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ABSTRACT

Languages with contrastive duration tend not to utilize
duration for additional functions in the grammar.
Accordingly, they behave differently with regard to boundary
signalling than do languages with  non-contrastive duration.
The present study will explore this difference  in relation to
temporal patterns within  the paragraph.   It will be argued that
there is an effort apparent on the part of the speaker to time
paragraph constituents in a manner that evidences correlation
of the temporal organization of these constituents, and also
that such temporal strategies aimed at maintaining a target
duration are realized differently in the two language types.
Boundary signalling with  durational increase co-occurs with a
greater degree of variation in duration within the paragraph in
languages with non-contrastive duration.  In languages in
which duration is contrastive little durational change could be
noticed in boundary positions, and there is a lesser degree of
durational variation.

1.  INTRODUCTION
The present study describes a pilot project aimed at
investigating temporal patterns within the paragraph,
focussing on (i) the manifestation of durational patterns
within this grammatical unit, and (ii) the occurrence (or non-
occurrence) of preboundary lengthening.   The acoustic
analysis of duration indicates that there is a correlation
between sentence duration and sentence order within the
paragraph, and between pause duration and distance from the
paragraph boundary.  As far as the degree of durational
increase associated with the preboundary lengthening
phenomenon is concerned, the findings in the present study
do not imply that it  correlates with durational patterns within
the paragraph.

Recent research has explored the tendency towards the
maintaining of the characteristics of  duration in languages
where it plays a role in the phonological system. [1]  This
tendency has been further examined and subsequently
confirmed in connection with Saami (a Finno-Ugric language)
in two speaking modes,  one being a controlled experiment
similar to that reported on here (see below),  the other
representing connected speech. [5]  [6]   In these studies
evidence was provided through identifying timing strategies
conforming to a clearly observable durational target.  The
experiment reported on here examines the same temporal
phenomenon by comparing languages where duration is
contrastive with those where it has no phonological function.
Hungarian, Latvian and Hindi represent the former type, while
Brazilian Portuguese, English and Cantonese represent the
latter.  Results from the three languages where duration is
linguistically significant  appear to support assumptions such
as those stated above with regard to the preserving of
durational patterns. [1]  Further, they  sustain the hypothesis

according to which duration is simply not available for
additional  functions -- such as boundary signalling -- when it
plays a significant  role in the grammar. [6]   The greater
durational variability apparent in the other three languages (in
which duration is not distinctive) co-occurs with consistent
durational increase associated with the clearly identifiable
function of boundary signalling.

2.  THE EXPERIMENT
The material analyzed in this study consists of six paragraphs
recorded twice by six speakers of the six languages selected.
Each paragraph consists of three sentences (henceforth A, B
and C).   The sentences in the six paragraphs were the same,
except for their ordering.   The paragraphs were constructed in
such a way that all three sentence orderings were possible, as
in the experiment described in [3].   The content of the
paragraphs was the same in all six languages: the subjects
were asked to translate the three English sentences into their
respective languages.   All six speakers, while familiar with
the text, were not informed about the objective of the
experiment before the recording session.  The recording took
place in the sound proof chamber of the Phonetics Laboratory
at Simon Fraser University.  Altogether 72 paragraphs  were
analyzed for this pilot study (analysis is in progress of
additional material by the same speakers as well as
representatives of two more languages).

3.  TEMPORAL PATTERNS
An examination of the constituent durations measured reveals
a tendency towards keeping paragraph durations close to an
identifiable durational target.   The mean durations of 64 out of
the 72 paragraphs measured cluster around similar durational
values, with relatively small standard variations (see below).

Measurements of sentence and pause  durations were
obtained in order to examine the pattern of durational
variations in relation to their position in the paragraph.
Measurements of paragraph-final syllable durations were made
in order to establish the degree of durational variation at
paragraph boundaries, thus revealing the presence or absence
of preboundary lengthening.  [2]

3 . 1 . Sentence Duration in Relation to Sentence
Order within the Paragraph

On examining  the durational variation of sentences,  in terms
of their position within the paragraph,  the pattern that
emerges suggests a noticeable difference between the two
groups of languages.  In the three languages where duration is
non-contrastive the variation appears to be greater than in
those three languages where duration is distinctive.  Although
the languages within the two groups show variability in
duration to differing degrees, the general pattern nevertheless
appears to be valid. In the four tables below mean durations
(in seconds) and standard deviations of the three sentences are
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presented. Tables 2 and 3 show measurement values of the
three sentences regardless of their position within the
paragraph;  Tables 1 and 4 present  durational measurements of
the three sentences in relation to their position in the
paragraph. The languages are grouped according to whether or
not duration is distinctive.

Sentence            Languages with contrastive duration
Ordering
          Hungarian          Hindi     Latvian

   ›x         SD         ›x  SD    ›x        SD
A 2.45 0.27 2.86 0.31 1.71 0.77
B 4.69 0.18 5.33 0.45 4.69 0.43
C 2.45 0.12 2.08 0.43 2.17 0.14

A 2.45 0.27 2.86 0.31 1.71 0.77
C 2.47 0.71 1.99 0.98 2.24 0.14
B 4.73 0.42 5.23 2.94 4.64 0.32

B 4.77 0.24 5.15 0.34 4.95 0.45
A 2.39 0.11 2.74 0.92 1.77 0.32
C 2.45 0.12 2.08 0.43 2.17 0.14

B 4.77 0.24 5.15 0.34 4.95 0.45
C 2.47 0.71 1.99 0.98 2.24 0.14
A 2.46 0.74 2.77 0.22 1.71 0.10

C 2.49 0.13 2.14 0.12 2.39 0.14
A 2.45 0.27 2.74 0.92 1.77 0.32
B 4.73 0.42 5.23 2.94 4.64 0.32

C 2.45 0.12 2.14 0.12 2.39 0.14
B 4.69 0.18 5.33 0.45 4.69 0.43
A 2.46 0.74 2.77 0.22 1.71 0.10

Par. Duration:
 10.71    0.21     11.34  0.33 9.36   0.26

Table 1.   Sentence duration in relation to position within the
paragraph

On the basis of measurement values shown in Tables 1-4,
the durational variations associated with the sentences in
relation to their position within the paragraph may be
summarized by indicating the divergence of those values from
the mean sentence durations (see Tables 1 and 2).
i . The maximum durational difference from the mean
sentence duration in the first position is 0.09 s in languages
with contrastive duration (Hungarian 0.04 s, Hindi 0.05 s,
Latvian O.09 s);  the maximum durational difference is 0.19 s

in languages with non-contrastive duration (Brazilian
Portuguese  0.19 s, English  0.11 s, Cantonese  0. 05 s).
i i . The maximum durational difference from the mean
sentence duration in the second position is 0.1 s in languages
with contrastive duration (Hungarian  0.04 s, Hindi 0.08 s,
Latvian  0.1 s); the maximum durational difference is 0.17 s in
languages with non-contrastive duration (Brazilian Portuguese
0.12 s, English 0. 17 s and Cantonese 0.08 s).
iii . The maximum durational difference from the mean
sentence duration in the third position is 0.1 s in languages
with contrastive duration (Hungarian  0.07 s, Hindi  0.1 s and
Latvian  0.09 s); the maximum durational difference is 0.25 s
in languages with non-contrastive duration (Brazilian
Portuguese  0.18 s, English  0.25 s and Cantonese  0. 09 s).

The tendency summarized above shows that durational
variations at the sentence level are greater for languages with
contrastive duration.  It also shows that it is the third position
of  the sentence within the paragraph where these variations
are most evident.  Figure 1 demonstrates the maximum
difference from the mean sentence duration in all three
positions with regard to the two types of languages.
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          Figure 1.    Sentence level durational variations

3.2.  Pause Duration
In Tables 3 and 4 the mean durations of paragraphs with their
standard deviations are indicated.  On examining the standard
deviation values,  the relatively small difference between
contrastive and non-contrastive languages are seen to indicate
that paragraph durations tend to remain stable.  The question
that suggests itself is why, despite the evident durational
variations associated with the sentences, do paragraph
durations not seem to vary to any great extent in either of the
two language types.  In order to answer this,  pause durations
have to be examined with regard to their possible role in
achieving a durational target for the paragraph.

      Sentences            A             B                              C
  ›x SD    ›x              SD   ›x   SD

Hungarian 2.44 0.85 4.73 0.34 2.47 0.10
Hindi 2.81 0.23 5.13 0.37 2.07 0.10
Latvian 1.77 0.87 4.73 0.40 2.29 0.10

         Table 2.   Sentence duration in the three languages with contrastive duration

   Sentences            A            B                                  C
   ›x SD    ›x              SD    ›x   SD

B. Portuguese 1.87 0.35 4.52 0.46 2.41 0.80
English 2.01 0.10 3.73 0.24 1.82 0.82
Cantonese 2.18 0.87 5.79 0.11 1.80 0.10

                    Table 3.     Sentence duration in the three languages with non-contrastive duration

page 250 ICPhS99          San Francisco



Sentence      Languages with non-contrastive duration
Ordering

B. Portuguese          English  Cantonese
            ›x SD          ›x        SD   ›x         SD
A 2.06 0.62 2.12 0.82 2.23 0.33
B 4.40 0.53 3.90 0.31 5.87 0.80
C 2.42 0.73 1.83 0.11 1.71 0.11

A 2.06 0.62 2.12 0.82 2.23 0.33
C 2.41 0.80 1.84 0.67 1.83 0.52
B 4.70 0.64 3.73 0.27 5.70 0.54

B 4.45 0.19 3.70 0.19 5.80 0.89
A 1.79 0.89 2.03 0.11 2.18 0.93
C 2.42 0.73 1.83 0.11 1.71 0.11

B 4.45 0.19 3.70 0.19 5.80 0.89
C 2.41 0.80 1.84 0.67 1.83 0.52
A 1.76 0.30 1.91 0.57 2.13 0.10

C 2.41 0.10 1.75 0.49 1.85 0.27
A 1.79 0.89 2.03 0.11 2.18 0.93
B 4.70 0.64 3.73 0.27 5.70 0.54

C 2.41 0.10 1.75 0.49 1.85 0.27
B 4.40 0.53 3.90 0.31 5.87 0.80
A 1.76 0.30 1.91 0.57 2.13 0.10

Par. Duration:
9.68 0.29 7.79 0.22 10.42 0.14

Table 4.   Sentence duration in relation to position within the
paragraph

On the basis of acknowledging the greatest degree of
variation as being in  the third sentence position,  this
variation may be assumed to have the function of timing
adjustment.  It may also be hypothesized that the duration of
the second intersentential pause facilitates that function.
Should this be the case, the explanation of the relatively
small standard deviation for paragraph duration may be sought
in the further presumption that the duration of the second
intersentential pause and the sentence in the third position
depends on the distribution of durations in the first two
sentences  and the length of the first intersentential pause.

This assumption appears to be substantiated in 48 out of
the 72 paragraphs.   While these results are by no means
conclusive,  the assumption is worth exploring on the basis
of additional data.   Two examples are presented below to
illustrate this tendency: one from Cantonese (in which
duration is non-contrastive), the other from Latvian (in which
duration is contrastive).

In Cantonese the average duration of the paragraph is
10.42 s (SD: 1.48 s).   In one of the paragraphs (duration
10.35 s)  the first and second sentences (C + A)  have 1.85 s
and 2.24 s duration ( ›x:  1.8 s and  2.18 s respectively).  The
first intersentential pause has a duration of 0.05 s.  The third
sentence (B) is 0.11s longer than the mean B duration, and the
pause preceding it is 0.41 s.

In  Latvian  the average duration of the paragraph is
9.36 s (SD: 264 s). In one of the paragraphs (duration  9.47 s)
the first and second sentences (B + A)  have 5.31 s and 1.73 s
duration ( ›x : 4.73 s and 1.77 s respectively).  The first
intersentential pause is 0.4 s.  The third sentence (C) is 0.24 s
shorter than the mean C duration and the pause preceding it is
0.15 s.

3.3.  Paragraph-Final Syllable Durations
As indicated above, paragraph-final syllable durations were
measured in order to establish whether preboundary
lengthening has the function of signalling the paragraph
boundary as stated in [2].  The hypothesis being tested in the
present project is that languages with non-contrastive
duration  can be expected to have durational increase in the
last syllable as a manifestation of preboundary lengthening,
whereas little durational increase may be expected in
languages with  contrastive duration.  The pattern that
emerges in comparing the two types of languages in this
respect bears out the hypothesis, although, as will be pointed
out  below,  the presence or absence of preboundary
lengthening in relation to the expected pattern does not
completely conform to the hypothesis.  In Table 5  mean
durations (in msec), with standard deviations associated with
paragraph final positions, will be presented in relation to the
mean of last syllable durations in all three sentence
configurations within the paragraph (= control duration);  this
is followed by a comparison summarizing the apparent
differences in the realization of duration in the last syllable
with regard to the two language types (Figure 2).

The data presented above suggests the presence of a
distinct pattern, one that emerges through  comparing the two
types of languages.  In the first type (where duration is
contrastive)  durational change associated with the last
syllable  appears to be less evident than in the second type
(with non-contrastive duration).   In the former type durational
changes indicate but a small increase or decrease (within the
range of +/-  40 msec), while in the latter  the range of
durational increase averages 135 msec.   The pattern thus
supports the assumption stated in Section 1 with regard to the
presence vs. absence of preboundary lengthening in relation
to the two language types.

                           Languages with contrastive duration Languages with non-contrastive duration
    

               Hungarian               Hindi                  Latvian             B. Portuguese         English              Cantonese

›x SD ›x SD ›x SD ›x SD ›x  SD ›x    SD

A. Contr.d. 131 11 160 27 285 21 101 14 245 40 293 38
PFD 127 10 171 20 290 20 101 18 289 20 255 40

B. Contr.d. 96 12 186 15 399 21 299 22 280 31 288 30
PFD 93 10 184 22 410 11 329 14 338 18 322 22

C. Contr.d. 260 23 194 22 130 16 285 30 270 28 272 62
PFD 274 21 178 17 109 12 339 17 337 21 204 48

Table 5.    Summary of paragraph-final syllable durations
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4.  DISCUSSION
The results of the above analysis  clearly indicate the need to
recognize two main tendencies with regard to the temporal
organization associated with the type of paragraph under
investigation.  The first of these tendencies is associated with
durational variations, depending on the positioning of the
three main constituents in the paragraph.  The durational
variations observed in the three sentences suggest that they
tend to conform to a definite pattern, thus supporting the
claim as to the existence of a definite durational target.  As
pointed out in Section 3.1,  these variations at the sentence
level are most evident in paragraph-final positions.  It was
also pointed out that the duration of the second intersentential
pause appears to be dependent on both the sum of the
durations of the two preceding sentences, and on the first
intersentential pause.  In evaluating these two observations --
greatest durational variation occurs in sentences in the third
position,  and last pause duration is apparently dependent
upon those of the preceding paragraph constituents -- it may
be suggested that they indicate the speakersÕ efforts to
ÒadjustÓ durations to a definite timing target.   This effort,
which is evident in both language types, appears to override
the variation in duration associated with sentences in different
positions. While this variation is present in both types of
languages, it is clearly evident that the degree of variability in
duration is different, being greater in languages with non-
contrastive duration.  It must be mentioned, however, that
Cantonese behaves somewhat differently:  durational
variation is noticeably less there than in the other two
languages with non-contrastive duration (see Section 3.1).
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Figure 2.   Summary of durational increase in the last syllable

The second of the main tendencies recognized in the
course of this analysis is the presence of durational increase in
the final syllable in languages with non-contrastive duration.
Two points need to be raised here. First, there is no durational
increase in Brazilian Portuguese in the last syllable of
sentence A.  This should not be considered as counter
evidence, however:  the syllable in question contains a vowel
undergoing reduction in word-final position.  The second
point, which is more puzzling, concerns Cantonese. In that
language  no preboundary lengthening is observed in
connection with sentences A and C;  also, while the mean
duration of the last syllables do imply the presence of
preboundary lengthening in sentence B,  the  high standard
deviation values associated with all three sentence types raise
questions concerning the validity of the results in connection
with sentence B.  It may be added that the existence of  pause

durations between paragraphs (averaging  0.29 s longer than
the average post-paragraph duration for English or Brazilian
Portuguese) show that in Cantonese, instead of preboundary
lengthening, the speaker used pause duration to indicate the
paragraph boundary. This assumption is in accordance with
that stated in [4], according to which preboundary
lengthening is only one of the possible prosodic means
available for  boundary signalling -- laryngealization and
post-paragraph pause durations could also be employed as
boundary signals.

5. CONCLUSION
The experiment reported on above was designed to further test
the hypothesis according to which speakers tend to conform
to a durational target.  Because the paragraphs recorded were
the same except for the ordering of the sentences, and because
the speakers were familiar with the text, it was justified to
assume the existence of such a durational target.  The
characteristics of the temporal organization realized in
connection with the six languages confirm the validity of this
assumption.  These findings may be summarized as follows:
(i)  the two tendencies -- durational variations realized in
connection with sentences in different positions and
intersentential pauses, and  the presence or absence of
preboundary lengthening -- appear to represent two different
mechanisms, the latter tendency not necessarily implying the
characteristic manifestation of the former; (ii)  both
tendencies are realized differently, depending on language
type (i.e., on whether duration is contrastive or non-
contrastive).

Because this pilot study utilizes a small data base, the
results should be considered as no more than exploratory.
Their implications, however, suggest the possible usefulness
of examining these issues on the basis of additional materials
and expansion of the scope of the study.  One of the first
issues that might be examined concerns segment duration
ratios in relation to durational variations in terms of the
position of sentences  within the paragraph.
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