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Abstract 
Pitch variation (e.g., pitch movement and range) has been 
proved to be one of the most important cues in encoding and 
distinguishing emotions in speech. However, it has been found 
that pitch variation could be restricted due to the existence of 
lexical tones in Mandarin, resulting in the failure of 
distinguishing emotions through pitch variation cues. Based on 
this finding, we conducted both production and perception 
experiments to explore whether pitch variation cues were 
indispensable for listeners to identify emotions. Results of the 
production experiment demonstrated that there was no 
significant effect of Emotion on pitch variation cues in T1 
group (all high level tone sequences) in Mandarin, suggesting 
that in some case, pitch variation may not be effective for 
encoding emotions. However, results of the perception 
experiment confirmed that the identification rates of emotions 
among five tone groups had no significant differences. 
Therefore, we posit that listeners may not always use pitch 
variation cues to identify emotions in speech. There might be a 
gap between the analyzed prosodic cues in the production 
experiment and the cues used by listeners. 
Index Terms: vocal emotions, pitch variation, Mandarin 

1. Introduction 
It is well established from a variety of studies that prosodic 
cues such as pitch, duration, and intensity play pivotal roles in 
the acoustic realization of vocal emotions [1], among which 
pitch has been thought of as the most key factor. Particularly, 
the importance of pitch variation (e.g., pitch movement and 
range) has been emphasized in encoding and distinguishing 
emotions (e.g., [2] [3], among many others).  

However, there is increasing concern about whether these 
prosodic cues are sufficient to distinguish vocal emotions. 
Thus, recent trends in the acoustic analysis of emotional 
speech have led to an interest in adding more cues (e.g. voice 
quality cues, spectrum cues) into consideration [4][5][6]. 
Although these studies have enriched the knowledge of 
mechanisms underlying the vocal expression of emotions, 
there has been little doubt about the primary role played by 
pitch (especially pitch variation) in differentiating vocal 
emotions.  

In a previous study, we found that the pitch variation may 
be useless in distinguishing emotions when the sentence was 
entirely made up of high level tone syllables in Mandarin [7]. 
This finding was interpreted as a possible effect of the lexical 
tone system of tonal languages, which may restrict the 
paralinguistic use of pitch for the expression of emotions. One 
source of weakness in this study was that only two emotions 
(happiness and sadness) were tested. Moreover, only pitch 
range and mean absolute slope (i.e. the average absolute slope 
across all turning points in a pitch contour) were used to 

quantize the degree of pitch variation. Therefore, there is a 
need of more emotions for the acoustic analysis with more 
sophisticated measurements of pitch variation. 

The current study is an extension of [7] by adding anger 
and fear into analysis. Additionally, four more pitch variation 
cues (rise, rise slope, fall, and fall slope) in different tone 
conditions in Mandarin are examined. A production 
experiment is conducted to investigate the role of pitch 
variation cues in distinguishing emotions. A perception 
experiment further explores whether the paucity of pitch 
variation would hinder the identification of emotions.  

2. Method 

2.1. Production experiment 

2.1.1. Speech materials 

Twenty-seven declarative sentences were used as speech 
materials. They were classified into five groups in terms of 
different tone types: T1 group (all high level tone sequences), 
T2 group (all rising tone sequences), T3 group (all 
low/dipping tone sequences), T4 group (all falling tone 
sequences), and Mixed tone group (a combination of four 
tones). Fifteen sentences were used for the Mixed tone group 
and three sentences for each of the same tone groups. The 
sample sentences can be seen in Table 1. All the sentences 
were emotionally neutral and were embedded in a certain 
scenario to reflect four different emotions: anger, fear, 
happiness, and sadness. Table 2 lists one example of the target 
sentence in four emotional scenarios. 
 
Table 1: Sample target sentences in each tone group. 

Group Target sentence 

T1 wang1 bin1 xing1 qi1 tian1 xiu1 fei1 ji1. 
“Wang Bin fixed the airplane on Sunday.” 

T2 wang2 ting2 ming2 nian2 lai2 ji2 lin2. 
“Wang Ting will come to Jilin Province next year.” 

T3 lao3 li3 wu3 dian3 zheng3 qu3 yan3 jiang3 gao3. 
“Lao Li picked the speech notes at five o’clock.” 

T4 wei4 yan4 bi4 ye4 hou4 mai4 dian4 shi4. 
“Wei Yan sold televisions after graduation.” 

Mixed wo3 bu4 gan3 xiang1 xin4 zhe4 shi4 zhen1 de0.  
“I can't believe this is true.” 

 
Table 2: An example of the target sentence in four emotional 
scenarios. 
Emotion Scenario in English transcription 

Happiness 

A: I want to let you know that you are the only one who 
received A+ in this class. 
B: Oh really? (In a happy mood) I can't believe this is 
true. 

Anger 
A: Why do you have a frown face? 
B: I failed the exam again. (In an angry mood) I can't 
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believe this is true. 

Sadness 
A: Did you know that John’s mother passed away 
yesterday? 
B: Oh really? (In a sad mood) I can't believe this is true. 

Fear 
A: Did you hear that three people got shot last night? 
B: Oh really? (In a fearful mood) I can't believe this is 
true. 

2.1.2. Subjects 

Five native Mandarin speakers (3 males and 2 females, 
average age = 25.4) participated in the production experiment. 
They all had experiences of acting on stage and were good at 
public speaking. Participants signed a consent form and 
received 60 yuan as compensation. 

2.1.3. Recording procedure 

Each speaker sat in a sound-proof booth with a computer 
screen in front presenting speech materials through 
PowerPoint slides. Recordings were made by Audacity with a 
headset microphone at a sampling rate of 44.1 kHz. 
        Different emotions were recorded separately, with a 
break in between to make sure that speakers could adjust 
themselves from one emotion to another. Sentences were 
produced in isolation for neutral emotion as control data. The 
four emotional scenarios were recorded in a dialogue setting, 
in which speakers conducted a dialogue with the experimenter. 
Finally, we collected a total of 1350 target sentences (= 27 
sentences × 5 speakers × 2 repetitions × 5 emotions). 

2.2. Perception experiment 

2.2.1. Stimuli  

Only the target sentences in emotional scenarios and their 
corresponding neutral recordings were used as stimuli in the 
perception experiment. These recordings were grouped into 
five sets produced by each of the five speakers in order to 
eliminate the influence of speaker differences when judging 
emotions. Each set contained 150 mixed tone stimuli (15 
sentences ×5 emotions × 2 repetitions) and 120 same tone 
stimuli (3 sentences ×5 emotions × 2 repetitions × 4 tones). All 
the stimuli were randomized within each set. 

2.2.2. Subjects 

Native Mandarin listeners were recruited for each of the five 
sets of stimuli. The number of listeners was 36, 23, 30, 22, and 
20 for each set, respectively, with an average age of 22.8. 
Listeners reported no speech and hearing disorders. 

2.2.3. Procedure 

Stimuli were presented using the Qualtrics online survey tool. 
Listeners were asked to listen to each stimulus carefully and 
select the most appropriate emotion from five options 
including anger, happiness, fear, neutrality, and sadness.  

3. An overview of pitch contours 
In the following production and perception analysis, 
recordings of target sentences were further chosen on two 
criteria: 1) identification rate should be more than 60%, which 
was three times of the chance level [8]. This was used to make 
sure that emotions were truly elicited in the analyzed 
recordings; 2) different emotions should be compared with 

parallel texts to ensure that the variances of acoustic cues and 
identification rates among five emotions only came from the 
effect of emotion type. Therefore, we chose 970 perceptually 
valid recordings (for Mixed tone group: 106 sentences × 5 
emotions = 530 sentences; for the same tone groups: 88 
sentences × 5 emotions = 440 sentences) into analysis. 

Figure 1 provides a general picture of emotional prosody 
in Mixed tone group and T1 group.  The pitch contours were 
time-normalized and averaged across five speakers. It can be 
observed in the Mixed tone group that these emotions differ in 
mean pitch [high pitch level (fear, happiness, and anger) 
versus low pitch level (sadness and neutrality)] and pitch 
variation [large pitch fluctuation (anger, happiness) versus 
small pitch fluctuation (fear, sadness)]. In contrast, the pitch 
contours of five emotions in T1 group are quasi-flat, and only 
differ in mean pitch. It seems that pitch variation is not 
effective for differentiating emotions in T1 group. Due to 
space limitation, pitch contours in T2, T3, and T4 groups are 
omitted, which have similar patterns with Mixed tone group. 

 

 
Figure 1: Sample time-normalized pitch contours for five 
emotions in different tone groups. 

4. Acoustic measurements 
Based on the visual observations of figure 1, several pitch-
related measurements were generated to portray both global 
and local pitch movements. They were: (1) mean pitch; (2) 
pitch range; (3) mean absolute slope (MAS for short, average 
absolute difference between two adjacent pitch points divided 
by distance in seconds); (4-5) rise and fall (average pitch 
difference between two adjacent pitch points for rise and fall 
separately); (6-7) rise slope and fall slope (average slope for 
rise and fall separately). These measurements were conducted 
on the continuous pitch contours modeled by Momel 
algorithm using a Praat plugin [9]. They were normalized to 
eliminate individual differences using the OMe (Octave-
Median) scale [10]. In addition, (8) speech rate and (9) mean 
intensity were also included. All the 9 parameters were then 
transformed to z-scores combining all the emotions separately 
for each speaker. 

5. Results 

5.1. Production experiment 

Figure 2 compares mean values of mean pitch, pitch range, 
mean absolute slope, rise, rise slope, fall, fall slope, speech 
rate, and intensity across five emotions in different tone 
groups. It is apparent from this figure that the mean pitch, 
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speech rate, and intensity of five emotions show similar 
patterns across different tone groups. However, the pitch range, 
mean absolute slope, rise, rise slope, fall, and fall slope have 
little variance among five emotions in T1 group, which was in 
line with the observation in figure 1. 

 
Figure 2: Z-scores of prosodic measures across tone groups in 
five emotions.  
 

A set of repeated measures ANOVAs was conducted for 
different tone groups with Emotion (anger, fear, happiness, 
sadness, and neutrality) as a fixed within-subject factor, and all 
prosodic measures as dependent variables.  

Emotion exhibits a significant effect on mean pitch for all 
tone groups (Mixed: F [4, 16] = 36.717, p = 0.000 < 0.01; T1: 
F [4, 16] = 31.711, p = 0.000 < 0.01; T2: F [4, 16] = 28.353, p 
= 0.000 < 0.01; T3: F [4, 16] = 25.696, p = 0.000 < 0.01; T4: 
F [4, 16] = 33.741, p = 0.000 < 0.01). Multiple comparison 
analysis revealed that the mean pitch of anger, fear, and 
happiness was significantly higher than that of neutrality and 
sadness. 

The main effect of Emotion was significant on pitch 
range for all tone groups except the T1 group (Mixed: F [4, 16] 
= 49.648, p = 0.000 < 0.01; T1: F [4, 16] = 1.454, p = 0.262 > 
0.05; T2: F [4, 16] = 5.029, p = 0.008 < 0.01; T3: F [4, 16] = 
21.114, p = 0.000 < 0.01; T4: F [4, 16] = 8.392, p = 0.001 < 
0.01).  Multiple comparison results showed that in Mixed, T2, 
T3, and T4 group, anger and happiness had a significantly 
larger pitch range than the other three emotions, suggesting 
that anger and happiness had greater expansion of pitch 
movements. In contrast, the pitch range of five emotions was 
small in T1 group and no significant differences were found 
between emotions. 

Emotion showed a significant effect on mean absolute 
slope for Mixed, T2, T3, and T4 group, but not for T1 group 
(Mixed: F [4, 16] = 72.989, p = 0.000 < 0.01; T1: F [4, 16] = 
2.564, p = 0.078 > 0.05; T2: F [4, 16] = 20.385, p = 0.000 < 
0.01; T3: F [4, 16] = 51.852, p = 0.000 < 0.01; T4: F [4, 16] = 
17.514, p = 0.000 < 0.01). Multiple comparisons indicated that 
anger and happiness had significantly larger pitch fluctuations 
than fear, sadness, and neutrality in all groups except T1 group. 
The pitch fluctuations of five emotions were all very small and 
had no significant differences for T1 group. 

In terms of rise and rise slope, Emotion displayed a 
significant effect for Mixed, T2, T3, and T4 group (for rise: 
Mixed: F [4, 16] = 21.964, p = 0.000 < 0.01; T2: F [4, 16] = 
5.180, p = 0.007 < 0.01; T3: F [4, 16] = 9.639, p = 0.000 < 
0.01; T4: F [4, 16] = 5.214, p = 0.007 < 0.01. for rise slope: 
Mixed: F [4, 16] = 35.393, p = 0.000 < 0.01; T2: F [4, 16] = 
16.491, p = 0.000 < 0.01; T3: F [4, 16] = 13.237, p = 0.000 < 
0.01; T4: F [4, 16] = 9.553, p = 0.000 < 0.01). Again, there 
was no significant difference across emotions in T1 group (rise: 
F [4, 16] = 2.255, p = 0.109 > 0.05; rise slope: F [4, 16] = 
2.443, p = 0.089 > 0.05). 

Similarly, the effect of Emotion on fall and fall slope was 
also significant in all tone groups except T1 group (for fall: 
Mixed: F [4, 16] = 90.705, p = 0.000 < 0.01; T1: F [4, 16] = 
2.848, p = 0.059 > 0.05; T2: F [4, 16] = 3.316, p = 0.037 < 
0.05; T3: F [4, 16] = 16.125, p = 0.000 < 0.01; T4: F [4, 16] = 
7.030, p = 0.002 < 0.01. for fall slope: Mixed: F [4, 16] = 
41.746, p = 0.000 < 0.01; T1: F [4, 16] = 2.109, p = 0.127 > 
0.05; T2: F [4, 16] = 6.602, p = 0.002 < 0.01; T3: F [4, 16] = 
12.587, p = 0.000 < 0.01; T4: F [4, 16] = 13.967, p = 0.000 < 
0.01).  

Furthermore, Emotion produced a significant effect on 
speech rate for all tone groups (Mixed: F [4, 16] = 30.513, p = 
0.000 < 0.01; T1: F [4, 16] = 35.688, p = 0.000 < 0.01; T2: F 
[4, 16] = 11.431, p = 0.000 < 0.01; T4: F [4, 16] = 16.830, p = 
0.000 < 0.01). Anger, fear, and happiness had a significantly 
faster speech rate than sadness and neutrality. 

Finally, there was also a significant effect of Emotion on 
intensity for all tone groups (Mixed: F [4, 16] = 68.377, p = 
0.000 < 0.01; T1: F [4, 16] = 113.950, p = 0.000 < 0.01; T2: F 
[4, 16] = 113.571, p = 0.000 < 0.01; T3: F [4, 16] = 44.720, p 
= 0.000 < 0.01; T4: F [4, 16] = 46.954, p = 0.000 < 0.01). 
Multiple comparisons showed the ordering of anger, happiness 
> fear, neutrality > sadness, from highest to lowest for all 
groups (> indicates a significant difference). 

Taken together, these results suggested that in T1 group, 
the fluctuation of pitch was restricted due to small values of 
pitch variation cues such as pitch range, mean absolute slope, 
rise, rise slope, fall, and fall slope. Moreover, no significant 
differences between emotions were evident on these cues, 
indicating that pitch variation cues were unable to distinguish 
between five emotions in T1 group.  

5.2. Perception experiment 

Perception experiment was conducted to investigate how well 
Mandarin listeners identify emotions in different tone groups, 
and whether restricted pitch variation in T1 group would 
hinder the identification of emotion. 

Table 3 presents the identification rates of different 
emotions and their confusion patterns for each tone group. All 
the emotions in every group were identified at a rate of higher 
than 82% (note that the chance level for emotion identification 
is 20%), indicating that listeners could successfully distinguish 
five emotions in each group.  Overall, sadness and neutrality 
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received higher identification rates than anger, happiness, and 
fear.  
Table 3: Confusion matrix of emotion type perception for each 
tone group (A: anger, H: happiness, S: sadness, F: fear, N: 
neutrality). 

Group Target 
emotion 

Perceived emotion 

A H S F N 

Mixed 

A 86.24  7.15  2.41  0.98  3.22  

H 1.76  92.48  1.32  0.41  4.03  

S 0.27  0.37  96.10  1.69  1.56  

F 0.75  5.59  8.30  84.82  0.54  

N 0.61  0.91  6.40  0.64  91.43  

T1 

A 82.40  7.48  1.25  4.83  4.05  

H 1.40  86.29  1.71  0.31  10.28  

S 0.47  0.16  97.66  0.93  0.78  

F 0.78  1.09  10.12  86.29  1.71  

N 0.31  0.78  3.89  0.16  94.86  

T2 

A 84.97  5.56  0.98  1.96  6.54  

H 0.98  89.05  1.31  1.31  7.35  

S 0.16  0.49  96.08  1.31  1.96  

F 0.49  5.07  7.52  85.46  1.47  

N 0.16  0.49  6.37  0.49  92.48  

T3 

A 86.99  4.22  2.20  1.86  4.73  

H 0.84  89.36  0.51  0.51  8.78  

S 0.51  0.17  94.93  1.52  2.87  

F 0.84  3.55  7.94  86.32  1.35  

N 0.84  0.84  4.22  0.17  93.92  

T4 

A 89.32  3.17  2.34  0.83  4.34  

H 1.00  85.48  1.17  0.50  11.85  

S 0.33  0.33  96.33  1.17  1.84  

F 0.33  3.17  5.34  89.32  1.84  

N 0.50  0.83  2.84  0.17  95.66  
 

In order to test whether the numerical differences of 
identification rates between emotions and tone groups were 
statistically significant, we conducted a two-way ANOVA 
using Emotion and Group as fixed factors, and the 
identification rate as a dependent variable. 

The main effect of Emotion was significant on the 
identification rate (F [4, 945] = 35.351, p = 0.000 < 0.01), 
resulting in some emotions perceived easily than others 
[sadness (96.22%) > neutrality (93.67%) > happiness (88.53%) 
> fear (86.44%) > anger (85.98%)]. However, there was no 
significant main effect of Group on the identification rate (F [4, 
945] = 0.827, p = 0.508 > 0.05), suggesting that emotions were 
perceived with little variance across five groups, regardless of 
the different patterns of pitch variation cues between T1 group 
and the other groups in the production experiment. 

The interaction effect of Emotion × Group was also 
significant (F [16, 945] = 2.851, p = 0.000 < 0.01), which can 
be seen in Table 3: Mixed group [sadness (96.10%) > 
happiness (92.48%) > neutrality (91.43%) > anger (86.24%), 
fear (84.82%)], T1 group [sadness (97.66%) > neutrality 

(94.86%) > happiness (86.29%) = fear (86.29%) > anger 
(82.40%)], T2 group [sadness (96.08%) > neutrality (92.48%), 
happiness (89.05%) > fear (85.46%) > anger (84.97%)], T3 
group [sadness (94.93%) > neutrality (93.92%) > happiness 
(89.36%) > anger (86.99%) > fear (86.32%)], and T4 group 
[sadness (96.33%) > neutrality (95.66%) > anger (89.32%) = 
fear (89.32%) > happiness (85.48%)].  

6. Discussion and conclusions 
The present study was designed to verify the findings of a 
previous study [7] by including two more emotions and more 
sophisticated pitch measures, which further tested whether 
general prosodic cues such as pitch, duration, intensity and 
their related measurements were sufficient to differentiate 
between five vocal emotions through a production experiment 
and a perception experiment. 

In production, we found that different emotions had 
distinctive acoustic patterns in terms of pitch-related cues 
(mean pitch, pitch range, mean absolute slope, rise, rise slope, 
fall, fall slope), speech rate, and intensity in Mixed tone group, 
T2 group, T3 group, and T4 group. However, with regarding 
to the pitch measures reflecting the variation of pitch over time, 
the differences between five emotions showed no significant 
variation for T1 group. These results have further supported 
our earlier finding that the acoustic patterns of emotions can 
differ within a language, and the restriction of pitch variation 
occurred in T1 group due to the nature of its tonal structure [7].  

There are several possible implications for the results of 
T1 group. First, due to the restricted pitch variation of five 
emotions in T1 group, listeners may have difficulties in 
distinguishing between them. Thus, pitch variation cues would 
play indispensable roles in emotion identification. Second, if 
listeners could still identify vocal emotions in T1 group, there 
might be a gap between the analyzed acoustic cues and the 
cues used by listeners. The perception experiment was 
conducted to test these possibilities. The results showed that 
listeners had no difficulties in identifying five emotions in all 
tone groups regardless of the restricted pitch variation in T1 
group. Therefore, we come to the conclusion that pitch 
variation cues may not be effective to distinguish emotions in 
T1 group. Listeners may rely on more than the analyzed 
prosodic cues to decode emotions when pitch variation is 
suppressed. 

To sum up, the production and perception experiments in 
this study revealed that pitch variation cues might be useless 
(for example, in all level tone sequences in Mandarin) to 
distinguish between vocal emotions. It is surprising that the 
lack of variation in suppressed pitch fluctuation does not affect 
the perception of these emotions. Further examination will 
focus on more acoustic cues (for example, spectrum features) 
to bridge the gap between the production and perception of 
emotions for T1 group.  
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