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ABSTRACT
The proposal that the word is the basic
organizing unit of speech production is
satisfying as well as being a proposal
that can be supported by a substantial
body of data. These comments review
some of the supportive data and also
raise questions about the origins of
utterance-level speech-timing effects.

1. INTRODUCTION
The notion of the word as the basic

organizing unit of speech production is
both intriguing and intuitively satisfying.
A good measure of this satisfaction
derives, I think. from the idea that the
primary organizational unit of speech
may be the same for all languages,
regardless of their status as “syllable-
timed” or “stress-timed," or unspecified
on that dimension. Or, in another light,
since speech tempo is usually specified
as a measure of syllables per unit of
time, if “stress—timing” assumes that the
constant duration intervals occur
between stressed syllables, then, for
some languages at least, “the durations
of utterances are determined by syllable
count, but not all syllables count” [26].

However, before embracing a model
having the word as the basic unit of
speech production, it would be useful to
be able to answer what, on the surface,
appears to be a very simple question:
“What is a word?” The most widely
offered definition of “word” is that it is a
string of characters set off by spaces,
and the orthographic conventions for
representing words are language-
specrftc. What is not considered in this
definition (or attempt at definition) is the
nature of a “word" for an illiterate
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speaker, for a listener to a foreign
language, or for a child first learning to
speak. For these groups of speech users
and hearers, the “words” may be quite
different entities than they are for
accomplished literate speaker/hearers of
a language. (To make this point explicit:
consider the many anecdotes of the sort
in which a string of segments intended
to convey one set of “words” is heard as
another: e.g., “pullet surprises” for
“Pulitzer Prizes") And although lack of
a satisfactory definition of “word”
seriously limits our ability to confirm or
reject this model immediately, the study
necessary to answer questions abut the
nature the word ought to provide
evidence useful in evaluating this model.
That is. identifying the nature of the
differences (if any) among the “words"
of these groups of speakers should
provide the linguistic framework
necessary for evaluating models of
speech production in which “words”
play a critical organizing role.

2. SOME RELEVANT STUDIES
Dauer’s [11] evidence that their is no

more isochrony in English and Thai
(both stress-timed languages) than in
Spanish (a syllable-timed language) or
Italian and Greek (both unclassified on
this dimension) offers compelling
support for rejection of the stress grOUp
as the temporal organizing unit of
speech. It will be necessary, though. to
reconcile Umeda’s [28] data with the
word as the organizing unit. Her data do
not provide evidence that the number of
syllables in a word influences the
durations of the vowels in the word;
rather, she found that vowel durations
could be predicted from a number of



phonological conditions, including
whether a vowel occurred pre-pausally,
whether it occurred in a stressed
syllable, and whether it occurred word-
finally. Thus, Umeda’s data suggest
that, other things being equal, syllable
number is not very important-~instead,
one syllable is much like another. This
result contrasts with that of Lehiste [22],
who found a reduction in syllable
duration as suffixes were added to
monosyllabic stems. (We must, of
course, consider the possible effects of
the different tasks on the experimental
outcomes: in Umeda’s study, vowel
durations were measured in extended,
continuous-~i.e., 10-20 minute-—speech
samples, whereas in Lehiste's study,
syllable durations were measured in
much shorter speech samples.) It is
possible to interpret Lehiste’s data in
terms of the word as the organizing unit:
within the word, durations are
determined by phonological conditions
including the number of syllables. This
leads, of course, to questions of the
syllable as the organizing unit of speech.
However, questions of speech timing
and speech rhythm necessarily require
units larger than the syllable, since
questions of relative segment duration
mandate comparisons among parts of
larger pieces of speech.

Returning, then to the proposal that the
word is the temporal organizing unit of
speech, it may be instructive to examine
some physiological and acoustic data
collected for other purposes, to see if
and how they may support this model, or
how the model must be modified in
order to account for these data. To
begin, such a model must account for
observed differences in the organization
of speech gestures in utterances
produced at different speaking rates,
including differences in the relative
magnitude and timing relations of the
articulatory gestures for successive
segments. There are studies [13, 29]
whose data are in conflict with the
target-undershoot model [23],
suggesting that although increasing
speech tempo results in vowels of
shorter duration, it does not result in
spectrally reduced vowels. This result is
taken as support for the word as the
temporal organizing unit, and suggests
that there is a reorganization of the
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word’s articulatory patterns to achieve
the same spectral targets as occur in
slower speech. These results, however,
also suggest a homogeneity among
speakers in the way that they achieve
changes in speech tempo, a homogeneity
that is contradicted by Harris’ [16] data,
in which one of her three subjects
showed overshoot and the other two
showed undershoot of vowels in speech
produced with increased tempo. In
addition, the genioglossus muscle
electromyographic (EMG) data
accompanying Harris' acoustic data
support the notion of reorganization of
the magnitude of the articulatory
gestures, and not simply their timing (or
overlap, [23]). It is also worth noting, I
think, that the relation between acoustic
overshoot and undershoot and the
underlying muscle potentials is not a
simple one. That is, one subject’s peak
EMG activity was reduced for increased
tempo utterances, one subject’s activity
was substantially increased for increased
tempo utterances, and the third subject’s
activity was only modestly increased for
increased tempo utterances.
soo

-soo o 300
Figure l. Ensemble-averaged EMG
potentials (in.|‚1v) from genioglosrus m.
for 16-20 tokens each of lapfpipo/ (thin
line) and lapipipol (heavy line). Zero,
the reference point for signal alignment,
represents the beginning of /p/ closure in
the acoustic waveform.

A model of speech timing that takes
the word, rather than the stress group, as
its basic unit of organization can also be
supported by the EMG and acoustic data
of Bell-Berti and Han-is [5]. That study
reports on the effect of changing pnmary
stress and speaking rate on the sep-
aration of lingual EMG activity asso-
ciated with the production of two /i/
vowels separated by an intervening /p/
or /b/. Briefly, they reported a direct
relation between the duration of the



medial stop closure and the depth of the
trough between the flanking vowel
gestures (Fig. l). The depth of this
trough was taken to be a reflection of the
change in relative timing (and hence,
overlap) between the end of the pre-stop
vowel and the beginning of the post-stop
vowel. Similar data on the depth of the
trough in labial EMG data for lu/ vowels
separated by alveolar consonants have
also been reported [8, 14, 15]. This
view would have the durations of seg-
mental articulatory gestures determined
by the position of the segment within the
word, the segmental composition of the
word, the location of stressed syllables,
and speaking rate, but would have the
“edge” relations between the gestures
for successive segments remain quite
stable across substantial changes in all of
these parameters (Fig. 2). That is, the
timing of the beginning of a gesture for
one segment will be relatively un-
changed in relation to that segment's
acoustic onset (or, viewed another way,
the end of the gesture for the preceding

Figure 2. Schematic representation of
gestures in a VCV utterance. As the
medial (consonant) gesture shortens, the
flanking vowel gestures move together,
mcreasrng temporal overlap. No
changes in gesture magnitude are
represented.

segment). This view is supported by the
data from a number of studies [5, 6, 8, 9,
15]. That rs, these studies and the model
they support [1, 7] may be compatibleWith a model of speech organizationhavrng the word as its primary temporal
organrzrng unit.
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Even more directly to the point is
Krakow’s [20] study of the articulatory
organization of syllables. She has
shown that the position of a nasal
consonant within a syllable determines
the relative timing of maximum velum
and lip displacements, with velum
lowering movements generally being en-
hanced for syllable-final nasal con-
sonants. In addition, however, Krakow
has shown small, but stable, scaling
effects on lip and velum movements for
word-marginal (both syllable- and word-
initial or final) nasals, compared with
movements for word-medial (but
syllable-initial or syllable-final) nasals.
That is, although syllable position de-
termines the basic patterns of articulator
movements and interarticulator coordi-
nation, the position of a segment within
a word does effect articulatory or—
ganization.

3. UTTERANCE-LEVEL PATTERNS
It is also obvious that there are

utterance-level effects on segment
durations in speech [18]. Thus, we
know that segments occurring late in an
utterance will be longer than those
occurring earlier in an utterance--the
final-lengthening effect [e.g., 24, 25].
So other questions we should address
are: What are the sources of utterance-
level timing patterns? and, How do
‘words’ fit into the larger units of
language?

One possibility is that some aspects of
speech timing are determined by the
linguistic characteristics of an utterance
(the inherent segment durations and the
phonetic, semantic, and syntactic context
in which a segment occurs), while other
aspects of speech timing are determined
by the neurological, muscular and
mechanical components of the speech
system. Bonnot [10] has proposed that
there are two levels of speech-timing
control, a motor planning level that
results in Tatham’s [27] “notional time."
whose output timing pattern is the result
of linguistic and motor programming
interactions, and a motor execution level
that results in Kent’s [17] “clock time."

One utterance-level timing pattern that
has been studied widely is the final
lengthening effect [24, 25], whose
Importance in perceiving speech has



been suggested by Klatt and Cooper
[19], who have shown that listeners
expect longer durations for words in
phrase- and sentence-final positions. It
has seemed reasonable, at least until this
point, to assign final-lengthening to the
motor-planning level [12]. However,
some recent data [2, 3, 4] from studies
of acoustic segment durations in French-
speaking normal and cerebellar dysar-
thric subjects seem to shed a different
light on the origin of the final-length-
ening effect. In those studies, the final
lengthening that was a characteristic of
the speech of the normal adult speakers
was absent in the speech of a group of
ataxic dysarthric speakers whose speech
was also marked by an overall slowing
of speech tempo (measured as overall
utterance duration). That is, the reduced
speech rate of the ataxic speakers was
not simply the result of a global slowing
of speech; rather, the durational relations
within an utterance were disrupted.
These dysarthric speakers suffered from
cerebellar disease, and the cerebellum is
though to have a “setting" function for
motor activity (possibly through muscle
spindle biasing [21]). One possible in-
terpretation of these data [2, 3,], then, is
that final-lengthening originates at the
motor-execution level. Alternatively.
however, it may be that there is a limit
on how much reduced speaking rate may
be and still have final elements that are
relatively slower than those occurring
earlier in the utterance [4].

4. CONCLUSION

It seems, then, that substantial support
can be found in the speech production
literature for the word as the basic unit
of speech organization. It is also
reasonable to assume, though, that, in
addition to basic units, we must also
identify the larger linguistic units that
affect speech timing (e.g., utterance-
level effects), as well as the role that
physiological systems may play in
determining the temporal characteristics
of speech. Furthermore, the develop-
ment of a comprehensive model of
speech timing requires that we explore
the interactions between the linguistic
and physiological systems involved in
producing the tinting patterns speech.
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