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This paper discusses & number of important concepts within the frame-
work of human information processing and their relevance to speech sound
perception. A rough outline of & model of speech perception is described
which incorporates the distinetions between sensory, short and long term
memory eand hierarchical stages of processing. Central to this approach is

the continuity of processing and the interrelations between stages of
analysis.,
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Introduction

Current theories of speech perception have been quite general and vague,
and for the most part, not terribly well developed (Libermsn, Cooper, Shank-
weiler & Studdert-Kennedy, 196T; Stevens & House, 1972). Indeed, it is proba-
bly fair to say that most of the current theoretical approaches to speech
perception are only preliminary 'guesses' at what a possible model of the
speech perception process might entail. A few quotes should make this point
clear. For example, in 1964 Liberman and his colleagues stated at the Sympo-
sium on Models for the Perception of Speech and Visual Form that:

"Since this symposium is concerned with models, we should say at the

outset that we do not have a model in the strict sence, though we
are in search of one."” (Liberman, Cooper, Harris, MacNeilage &
Studdert-Kennedy, 1967, p. 68),

At the same meeting, Fant stated that:

"Any attempt to propose a model for the perception of speech is

deemed to become highly speculative in character and the present
contribution is no exception." (Fant, 1967, p. 111).

And even more recently, Stevens & House stated in their chapter on
Speech Perception that:

"Since we are still far from an understanding of the neurophysiological

processes involved, any model that can be proposed must be a functional
model, and one can only speculate on the relation between components

of the functional model and the neural events at the periphery of the

auditory system and in the central nervous system," (Stevens & House,
1972, p. L7).
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Although most investipgators agree that the perception of speech sounds
may involve processes and mechanisms that are in some way basically different
from those employed in the perception of other sounds, very little work has
been directed at specifying these differences. A large body of experimental
work obtained over the last twenty years suggests that when listeners are
presented with speech stimuli their ability to identify and discriminate these
sounds on an auditory basis alone is limited to a very substantial degree by
their linguistic knowledge. Differences in the perception of speech and non-
speech stimuli and differences in perception among various classes of speech
sounds have led numerous investigators to propose a special "speech perception
mode" (Stevens & Halle, 1967; Liberman, 1970a,b). Other findings employing
dichotic listening techniques have suggested that a specialized perceptual

mechanism--"a spe¢ial speech decoder'" may exist as a distinct physiological

entity for the processing of speech sounds (Studdert-Kennedy & Shankweiler,
1970). Other evidence has been accumulated to suggest that speech perception
may involve some sort of active mediation of motor centers associated with
speech production (Liberman, Cooper, Harris & MacKeilage, 1963).

In this paper, I consider some of the perceptual processes involved in
speech recognition and then describe a rough model for speech sound perception

based on recent work in human information processing.

Information Processing Appreach

In recent years the study of speech perception has begun to adapt the
aims and methods of human information processing models which have been
employed quite successfully in the study of visual and auditory perception

(Neisser, 1967; Haber, 1969; Massaro, 1972; Reed, 1973). This approach
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views perception as a hierarchically organized sequence of events involving
stages of storage and transformations of information over time. As Neisser
points out, during these stages information is 'transformed, reduced, elabor-
ated, stored, recovered and used." A major assumption of this approach to per-
ception 1s the continuity of different levels of processing. Sensation, per-
ception, memory and thought are considered to be on a continuum of cognitive
activity. These stages are thought to be mutually inter-dependent. Further-
more, it is argued that one can only understand perception, especially recog-
nition, identification and perceptual memory by attempting to understand the
whole range of these cognitive processes.

Since the information processing approach is fundamental to our approach
to speech perception, I will first describe some of the major concepts involved.
Then I will describe some of the stages of processing speech perception and
then provide some of the details of the current model.

There are three basic assumptions in current information processing
models. First, perception is not immediate but is the outcome of distinct
operations distributed over time. One goal of information processing models
is to attempt to specify the operations which occur from the presentation of
a stimulus to the overt response of the observer. The various stages which
lie between input and output are typically represented by a flow chart with
block design. Much of the recent work on backward masking has been concerned
with this question (Pisoni, 1972, 197L4; Massaro, 197h4).

The second assumption is that there are "capacity limitations" at various
stages of processing. Because the nervous system cannot maintain all aspects

of sensory stimulations and must integrate energy over time, limits on the
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capaclty to store and process sensory data occur which require that information
be recoded into s different more abstract form, One goml of research in this
area hes been to identify the locus of these capacity limitations. For example,
the recent work by Shiffrin and myself has been specifically directed at this
problem (see Shiffrin, Pisoni & Castenada-Mendez, 197L),

The third assumption 1s that perception necessarily involves various types
of memorial processes since recoding and retention of information will oeceur
at all stages of information processing. Hence, the study of speech perception
necessarily entails the study of perceptual memory. The work of Fujisaki and
myself has shown the importance of short-term memory in speech perception
(Fu)isaki & Kawashima, 1970; Pisoni, 1971, 1973).

Sensory Memory, Short-term Memory and Long-term Memory

Central to information processing analyses is the motion of an iconic,
echole, or pre-perceptual memory store, This is typically thought of as a
very temporary storage medium which preserves all of the stimulus information
in & literal or veridical form for several hundred milliseconds. During this
time period, the information is converted into a more persistent and abstract
form for representation in short-term storage, Short-term (STS) or "working
memory" is thought to have a very limited capacity from which information is
rapidly lost unless active rehearsal or control processes are operating. Long-
term store (LTS) on the other hand, is assumed to be the permanent repository
for Information. It has an unlimited capacity. Long-term store receives
information from short-term store. The process of rehearsal of information
in short-term store first regenerates the rapidly decaying memory traces and
also causes informetion in short-term store to be transferred to long-term

store.
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Recognition is assumed to be & process whereby the sensory input or
some derived version of it "makes contact” with a stored representation in
long-term memory or some type of representation that has been constructed or
generated by rules in long-term memory. Thus, recognition is assumed to take
rlace in short-term memory. The information present in short-term memory is
thought to consist of a combination of information from both the sensory input
and information from long-term memory.

Sensory information is not simply transferred to short-term store but
is "recoded" while still being maintained at the earliest stage of processing.
It is generally assumed that the earliest stages of the recognition process
occur "automatically"” and without conscious control by the subject {see for
example, Shiffrin & Geisler, 1973). A good part of the information from the
earliest stages of processing is lost by decay and only a relatively abstract
representation of the input is maintained in short-term memory.

Stages of Processing in Speech Perception

A number of recent accounts of speech perception have begun to emphasize
process and to divide this process into a hierarchy of stages: auditory,
phonetic, phonological ete, (see for example, Liberman, 1970; Studdert-Kennedy,
1974a,b; Studdert-Kennedy, Shankweiler & Pisoni, 1972; Wood, 1973). Figure 1

shows some of the processes which are assumed to take place between the initial

acoustic signal and its final conceptual representation. According to this
view, the speech signal undergoes a series of successive transformations

whereby information is recoded into more and more abstract forms of representation
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(see also Liberman, 1970). The stages are thought to be partially successive
since spoken language is inherently a temporal phenomena. However, decisions
at varlous stages must alsc take place in parallel to permit information
from higher levels to be employed in processes at lower levels,

Although the distinction between phonetic structure and higher levels of
analysis is commonly accepted in linguistic theory, the distinction between
auditory (i.e., acoustic structure) and phonetic levels of analysis has not
been widely recognized., The auditory stage may be thought of as the first
level of analysis. At this stage the acoustic waveform is transformed or
recoded into some 'time-varying" neurological pattern of events in the auditory
system. Acoustic information such as spectral structure, fundamental frequency,
intensity and duration is extracted by the auditory system. All subsequent
stages of analysis beyond the auditory stage are thought to be abstract and
based on these "auditory features." The phonetic stage is closely related to
auditory analysis. Here, segments and features necessary for phonetic classi-
fication are abstracted or derived from the auditory features of the acoustic
signal. At the output of this stage, the continuously varying acoustic
stimulus h;s been transformed into a sequence of discrete phonetic segments,.
Information about the feature specification of these phonetic segments is
then passed on to higher levels of processing for phonological and syntactic
analysis.

Thus, the auditory level may be characterized as that portion of the

speech perception process which is "non-linguistic,"” and therefore includes
processes and mechanisms that operate on speech and non-speech signals alike.

On the other hand, processes and mechanisms at the phonetic level are assumed
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to perform a linguistic abstraction process whereby a particular phonetic
feature is identified or recognized from some configuration of auditory
features.

An Information Processing Model

In this section, I will briefly sketch the structure of the information

processing model, Figure 2 shows & block diagram of the components. Auditory
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input enters the system and is processed in progressive stages., The output of

Preliminary Auditory Analysis is assumed to be some type of spectral display

in terms of frequency, time, and intensity. Sensory input is processed auto-
matically through several levels of analysis without the operation of conscious
selective attention, Sensory information is maintained in a relatively gross
unanalyzed form in the Sensory Information Store (SIS). Information is further
processed by & ''recognition device" which is shown as four distinct stages in
this figure. Information from any or all of these stages of processing is
placed in short-term store where the subject can selectively rehearse, encode
or make decisions about it. It is assumed that information in long-term store
is employed in the recognition process.

Automatic processing by the recognition device is assumed to take place

as follows. In Stage 1, Acoustic Feature Analysis, we agsume thet auditory

features of the speech signal are recognized by a system of individual auditory
feature detectors (Stevens, 1973). For example, in the case of a simple CV
syllable, we assume that specialized auditory detectors will respond selectively

to at least some of the following types of information: (a) presence or absence
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of a rapid change in the spectrum; (b) direction, extent, and duration of =
change in the spectrum; (c) duration and intensity of noise, etc. The output
of Acoustic Feature Analysis 1s some set of acoustic cues or auditory features
which forms the input to the next stage of processing.

In Stage 2, Phonetic Feature Analysis, we assume that a set of decision

rules is employed to map multiple auditory features into phonetic features.

It is assumed that this is a many-to-one mapping where several different auditory
features provide information about a particular phonetic feature. The output

of phonetic feature analysis is a set of abstract phonetic features. These
decision rules can be thought of as having knowledge of articulatory constraints
in production although it is not essential for the model in its present form.

These features are subsequently maintained in Stage 3, the Feature Buffer.

This may be thought of as simply a holding mechanism which maintains decisions
about the feature composition of a particular syllable. There are two reasons
for postulating a feature buffer. First, not all phonetic features are assumed
to be processed (i.e., recognized) at the same rate. Secondly, some memorial
process is needed to preserve and maintain phonetic feature information more-
or-less. independently for subsequent stages of linguistic processing (e.g.,
phonological).

Feature information is then used in Stage 4, Phonetic Feature Combination,

where individual features are recombined to form discrete phonetic segments.

The output of Stage 4 is & phonetic segment, where the feature specification is,
for example, some form of an abstract distinctive feature matrix. This infor-
mation is then passed on to higher levels of processing for phonological and

syntactic analysis.
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The model as I have described it thus far is still preliminary and a
number of changes and revisions will obviously be required. However, I think
it has much to offer as a framework for dealing with past research and providing
a basis for future work. Jt combines the virtues of recent information pro-
cessing models with their emphasis on stages of processing, memory and recoding
of information. It also incorporates the recent distinctions between auditory
and phonetic stages of processing in speech perception. Finally, I think such
a model can be used to generate new and important questions about speech
perception that can be tested empirically. For example, what is the general
organization of auditory and phonetic stages of processing and the nature of
the interaction between them? What is the locus or stage of processing at
which processing peculiar to speech is initiated and what is the nature of
these perceptual operations?

In a more global sense, the model can be used to specify the ways in which
speech sounds may require specialized neural mechanisms for perceptual processing
and the ways it may conform to more general principles of human information

processing common to other modalities.
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