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The interpretation given in the subject article to the incidence of negative correlations between the
durations of adjacent speech segments, viz., that they show evidence of temporal compensation, is
criticized. It is shown that the negative correlations are most likely due to measurement error and to the

author’s normalization of the duration of his test utterances.
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INTRODUCTION

What determines the timing of the units of speech:
Is there some underlying temporal schedule of events
the brain must follow in delivering motor commands to
the speech articulators, or does the brain simply keep
track of the order in which events occur, the timing of
a given motor command being determined by when the
brain receives sensory information that the preceding
motor commands have been or are being successfully
executed? These two possibilities have been called the
“preplanning ” and “chaining ” models, respectively, of
speech timing. (These models are relevant only to the
question of the timing of the units of speech, not to their
ordering or their selection. There is no dispute that
these latter two processes have to be preplanned. )

The preplanning model would predict that deviations
from the schedule would be made ﬁp or compensated for
by appropriate adjustments in the timing of successive
units within the same utterance. Thus Wright, in the
article under discussion,! suggests

... if temporal compensation takes place within a
linguistic unit, a degree of interaction will be re-
vealed when correlations are made between its
smaller adjacent segment durations. Significant
negative correlations between adjacent segment
durations reflect a high degree of temporal com-
pensation, while zero or positive correlations indi-
cate an absence of compensation. [p. 1258. ]

There are complications, however, that Wright ig-
nores.

I. THE EFFECT OF MEASUREMENT ERROR

Wright had his subjects repeat a phrase and a sen-
tence several times and found significant negative cor-
relations between the durations of certain adjacent
stretches of speech within these utterances. It was on
this basis that he claimed that there is evidence of tem-
poral compensation on those intervals of speech span-
ning both stretches. In general, though, there are two
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possible sources of negative correlation between adja-
cent intervals: One is temporal compensation, i.e., a
systematic effort on the part of the brain to compensate
for temporal deviations in given speech intervals—to
keep things “on schedule” —by appropriate adjustment of
the durations of successive intervals within the same
utterance. The other source is measurement error,
i.e., since the adjacent intervals share a boundary, an
erroneous placement of the boundary will increment the
duration of one interval while decrementing the dura-
tion of the other interval by the same amount. This by
itself will introduce negativity into the correlation be-
tween the measured intervals., This point can be dem-
onstrated formally as follows.

Assume two adjacent speech intervals X and Y which

"upon N repetitions are produced with the “true” dura-

tions Xy, ceey Xy evey Xy ANA Yy c0ey Viy eesy Yy, TE-
spectively. If the boundary between X and Y is ran-
domly mislocated, there will be a measurement error
W=, .o., Wyy <., Wy, such that the measured dura-
tions of the two intervals will be x;+wy,...,%;
+Wiyeae  Xy+tWyand Yy =Wy, eee 3 Yi=Wiseee , Yy— Wy,
respectively (see Fig. 1).

Assume the measurement error W is nonsystematic,

"True' Segment Durations

Measured Segment Durations

FIG. 1. Boundary mislocation of adjacent speech intervals
XandVY.
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/i. e., that the expected values of X, ¥, and W are

N
E{X}:%Z x,=my , (1)
=1
1 &
E{¥}=5 2 vi=my, (2)
i=l
and
.
= — )y = 3
E{W}=5 ; w, =0, (3)
and therefore that
E{X+W}=E{X}=my (4)
and
E{Y-W}=E{Y}=my. (5)

Then the covariance (COV) between the adjacent mea-
sured intervals X+ W and Y - W would be

COV(X+ W, Y- W)=COV(X, Y)+ COV(X, -~ W)
+COV(W, )+ COV(W,-W). (6)

If the measurement error W is independent of both
X and Y, then

COV(X,-W)=0 4]
and

Cov(W,Y)=0, (8)
and, of course,

COV(W,-W)==-V(W), (9)
where V is the variance.

Therefore Eq. (6) reduces to Eq. (10);
COV(X+W,Y-W)=COV(X,Y)- V(W) . (10)

The correlation coefficient between the two measured
intervals is

__COV(X+W,Y-W)
Tx.w,Y-W‘[V(X+ WIV(Y - W)]Uz

- COV(X, ¥Y) - V(W) .
HIvX) + v [V(Y)+ v(W)]F7Z

by Eq. (10) and the classical statistical relation (12):
V(A+B)=V(A)+ V(B)+2COV(A4,B), (12)

(11)

and the assumption that the measurement error W is
independent of both X and Y.

Now if the segments X and Y are independent of each
other, then

COV(X, Y)=0 (13)
and Eq. (11) reduces to Eq. (14).
_ V(W) <0
Txew v =TI VNV - W]y =0
(14)

For example, if V(X)= V(Y)= V(W) and COV(X, Y)=0,
then
V(W) V(W)

YXew,v-w = _[ZV(W)ZV(W)]l/z == ZV(W) ==0.5.
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The negative correlation of - 0.5 is due entirely to the
measurement error. Measurement error will always
contribute some negativity to the correlation coefficient
but the magnitude of this effect depends on the relative
magnitudes of the variances of the intervals X and ¥
and the measurement error W. To consider another
example, if V(X)=V(Y)=100 msec? and V(W)=25
msec? (i.e., oy=10 msec and 0, =5 msec) then

Yxew,y-w=—0.2 .

It is clear that the variance of the measurement error
has to be much less than the variance of the intervals
studied if one shall be justified in neglecting the influ-
ence of the measurement error on the correlation co-
efficient, This strikes us as a virtual impossibility no
matter how carefully one segments and measures the
speech signal, especially when one considers that mea-
surement error in this case is caused not only by slips
of the pencil or calipers in segmenting the speech wave,
but also by not knowing where the speaker’s brain con-
siders the boundaries between the speech units to be, ?
Wright assumes the boundaries are at discontinuities in
the acoustic speech signal. But can anyone be sure
that the brain does not use other, less obvious, bound-
aries, e.g., peaks in the tension of some speech mus-
cles or perhaps in the velocity function of articulators,
neither of which would necessarily coincide with any
clearly definable acoustic boundary ?

In general there is no sure way to differentiate be-
tween negative correlations caused by temporal com-
pensation and those caused by measurement error; how-
ever, we might expect that negative correlations due to
measurement error would show up more between seg-
ments which share an indistinct boundary, since it
would be more difficult to locate such a boundary reli-
ably from one token of an utterance to the next. The
test sentence Wright used, “To catch a fish is to hook
it,” would probably be spoken with stress on the words
“catch,” “fish,” and “hook, ” the remaining words be-
ing unstressed. As unstressed syllables are spoken
less distinctly than stressed ones, their boundaries
should be harder to find and thus they ought to show
higher negative correlations between segments on either
side of the boundaries. Also, the boundary between [h]
and surrounding vowels, which is notoriously difficult
to find, especially if the [h] becomes partially voiced,
would also be expected to be associated with higher
negative correlations. The only clear boundaries, then,
would probably be those between [k", =], [=,t/], [f,1],
[1,/], and [U,k]. As there are a total of 816 correla-
tion coefficients to be compared for the intervals in
Wright’s test sentence, there would be 1632 such coef-
ficients to examine in the data from both of his subjects,
of which 1100 would be between intervals that would be
supposed to have unclear boundaries and 532 between
intervals having relatively clear boundaries. Wright
found 176 of these correlation coefficients which were
significantly negative, If the clarity of the boundaries
did not influence the correlation coefficients, one would
expect the distribution of the 176 to be divided between
the two boundary types in the ratio 1100:532, that is
118.6:57.4, The actual values reported by Wright are
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153 significant negative correlation coefficients between
intervals sharing what we might suppose are unclear
boundaries and 23 between intervals sharing the clear
boundaries. The difference between the observed and
expected values is highly significant, p< 0, 001,

Thus, the fact that Wright found more negative cor-
relations in the latter half of his sentence does not show
that “...temporal compensations. ., tended to be ac-
complished utterance finally...,” only that the latter
half of the sentence contained more fuzzy boundaries
than the first half,

Il. THE EFFECT OF NORMALIZATION

Furthermore, in the pilot experiment, some of the
negative correlations Wright “discovered” he in fact
put there himself. Wright started with 78 repetitions
of the phrase he used and 68 repetitions of the sentence.
However, for final statistical analysis he used only 54
tokens of the phrase which centered about the mean,
discarding the rest. Similarly, the final analysis of the
sentence involved only 48 tokens closest to the mean.
The effect of this “normalization” procedure on the cor-
relations between intervals can be gauged by consider-
ing the classical statistical relation (15), which is a
more general form of Eq. (12) above.

For the variables X,,...,X;,..., Xy,

N N
v(;‘ x,) = 3 VIX)+2 33 COVIX, X)) (15)

The normalization procedure of discarding samples of
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sentence durations which were very far from the mean
has the effect of limiting or reducing the variance of
the utterance durations, i.e., of reducing the leftmost
term in Eq. (15) without affecting, as much, the second
term. Thus, if the equation is to balance, the right-
most term will be reduced as well. The covariances
will exhibit more negativity than they would have before
the normalization procedure.

For further discussion of the common pitfalls en-
countered in using these and similar statistical tech-
niques to discover the underlying mechanism of speech
timing, see Ohala.®

i1l. CONCLUSION

For the reasons mentioned, Wright’s negative corre-
lations reveal nothing about how speech timing is regu-
lated. We must emphasize that we are not saying that
Wright’s claim that speech timing uses both “chaining ”
and “preplanning ” is wrong; only that his data give no
evidence on the point,
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