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ABSTRACT

This work on Italian intonation was designed to
test Cooper and Sorensen's declination model. In the-~
ir model, one half of the downdrift is accomplished
in one fourth of the utterance's temporal extent; all
the peaks except the first are related in a linear
fashion and the first peak is correlated with senten-
ce length. My analyses of FO contours do not support
the Cooper and Sorensen model. There is no signifi-
cant correlation between the first peak height and
sentence duration. In addition, a linear declination
slope fitted to the whole sentence or to the senten—
ce peaks after the first, predicts acuurately only
a small percentage of sentence peaks. I suggest that
local pitch accents and final pitch fall account for
Italian FO contours better than global realization
rules,

INTRODUCTION

Ac.ording to Bolinger (/1/), the most widely diffu-
sed intonational phenomenon is the tendency towards
a low pitch at the end of declarative sentences. This
"running down" pattern has been given a variety of
names, of which the best known is probably declinati-
on, Declination is said to arise from the property of
speech fundamental frequency to gradually decline o-
ver the course of utterances (e.g. Cohen, Collier and
't Hart /2/; Collier /3/; Thorsen /11/; Gelfer /8/),
or from a rapid downmotion at the very end of an FO
C?ﬂoup, while non-terminal portions do not necessa-
rily display a downwards slope (Lieberman, Katz, Jon-
gnan, Zimmerman and Miller /8/; Umeda /13/).

In the former approach, phrasal intonational pro-
Perties are described in terms of global falling
trends; in the latter, in terms of (final) falling fe-
atures with a sentence-level parsing function.

Cooper and Sorensen's model (/4/) is an example of
zgefirst approach, since it aims to capture single

peak values by means of a global rule which gene-
;?ies falling trends within an utterance domain fTop—
is ¢ Rule). In this model one half of the downdrift
Pﬂézcomplished in ohe fourth of the utterance tempo-
CeleXtent. The first peak is correlated with éentent
nem~;gth.and all remaining peaks are related in a li-

ashion. According to Cooper and Sorensen (hen-—
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ceforth C&S), declination peaks are under the talker's
voluntary control. The general theoretical claim is
that of a statistical relation between utterance len-
gth and FO as evidence of sentence-level global pre-
planning.

However, other models of English sentence intona-
tion account for downtrends without invoking pre-plan-
ning {e.g. Fujisaki /5/; Pierrehumbert /12/). Intere-
stingly, these are base-line models: Fujisaki's is in
terms of global declination trends, where a physiolo-
gical "baseline" component constitutes the phonetic
framework or constraint for local phonological enti-
ties (accents) to occur (see also Ladd /7/). In this
model an exponential baseline decay is posited, which
may Be seen as representing damping effects of the
speech motor implementation. In a similar "frame of
reference" approach proposed by Pierrehumbert, target
FO peaks are scaled on an abstract declining baseline.

The point I want to make here is that the weak ra-
te of decay in FO peaks following the first one (P1),
predicted by an exponential equation,is consistent
with a physiological explanation of global declinati-
on alternative to C&S's cognitive model (Fujisaki /5/;
Gelfer / &): according to Gelfer, declination is the
byproduct of FO automatic modifications in response
to decreasing subglottal pressure; in Fujisaki, decli-
nation is the effect of the dynamic properties of the
speech control mechanism. Also, it is not inconsist-
ent with the "local feature" approach proposed by Li-
berman and Pierrehumbert /10/, in terms of exponenti-
al declination as the global statistical effect of
such different local events as phonetic "final lower-
ing" and a set of phonological ‘"downstepping rules"
characterizing the medial portion of sentences.

Moreover, as compared to C&S algorythm, what char-
acterizes no pre-planning models such as Fujisaki's
and Liberman and Pierrehumbert's (L&P), is the cruci-
al fact that they do not posit a covariance relation
between P1 and sentence length, even if for different
reasons.

Therefore, as an attempt to test the C&S hypothe-
sis, this work focuses on the statistical relation
between FO peaks and sentence length, in order to see:
first, whether a correlation exists in Italian bet-
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ween the FO contour first peak (Pl) and sentence len-
gth; second, whether the attested downdrift in Ita-
lian declarative sentences (e.g., Magno-Caldognetto,
Ferrero, Lavagnoli and Vagges /10/) can be adequately
described in terms of linear declination trends fit-
ting the peaks which follow the first one as predict-
ed by C&S model.

EXPERIMENT

Three male speakers produced four tokens of diffe-
rent sentences varying in length. Three sets of utte-
rances of increasing length included: one-word sent-
ences with five steps of length variation, i.e. rang-
ing from one to five syllable length (e.g.: "Tom"...
Yindicameli™); simple sentences with four steps of
length variation, ranging from one-word tofour-words
length (e.g.: "'Monica" ..."'Monica compera mobili
rustici"); and complex sentences with five steps of
length variation. These latter consist of two coordi-
nated clauses including /e/ ("and") and /ma/ ("but")
as coordinating conjunctions. Length variations were
obtained by increasing both coordinated clauses:
three steps of variation derived from a symmetrical
increase of both clauses, which produced short-short,
medium-medium, long-long durational patterns; two
other steps were obtained asymmetrically varying e~
ach clause length, in order to get a medium-long and
a long-medium durational pattern. Analyses of three
out of four repetitions were made using a pitch ext-
raction algorythm in the ILS analysis system at Ha-
skins Laboratories.

To test the first prediction of the C&S model,
i.e. that P1 is strongly related to sentence length,
I measured the P1 height of all the sentences across
all conditions. In order to minimize segmental ef-
fects on the first peak height, both one-word and
simple sentences were produced also in reiterant ver-
sions, using /da/ as the syllable for mimicking natu-
ral utterances. Pearson's correlation coefficients
were calculated between the first peak height and
sentence length computed in number of syllables (see
C&S /4/; Fujisaki /6/) for each group of one-word,
simple and complex sentences of increasing length.

I expect that the Pl height will rise as sentence
length increases.

To test the second prediction of the model, i.e.
that all the peaks except the first in a contour are
related in a linear fashion, I measured al]l the high
values occurring on stressed words for complex sent-
ences only. A linear regression technique for fitt-
ing theoretically linear sets of data points was used
to derive "best fit" toplines, choosing peak's time
of occurrence to represent the independent variable
and the peak's height in Hz as the dependent varia-
ble. Correlation coefficients provide an adeguacy
measure for the linear relation of the data points.

Levels of significance were assigned based on p valu-
es,

RESULTS AND DISCUSSION

First peak height.

One—word sentences. Table 1 shows that no signifi-
cant correlation was found betweenword length and
the first peak height in both natural and reiterant
versions of words of increasing length. Correlation
coefficients separately calculated on the production
of individual speakers reveal strong intraspeaker
differences: for one speaker only (MV) r is signifi-
cant in both natural and reiterant utterances; for
speaker GN r is never significant; for speaker MM the-
re is a significant and positive correlation only as
far as reiterant words are concerned.

Simple sentences. Essentially the same picture e-
merges from the results of the correlation test on
simple sentences computed on all talkers where the
correlation between Pl of the first word in the utte-
rance and global sentence length does not reach the
significance level of .05 in either natural or reite-
rant versions.

Simple sentences were divided into three subgroups
according to the stress pattern of the initial words
(e.g. fMonica; Do'nata; Mari'ly'); as Pl cooccurs with
stressed sullable, I tested whether stress position
in the initial word had any significant relation
with sentence length. Table 2 shows that initial, me-
dial and final peak positions in the initial word
actually yield different r values, but that
is statistically significant.

Intraspeaker differences again arose from correla-
tions computed separately on each talker. Speakers
MV and GN show no significant correlations in both
natural and reiterant speech, while r is higly signi-
fivant for the third speaker (MM).

An observation can be made: if a significant corré

lation between Pl and sentence iength is an evidence
of a look-ahead strategy by the subject, at the word
level speaker MV alone appeared to use it consisten-
tly in natural and reiterant speech. However, in the
(simple) sentence domain, the same speaker does not
show any effect of sentence length on P1; on the o-
ther hand, (anticipatory) effects related to sentence
length did show up significantly, in a sentence do-
main,for one of the other speakers (MM) who showed
non-significant effects of increasing length on Pl
height of natural words.

Complex sentences. These sentences are composed
of two coordinated clauses; hence, a Pl raising ef-
fect if any, might be induced either by the increas
sing length of the whole sentence or by the increa-
sing length of the first clause. Table 3 provides
correlation scores of statistical analyses computed
between Pl and first clause length.

Correlation computed on all the speakers are non
significant not only for Pl and whole sentence length
but also for Pl and first clause length. Intraspeak-
ers differences are confirmed: MV and GN show non-
significant correlation, consistently with results
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from their simple sentences; talker MM shows a signi-
ficant r value for correlation between Pl and whole
sentence length, and a non significant one for corre-
lation between Pl and first clause length.

These data skow that, when it occurs, the raising
of P1 height is due rather to a global sentence len-
gth increase than to a first clause length increase.

As a first conclusion, it may be said that my re-
sults do not support C&S's predictions of a systemat-
ic relation between first peak values and sentence
length. Intraspeakers differences were such that on-
ly one out of three speakers consistently showed hi-
gher P1 values as simple and complex sentence length
increased. Moreover, interspeaker variations point
out the unstable character of such an effect (see
L&P /10/

Topline declination.

To test the hypothesis of a linear declination ov-
er the peaks which follow the first one, a simple li-
near regression was computed on all complex sentences
varying in length. In this analysis I took into acco-
unt all the peaks except the first one, according to
C&S's formulation. The relative correlation coeffici-
ent was significant (p =.001), showing that complex
sentences actually display peak downtrend, but the co-
efficient's low value (r = -.294) suggests that only
a small percentage of the data peaks (8%) can be fit-
ted by a straight line .

As complex sentence length was substantially vari-
ed systematically modifying each clause's length, I
checked whether correlation coefficients varied beca-
use of the different durational patterns of sentenc-
es: regressionlines computed separately on sentences
of differnt lengths show that differences in r values
ranged from r = -.230 (for sentences with a long
first clause and a medium second one) to r = ~.691
(for sentences where both clauses were short).

In presence of complex sentences, a possible inter-
bretation of these outcomes (e.g. C&S) is that topli-
he declination is "reset" at the clause boundary, ge-
herating individual toplines for each clause. If this
is the case, single linear regression lines separate-
ly computed for each clause on all their peaks except
the first should give better fits than the global one.
My results, however, do not support this hypothesis .
EEEE_S}QE§§: computed on the whole set of sentences,
the analysis gives non-significant r values; separate-
1y computed on all first clause tokens belonging to
different durational patterns, the analysis provides
Quite different r values, which in itself is not a re-
Sult that confirms C&S's predictions. Second clause:
2 linear regression line has a negative value and a
Slgnificant correlation score (r = -.238; p=.001).
However, it shows a lower r value than that obtained
for the entire complex sentence.

These outcomes seem to suggest that the regular
falling intonational patterns of the second clause

"inly contribute to sentence level topline declina-
tion,

Pl. based on regression lines computed on all pe-
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aks except the initial one on complex sentences, the
Pl observed values are not systematically higher
than the predicted ones. In one durational pattern
only (long-long) the average of observed Pl's is 11
Hz higher than the predicted first peak value.

As a consequence, linear regressiors computed on
all the peaks in complex sentence contours give bet-
ter fits than regression computed excluding Pl: the
coefficients for all talkers on all sentences being
respectively r = -.385 vs. r = -.294.

So, the ouzcome of no substantial drop between the
first and the second peak couples with the L&P hypo-
thesis of local final lowering as an effect contribu-
ting to declination.

Pinal lowcring effects.

To test final lowering, new regression lines com-
puted on all peaks except the last were calculated.
Results give worse fits and flatter slopes compared
with all peaks regression, as I would expect if fin-
al lowering substantially contributed to declination:
on all sentences scores are respectively: r = -.256
vs. r-= -.385; slope = -4.46 vs, -6.81 Hz per sec.
Look;ng at the overall peak regression, it is final
peak — as opposed to the first one - that is crucial
in determing declination: this might suggest that sen-
tence declination trends are mainly generated by lo-
cal (initial and final) FO values.

Medial downdrift.

Moreover, excluding both initial and final peaks
from linear regression computation, an almost negli-
gible relationship emerges between the peaks' height
and their position in an utterance; and the slope of
the line reduces drastically to 2.7 Hz per sec.

(r = -.146; p = .002).

CONCLUSION

Results suggest that the height of the first peak
in a FO contour is not systematically related to sen-
tence length for all speakers. Moreover, linear reg-
ression lines fitted onto all peaks in a contour ex-
cept the first one give an account of topline decli-
nation that captures only a small set of the data.

Despite the fact that P1 is higher than the sub-
sequent peaks, it does not lie well above the line
connecting all the others, as predicted by the C&S
model.

On the other hand, a weak decay in the medial por-
tion of FO contours and a substantial effect of fin-
al peak lowering seem to point to an explénation of
topline declination as statistically arising from
local (initial and final) FO values, while the atte-
sted weak medial downdrift may be consistent with a
physiological explanation of declination as the by-
product of declining subglottal pressure (Gelfer et
al. /%).

Final lowering may be the result of the physiolo-
gical relaxation of the articulatory system. As for
the shape of the medial downdrift, the experiment
was not designed to answer the question whether
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local phonological rules (e.g. "downstepping") deter-

mine the shape of intermediate FO contours (L&P /9/).

This will certainly be a line for future research, as
Ladd indicates (/7/). The experiment aimed to collect
evidence regarding Italian intonation which might al-

low to rule out the strong assumption of global pre-
planning in explaining falling intonational trends.

TABLE 1
One-word sentences

Reiterant Natural

r P r P
gen, .341 =10 .214 =.a5
MV .939 <.025 .962 =.05
GN 737 > ,10 465 =,25
MM .8 - «<,05 .632 »,25

Table 1. Correlations between first peak height and
sentence length.Gen.: on all speakers; MM, GN, MV:
on single speakers.

TABLE 2
Simple sentences

Reiterant. Natural

r p r P
gen, .304 <,10 .21 >,10
MV ~.136 =.,25 -.03 >.25
GN .309 =.,25 .268 .25
MM .905 =,001 .866 =.005
/'~=-/ .264 =25 .149 =.25
/[='—=/ . .16 =,25 .163 >.25
/=='=/ .471 >.,10 .318 >.25

Table 2. Correlations between first peak height and
sentence length. /-—-/ schematically represents the

different stress patterns of the sentence initial
words.

TABLE 3

Complex sentences

P1/sentence P1/first clause
r p r p
gen. . 226 ~<,10 .093 =.10
MV -.341 >,10 ~.412 =,10
GN .216 >.,10 .169 >.10
MM 504 =,05 410 =.10

Table 3. Correlations between first peak height and
sentence length, and between first peak height and
the length-of the sentence's first clause.
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