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A series of experiments was carried out to investigate how fundamental frequency declination is perceived
by speakers of English. Using linear predictor coded speech, nonsense sentences were constructed in
which fundamental frequency on the last stressed syllable had been systematically varied. Listeners were
asked to judge which stressed syllable was higher in pitch. Their judgments were found to reflect
normalization for expected declination; in general, when two stressed syllables sounded equal in pitch, the
second was actually lower. The pattern of normalization reflected certain major features of production
patterns: A greater correction for declination was made for wide pitch range stimuli than for narrow pitch
range stimuli. The slope of expected declination was less for longer stimuli than for shorter ones. Lastly,
amplitude was found to have a significant effect on judgments, suggesting that the amplitude downdrift
which normally accompanies fundamental frequency declination may have an important role in the

perception of phrasing.
PACS numbers: 43.70.Dn, 43.66.Hg

INTRODUCTION

The declination effect, or the tendency of pitch to
drift downwards over the course of an intonation group,
has been observed in many languages. For example,
it is known to occur in French (Vaissiere, 1971), Fin-
nish (Hirvonen, 1970), Japanese(Fujimura, personal
communication),and in a large number of African lang-
uages (Silverstein, 1976; Welmers, 1973); it has been
particularly well documented in work by Collier and
t’Hart (1971), and t’Hart and Cohen (1973) onDutch, and
in Maeda’s work on English (Maeda, 1976). The attention
the phenomenon has received in these last works has
focused on two questions: what physiological mechan-
ism is responsible for the gradual descent in F,, and
how an intonation synthesis program may incorporate
declination so as to produce a natural scunding result.
With the notable exception of recent work by Cooper
and Sorenson (1977), the possible role of declination
in the linguistic system has been largely neglected.

Data from a number of investigations (Maeda, 1976;
Sternberg ef al., 1979; Sorensen and Cooper, 1979 have
shown that the slope of declination is less in a
longer intonation group than in a shorter one. Ex-
periments by Cooper and Sorensen (1979), have
shown that the intonation group, as defined by a ramp
of F, downdrift, is not strictly coextensive with the
breath group; a new ramp is frequently started at a
major syntactic boundary even without inhalation.,
Somewhat less frequently, inhalation takes place with-
out declination ramp resetting. Results of this sort
suggest that purely physiological explanations of de-
clination are incomplete. While factors such as declin-
ing subglottal pressure (Collier, 1975), tracheal pull (Mae-
da, 1976), or aspects of laryngeal F, control provide a
physiological underpinning for declination, it is clear
that the speakér is able to control the process in such a
way that each ramp coincides with a suitable syntactic
unit. Ohala (1978) conjectures that the usefulness of
resetting as a cue to syntactic organization has led to
its being regularized in the linguistic system. This
position is defended at length in Breckenridge (1977).

In view of this conclusion, it seems worthwhile to
examine declination not only from the point of view of

363 J. Acoust. Soc. Am. 66(2), Aug. 1979

0001-4966/79/080363-07$00.80

physiology, but also from the point of view of mental
representation. For this reason, a series of experi-
ments on how declination is perceived by speakers of
English was carried out. The present paper describes
the results of these experiments. In all experiments,
subjects were asked to judge which of two given stres-
ged syllables in a nonsense sentence was higher in
pitch, It was found that in making this judgment, they
corrected for the expected declination; the peak con-
figuration for which they answered at random actually
had a second peak which was lower in pitch than the
first., Subsequent experiments examined the effects of pitch
range, amplitude contour, and utterance length on the
amount that subjects corrected for declination. These
variables were selected for study because their re-
lationship to the declination effect in production is of
interest. Pitch range was chosen because informal
examination of F, contours had shown that

speakers tend to produce a steeper declination when
using vivid, wide-pitch range intonation than when
using more monotonous, narrow-pitch range intona-
tion; in short an increase in pitch range affects the
beginning of an intonation group more than the end. By
examining the extent to which subjects’ normalization
for declination in perception can be affected by pitch
range, we gain a clue to the extent to which the listen-
er’s mental representation of declination reflects the
complexities of production patterns., Testing how the
slope of expected declination is affected by utterance
length provides a second clue, because slope is known
to be affected by utterance length in production. Am-
plitude contour was used as an experimental variable
because the available data show that the F, downdrift
on an intonation group is accompanied by an amplitude
downdrift, which typically totals 3—~4 dB. A set of two
experiments was carried out to test the hypothesis that
the listener relies on the amplitude downdrift as well
as the pitch downdrift in forming an impression of
phrasing.

. EXPERIMENTAL METHODS

The stimuli for the experiments were constructed
using a linear prediction analysis-resynthesis scheme.
The version of linear prediction coding used here (Atal
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and Hanauer, 1971) represents the speech waveform
in terms of two source functions, F, and amplitude,
and 12 pseudoarea functions which characterize the
filtering properties of the vocal tract. Using speech
coded in this way, it is possible to manipulate the ¥,
or amplitude of an utterance and then resynthesize it
with essentially the original segmental phonetics. The
sentence analyzed was a nonsense sentence, in which
the speaker had replaced the syllable “ma” for each
syllable of “The baker made bagels,” while preserving
the prosodic pattern (Liberman and Streeter, 1978).
The F, contour on the last stressed syllable in this
sentence was scaled up and down by small increments
from its original position, so as to produce a set of
contours like that schematized in Fig, 1. Each pitch
contour was recombined with the area functions from
the original utterance. Multiple tokens of each stimu-
lus were then synthesized (the number of copies varied
between nine and 15 in different experiments). All
were randomized in blocks so as to insure that no more
than two tokens of the same stimulus appeared in a
row. Paid high school subjects heard each token once
before recording on their answer sheets whether the
first or second stressed syllable seemed higher in
pitch.! Practice items were adminstered and scored
before the start of each experiment to insure that the
subjects understood the instructions.

Statistical methods described in Sec. II were used to
estimate what value of the second peak would have
elicited random responses. With certain reservations
discussed below, this crossover point may be viewed
as reflecting the second peak value which would make
the second peak seem equal to the first. As mentioned
above, pilot experiments established that subjects made
a systematic, though not complete, correction for de-
clination in judging which peak was higher; the second
peak which was estimated to be subjectively equal to
the first was in fact about 10 Hz lower.> The experi-
ments reported here each involved several stimulus
sets, which were constructed as in Fig. 1 and which
differed from each other in values of the variable under
investigation: pitch range, amplitude, or utterance
length. Stimuli from all sets in a given experiment
were randomized together, so that practice would affect
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FIG. 1. The set of F, contours from one stimulus set super-
imposed so as to show how the F; contour on the second peak
was varied. Alternate stimuli are omitted for the sake of
legibility. Vertical lines represent syllable boundaries as
determined from LPC parameters; “MA” is used here and -
below to indicate a syllable with pitch and duration cues for
stress, while “ma” represents unstressed syllables.
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the results for all sets equally. Comparing the cross-
over points for the stimulus sets in an experiment gave
a measure of the importance of each experimental var-
iable to the subjects’ expectations about declination.

The pitch range experiment used stimuli which pre-
served the amplitude contour of the original utterance.
Since the original amplitude contour downdrifted, sub-
sequent experiments used stimuli in which the possible
effects of amplitude were better controlled; in the ut-
terance length experiments, the amplitude was ramped
up over the first and down over the last syllable and
kept constant in between, while in the amplitude exper-
iment, the artificial amplitude contours shown in Fig.
2 were used. The stimuli used in the amplitude and
utterance length experiments also differed from those
used in the pitch range experiment in two aspects of the
pitch contour. First, the shape of the pitch contour on
the second stressed syllable was copied from that on
the first, and then scaled up and down by small incre-
ments as described above. This was done to control
for any possible effects of peak flatness or location.
Secondly, the F, contour on the unstressed syllables
was adjusted so that the two syllables being compared
would be flanked by syllables with the same F, contour.
Without this control, any linguistic interpretation of the
results would be uncertain because of known interfer-
ence effects in the short term memory of tonal pitch
(Deutsch, 1975). Even with these changes, the topline,
baseline, and local F, changes in the stimuli fell within
the range of variation represented in a corpus of utter-
ances by the original speaker. In particular, it is very
typical for the topline to have a steeper slope than the
baseline (Breckenridge, 1977; Sorensen and Cooper,
1979). An attempt to replicate the original pitch range
experiment using the better controlled stimuli was suc-
cessful.?

Il. STATISTICAL METHODS

The statistical analysis of the data had two aims: to
estimate the crossover point for each set of stimuli,
and to determine whether the crossover poinis for dif-
ferent stimulus sets in an experiment were significantly
different.

To estimate the crossover point, the proportion of
2nd -peak -higher responses elicited by each stimulus
in a set was plotted against the difference between the
peak F; onthe second stressed syllable and the peak F,,
on the first stressed syllable. An inverse cum-
ulative normal transform was taken of the proportion
2nd -peak -higher responses, and a line was fit by least
squares to the transformed data. The crossover point
was taken to be the point at which the cumulative normal
curve thus fitted had an ordinate of 0.5. (This means
that in the figures and in the text, crossover points are
not reported as values of the second peak, but rather as
values of the second peak minus the first peak.) An
example outcome of this procedure may he seen in Fig.
3, which shows the data points from the pitch range ex-
periment and the curves fit to them. In this figure, the
rightmost three data points from the wide pitch range
stimulus set (solid dots) were left off in fitting the
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FIG. 2. The five amplitude contours used in the second ex-
periment, which examined the effect of the relative amplitude
of peaks on judgments of relative pitch. (Stimuli in this
experiment were five rather than six syllables long.)

curve. This was done because these points provide
little information about the location of the crossover
point, and because the fitting procedure is extremely
sensitive to values of the ordinate near 1 or 0. Had the
points been left in, the estimate of the erossover point
would have been heavily influenced by data points which
do not in fact contain much information about it. In
general, this problem was addressed by adopting the
following rule for truncating data sets: If 0.95 of the
responses to some stimulus were 2nd-peak -higher re-
sponses, all stimuli with an even higher second peak
were left out in making the fit. Similarity, if no more
than 0.05 of the responses to a stimulus were 2nd-peak-
higher responses, all stimuli with an even lower second
peak were left.out. Approximately 10% of the data
points from the experiments reported here were left
out on these grounds.

Tukey’s jackknife procedure (Mosteller and Tukey,
1977) was used in making the fit in order to assess
whether crossover points were significantly different
from one another. The jackknife is a useful distribution
free procedure for setting approximate confidence lim-
its on the results of a complex calculation. Ideally, if
we wished to estimate a parameter F (in this case, the
crossover point) by some calculation on the data from
an experiment, we would do the experiment a large
number of times with different subjects, and compute
F, for each repetition j of the experiment. We would
take as our estimate of the parameter the mean of
these results; since the mean of a sufficiently large
number of independent measurements from the same
distribution is normally distributed, it would also be
possible to estimate a confidence interval for our final
estimate F, by computing the standard deviation of the
F,. The jackknife in some regards simulates the ideal,
using the data from just one repetition of the experi-
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ment. Where k is the number of pieces of data (in this
case, the responses of one subject to a set of stimuli),
take

F.(j)=kF(all) - (2 -1)F(j),

where F (all) represents the result of doing the calcula-
tion using all the data, and F(j) is the result of doing
the calculation including all but the jth piece of data.
In this case, F (all) is the croasover point of a curve
fit to the pooled responses of all k subjects, while F(j)
is the crossover point of a curve fit to the pooled re-
sponses of k£ —1 out of k subjects. F,(j) provides a
measure of how much difference the responses of the
Jjth subject make by computing how much the crossover
point changes when they are left out. Tukey has found
that the mean ofthek Fy(j), F (j), is a better esti-
mator of the true result of the calculation than is
F(all), though the two values are usually very close.
F,(7) is the estimate of the crossover point used here.
Its standard deviation can be estimated by (s?/k)!/2,
where s is the sample variance of the F,(j). A con-
fidence interval for F«{7) can then be estimated using
Student’s ¢ distribution for k - 1 degrees of freedom.
The method does not assume that the data are drawn
from a normal distribution; the ¢ test is applicable be-
cause the mean of k independent measurements from
any distribution approaches a normal distribution for
large k2, just as the ¢ distribution does.

ill. PITCH RANGE EXPERIMENT

The stimuli for the first experiment consisted of two
sets. In the first set, the first peak was at 151 Hz, or
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FIG. 3. The results of the pitch range experiment. Solid’
dots represent pooled 2nd-peak-higher responses to the wide
pitch range stimuli. Open dota represent responses to the
narrow pitch range stimuli. Solid curves are cumulative
normal curves fit by jackknifing. The ordinate at the inter-
gection of a curve with the vertieal axis is the proportion of
2nd-peak-higher responses elicited when the two peaks were
actually equal. The absecissa at the intersection with the
horizontal axis indicates the relation between the two peaks
which would cause subjects to answer at random, This
crossover point may be viewed as the point at which the two
peaks would seem equal.
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TABLE I. Peak values on the second stressed syllable in the
pitch range experiment.

Wide pitch
range stimuli

Narrow pitch
range stimuli

111 Hz
117 96 Hz
123 102
131 107
138 112
144 117
2 peaks equal 151 121
157 126
163 131
169 136
178 142
185 147
192

71 Hz higher than the baseline point at which the intona-
tion contour started. In the second set, the first peak
was at 121 Hz, so the initial rise spanned 41 Hz. In
each set, the second peak was varied by small incre-
ments as described above. The peak values actually
used are displayed in Table 1.*

There were an equal number of stimuli in each set
with a second peak higher than the first as lower than
the first. Ten tokens of each stimulus were made and
all were randomized together. There were nine sub-
jects, so that altogether 90 responses to each stimulus
were obtained.

The results for the pitch range experiment are sum-
marized in Fig. 3. The crossover point for the wide
pitch range stimuli was -9,2 Hz, while the crossover
point for the narrow pitch range stimuli was 5.6 Hz.
This difference was found to be significant at the 99%
level. There was likewise 99% certainty that the cross-
over point for the wide pitch range stimuli was less
than 0; this means that we can feel confident that the
subjects made a correction for declination in judging
the wide pitch range stimuli, rather than reacting on
the basis of their acoustical features alone.

It seems perplexing at first that the crossover point
for the narrow pitch range stimuli was actually higher
than 0. Does this mean that the subjects expected a
piteh updrift in the narrow pitch range stimuli, and
corrected accordingly? This explanation seems unlike-
ly, in view of the fact that a pitch updrift is found only
in marked intonation patterns in English, such as yes/
no questions. It seems more probable that a response
bias shifted both curves to the right of their true loca-
tions. Since there were the same number of stimuli
with the second peak physically higher than the first as
lower, the subjects by correcting for declination would
perceive a greater number of stimuli with the second
peak higher. On the assumption that the “true” correc-
tion for declination would be 16 Hz for the wide pitch
range stimuli (16 Hz was the actual F, drop in the re-
cording from which the stimuli were constructed) and 0
Hz in the narrow pitch range case (0 Hz is the most
conservative hypothesis which does not posit an updrift),
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we would expect that about 65% of the responses in the ex-
periment would be 2nd-peak-higher responses.In fact,the
pitch range experiment elicited 51% 2nd-peak-higher re-
sponses. All subsequent experiments, whichused a set of
second peak values designed to be balanced around a
perceptual rather than a physical point of equality with
the first peak, elicited between 48% and 53% 2nd-peak-
higher responses. The fact that the percentage was
close to 50% regardless of the range of variation in the
second peak suggests strongly that subjects balanced
their answer sheets. The conclusion to be drawn is that
the location of a erossover point for a stimulus set is a
less interpretable experimental result than are differ-
ences between crossover points for stimulus sets in the
same experiment.

IV. AMPLITUDE EXPERIMENTS

In the stimuli for these two experiments, the relative
amplitude and relative pitch of the two peaks were var-
ied orthogonally. The pitch contours used differed from
those used in the pitch range experiment by controlling
for peak location and flatness and for F, on unstressed
syllables as described above. The first peak was at 169
Hz, with the nine second peak values evenly spread in
the range from 135 to 192 Hz. As mentioned above,
this range of variation was chosen so that roughly the
same number of stimuli would be perceived as having
the first peak higher as having the second peak higher.
The amplitude contours used are shown in Fig. 2. In the
first, the amplitude of the first peak is 4 dB greater
than that of the second; in the second, the first is 2 dB
greater; in the third, the two stressed syllables have
the same amplitude. In the fourth set, the second peak
is 2 dB greater than the first, and in the fifth, it is
4 dB greater. All combinations of F, and amplitude
contour were synthesized.

In the first experiment that was done using these
stimuli, the subjects were asked to judge which stressed
syllable was higher in pitch. There were ten subjects,
who heard nine tokens of each stimulus. Figure 4 shows
one standard error on each side of the estimated cross-
over point in pitch judgments for each of the five am-
plitude contours. The amplitude contour had a striking
effect on the location of the crossover point; increasing
the amplitude on a peak increased the number of im-
pressions that its pitch was higher. In order to quantify
this effect and determine whether it is statistically .
significant, a jackknife was used to fit a regression line
through the estimated crossover points. The slope of
the fitted line was 1.5 Hz/dB, which was found to be
different from O at greater than 99% significance level.
This means that an amplitude downdrift of 4 dB, which
can commonly be found in the course of an intonation
group, would shift the crossover point by 6 Hz. While
an effect of this magnitude obviously does not rival the
importance of F,, it suggests that amplitude may have -
an important role in the perception of phrasing.

In at least one sense, however, it is not clear how
the results of this experiment are to be interpreted.
Did the amplitude contour affect the subjects’ percep-
tion of pitch, or was it the case that they gave judg-
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FIG. 4. The results of the amplitude experiment. Vertical
_bars indieate the crossover point in pitch judgments as
eatimated for each amplitude contour, with one standard
error of measurement on either side. The dashed line is the
result of a jacklknifed regression of crossover point on
relative peak amplitude,

ments of relative prominence, weighing in their per-
ceptions of both pitch and loudness, when they had been
asked to judge pitch alone? Research on the percept-
tion of pure steady tones would suggest that the first
hypothesis is wrong. An amplitude difference of 4 dB
would have a negligible effect on the perception of the
pitch of any pure tone up to 5000 Hz, which is the cut-
off frequency for the digitized speech used here; the
slight effect which exists would furthermore be in op-
posite directions for frequency components above and
below 2500 Hz (Gulick, 1971). However, the perception
of complex moving tones is badly enough understood that
the applicability of these results to the present experi-
ments is somewhat uncertain. So, a second experiment
‘was conducted to determine whether subjects could sep-
arate the relative pitch of the peaks from their relative
loudness when asked to do so.

Subjects were asked to judge first the relative loud-
ness of the two peaks, and then the relative pitch, for
each of the tokens presented. The token was repeated
twice in order to facilitate this judgment. Testing was
carried out on two successive days in order to elicit
ten paired responses per stimulus without fatiguing the
subjects. There were eight subjects.

Multiple regression was used to provide an indication
of the subjects’ success in separating pitch and loud-
ness. The functions fitted were:

R, =0.0854 + 0.005F +0.50 (#*=0.918) ,
Rp=-0.0124 +0.018F +0.623 (r*=0.881) ,

where R, is the proportion of 2nd-peak-louder respon-
ses, R, is the proportion of 2nd-peak -higher responses,
A is the amplitude difference between the two peaks
(peak 2—-peak 1) and F is the difference in peak frequen-
cy. For comparison, the same analysis of the data
from the first experiment gives:

Rp=0.025 A+0.019 F+0.584 (»2=0,907).
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TABLE II. Stimulus sets in utterance length experiment A.

Set Sentence Time between peaks
1 ma MA ma MA ma 0.56 s
2 ma MA ma ma MA ma 0808
3 ma MA ma ma ma MA ma 1.24 s

Thus, while in the first experiment, increasing the rel-
ative amplitude of the second peak increased the proba-
bility of a 2nd-peak-higher response, in the second ex-
periment, subjects hypercorrected; increasing the am-
plitude of the second peak decreased the probability of a
2nd -peak -higher response. The magnitude of the effect
of amplitude in this experiment was, however, about
half the magnitude of the effect found in the first exper-
iment. Thus subjects with only minimal practice had
some success in separating pitch and loudness; we in-
fer that the results of the first experiment were not due
to a psychophysical effect of amplitude on pitch percep-
tion, but rather to the subjects’ providing judgments of
relative prominence rather than relative pitch,

V. UTTERANCE LENGTH EXPERIMENTS

Two experiments examined the affect of utterance
length on the expected declination. In the first experi-
ment, the total length of the utterance was varied by
manipulating the number of unstressed syllables in the
middle portion of the utterance. Stimuli were construct-
ed with one, two, or three unstressed syllables between
the two stressed syllables. To make the third set, which
had one more syllable than the original utterance, the
LPC parameters for one of the original medial unstres-
sed syllables were reduplicated. The F, contour be-
tween the two stressed syllables had the same shape in
all three sets of stimuli, having been stretched or
shrunk to the correct duration to span one, two, or
three unstressed syllables. Table II summarizes the
differences among the three sets of stimuli. The F,
contour on the first two syllables in all sets was the
same as in the amplitude experiment; the second peak
values were likewise varied in the same way. The ex-
periment involved 13 subjects who responded to 15 to-
kens of each stimulus.

The crossover points estimated for sets 1, 2, and 3
were ~-6.9, ~-9.2, and - 8.4 Hz, respectively. The
probability that the difference between two sets was due
to chance was for all three pairs greater than 30%; in
particular, there was greater than 35% probability that
the difference between sets 1 and 3 was due to chance.
In view of the fact that manipulating piteh range and
amplitude had produced highly significant differences in
the correction subjects made for declination, it was
concluded that the total declination expected in a short
to medium length utterance is unaffected by the length
of the utterance, as measured in syllables or in actual
time.

This result does not, however, rule out the possibility
that the expected declination varies with the number of
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stressed syllables. Thus a second experiment was car-
ried out which manipulated this variable. In this exper-
iment, all the stimuli were seven syllables long. In set
1, three unstressed syllables intervened between the
stressed second and sixth syllables. In the remaining
stimuli, the fourth, or middle, syllable was stressed.
This meant that there were three stressed syllables

in the utterance; subjects were asked to compare pitch
on the first and last. There was some concern that
comparing the first and third of three stressed sylla-
bles would be a difficult task for the subjects, and that
they would adopt a strategy of comparing the third to
the second, or to a value expected from extrapolating a
line connecting the first and the second. In this case the
choice of second peak value would determine the results
of the experiment. As a check on whether such a strat-
egy was adopted, two different values for the second
peak were used. Set 2 had a second peak of 149 Hz, and
set 3 had a second peak of 163 Hz. In each set, the
first peak was at 169 Hz and the last peak was varied as
in the first experiment. The experiment involved 18
subjects who responded to 12 tokens of each stimulus.

The erossover points for sets 1 and 2 were - 11.1 and
—-10.9, respectively. It was estimated that there was
greater than 45% probability that the difference between
these two values was due to chance. The crossover
point for set 3, with the higher medial peak, was —6.8
Hz; this result was significantly different from the re-
sults for the other two sets. From these values we can
conclude that increasing the utterance length as mea-
sured in stressed syllable count does not increase the
expected declination; adding the stressed syllable in
set 2 had no significant effect, while the medial peak in
set 3 produced an effect in the wrong direction to sup-
port such a hypothesis. However, the contrast between
the result for set 3 and the results for sets 1 and 2
would seem to call for further investigation.

How are these results related to what is known about
production? The mental representation of declination
suggested by these results would be an accurate reflec-
tion of production patterns if slope were inversely pro-
portional to length in production. Maeda claims that
this is the case, and his claim has been partially cor-
roborated by Sternberg et al., who found the slope was
inversely proportional to length in the utterance of
lists of two to five words. However, Sorensen and Coo-
per’s data on sentences of eight and sixteen syllables
show two effects. They found that the total topline de-
clination was greater in the long sentences than in the
short ones; the subjects accomplished this mainly by
starting higher, and to some extent by ending lower.

In addition, their data show that the slope of declination
is less in longer sentences than in shorter ones; by
cumulating the data in their Table V, we see that the
mean slope of declination in their short sentences is
6.7 Hz/syllable, and 4.0 Hz/syllable in the long sen-
tences. Taken together, the results of Sorensen and
Cooper and of Sternberg et al. suggest a hypothesis:

the speaker preferentially adjusts declination for the
length of the intonation group by adjusting the slope, but
when the length of the utterance makes it necessary, he
begins higher in order to maintain a perceptually sal-
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ient slope. Two important ingredients in this hypothesis
are the assumption that declination plays an important
role in signaling phrasing, so that information is lost
if declination is not clearly marked, and the assump-
tion that the bottom of the speaker’s range is fairly
fixed, so that required adjustments must be made at
the top. Under this hypothesis, the present results of
the present perception experiments accurately mirror
production patterns; it might be expected, however,
that a similar experiment using longer stimuli would
pick up a perceptual counterpart to Sorensen and
Cooper’s first result. Clearly additional work on both
production and perception is indicated to determine
whether this picture is an accurate one,

Vi. CONCLUSIONS

The first conclusion to be drawn from the experi-
ments reported here is that speakers normalize for
declination in judging the relative height of peaks in
the intonation contour. Normalization has been re-
ported in other aspects of speech: for example, Lade-
foged and Broadbent (1957) and Verbrugge and
Strange (1976) have studied normalization for the for-
mant space of the speaker, Summerfield and Haggard
(1972) report normalization for tempo, and Klatt and
Cooper (1975) have found normalization for durational
effects. Like earlier findings of normalization, the
present results show that the relationship between the
physical properties of the speech waveform and ling-
uistic units is not invariant. Normalization for the
speaker’s formant space means that the mental repre-
sentation of the vowels cannot be equated with actual
formant values; normalization for deelination implies
that the relative salience of stressed syllables in neu-
tral intonation is not directly mirrored in F, values.®
An important feature of the present finding, however,
is that the feature of the speech waveform which is
normalized for is itself a carrier of linguistic informa-
tion: while local excursions in pitch carry information
about the relative salience of different syllables, de-
clination carries information about the syntax of the
sentence. This means that the effects of declination
must be set aside at one level of linguistic processing
while they contribute at another.

The mental representation of declination which is in-
volved in normalization was found to reflect some major
features of the pattern of declination found in production.
It was found that speakers expect more declination in
wide pitch range utterances than in narrow pitch range
utterances, and that the expected slope of declination is
less for a longer utterance than for a shorter one. The
amplitude downdrift which typically accompanies F,
downdrift was also found to have a part in the mental
representation of declination. The effect of amplitude
was perhaps surprisingly large, given that Streeter
(1978) found only a small effect of amplitude on the per-
ception of phrasing. One notes, however, that her work
was concerned with the implementation of phrasal
boundaries within an intonation group; the contrast of
her results to those reported here may mean that am-
plitude becomes important only at a broader level of
phrasing than she investigated.
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1The experimental procedure obviously measures expecta-
tions about the declination of the topline (2 line connecting
the peaks in the Fy contour) rather than the baseline. This
is appropriate, because topline declination is both more
perceptually salient than baseline declination and more
reliably found in production,

2By way of comparison, the original recording from which
the stimuli were generated had a topline declination totalling
16 Hz.

3A difference of 12 Hz was found between the crossover point
for the wide pitch range stimuli (which had the first peak
at 169 Hz) and the narrower pitch range stimuli (which had
the first peak at 130 Hz); the response bias effect in the
original pitch range experiment, which is discussed below,
was also found.

4Because the computer program which was used to generate
the stimuli aperates on the basis of rounded pitch period
values rather than fundamental frequency values, it was
impossible to generate a stimulus set in which all increments
were exactly the same,

5In marked intonation contours, the relationship between F,
and salience is further complicated by the fact that stressed
gyllables may have a low tone. See Libermen, M. (1975).
“The Intonational System of English,’ doctoral dissertation,
MIT for discussion of such contours and for further refer-
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