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ABSTRACT

The regular focus accent is determined by the syntactic
structure of a sentence. In general, the distribution of the regular
focus accent is regular in simple sentences. Some linguists had
proposed some rules on the distribution of regular focus accent,
but no experimental test yet.

To improve the naturalness of the TTS system, it is very
important to prove the rules of focus distribution and apply them
in TTS system.

The research verified rules of the distribution of the regular
accent, and investigated the stressed degree to the different kinds
of accents —regular accent and emphatic accent by using
psycho-phonetic experiment. The results support all of the rules.
The results show that the two kinds of accents are perceptually
different in emphatic degree, and that the stressed degree of
regular accent is situated between that of emphatic accent and
that of non-accent. The acoustic cues of regular accent and
emphatic accent are very similar.

1. INTRODUCTION

Prosody is constituted of prosodic features and hierarchy
of prosodic structure. In general, prosodic features include stress,
rhythm, and intonation in any language; while hierarchy of
prosodic structure can be divided into three levels in Chinese:
prosodic word (PW), prosodic phrase (PP) and intonational
phrase (IP). Stress is the of the sentences. Rhythm is more
related to temporal structure of speech. It reflects the chunking
of semantic information. Intonation is the variation patterns of
pitch (F0) in sentences. Prosodic word is the principal building
block of prosodic structure. In Chinese, it is mostly disyllabic
and trisyllabic unit. Prosodic phrase is the most common
rhythmic chunk in natural speech, usually, it is constituted of 7

2 syllables. Intonation phrase consists of one or more
prosodic phrases.

From the previous introduction, we can find the
relationship between prosodic structure and syntactic structure.
The hierarchies of them are similar and relevant, but not
corresponding completely to each other.

Hitherto, the essential unifying claim of prosodic
phonology is that prosodic structure is not isomorphic to the
syntactic structure, thus necessitating a hierarchy of prosodic
constituents separate from the syntactic constituents. However,
despite the separation of the two structures, in most accounts
within prosodic phonology, the definitions of the prosodic
constituents are fundamentally dependent on syntactic structure.
That is, the algorithms for building the prosodic units, especially
that for building prosodic phrases and accent, depends on
information about syntactic structure information such as the
location of edges of maximal projections or about whether
syntactic structure is branching [1 ,  2]. However, as shown in
phonetic experiments in many researches, these syntactic
algorithms for building prosodic phrases cannot always predict
the domain of these prosodic rules, at least in Chinese. So far, it

is known that prosodic structure of speech is influenced by
several factors, including the syntactic factor, semantic, speech
rate and so on[3].

Stress is the of speech, it can prominence one or more
constituents in any speech units. According to the content of
prosody--prosodic features and prosodic structure, stress can be
classified into prosodic word stress, prosodic phrase stress and
intonational phrase stress. The intonational phrase is about equal
to a simple sentence, so the intonational phrase stress usually is
called accent(means sentence stress). In general, sentence foci
can be divided into two different kinds: emphatic focus and
regular focus. The former is the semantic focus of a sentence; it
is generally determined by context. In interactive prompt style
speech especially in matched questions-statements, emphatic
focus is often the most important part of the sentence. Of course,
in news-reading style speech, because of the role of the context,
the emphatic focus is also important. In a words, emphatic
accent is always associated with the focus of semantic
information of sentence. Meanwhile, when a sentence is read in
normal context condition, there is a natural focus surely and this
always is read accentually in order to outstand itself. In our
study, we named it regular focus because it’s distribution
dependents on the syntax of the sentence, and named this accent
regular accent. So, in the current article, accent is divided into
two kinds: the regular accent and the emphatic accent. Of course,
they are both important to the enhancement of TTS naturalness
and intelligibility.

Prosodic information is the most important factor in the
enhancement of TTS naturalness. Stress generation is a critical
part of any TTS Synthesis system. Stress is important for
intelligibility, and critically important for naturalness. It has also
been, historically, one of the less well developed components of
most TTS systems. Functionally, stress generation is often
divided into two-stage parts. The first is locating and
characterizing stresses of all prosodic levels. This may be
considered as primarily a linguistic problem, since it depends in
large part on the syntax and semantics of the sentence to be
synthesized. The second functional part is assigning a suitable
F0 realization and a proper duration, given these stress
specifications. Therefore, the main problem is (1)What is the
rule of their allocation? (2)Is there any acoustic difference
between accent and emphatic accent? We have adopted this
approach in the present study. For the purposes of those
experiments, we investigate how the regular accent distributes,
what the difference of perception is between the regular accent
and the emphatic accent, and the acoustic cues of them.

As an excellent TTS system, its goal is to generate influent
and clear speech. Any sentence can be read in different styles,
and they are all acceptable. But in those different styles, only
one is common and normal, i. e. it is in conformity with habits
of most of people. In this condition, its prosodic structures must
be more closely its syntactic structures. So we should find the
rules of the common prosodic structures and adapt them in TTS
system.

The regular accent is determined by the syntactic structure
of a sentence. In general, the distribution of the regular accent is
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regular in simple sentences. Some linguists have proposed some
rules on the distribution of regular accent from 1960’s[4, 5, 6].

    The followings are the six rules on regular accent and its
corresponding limitative rules from above researches.

Rule 1  The predicate is the regular accent in the subject-
predicate sentence.
     Limitative rules : (1)The subject is not demonstrative
pronoun or interrogative pronoun; (2) There is just one subject
in the sentence; (3)The subject is not the measure word; (4)The
predicate is not the modal word; (5)The predicate is not “be”;
(6)There is just one predicate in the sentences.

Rule 2  The object is the regular accent in the subject-
predicate-object sentence.
    Limitative rules : (1)The object is not the pronoun;
(2)There is just one object; (3)The predicate is not “be” or
modal verb.

Rule 3   The object is the regular accent in the predicate-object
sentence.
    Limitative rules : (1)The object is not the pronoun;
(2)There is just one object; (3)The predicate is not “be” or
modal verb.

Rule 4  The subject is the regular accent when it is the
interrogative pronoun.
    Sub-rules : (1)The subject is the regular accent in the
subject-predicate sentence or the subject-predicate-object
sentence, when the subject is the interrogative pronoun; (2)The
first object is the regular accent in the subject-predicate-object
sentence with two objects, when the first object is the
interrogative or demonstrative pronoun; (3)The subject is the
regular accent in the sentence with “be” when the subject is the
interrogative word.

Rule 5   The attribute is the regular accent mostly.
    Limitative rules : (1)There is no interrogative pronoun;
(2)The attribute is not phrase; (3)The attribute does not
represents time or place.

Rule 6   The composition behind “be” is the regular accent in
the sentence with “be” while “be” is not.
    Limitative rules : (1)The subject before “be” is not
interrogative pronoun; (2)There is no attribute in the sentence;
The object is not interrogative or demonstrative pronoun; (3)The
sentence is not interrogative or native sentence; (4)“Be” is the
regular accent when it acts as affirmation.

Above rules are based on perceptual impression, so far
there is no any experimental test yet. To improve the naturalness
of the TTS system, it is very important to prove the rules of
distribution and apply them in TTS system.

2. Method
2.1 Material

62 sentences were selected totally for six rules from a
large speech corpus which includes 1,506 text sentences. Six
rules included 14, 14, 8, 9, 8, 8 sentences respectively, and they
can represent the different syntax structures of each rule. To
each sentence, we designed the corresponding three read context:
No-context, former accent context and latter context. The
example is shown in Table1.

In Group A, there is no context, i. e. the speakers read
aloud the sentences (这是一顶新帽子 This is a new hat.)
without any speech context. So the accent in the sentences is the

regular accent.
In Group B, the recording procedure is the followings.

Firstly, we recorded the questions (那是一顶新帽子吗 Is that
a new hat?). These questions are the former accent contexts.
Secondly these questions are played one by one, meanwhile the
other speakers read aloud the corresponding answer (This is a
new hat.) in according to each question. Because the attribute
(新-new, in Table1) is not the focus of the answer sentence, in
the latter speakers’ speech the accent must be locate the other
parts(i.e., 这 this or other part) except target part (in Table 1, it
is new). So there is no accent on the target part.

In Group C, the recording procedure is similar with that in
Group B. But in Group C, the question is 这是一顶旧帽子
吗 Is this a old hat?  The attribute (新-new) is the focus of
the answer sentence, in the latter speakers’ speech the accent
must be locate the target part (in Table 1, it is 这-this). So there
is emphatic accent on the target part.

Table 1 .  Percentages of three perception decisions
          and the Chi-Square Test results.

Rule  1
(Sentence  1)

Group  A
Regular accent

Group  B
Non-accent

Group  C
Emphatic accent

这是一顶新
帽子

那是一顶新
帽子

这是一顶旧
帽子吗

这是一顶新
帽子

这是 一 顶
新帽子

这 是 一 顶
新帽子

A1= 这 B1= 这 C1= 这
A2= 新 B2= 新 C2= 新

2.2 Participants
  Participants included speakers and listeners. The speakers
were 2 young men and 2 young women who could speak
Standard Chinese well. All listeners were from the Beijing
Industrial mechanical College in China. They are born and
grown up in Beijing with healthy audition. There were 18 male
and 18 female subjects whose average age was 19.6 years.

2.3 Methods
  In order to verify six rules, we designed three experiments.
2.3.1 Method of experiment 1
  In experiment 1, the materials were only the sentences of
Group A. In each sentence; there were two parts----target part
and other parts (Target part is the part which the regular accent
locates; the other parts are the else parts of the sentence except
target part). These sentences were played one by one in random;
the corresponding texts are shown on screen. The participants
were asked to listen to the sentences carefully and then decided
which part is perceived more stressed.
  In table 1, A1 (other part) means “这-this”; A2 (target part)
means “新-new”. If the difference between the percentage of
that A2 is perceived more stressed than A1 and that of A1 is
perceived more stressed than A2 in some rule is significant, we
can conclude that these rules are true.

2.3.2 Method of experiment 2
  In experiment 2, we segmented all target parts (in table 1, are
A2, B2 and C2) from the sentences of three groups. The
procedure of experiment 2 is: firstly, two of target parts were
played sequentially; secondly the participants must listen to
them carefully and make reaction which one is perceived more
stressed. The results of experiment 2 maybe prove the formula
C2>A2>B2. It means the target of Group C is perceived as the
most stressed; the one of Group A is perceived as more stressed
and the one of Group B is perceived as non-stressed.
  Because A2, B2 and C2 were played without sentences



context, so the situation of this experiment was unnatural way.
To further confirm the results from experiment 2, we did
experiment 3.

2.3.3 Method of experiment 3
  In experiment 3, the matched questions and statements
experiment was designed. Firstly, we played the question of
Group B or Group C; secondly, the answer sentence was played.
But the sequence of the question and answer sentences was
random. The participants were asked to listen to the question-
answer sentences and decide whether the location and the degree
of accent in answer sentence were matched question sentence or
not.

3. Results and Discussion of Perceptual
Experiments

3.1 Results and discussion of Experiment 1
  The probability of three perception decisions for Group A are
shown in Table 2.

 Table 2  Percentages of perception decisions and the
           Chi-Square Test results for Group A.

Rule
Other

Part More
Stressed

Same
Stressed

Target
Part More
Stressed

Chi-
Square

1 .307 .134 .560 49.66**

2 .287 .106 .607 76.91**

3 .196 .131 .673 99.77**

4.1 .125 .280 .847 77.26**

4.2 .476 .077 .448 61.36**

4.3 .104 .090 .806 77.87**

5 .378 .073 .549 12.24**

6 .196 .065 .739 120.85**

* represents P<. 05,   ** represents P<. 01. (the same below)

  From the data in Table 2, the percentages of which target parts
is perceived as more stressed are more than that of other parts in
all six rules and its sub-rules. Meanwhile, there is significant
difference by Chi-square Test. So we can concluded all six rules
on distribution of the regular accent are supported by the results
of experiment 1.
  The data in Table 3 reflect the sex difference speakers. In rule
1, 2 and 5, the sentences which are read aloud by male speakers
are easier to be perceived as more stressed than that by female
speakers. By further statistical analysis, we found the results
from either the male speakers or the female speakers sustain all
rules. Those mean the rule 1, 2 and 5 are all true, but they are
stronger when the speakers are male.

Table 3.  Sex difference of speakers for all rules.

Rule
Male

Speaker
Female
Speaker

Chi-Square

1 .553 .447 4.26*

2 .576 .424 9.42**

3 .514 .486 .19
4.1 .516 .484 .13
4.2 .541 .459 .73
4.3 .448 .552 1.24
5 .598 .402 10.17**

6 .502 .498 .004

3.2 Results and discussion of Experiment 2
From the data of table 4, we can found that there are

significant differences between reaction “former more stressed”

and reaction “latter more stressed” in all rules. In perceptions of
different Matched Groups, all data shows the target part of
Group C is the most stressed; and that of Group A is secondly
stressed; that of Group B is almost not perceived as accent.

Table 4  Percentages of stressed perception between
         different Matched Groups .

Rule
Matched
Groups

Former
More

Stressed

Same
 Stressed

Latter
More

Stressed

Chi-
Square

C-A .833 .054 .113 184.16**

A-B .771 .077 .152 139.56**1
C-B .887 .012 .101 209.93**

C-A .750 .104 .146 136.91**

A-B .786 .057 .158 140.45**2
C-B .863 .015 .122 187.31**

C-A .635 .240 .125 65.78**

A-B .813 .026 .161 83.56**3
C-B .875 .010 .115 112.19**

C-A .722 .069 .208 20.43**

A-B .764 .069 .167 27.59**4.1
C-B .806 .000 .194 26.89**

C-A .875 .000 .125 40.50**

A-B .778 .097 .125 33.99**4.2
C-B .889 .000 .111 43.56**

C-A .917 .000 .083 50.00**

A-B .681 .125 .194 19.44**4.3
C-B .903 .000 .097 46.72**

C-A .844 .042 .115 106.52**

A-B .688 .078 .234 42.76**5
C-B .901 .016 .083 130.42**

C-A .771 .078 .099 99.65**

A-B .828 .036 .135 95.62**6
C-B .880 .000 .120 111.02**

On the other hand, in nearly all rules only except rule 4.1,
the Chi-Squares of Matched Groups C-B are largest among
those of three Matched Groups C-A, A-B, and C-B. In this
experiment, C represents emphatic accent; A represents regular
accent; whereas B represents non-accent. The difference of Chi-
Square means the difference between emphatic accent and non-
accent is larger than that between emphatic accent and regular
accent; of course it is larger than that between regular accent and
non-accent.

In brief, we can conclude that the stressed degree of
regular accent is situated between that of emphatic accent and
that of non-accent.

3.3 Results and discussion of Experiment 3
The results of experiment 3 are shown in table5.
In table 5, the matched percentages is larger when

question-answer sentences are B-B or C-C; when question-
answer sentences are A-C, the matched percentages is larger
than that when question-answer sentences are A-B. It shows,
though the stressed degree of emphatic accent is larger than that
of regular accent, and the stressed degree of regular accent is
larger than that of non accent, the stressed degree of regular
accent is nearer to that of emphatic accent. In other words, the
regular foci and the emphatic foci are perceptually different in
emphatic degree, but  both of them belong to the category of
accent which is opposed to non-accent. If these distribution rules
on regular accent are applied in TTS systems, accent can be
divided into different stressed degree in according to the kinds
of foci. So the synthesis speech can be adapt the perception of
audition more accurately.



Table 5 .  Percentages of three perception decisions and
          the Chi-Square Test results.

Question B Question CR

u

L

e

An

sw

er

Matched
Non-

Matched

Chi-
Square

Matched
Non-

Matched

Chi-
Square

A .297 .703 27.21** .732 43 38.55**

B .964 .036 144.86** .089 .911 113.36**1
C .143 .857 85.71** .940 .060 130.38**

A .196 .804 61.93** .756 .244 45.32**

B .952 .048 137.52** .060 .940 130.38**2
C .018 .982 155.22** .958 .042 141.17**

A .208 .792 34.20** .482 .518 45.38**

B .990 .01 92.04** .021 .979 88.17**3
C .063 .937 73.50** .969 .031 84.38**

A .417 .583 1.00 .694 .306 1.00
B .944 .056 28.44** .083 .917 25.00**

4
.
1 C .250 .750 9.00** .833 .167 16.00**

A .361 .639 2.78** .444 .556 .44
B .917 .083 25.00** .027 .972 32.11**

4
.
2 C .139 .861 18.78** .972 .027 32.11**

A .250 .750 9.00** .694 .306 1.00
B .972 .028 32.11** .083 .917 25.00**

4
.
3 C .139 .861 18.78** .917 .083 25.00**

A .052 .948 77.04** .906 .094 63.38**

B .979 .021 88.17** .011 .989 92.04**5
C .031 .969 84.38** .989 .011 92.04**

A .156 .844 45.38** .802 .198 38.29**

B .990 .010 92.04** .011 .989 92.04**6
C .115 .885 57.04** .958 .042 80.67**

4. Results of Acoustic Analyses

Some researches found that the pitch movement of stressed
word is on basis of top and bottom-line intonation model. The
pitch movement of high point is significant and free. The pitch
movement of low point is limited by the bottom-line of
intonation. The movement of high point is greater than that of
the low point, which makes the pitch range vary [7 ]. But as
sentence stress, what are the acoustic cues of accents? Whether

Table 6 .  Results of analyses to high-point, low-point of
           pitch, pitch range, duration and energy.
Ru
le

Group High-
point

Low-
point

Pitch-
range

Duration Energy

A 207.09 122.20 84.89 313.89 54.93
B 177.55 114.97 62.58 276.51 56.151
C 214.74 118.63 96.12 352.27 59.15

A 227.82 94.10 133.72 533.55 52.90
B 193.50 98.90 94.60 452.58 51.462
C 228.82 98.16 130.66 570.43 54.61
A 216.08 112.34 103.74 532.75 55.60
B 167.27 108.35 58.92 488.77 52.543
C 209.36 104.18 105.18 575.74 55.83
A 198.32 134.21 64.11 273.59 58.68
B 177.71 132.61 45.10 269.56 56.484
C 189.36 109.41 79.96 353.60 60.42

A 232.87 113.97 118.90 482.32 53.41
B 215.96 118.61 97.35 406.62 53.045
C 257.66 131.76 125.89 514.03 57.35
A 245.99 115.73 130.27 576.35 56.69
B 221.34 100.38 120.96 509.82 52.626
C 257.42 112.50 144.92 618.84 58.65

the acoustic cues of different accents (including regular accent
and emphatic accent) is same? We analyzed the acoustic
parameter of experimental materials. The results is shown in
Table 6.

In table 6, the data of Group C is highest in three groups
on high-point, low-point of pitch, pitch range, duration, and
energy; the data of Group B is lowest. But it is clear that the
difference between Group C and Group B is greater than the
difference between Group C and Group A. It is showed that the
stressed degree of regular accent is situated between that of
emphatic accent and that of non-accent and the acoustic cues of
regular accent is similar with those of emphatic accent. The
results of MANOVA showed that the difference between Group
C and Group B is significant and the difference between Group
C and Group A is not significant on high-point of pitch and
duration. Meanwhile, the difference is more significant on
duration than on high-point of pitch. It means that the high-point
of pitch and duration both are the important acoustic cues of
regular accent and emphatic accent, but the duration is more
important.

5. Conclusion

The study try to verify rules of the distribution of the
regular accent by using psychological phonetic experiment, and
investigated the acoustic cues to the different kinds of foci —
regular accent and emphatic accent. To sum up the former
results and discussion in three experiments, we can conclude the
following conclusions.

1. The six distribution rules on regular accent are almost
supported by psychological experiment proofs.

2. The regular accent and the emphatic accent are
perceptually different in emphatic degree. The stressed
degree of regular accent is situated between that of
emphatic accent and that of non-accent.

3. The acoustic cues of regular accent and emphatic accent
are very similar.
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