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ABSTRACT

Although Norris, McQueen and Cutler have provided
convincing evidence against the lexicon influencing
phonetic processing, their simplification has costs for the
processes themselves. While their arrangement may
ultimately prove correct, its validity is not due to
Occam’s Razor. Their statistical accumulation
presupposes units of a particular size for those
accumulations, including trans-segmental combinations.
Listeners parse the signal into the various phonetic units
in a fairly complete way, without strict left-to-right
processing. If the results of that parsing are the units at
which the statistical properties accumulate, then the
parsing must be complete before the statistical
likelihoods can act, or the statistical likelihoods are part
of parsing itself. The first possibility seems to require yet
another level between speech and the lexicon; the second
possibility requires a far more complex speech processor
than previously proposed. At this point, it is only
possible to make preliminary suggestions for a
resolution.

1. INTRODUCTION

The perception of speech i1s performed by a biological
specialization that has evolved over the last million years
or so to enable communication between members of the
human species and to make speech researchers look
stupid. The process is so automatic and necessary for
humans that it disguises the complexity that exists in the
way the segments are presented to the ear. The ear does
not have enough resolving power to have an acoustic
alphabet that would present phoneme-sized sounds one
after another and still have an efficient rate of
communication [1]. Instead, the sounds we receive are
highly overlapped, or coarticulated, so that an efficient
stream can be presented. It is only because the gestures
that create those sounds and the interpretation of those
sounds as gestures coevolved that we are able to speak at
typical rates of 10 or 12 phonemes per second {2].

What comes naturally to the human ear (and, of
course, the brain attached to it) is difficult for the speech
scientist. After 50 years of relatively easy instrumental
access to the acoustic structure of speech, we still have
not deciphered the basic units that are used perceptually.
We have had proposals of features [3], segments [4],
diphones [5], triphones [6], syllables [7], acoustic
landmarks [8], successive speech spectra [9], gestures
[10], and, perhaps, none at all {11]. I do not propose
here to decide among these various alternatives. What is
important to note is that there is no clearly superior way
of analyzing the speech signal that would convince
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researchers to agree on the result as happened with, say,
the introduction of the periodic table in chemistry . The
evidence for such a breakthrough does not yet exist.

There are many levels of linguistic structure that can
be shown to affect perception, so it does not appear
likely that there is a single perceptual unit. Subjects can
monitor for some of these units, including at least
phonemes, syllables, bisyllables and words [12-14],
though disjoint groups like /b/ and /s/ have been used as
well [15]. Monitoring for features is more difficult,
since most monitoring tasks are interpreted in terms of
letters, and features are not well represented in letters.
But listeners are aware of the features, showing the
"oddity" response of mismatch negativity in a
magnetoencephalography paradigm [16]. But beyond
the metalinguistic task of monitoring, it has been found
that virtually every acoustic consequence of speech
articulation affects perception [17-21]. Further, these
levels of description interact, most notably when the
constraints of syllable affiliation lead to trading relations
within a single phonetic dimension that informs both
consonant and vowel judgments [22]. Again. this
discussion is not to resolve this issue, but to indicate that
there are levels of complexity that have yet to be sorted
out.

Every theory assumes some primitive, even the
theories that claim not to have them, and these primitives
are important for the details of how frequency of
occurrence affects the organization of phonology and the
lexicon. My own theory [1, 23] has gestures as the
primitive. This accounts well for the overlap of gestures
in production and the untangling of that overlap in
perception. It is compatible with early facility in speech
perception [24, 25] and the ability to imitate [26]. One
of its biggest challenges is to explain the discrepancy
between the lack of clear indications of a segmental
structure  with the wildly successful nature of
orthographies that tap into just that segmental level. It
seems very unlikely that such an entity would be created
by the association with a letter, though there is some
evidence that says just that [27-29]. If phonemes are
made up of gestures and gestures are recognized first,
gestural theory should have as good an account for
lexical access as a theory that posits features which are
then, perhaps, gathered into phoneme-sized bundles {3].

As stated above, even the connectionist theories that
claim to be neutral as to the levels of analysis inherent in
the system make assumptions about the elements in the
system. Every connectionist model must begin with an
input, which is, in the best case, an unanalyzed set of
spectra [30, 31]. Even this reduction counts as
establishing units. In the gestural model, for example,
these spectral slices are not significant and would not be
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possible units at all. If the connectionist models later
develop units at various levels that we are familiar with
from compositional linguistic analysis, so much the
better; but a successful model is under no obligation to
do so. The nodes at which frequencies can accumulate
are specified at least in number and sometimes in
structure before any input is received, presumably in a
fashion similar to the availability of neurons in the brain.
The models must make assumptions about those
elements that we know are wrong.  Further, our
understanding of what is involved in this case is limited
by the danger in interpreting the hidden level nodes.
Still, the overlap with structurally determined categories
is sufficient to make a case that the lexical activation can
influence the perceptual portion of the network.

2. REPORTED RESULTS

The most convincing case of lexical input was that of
Elman and McClelland [32], until Pitt and McQueen
[33] provided contrary evidence. A segment whose
major acoustic realization is replaced by noise can btz
expected to be perceptually fiiled in [34, 35], but that the
restored segment should have a coarticulatory influence
is unexpected. What seems even more unexpected is Pitt
and McQueen’s finding that the lexicon is not filling in
the gap, but phoneme probabilities are. Although these
authors were more concerned with the issue as defined
by the earlier research, their result opens new
possibilities that have yet to be fully explored. They
show that the speech perception mechanism utilizes a
parsing strategy [19, 36, 37], but that this parsing is
sensitive to likelihoods in cases where positive evidence
is missing. Here is where the issue of the units becomes
critical.

Frequencies can only accumulate on an element in a
system, so the elements that are posited to explain the
coarticulatory results of Pitt and McQueen must be
perceptually relevant. It may be the case that they are
not primary, since we have already seen that multiple
levels of description are needed for speech, but those
levels must exist. Thus whenever a nonlexical frequency
effect is found in the phonetic system (as in Pitt and
McQueen), the system must have that combination of
elements present to attach the frequency to. Considering
that every combination of words seems to be a potential
site for the effects that Pitt and McQueen found, this
means that there must now be a vastly increased number
of units in the perceptual system. It is no longer possible
to derive the combined frequencies by rule from the
lexical frequencies involved: The strings of phonemes
must be represented without the interference of the
lexicon.

3. CONCLUSION

The upshot is that the architecture is simpler in that the
lexicon does not directly influence the phonetic
processing, but the phonetic processing is greatly
increased in complexity. Any time there is a string of
phonemes, it appears, they will generate a sequence that
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begins to accumulate a frequency count. The effects that
Pitt and McQueen discuss go from one segment to
another across a word boundary, but, it seems likely that
there will be larger components that will be represented
as well. Coarticulation spreads beyond the syllable [38-
40], and the perceptual parsing mechanism takes these
larger influences into account. The size needed may
extend up even to well-memorized passages, at least for
individuals. All of these are hierarchically related, but
predicting them from the lexicon would seem to be, in
terms of storage requirements at least, simpler.

The added complexity in the phonetic component
could well be necessary, however. The fact that Pitt and
McQueen obtained their results with nonwords as well as
words indicates that there is a level of description that
transcends the lexicon. Using the lexicon to make
"analogous” probabilities for nonwords may make for
more complications that the addition of superordinate
elements in the phonetic component. At this stage of our
theorizing, it seems premature to assign complexity
values to any description. Our theories must stand on
whether they explain how things work, not on how
simply they do it.

In closing, let me give an example of a lexical
influence that Cathi Best, Julia Irwin and I found
recently [41] and which does not immediately seem to
avoid having the lexicon influence perception. We
wanted to explore infants’ perception of allophones in
their own language, to see at what stage they became
sensitive to whether the allophones were in the typical
syllable position or not. In the course of trying to
validate our stimuli with adults, we discovered that
adults were not sensitive to the difference: They could
distinguish the aspirated /p/ from the unaspirated /p/, but
they preferred the aspirate even in the syllable position
where it was less appropriate. Even when we asked our
listeners to detect a foreign accent (which seemed like a
reasonable possibility with allophones), they had the
same preference. All of these tests were with nonwords,
which we wanted to use with the infants so that overall
frequency of occurrence would be (essentially) zero. But
when we put those same allophones in words, the
listeners preferred the appropriate allophone. We are
following this study up with work on allophones of /l/, in
which we will manipulate word frequency as well, but
the remarkable thing is that there is an effect of lexicality
at all. Certainly we would have expected, from our own
theoretical stance and the results of Pitt and McQueen,
that lexicality would have no effect here.

This is the kind of puzzle that is revealed by the
second edge of Occam’s razor, opening up new depths as
it slices on the upswing as well as the down. We may
have severed the downward links from the lexicon into
the speech perception mechanism, but we have exposed
that mechanism as a far more statistically inclined
machine than seemed necessary if the lexicon could
handle the probabilities. What we need to find out now
is how general these statistical properties are, how they
develop in language acquisition, and whether the
statistical properties can be seen in on-line processing
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via neural imaging. The result will be a far better
understanding of the perceptual processes that allow us
to communicate with each other.
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