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ABSTRACT 

This paper investigates how sentence stresses are allocated 
within disyllabic prosodic words in Mandarin. By 
analyzing the results of a perceptual experiment on 
sentence stress, three factors i.e., stress type, word 
constitution and tone identity, which are probably related to 
sentence stress,  are investigated . The authors argue that (1) 
semantic stresses tend to locate on the initial syllables 
within prosodic words, and rhythmic stresses on the final 
ones; (2) semantic stresses tend to locate on the syllables 
with the semantic focus of the words, and rhythmic stresses 
tend not to locate on syllables that have been neutralized or 
weakened on word level; (3) among the syllables with four 
tones, those with Tone 1 are the most possible ones to 
obtain sentence stress, and those with Tone 3 are the least 
possible ones, and those with Tone 2 and Tone 4 are in 
between.  

1. INTRODUCTION 

In natural speech, every sentence has at least one stress. 
Although a sentence stress is firstly allocated to a word in 
the sentence, it is obtained finally by a syllable in the word. 
In stress languages, such as in English, every word has a 
word stress. When a sentence stress is allocated to a 
polysyllabic word, it is usually obtained by the syllable that 
has the primary word stress. However, there are cases that a 
sentence stress locates on a syllable that does not carry a 
word stress. In other words, the position of the word stress 
is shifted due to the appearance of sentence stress [1] [2]. 
When and how the maintenance or shift of word stress 
happens has been widely studied for a long time. 

In Mandarin, word stress is usually said to be less salient 
than it is in English owing to the fact that Chinese is a tonal 
language.  From the viewpoint of phonology, syllables with 
the four normal tones are all stressed, compared with those 
that are neutralized (i.e., those lose their tone identities). 
Stress pattern in a word is sometimes related to its 
constitution. For instance, syllables that have syntactical 
functions rather than morphemic meanings are 
phonologically weak. From the viewpoint of phonetics, 
however, the stress degrees of the syllables in a 
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llabic word are not equal even if they are all 
ologically” stressed. Chao [3] argued that in a 
dic unit (a word or a phrase) followed by a pause, the 
syllable is primarily stressed, the initial one is 
dly stressed, and others are weaker than the initial and 
al ones.  Lin et al.’s experimental study [4] indicated 
 most isolated disyllabic words, the final syllables are 
d more heavily than the initial ones. Our previous 
[5] supports Chao’s opinion on the distribution of 
stress. Furthermore, we found that tone identity also 
n effect on the possibility of being stressed for a 
le. Up to now, however, how a sentence stress is 
ted in its carrying word in continuous speech has not 
tudied systematically. This paper drives the research 
this direction by studying the allocation of sentence 
within disyllabic words. 

er study of ours [6] demonstrates that sentence stress 
 classified into semantic stress and rhythmic stress, 

ormal subjects can perceive the difference between 
 Furthermore, the two types of stress have different 
on tendencies in sentences. Therefore, the first 
on that this paper wants to answer is, within words, 
er different types of sentence stresses have different 
on tendencies. Since word constitution is related to 
stress pattern, and tone identity has an effect on the 
ility of being stressed for a syllable, it is also 
tant to study if word constitution and tone identity 
ipate in allocating a sentence stress within a word. 
 this paper aims to probe if and how the three 
oned factors, i.e. stress type, word constitution and 
dentity affect the location of sentence stress within a 
bic word.  

2. RESEARCH MATERIAL

dependent utterances taken from Microsoft Mandarin 
peech corpus are used in this study. Prosodic words 

) have been annotated manually in these utterances [7]. 
rm prosodic word refers to a natural prosodic foot, 

 polysyllabic PW could be a word in lexicon, such as 
( China ) , or a phrase, such as ( large and 

) . Since the dominant form of PWs in Mandarin is 
bic, only disyllabic PWs are studied in this paper. 

 are 1,936 disyllabic PWs in the 300 utterances. 



The word constitutions of the 1,936 PWs were analyzed 
beforehand. There are 9 constitutions each of that appears 
more than 15 times. They are modifier plus nucleus (MN), 
coordinative (Co), predicate plus complement (PC), subject 
plus predicate (SP), predicate plus object (PO), root plus 
weak suffix or complement (RSu1), root plus stressed suffix
(RSu2), affix plus root (AR), and loanword from Japanese
(LW).  The other constitution types that appear less than 15 
times are not considered.   

The sentence stresses, which were classified into semantic 
stress (SS), rhythmic stress (RS), and double stress 
(semantic and rhythmic stress, SRS), were labeled in all of 
these utterances. The reliabilities of stress classification and 
labeling are demonstrated by our other study [6]. There are 
943 disyllabic PWs obtaining sentence stress(s) in the 300 
utterances. They are the words studied in this paper. 

The location patterns of sentence stresses within PWs, in 
other words, the stress pattern of the PWs with sentence 
stress, can be classified into 6 categories as listed in Table 1 
by two dimensions, stress position (i.e., within a word 
which syllable loads the stress) and stress type (i.e., which 
type of stress the word loads). In the classification, SRS is 
counted repeatedly in both SS type and RS type since the 
total number of SRS is too small [6]. Although this results 
in a little overlappings between ISS and IRS, FSS and FRS, 
and BSS and BRS, the overlappings do not affect the results 
of following analyses. In order to make the narration 
concise, we abbreviate the PWs with the 6 stress patterns as 
ISS, FSS, BSS, IRS, FRS and BRS, respectively.  

Table 1. Possible location patterns of sentence stress within 
PWs 

     Stress position

Stress type 

On initial 
syllable 

On final 
syllable

On 
both

Semantic ISS FSS BSS
Rhythmic IRS FRS BRS

3. RESULTS AND ANALYSES 

3.1 The effect of stress type on the location 

To investigate if the type of a sentence stress has any effect 
on its location within a PW, the distributions of the three 
possible patterns among the PWs with each of the stress 
type are studied. Table 2 lists the numbers of PWs with each 
stress pattern and their percentage (%, in gray cells) among 
all the PWs with the corresponding stress type. The large 
percentage of ISS indicates that SS tends to locate in the 
initial position of a PW. The percentage of FRS, which is 
significantly larger than those of IRS and BRS, shows that 
RS tends to locate in the final position. However, it is 
noticeable that there are still some cases that SS locates in 
the final position, and that RS in the initial.  The analyses in  
section 3.2 and 3.3 will dig out the causes of these 
exceptions. 

Since the percentages of BSS and BRS are quite small (3% 
and 5%, respectively), PWs in the two types are excluded in 
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 2. The numbers of 6 stress location types and their 
utions among the PWs with corresponding stress 

For SS For RS cation        
attern ISS FSS BSS IRS FRS BRS
umber 461 64 14 141 384 28
ntage (%) 85 12 3 26 69 5

The effect of word constitution on the location  

er to investigate the effect of word constitution on the 
n of sentence stress within PWs,  the stress patterns 
s in the 9 constitutions are studied. Table 3 lists the 

ers of the PWs obtaining SS or RS and the 
tages (%, in gray cells) of ISS or IRS for the 9 

tutions; (a) is for SS, and (b) is for RS. Since the sum 
 percentages of FSS (or FRS) and ISS (or IRS) is 
, the former can be deduced from the latter, and 
quently is not shown in the table.

 3. Numbers of PWs obtaining sentence stress and 
tages of initial-stressed pattern for the 9 word 

tutions 

r SS  

titution MN Co PC SP PO
number 
th SS 

220 134 11 3 47 

ntage of 
 (%) 

91 91 91 100 66

titution RSu1 RSu2 AR LW

number 
th SS 

9 22 2 18  

ntage of 
 (%) 

100 96 0 94

r RS 

titution MN Co PC SP PO

number 
th RS 

175 153 22 8 56 

ntage of 
 (%) 

15 42 18 25 23

titution RSu1 RSu2 AR LW

number 
th RS 

11 18 4 24  

ntage of 
 (%) 

54 28 0 54

The effect of word constitution on the location of SS 

e looking into Table 3(a), we have some assumptions 
e location tendency of SS from the viewpoint of 
tics. First, SS should tend to locate on the initial 
le in a MN word because the semantic focus of it is 
y on the modifier. Second, SS should tend to locate 
 final syllable in a PO word and a PC word since the 
tic focus of them is usually on the objective or the 
ement. Third, SS should tend to locate on the initial 
le in an Rsu1 word as well as in an Rsu2 one because 



the final syllables in them carry little morphemic meaning, 
and consequently can hardly be emphasized semantically. 
Fourth, SS should tend to locate on the final syllable in an 
AR word since an affix has no morphemic meaning. Fifth, 
the two syllables within a Co, SP or LW word should have 
equal chance to obtain SS since the meanings of the two 
syllables are normally equally important. 

The statistics in Table 3(a) proves most of these hypotheses. 
Being larger than 90%, the percentages of ISS for MN, 
RSu1, and RSu2 prove the first and third hypotheses. The 
percentage of ISS for AR seems coinciding with the fourth 
hypothesis. However, the proof is not very strong since SS 
appears in AR only twice.  

Being larger than expected, the percentage (66%) of ISS for 
PO indicates that the predicate constituent can obtain SS 
instead of the object constituent in many cases. This is 
because, unlike an affix or a suffix, a predicate constituent 
in PO has a morphemic meaning and it can be emphasized 
in some cases. The large percentage (91%) of ISS for PC 
conflicts with what is assumed; this may imply that the 
semantic focus in PC is not usually on the complement as it 
has been widely claimed.  

It is very surprising that, being far away from the fifth 
hypothesis, the percentages of ISS for Co, SP and LW are 
all above 90%. Since SS appears in SP only three times, we 
cannot make a conclusion for it. However, the statistics for 
the other two constitutions imply that when the word 
constitution gives equal chances to the two syllables to 
obtain SS, the initial-stressed tendency of SS usually 
impels the SS to locate on the first syllable  

3.2.2 The effect of word constitution on the location of RS 

Similarly to the above study on SS, we also have some 
theoretical hypotheses on the effect of word constitutions 
on locations of RSs. RS should locate on the initial 
syllables in PWs in Rsu1 since the final morpheme in this 
constitution is a suffix or a complement that has been 
weakened on lexical level. Consequently they can hardly be 
stressed rhythmically in a sentence. For all the other 
constitutions, RS should locate on the final syllables to 
express the rhythm of a sentence.

In Table 3(b), most constitutions have pretty small 
percentages of IRS except SRul, Co and LW. They coincide 
with the final-stressed assumption of RS. The percentage 
(54%) of  IRS for SRu1 is not as large as it is expected.  
This reveals that the final-stressed tendency for RS is 
weakened, yet not been removed, in this case. Thus both 
syllables in these words may carry the RS. Co and LW have 
IRS percentages that are very close to 50%, i.e., the 
final-stressed tendency in these cases is weakened too. All 
of the PWs borrowed from Japanese in this study are real 
words in lexicon rather than phrases, and most of them are 
used so frequently in daily life that the final syllables of 
these words are usually weakened. In Mandarin, high 
appearing frequency of a word often results in the weakness 
of the final syllable in the word. The weakened syllables in 
LW have smaller possibilities to be stressed rhythmically in 
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tuation for Co PWs is similar to that for LW, yet only 
of the Co PWs are real words in lexicon, thus the 
tage of IRS for this constitution is a little bit smaller 

hat for LW. 

nalyses in this section reveal that word constitution 
as an effect on the location of sentence stress within a 
nd this result can give partial explanation to the cases 
S locates on the final syllable and RS on the initial 
 section 3.1. The statistics also reveal that when the 

 of word constitution and that of stress type conflict 
each other, which becomes the dominant factor 
ds on specific situations. 

The effect of tone identity on the location 

ding to our previous studies [5], the probabilities of 
stressed for syllables with different tones are not 

cal. Generally speaking, a syllable with the High tone 
one 1) is often stressed when forming a disyllabic 
with others tones, no matter whether it is in the initial 
on or in the final.  The least possible tone for being 
d is the Low tone (i.e. Tone 3). The probability of 
stressed of the Rising tone (i.e. Tone 2) and the 

g tone (i.e. Tone 4) are in between. It is interesting 
hen two syllables in a word have a same tone, which 
 more likely to be stressed is up to which tone they 
In a 1 + 1 tone combination, the final syllable is often 
d. In a combination of 4+4, the stress normally 

s on the initial syllable.  The probabilities of being 
d for the two syllables in a 2+2 combination are 

t the same. Since these conclusions are drawn by 
ing all disyllabic PWs in the speech corpus without 
uishing the PWs with sentence stresses from those 

ut. They probably only reveal how tone identity 
nce word stress pattern. Thus, in this section, these 
sions are re-evaluated in PWs with SS or RS.  

4 lists the percentages of the initial-stressed PWs 
g the PWs with sentence stresses for the 15 tone 
nations (tone combination 3+3 does not exist); (a) is 
S, and (b) is for IRS. 

le 4(a), generally speaking, the percentages of ISS 
Tone 1 appears in the initial position are larger than 
when the other tones appear in the same position.  

spondingly, the percentages of ISS when Tone 1 
rs in the final position are smaller than those when the 
tones appear in the same position. The similar trend is 
ound in Table 4(b) although it demonstrates weakly.. 
we come to the conclusion that Tone 1 increases the 
tunities of being stressed for syllables. The 
tages of ISS /IRS when the initial syllable bears Tone 
smaller than their corresponding ones, conversely 
the final syllable bears Tone 3. This indicates that 
3 decreases the opportunities of being stressed for 
les. The situations for Tone 2 or Tone 4 are in 
en. Coinciding with the result in our previous study 
ese phenomena imply that the word stress pattern 

nces the location of sentence stress within a word. 
ffect of tone identity on the location of SS and RS can 



give the other partial explanation to the cases that SS 
locates on the final syllable and RS on the initial one in 
section 3.1.  

Yet, there are some exceptions in Table 4(a) and (b). First, 
the percentages of ISS and of IRS for the combination 2+1 
are smaller than those for the combination 3+1, and we 
cannot give a satisfying explanation to this exception at 
present. Second, the percentages of ISS and of IRS for the 
combination 1+1 are smaller than those for the combination 
4+1. This is because the final-stressed tendency of 
combination 1+1, as argued in our previous study, is very 
strong. The third exceptional case is that the percentage of 
ISS for the combination 4+4 are a bit larger than that for the 
combination 1+4, and the percentage of IRS for 4+4 is quite 
close to that for 1+4. The strong initial-stressed tendency 
that is also argued  in our previous study causes this case. 

Besides the effect of tone identity on the stress location 
within PWs, the relationship between the effect of stress 
type and that of tone identity can be observed in Table 4. 
Being smaller than 50%, the percentages of ISS (shown in 
(a) in gray cells) for the combinations 1+1 and 2+1 reveal 
that the effect of tone identity is larger than that of the stress 
type. Similarly, being larger than 50%, the percentages of 
IRS (shown in (b) in gray cells) for the combinations of 1+3, 
2+3, 4+3, 1+4, and 4+4 also indicate that the effect of tone 
identity is larger. It is notice worthy that Tone 3 has a small 
possibility to obtaining RS even if it is in the position where 
RS is likely to locate, yet it has a quite large possibility to 
obtain SS if in the position where SS tends to locate.  

We finally focus on the situation of combination 2+2, 2+4 
and 4+2. As being argued in our previous study, the two 
tones within any of these combinations have the same 
possibility to be stressed. The large percentages of ISS and 
the small percentage of IRS for these combinations indicate 
that, when the two tones are equally possible to be stressed, 
the effect of stress type on the location of sentence stress 
with a PW becomes very salient.  

Table 4. The percentages (%) of initial-stressed PWs 
among the PWs with sentence stress in 15 tone patterns 

 (a) For ISS 

 Final syllable

Initial syllable 
Tone 1 Tone 2 Tone 3 Tone 4

Tone 1 40 93 100 93
Tone 2 18 88 100 86
Tone 3 68 69  87 
Tone4 50 84 100 95

(b) For IRS 

 Final syllable

Initial syllable 
Tone 1 Tone 2 Tone 3 Tone 4

Tone 1 3 20 77 57
Tone 2 0 10 70 17 
Tone 3 8 0  13 
Tone4 7 14 69 53
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4. CONCLUSIONS 

estigating the PWs that carry sentence stresses in the 
h corpus, this paper argues that there are at least three 
s that have effects on sentence stress location within 
bic prosodic words, i.e. stress type, word 

tution, and tone identity. Specifically speaking, a 
tic stress tends to locate on the initial syllable of a 
hile a rhythmic stress tends to locate on the final 

le. Second, a semantic stress tends to locate on the 
le that is the semantic focus of a PW, and a rhythmic 
tends not to locate on the syllable that has been 
ned on the word level.  Third, Tone 1 makes a 
le to have the largest possibility to obtain a sentence 
 and Tone 3 makes the possibility the least, and the 
s of Tone 2 and Tone 4 are in between. Moreover, the 
s reveal that, among the three factors, which is the 
ant one depends on specific situations.    
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