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ABSTRACT 

This paper introduces two independent experiments in 
which perceptual prominent degree and stress type of 
syllables are labeled in a speech corpus containing 300 
utterances. The perceptual prominent degree obtained in 
the first experiment provides convincing evidence for the 
consideration of distinguishing semantic stress and 
rhythmic stress in the second experiment. The final results 
show that (1) semantic stress is more prominent than 
rhythmic stress; (2) rhythmic stress tends to be allocated to 
the last syllable of the last prosodic word (or foot) in a 
semantic unit; (3) the location of semantic stress is difficult 
to be predicted from the prosodic structure of a sentence.  

1. INTRODUCTION 

Mandarin is referred as a tonal language in order to 
emphasize the importance of the tone in distinguishing 
meanings of words. However, in some situations, whether a 
syllable is stressed or not does change the meaning of a 
word or a sentence.  For example, if the text string, “

”, is uttered as “w  xi ng qi lái le”, i.e., “ ” is 
neutralized and “ ” is stressed, it means that “I recalled it”. 
However, if it is uttered as “w  xi ng q  lái le”, i.e., “ ” is 
stressed, it means that “I want to get up” [1]. Mandarin 
native speakers can always felicitously allocate stresses in 
speech to express their meanings clearly. However, a 
nonnative speaker or a speech synthesizer often produces 
unnatural or unintelligible utterances because of the 
improper allocation of sentence stresses. Therefore, it is 
very important to study the stress mechanism in Mandarin 
for both text-to-speech conversion and teaching Mandarin 
as a second language.  

Several terms such as emphasis, accent and prominence are 
fungible notions of stress in many cases, although the 
intension and the extension of them have differences. Stress 
has been defined by its articulatory aspect as “the degree of 
force with which a sound or syllable is uttered” [2], by its 
auditory aspect as “the degree of loudness” [3] or by the 
combined dimension of the two as “speaking one of the 
syllables louder than the other or others” [4][5]. The 
acoustic dimension, which is defined by parameters such as 
duration, intensity, fundamental frequency and formant 
structure, performs as the link between the auticulatory 
dimension and the auditory one. In English, pitch 
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nence is found to be the most important acoustic cue 
ess [6]. However, in Mandarin, disputations on how 
k the contribution of pitch and duration to stress and 
w pitch movement affects the perception of stress 
stop. [7] reported duration as the most important 

tic correlate of stress in its study on isolated disyllabic 
. However, [8] considered the movement of the top of 
tch register as the most important acoustic cue based 
 observations of laboratory speech. [9] studied the 
degree of 228 words in 40 sentences and reported that 
ps of pitch registers of stressed syllables are 

icantly higher than those of non-stressed syllables and 
k negative correlation between pitch and duration was 
n stressed syllables. Nevertheless, all above studies 
an not answer questions like “how and when some 
les should be stressed in continuous speech”. The 
neck for studying stress in Mandarin is the lack of 
labeled speech corpus.  

im of this paper is to create a stress labeled Mandarin 
h corpus so that further studies on stress analysis, 
prediction from text and stress detection from speech 
orm can follow up.  We have several guidelines in 
when doing this: (1) to use live sentences instead of 
designed in laboratories; (2) to label stress only 
ing to perceptible cues, i.e., only hearable stresses 
beled; (3) to classify stress only according to 
tible cues, i.e., stresses are classified into different 
ries only when people can hear the differences. 

erceptual experiments are introduced in Section 2. 
results are studied in Section 3. Final conclusions and 
sions are given in Section 4.  

2. PERCEPTUAL EXPERIMENTS 

cus of stress labeling is on two types of information, 
gree of stress and the function of stress. Therefore, 
perceptual experiments have been carried out 
endently. A group of 60 subjects were involved in the 
xperiment to label Perceptual Prominent Degree
 of syllables in 300 utterances. In the second 
ment, the three authors labeled the stress types of all 
d syllables in the same corpus according to the 

ons of stress in delivering message.  

The speech corpus 

dependent Mandarin utterances, which is a subset of 
soft Mandarin TTS speech corpus, were used in the 



two experiments. Most of these sentences were selected 
from news papers, and some were from novels, essays and 
weather reports. They were read by a professional 
broadcast woman with neutral intonation, i.e. they were 
read in unmarked style. Four levels of prosodic hierarchies, 
which are Prosodic Word (PW), Compound Prosodic Word
(CPW), Prosodic Phrase (PPh) and Intonational Phrase
(IPh) have been annotated manually [10][11].  

2.2 Labeling of the PPD of syllables (experiment 1) 

Although a typical way for stress annotation is to digitize 
the degree of stress to several discrete levels, such as heavy 
stress, normal stress and weak stress, we decided to do a 
continuous labeling for two reasons. First, it is difficult to 
find an optimized number of stress levels and to give a clear 
definition for each level. Second, it is a very difficult task 
for most subjects to identify all stressed syllables in an 
utterance directly. To simplify the task for subjects, labeling 
PPDs of syllables is decomposed into three parallel tasks, 
each of which involves in 20 subjects.  

Task 1: the 300 utterances were played twice one by one 
with a four-second break in between. Subjects had a printed 
script of these utterances in hand, in which CPW were 
separated by a space. They were asked to circle one or more 
stressed CPWs in each utterance. The aim of this task is to 
rank the prominent degree of each semantic unit (i.e. the 
CPW) in an utterance. Since a CPW contains no break and 
has rather complete semantic meanings, it was considered 
as the main carrier of sentence stress, i.e., a sentence stress 
is always firstly allocated to a CPW, although it is finally 
obtained by one or more syllables in it. Since the number of 
CPWs per utterance changes in a wide range, the number of 
stressed CPWs in an utterance should not be fixed. 

Task 2: CPWs that contain at least two PWs were cut out 
from the original utterances and they were played twice to 
subjects in a random sequence one by one with a 
three-second break in between. Subjects had a printed 
script of these CPWs with spaces between neighbored PWs 
in hand. They were asked to circle only one stressed PW in 
each CPW. The aim of this task is to identify the most 
prominent PW in a CPW since we believe that the stress 
allocated to a CPW is often passed to one of the PWs in it.  

Task 3: PWs that contain at least two syllables were cut out 
from the original utterances and they were played twice to 
subjects in a random sequence. Subjects had a printed script 
of these PWs in hand. Characters in each PW were 
separated by a space in the script. Subjects were asked to 
circle only one stressed syllable in each PW. The aim of this 
task is to identify the most prominent syllable in a PW since 
we believe that the stress allocated to a PW is finally 
obtained by a syllable in it. 

By the end of each task, each unit (a CPW, a PW or a 
syllable) got a score that equals to the number of the 
subjects who circled it. The highest score for a unit is 20. 
Calculation of PPD for syllables is described in Section 3.1. 

2.3 Labeling of stress types (experiment 2) 
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fication of stress varies in different literatures. Some 
 about contractive stress and emphatic stress vs. 
l stress [12] and some defined logical stress vs. 
ic stress [13]. However, they shared a common 

on that stresses serve for two main functions. One is 
lect the syntactic or rhythmic structure so that the 
n of this kind of stress is predictable by phonetic or 
logical rules. The other is to express special 
ngs like contrast or emphasis. Since the location of 
pe of stress changes according to speaker’s intensions, 
normally difficult to be predicted. Therefore, in 
iment 2, stresses are classified into rhythmic stress 
mantic stress respectively. 

the three authors of this paper took part in this 
ment. They identified all stressed syllables in each 
nce without referring results from experiment 1 and 
ed the type to each stress. They first completed the 
nder guidelines shown in Table 1 independently, and 
iscussed on cases where different opinions appeared. 
y, they reached agreement on all labels for both 
ons and stress types. 

1. Guidelines for identifying stress and its type. 

At least one stress should be labeled in each 
utterance. It can be either rhythmic or semantic. 

No maximum number of stresses is setting for an 
utterance. Subjects make decisions by their 
perceptions. 

A syllable can be both rhythmic stressed and 
semantic stressed. 

eriment 2, all syllables in the 300 utterances got one 
 the four possible stress types, which are (1) US — 

ss, (2) SS — semantic stress, (3) RS — rhythmic 
 and (4) SRS — semantic and rhythmic stress. 

3. RESULTS AND ANALYSIS 

Data processing 

the results of experiment 1, the PPD of each syllable 
se utterances is calculated by following steps:  

: to get PPD for CPW (PPDCPW) by equation (1). 

DCPW  = SCPW / N (1) 

 SCPW is the score for a CPW and N (=20) is the 
er of subjects involved in task 1.  

 analyzing PPDCPW in each utterance, we found that it 
ative related to the length of an utterance. This 
ve correlation was caused by the design of the 
ment since the SCPW in long utterances are often more 
red than those in short ones. Thus, a non-linear 
lization was performed on PPDCPW obtained by 
on (1) and the converted PPDCPW are used in 
ing calculations.  

2: to calculate the Relative Perceptual Prominent 



Degree of PW (RPPDPW) by equation (2).  

RPPDPW = SPW / max (all SPW in the CPW)  (2) 

where SPW is the score for a PW.  

Step 3: to calculate the Relative Perceptual Prominent 
Degree for syllable (RPPDsyl) for syllable by equation (3). 

RPPDsyl = Ssyl / max (all Ssyl in the PW)  (3) 

where Ssyl is the score for a syllable.  

Step 4: to calculate the Perceptual Prominent Degree for 
syllable (PPDsyl) with equation (4) and (5). 

PDsyl = PPDCPW × RPPDPW × RPPDsyl (4)

PPDsyl = PDsyl / ( PDsyl / M)  (5) 

where M is the number of syllables in an utterance. 

The normalization in equation (5) makes all PPDsyl be
comparable across utterances, i.e., the PPDsyl reflects the 
prominent degree of a syllable, compared with all other 
syllables in the speech corpus.  

Till now, from the two experiments, two kinds of 
annotations, PPD and stress type, have been obtained for 
each syllable in the 300 utterances. Some examples are 
given in Figure 1. 

Perceptual Prominence of Syllable

0

2

3

(a)

Perceptual Prominence of Syllable

0

2

3

4

(b)

Figure 1. Stress annotation for (a) “
(The four commercial banks have decided 

their investing targets for the second half year)” and (b) “
(There will 

be small or median rain in the east part of southwestern area 
and rainstorm in some places)”. Circles (     ) represent 
rhythmic stress and squares (      ) mark semantic stress. 

3.2 Relationship between PPD and stress type 

The statistical parameters of PPDs in the four stress types 
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ted in Table 2. It is found that all stressed types (SS, 
d SRS) tend to get PPDs that are much larger than 1 
e unstressed type (US) tends to have PPDs smaller 
. This indicates that the stress perception of the three 
s coincides with that of the 60 subjects taking part in 
ment 1. Furthermore, the means of PPDs in the four 
rank as SRS > SS > RS > US and the differences 
en each pair are significant (p=0.000), i.e., SRS 
les are the most prominent ones and SS syllables are 
prominent than RS ones. This is exactly the same as 
is assumed before starting experiment 2. All these 
s show that the labeling of stress and its type in 
ment 2 is reliable. 

2. Statistics of PPDs in the four stress types.  

ss type number mean sdv. 

RS 121 2.47 0.60 

SS 717 2.15 0.79 

RS 664 1.83 0.60 

US 4660 0.67 0.55 

otal 6162 1.00 0.84 

Stress allocation in sentences  

vestigate the differences between SS and RS, their 
ns in various prosodic constituents are studied.  As 

oned in Section 2.1, boundaries of four prosodic 
tuents, PW, CPW, PPh and IPh, have been annotated 
speech corpus and they are represented by B1, B2, B3 
4, respectively. For easy illustrating, the non- 

ary positions in sentences are represented by B0. 
fore, a syllable has five possible positions and a PW 
 The distributions of syllables bearing SS or RS in the 
positions are shown in Figure 2 (a) and the 
utions of PWs with SS or RS in the four positions are 
 in Figure 2 (b). The distributions of all syllables or 

in corresponding positions are also provided as the 
for comparison. The SRS syllables are counted in 
S and RS categories. 

asy to see the difference between SS and RS. On one 
SS prefers to locate in non-boundary positions. There 
ry limited cases that SS are in B3 or B4 positions and 
se cases, the stressed syllables are, in fact, the SRS 
 The distribution of PWs with SS is rather similar to 
f all PW (the maximum difference is smaller than 
 All these results lead us to conclude that SS can be 
ted to a PW in any position and it tends to be obtained 
on-final syllable of the PW. On the other hand, RS 

to be allocated to the last syllable of a CPW. Although 
re still 27.5% of RSs are in B0 positions, the fact that 
 small portion (4.9%) of PWs with RS are in B1 

on shows that most of these RSs are in the last PW of 
. If a prosodic word ends with a neutralized syllable 

 can not be stressed, the RS has to be obtained by a 
le in B0 position. In other words, locations of RSs can 
dicted from the prosodic structure of a sentence, i.e. 
normally allocated to the last PW of a CPW. If the PW 
not end with a neutralized syllable, RS is often 



obtained by the last syllable. 
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Figure 2. The distributions of (a) syllables and (b) PWs 
in various positions. 

4. CONCLUSIONS AND DISCUSSIONS 

This paper introduced two perceptual experiments from 
which the perceptual prominent degree and the stress type 
of all syllables in the speech corpus were obtained. The 
PPDs were labeled by a group of 60 subjects and stress 
types were assigned by the three authors of this paper. The 
classification of stress into SS and RS in experiment 2 has 
been proven to be convincible by the results from 
experiment 1. These annotations are the base of our future 
studies on stress in Chinese. 

The comparison between SS and RS shows that syllables 
with SS are often more prominent than those with RS. RS 
are predictable from the prosodic structure of a sentence, i.e. 
RS is often allocated to the last syllable of the last PW in a 
CPW, if the last syllable is not neutralized. However, the 
location of SS is not easy to be predicted since no clear 
relationship has been found between the locations of SS 
and the prosodic structures of sentences. The stress 
allocation mechanism within a PW is studied in depth in 
another paper in this proceedings [14].   
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