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ABSTRACT Studying event-related potentials (ERPs) is considered as an effective method for investigating
cerebral mechanisms of processing emotional speech. It has been shown that the amplitudes of ERP
components in the cognitive processing of emotional speech are modulated by acoustic characteristics, such
as valence and arousal. However, whether the duration of emotional speech stimuli impacts emotion-related
cognitive processing remains unclear. To better understand the effect of emotional speech stimulus duration
on emotion-related cognitive processing, we explored whether emotional speech ERPs were influenced by
the duration of stimuli presented. Specifically, this paper focused on the ERP investigation of different
durations (short: 0.50-1.00 s; medium: 1.50-2.00 s; and long: 2.50-3.00 s) of Chinese emotional speech
stimuli. Chinese is a typical tonal language, and the stimuli were excerpted from radio plays in order to
make emotions more obvious and easier to distinguish. We investigated the three different stages of the
emotional speech processing: sensory processing, salience detection, and cognition. During the experiment,
participants passively listened to emotional utterances matched for semantics and prosody with four emotions
(sadness, anger, happiness, and surprise). Our results showed significant differences in the amplitudes of ERP
components for different emotions during short-duration emotional speech stimuli. These findings suggest
that shorter duration emotional speech stimuli may be more effective for separating the ERP components
representing different emotions (N100, P200, and N300).

INDEX TERMS Emotional speech, event-related potentials (ERPs), speech duration, speech perception,

auditory emotion.

I. INTRODUCTION

Emotional speech refers to a special voice signal that has
evolved through human development and is an indispens-
able information carrier for interpersonal communication [1].
Perceiving and identifying emotional information from
speech stimuli play important roles in social life [2] and
also have enormous adaptive value [3]. Emotional informa-
tion in speech is usually expressed by semantic content [4]
and prosody [5]. In general, speech stimuli are presented
in chronological order. The presented semantic content is
also different at different times for emotional speech. This
difference is mainly manifested in the specific speaker of the
voice, pronunciation, tone, and so on, where tone is the use of
pitch contour in language to express emotional and other par-
alinguistic information (e.g., emphasis, contrast), as well as to
distinguish lexical or grammatical meaning. Those languages

that use tones to distinguish words or their inflections are
tonal languages, such as Chinese, and those that do not are
non-tonal languages, such as English, in which tone indicates
nothing about the meaning of the word [6]. Mandarin is the
standard Chinese language and has four tones and one neutral
tone, the pronunciation of which is usually transcribed by
using Hanyu/Chinese pinyin (henceforth simply pinyin). For
example, the Chinese syllable “ma” can mean ‘“‘mother”
(pinyin: ma ) with a high level tone, “hemp” (pinyin: ma)
with a high rising tone, ‘“horse” (pinyin: ma) with a low
dipping tone, or “‘scold” (pinyin: ma ) with a high falling
tone, or it can act as an interrogative particle (pinyin: ma)
with no specific tone (neutral tone).

Chinese is a typical tonal language. Some researchers
found that “disgust” or “anger” can be expressed by a falling
successive addition tone, and ‘“happiness” or ‘‘surprise’
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by a rising successive addition tone [7]. Chinese and English
speakers use three regions in the left hemisphere: the infe-
rior frontal gyrus, the anterior superior temporal gyrus,
and the posterior middle gyrus [6]. Compared with English
speakers, Chinese speakers perform better in frequency-
modulated identification tasks [8]. Furthermore, Chinese
speakers showed additional activation for tone perception in
the frontal, parietal, and parietal regions of the left hemi-
sphere, while English speakers showed activation in the lower
right frontal cortex that is consistent with the role of the right
hemisphere in pitch perception [9]. In addition, Chinese and
English speakers have different styles of expression. English
speakers are used to putting the result in front, followed by
content and explanation, while in Chinese, the opposite is
true. For example, the Chinese utterance <3 AR B = WA
(Pinyin: wo f€i chang xthuan ta) is translated into English
as “I like it very much”. In Chinese, if you do not hear the
last word, then you will not know what it wants to express.
Furthermore, the level of understanding of listeners in the
moment also increases with the progress of time and the
completeness of utterances, especially for Chinese language.
Therefore, the emotional information conveyed by emotional
speech should vary at different times based on the the com-
pleteness of the utterance. For example, a speech sample
of 500 ms may consist entirely of emotional information.
In contrast, a speech sample of 1500 ms that contains the same
500 ms of emotional content would have a lower concen-
tration of emotional information (only one-third of its total
duration). Thus, there should be a difference in emotional
cognition for emotional utterances of different durations at
the same moment. It remains unknown whether this differ-
ence is reflected in different ERP components. ERP measures
are very time sensitive and can accurately extract signals
related to cognitive processing on the scale of milliseconds.
If the duration of an emotional utterance conveys its meaning,
can ERP components be influenced by the duration of the
emotional speech? Investigating the effect of ERP component
duration on emotional speech processing is thought to be
important for better understanding emotional perception.
Previous studies have proposed that processing emotional
speech consists of three stages: sensory processing, meaning-
related processing, and integration and identification of
emotional information [10]. Most behavioral and electro-
physiological researchers now agree that early processing of
emotional information (first stage: N100/N1, second stage:
P200/P2) is influenced by acoustic characteristics (e.g., fun-
damental frequency, FO, and intensity) [10], [11], and the
third stage (including N300/N3 [12], [13], P300 [14]) and the
late positive component (LPC) [15], [16]) are influenced by
emotions, semantics and prosody [14] as well as by arousal
(exciting or not exciting, active or inactive) [16]. Further-
more, previous studies have also reported that the left hemi-
sphere responds more to linguistic prosody, while the right
brain responds more to effective prosody [17]-[19]. In con-
trast to the right hemisphere, the left hemisphere seems to
process intelligible speech [10], [20]. In a study of emotional
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speech duration, Dmitrieva et al. [21] found that recognition
efficiency and response time were the best in cases of neutral
and negative emotional speech for different durations, and the
shortest stimulus duration (above 0.5 s) could be perceived by
14—17-year-olds. In addition, prior studies have demonstrated
differences in the time required for identifying different emo-
tions. Pell and Kotz [22] found that recognition rates for
different emotions were associated with different stages of
speech. For example, recognition rates for sadness, anger, fear
and neutral were faster than those for happiness and disgust,
and recognition results for happiness quickly increased fol-
lowing the end of the speech. However, to date, only behav-
ioral studies have been performed to explore whether the
duration of related speech stimuli impacts emotional speech
recognition. Previous studies have indicated that the cognitive
processing of emotional speech progressively unfolds over
time [23]. Thus, the current investigation attempts to fill this
gap in the literature by investigating whether duration impacts
emotional speech processing.

In previous ERP studies of emotional speech, the prosody
and semantic content of emotional speech were stud-
ied separately. For prosody studies, pseudo-sentences and
pseudo-utterances (nonsense speech) with no semantic infor-
mation [24], [25] or neutral semantic words were selected
as emotional speech stimuli [13] in order to avoid inter-
ference of semantics on emotion recognition. For example,
when meaningful utterances were included in the stimuli,
researchers generally attempted to demonstrate the dynamic
integration of emotional prosody and semantics [26]. These
previous studies shared two common features. First, most
emotional speech materials were recorded by professional
actors. According to the results, however, emotion recog-
nition was not influenced by speaker voice [16] or experi-
mental tasks [4], [27]. Second, numerous emotional speech
samples were created with minimal semantic content by
choosing neutral text or pseudo-sentences. In addition, these
previous studies differed in various aspects of the speech
stimuli: the number of emotion categories (e.g., 3 types
[13], [28], [29]; 5 types [23]; 7 types [24], [30]), the types
of emotion investigated (e.g., happiness, and anger; anger,
disgust, fear, and happiness; anger, disgust, fear, sadness,
and happiness; anger, disgust, fear, happiness, surprise, and
sadness), the content (e.g., words or sentences) and the
language (e.g., English, German or Chinese) of the emo-
tional speech. These previous studies consistently demon-
strated that there are some differences between neutral and
emotional speech and that the speech stimuli of differ-
ent emotional categories (for example, anger and happi-
ness, neutral and emotional) are associated with different
P200 response amplitudes [16], [17], [30]. However, ERP
results for emotional speech remain inconsistent. For exam-
ple, in one report, angry speech had a larger P200 ampli-
tude than happy speech [28], whereas other studies showed
no difference between these two emotions [13], [16].
Overall, because of the different stimulus materials used
in the literature, it remains challenging to determine which
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factor(s) will affect ERP components of emotional speech
stimuli. One possible explanation is that the durations of these
emotional stimuli were different, varying from 0.12-3.50 s
on average [16], [22], [24]. Consequently, whether duration
will affect the ERP components during cognitive processing
of emotional speech remains an open question.

To date, few studies have directly examined the effect of
emotional speech stimulus duration on emotional perception.
Determining how the duration of emotional speech stim-
uli impacts ERP components such as the N100, P200, and
N300 could help provide a more complete understanding of
the cognitive processing of emotional speech.

In this study, we took advantage of the temporal resolution
of ERP methodology to explore whether ERP components
were influenced by the duration of stimuli presented in emo-
tional speech. We addressed the following three questions:
(1) Do ERPs show group differences for emotional stimuli
of different durations? (2) Do emotional stimuli of different
durations impact different ERP components (N100, P200,
and N300)? and (3) Do short-duration emotional stimuli
significantly impact N100 amplitude? In addition, we asked
whether the ERP N100 and P200 components showed greater
amplitudes in the left hemisphere.

Il. METHOD

A. PARTICIPANTS

A total of twenty right-handed native speakers of Chinese
(10 females and 10 males, average age: 27 years,
range: 22-35 years) participated in the experiment.
All participants were graduate students with no reported hear-
ing or neurological disorders and had normal or corrected-to-
normal vision. The research protocol was approved by the
Institutional Review Board of the Institute of Psychology,
Chinese Academy of Sciences (H16012) and was conducted
according to the principles expressed in the Declaration of
Helsinki. All participants provided written informed consent
and were given a well-prepared gift for their contribution.

B. STIMULUS MATERIAL

1) SPEECH SELECTION

Stimulus materials were selected by our lab from the emo-
tional speech database of Taiyuan University of Technology
(TYUT2.0) [31] for their clear, strong and easily distin-
guishable characteristics of emotional expression. Specifi-
cally, four types of emotional utterances, expressing sadness,
anger, happiness, and surprise, were selected. The emotional
speech database can be downloaded from the following
website: http://www.tyut.edu.cn/cie/szysp/News_View.asp?
NewsID=624. These utterances were excerpted from a Chi-
nese radio play (drama, without background music). Very
different from the usual proscenium theatre or films, radio
plays are a “blind medium” that is totally dependent on
sound [32], [33], using various artistic means (e.g., dialogue,
music, and sound effects) to create audio images and depict
scenarios. Sometimes, necessary comments may be added to
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help the audience better understand the scenarios. We chose
radio play as the experimental material because such emo-
tional utterances are richer in content and have more distinct
emotions, which aided participants in quick and accurate
identification of emotions.

In addition, it must be noted that the type and num-
ber of emotional utterances in TYUT?2.0 are still constantly
improving and increasing. The database currently contains
160 sadness, 180 anger, 111 happiness, 305 surprise, and
153 neutral samples. It contains more distinct speakers than
speech databases recorded by professionals and almost equal
numbers of male and female voices, all of which sound
like young people between 20 and 40 years old. However,
some studies have noted that the speaker’s voice and gender
have nothing to do with the ERP findings [16], [24]. There-
fore, in our study, ignoring the speaker’s age and gender,
we selected 90 samples of each emotion (sadness, anger,
happiness, and surprise) that met our duration requirements,
for a total of 360 samples used in the experiments.

Word spacing

A Non-speech/silent part

Frequency
(kHz)

Time (s) 1.42

First word duration

Frequency
(kHz)

0 Time (s) 1.16 0 Time (s) 1.63

FIGURE 1. Speech stimulus before and after preprocessing. Oscillograms
(top panel) and spectrograms (bottom panel) of the speech were
produced by using Praat software. The dark shading indicates the energy
of frequencies up to 5 kHz. The superimposed blue lines represent the
fundamental frequency contour, which is perceived as speech melody.
The superimposed yellow lines represent the intensity, which is up to
100 dB. Top (A): Invalid original speech stimulus for the superposition of
ERP waveforms. The left utterance is sadness, “wé giu giu ni 1a!” (“I beg
you! ). The right utterance is surprise, “‘a ? ni zén me b gulén a ?”
(“what? why do not you care? ). Bottom (B): Preprocessed speech signal
by endpoint detection algorithm.

2) PREPROCESSING

It is well known that EEG has a high temporal resolution and
can reflect a participant’s cognitive processing in real time.
An ERP is induced by a specific stimulus, and its acquisi-
tion usually requires multiple EEG signals representing the
same event to be superimposed. However, speech stimuli are
presented in chronological order; for example, for the speech
stimulus shown in Fig. 1 (A), it is difficult to effectively
superimpose the ERP waveform due to the inconsistency of
the starting position and the spacing of the words in the speech
materials. In particular, the starting position has a direct
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impact on the extraction of the ERP waveform, requiring that
the beginning of the speech signal not be silent—there must
be a voice. That is, the time tolerance of waiting for speech
playback is zero for a speech signal.

To ensure the effective superposition of ERP waves, signals
were preprocessed by performing endpoint detection on all
stimuli. An example of a preprocessed speech signal is shown
in Fig. 1 (B). This process does not affect the acoustic charac-
teristics such as fundamental frequency, energy, and intensity,
and it only addresses the starting non-speech portion, word
spacing and the duration of the first word of speech signals.
First, removing the non-speech/silent part at the beginning of
the speech signal ensured that all speeches started at the same
time [34], i.e., speech stimuli were presented beginning at
time zero. Second, adjusting the word spacing was necessary
to reduce differences between the speech samples. Based
on previously used experimental methods in speech signal
processing, if the wording space duration was greater than
50 ms, then it was set to 50 ms; if it was less than 50 ms,
then no change was made. Finally, adjusting the first word in
each speech sample was also necessary to reduce between-
sample differences. If the first word duration was longer than
400 ms, then no change was made because this duration
comprised two words. If the first word duration was longer
than 150 ms and less than 250 ms, then it was adjusted
and compressed into 150 ms. It should be noted that very
few utterances require this kind of processing. An endpoint
detection algorithm was applied to emotional speech samples
in MATLAB 7.0. The specific algorithm was as follows:

A double-threshold, two-stage detection method based on
energy and zero-crossing rate was used to detect speech
endpoints.

Step 1: A speech signal x was divided into equal frames
to keep characteristics approximately constant in a short time
interval. Each frame was recorded as s;(n),n = 1,2,..., N,
where n is the discrete time series of the speech signal, N is
the frame length, and i is the frame number.

Step 2: The short-term energy of each frame was as
follows:

N
Ei=Ysi(n) e
n=1

Step 3: The zero-crossing rate of each frame was as
follows:

N
Zi =) Isgnlsim)] — sgnlsi(n — D] @
n=1

Where s;(n) > 0,sgn[si(n)] =
sgn[s;(n)] = 0.

Step 4: Double-threshold two-stage detection method: for
determining the speech start time, it was necessary to set
a higher average energy threshold 7 and a slightly lower
threshold 7>, such that Tp = a1 Ey, where Ey is the average
energy of the noise segment, o is the empirical parameters,
and T3 is used to determine the end of the speech. At this

1,s;(n) < 0, and
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point, first-stage detection is complete. Based on the zero-
crossing rate of the noise, Zy, the second-stage detection also
requires the experimenter to set a threshold 73 for determin-
ing the onset and time in the speech. Adjusting threshold A
enables detection of the speech endpoints and extraction of
the first words. Start time detection of the speech sample and
single word extraction x;, (where m is the number of words)
can be achieved by adjusting the threshold.

Step 5: Judging the duration of adjacent words: if the
duration was greater than 50 ms, then it was set to 50 ms;
if it was less than 50 ms, then no change was made.

Step 6: Judging the duration of the first word: if the first
word was less than 150 ms in length, it was not processed. If it
was longer than 150 ms, it was necessary to adjust the dura-
tion. Without affecting the acoustics, rhythm, integrity or flu-
ency characteristics of the speech sample, one frame of the
speech signal was randomly deleted from the first word. If it
was still longer than 150 ms, then the procedure was repeated;
otherwise, the algorithm exited the operation.

N100

Before preprocessing

P200

After preprocessing

stimuli

FIGURE 2. Observed ERP waveforms before and after preprocessing. For
N100 and P200 components, although the latency is the same,

the amplitudes of the components obtained are significantly larger after
preprocessing. For the N300 component, the waveform’s latency is
advanced, and the peak of the waveform is more easily observed.

To ensure speech quality, all emotional speech was sub-
ject to a validity test after preprocessing. As seen in Fig. 2,
the observed ERP waveform components (N100, P200, and
N300) were more obvious after preprocessing.

3) EXPLANATION AND ANALYSIS

For the selected emotional speech sentences, the emotional
language was required to be accurate and unambiguous.
In addition, there were no significant differences in the inten-
sity of emotional speech: intensity was maintained at approx-
imately 80 dB for all speech durations.

Based on the duration of emotional speech, emotional
speech samples were classified into three groups: short
(0.50-1.00 s), medium (1.50-2.00 s), and long duration
(2.50-3.00 s). Emotional speeches were an even mix of
male and female voices for different durations. There were
360 emotional speech samples (90 for each emotion, divided
equally among the three duration conditions). Neutral stim-
uli were a pure tone signal with a frequency of 250 Hz.
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TABLE 1. Acoustic analysis of emotional speech: mean (standard deviation).

Duration Parameter Sadness Anger Happiness Surprise
Short Speech speed (words/s) 4.98(1.02) 6.99(1.82) 6.22(1.21) 6.27(1.47)
FO mean (Hz) 178.05(15.10) 185.76(19.33) 188.03(27.96) 165.82(22.44)
F1 mean (Hz) 846.13(151.95) 899.91(139.89) 807.47(197.52) 893.30(236.17)
F2 mean (Hz) 1746.36(225.64) 1823.86(191.04) 1841.58(160.43) 1875.45(224.74)
Intensity mean (dB) 76.93(5.72) 81.12(3.21) 80.26(5.17) 76.05(3.98)
Duration (s) 0.76(0.16) 0.70(0.20) 0.73(0.19) 0.73(0.17)
Medium Speech speed (words/s) 3.43(1.29) 5.44(1.45) 4.28(1.31) 4.71(1.58)
FO mean (Hz) 186.29(17.29) 185.76(19.72) 171.81(22.03) 176.37(16.45)
F1 mean (Hz) 820.73(173.23) 910.25(113.47) 823.37(171.74) 824.71(181.39)
F2 mean (Hz) 1829.8(197.65) 1895.86(226.77) 1798.23(226.84) 1862.64(210.38)
Intensity mean (dB) 78.38(4.89) 79.43(2.85) 77.97(4.23) 78.01(5.32)
Duration (s) 1.76(0.17) 1.67(0.14) 1.82(0.17) 1.67(0.25)
Long Speech speed (words/s) 3.03(0.93) 4.43(1.48) 3.75(0.86) 4.32(1.40)
FO mean (Hz) 195.97(25.21) 216.41(27.32) 185.05(27.02) 210.36(19.00)
F1 mean (Hz) 787.12(125.61) 942.84(140.16) 819.97(123.84) 884.74(277.02)
F2 mean (Hz) 1758.43(214.23) 1923.10(198.17) 1823.87(212.54) 1791.39(206.54)
Intensity mean (dB) 82.22(3.06) 78.86(3.71) 77.44(5.07) 84.35(6.60)
Duration (s) 2.63(0.36) 2.50(0.40) 2.63(0.37) 2.61(0.39)

The purpose was to make emotions easy to distinguish and to
make the experimental task simple. Only those whose recog-
nition rate exceeded 90% were selected for the official exper-
iment. All stimuli were acoustically analyzed using Praat
software (32-bit, version 5.4.22). Praat is an open-source,
cross-platform, and multi-functional phonetic professional
program for the analysis, labeling, processing and synthe-
sis of speech in phonetics; it can be downloaded from this
page: http://www.fon.hum.uva.nl/praat/. Table 1 presents the
emotional acoustic parameters of speech speed, fundamental
frequency FO, formant F1, formant F2, intensity, and duration
for three durations. Among them, fundamental frequency
FO, intensity and duration were obtained directly by Praat
software, and speech speed = number of words/duration
(s). However, formants F1 and F2 were obtained by set-
ting the maximum formant frequency value of Praat. The
selected parameters refer to the standards of 5000 Hz for
men and 5500 Hz for women. Table 2 lists Chinese example
sentences expressed in pinyin (Chinese phonetic alphabet),
and literal English translations are provided in parentheses.
There were 5 example sentences for each emotion at each
duration. In Table 1, short duration refers to 3 to 6 words,
medium durations to 5 to 10 words, and long durations to
7 to 12 words.

4) EXPERIMENTAL DESIGN AND DATA PROCESSING

The current study aimed to explore whether ERP wave-
forms elicited by emotional speech were influenced by the
duration of presented stimuli. The experimental design is
shown in Fig. 3(A). This is a 3 x 4 within-subjects design
with factors of duration (short, medium, long) and emotion
(sadness, anger, happiness, and surprise). In addition, ROIs
were defined for ERP analysis based on scalp regions of inter-
est. Six ROIs were defined for critical scalp sites: left fronto-
central (LFC) FC1 and FC3; left central (LC) C3 and C1;
left centro-parietal (LCP) CP3 and CP1; right frontal (RFC)
FC2 and FC4; right central (RC) C2 and C4; and right centro-
parietal (RCP) CP2 and CP4.
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Based on existing ERP literature on emotional prosody
processing [13], [24], three ERP components (N100, P200,
and N300) were analyzed for the three stages of emotional
speech processing.

5) PROCEDURE

Each participant was seated comfortably in an electrically
shielded chamber in front of a computer monitor at a distance
of 110 cm. The experiment was divided into three blocks
(block 1: short duration; block 2: medium duration; block 3:
long duration). Each block was composed of 150 (trials) stim-
uli, including 30 pure-tone signals and 120 emotional utter-
ances. To avoid continuous presentation of the same type of
emotion, stimuli were pseudo-randomized. Different orders
of stimuli were presented to different participant in blocks
of 150 trials each [35] During the experiment, each stimulus
was only presented once. Participants were instructed to press
a button as quickly as possible when the pure tone was
presented and were not required to take any action when
other sounds were heard. This design was intended to make
the experimental task simpler and easier without identifying
emotions. Participants were more likely to concentrate on
tasks and did not feel tired. In addition, muscle artifacts can
be reduced via this method.

Stimuli were pseudo-randomized and presented to partici-
pants in blocks of 150 trials. The order of the three blocks was
counterbalanced. In total, 450 trials were presented across the
entire experiment, and participants rested after each block.
Each experimental trial began with a 500 ms fixation cross
displayed centrally on the screen, followed by a 500 ms blank
display. The sound stimulus (including emotion and pure
tones) was subsequently presented for 3000 ms, as shown
in Fig. 3(A). The entire experiment was completed in approx-
imately 40 minutes.

6) PROCEDURE

The electroencephalogram (EEG) was recorded by using
a 64-channel EEG Quick-cap (Neuroscan, USA). Bipolar
horizontal and vertical electrooculograms were recorded for
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TABLE 2. Example sentences.

Duration Sadness Anger Happiness Surprise
Short wo zhT dao cuo le (I knew I had | ni xid xidng (Over my dead body) | tai bang le (That is fantastic) nan dao shi ta (Could he)
made a mistake)
wo yuan a (I was wronged) ban bu dao (That is beyond my | wo chéng gong le (I made it) ni gan ma ne (What are you
power) doing)
bao ying a (This is karma) wo gén ni pin le (I’ fight it out | wo yao ji¢ hiin le (I'm going to | hai xidn shao a (It’s too soon,
with you) get married) ah)
qiu qit ni men (I beg you) wo pian hui qu (I simply must go) | wd men ying le (We won it) zhe shi shi me (What is this)
wo hen ni (I hate you) bi¢ dé yi tai zdo (Don’t count | zhén shi guo yin a (It was really | ni zén me lai le (Why are you
your chickens before they are | terrific) here)
hatched)
Medium wo k& lian de hai zi (My poor | zhé shi ban ba dao ni ké shi li da gong le (You did a | ni z&n me hai ba chi fan (Why
child) (I really can’t make it) great job) don’t you have a meal)
w0 dui bt qi ni a (I am so sorry | wo hai yao dd ni ne (I also want | wo hai yao xié xie ni men ne zén me zhé me kuai jiu kan wan
for you) to beat you) (Must thank you) le (How can you read so
quickly)
dui wo de da j1 tai da le (It was | hai gan shang wo men jia de mén | zh¢ jué zhao hai zhén de guan | ni zén me shi me dou zhi dao
a great shock to me) (You dare to come to my home) yong a (This trick really works.) | (How do you know everything)
dou shi wo de cuo (It’s all my | ma de hin dan jing zhdo woma | tai hdo le tai hdo le (Wonderful! | nan dao ta men you tong huo
fault) fan (Shit, shit, shit, dare find fault | Wonderful!) (Do they have partners)
with me in trouble)
wo de ming hdo kit @ (What a | bié shud le ni yan su dian (Stop! | y€ dui yan zhi you Ii (The story | y& méi ydu qin ¢i hdo y6u ma
miserable destiny I’ve got) You must be serious) sounded perfectly plausible.) (Are there no relatives or
friends)
Long cang tian bu zha yan a (The god | wo xiang sha le ni wo qia sini (I | wo jit zhT dao ni shi ai wo de (I | ni bua shi yi jing bei zhua dao le
is unfair) want to kill you by strangling | know you love me) ma (Have you already been
you) arrested)
wo dui bu qi ér zi a (I am sorry | ni men kuai g&€ wo fang kai ta | méi cuo a zhé ge rén jiu shi wo | zhe hai zi gai bu hui chd shi me
for my son) (Leave her alone) (Right, it is me) shi ba (Will this child be OK)
zhe k& jido wo zén me huo a | chou xido zi ni you chii mai le wo | wo y& dui ni gua mu xiang kan a | zén me ké néng you 30wan mai
(How can I live alone) (You have betrayed me, brat) (I also view you differently) fang zi ne (How can we have
300,000 for the house)
w0 de ming wéi shi me zhé me | ni zhé ge qin shou bu ri de dong | wo yuan yi wo dang ran yuan yi | nin jin jian ldo qu zuo shi me
ku (How poor my life is) x1 (You are worse than a beast) le (I am certainly willing) (What are you doing in prison)
ni z&n me si de zhé me cdn a | tian hai méi ta xia 14i wo hai méi | hado de hdo de zhen shi xi¢ xié ni | ni zén me ba ché ting zai xuan
(How miserably you died) si ne (The heaven will not fall | men le (Ok thank you very | ya bian shang (Why do you stop
down because I did not die) much) the car beside the cliff)
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FIGURE 3. Experimental design and data processing. Left (A): experimental design flow chart for three durations (short, medium, and long) of
emotional (sadness, anger, happiness, and surprise) stimuli. Right (B): data processing from EEG signal to the ERP signal.

purposes of artifact rejection. Signals were continuously
recorded with a bandpass filter for 0-200 Hz and digi-
tized at a sampling rate of 1000 Hz. Additionally, electrode

13546

resistance was kept below 5 k2. The EEG reference was
placed on the tip of the nose and grounded by the cap
electrode.
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FIGURE 4. Average waveforms and amplitudes for different emotional conditions at different durations. Top (A): grand average waveforms at
C1 and C2 electrodes for emotional (sadness, anger, happiness, and surprise) stimuli at different durations (short, medium, and long).
Bottom (B): average amplitudes (N100, P200, and N300) for emotional (sadness, anger, happiness, and surprise) stimuli at different

durations (short, medium, and long)

For offline analysis (see Fig. 3(B)), data were resorted
based on the reference average and filtered offline with
a 0.5-30 Hz bandpass filter. Trials with movement and elec-
trooculogram artifacts exceeding £100 uV were omitted
from the average. ERP waveforms were time-locked from
stimulus onset, and waveforms in the time range between
200 ms before stimulus onset and 1,000 ms after stimulus
offset were averaged. Additionally, the 200 ms pre-stimulus
period was used in the baseline correction.

7) DATA ANALYSIS

Behavioral responses were not reported because the exper-
imental task was used to ensure that participants were able
to complete the experiment carefully. Peak amplitude was
calculated between 90 and 170 ms (N100 component) and
180 and 260 ms (P200 component). Mean amplitude was cal-
culated between 300 and 400 ms (N300 following negativity)
after stimulus onset.

This study used the IBM SPSS Statistics 19.0 software
package. Amplitudes were entered into a repeated-measures
ANOVA based on the within-subject factors of speech dura-
tion (short, medium, long) and emotion (sadness, anger,
happiness, surprise). Six regions of interest (ROIs) were
used for ERP analysis. Analyses were corrected for non-
sphericity using the Greenhouse-Geisser method. All signif-
icant tests were two-tailed at the preset significance alpha
level of p<0.05. In addition, post hoc tests were conducted
as appropriate, using a Bonferroni correction for multiple
comparisons.

The present work first reports the main effects of duration
and emotion as well as their interaction effect. Next, ROI
analysis with follow-up comparisons on the lateral plane
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(left hemisphere (LH): LFC, LC, LCP; right hemisphere
(RH): RFC, RC, RCP) and sagittal plane (fronto-central (FC):
LFC, RFC; central (CN): LC, RC; centro-parietal (CP): LCP,
RCP) is presented. The results are presented as mean ampli-
tudes and their standard deviations.

Ill. RESULTS

A. ERP DATA

The analysis of ERP data revealed differences in how the
human brain processed different durations of emotional
speech stimuli at the level of the N100, P200, and N300.
Fig. 4 shows grand average waveforms at C1 and C2 elec-
trodes as well as amplitudes (N100, P200, and N300) for
different emotional conditions at different durations. Fig. 5
shows the ERP responses to different emotions for short-
duration stimuli. Fig. 6 shows the ERP responses to different
emotions for medium-duration stimuli. Fig. 7 shows the ERP
responses to different emotions for long-duration stimuli.

B. ERP COMPONENT ANALYSIS

1) N100 PEAK AMPLITUDE (90-170 MS)

The main effect of duration was significant (F (2,57) =
22.64, p<0.001). As depicted in Fig. 4, the speech stim-
uli with medium duration (—3.30 (0.18)) showed stronger
N100 amplitudes than short- (-3.01 (0.19)) and long-duration
(—2.29 (0.15)) stimuli. The interaction of duration and emo-
tion was also significant (F (6,171) =3.70, p<0.01). The post
hoc Bonferroni-corrected tests showed that the N100 ampli-
tude was more negative in the happiness emotion condition
(—3.44 (0.18)) than for the other three emotions (p<0.05),
but only in the short-duration condition (Fig. 5). There were
no differences in N100 amplitudes between the 4 emotions
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topographies of the N100, P200 and N300 components on the scalp are shown for each emotion (sadness, anger, happiness, and

surprise). Lower right (C): average amplitudes (N100, P200, and N300) for emotional (sadness, anger, happiness, and surprise)
stimuli in the short-duration condition.
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stimuli in the medium-duration condition.

(sadness: —3.35 (0.18),

anger: —3.25 (0.18), happi-

ness: —3.44 (0.18), and surprise: —3.14 (0.16)) for the
medium-duration condition (Fig. 6). For the long-duration
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condition, angry speech stimuli (—2.03 (0.15)) triggered
lower N100 amplitudes than sad (—2.51 (0.18)) or happy
(—2.41 (0.23)) stimuli (p<0.01).
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FIGURE 7. ERP responses to different emotions for long-duration stimuli. Top (A): ERP waveforms are shown at FC1, FC2, FC3, FC4,
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topographies of the N100, P200 and N300 components on the scalp are shown for each emotion (sadness, anger, happiness, and
surprise). Lower right (C): average amplitudes (N100, P200, and N300) for emotional (sadness, anger, happiness, and surprise)

stimuli in the long-duration condition.

ROI analysis demonstrated a significant main effect of
region (F (5, 285) = 202.67, p<0.001). Lateral plane com-
parisons revealed significantly larger N100 amplitudes in the
left hemisphere (—3.49 (0.52)) than in the right hemisphere
(—=3.09 (0.68)) (t(19) = 4.148, p<0.01) in the medium-
duration condition, and no significant differences were found
in the other two duration conditions (p>0.05). Sagittal plane
comparisons showed significant differences among three
regions. The N100 amplitudes were consistently highest in
FC (short: —3.63(0.13); medium: —4.33 (0.15); and long:
—2.91(0.18)), followed by CN (short: —3.27 (0.16); medium:
—3.62 (0.13); and long: —2.46 (0.08)) and CP (short: —2.10
(0.10); medium: —1.92 (0.13); and long: —1.54 (0.08)) across
all three duration conditions. The results are shown in Fig. 8.

2) P200 PEAK AMPLITUDE (180-260 MS)

The main effect of duration was significant (F (2, 57) =
34.95, p<0.001). As shown in Fig. 4, this effect consisted of
higher P200 amplitudes in the short-duration condition (3.53
(0.23) than those in both the medium- (2.47 (0.16)) and long-
duration (2.35 (0.19)) conditions. The interaction effect of
duration and emotion was also significant (F (6,171) = 8.27,
p<0.001). In the short-duration condition alone, the 4 emo-
tions showed significant differences in P200 amplitudes, with
happiness (3.94 (0.23)) and anger (3.88 (0.21)) amplitudes
higher than those for sadness (3.29 (0.25)) and surprise
(3.01(0.23)) (p<0.01). There were no emotion-related differ-
ences for the medium- and long-duration conditions.

VOLUME 6, 2018

We found a significant effect for ROI (F (2, 57)=3.79,
p<0.05). For lateral plane comparisons, the P200 amplitude
was larger in the left hemisphere than that in the right hemi-
sphere in both the medium-duration (p<0.001) and long-
duration (p<0.05) conditions, but no significant difference
was found in the short-duration condition. For sagittal plane
comparisons, P200 amplitudes at CP were lowest in all three
duration conditions (short: 2.48 (.10); medium: 2.01 (0.10);
long: 1.61 (0.10)). The comparison of FC and CN showed
mixed results. At short durations, there was no significant
difference between these regions (FC: 4.12 (0.20); CN: 3.99
(0.12)). At medium and long durations, significant differ-
ences were observed between them (medium condition, FC:
2.59 (0.10), CN: 2.83 (0.11); long condition, FC: 2.92 (0.18),
CN: 2.52 (0.13)). The results are shown in Fig. 9.

3) N300 MEAN AMPLITUDES (300-400 MS)

The main effect of duration was significant (F (2, 57) =
3.79, p<0.05). Post hoc comparisons indicated that the
N300 amplitude at short durations (—0.20 (0.10)) was signif-
icantly higher than those at medium (—0.19 (0.09)) and long
durations (—1.35 (0.09)). In addition, there was no significant
difference between N300 amplitudes for medium and long
durations. However, there was no interaction between the
emotion and duration (F (6,171) = 1.83, p>0.05).

The main effect of ROI was significant (F (5, 285) =
43.72, p<0.001). For lateral plane comparisons, there was no
significant difference between the left and right hemispheres
in any of the three duration conditions (p>0.05). For sagittal
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plane comparisons, there were significant differences among
the three regions. The N100 amplitudes were highest across
all three duration conditions in CP (—3.33 (0.06)), followed
by CN (—0.25 (0.09)) and FC (—0.03 (0.11)). The results are
shown in Fig. 10.

C. CORRELATIVE ANALYSES

The association between duration of emotional speech and
ERP amplitude was evaluated using Pearson’s correlation
analysis, and the results are shown in Table 3. Duration was
positively correlated with N100 and P200 amplitudes: an
emotional utterance of longer duration was associated with
N100 and P200 components of smaller amplitude. No signif-
icant associations were observed for N300 amplitude except
at FC locations.
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TABLE 3. Correlation analysis between duration of emotional speech and
ERP amplitude.

Brain N100 P200 N300
regions r p r p r P
LH -0.513** <0.001 -0.591** <0.001 0.234 0.072
RH -0.299* <0.05 -0.625**  <0.001  0.126 0.197
FC -0.368* <0.05 -0.505**  <0.001  0.132*  0.026
CN -0.459** <0.001 -0.735%* <0.001 0.069 0.147
PC -0.448** <0.001 -0.617** <0.001 0.083 0.295

#*_p<0.001, *. p<0.05

IV. DISCUSSION

In the current study, we investigated the influence of emo-
tional stimulus duration on ERP components for emotional
speech in an effort to investigate cognitive processing of
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emotional speech perception. To this end, we presented
Chinese emotional speech stimuli of different durations
(short: 0.50-1.00 s, medium: 1.50-2.00 s, and long:
2.50-3.00 s). Participants passively listened to emotional
utterances matched for semantic content and prosody with
four emotions (sadness, anger, happiness, and surprise). Our
results showed that ERP effects were observed at all three
durations, which further indicated the sensitivity of the N100,
P200, and N300 components to prosodic manipulations in
emotional speech [18], [24], [29], [36], [37]. The amplitudes
of the N100 and P200 components were associated with the
duration of emotional speech. A short-duration emotional
speech was more likely to induce a larger ERP waveform,
which made it easier to observe differences between emotions
for ERP components (i.e., the N100, P200, and N300). In the
ROI analysis, N100 and P200 amplitudes were highest in the
FC region, and N300 amplitudes were the highest in the CP
region. In addition, semantic processing occurred to a greater
degree in the left hemisphere than the right hemisphere at
medium (N100, P200) and long durations (P200). The dif-
ferences between emotions observed for the N100, P200, and
N300 suggests that the duration of emotional speech plays a
critical role in emotional cognitive processing. These findings
also suggest a hemispheric lateralization in early semantic
processing of emotional speech.

A. N100: EFFECTS OF DIFFERENT DURATIONS ON
SENSORY PROCESSING OF EMOTIONAL SPEECH
Evidence exists in the literature that the N100/N1 is the
first stage at which emotional prosody is processed [38]
and is likely to be influenced by physical characteristics of
stimuli or automatic attention allocation [39]. For example,
it has been reported that N100 amplitude increases with pitch
salience [40] and is increased by attended stimuli [19], [41].
In addition, one study reported that the N100 amplitude was
more negative in happiness and anger conditions relative to
neutral prosody [13]. The results of the current study are
consistent with this claim. In our results, the N100 ampli-
tude was significantly different for different durations. The
N100 amplitude was more negative in the medium-duration
condition than at the other two durations. A significant
main effect of emotion was found in the short-duration
condition. In accordance with previous literature [13], [28],
the N100 was more negative in the happiness condition than
in the anger, sadness, and surprise conditions. Overall, emo-
tions were significantly different between duration condi-
tions. In addition, the N100 amplitude varied by duration
condition for different emotions. The N100 amplitude was the
most negative with happiness prosody at short durations and
with sadness prosody at long durations. This result may be
due to acoustic parameters or other factors such as attention,
motivation, or arousal at different durations for the same
emotion.

One study reported hemisphere differences in the sen-
sitivity to speech information, whereby the left hemi-
sphere responded to intelligible semantic information [20].
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According to the results of ROI analyses, N100 amplitudes
were highest at the FC region in all three duration conditions,
and the advantage of the left hemisphere over the right hemi-
sphere only occurred in he medium-duration condition. This
result departed from our hypothesis for the short-duration
condition. Considering that the left and right hemispheres
have different sensitivities to semantic and prosodic process-
ing, one plausible explanation is that semantic activation of
the N100 by short-speech stimuli was not strong enough to
appear in the left hemisphere, while semantic processing of
long-speech stimuli was beyond the brain’s capacity in such
a short time. Therefore, only speech stimuli in the medium-
duration condition showed stronger N100 amplitudes in the
left hemisphere.

B. P200: EFFECTS OF DURATION ON SALIENCE
DETECTION OF EMOTIONAL INFORMATION

The P200 component is the second stage of emotional
speech processing. This stage reflects the initial encoding
and salience detection of the emotion, and this pathway
projects from the superior temporal gyrus (STG) to the ante-
rior superior temporal sulcus (STS) [10]. Previous studies
have reported that different P200 amplitudes can reflect dif-
ferent emotional states, especially between emotional and
neutral stimuli [13], [23]. This initial emotional encoding
appears to be influenced by stimulus pitch [42], valence,
and arousal [16], as well as female and male voices [24].
In this study, a significant difference in emotion was found
in ROIs for the short-duration condition. Relative to surprise
prosody, the P200 amplitude was more positive for happiness
and anger. Through comparison of the three durations, this
study found that the short-duration condition exhibited the
most highly significant differences between emotions. Pre-
vious studies showed a significant difference for emotional
speech of approximately 3 seconds in duration [13], [28].
Thus, the present paper conjectured that emotional speech
may integrate more emotional information at short durations
(200 ms) relative to medium and long durations, including
acoustic features and semantic content. It may be easier to
observe differences in P200 amplitude for different emotions.
Conversely, it may be more difficult to observe differences
for medium and long-duration stimuli because of the lower
integration of emotional information. In conclusion, P200
amplitudes for three different durations exhibit significant
emotion-related differences from each other. However, more
significant emotion-related differences were observed for
emotional speech of shorter-duration than for the other dura-
tion conditions.

The results of the ROI analysis of P200 amplitudes were
similar to those of N100 amplitudes. P200 amplitudes were
the lowest at the CP electrode site in comparison with FC and
CN electrode sites. However, in contrast to N100 amplitudes,
for P200 amplitudes, the advantage of the left hemisphere
over the right hemisphere occurred not only in the medium-
duration condition but also in the long-duration condition.
In accordance with hemispheric lateralization, this finding
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also indicated that semantic processing of speech stimuli was
more evident in the second stage of processing emotional
speech.

C. N300: EFFECTS OF DIFFERENT DURATIONS ON
INTEGRATION AND IDENTIFICATION OF EMOTIONAL CUES
The N300 occurs at the third stage of processing emotional
speech, the stage of integration and identification of seman-
tics and prosody. Different waveforms can be obtained from
different experimental methods and conditions. Based on the
time the peak appears and on the positive or negative trend
of the waveform, the observed ERP components at this stage
include the N300/N3 [12], [13], P300 [14], N400 [43], the late
positive component (LPC) [15], [16] [44] and other negative
components(280—-480 ms) [23], as mentioned in the litera-
ture. At this stage, significant differences between emotions,
between neutral and emotional stimuli, between semantics
and prosody [14], or between high and low arousal [16] can
be distinguished.

In this study, the N300 amplitude was clearly observed,
although this component was relatively small compared to the
N100 and P200. This was particularly true at CP electrode
sites, which exhibited significantly greater responses than
those at FC and CN electrode sites. The main effect of emo-
tion in the short-duration condition was more significant than
those of the medium- and long-duration conditions. However,
the interaction of duration and emotion was not significant.
Overall, the N300 component observed in the current study
may further elucidate the multi-stage process of emotional
speech. Differences in emotional speech of approximately
3 seconds in duration have been reported previously [16].
However, in the current study, significant differences between
emotions were only found in the short-duration condition
due to the smaller N300 amplitudes. Nevertheless, as can be
inferred from this study, the duration of speech stimuli can
affect the N300 amplitude, and emotion-related differences
in the N300 may decrease as duration increases.

D. LIMITATIONS

We used emotional speech materials from an existing
database of Chinese emotional speech (TYUT2.0); these
materials were excerpted from Chinese radio plays, and the
semantic content of emotional speech stimuli was intelligible
to participants. Future studies should explore the relative
contributions of other emotional speech databases with unin-
telligible semantic content, such as a database of German
emotional speech [45], the Persian emotional speech database
(Persian ESD) [46], whose semantics would be unintelli-
gible for Chinese participants, during processing of emo-
tional speech with different durations. In addition, the real
natural emotional speech (not the acted emotions) should
also be valued. Moreover, the findings might only apply to
tonal languages. In future studies, this experiment will be
repeated with non-tonal languages. Furthermore, behavioral
data regarding emotion recognition over a wider range of
emotions should be collected in future studies to facilitate
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a more comprehensive understanding of the temporal course
of distinct types of emotional speech and its relationship with
duration. In addition, the current study cannot assert that
the relationship between speech duration and ERP ampli-
tude was reversed. Since the associations observed between
N300 amplitude and speech duration did not reach signif-
icance except in FC regions, future studies are needed to
confirm these associations. Moreover, it is possible that other
variables, such as attention, motivation, or task parameters,
can explain the observed findings. More studies are needed
to address these possibilities.

V. CONCLUSION

To our knowledge, this is the first study to explore the influ-
ence of duration and emotion in tonal language on ERP com-
ponents at different stages of emotional speech processing.
Our findings suggest that the duration of emotional speech
may impact ERP components associated with various stages
of vocal emotional processing, particularly the extraction
of meaning-related information from an emotional speech
signal. This study suggested that short emotional speech
stimuli lead to facilitated emotion as distinguished by the
P200 component and the subsequent negative N300 com-
ponent. Shorter-duration emotional speech stimuli were
associated with more significant differences in emotional
stimulation. Our findings may provide an experimental ref-
erence and partial support for the functional model of vocal
emotional perception.
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