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Abstract

This study explored the temporal patterns in oral reading and spontaneous speech of
Mandarin Chinese. Read speech was collected from eight adult speakers of Mandarin by
asking them to read three texts (a classical poem, a modern poem, and a modern essay) and
spontaneous speech was collected from the same subjects in an informal interview. Eight
temporal variables were analyzed—syllable duration, pause duration, pause proportion,
utterance length, articulation and speech time, and articulation and speech rates. We
hypothesized that different types of texts would trigger different temporal patterns and that
oral reading and spontaneous speech are very different on the basis of the temporal
variables investigated. Our findings are summarized as follows.

1. Text type had a clear effect on syllable duration; it was 335 ms in classical poetry, 277

ms in modern poetry, 252 ms in modern poetry, and 208 ms in spontaneous speech.

2. Text differences also affected the other temporal variables to a significant degree.

Mean pause time was longer in both classical and modern poetry (555 ms and 558

ms) than in modern prose (479 ms) and spontaneous speech (491 ms). Also,

" This paper is one of the papers resulted from a project funded by NSC (NSC 87-2411-H-004-006).
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articulation time was longest in classical poetry (2187 ms), and yet shortest in
spontaneous speech (1145 ms). These two variables directly affected the results of
articulation and speech rates, both of which were slower in reading than in
spontaneous speech.

3. Finally, oral reading and spontaneous speech demand rather different processes in
production, as evidenced from the temporal patterns observed. Similarly, poetry

reading and prose reading also demand different processes.

Key Word : temporal variables, pause, read speech, spontaneous speech
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I. Introduction

Speech is by nature a temporal event; that is, it must be produced within the real time
course. As it is constrained by the human speech mechanism physiologically and
psychologically, its emergence must alternate with silence, resulting in some kind of rhythm.?
These two aspects of speech--its temporality and its alternation with silence--manifest
themselves not only in spontaneous speech but also in reading. However, oral reading differs
from spontaneous speech in that the “what” of speech production has already been pre-
determined, leaving only the “how” to the reader. Typically, one reads and pauses only when
necessary, without bothering about what to say next. But when the “what” is of a special
kind, e.g., a poem or a sermon, then the “how” changes too. When one is reading a poem, he
might pause, often a long time, to give a special color to the emotion of a line. Also, it is not
unusual for a preacher to pause at the end of a sermon to allow some time for the audience
to reflect on themselves. Different speech tasks would certainly trigger different temporal
patterns.

By temporal patterns, we refer to such durational and temporal variables as syllable
duration, pauses, articulation rate, etc. Researchers interested in such variables not only
enjoy the discovery of the facts per se but also strive for a theory to account for language
production after cumulating enough evidence. While a number of studies have been done on
temporal patterns in Western languages, relatively little is known about them in the Chinese
language, be it read or spontaneous speech.

Thus, this paper aims to present a comprehensive picture of the temporal variables of

read and spontaneous speech of Mandarin Chinese. As we all know, oral reading takes many

? For the Chinese people who see everything in perfect harmony with everything else, there is rhythm in
everything, mcluding language (Zhu 1976, Zeng 1976). Recently, the study of pauses in the West has also
come up with the idea that there is cognitive rhythm in language production (Henderson et al. 1965).
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different forms. There is the reading of stories to children; there is also the reading of texts
in the classroom. Still, there is the reading of poetry to entertain self and others. We assume
that different types of reading materials would trigger different temporal patterns. We also
assume that read speech would have a different temporal pattern from spontaneous speech.
Specifically, we want to know if there are different temporal patterns in reading Chinese
poetry, classical as well as modern, Chinese modern prose, and spontaneous speech. We
want to know if the traditional analysis of classical poetry can find evidence in the present
study. We also want to know if our results can be compared with those obtained by other
studies for other languages. Therefore, the following section will briefly introduce the
traditional view of the form and structure of Chinese poetry, followed by a section of a

review on related literature.

II. A Brief Description of the Form and
Structure of Chinese Classical Poetry

Speaking of Chinese classical poetry, one is apt to think of Tang poetry which is a
strictly structured form of verse, often in four (#&4] jue-ju) or eight lines (2 5F lyu-shi), each
having either five or seven syllables arranged according to a predetermined scheme of two
different tones—the level tone (% ping) and the non-level tone (X ze). The principal rule is
that if the first line is 11221 (1 for level, 2 for non-level), then the next line should be 22112.
This is called a “pair (du}).” If this rule can not be observed, then the two lines are said to
“attach” (miangli) to each other (Zeng 1976). Such alignment thus creates a rhythm that can
not be found elsewhere. The following eight-line /y-sh/ by Wei Ying-wu (a Tang poet)

illustrates this point.
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(1) qu nian hua li feng jun bie FETLEZER 2112112
(2) jin 11 hua kai you yi nian SHIERN —&F - 1211221
(3) shi shi mang mang nan zi liao HMETETEHLR - 2211122
(4) chun cou an an du cheng mian HERERERIE - 1122211
(5) shen duo ji bing si tian li G4 EFEREHE 1122112
(6) yi you liuwang kui feng gian SEHRCWESE - 2211221
(7) wen dao yu lai xiang wen xun I E AR AR 1221122
(8) xi lou wang yue ji hui yuan FEfEE H & EH - 1122211

Here, Lines 1 and 2, and Lines 7 and 8 are “attached” to each other, and Lines 3 and 4
and Lines 5 and 6 make two “pairs.” This pattern is most often followed by practitioners of
poetry writing. However, great poets often create their own variations, thus bringing new
delights to the reader.

What are the level and the non-level tones like? The level tone is neither rising nor
falling. As to the non-level tone, actually there are three tones that qualify as the non-level
tone. The first is the falling-rising tone (shang), the second the falling tone (qu), and the
third the glottal tone (ru). It is said that the level tone is the longest, and the falling-rising
the next longest, and the glottal the shortest (Gu Yan-wu, quoted from Zhu 1976). However,
due to dialectal differences, the lengths of the four tones remain unsettled (Zhu 1976).

The reading or reciting of a poem must follow some rules too. Thus, for the five-syllable
line, it must be read with two stops or duns (1)’, one after the second syllable and the other
after the last; and for the seven-syllable line, there are three stops, one after the second,
another after the fourth, and the third after the last syllable (Zeng 1976). However, these

stops may not be real silence; they are often realized by a lengthening of the preceding

3 A dunis more or less like the English foot or the French caesura. It is a prosodic unit, often coinciding with
the meaning unit.
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syllable (Zhu 1976). The dun is a necessary maneuver for creating the rhythm of classical
poetry.

Most Chinese people have some knowledge about the form and structure of classical
poetry from their schooling, as the saying goes, “Even if you can not write poetry, you will be
good at reciting after you read the 300 Tang poems well.” To read or recite a poem in front
of an audience or by oneself is a great enjoyment to most Chinese people, especially among
the educated, even when the dialect used is Mandarin.

Mandarin differs from classical Chinese in that the glottal tone has disappeared and
there is a rising tone. So, the four tones now are the first (level), the second (rising), the
third (falling-rising), and the fourth (falling). There is also a fifth tone—the neuter tone
which occurs only with certain function words. As the second tone begins in the middle-pitch
and ends in a pitch as high as the first tone, the two are considered as belonging to the ping
tone, and the third and the fourth to the ze tone. To do without the rutone can create some
problems in poetry reading. However, with the help of some dialects where the glottal tone
is preserved, e.g., Southern Min or Hakka, one can easily restore the tone pattern of any
classical poem (The example given is analyzed in this way).

As just mentioned, the arrangement of varying tones and the dunm phenomenon of
recitation have been fixed, but little is known about the exact nature of syllable duration and
other temporal variables when a poem is read or recited by means of objective
measurements. Are ping syllables truely longer than ze syllables? Are syllables preceding
duns really longer than those not preceding them? Are syllables at the line-final position
longer than those at the medial position? That is: is there prepausal lengthening? What do
duns look like? Is there a genuine pause when a dun appears? Are duns at line-final position
longer than those at line-medial position? Finally, is the temporal pattern observed in poetry
reading the same as that found in prose reading and in spontaneous speech? Are the

findings comparable to those found for other languages? These are the questions we want to
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address in the present study. But we must first look at some of the findings in recent

research on pausing and syllable duration.

III. Related Literature

In this section, we shall report research findings on the concerned temporal variables in
reading for the Western languages first, then those dealing with related matters in the

Chinese language.
3.1 Studies on Temporal Variables in Reading for Western Languages

First, the speech of reading is mostly fluent; pauses at minor constituent boundaries
(such as phrases and words) disappear and those at major constituent boundaries (clauses or
sentences) are concentrated about a mean value and relatively invariant, ranging from 300 to
500 ms (Barik 1977, Kowal et al. 1975, O’Connell & Kowal 1972, Sabin et al. 1979, Hardin et
al. 1989, Kien & Kemp 1994). Extremely long pauses are seldom found in read speech
(Goldman-Eisler 1972, Grosjean 1980). In other words, most reading is fluent, as distinct
from spontaneous speech where disfluency alternates with fluency in a rhythmic way
(Henderson et al. 1965). In prose reading, 18% to 20% of the time is spent in pausing
(Huggins 1964, Goldman-Eisler 1968, Butcher 1981, O’Connell 1989). But in spontaneous
speech, pausing might take as much as 50% of the total speaking time (Klatt 1975).

Pauses are found to be directly related to the rate of speaking (Goldman-Eisler 1956).
The normal speech rate for reading ranges from 150 to 250 words per minute or 4-7 syllables
per second (Goldman-Eisler 1968, Barik 1972, Sabin et al. 1979). When speech rate is
accelerated, not only is the duration of segments (vowels, consonants, and thus syllables)
shortened, but also pauses decrease in number as well as in duration (Goldman-Eisler 1968).

In accelerated speech, pauses at minor constituent boundaries, e.g., within phrases,
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disappear (Grosjean 1980).

There is evidence that pauses between sentences are generally longer than those
between phrases (Brubaker 1972). In fact, pauses often correspond to punctuation—periods
result in longer pauses than commas (O’Connell, et al. 1989). Clearly, syntactic structures
play a role in the length and frequency of pauses.

Yet, syntax is not the only factor that affects speech rate and pauses. Sentences near the
end of a paragraph are often read faster than those occurring earlier (Brubaker 1972). A
semantically bizarre sentence will often induce longer pauses (Kowal et al. 1975). Besides,
reader characteristics such as sex , age, and proficiency level also affect pause patterns.
Kowal et al. (1973) found that boys produced longer pause time than girls of the same age,
and that speech rate and length of utterance per pause correlate with age growth. It was also
found that less competent readers often produce more longer pauses (Kowal et al. 1975).

However, longer pauses do not necessarily mean lower proficiency. In poetic and
dramatic reading, pauses are often two or three times longer than those found in normal
prose reading (Clemmer et al. 1979). Political speech and dramatic or poetic reading often
have slower speech rate (3-4 syllables per second) and more and longer pauses (ca. 700-800
ms) (Clemmer et al. 1979, Kien & Kemp 1994). Clearly, pauses in such readings serve other
functions, rhetorical or persuasive (Duez 1982, O’Connell et al. 1989).

The average syllable duration is 200 ms. But many factors have been found to affect
syllable duration—linguistic as well as non-linguistic ones (Klatt 1975). First, a syllable at
phrase final or clause final or even word final positions (Lehiste 1975, Klatt 1975, Oller
1973) is often lengthened—the so-called prepausal lengthening. Second, when a syllable is
stressed, its duration increases 10-20% or even more (Coker, et al. 1973, Oller 1973). Also,
an unusual word appearing the first time in a connected discourse is always longer (Umeda
1975). It has also been found that the metrical structure of a sequence directly affects

syllable duration: a stressed syllable is shortened when the following foot is an anapest
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rather than an iamb (Fourakis & Monahan 1988).

Some language specific factors seem to play a role too. For instance, Han (1962)
observed that the average duration ratio of a Japanese heavy syllable to a light syllable is
2:1, later corrected to 1.7 : 1 by Hoequist (1983). In both Spanish and Japanese, it is
common to lengthen syllaBles towards the end of a word, with initial syllables shortest,
medial a little longer, and final longest. But in English, medial syllables appear to be the

shortest (Hoequist 1983).
3.2 Studies on Temporal Variables in the Chinese Language

For the Chinese language, not many studies have been done on syllable duration and
pauses. As we have said, of the traditional four tones (the level, the falling-rising, the falling,
and the glottal), the level tone is said to be the longest, and the glottal shortest, but the
length of the four tones remains a debatable issue due to dialectal differences (Zhu 1976).
For the Mandarin four tones, in the citation form the third tone is the longest and the
neutral tone the shortest (Cheng, C-C. 1973), with Tone 2, Tone 1, and Tone 4 in decreasing
order (Kuo 1993; Cheng, C-Y 1994). However, Tseng (1990) found that in spontaneous
speech any tone can be longer than any other depending on its position as well as on its
semantic content. The third tone often lacks the rising portion, resulting in shorter duration
(Tseng 1990). The duration of the third tone has been found to be playing a facilitating
effect on the perception of this tone (Blicher et al. 1980). As the third tone often undergoes
sandhi, it is often confused with the second tone perceptually (Chang 1992; Kuo 1993)

Recently, Lin (1997) found that in spontaneous speech the neutral tone is the shortest
and that the third tone is not longer than any other lexical tone. In his corpus of
spontaneous speech by four people (two over the age of 50 and two around their 20’s),
syllable duration ranges from159 ms to 310 ms. Lin also discovered a prepausal lengthening

effect in the speech, 289 ms as opposed to the total average of 210 ms or to the non-
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prepausal of 203 ms. Lin also found that most lengthened syllables are content words (90%).

A couple of studies have also been done on pausing and speech rate in the Chinese
language. First, by asking their subjects to read as fast as they could, Cheung and Kemper
(1993) found an articulation rate of 4.06 syllables in reading Chinese (Cantonese) one-
syllable words.

Second, Yang (1997a) observed that mean pause time in spontaneous speech can vary
from 400 to 1500 ms, depending on syntactic location as well as speaker characteristics. In
another study (1997b), the mean pause time in spontaneous speech is 287 ms, with a speech
rate of 4.96 syllables per second, and an articulation rate of 5.93 syllables per second. Yang’s
1997a study used a total of 720 paused-defined units from four adult speakers, all over 45
years, and her 1997b used a total of 5524 intonation units from 24 speakers all round the age
of 20.

Recently, Hardin et al. (1998) compared the reading (a fable) of German and Chinese
by native speakers of the respective language and found that while both readings had the
same mean pause time (490 ms), the reading of Chinese exhibited a larger proportion of
pausing (26.1% to 14.7%), a smaller articulation time (1370 ms to 2590 ms), a shorter mean
utterance length (6.5 syllables to 14.8 syllables), and a smaller articulation rate (4.74
syllables/second to 5.74 syllables/second). The authors suggested that the main cause for
such a different pattern was the writing system; Chinese was a logographic language while

German was an alphabetic language.

IV.Methodology

From the review, we know that little has been done on the temporal variable in the oral
reading of Chinese, let alone that of Chinese poetry. This prompts us to take up the present

study, with a view not only to describing the temporal patterns in oral reading but also to
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understanding the processes underlying read speech as well as spontaneous speech.

The specific research questions we wanted to address were

(1)Does syllable duration remain constant across different types of speech, read as well
as spontaneous?

(2)Is syllable duration affected by tones, one set being classical distinction between
level and non-level tones and the other being the Mandarin four/five tones?

(3)Does syllable duration differ because of the position of the syllable--before duns in
classical poetry, and before major constituent breaks in modern poetry and prose?

(4)What do dunslook like? Are they a mere artifact or are they real silence? If they are
real pauses, at what positions are they more likely to appear? What about their durations?

(5)Where are pauses likely to appear in reading modern poetry and prose?

(6)What temporal patterns can be found for different types of speech?* Why?

So we selected threé pieces of reading materials. The first piece is a /yu-shi by Wei
Ying-wu (hereafter RS1); the second a modern poem (by a contemporary writer called Dai
Wang-shu; hereafter RS2); and the third a modern essay (from a magazine, author unknown;
hereafter RS3). The first piece has 8 lines with 7 syllables in each line and lines 2, 4, 6, and 8
rimed’. The modern poetry, the second piece, is full of emotion but with little syntactic

constraints of the classical verse and is more colloquial (ba/-hua); it has 18 lines, each having

* As mentioned earlier, temporal patterns refer to PT, AT, PP,etc. A short definition of each of these variables
is given below.

Pause time (PT) refers to the period of time in speech (in milliseconds) when absolute silence occurs.

Pause proportion (PP) refers to the proportion of pause time to the total speaking time (in %).

Articulation time (AT) refers to the amount of time (in milliseconds) used in actual articulation.

Speech time (ST) refers to the time of speaking or the summation of pause time with articulation time (in
milliseconds).

Utterance length (Length) refers to the number of syllables within an utterance which is defined by pauses.
Articulation rate (AR) is calculated by dividing Length with AT (syllables per second).

Speech rate (SR) is calculated by dividing Length with ST (syllables per second).

The line here is defined poetically; that is each line does not necessarily correspond to a complete syntactic
unit such as the clause or the phrase.
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the length between 3 and 10 syllables, with a loose riming scheme. The third piece is a short
essay describing a natural scene and the feelings aroused by the scene.® Besides, we also
collected spontaneous speech from the subjects by interviewing them both before and after
the reading task (hereafter SS).

Our first hypothesis was that classical poetry would be rendered more slowly, hence
having longer syllable duration as well as more long pauses and slower speech rate, while
spontaneous speech would be rendered much faster, with shorter syllable duration and fewer
long pauses and faster speech rate, and the modern poem and prose would bring out results
in-between the two extremes.’

We also hypothesized that the rhythmic structure—the arrangement of ping and ze
tones as well as the occurrence of duns—would affect syllable duration in the reading of the
classical poem. As to the modern poem and prose, we hypothesized that the four tones and
the position of the syllables in a syntactically complete unit®*—initial, medial, or final—would
make a difference. Of course, we also predicted that the three pieces of reading would result
in different pause patterns from that of the spontaneous speech.

We asked eight people, four males and four females in two age groups (the young
around the age of 20 and the old around the age of 50)° to read the three pieces of reading
materials as well as to introduce themselves briefly before the reading and to comment on
their own reading afterwards. These two interludes made up the spontaneous speech. All the
speech was first recorded in the regular tape recorder, and then it was analyzed by means of

SoundEdit Pro on Power Mclntosh. Syllable duration as well as pauses were measured and

6 Only a portion of the piece was adopted for the reading task.
We may imagine the four types of speech as forming a continuum, but in actuality each type has rather
different characteristics. We shall deal with it in Section 6.
This unit is often marked by overt punctuation marks such as the comma, the semicolon, or the period.
Our projert initially recruited 20 people, but here we used only data collected from 8. Due to space limit, we
do not want to explore the effect of sex and age in the present paper although we know they do play a part
on temporal variables.
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recorded for statistical analysis.

Thus, for the dependent variable Syllable Duration, the independent variables were
Speech Type (Classical Poetry, Modern Poetry, Modern Prose, and Spontaneous Speech),
Rhythm (ping and ze) or/and Tone (1, 2, 3, 4, 5), and Position."® But for the other temporal
variables (PT, AT, Length, ST, AR, SR, PP), the independent variable was Speech Type

only.

V. Results

The read corpus used for durational analysis by each subject had a total of 238 syllables
(56 syllables for Type 1 (Jyu-shih), 89 for modern poetry, 93 for expressive prose), and the
total syllables analyzed were 1903 (one subject (No.6) missed one syllable during reading)."
The data base of read speech for pausal analysis was slightly larger—with a total of 4304
syllables in 654 pause-defined units. As to the spontaneous speech, we had obtained a total
of 1113 syllables for durational analysis (each subject producing a number ranging from 109
to 194 syllables) and 499 pause-defined units (ranging from 23 to 114 units) for pausal
analysis. So, there were a total of 3016 syllables for durational analysis and 1153 units for
pausal analysis. We present the results of the six research questions in the order mentioned

earlier.
1. Does syllable duration remain constant across different types of speech ?

The following table gives the answer to this question in terms of the individual speakers

as well of the type of speech. First of all, from the figures in the rightmost column we see

10 There are only two third tone syllables that underwent tone sandhi; i.e., they were realized as the second
tone. And in this paper, they are treated as Tone 2 syllables.
u Subjects No. 1-4 are older people, and 5-8 are younger people; 1, 2, 5, 6 are females, and 3, 4, 7, 8 are males.
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that individual differences in MSD were very great (F=35.03, P=0.000). Furthermore, these
differences were also significant in different types of speech, read as well as spontaneous
(for RS1, F=23.75, P=0.000; for RS2, F=21.66, P=0.000; for RS3, F=17.52, P=0.000; for
SS, F=17.05, P=0.000). Finally, with the exception of Subject 4s RS 2 and SS, most
variation coefficients (=SD/Mean) were far below 50%, indicating that each subject was

rather constant in syllable duration even while producing different types of speech.

Table 1. Mean Syllable Duration (MSD, further abbreviated as M) and Its Standard
Deviation (SD, in milliseconds) for the Three Types of Read Speech (RS)
andSpontaneous Speech (SS) by Each Subject

RS1(N=56) |RS2 (N=89)| RS3 (N=93) | SS(N=*) | Total
Subject |M  SD|M SD| M SD|M SD|M SD
1 361 123|329 143 | 253 103 | 164 70 | 258 133
2 287 100|270 118 | 238 116 | 231 126 | 248 121
3 423 117[378 117 [ 349 99 | 226 90 | 329 128
4 442 173250 140 | 247 96 | 253 158 | 276 159
5 345 741295 99 /260 90 | 163 71 | 252 107
6 274 75| 245 99 | 244 114 | 236 118 | 245 108
7 307 108|221 67209 76 | 172 72| 215 90
8 242 60228 63219 78 | 168 77 | 208 77
Tora | 335 127[277 120|252 105 | 208 115 | 254 124

(N=448) | (N=712) | (N=743) | (N=1113) | (N=3016)

*The numbers of syllables for each subject in spontaneous speech are: 124 (S1), 188 (S2), 112
(S3), 194 (54), 109 (S5), 153 (S6), 116 (S7), 117 (S8).
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As this was a rather big sample size, we would not brood over individual differences
(although they did exist) any further in the following. Let us now turn to the effect of
different types of speech on syllable duration by looking at the totals.

When we examined the bottom line of the table, again we found that MSD in one type
differed greatly from that in the other: for RS1, it was 335 ms; for RS2, 277ms; for RS3,
252ms; for SS, 208 ms (F=139.85, P=0.000). The Tukey-B test revealed that all four of them
differed from one another. Clearly, Type of Speech (i.e., the type of reading material) did

make a great difference in MSD.
2. Is syllable duration affected by the variable of Tone/Rhythm ?

We used the term Rhythm to refer to the classical distinction of ping and ze. The results
are presented in the following table. From the table, we can see that the ping words were
longer than the ze words in RS1. In the total column (the rightmost), we see that Tone 1 was
longest, Tone 2 second, Tone 3 third, Tone 5 fourth, and Tone 3 the shortest. But within
each type, the picture was more complex; in RS1, Tone 2 was longest (356 ms), but in RS2,
Tone 4 (305 ms), and in RS3 and SS, Tone 1 (264ms and 241 ms). The most striking MSD
was found for Tone S in RS3 speech, the shortest of all (180 ms). Clearly, Tone 3 was never

longer than any other tone except in RS3 where Tone 5 was the shortest.

Table 2. MSD’s Calculated in Terms of Rhythm and Tone in the Three Types of RS and SS

RS1(N) | RS2(N) RS3 (N) SS (N) Total (N)
ping | 355(232) | ~ ~ < ~

ze | 314(216) | ~ - -
337(88) | 288(168) | 277(96) 241 (157) | 280 (509)

Rhythm

1
2T 356 (160) | 251 (168) | 264 (152) | 204(206) | 265 (702)
Tone | 3 | 311(40) | 250(72) 246 (120) | 184 (205) | 221 (421)
4 T 319 (160) | 305 (208) | 257(304) [ 203(388) | 256 (1060
5 | ~ 262 (96) 180 (71) 226 (157) | 226 (324)
Total 335 (448) | 277(712) | 252(743) | 208(1113) | 254 (3016
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One-way Anova tests showed that for the total speech sample, durational differences
caused by tone or rhythm differences were significant (F=19.07, p=0.000); that is, Tone 1,
Tone 2, an Tone 4 were significantly longer than the other two tones. Similarly, the
difference between ping and ze in RS1 speech was significant (F=11.69, p=0.0007). And the
differences between the different tones were also significant for all the other types of speech
respectively (for RS1, F=2,78, p=0.04; for RS2, F=6.51, p=0.000; for RS3, F=11.11,
p=0.000; for SS, F=6.75, P=0.000). In RS1, Tone 2 was significantly longer than Tone 3
(356 ms to 311 ms). In RS2, Tone 4 was significantly longer than Tones 2, 3, and 5 (305 ms to
251, 250, and 262 ms), and Tone 1 significantly longer than Tone 2 (288 ms to 251 ms). In
RS3 speech, Tone 5 was significantly shorter than the other four tones among which the
differences were not significant. And in SS, Tone 1 was significantly longer than Tones 2, 3,
and 4, and Tone 5 significantly longer than Tone 3. In other words, Tone 1, Tone 2, and
Tone 4 were usually the longest, depending on the type of speech, and yet Tone 3 and Tone
5 were never longer than the other three tones in any situation.

Another way to look at the table is to compare the durational differences within the
same tone across the different types of speech. Thus, we find great differences between RS1
and SS for Tone 1, Tone 2 and Tone 3; between the first two types and the last two types for
Tone 4; between RS3 and RS2, SS for Tone 5. By filtering out minor inconsistencies, we
might say that as speech becomes more modern and more spontaneous, all the four/five
tones become shorter. This is another way to understand the effect of speech type on the

tenes.

" That Tone 5 could be longer than Tone 2, Tone 3, and Tone 4 in this sample can be explained on
two grounds. First, the subjects might not have properly said the tone. Second, many of the Tone 5
syllables might have appeared at hesitation points. But more evidence is needed for this
explanation,
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3. Does syllable duration differ because of the position of the syllable?

For the classical verse where syllable position is fixed, we had 7 positions. But for the
modern poem and prose, we used a simplistic schema—unit-initial, medial and final on the
basis of punctuation. As to the spontaneous speech, no analysis about position was done.”

The following two figures present the results.

Figure 1. MSD at 7 Positions in RS1 Speech

400
350
300
250
200
150
100

50

MSD (ms)

Position

13 There were two reasons. First, spontaneous speech was not the focal interest in the present study. Second, as
the speech was pausally defined, it was rather difficult to assign positional factor.

—103—



BT BUAABBEE £+

Figure 2. MSD at 3 Positions inRS2 and RS3 Speech

400

300

1 2 3

Position

As the figures show, there were significant differences in MSD at different positions in
each of the three types of read speech (for RS1, F=10.82, p=0.000; for RS2, F=26.06,
p=0.000; for RS3, F=42.87, p=0.000). In RS1, syllables were longest at Position 4 (397 ms),
and then at Positions 2 and 7 (both 375 ms), shortest at Position 3. In both RS2 and RS3,
syllables were longest at final position (361 ms and 340 ms respectively), and small

differences were found at initial and medial positions."
4. What do dunslooks like?

There were a total of 60 pauses in RS, three times at Position 4 (mean=356 ms), one

time at Position 5 (463 ms), and 56 times at Position 7 (564 ms). In other words, our subjects

' The position variable is actually a syntactic factor. Syllable lengthening at the points mentioned is a
reflection of constituent boundaries—mainly phrase and clause boundaries. For the classical poem, it is a
manifestation of the dun, but for the modern poetry and prose, it is often succeeded by real pauses at
constituent boundaries.
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paused at the end of each line (Position 7), and Position 4 had a slightly better chance than
Position 2 in inducing pauses. However, the frequency was too small to result in any
significant differences. As to the duration of pauses, line-final pauses were much longer (no
significance tests were performed because of the paucity of cases at other positions). Clearly
the so-called duz in the middle of the line was a perceptual artifact; it was not realized as

real pauses.
5. Where are pauses likely to appear in reading modern poetry and prose?”

In both situations, pauses occurred only once at initial position (mean duration being 92
ms and 418 ms respectively). This happened because the subject was hesitant. Pauses at
medial position were again relatively few (f=29, 27.4%, and f=12, 12.4%), and their
duration was not as long as those at final position (524 ms to 569 and 342 ms to 523 ms).
However, the differences were not significant due to too few cases at the initial position.

The following table summarizes the results.

Table 3. Frequencies, Percentages, and Mean Pause Time (ms) in Type 2 and 3 Speeches at
the Three Positions

Initial Medial Final Total N
F % | mean f % | mean f % mean
RS2 1 0.9 92 29 274 | 524 76 71.7 569 106
RS3 1 1 418 12 12.4 | 342 84 86.6 523 97

Clearly. pauses at other positions than the final were rather rare. We shall have more to

say about pauses in the following section.

6. What temporal patterns can be found for different types of speech? Why?'®

!5 These pauses were those found in the speech data selected for durational analysis only. The database used
for pausal analysis was much larger.
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Of the seven temporal variables, Pause Time (PT), Articulation Time (AT), Length of
Utterance (Length) were the three basic measures because Speech Time (ST), Speech Rate
(SR), Articulation Rate (AR), and Proportion of Pause Time to Speech Time (PP) were all
derived from them. (Refer to Note 6 for more information.)

There were a total of 1153 pause-defined units, with a mean pause time of 498 ms, mean
articulation time of 1496 ms, and a mean utterance length of 6.08 syllables. The total speech time
is 2299926 ms or 38 minutes and 19 seconds and 926 milliseconds. The average speech rate is
3.06 syllables per second, and the mean articulation rate is 4.21 syllables per second. The

following table presents the statistics for each individual speaker as well as for the total.

Table 4. Statistics of the Seven Temporal Variables in the 8 Individual Samples

Subject |PT(ms) |AT(ms) |ST(ms) Length(sy) |AR(sy/s) [SR(sy/s) [PP(%)|N

1 620 1498 2202 5.95 4.03 2.67 33 | 137
2 481 1461 1896 | 592 3.95 2.98 25 | 164
3 438 1716 2252 5.15 3.25 2.30 28 | 153
4 495 1512 1983 6.03 3.99 2.98 25 ] 191
5 513 1816 2268 1.71 4.40 3.43 21 | 121
6 278 1703 2028 7.03 4.09 3.40 17 98
7 481 1195 1673 5.96 5.17 3.62 29 ] 150
8 536 1169 1722 5.53 4.90 3.29 32 139

Total 498 1496 1994 6.08 4.21 3.06 27 1153

Individual differences were quite great for all the temporal variables but PT (refer to
the P-level in the following table), probably due to a sample size that was rather big. Of
much more importance was the question whether different speech types resulted in different

temporal patterns. The following table presents the statistics of PT, etc. based on speech

type.

' We shall answer the why question in Section 6.
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Table 5. Statistics of PT, etc. in Different Types of Speech

RS1 RS2 RS3 SS Total o vl

(N=62) | (N=142) | (N=450) | (N=499) | (N=1153)
PT (ms) | 555 (236)* | 558(376) | 479(252) | 491(442) | 498 (361) 0.07
AT (ms) | 2187 (623) | 1682 (960) | 1731 (905) | 1145 (765) | 1496 (900) 0.000
ST (ms) | 2742 (667) | 2240 (1056) | 2210 (957) | 1637 (848) | 1994 (969) 0.000
Length (sy) | 6.54 (1.22) | 5.92(3.38) | 6.79 (3.42) | 5:43 (4.17) | 6.08(3.74) 0.000
AR (syfscc) | 3.12 (0.68) | 3.64 (0.92) | 3.99(0.84) | 469 (1.52) | 4.21(1.27) 0.000
SR (sy/sec) | 246 (0.57) | 2.67 (0.83) | 3.05 (0.83) | 325 (1.48) | 3.06 (1.17) 0.000
PP (%) 20 (9) 26 (15) 23 (12) 31 (20) 27(17) | 0.000

*The figures in the parentheses are standard deviations.

By examining the mean and the standard deviation within each cell of the three basic
measures (PT, AT, and Length), we found that all these measures were most constant in
RS1, and least so in SS. The variation coefficients (=SD/Mean) of the three measures in
RS2 and RS3 were somewhere between 50-60%. The Anova tests showed that the
differences found for all the temporal variables, except PT, caused by type of speech were
significant. For AT and ST, RS1 and SS contributed most to the differences; for Length,
significant differences were observed between RS3 and SS only; for AR, all differed from
cach other: for SR, big gaps were found between the first two and the last two types of
speech; and for PP, SS differed most from the rest.

We wanted to know if the same thing would occur if the calculation was done within

each individual speaker. The following table summarizes the results.
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Table 6. Summary of Tests of Significance for the Effects of Type on the 7
Temporal Variables for Individual Speakers (* Significant; -- Not significant)

Speaker AR AT Length PP PT SR ST
1 * * . . * * -
2 - * * * - * *
3 * * * * * * *
4 * * * * . - *
5 * * . * - * *
7 * * * * . * *
8 * % * . . * *

The results show that AT was most vulnerable to a change in Speech Type—all but
Subject No 6 were affected, and then AR, SR, and ST, and PT was the least affected. The
table also shows that some people were more sensitive to Type change than others, e.g.,
Subject No 3 compared with No 6. Most people were affected to a certain degree in many of
the temporal variables. Note also that Length was affected only 5 out of 8 times, slightly over
the chance level.”” The effect of Speech Type was too great to be pure chances
(37/56*100=66%), and it was AT that was consistently affected. This finding has important
bearings on the issue of syllable duration (to be discussed later).

The following table presents the frequencies and percentages of PT of various lengths in

the four speech types.

" We are pretty sure that the factors of Sex and Age played a role here. For the majority of subjects who
showed more effect of Speech Type in the seven variables were mostly older and male subjects. However, in
the present paper we did not want to pursue this matter further,
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tages of PT of Various Lengths in the Four Speech Types

<250 ms 250-500 ms 500-1000 ms | >1000 ms
RS1 8 (12.9) 16 (25.8) 36 (58.1) 2(32)
RS2 26 (18.3) 42 (29.6) 56 (39.4) 18 (12.7)
RS3 77 (17.1) 169 (37.6) 185 (41.1) 19 (4.2)
SS 170 (34.1) 143 (28.7) 138 (21.7) 48 (9.6)
Total 281 (24.4) 370 (32.1) 415 (36) 87 (7.5)

One thing that is common with all four sp
the minority. However, there were great differences be
ss pauses shorter than 250 ms had the greatest percentage
ms and 500-1000 ms had an equal chance of occurrence (28.7% an
three RS’s, most pauses clustered between 250 and 1000 ms, with the ones lastin
being of the majority (58.1%, 39.4%, 41.1%). Secondly, there were a greater percentage of
¢ than 1000 ms in SS than in RS1 and RS3 (9.6% to 3.2% and 4.2%). In fact,
en 2000-2500 ms, five between 2500 and 3000 ms, and one over 3000

pauses longe
there were one betwe

ms. Although the percentag

there was only one instance of pause over 2000 ms.

What all this amounts to is that the distri
diverse in SS, less so in RS2, still less in RS3, and |
speech, especially with classical poetry, most pauses C
(VC=42%, 67%, and 529 for RS1, RS2, and RS3 respectively
speech, great variance was found (VC=90%

in a more vivid way.

eech types is that pauses over 1000 ms were
tween SS and the three RS’s. First, in
(34.1%), while those at 250-500
d 27.7%). But with the
g 500-1000

e of pauses over 1000 ms in RS2 was greater than that in SS,

bution of pauses of different lengths was most
east in RS1. In other words, with read
oncentrated around the mean
), but with spontaneous

). The following figure presents the same story
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Figure 3. PT in Four Durations--(<250, 250-500, 500-1000,

>1000 ms)
|8 < 250 ms
’é‘ ' (I 250 - 500 ms
E [ 500 - 1000 ms
> 1000 ms

Type of Speech (1=RS1/classical poetry,
2=RS2/modem poetry, 3=RS3/modem prose,
4=SS/interview

VI. Discussion

Let’s repeat some of our findings on syllable duration.

First, syllable duration was longest in the classical poem (335 ms), second longest in the
modern poem (277 ms), third longest in the modern prose (252 ms), and shortest in
spontaneous speech (208 ms). Besides, all the four differed from one another significantly
although the difference between RS2 and RS3 was rather small.

Our speech data, read or Spontaneous, were all connected speech. When compared to
data collected through word list reading, our MSD’s of different tones were not as long, as

shown in the following table.
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Table 8. A Comparison of Our MDS (ms) with Those of Lin (1997) and Cheng (1994)

Lin (1997) | SS | Cheng (1994) [ RSI RS2 RS3
Tone 1 232 241 344 337 288 277
Tone 2 211 204 397 356 251 264
Tone 3 211 184 516 311 250 246
Tone 4 219 | 203 311 319 305 257
Tone 5 144 226 - - 262 180
Total 210 208 - 335 277 252

*Lin’s data was spontaneous (lectures), and Cheng’s was the reading of word lists.

Presumably, the reading of word lists is different from the reading of a connected piece
of discourse, poetry or prose. In word list reading, each syllable is pronounced in the most
complete way, but in connected speech there is bound to be some linking, compression, and
lengthening, or even deletion, from syllable to syllable.

The table also presents Lin’s results, and it stands to reason that our SS had MSD’s that
bore some resemblance to Lin’s, for both sets of data were spontaneous speech in casual
situations.

As shown in the table above, Cheng’s third tone was the longest of all. But our third
tone was never longer than other tones except the neuter tone. Tone 2 was longest in
classical poetry, Tone 4 in modern poetry, Tone 1 in modern prose and spontaneous speech.
This was one big difference found for the four tones in citation form and in connected
speech.

As we examined the position factor, we found that Tone 1 was always the longest, Tone
2 the second longest, and Tone 4 the third longest at final position, as shown in the following

figures.
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Figure 4. MSD in terms of Tone by Position in RS1

Position

Figure 5. MSD in terms of Tone by Position in RS2
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Figure 6. MSD in terms of Tone by Position in RS3
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[ *—Tone 5,

Position

Although Tone 1 did not appear at Position 7 in Figure 4, we can claim quite strongly
that it would be the longest if it had (because it was the longest at four positions and the
second longest at two positions). Also note that Tone 3 in this speech was further shortened
at the final position.

Figure 5 shows that at both initial and medial positions, MSD’s for the four/five tones
were much shorter than those at the final position. In Figure 6, the four/five tones almost
collided at the same points at both initial and medial positions. It was only at the final
position that significant differences were observed. Mark again that the third tone was
further reduced in RS3 at final position in this speech sample.

Now, let’s turn to other temporal variables. As we have mentioned earlier, of all the
temporal variables, PT and AT are the most determinant ones. However, PT has remained
quite constant across different types of speech (from 555 ms in RS1 and 558 ms in RS2 to

479 ms in RS3 and 491 ms in SS, p=0.07), but AT changed drastically, from 2187 ms in RS1
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to 1145 ms in SS, a fact that resulted in variance in MSD.

As we compared our results with those found by other researchers, we found that our
PT behaved the same as found in other studies—it centered around the mean in read speech,
but had more variance in spontaneous speech. But in terms of PP, our figures were often
much larger than those found by others. Also, we had rather small AR and SR. Let us put

our results along with those obtained by others for different languages.

Table 9. Temporal Variables in Spontaneous Speech and Reading for Three
Languages in Four Studies

PT AT ST [Length| AR | SR | PP

g |This study 491 | 1145 | 1637 | 543 | 469 | 3.25 | 31
Duez (F)* 711 | 2063 - - 52 | - |2

Prose | LS study 479 | 1731 | 2210 | 6.79 | 3.99 | 3.05 | 23
reading [FL2rdin etal. ()| 490 | 1370 - 65 | 474 | - [261
Hardin atal.(G)| 490 | 2590 - 148 [ 574 | - [147

Pootry LIS study 555 | 2187 | 2742 | 654 | 3.12 | 2.46 | 20
reading K&K (G)* 540 | 1700 - - - - =
K & K (K) 590 | 2240 - - - -~ |-

*Duez (1982) had his subjects, six political figures, talk about their family life, etc.
**Kien & Kemp (19942 did not give other measures than PT and AT. Also, their figures are medians
rather than means. !

Note that our PP was larger than that for French in spontaneous speech, and both ours
and Hardin et al’s were larger than that for German in prose reading. But Duez had quite
long PT and AT for spontaneous speech. The fact that Hardin et al. had rather long AT in
prose reading is probably due to the long utterances produced in that sample.

In poetry reading, again this study did not differ from Kien & Kemp in terms of PT.

However, in terms of AT, Mandarin seems to bear more resemblance to Korean than to

'8 Kien & Kemp’s study was not reviewed in section 3.2 because they were concerned with a motor theory of

language production. However, their statistics on poetry reading in German and Korean were included for
comparison.
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German, both having longer AT. "

As differences observed across languages are not so straightforward, it is hard to arrive
at any conclusion cross-linguistically. But we felt that Chinese is a language that is more
likely 'to result in syllable lengthening (having longer articulatiom time), with a larger
proportion of pausing time (having more pauses and shorter utterances). When reading is
involved, the mean pause time does not differ very much across different types of speech.

We have treated the four types of speech as if they were of the same variable. Actually,
there were three factors involved, one being Read vs. Spontaneous Speech (RS’s vs. SS),
another being Poetry vs. Prose (RS1 and RS2 vs. RS3 and SS), and the third one being
Classical vs. Modern (RS1 vs. RS2, RS3, and SS). Thus, each type of speech had rather

different features, as shown in the following table.

Table 10. The Four Types of Speech Defined by Three Factors

RS1 RS2 RS3 SS
Read (+) vs Spontaneous (-) |+ + + -
Poetry (+) vs. Prose (-) + + - -
Classical (+) vs. Modern (-) |+ - - -

These three factors seemed to affect the temporal variables in different ways and to
different degrees.

First, the mean pause time (PT) seemed to be a direct reflection of the factor of Poetry
vs. Prose. As we have just presented, the differences among the four PT’s across the four
types of speech were not significant enough. However, there were obvious differences

between PT's in the first two types (RS1 and RS2) and those in the last two (RS3 and SS).

' This is probably due to the form of poetry in the languages. Classical poems seem to be more fixed in form in
both Chinese and Korean than in German. Still, another reason could be that Kien & Kemp included in their
poetry reading a piece of modern poem. This could make a difference for modern poetry is more loosely
structured than classical poetry in German too.
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But, the differences observed in Figure 3 in terms of PT in various durations seemed to
delineate the distinction between Read vs. Spontaneous speech. With spontaneous speech,
PT of longer durations were found (resulting in greater variance), but in read speech PT was
concentrated around the mean. This is espeically acute in RS1. Such a phenomenon seems to
be quite universal (Goldman-Eisler 1968).

On the other hand, the issue of PP seems to reflect to a certain degree the Classical vs.
Modern factor, for in RS1, PP was the smallest (20%), compared to 26%, 23%, and 31% for
the other three.

Of special interest is the variable AT in which we can see the interplay of the three
factors. First, poetry demands to be read more slowly than prose. Second, classical poetry
must be read more slowly than modern poetry because of its highly concise form and
condensed meaning. Finally, spontaneous speech can not permit too much lengthening
unless hesitation occurs. The three factors working together resulted in very long AT for
RS1 and very short AT for SS, and very close AT’s for RS2 and RS3.

Our discussion has finally led us to say a few words about the psychological process
underlying speech production of the Chinese language.

Clearly, classical poetry was read in a very special way. As we all know, a Chinese
classical poem has a very concise form, i.e., its utterance length is fixed at 8 syllables a line.
Besides, it has very condensed content—each of the eight lines is a complete
sentence/proposition. These two features decide the way 1t is read. First, each line has to end
in a pause that properly reflected the structural status of the line. While duns does not
actually appear, syllables, especially those at dun positions, must be lengthened to convey
every possible meaning, literal and metaphorical, and verbal as well as emotional, thus
resulting in frequent syllable lengthening. Here, syllable lengthening, not pausing, is used to
create poetic effects.

But in reading the modern poem, that is a slightly different story. Not only is its form
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much looser-—with lines of different lengths in run-on forms, but also its meaning is
obvious—being more wordy and more repetitious. The 18-line modern poem makes only
four complete sentences—more than twice the length of the classical poem but half the
content. Given such a different structure and content, the modern poem was read
differently—with more pauses (not longer mean pause time) but less syllable lengthening.
Here, pauses, not syllable lengthening, were used to create the poetic flavor or emotional
meaning, hence having the shortest utterance length. Presumably, syllables were lengthened
just enough to express emotional meaning. This accounts for the small difference observed
between its MSD and that of modern prose reading.

Modern prose is even more loosely structured, more colloquial, and more redundant. In
reading the modern prose, AT was set to more or less the same parameter of tempo as in
reading the modern poetry (1731 ms and 1682 ms). Besides, PT as well as PP was reduced
such that it properly signaled constituent boundaries, with little concern for other
meanings—emotional or rhetorical. The result was longest Utterance Length (6.79
syllables). The pause pattern observed for this type speech was that of the ideal delivery,
resulting in very fluent speech.

The great PP found in the spontaneous speech was a totally different story. Here,
pauses were not used to create a certain poetic or emotional meaning, but rather a result
of disfluency or hesitation, for in this type of speech, there was the extra demand for verbal
planning, global as well as local. Thus, pauses of much longer duration, say over 2000 ms,
were bound to occur. But in reading, few pauses lasted longer than 2000 ms. This is best
understood as we compare the variation coefficients of PT in RS2 (where it was the greatest

of the three types of RS) and in SS—67% to 90%.
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VII. Summary and Conclusion

The results of the present study suggest that there are different processes involved in
the production of different types of speech. The act of reading aloud is basically a process in
that the reader has to be careful in making out the sense of the read text and in getting the
message across to the listener (including himself) with as much interpretation as required.
On such occasions, speech must be delivered more slowly. But, on the other hand, as the
reading text has already been decided, there is no need to plan for the content as well as the
form (lexical items and sentence structures, etc.) of the speech. The very task of reading
aloud has programmed the reader to read in a careful way such that the meaning of the text
can be expressed. Careful reading results in prolonged articulation but not in more pauses.
Pausing occurs only when it is necessary, that is, at major constituent boundaries as realized
in the form of punctuation marks. This is why we have obtained for the three types of read
speech longer syllable duration (because of longer articulation time), fewer pauses,
moderate pausing time and utterance length. This is the typical form of ideal delivery. The
process is mainly automatic. But, when the purpose of reading is to arouse emotions or
feelings, articulation is further slowed down to express richer meanings, as in poetry reading
(contrary to prose reading).

But in the spontaneous speech delivered by our subjects in the casual interview, the
process is different. Here, speech is found to alternate between fluency and hesitation. As
the speaker has to plan on the content as well as on the form of the speech, more pauses of a
longer duration are often demanded. He often has to pause to search for the right word to
say or the right way to say it, thus resulting in pauses of longer duration or in more pauses.
As he is engaged in an interview, he must keep his speech in good tempo—he can’t drawl.
The results are faster speech and articulation rates, with little syllable lengthening (shorter

AT), a greater range in pause duration, a larger PP and shorter utterance length.
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The psychological processes underlying oral reading are very complex. For one thing,
readers often have to have some degrees of understanding the text before the reading.
Secondly, several linguistic levels (e.g., lexicon, syntax, phonology, semantics, etc.) and non-
linguistic factors (e.g., background knowledge, cognitive functioning, emotional states, etc.)
are involved. Finally, after everything has been understood and the reader begins to read, he
is faced with the time pressure as well as the purpose of reading.

Traditionally, research on reading (aloud or silent) have mainly focused on the
decoding of the linguistic aspects of the text—e.g., lexical access and retrieval or
phonological encoding, paying little attention to the on-line processes themselves. Thus,
most reading models fail to take into consideration the temporal variables in oral reading.
By looking into the temporal variables in oral reading (or in speech production), we provide
another perspective in understanding the real-time on-line processes of language

production.
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Appendix®
LEEBAB—EERY

LEETREERN
2LEHERX—5F -
IHBEEEEHE
4 HRET R R -
S.H%EFEERE
6.E /L TREE -
7. BB AR AR A
BB A -
2.0 H—1 F 4F
Lig & BE
2IFEREER - BR
INFEHNE
ABFLEE
5—ETE—HKit
6.5 ERIBHGAIR o
TH2HE
8.TE—BMARaE
9.TE—HBINHF
10.TE-BHNER
NAERPRE
R2.RBNHEE;
BpErEERENRSE

2 In the modern poem and the modern essay, only the sentences in double parentheses and in bold face are
used for durational analysis.
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l4FERER

1588 —#%
16.8 % — it
17THM4TE

1828 #& XMk

33T X

WEERR  ERELFE - EBEEMANRA 0 8B AN%E - mBRRE LR
ERIILE - EEER TEAN BETEREBREAG8E - F85 5 EERERT
W AFRFERE - TAGEE o A % IR TaE mE .« - aHE &
B B MULBBARML > RTERRET - (BHTH8 M—E A RE -
ER-BEL  HBEE-BERMNSE  SCt8R—HmEns: .

ARRBTARE BRI BENEE TEFENER - HERBEHHEMN
R RBTH AXTEINESNEE ) HEBIIEE ARF SR g
BUE WA BB AR T - M A B MBS REERREFEEE:
LB ERT IRV EERERNSE -

FHL ARERBRIE - RS 5082 —FEGOBE . e o T ok
BELT B8 BEARTHEIAN RIS - SRS - AIEERTWE - #
LR R AR » FERTAR AT R o 40008 B o B B 28 A B 5
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