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Abstract: It is known that in Mandarin each of the five lexical tones can be assigned with an articulatorily functional
target: [high] for tone 1, [rise] for tone 2, [low] for tone 3, [fall] for tone 4 and [mid] for tone 5 (the first four tones are
known as full tones while tone 5 is called neutral tone). Given that the targets of full tones can change (e.g., from tone 3 to
tone 2) in certain speech conditions (e.g. tone sandhi), it is natural to ask whether the same is true for Mandarin neutral tone.
This is still an unresolved question, the solution of which can contribute to our understanding of articulatory “strength” as
an index of speech communication which is less well explored than other areas of speech production. Motivated by the
above concerns, this study uses speech production experiment to test whether the target of Mandarin neutral tone has
similar target values (in terms of target slope, height, duration and strength) to those of other tones in Mandarin under three
speech conditions: emotion (anger, happiness, disgust and neural emotion), sentence position of the neutral tone (sentence
medial and final) and tones preceding the neutral tone (all full tones in Mandarin). The results reveal that the neutral tone is
highly likely to change its target in certain combinations of the aforementioned three speech conditions. This study not only
further supports previous studies on the impact of emotion, sentence position and tonal contexts on the target behavior of
tones, but also highlights the possibility of Mandarin neutral tone changing from weak to strong in articulation for the
purpose of effective communication, providing further evidence for “strength” as a communication index.
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discussed in the following section). The first two are static
targets in that they have a static pitch register while the last
two are dynamic targets because they move in a linear

1. Introduction

Mandarin is known as a tone language in which lexical

entities are distinguished on the basis of not only segments fashion.
but also more importantly suprasegments such as tones.
. . . .. O ~ determined by: Tui
There are five tone types in Mandarin: High (H), Rising (R), i daf:llkiuwt_ral valus, Urw P {auwﬁﬁﬁm;
Low (L), Falling (F), and Neutral (N). Recent research [61- : G Fch et

62, 64, 66] on Mandarin tones has suggested that the
surface FO of Mandarin tones can be associated with
invariant underlying pitch targets which are defined as “the
smallest articulatory operable units associated with
linguistically functional pitch units such as tone and pitch
accents” [66]. The surface FO of Mandarin tones undergoes ¥ Pitch target: [low]
a process called Target Approximation (TA) to approach —¥

their underlying pitch targets demonstrated by the Figure 1. Graphical display of the Target Approximation model (from 66]).
following TA model (Fig.1).

It is shown that the solid curve representing the surface Target slope, height, duration and strength are the
FO asymptotically approximates the dashed line parameters proposed to quantitatively capture the
representing the underlying pitch targets. All Mandarin full ~ characteristics of pitch targets, which can be used for
tones are therefore assigned with pitch targets: [high] for  facilitating computational modelling of speech prosody (cf.
high tones and [low] for low tones; [rise] for rising tones  [40, 43] for the mathematic calculation of those
and [fall] for falling tones (the neutral tone is to be parameters).
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2. Mandarin Neutral Tone and
Motivations of this Study

2.1. Mandarin Neutral Tone

Apart from the four full tones in Mandarin mentioned
above, a less well-known but equally important tonal
category in Mandarin is the neutral tone. It is typically
distributed in the forms of grammatical morphemes, lexical
items, diminutive terms and reduplication [8]. The
following examples (from [9]) correspond to the four
functions just mentioned (the neutral tone is marked
without tonal markings):

(a) lade ‘something spicy’

(b) boli‘glass’

(c) meéimei ‘sister’

(d) xiangxiang‘to think (for a little while)’

Because of the fact that Mandarin neutral tone does not
have a consistent FO contour as do those of the four full
tones (cf. [9] for references), is has been a subject of
controversy in terms of whether it has a fixed target. A
majority of the previous studies on Mandarin neutral tone
suggest that it is targetless/toneless because of the
variability of its surface FO which has been seen as the
product of the interpolation between two adjacent tones [30,
51, 56]. Nevertheless, recent findings [9] have
demonstrated that Mandarin neutral tone does have a target
[mid] which is somewhere in the middle of the range
between the tonal targets [high] and [low].

The neutral tone is also found to have intrinsically weak
articulatory strength which is reflected in the fact that it is
not as fast and effective as the four full tones to overcome
the influence of the preceding full tones. Hence the FO
variation of the neutral tone is not a result of the
interpolation between two adjacent tones; rather, it is
mainly affected by its preceding tone (especially in terms of
velocity) rather than its following tone [9].

2.2. Motivations of this Study

What remains unknown, however, is whether this [mid]
target of the neutral tone remains unchanged in any speech
conditions, given the fact that surface FO of tones tends to
vary in different speech conditions. Such a phenomenon is
known as tonal variation which is thought to have two
types [61]: Target alteration and implementational variation.
Target alteration “occurs in cases where the pitch target of a
tone is presumably changed before being implemented in
articulation” [61]. An example is that L tone in Mandarin
occurring in non-sentence-final position tends to have a
low-dip only, i.e., losing the final rise in its canonical form
[8, 62]. Another example in Mandarin is the L to R rule in
which the L tone when followed by another L tone changes
into the R tone [61]. Implementational variation refers to
cases where either different tonal contexts or articulatory
effort make the acoustic realization of the tonal targets
varied but not fundamentally different from the canonical
form [61]. For instance, the amount of FO drop in L tone in

non-sentence-final position varies according to speakers
and contexts, although the underlying form is still L [8, 61].

Therefore, given the variant nature of tones in different
contexts, it is reasonable to speculate that Mandarin neutral
tone may not stick to an invariant form in all speech
conditions, particularly when we consider factors such as
emotions, the sentence position of the neutral tone and the
category of the tones preceding the neutral tone (reasons
for choosing these factors are to be given in the following
paragraphs). Admittedly, one may argue that Mandarin full
tones are also subject to the influence of those factors and
hence there is no good reason to single out the neutral tone.
However, the extent of the influence of the factors on
different tonal categories may be quite various. For
example, although the mean FO and FO range of Mandarin
full tones do vary according to different emotions [31], they
have never been reported to vary to such an extent that they
undergo fundamental target change, i.e., changing from one
tonal target (e.g. tone 1) to another (e.g. tone 2) in
emotional speech. Therefore the FO variations of Mandarin
full tones do not categorically deviate from their canonical
tonal contours even though in emotional speech. Mandarin
neutral tone, on the other hand, is hard to believe to behave
in the same way as the full tones since it is weaker in
articulatory strength than full tones [9] and hence it is more
prone to the impact of the aforementioned factors, making
the extent of the surface FO variability of the neutral tone
likely to be greater than that of the full tones. Whether such
greater variability may give rise to target change of the
neutral tone is unknown, and hence it serves as the
motivation of this study.

Emotion is chosen as a factor because of the well-known
influence of emotion on segmental and surprasegmental
aspects of speech, which has been systematically studied
over a long period (cf. [47] for details). Despite the
controversy as to the exact acoustic markers of each
emotion, what seems consistent across the previous studies
on emotion and speech is that the acoustic characteristics of
speech do not stay the same in emotional contexts as in
neutral contexts (cf. [48]). Therefore, emotion serves as a
perfect platform to test the variations in the behavior of the
neutral tone target. Since it is impossible to exhaust all the
emotional categories in this study, only three are selected
out of the “big six” emotions [14]: (Hot) anger, happiness
and disgust. Given that anger has two types—hot and cold
[46] with different acoustic characteristics [20], only hot
anger is selected to avoid theoretical and practical
complexities.

Anger and happiness are selected and discussed together
because they are the most widely studied and frequently
encountered emotions in daily life [33]. Moreover, although
the two emotions occupy the two extremes of the emotion
continuum, the acoustic characteristics of the two are
similar: The consensus of numerous studies seems to be
that intensity, pitch range and speech rate are almost the
same for anger and happiness [34, 47, 58]. This is further
supported by the fact that anger and happiness are found to
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be perceptually indistinguishable [29]. Physiologically,
both of the two emotions belong to the “excitement”
category which involves increased cardiorespiratory
activities: Speeding up of the heart rate [44] together with
fast and deep breathing [5]. That is why anger and
happiness are ranked almost the same place on the scale of
activation of emotion [12].

Although disgust is not as well and widely studied as
anger and happiness, the interesting physiological response
to disgust warrants special attention: Evolutionarily, disgust
may have arisen as the physical act to reject toxic or rotten
food [13]. Consequently, the sound of feeling disgusted is
similar to the sound when one orally throws out nasty food
(e.g. vomiting), accompanied by such cardiorespiratory
activities as decrease in heart rate [15], slow or even
suppression in breathing [4-5], pharynx tightening, F1
raising and possible devoicing [35].

The sentence position of the neutral tone is chosen as
another factor that may affect the target behavior of the
neutral tone. This is because as has been observed by many
[21, 39, 61], the position of speech segments plays an
important role in determining the surface phonetic
realizations of the underling phonological forms (e.g.,
English boundary tone). With regard to lexical tone,
sentence position also plays a role as supported by the
evidence from Stockholm Swedish [6] in which the
prenuclear position is the place where the canonical form of
a lexical tone rests. Another motivation for taking into
account the impact of sentence position is that it is related
to articulatory strength. As has been suggested [26, 66],

articulatory strength tends to serve as an encoding scheme
in communication, i.e., “all levels of strength carries
information” [26]. A known example is sentence final
lengthening and sentence initial strengthening which has
been associated with speaker’s intention to control
articulation [26]. Given that the neutral tone is by nature
weak as mentioned above, it is likely that different sentence
positions may affect the surface FO realizations of the
underlying [mid] target of the neutral tone.

Apart from emotions and sentence position which can
justifiably affect the surface FO of the neutral tone as
discussed above, the tones preceding the neutral tone are
also likely to be a factor. This is because the source of the
surface variation of the FO of the neutral tone stems from
the FO and velocity of the full tone immediately preceding
the neutral tone [9]. Hence there is a need to include all of
the four full tones in Mandarin to investigate their
contribution to the tonal variations of the following neutral
tone. Motivated by the above considerations, this study
attempts to address the following research question:

Is there a change of target of Mandarin neutral tone due
to the influence of emotions, its position in sentences and
its preceding full tones?

As discussed above, anger, disgust and happiness are
selected. Neutral emotion is also included for the sake of
comparison. Only sentence medial and final positions are
selected to test the effect of sentence position on the neutral
tone, since the neutral tone does not occur sentence initially
[9]. Each of the four full tones in Mandarin is included as
the tone immediately preceding the neutral tone.

Table 1. The stimuli of the experiment in which the numbers of the syllables represent the five lexical tones in Mandarin: 1 for H (High tone), 2 for R
(Rising tone), 3 for L (Low tone), 4 for F (Falling tone), and 5 for N (Neutral tone).

maol cat

menl cover

mao?2 fur

xiao3 little men4 simmer

mao3 mortise

menl article
mao4 hat

yuedduid falxing? le5
band release particle

maol cat

menl cover
mao?2 fur

xiao3 little men4 simmer

mao3 mortise

5 particl
mao4 hat men> parucie

Sentence meaning: The band Xiaomaomen has released the album Xiaomaomen.

3. Methodology

The stimuli (Table 1) in this study include three sets of
Mandarin sentences with the target syllables (to be analyzed
graphically and statistically) mao and men imbedded in
sentence middle and final positions. The selection of mao
and men is for the ease of phonetic segmentation while
minimizing consonantal perturbation of F0O, given the fact
that non-sonorant consonants tend to raise or lower the FO of
the adjacent vowels (cf. [63]). In each set, there are four
sentences with mao being assigned with four full tones
respectively (high tone maol, rising tone mao2, low tone
mao3 and falling tone mao4) as the syllable preceding men.
Men apart from being assigned with a neutral tone (menJ) is
also assigned with a high tone (menl/) and a falling tone
(men4) to investigate whether the neutral tone will change its

target to that of full tones, based on the results of a pilot
study showing that the neutral tone is likely to become
similar in target to either a high tone or falling tone when the
factors mentioned in section 2.2 are taken into account.
Therefore, men is assigned with a high tone, falling tone and
neutral tone respectively for set one, two and three of the
sentences. Note that for the sake of semantic/pragmatic
naturalness, xiao is added to maomen to form a compound
word with three syllables denoting the name of a brand and
their album, although xiao, mao and men when used
separately have their own independent meanings.

Ten native Mandarin speakers with drama training
background were recruited as subjects. They reported no
speech or hearing problems. Emotion portrayal method was
used to induce emotion, i.e., having subjects imagine
themselves being in an emotional state as vividly as
possible when saying each sentence (cf. [47-48] for the
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justification of this method). The recording was conducted
in a sound-controlled booth. All the sentences were
repeated 3 times by 10 subjects in angry, disgust, happy
and neutral emotion, resulting in 4 (maol/2/3/4) *
3(menl/4/5) * 4 (emotions) * 10 (subjects) * 3 (repetitions)
= 1440 sentences. A customized version of ProsodyPro
[65], running under Praat [3], was used to extract and
analyse FO contours. The FO contours were time-
normalized in the sense that they were obtained by dividing
the two syllables (mao and men) into 20 equal intervals (10
intervals for each syllable) and averaging across the three
repetitions of the same sentence by 10 subjects. Then the
FO in Hertz were converted to semitones to reduce the bias
towards higher pitch range over lower pitch range for the
sake of statistical analyses before they were transformed
back to Hertz for graphical demonstration. Similar methods
have been used in [9, 32].Segmental boundaries were
labelled by hands with visual inspection and listening
validation.

400
— 11201 +MENL
300 midde
200 - == maol+mend
100 midd e
0 seseses maol+mens
midde
1 4 7 1013 16 19
400 -
— 1102 +MENL
300 - middle
- e= maolt+mend
200 ﬁ—/*: middle
100 - sesses mao2+mens
middle
0 +r—rrrrrrrrrrrr
1 4 7 10 13 16 18
400
—— 71203 +Men1
300 . middle
200 w == == mao3tmend
s middle
100 sesses Mao3+mens
0 e middie
1 4 7 10 13 16 19
400 4
mao4+menl
300 middle
200 4 ~ = == maod+mend
) middle
100 -
------- mao4+men>
[ — B middle
1 4 7 10 13 16 19

4. Results

4.1. Graphical Presentations of Time-Normalized F0
Contours

Figs.2-5 display the time-normalized FO contours of
maol/2/3/4 + menl/4/5 at sentence medial and final
positions in neutral, angry, happy and disgust speech. It can
be observed that firstly, the neutral tone men5 tends to
become more similar to full tones (either men! or men4) in
emotional than neutral speech, particularly in angry (Fig.3)
and disgust speech (Fig.5). Secondly, the tonal categories of
the preceding full tones appear to have affected the
behavior of the neutral tone as well: Following the rising
tone (mao?2), the FO contour of men5 in many cases is very
similar to that of men4; following the low tone (mao3),
men5 in emotional speech tends to display an FO contour
similar to that of menl/. Thirdly, the extent of similarities
between the neutral tone and full tones seems greater in
sentence medial position than sentence final position.

400
— 71201 +HME N1
firal
200 .”,u,.d' - o= maol+me n4
S — *e firal
100 esesse maol+mens
final

300

0 +—rrrrrrrrrrrer

1 4 7 1013 1619

400

300 final
- e= maol+mend

o ,_',p’ﬁ“'_ final
sessss mao2+mens

100 final

1 4 7 1013 16 19

400
— 71203 +Me N1
300 final
200 .. - = m3o3+mend
. o final
100 ssessss Ma03+mens
final
1 4 7 1013 16 19
400
— 71204 +Menl
300 final
.e - e macd+tmend
200 > -~
: final
100 seeeee maod+mens
final
0 T
1 4 7 10 13 16 19

Figure 2. Time-normalized mean FO contours of maol/2/3/4 + menl/4/5 (at sentence medial and final positions) in neutral speech.
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Figure 3. Time-normalized mean FO contours of maol/2/3/4 + menl/4/5 (at sentence medial and final positions) in angry speech.
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Figure 4. Time-normalized mean F0 contours of maol/2/3/4 + menl/4/5 (at sentence medial and final positions) in happy speech.
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Figure 5. Time-normalized mean FO0 contours of maol/2/3/4 + menl/4/5 (at sentence medial and final positions) in disgust speech.

4.2. Quantitative Analyses

To formally assess whether the above observations of the
graphical displays of the tonal targets are significant,
statistical tests were performed on the parameters (i.c.,
slope, height, duration and strength) of the tonal targets,
using PENTATrainer]l [43] and PENTATrainer2 [42] to
obtain the values of the parameters.

4.2.1. Target Slope and Height
A three-way repeated measures ANOVA was performed
to test the effect of emotion, preceding full tones and

sentence position on the target slope and height of the
neutral tone men5. Emotion has four levels (anger, disgust,
happiness and neutral); preceding full tones have four
levels (maol, mao2, mao3, mao4); sentence position has
two levels (sentence medial and final). The results as
demonstrated in Table 2 show that all the three factors as
well as their interactions have a significant impact on the
target (slope and height) of the neutral tone. Post-hoc
Tukey tests further suggest that the neutral tone can be
significantly similar to full tones in terms of target slope
and height under conditions shown in Table 3.
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4.2.2. Target Duration

A three-way (emotions, preceding full tones and sentence
position) repeated measures ANOVA was performed (Table
4) showing that all three factors and the interaction between
them play a significant role in determining the duration of
men (menl/4/5). Post-hoc Tukey tests were further
conducted to examine in which condition the neutral tone
does not differ significantly from the full tones in terms of
duration. Table 5 shows that firstly, men5 becomes more
similar to either menl or men4 in emotional speech (anger
and disgust in particular) than neutral speech and this
occurs more often in sentence medial position than
sentence final position. Secondly, it can be seen that there
are more durational similarities between the neutral tone
and full tones when they follow mao2 and mao3 than when
they follow maol and maoA4.

4.2.3. Target Strength

A three-way (emotions, preceding full tones and sentence
position) repeated measures ANOVA was performed. The
results (Table 6) show that all three factors and the
interaction between them play a significant role in
determining the target strength of men (meni/4/5).

Post-hoc Tukey tests were further conducted to examine
in which condition the neutral tone does not significantly
differ from the full tones in terms of target strength. The
results shown in Table 7 are similar to those in Table 5:
Firstly, men5 becomes more similar to either menl or men4
in emotional speech than neutral speech. Moreover, this

pattern occurs more often in sentence medial position than
final position. Secondly, there are more strength similarities
between the neutral tone and full tones when preceded by
mao?2 and mao3 than preceded by maol and mao4.

5. Discussion
5.1. Is there a Target Change of the Neutral Tone

A caveat is in order here before proceeding to the final
discussion: The variations of the surface FO contour of the
Mandarin neutral tone reported above are different from the
well-known carry-over effect of tones ([18] for Thai; [59-
60] for Mandarin). This is because tones under the
influence of carry-over effects can still approach their own
tonal targets by the end of their carrier syllables [62],
although the initial part of the FO contour is heavily
assimilated to the contour of the previous tone. Target
change, on the other hand, means that other things being
equal, instead of approaching its own tonal target, a tone
takes on a target shape similar to that of another tone even
by the end of its carrier syllable [61].

The results of this study suggest that the variations of the
neutral tone do not fall into the carry-over category because
the target of the neutral tones significantly similar to some
of the full tones as summarized in Table 8, taking into
account the comparisons of target slope, height, duration
and strength between the neutral tone and full tones
discussed in the above sections.

Table 2. Results of the three-way repeated measures ANOVA on the effects of emotions, preceding full tones and sentence position on the target slope and

height of the neutral tone mens5.

Target slope Target height
Significant effects
F df P F df )
emotions 322 3,27 <0.05 3.39 3,27 <0.05
preceding full tones 3.85 3,27 <0.05 4.01 3,27 <0.05
sentence position 8.97 1,9 <0.05 7.76 1,9 <0.05
. - . -
emotions preceding full tones ) 13 9,81 <005 239 9,81 <005

sentence position

Table 3. Pairs of men (sentence medial and final) that are not significantly different in terms of target slope and height by post-hoc Tukey tests.

Slope Height
medial men final men medial men final men
men5vs. men5vs. men5vs. men5 vs. men5 vs. men5 vs. men5 vs. men5 vs.
menl mend menl mend menl mend menl mend

anger v v
] disgu.st v v

happiness v v

neutral v v

anger v v v v

disgust v v v v
mao? happiness v v v v

neutral v v v v
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Slope Height
medial men final men medial men final men
men5 vs. men5 vs. men35 vs. men35 vs. men35 vs. men35 vs. men35 vs. men35 vs.
menl men4 menl men4 menl men4 menl men4

anger v v v v

disgust v v v v v v
mao3 .

happiness 4 4 v v

neutral v v v v

anger v v

disgust v v v v
maod .

happiness v v

neutral v v

Table 4. The significant effects of emotions, preceding full tones and sentence position on the duration of menl/4/5.
Duration
Significant effects
F df p

emotions 3.46 3,27 <0.05
preceding full tones 4.05 3,27 <0.05
sentence position 7.62 1,9 <0.05
emotions* preceding full tones * sentence position 2.15 9, 81 <0.05

Table 5. Pairs of men (sentence medial and final) that are not significantly different in terms of duration by post-hoc Tukey tests.

Sentence middle

Sentence final

menlvs. men5

men4vs. men5

menlvs. men5

men4vs. men5

anger
disgust v v
maol )
happiness
neutral
anger v v
disgust 4 v
mao2 ]
happiness
neutral
anger v
disgust v v
mao3 ]
happiness v v
neutral v
anger v v
disgust v
mao4 .
happiness
neutral
Table 6. The significant effects of emotions, preceding full tones and sentence position on the target strength of menl/4/5.
Target strength
Significant effects
F df P
emotions 3.31 3,27 <0.05
preceding full tones 3.99 3,27 <0.05
sentence position 8.36 1,9 <0.05
emotions* preceding full tones * sentence position 2.39 9,81 <0.05
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Table 7. Pairs of men (sentence medial and final) that are not significantly different in terms of target strength by post-hoc Tukey tests.

Sentence middle

Sentence final

menlvs. men5

men4vs. men5

menlvs. men5 men4vs. men5

anger
disgust
maol .
happiness
neutral
anger
disgust
mao2 ]
happiness
neutral

anger v

AN

disgust
mao3 ]
happiness v
neutral
anger v
disgust
mao4 ]
happiness

neutral

Table 8. Paris of tones (N=neutral tone, H=high tone, F=falling tone) that have significantly similar targets when preceded by the four full tones
(T1=high tone, T2=rising tone, T3=low tone, T4=falling tone) in angry, disgusted, happy and neutral speech.

Sentence medial

Sentence final

Anger Disgust Happiness Neutral Anger Disgust Happiness Neutral
following T1
following T2 N=F N=F N=F N=F
following T3 N=H N=H N=H
following T4 N=F

Does it mean the neutral tone in those cases (Table 8) has
undergone a process of complete target change to the full
tones? The answer is a tentative yes with caution. This is
mainly because evidence of a complete target change may
require a complete merger in shape of the target between
the neutral tone and full tones, which is somehow not the
case for all of the pairs listed in Table 8, as can be observed
from the graphical presentations in section 4.

Nevertheless, the significant statistical results clearly
show a strong tendency of the neutral tone to become
highly similar in target to the full tones under the
conditions listed in Table 8. Therefore it can be tentatively
concluded that the target of Mandarin neutral tone is highly
likely to be similar to that of the full tones under conditions
shown in Table 8, although there may not be a 100%
merger in pitch contour between them. Also note that the
results do not contradict the fact that Mandarin neutral tone
has a static [mid] target in neutral speech as proposed in [9],
since it is clearly shown in Table 8 that the target change
occurs only in emotional speech.

5.2. The Impact of Emotions

The results of this study suggest that the target change of
Mandarin neutral tone occurs in emotional speech only,
lending further support to previous studies on emotion
being an important mechanism for varying the phonetic
behavior of speech segments.

The reason can be associated with the physiological
mechanisms of emotions. As has been mentioned in the
introduction section, anger and happiness tend to trigger
excited cardiorespiratory activities such as speeded up heart
rate and blood pressure [44], fast and deep breathing [5],
etc. Therefore it is reasonable to speculate in angry and
happy speech the increased cardiorespiratory effort can
give rise to greater aecrodynamic supply to the lungs and
larynx, which as a result channels more “power” to the
articulated speech segments. Under such physiological
mechanisms, the neutral tone which should be weak by
nature can gain strength and hence become stronger in
articulation. As a result, its acoustic parameters such as
surface FO can change from one typical of a weak speech
segment to one characteristic of a strong speech segment
such as full tones in Mandarin. What is noteworthy of the
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results is that there is only one case of neutral tone target
change in happy speech. The reason may be that the
participants in this study produced happiness in a more
“subdued” way, so to speak—rather than laughing out loud
or grinning widely, they just smiled slightly to convey
happiness (probably due to shyness typical in Chinese
culture). Therefore the happiness in this study borders more
on pleasantness/calm happiness [38] which is more in line
with feeling good than exhilarated. As a result, the
physiological response mentioned above may not be as
strong as that of the heartfelt happiness, hence the few
cases of target change.

In terms of disgust, although it is often associated with
such cardiorespiratory activities as decrease in heart rate
[15], slow breathing [4-5], pharynx tightening [35], etc., it
does not mean there should be a decrease in the
aerodynamic energy supply for speech sounds produced in
the emotion of disgust. This is because disgust is more
often expressed in the form of affect bursts [2] which
usually sound similar to vomiting, e.g., “ah”, “buah”, etc. It
is observed that in this study the neutral tone men5 was
produced by the speakers in a burst-like way, i.e., it does
not sound as smooth and uninterrupted as men5 produced
in other emotional speech conditions (i.e., angry, happy and
neutral speech). Hence, it is reasonable to speculate that
such “brute vocalizations” [49] tend to make the
corresponding speech sounds become the “outlet”, so to
speak, for the oral response to vomiting. Thus there should
be an increase rather than a decrease in the aerodynamic
energy supply for the production of speech sounds in
disgust so as to meet the physiological requirement for
them to be the “outlet” for vomiting. This mechanism
enables the neutral tone to gain extra power to become
strong and take on a target shape similar to that of full tones
as shown in this study.

5.3. The Impact of Preceding Full Tones

Another important factor in shaping the target of the
neutral tone has been found to be the tonal categories of the
full tones preceding the neutral tone. The most evident
example is when the preceding tone is a rising tone: It is
shown that in anger and disgust, the neutral tone
immediately following the rising tone in sentence medial
and final position uniformly takes on a target similar to that
of a falling tone. The possible explanation lies in the tonal
nature of the rising tone. It is known that the rising tone, in
order to approximate its target [rising] according to the
Target Approximation model [64, 66], needs to take on the
form of a sharp rise which involves overcoming a
momentum  requiring more vocal effort [64].
Physiologically, such process calls for an increase in the
active contraction of the cricothyroid (CT) muscle so as to
raise FO [22, 45]. At the end of the rising tone, there tends
to be a CT peak (i.e., highly activated CT muscle
contraction) when compared with other Mandarin tones
according to the results of an EMG study [45]. After such
high activation of the muscle, the elastic nature of the vocal

folds tends to call for a spontaneous relaxation of the CT
muscle, which will agree with the direction of the following
tone if the following tone has a falling FO contour [45]. It is
reasonable to speculate that the tenser the muscle, the
greater the extent of relaxation following the muscle
contraction according to physical laws. Hence there will be
more “agreement”, so to speak, between the state of the CT
muscle after producing a rising tone and the production of
the following neutral tone given the fact that the neutral
tone generally takes on the direction of a descending FO
contour. Naturally, such greater extent of CT muscle
relaxation tends to make the descending FO contour fall
even more sharply, thus making the following neutral tone
take on a steeper FO contour than usual, which as a result
makes the neutral tone take on a target similar to that of a
falling full tone as demonstrated in this study.

Another impact of the preceding full tones comes from the
low tone which enables the following neutral tone to have a
target similar to that of a high tone. This is associated with
the nature of the low tone: In Mandarin and Cantonese the
low tone has been found linked to the “post-low bouncing”
mechanism in which tones, especially the neutral tone
immediately following the low tone tends to have a rising FO
contour throughout the syllable [9, 19, 50]. This is
particularly evident when the low tone is produced with
focus [9], i.e., with extra articulatory effort. The reason has
been proposed to be associated with laryngeal activity [9]
due to the fact that such laryngeal muscles as sternohyoids,
sternothyroids, and thyrohyoids tend to be activated if a
lower than mid-level FO is produced [1, 16, 36]. The result of
such activation generated by larynx lowering is that the vocal
folds tend to become shortened to some extent [1, 24] which
is likely to trigger readjustment of the balance between
laryngeal muscles [41]. Such mechanism tends to build up
vocal fold tension which provides extra FO raising force for
speech elements [41]. Therefore the raising of the surface FO
of the neutral tone observed in this study can be regarded as
being activated by such post-low bouncing mechanism. The
reason why in this study such bouncing phenomenon only
occurs in emotional speech rather than neutral speech may be
that firstly, emotions as mentioned above tend to generate
greater cardiorespiratory responses and thus greater energy
supply for FO raising in the neutral tone. Secondly, the post-
low bouncing as suggested in [41] does not have to be
present in all cases where L is the preceding tone. Individual
differences in terms of physiology, psychology and speech
preferences can all play a role in determining the final
surface FO contour of the neutral tone. So in this study the
lack of post-low bouncing of the neutral tone after L tone in
neutral speech may be the results of the interaction of various
factors.

In terms of the falling tone, this study shows that it tends
to make the following neutral tone take on a target similar
to that of a falling tone in disgust speech. The reason can be
associated with the influence of subglottal pressure (Ps) on
FO control. It has been shown [1, 52, 55] that when vocal
folds are thick and slack (e.g., in the case of producing
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Mandarin falling tone), FO variations tend to be dominantly
controlled by aerodynamic forces generated by Ps rather
than the tension of vocal folds. Since as mentioned in
section 5.2 the neutral tone produced in disgust speech in
this study sounds more like affect bursts which are
supported by more aerodynamic energy, it is highly likely
that after the production of the falling tone such extra
subglottal pressure generated by disgust tends to make the
FO contour of the neutral tone fall deeper to the extent of
becoming similar to that of a falling tone.

5.4. The Impact of Position

The position of the neutral tone in a sentence has also
shown a tendency to affect the target behavior of the neutral
tone. This study shows that target change occurs more at
sentence medial than final position.

This is in agreement with the previous literature on the
relations between articulatory strength of speech sounds
and their positions in utterances. It is well known that
domain final positions are often associated with
lengthening [7, 37]. Moreover, there tends to be a
declination of the extent of articulation as utterances
progress [23, 28, 53, 57]. The reason has been attributed to
the respiratory, laryngeal and supralaryngeal weakening of
the articulation system [57] which triggers “a general
‘winding down’ in speech” as an utterance comes to a stop
[28]. Sentence initial position, however, tends to be linked
to strengthening as has been demonstrated by many studies
[10-11, 17, 25, 27]. Hence, the earlier a speech sound
occurs in an utterance, the more likely that it has
strengthened articulation [17]. Therefore the reason why
the neutral tone in this study is found to have undergone
target change more at sentence medial than final position is
that in the medial position there is more articulatory
support of strength for the weak speech element to become
strong than in the final position.

On the other hand, the presence of target change of the
neutral tone at sentence final position in angry and disgust
speech suggests that it is the other two factors (emotion and
the preceding tones) that have played a role. Hence the
position of the neutral tone in those cases does not weigh
significantly in shaping its tonal target.

6. Conclusions

Articulatorily weak elements such as Mandarin neutral
tone are shown in this study to have a strong tendency of
undergoing a process of target change due to emotional,
tonal and positional variations. The findings have not only
lent further support to the influence of emotions, tones and
sentence positions on shaping the phonetic behavior of
articulatorily weak elements reported in previous literature,
but more importantly have revealed the significance of
articulatory strength as an index for speech communication.
Since the relations between articulatory strength and speech
communication are relatively less well explored than other
arrears of speech [26, 62], it is hoped that this study can

serve as another piece of evidence showing the importance
of this line of research. Due to the fact that this study has
focused only on anger, happiness and disgust, other
emotions such as fear, sadness and surprise may present a
different picture in terms of the target behavior of the
neutral tone. Other paralinguistic factors such as attitudes
may also play a role. In addition, strength-related speech
phenomena in other languages (e.g., schwa in English)
would render the picture of articulatory strength more
complete. Future work along those lines is thus needed to
not only further improve our understanding of speech
communication but also to better facilitate computational
simulation of speech.
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