conscious
problem-solving task in which subjects are very deliberate
in making their decision about what word was presented.
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This deliberation would not be possible in a typical situ-
ation involving continuous speech and, therefore, the
results might be misleading. To assess performance under
more realistic conditions, Tyler and Wessels employed a
naming response in the gating task. Subjects were required
to name the test-word as guickly as possible on each trial.
In addition, a given word was presented only once to a
given subject. The results from this task were very similar
to the standard gating test. The durations of the test words
needed for correct recognition were roughly the same as
that found in the standard gating task. Thus, the experi-
ments exploring the external validity of the gating task have
been very encouraging. The results appear to be generaliz-
able to the on-line recognition of continuous speech.

4.4 Integrating Sentential Context

Tyler and Wessels (1983) used the gating paradigm to assess

the contribution of various forms of sentential context to
word recognition. Subjects heard a sentence followed by
the beginning of the test word (with (he rest of the word
gated.out). The word was increased in duration by adding
small“segments of the word until correct recognition was
achieved. The sentence contexts varied in syntactic and
semantic constraints. Some sentence contexts had minimal
semantic constraints in that the target word was not pre-
dictable in a test given the sentence context and the first
100 msec of the target word. Performance in this condition
can be compared to a control condition in which no senten-
tial constraints were present. The experimental question is
whether context contributes to recognition of the test word.

Figure 14 gives the probability of correct word recogni-
tion as a function of the number of segments in the test
word and the context condition. Both variables had a sig-
nificant influence on performance. In addition, the inter-
action between the two variables reveals how word
information and context jointly influence word recognition,
Context influences performance most at intermediate levels
of word information. The contribution of context is most
apparent when there is some but not complete information
about the test word. The lines in Fig. 14 give the predictions
of the fuzzy logical model of perception (FLMP). The FLMP
describes word recognition in terms of the evaluation and
integration of word information and sentential context fol-
lowed by a decision based on the outcome. As can be seen
in the figure, the model captures the exact form of the
integration of the two sources of information.

A positive effect of sentence context in this situation is
very impressive because it illustrates a true integration of
word and context information. The probability of correct
recognition is zero when context is given with minimum
word information. Similarly, the probability of correct rec-
ognition is zero with 3 segments of the test word presented
without context. That is, neither the context alone nor the
limited word information permits word recognition; how-
cver, when presented jointly, word recognition ig very good.
Thus, the strong effect of minimum semantic context illus-
trated in Fig. 14 can be considered to reflect true integration
of word and contextual sources of information.

The form of the interaction of stimulus information and
context is relevant {o the prediction of the cohort model,
which assumes that some minimum cohort set must be
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Figure 14. Observed (points) and predicted (fines) probability of jdeg
{ying the test word correctly as a function of the sentential context s
the number of segments of the test word, The minimum context refery
minimum semantic and weak syntactic constraints. The none cop
refers 1o no semantic and weak syntactic constraints (after Tyler 3238

Wessels 1983), "

established on the basis of stimutus information before o
text can have an influence. In terms of FLMp descriptio
this assumption implies that the evaluation of £onte
should change across different levels of gating, To tes thig
hypothesis, another model was fit to the results, In this
model, context was assumed to have an influence only afiég
some minimum gating interval. Because it is not knoy
what this minimum interval should be, an additional free
parameter was estimated to converge on the interval thaf
gave the best description of the observed results. This modd
did not improve the description of the results, weakening:)
the claim that context has its influence only after som
minimum stimulus information has been processed. Thisgs;
result is another instance of the general finding that there; o
are no discrete points in psychological processing. The s : *ﬁg
tem does not seem to work one way at one point in time
(i.e., no effect of context), and another way in another point
in time (i.e., an effect of context). :
The functional account of speech perception should COM
tinue to be the goal for speech research in the 1990s. |
has been seen how perceivers have continuous rather than,
categorical information from the speech signal in speechiy
perception. There is also good evidence that both the specch
signal and the linguistic and contextual context influenct
speech perception. Given these multiple influences, spes
perception necessarily involves the evaluation and integ)
tion of a variety of somewhat ambiguous informati
sources. A decision process is also required to use the ou
come of these processes in an optimal fashion. The natuf
and dynamics of these processes offer an immediate cha
lenge to researchers and students. ‘

See also. Phonetics, Articulatory; Quantal Thcoryf_
Speech; Speech: Biological Basis; Speech Perceplio
Direct Realist Theory; Speech Processing: Auditory Mog
els; Speech: Acoustics; Phonetics, Descriptive Acous
Intelligibility and Speech Evaluation; Speech Technolog)
Overview,
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D. W. Massaro

sopeech Perception: Direct Realist Theory

: direct realist theory of speech perception has been
tloped to explain a listener’s ability to recover phonetic
Phonological information from a speech utterance. It
T two distinctive theoretical claims. First, perception
ﬁ t,’ in being unmediated either by an internal rep-
% T Wlation of stimulation constructed in perception or by
{heory L2 .:;a'f, Processes as inference-making and hypothesis-testing,
: E-=$med necessary in some theories to deal with apparent

tory ¥ § == Pancies between information about phonetic proper-
o2 AR the acoustic speech signal and the ostensibly richer
_»chnobﬂ' WUC message recoverable by listeners. Second, the

5 sYisa ‘realist’ theory because of its claim that linguistic
;g2 of speech perception occur as real physical events
ﬁihworld' outside the minds of perceivers and talkers.

i :theory, consonants and vowels are physical actions
a- Yocal tract that have linguistic significance because

2 functions they serve in communicative exchanges

*8 members of a language community. Information in-

an acoustic speech signal can specify consonants and vowels
to listeners for two reasons. The consonants and vowels
directly cause disturbances in the air that serve as stimula-
tion for the ear and hence as information for the perceiver,
and the disturbances that each perceptually distinguishable
phonetic property of an utterance causes are specific to that
property.

The theory addresses ‘bottom-line’ perceiving in the fol-
lowing sense. The claim is not that consonants and vowels
are the perceptual objects of speech; rather, perceivers
recover a tiered set of objects, generaily focusing their atten-
tion on the larger domains that convey a communicative
message. The claim, instead, is that the gestures which con-
stitute consonants and vowels are the smallest perceivable
linguistic units in speech, because they are the smallest lin-
guistically significant actions of the vocal tract that cause
disturbances in the air. They are perceptual objects for at
least one group of listeners, namely language learners, who
must learn to-do with their vocal tracts what they hear
skilled talkers doing with theirs.

The claims of the theory are controversial. Whereas, in a
direct realist theory, perceptual objects are the articulatory
causes, of the acoustic signal, in most theories (except the
motor theory of speech perception), perceptual objects are
acoustic structures mapped onto abstract phonetic and/or
phonological categories stored in the mind of a language
user. Whereas, in a direct realist theory, objects of speech
perception can at once be physical actions of the vocal tract
and components of a linguistic message, in other theories,
neither the physical actions of the vocal tract nor the acous-
tic signal are composed of units of a linguistic message
themselves; rather, they signal linguistic units, while the
units themselves are categorics in the mind. Finally, claims
of a direct realist theory that perception can be direct are
generally considered unrealistic, because, ostensibly, the
acoustic speech signal does not specify the consonants and
vowels of a spoken message, and because listeners some-
times report hearing sequences of consonants and vowels
other than those produced by a speaker.

The theory of speech perception derives from a larger,
universal theory of perception developed by James J. Gibson.
Understanding why the theory takes the form that it does,
therefore, requires_one to look outside the particular
domain of a theory\of speech perception to the larger con-
text of the general theory of perception in which it is
imbedded.

1, Perception in General, and Gibson’s ‘Ecological’ Theory

Perception constitutes the only means by which animals,
including humans, can come to know the environment in
which they participate as actors. Crossmodally, perception
is acquaintance with environmental objects, surfaces, and
events by means of the causal effects that they have on
media that can stimulate the sense organs of a perceiver.
Consider visual perception in its public aspect. (Public
aspects of perceiving refer to those things in the environ-
ment that are perceivable by a particular species of per-
ceiver, what information about the environment is available
in stimulation at the sense organs, and what subset of that
information is perceptually effective. Private or covert
aspects of perceiving refer to any processes inside perceivers
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