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ABSTRACT

Although the perceptual reality of speech rhythm has not been
unambiguously observed in acoustic correlates, speech has
always been considered as rhythmic one way or another. This
study looks at speech rhythm in spontaneous speech and its
relationship to discourse and syntactic units. Two four-frame
comic strips were used to elicit speech, and syllable onsets were
measured from waveform/spectrogram displays. Inter-speaker
variability due to different speaking styles is eliminated by z-
score normalization. The monologues were transcribed and
segmented into Discourse Segment Units according to a
discourse structure model [1]. Syntactic units such as clauses and
phrases were also identified. Results showed that isochrony is
generally preserved until the pre-boundary syllable. Pre-
boundary syllables are characterized by a significant lengthening
effect, which differs by boundary types. Lengthening before
discourse units was longer than that tied syntactic units such as
clauses or phrases.

1. INTRODUCTION

From the diurnal activities in the sunrise and sunset, to the
seasonal flow in the rotational travel between perihelion and
aphelion, rhythm plays a role in creating, regulating, and
structuring our lives. In this study, we would like to look at
rhythm in speech.

Studies have shown that syntactic boundaries are characterized
mostly by pauses [2, 3, 8, 9, 10] and lengthening [4, 7, 8, 9, 10, 11,
12], but sometimes also pitch [4, 13]. Others have claimed that
syntactic boundaries are acoustically opaque [5]. Still others
suggested that the correspondence is there, but it is a complicated
one [6].

Acoustic coding of discourse structures is also shown to be
possible. Although more overt discourse markers are often
available, the more subtle phonetic signals are consistently
exhibiting their force in demarcating discourse structures [14, 15,
16, 17, 18, 19], mostly through timing, but also by intonational
features.

By comparing the patterning of rhythmic grouping and
syntactic/discourse constituents, we hope to establish some
possible functions of speech rhythm which might be used in
speech synthesis and recognition.

2. METHOD

Subjects. Five female and five male native speakers of Taiwan
Mandarin participated in this study, all of whom were students

from National Taiwan University. Their ages ranged from 20 to
25 years old at the time of recording.

Materials. In order to elicit speech, two four-frame comic strips
with no printed dialogues were chosen from Shuangxiangpao, a
very famous comic series in Taiwan [IMAGE 01680_01.JPG,
IMAGE 01680_02.JPG].

Procedure. Subjects were seated in a quiet room and were given
the comic strips. They were told to study the comic strips and
retell the stories afterwards with the material in front of them.
Recordings were made individually with a SONY TCM-5000EV
recorder and a SONY ECM-G3M super-directional microphone.
The order of presentation of the two comic strips was
counterbalanced.

Measurements and Analysis. Spontaneous speech in unavoidably
full of repetitions, hesitation, false starts, etc. In order to gain a
better control of the data, only utterances without performance
errors were included in the following analysis. Recordings were
digitized and onset of each syllable was determined by both the
waveform and the spectrogram on CSL KAY4300. Syllable
onsets intervals were used instead of syllable duration because
rhythm judgment is more influenced by on-time interval rather
than on-time duration [20, 21]. Z-scores were taken for all the
measurements in order to normalize the data and facilitate
comparison across speakers. Three levels of discourse/syntactic
analyses were conducted. A Discourse Segment Purpose (DSP)
is defined as a segment in discourse that “constitutes to achieving
the overall discourse purpose” [1, p.178]. In the second level, the
clause, although Taiwan Mandarin allows null-subject clauses,
only full clauses are analyzed. The third level is the phrases.
Since phrase structures are recursive, and since almost all major
phrases, such as, NP, VP, and PP contain an NP, only NPs were
analyzed in this study.

3. RESULTS

Although individual differences do exist, average speaking rate,
defined as syll/sec, has a fairly narrow range. It fluctuates
between 2.18 syll/sec to 6.45 syll/sec, which is very similar to
English data [22]. Figure 1 shows the negative relationship
between average speaking rate and fluency (measured by %silent
pause) for both comic strips (Comic 1: r = −.84, p < .01; Comic 2:
r = −.95, p < .001). The faster the speaking rate, the more fluent
one is. Intra-speaker stability is also high across the two comics
(rate: r = −.76, p =.01; fluency: r = −.84, p <.01), indicating that
these two measures may be related to speaking styles.

3.1. DSP Boundaries

There are in total 57 fluent DSPs in the corpus. The distribution

����������	�
��	���������������������
�	���	����������
��������������

��
�
�����
�	

���� ���!�"��������

ISCA Archive
����#$$%%%&
��	"������&���$	���
'�

10
.2

14
37

/I
C

SL
P.

20
00

-3
29



of syllables in each DSP positions is shown in Table 1.
Colloquial Taiwan Mandarin is laden with final particles.
Therefore, a distinction is made between particles and non-
particles to see if this influences syllable timing.

DSP Positions
Initial Medial Final#syll

P NP P NP P NP Total
N-I  1     1

N-M  56 11 602 8 40 717
N-F     3 6 9
Total 0 57 11 602 11 46 727
Table 1: Distribution of syllables with regards to narration and
DSP positions. ‘’ indicates nonexistent combinations. N-I:
narration-initial; N-M: narration-medial; N-F: narration final; P:
particle; NP: non-particle.

A one-way ANOVA on non-particle, narration-medial syllables
showed that the effect of DSP positions is significant [F (2, 695)
= 310.52, p < .001, ηé2 = .47]. Post-hoc test Tukey-b showed
that DSP-final syllables are longer than DSP-initial and DSP-
medial ones (p < .05). In other words, the scope of boundary
lengthening is limited to the boundary syllable (Fig. 2). There is
no distinction in syllable timing between particles and non-
particles.

3.2. Clausal Boundaries

There are 85 fluent clauses in the corpus, only four of which are
relative clauses. Taiwan Mandarin is a head-final language in
terms of relative clauses. Therefore, relative-clause-final
syllables can never be DSP-final. Table 2 shows the distribution
of syllables in each clausal position.

Clause
Initial Medial Final#syll

P NP P NP P NP Total
M-N-I  2     2

M-N-M  79 9 618 8 66 780

M-N-F     4 3 7
R-N-I  0     0

R-N-M  4 0 17 0 4 25
R-N-F       0
Total 0 85 9 635 12 73 814

Table 2: Distribution of syllables with regards to narration
and clausal positions. ‘’ indicates nonexistent
combinations. N-I: narration-initial; N-M: narration-medial;
N-F: narration final; P: particle; NP: non-particle; M-: matrix
clause; R-relative clause.

A 3 (clausal position) × 2 (clause type) two-way ANOVA on
non-particle, narration-medial syllables showed that all three
effects are significant [position: F (2, 782) = 19.10, p < .001, ηé2

= .05; type: F (1, 782) = 22.38, p < .001, ηé2 = .03; position ×
type: F (1, 782) = 18.50, p < .001, ηé2 = .05]. Post-hoc analyses
showed that syllable timing in matrix clauses is determined by
clausal positions, with clausal-final being the longest, and
clausal-initial being the shortest (p < .05). However, clausal
position has no effect on syllable timing in relative clauses (Fig.
3).

A 2 (clausal position: medial/final) × 2 (particle/non-particle)
two-way ANOVA on narration-medial, matrix clause syllables
was also run. Results showed that not only is there a significant
main effect of position, but also a near significant effect of
particle and position × particle [position: F (1, 697) = 110.13, p
< .001, ηé2 = .14; particle and position × particle: F (1, 697) =
3.77, p = .053, ηé2 = .005]. Post-hoc analyses showed that
particles are longer than non-particles in clause-medial positions,
but the two are about the same length in clause-final positions
(Fig. 4).

3.3. Phrasal Boundaries

There are in total 159 fluent NPs in the corpus, the majority of
which occur in NPs (nominative) and VPs (accusatives). Table 3
shows the distribution of syllables in terms of phrasal positions
and case. Monosyllabic and bisyllabic NPs are not included in
the table and the analyses.

A 3 (phrase) × 5 (case) two-way ANOVA on non-particle
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Figure 2: Standardized syllable duration in three DSP positions.
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Figure 3: Interaction between clausal position and type.

Speaking Rate vs. Fluency 

Speaking Rate (syll/sec)

1 2 3 4 5 6 7

Fl
ue

nc
y 

(%
 s

ile
nt

 p
au

se
)

0

10

20

30

40

50

60
Comic 1
Comic 2

Figure 1: A scatterplot of speaking rate and fluency.
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Figure 4: Interaction between clausal position and particle.



syllables showed that all three effects are significant [phrase: F (2,
745) = 49.58, p < .001, ηé2 = .12; case: F (4, 745) = 6.88, p
< .001, ηé2 = .04; phrase × case: F (8. 745) = 4.33, p < .001, ηé2

= .04]. Post-hoc analyses showed that in all but oblique cases,
phrase-final syllables are longer than phrase-initial and phrase-
medial (p < .05), but there is no significant difference between
the latter two. The positional effect is not significant in oblique
cases. As shown in Figure 5, existential NPs have significantly
longer syllables than NPs in other cases (p < .05). This is
probably due to fact that existential NPs are always in clause-
final positions.

Phrase
Initial Medial Final#syll

P NP P NP P NP Total
Nom.  63  156 5 58 282
Acc.  56  152 7 49 264
Obl.  7  20 2 5 34

Exist.  24  90 7 17 138
T/L  9  46 1 8 64
Total 0 159 0 464 22 137 782

Table 3: Distribution of syllables with regards to phrasal
positions and case. ‘’ indicates nonexistent combinations.
P: particle; NP: non-particle; Nom.: nominative; Acc.:
accusative; Obl.: oblique; Exist.: existential; T/L:
time/location.

3.4. Hierarchical Encoding

Since the lengthening effect is fairly robust across all three
boundaries examined, one would like to know whether such an
acoustic encoding is sensitive to any hierarchical organization
components. It is virtually impossible to find boundary syllables

that only belong to one level but not the other, except for the very
lowest phrase level. However, by looking at syllables that are at
various boundary locations, one can possibly partial out effects
of the higher level through regression and see if there is any
residual variance to be accounted for. If so, it might serve as
evidence for hierarchical encoding. Three predictor models are
used: phrasal boundary (Model 1), clausal and phrasal boundary
(Model 2), and DSP, clausal, and phrasal boundary (Model 3).
Results showed that there is a significant hierarchical coding
effect (Model 1: F (1, 2657) = 116.12, R2 = .042, p < .001; Model
2: F (1, 2656) = 80.52, R2 = .057, p < .001; Model 3: F (1, 2655) =
56.47, R2 = .060, p < .001). The lengthening effect is the
strongest when there is a DSP boundary, and weakest when there
is no boundary.

4. CONCLUSION

This study promotes a hierarchical view of speech timing [10,
23]. The higher in the information hierarchy the boundary is, the
greater the lengthening effect. The main findings of this study are:
(1) Taiwan Mandarin has essentially isochronous syllable timing,
and (2) this regular rhythmicity is interrupted primarily at
discourse boundaries and also at syntactic boundaries. These
findings support the hypothesis that speech is rhythmic, and also
attribute an isochrony in speech to a communicative function —
the chunking of speech into information units.
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Figure 6: Standardized syllable duration in four positions. P:
phrasal; C: clausal; D: DSP.


