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AUDITORY OR ARTICULATORY CODING IN
VERBAL SHORT-TERM MEMORY!

WAYNE A. WICKELGREN 2

Massachusetts Institute of Technology

Attempts to determine whether the verbal short-term memory (STM)
trace is in an auditory system or an articulatory system by comparison of
the confusion matrices for auditory recognition and STM are shown to be
based on assumptions that are very likely invalid. Attempts to decide this N
question by means of the effects of noise on STM are also shown to be
inconclusive. Finally, the possibility must not be ignored that the trace is
in an abstract verbal system that is neither purely auditory nor purely

articulatory.

Intrusion errors in short-term recall of ver-
bal items composed of two or more phonemes
(e.g., letter names, digits, CV digrams) tend to
have a phoneme in common with the correct
item (Conrad, 1962, 1964; Wickelgren, 1965a,
1965¢c). Furthermore, false recognition rates
in short-term recognition memory are higher
for incorrect test items sharing a phoneme with
the correct item than for test items having no
phonemes in common with the test item (Wick-
elgren, 1966b). Confounding perceptual errors
have been excluded from the short-term mem-
ory (STM) data either by slow visual presenta-
tion or by having subjects copy items as they
are presented and scoring for recall only cor-
rectly copied items. Thus, verbal items appear
to be coded in STM, at least in part, as a
sequence of phonemes (or allophones).

Intrusion errors in short-term recall of single
vowel or consonant phonemes are also system-
atic, tending to have distinctive features in com-
mon with the correct vowel or consonant
(Hintzman, 1967; Wickelgren, 1965b, 1966a).
Thus, it appears that a phoneme is coded in
STM, at least in part, as a set of distinctive
features, such as voicing, nasality, place of ar-
ticulation, and openness of the vocal tract.

Phonemes, allophones, and distinctive features
are rather abstract concepts. Even restricting
ourselves to events occurring within the nervous
system, one cannot say that a phoneme, allo-
phone, or feature is merely a sequence of audi-
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tory (sensory) events, because it is also a
sequence of speech-motor commands and also
the kinesthetic feedback from speech, at other
phases of the verbal communication process.
Moreover, there may be other functional stages
of the verbal communication process which
deserve identification as separate levels in the
nervous system. Certainly there is a growing
school of linguists and psycholinguists that be-
lieve it is necessary to postulate abstract levels
of processing language material. These ab-
stract verbal systems are very likely not purely
sensory or motor modalities, though they un-
doubtedly receive input from sensory systems
and can provide output to motor systems.

So, what does it mean to say that verbal
items are coded as phonemes (or allophones)
and phonemes (or allophones) are coded as
distinctive features in STM? It means that a
theoretical analysis found useful in linguistics
and speech communication has proved useful in
predicting the systematic errors in STM for
simple verbal materials. It demonstrates that
STM does not take place in some totally dif-
ferent part of the nervous system from those
parts that are concerned with other types of
linguistic behavior. It indicates that not all of
the STM trace for verbal materials is in a
visual or writing-motor modality, since the
phonemic (or allophonic) and distinctive fea-
ture codes have no conceivable definition in
visual or writing-motor terms. The results
obtained thus far do not logically eliminate the
possibility of some replication of verbal STM
traces in visual or writing motor systems, but
they do suggest that the phonetically coded trace
is the principal one,

What existing error data for STM do not
answer is the question of whether,the verbal
STM trace is in (a) an auditory (sensory)
modality, (b) an articulatory (motor or kines-
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thetic-sensory) modality, or (c) an abstract
verbal modality. Existing STM error data can
be equally well-interpreted in auditory, articula-
tory, or abstract verbal terms, and furthermore,
it is not clear how the issue can be settled by
behavioral experiments.

Two recent experiments by Hintzman (1965,
1967) attempted to decide whether the STM
trace was auditory or articulatory. The possi-
bility that the trace might be in an abstract
verbal modality was ignored. Also, the articu-
latory coding hypothesis was phrased in terms
of kinesthetic-sensory traces rather than speech-
motor traces, without any evidence indicating
(a) that the speech musculature must be acti-
vated in rehearsal in order to obtain the
memory-preserving functions of rehearsal or
(b) that reduction or elimination of the kines-
thetic feedback (through anesthetization of the
vocal tract) has any effect on verbal STM.
However, Hintzman (1967) did recognize both
interpretations of the articulatory coding hy-
pothesis. So, let us ignore the distinction be-
tween the two kinds of articulatory coding
hypotheses and, for the moment, forget about
the possibility of abstract verbal coding. Even
having done this, Hintzman (1965, 1967) has
not established that articulatory coding is more
likely than auditory coding for verbal STM.

Hintzman (1967) reasoned essentially as fol-
lows: (a) Confusion matrices for auditory per-
ception of consonants reflect the code used by
the human auditory system and only that code.
(b) Confusion matrices for verbal STM (elimi-
nating all perceptual errors) reflect the code
used by whatever system the verbal STM
traces are in and only that code. (c¢) If there
are systematic differences between these con-
fusion matrices, then the verbal STM traces
must be in some system other than the auditory
system, (d) Hintzman (1967) and Wickelgren
(1966a) have found that both voicing and place
of articulation are important features in STM
for English consonants (each consonant fol-
lowed by the vowel /a/). (e) Hintzman (1967)
then asserted that Miller and Nicely (1955)
had found voicing to be a feature in perceptual
recognition of consonants in noise, but had
found no evidence that place of articulation was
an important feature in auditory recognition.
Therefore, according to Hintzman, verbal STM
is not in the auditory system. Since Hintzman
only considers one alternative to auditory cod-
ing, namely, articulatory coding, and since
“place of articulation” clearly sounds like the
name of an articulatory dimension, Hintzman

concludes that the coding of verbal STM is
articulatory and not auditory.

There are several flaws in Hintzman’s (1967)
argument, and one potential germ of truth.

In the first place, Hintzman (1967) should
not have relied exclusively on the data of Miller
and Nicely (1955) to determine the features
important in auditory recognition of consonants.
Even Miller and Nicely did not rely exclusively
on their data to determine their feature system
for auditory recognition of English consonants,
(They included place of articulation as a feature
dimension.) Hintzman (1967) is correct in
asserting that there is no compelling evidence
in the data of Miller and Nicely for place of
articulation as a feature in auditory recogni-
tion of English consonants. However, there is
some suggestion in Miller and Nicely’s data
that place of articulation is an important feature
dimension in auditory recognition of consonants,
and other studies conclusively demonstrate its
importance (Harbold, 1960 ; Liberman, Delattre,
& Cooper, 1958; Singh & Black, 1966). 1t is
even known that the second formant transition
is an important auditory cue for the dimension
of place of articulation (Cooper, Delattre, Liber-
man, Borst, & Gerstman, 1952; Delattre, Liber-
man, & Cooper, 1955; Liberman, Delattre,
Cooper, & Gerstman, 1954). Apparently, the
white noise used by Miller and Nicely to obtain
errors in auditory recognition of consonants had
a more devastating effect on the cues for place
of articulation than it did upon the cues for
other features such as voicing, that is, place cues
had a lower signal-to-noise ratio than voicing
cues. Thus, the errors tended to preserve voic-
ing much more often than they preserved place.

The more general point is that the nature of
the noise one uses to obtain errors in auditory
recognition has a systematic effect on the kinds
of errors one sees, and no single such study
should be used to rule out a potential feature
dimension, especially when nothing is offered
in its place. Thus, Hintzman’s assumption that
auditory confusion matrices reflect only audi-
tory coding is false, because the nature of the
noise one uses to distort the physical signal has
a qualitative, as well as a quantitative, effect on
the auditory confusion matrix.

Hintzman’s (1967) assumption that auditory
confusion matrices reflect only auditory coding
may be false for another, more interesting,
reason, namely, because of the evidence for the
motor theory of speech perception. It is the
case that, when the vowel accomipanying a con-
sonant is held constant, there is a simple map-
ping of articulatory dimensions onto the audi-
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tory cue dimensions that appear to mediate
perceptual recognition. If exactly the same
mapping from articulation onto auditory cues
were found for consonants in all vowel environ-
ments, then it would seem to be impossible ever
to use confusion matrices to decide between
auditory or articulatory coding in either recog-
nition or STM. However, this is not the case;
the auditory cues for the various feature dimen-
sions of consonants are profoundly affected by
the vowel environment, while the articulatory
attributes are much less affected (Liberman,
Cooper, Shankweiler,” & Studdert-Kennedy,
1967). Since the feature dimensions for audi-
tory recognition of consonants seem to be more
simply defined in articulatory terms than in
auditory terms, it has been argued that the
articulatory system plays a large role in speech
recognition (Halle & Stevens, 1962; Liberman,
1957 ; Liberman, Cooper, Shankweiler, & Stud-
dert-Kennedy, 1967).

Since the feature dimensions for verbal STM
appear to be highly similar or identical to the
feature dimensions for auditory recognition (the
exact opposite of what Hintzman claimed),
the same argument can be given for the articula-
tory system playing a large role in verbal STM
as was given for the articulatory system playing
a large role in auditory recognition. This is
what Hintzman (1967) was trying to establish
and is the potential germ of truth in his posi-
tion, though the reasoning is almost exactly
the inverse of that which he used.

However, we do not have any independent
knowledge of the coding used at central levels
of either the articulatory or auditory system.
Thus, it is impossible, at the present time, to
make definite decisions regarding whether the
feature dimensions underlying either recogni-
tion or STM confusion matrices represent audi-
tory or articulatory feature dimensions. If the
phoneme is a basic unit of verbal recognition
and STM, then auditory coding does seem less
likely than articulatory or abstract verbal cod-
ing. However, if the basic unit is on the order
of an allophone, rather than a phoneme, then
auditory coding is-in no way made less likely
by existing error data. Finally, it is at least as
reasonable to assume that the verbal STM trace
is in an abstract verbal system as to assume that
it is in either an auditory or an articulatory
system,

Although error data are not capable, at
present, of establishing whether the STM trace
is auditory, articulatory, or abstract verbal,
perhaps there is some other way. Hintzman

(1965) did suggest another way, which, how-

ever, will be shown to be inadequate. He rea-
soned that if the STM trace were auditory, it
should be possible to disrupt it by white noise
presented at the same time that the subject is
being given the items to be remembered via a
memory drum, Furthermore, Hintzman rea-
soned that the tendency to produce phonemically
similar intrusions might decrease in the white
noise condition as a result of the subject’s plac-
ing greater reliance on some other storage sys-
tem than the auditory storage system, provided
the storage was auditory rather than articu-
latory.

The results were clear. White noise had no
effect on either the frequency of errors or the
tendency to produce phonemically similar errors.
Furthermore, subjects appeared to be rehears-
ing more audibly in the white noise condition.

Does this suggest articulatory coding? I
think not. Whether the storage was auditory,
articulatory, or verbal, subjects were apparently
impelled to rehearse more audibly, perhaps to
counteract the noise. By this hypothesis, some
combination of more audible rehearsal and
greater attenuation of auditory input via atten-
tion mechanisms occurred and was successful
in combating any interfering effects of the white
noise. This is a less parsimonious explanation
than Hintzman’s (1965) explanation, but it is
certainly possible.

However, even if we accept part of Hintz-
man’s (1965) conclusion and assume that white
noise never enters the area where the STM
trace is stored, it is as reasonable to assume
that there is an auditory area or abstract verbal
area for speech sounds that is protected from
white noise input as it is to assume that there
is an articulatory area which is protected from
white noise input.

All this does not mean that the STM trace is
not partly or even primarily articulatory. It
may be. Certainly, rehearsal seems to occur in
experiments where the rate of presentation is
as slow as one or two items per second, so it
must be serving a function. But we do not yet
know how to determine whether that function
is to maintain an active reverberating STM
trace, a passive trace in the auditory system,
a passive trace in the articulatory system, pas-
sive traces in both auditory and articulatory
systems, or traces in some abstract verbal sys-
tem that is neither purely auditory nor purely
articulatory.
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