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Abstract

Of the 5 pitch-phenomena contained in Y. R. Chao’s
framework of Mandarin Chinese intonation ([1], [2ihe
phenomenon termed ‘successive tonal addition’ hasegl
highly elusive. Using communicatively-based spoatars
speech samples, the first instrumental evidenseicdessive
tonal addition is presented here, found to consishon-
lexical pitch-movements added to the lexical tords
utterance-final syllables. Investigation into thundtions of
these phenomena, referred to as ‘edge tones’, shtivese
to be affective in nature, signalling emotio-attinal
messages.

1. Introduction

1.1 The beginningswith Y.R. Chao

The foundations of research on intonation and &ffac
Mandarin Chinese (MC) were laid by the Chinesedisg
Y. R. Chao, in whose opinion ‘a great deal of pitch
movement in Chinese speech [is used to expresshtwoels
and attitudes of the speaker’ ([1]), despite thenaiogical
use of pitch for the signalling of the four lexidahes ([8],
[12]). Chao’s position, at odds with the prevailimgw of
researchers at the time, grew out of his researciM@
intonation, which yielded 5 phenomena based onhpitc
signalling linguistic, i.e. information-orienteds avell as
paralinguistic - i.e. affective, or emotio-attitndl meaning
([2], [4], [11], [16]). Chao’s investigations intithe phonetic
form of these phenomena showed them to consistobg
and local variations of pitch and pitch-range, witlobal
variations extending over whole utterances, loealations
limited to shorter sequences of syllables. Whilebgl and
local variations in pitch-range are achieved bybgloand
momentary enlargements and compressions of thisréea
global variations in pitch are obtained by raisiagd
lowering the overall pitch (register) of MC uttecas.
Finally, his local pitch-variations, whose phonefizrm
proved very difficult to determine without the sdgiftated
technical means at out disposal today, are destrisethe
results of utterance-final ‘tonal additions’, in ich the
pitch-movements of intonation melody are ‘added tteé
pitch-movements of clause- and sentence-final &xiunes
([1], [2]). Two types of tonal additions are digirished: (1)
‘successive tonal additions’, in which rising/fatii pitch-
movements are ‘added onto the pitch-movements ef th
tones after their completion’, and (2) simultanedasal
additions, which take on one of the following twarrhs:
When tonal - i.e. lexical - and intonational pitctovements
run in the same direction, tonal pitch-movements ar
‘stretched’, i.e. amplified, rising tones made i=erhigher,
falling tones to fall deeper. When tone and intmmarun in
the opposite direction, tonal pitch-movements
‘neutralized’, i.e. attenuated, rising tones nowacténg less
high, falling tones less low than otherwise theeogg]).
Coming to the functions of these intonational pheena,
on the linguistic, information-oriented, dimensid®hao
finds local pitch-range variation to be linked twess and

are

prominence, while local pitch-variation of the sitaneous
type is associated with what is referred to todaytlee
‘information status’of corresponding utterances, involving
the distinction between ‘finality’ and ‘non-finafit
corresponding to Chao’s terms of ‘suspense’
‘conclusion’ ([4], [11], [17]). In this function,dcal pitch-
variation receives support from global pitch-vadat also
linked to ‘suspense’ and ‘conclusion’ [2]. On the
paralinguistic dimension, global variation in pidnge is
described as signalling different degrees of irtgnand
emotional states, e.g. ‘anger, ‘impatience’ and
‘disapproval’, while local pitch-variation of thaiscessive
type receives a large variety of emotional andtuatinal
meanings. Rising successive tonal additions areciadsd
with ‘incredulity’, ‘strong, peremptory’ commandsand
‘impatience’, falling tonal additions with ‘livelyimpressive
enumeration’, ‘remonstrance’, ‘hearty  agreement’,
‘reassurance’ and ‘pretended emotion’ [2]. Chacsaded
discussion of these phenomena shows his profouedest

in the affective functions of MC intonation. Hisaghic
representation of falling/rising successive tordditions is
shown in Figs. 1-3.

and

After Pitch  Graph Example
Ist Tone 552: ™ A E Yeou jiang, ‘There’s ginger,
2nd Tone 352: N B yeou tarng, and sugar,
Srd Tone  2141: 4, %58 yeou jeou, and wine,
4th Tone 51210~ #HB%  yeou tsub. and vinegar.”

Fig. 1: Falling successive tonal additions (Tones 1 - 4)

Ist Tone 556: 7T ¥t f@y 5o finn Luenduwen 2 P 'Near London?’
2nd Tone 356: 1 & 47t Bushyng /¢ It won't do?”
Jrd Tone 2145: o 3£ 8 £ 7 fiow yaw tzoon A 2'Co right away?”
4th Tone 513: s # 3 27 Woo buyere 7 'L don't want itl”

Fig. 2: Rising successive tonal additions (Tones 1 - 4)

55: 21: L WYY ching de ™ ‘blue ones’,
35 31: 1N & 89 O hwang de v “yellow ones’,
21: 41 AN REY D fzyyde N ‘purple ones’,
51:121: N L} 26y N livh de ‘green ones’
52: 21: Nk

Fig. 3:Falling successive tonal additions (atonal
syllables)

1.2 Follow-up research in MC intonation

In contrast to Chao’s deep interest in the paraisti
functions of MC intonation, follow-up research g field
has seen a shift away from the paralinguistic arsireng
focus on the linguistic dimension, bringing a deeliin
interest in global pitch-range variation and ‘siestee’ local
pitch-variation. As a result, particularly duringet last 25
years, research activity has largely focussed enrtie of
global and simultaneous local pitch-variation ine th
signalling of sentence modality and syntactic t{j58, [6],
[7], [16]) and the contribution of local pitch-ramgariation
in the signalling of stress and prominence ([3D][118],
[19]). A third research area associated with M@riation is



the investigation of the prosodic units contained MC
utterances, involving the segmentation of MC intmme
units into  their smaller, hierarchically-structured
constituents, which are paired with their syntacticrelates
([14], [20]). On the other hand, while global vaioa in
pitch-range has recently resurfaced as a featuré0Gf
intonation linked to emotional involvement and mgiy
([11], [21]), research on successive tonal additias been
scarce: Only one study, ([15]), has reported evideof a
phenomenon in reminiscent of Chao’'s successivel tona
additions. Unfortunately, due to the limited cimtibn of
this work and the lack of precision in the author's
discussions, the nature and phonetic form of higppse-
mentary post-tonal stretches of phonation’ remaiclear
and no new insights on successive tonal additiave been
gained from this work. However, some instrumental
evidence has recently been found by the presehbaut

2. Successive tonal additionsin MC
2.1 First evidence

The study presented here grew out of an earliezarel
project investigating suprasegmental attitude-signga in
German and Chinese, based on a speech corpus of
spontaneous utterances selected from 12 dialoguebsing
native speakers of the two languages ([11], [12{)sing the
course of analysis, pitch-phenomena highly remerisof
Chao’s falling successive tonal additions were tbimtwo

of the MC utterances under examination. These statsiof
falling non-lexical pitch-movements located on tlagter
half of utterance-final syllables, added onto thedal tone

in a manner which immediately called to mind Chao’s
description of falling successive tonal additioAs.example

is given in Fig. 4.
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Fig. 4 :A falling edge tone with a 2nd tone

Here, the additional fall can be clearly seen aam gbcond
half of the utterance-final syllablmeng which bears the
mid-rising 2nd Tone. In order to distinguish thigcp-
phenomenon from the pitch-patterns of utteranca-fin
lexical tones, it was termed “caudglitch-pattern”. In
keeping with autosegmental terminology, the ternonn
lexical edge tone” would be appropriate ([12]).
Investigations into the communicative functions thie
phenomena revealed that the utterances in qudstiieen
produced during passages of intensive, at timeslhig
emotional speech. Also, in judgement tests, batdramces
had been analysed in terms of a strong, rathereagige
speech behaviour/attitude, some judges of the amter
shown in Fig 4 evoking the communicative stratedy o
sajiao - a wailing, complaining, exaggerated manner of
speaking adopted by speakers wishing to get thayjr with
their interaction partner. Upon comparison with €ba
discussion of falling successive tonal additionkese
judgements were found to be compatible with hielsiof

‘remonstrance’, ‘peremptoriness’ and ‘pretended tegnd
The apparent formal and functional similarity betwehese
tonal movements and Chao’s falling successive tonal
additions called for further investigation to sesdditional
evidence.

2.2 Experiment
2.2.1 Procedure

The procedure followed here consisted of threesstép
Focussed re-examination of the MC speech material
recorded for the earlier project to find more exbapof
falling edge tones; 2. Acoustic and auditory arialys all
edge tones found to determine their phonetic fonmas
many contexts as possible; 3. Judgement testscertam

the communicative functions of edge tones and the
discoursal circumstances likely to lead to theadurction.

2.2.2 Data and speech analyses

The re-examination of the 12 dialogues (mean duma$l
mins.) yielded 16 additional falling edge-tonesdaroed by

6 different speakers and occurring with 1st tords (3rd
tones (11) and atonal syllables (2). In additiorthtese, 3
pitch-phenomena highly reminiscent of Chao’s rising
successive tonal additions were found, with 2ndafid 3rd
(2) tones. The remainder of this paper is devotedhe
falling edge tones, as a greater number of them was
detected.

After exclusion of overlapping speech, 10 of theerances
containing the newly-found falling edge tones weigitised
and their FO analysed. Figs. 5-10, show the frequen
contours of 5 of these utterances.
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Fig. 5:Falling edge tone with a 1st tone
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Fig. 6Falling edge tone on an atonal syllable
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The analyses showed that the new edge tones atsistof
falling pitch-movements added to the pitch-moverseott
utterance-final tones. A comparison with Chao’s
representation of falling successive tonal addgioocurring
with 1st and 3rd Tones and atonal syllables (sgs.Ri and
3) revealed a strong similarity between the twongineena.
These falls indeed appear to be more examples ab’€h
successive tonal additions.
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Fig. 7:Falling edge tone on an atonal syllable
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Fig.8: Falling edge tones on an atonal syllable
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Fig.10:Falling edge-tone with a 3rd tone

2.2.3 Judgement tests

To determine the functions of the 10 edge tonedggment
tests were held with 7 native speakers of MC, tlagority
(5) unacquainted with the speakers of the uttesanceler
examination. In these tests, which took place enftrm of
discussion rounds, the judges were presented tittetige
tones embedded in their carrier-sentences and agked
describe the message conveyed by the speakertlincaae,
concentrating on the utterance-final pitch-phencaneim
difficult cases, particularly at the beginning oésts,
discourse contexts were included, consisting of anavo
exchanges immediately preceding the sentence ocamgai
the edge tone to be judged.

2.2.4 Results and discussion

A first evaluation of the judges’ responses rewalkee
common message of the phenomena under discusston to

the speakers’ strong, emphatic, at times aggressamner
of speaking, translating into a strong, assertikether
dominant and superior interpersonal attitude. Agesm
these basic attitudinal messages, the emotioredigH
messages of ‘insistence’, ‘protest’, ‘criticism’daineproach’
were also named. Further enquiry revealed pitcmpimena
of this kind to be most typical of communicativiations
in which the speaker is either expecting criticistaubt, or
contradiction from the listener, or wishes to esgrehese
messages himself. It was also noted that a nunfljadges

- especially those unacquainted with the speakeften had
difficulty deciding whether the emotions they heetetted
were meant seriously or non-seriously, the lattasec
involving the humour strategies of joking and tegsi
Comparisons showed these judgements to be veriasiti
those given for the edge tone discovered in thdieear
project (see above), as well as compatible with |abels
found in Chao’s discussion of falling successivaato
additions. In particular, the judgements ‘strength’
‘dominance’, ‘insistence’ and ‘contradiction’ nonlg point
in the same direction as the ‘superior, condescendi
attitude’ which is evoked by Chao, but are alsohhig
compatible with the labels ‘reassurance’, ‘remanste’ and
‘correcting errors’ which he also gives. Finallpetjudges’
difficulty in distinguishing between seriously- antbn-
seriously-meant emotions fits very well with Chalalbel of
‘pretended, insincere emotion’. Given these stgkiarmal
and functional similarites between Chao’s falling
successive tonal additions and the pitch-phenomemier
examination here, it was thus concluded that thé&seance-
final edge tones must represent the first acoesiidence of
falling successive tonal addition.

2.2.4. Further analyses: results and discussion

As a final step, in order to gain a better undediteg of the
communicative message of each individual edge-toaes
more detailed evaluation of the judges’ responsas mwade
in terms of strength, valence - i.e. the positiegative
undertone of speech ([11]) - and the presence aifolm
detected by the judges in each case. The resulthi®f
evaluation, which was also applied to the judgement
originally made for the first discovered edge tofsee
above) are given in Table 1. They show clearly,thpart
from the attitudinal messages which they had in room
the 11 utterances under examination were not juddjed,
and often differed markedly with respect to stréngnd
valence.

Edge |Fig.| Strength | Valence | Humour

tone no.| no | str. mid wk. | pos. neg| yes no
1 416 1 1 7
2 716 1 1 6 v
3 8|5 2 1 6 v
4 6 |5 2 1 6 7
5 5|13 4 5 2 3 4
6 -12 4 1 4 3 1 p
7 9|13 3 1 4 3 4 33
8 -11 3 3 6 1 2 b
9 -14 2 1 5 2 3 4
10 -1 3 3 6 1 2 5
11 10| 1 3 3 6 1 7

Table 1:Results of judgements



To investigate the origins of these differencess thl
utterances were analysed - instrumentally - witpeet to
overall (mean) intensity and tempo, the pitch-ran§ehe
edge tones and - auditorily - for voice quality. €¥h
features are known to be linked to the strengthptiEmal
intensity and valence of speech ([11],[21]). A c@mgon of
the results of these analyses, listed in Tableith those in
Table 1 yields a number of interesting patterns.il&tine
role of each individual feature is difficult to jioint, the
obtained results evidence a number of links betwten
analysed suprasegmental features and the strengghsity
and undertone communicated by the utterances.

Edge | Intensity Tempo | Range V.Q.

toneno| (dB) (ms./syll.)| (Hz.)

1 67-72 268 54/148  very tenge

2 67-70 167 91/70| very tense

3 60-66 163 20/74 tense

4 65-70 197 55/74| very tense

5 61-67 270 220 | modalltenge

6 56-61 220 129 modal

7 55-64 (700) 29/42 modal

8 49-59 (701) 21/9 modal/lay

9 54-59 (748) 39/70 modal

10 51-62 302 6/6 breathy/lgx

11 55-64 309 19/25 modal/la)

Table 2:Suprasegmental features of utterances

Thus, with respect to strength, the 6 utteranceggd to
signal a rather strong, at times aggressive meqsage 1 -

6) are all marked by a relatively high intensitydaiempo
and/or wide pitch-range, while the 3 utteranceshwilie
highest number of ‘weak’ judgements (nos. 8, 10,share
the lowest values for intensity, tempo and pitchgea With
respect to valence, these 3 weakest utterancesngha
gentle (lax) to soft (breathy) voice quality aresalthose
with the highest number of ‘positive undertone gadents,
while the 4 utterances judged to signal a negathdertone
(nos. 1 - 4) are marked by a tense to very tenge \guality
not found in other utterances. Finally, with redpéc
humour, the utterances judged most often to contain
joking/teasing (nos. 5, 7, 9) were found to be radrky a
relatively wide pitch-range coupled with steep,ywabrupt
pitch-movements on their edge tones (see Figs).5THs
effect is similar to that of stylised intonationwestern non-
tonal languages ([9], [11]). Taken together, tHesgings, in
agreement with previous research on the signallifig
strength, valence and humour ([11]), suggest thmes t
attitudinal messages of strength and insisteneedian all

11 utterances, are signalled by the edge-tonesstieas,
while the degree of strength signalled, rangingnfrmere
emphasis to strong aggressiveness, is dependertheon
features intensity, tempo and pitch-range. The
positive/negative undertone of utterances is dependn
voice quality, while the presence of humour is édko the
contour characteristics of the edge-tones: Edgestomarked

by sudden, abrupt pitch-movements were frequently
associated with joking and/or teasing.

3. Conclusion

In contrast to previous studies on MC intonatidre tata
presented here provide the first instrumental ewddefor
non-lexical, intonationally-motivated  pitch-movent&n
following utterance-final tones - phenomena presipu
described by Y.R. Chao as ‘successive tonal additio
Examinations of the communicative functions of thes

phenomena showed them to be affective, and compiex,
that the attitudinal component is signalled by thitch-
movement itself, while the emotional component hg t
product of accompanying non-tonal features, such as
(overall) amplitude, pitch-range and voice quality.

4. References

Chao, Y.R. 1933. Tone and intonation in Ch&es
Bulletin of the Institute of History and Philology,
121-134

Chao, Y.R. 1968. A Grammar of spoken Chinese.

Berkeley: University of California Press

Coster, D.C. & P. Kratochvil. 1984. Tone asiiless

discrimination in normal Beijing dialect speech.viNe

papers on Chinese language use, 119-132.

Couper-Kuhlen, E. 1986. An introduction todtish

prosody. Tubingen: Niemeyer

Garding, E. 1987. Speech act and tonal patiern

standard Chinese: constancy and variation. Ph@netic

44, 13-29

[6] Ho, A. C. 1976. Mandarin tones in relation s@ntence

intonation and grammatical structure. Journal of

Chinese Linguistics. 4 (1), 1-13

Ho, A.C. 1977. Intonation variations in a Mamih

sentence for three expressions: interrogative,

exclamatory and declarative. Phonetica 34, 446-456

Kratochvil, P. 1989. Intonation in Beijing Giase. In

Hirst, D. & A. Di Christo (eds.). Intonation system

Cambridge: C.U. P., 417-431

[9] Ladd, D. R. 1980. The structure of intonatiorraaning.
Bloomington: Indiana University Press

[10] Lin, M.C. 1983. The stress pattern and itsustical
correlates in Beijing Mandarin. Proceedings of the
10th ICPhS, 388.

[11] Mueller-Liu, P. 2004. The suprasegmental sigma
of attitude in German and Chinese. Ph.DssDi
Saarland University. (publ.: http://scidoc.sulb-uni
saarland.de/ volltexte/2004/416/

[12] Mueller-Liu, P. To be submitted. The signadjirof
attitude in Mandarin Chinese intonation.

[13] Norman, J. Chinese. Cambridge: C.U.P.

[14] Qian, Y. & Pan, W.Y. 2002. Prosodic word: The
lowest constituent in the Mandarin prosody
processing. Speech Prosody 2002, 591-594

[15] Rumjancev, M. K. 1972. Tone and intonation in
modern Chinese. Moskow: Izdatel'stvo Moskovs-kogo
Universiteta (Review by A.V. Lyonin, Journal of
Chinese Linguistics 6 (1978), 120-168

[16] Shen, X.N. 1990. The prosody of Mandarin Chkme
Berkeley: University of California Press

[17] Tench, P. 1995. The intonation systems of Ehgl
London: Cassell

[18] Tseng, C.Y. 1981. An Acoustic phonetic studytones
in Mandarin Chinese. Ph.D. Diss. Brown University

[19] Tseng, C. Y. 2000. Focus and Prominence: More
investigation of Mandarin prosodic properties ttgiou
speech database. Proceedings of the 9th IACL 286 -

[20] Tseng, C.Y. 2003. On the role of intonation the
organization of Mandarin Chinese speech prosody.
Eurospeech 03, 481- 483

[21] Yang, L.C, & N. Campbell. 2001. Linking form

to meaning: The expression and recognition of

emotions through prosody. Proceedings of the 4th

Speech Synthesis Workshop, 541-546

(1]

(2]
(3]

(4]
(5]

(7]

(8]



