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Abstract

It has been claimed that tone language speakers use less FO re-
lated cues in the production of verbal expressions of emotions.
This is because FO is used in the production of lexical tones.
This study investigated this claim by examining how FO and
various other acoustic parameters are used in the production of
verbal emotion expressions in Cantonese (tone language) com-
pared to English (non-tone language). Acoustic measurements
(e.g., mean FO, FO range) were extracted from the verbal expres-
sions of five emotions (angry, happy, sad, surprise and disgust)
and a neutral expression produced by five male native speak-
ers of Cantonese and English. They were analyzed using K-
means clustering to see how different acoustic properties are
grouped and how this varies as a function of language. The re-
sults showed some difference between the two languages in how
FO related cues are used in the production of emotions. The re-
sults are discussed in terms of the general acoustic characteris-
tics of spoken emotion expressions and in relation to behavioral
data from perceptual studies.

Index Terms: vocal emotion perception, F0, acoustic mea-
sures, Cantonese, English

1. Introduction

Pitch or Fundamental Frequency (F0), has been identified as
one of the most salient carriers of vocal emotion information
in the English [1, 2]. However this may not be the case for
tone languages because using FO to express emotional prosody
in expressive utterances may compromise the use of this code
of lexical tone [3, 4, 5]. This idea is supported by a study that
found that the variance of FO in emotion expressions and in a
neutral baseline was much smaller in Mandarin (a tone language
with 4 tones) than in Italian (non-tone language) [6].

The current study followed up this finding because a num-
ber of issues were raised by the Mandarin/Italian study. The
first concerned the notion of whether FO would really be over-
loaded by having to code both emotion and lexical tone. In
essence, it would depend on whether emotion and lexical tone
was coded by the same type of variation in FO. In the Man-
darin/Italian study [6], FO variation was measured in terms of
the range, minimum, mean, maximum and standard deviation
of the FO. Of these measures, FO range is quantified by the
single point estimates of the minimum and maximum values
and so is insensitive to the total variation in FO. Moreover the
mean may not be a very good estimate because FO is not nor-
mally distributed. Therefore, in the current study, we compared
acoustic measures of emotion expression in a tone and non-tone
language and included two additional measures, median FO and
number of FO turning points. The number of turning points is
defined as the number of peaks or troughs in the FO contour over

Copyright © 2015 ISCA

j.kim@uws.edu.au,

1522

chris.davis@uws.edu.au

a single sentence. As duration may vary across sentences, each
utterance was divided into 30 equal time points and the FO value
was sampled at each point giving a measure of FO every 80 to
100 ms.

The second issue concerns whether the finding that the ex-
pressions of emotions in Mandarin have a smaller FO variation
than Italian applies to the comparison between tone and non-
tone languages in general. As the authors in [6] have pointed
out, the Italian language has a particularly expressive speech
style, one that is rich in FO variation, so Italian may not be a
typical representative of a non-tone language. Moreover, there
is a dearth of studies on the expressions of emotions in tone
languages, so determining whether this restriction in FO gener-
alizes to other tone languages is a worthwhile endeavor. Here
then, we examined the production of emotion in Cantonese, a
tone language with 6 tones, with speakers of Australian English
as the non-tone language comparison group. Cantonese is an
interesting tone language to study as it has more lexical tones
than Mandarin, so the linguistic system of this language may
place greater demands on the use of FO.

Assuming that it is the case that all tone languages show
restricted FO variation in emotion expression, the third issue
then becomes what is the best explanation for this? A recur-
ring claim is that this restriction preserves the signal integrity
of the lexical tones. However to our knowledge, this claim has
never been verified, so we tested this idea by examining the dif-
ferences in FO variability of neutral expressions between tone
and non-tone languages. The basic premise that underlies the
emotion FO restriction argument is that neutral expressions in
Cantonese should have a larger FO range than English, i.e., that
the linguistic system has monopolized the use of FO. In other
words, due to the constraints imposed by the linguistic system,
there is a diminished opportunity for FO to carry emotion infor-
mation, thus leading to a restricted use of FO in emotion expres-
sion.

The final issue concerns the role of FO in emotion expres-
sion. Despite the finding that there is a difference in FO variation
in tone language expressions of emotions, no clear evidence was
provided concerning the role that FO plays in the production of
emotions. As the authors of [6] pointed out, it may be although
FO is still used in Mandarin to some extent, other cues such as
intensity and speech rate may be used to supplement FO. Alter-
natively, due to the restriction in FO, tone language users may
utilize FO cues in a manner different from non-tone language
users. For example, it has been shown that Cantonese speakers
raise their mean FO to convey sarcasm while English speakers
tend to lower their mean FO [7]. So there is a possibility that
the same FO cues may be used to express different emotions
depending on the language. To investigate the mix of acous-
tic factors used in emotion expression, we used k-means cluster
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analysis to examine at how the different acoustic properties are
grouped together and whether there is a difference in how FO
related properties are used across the languages.

2. Methods
2.1. Participants

Cantonese participants: Five male native speakers of Cantonese
who were born and raised in Hong Kong were invited to par-
ticipate for monetary reimbursement. The average age of the
participants was 29.1 years.

English participants: Emotion expressions of five male na-
tive speakers of Australian English were obtained from our lab
database. The average age of the participants was 23.0 years.

2.2. Materials
2.2.1. Speech Materials

Fifty semantically neutral sentences were chosen from the Can-
tonese Hearing In Noise (CHINT) sentences list [8] on the basis
that they had a good spread of different tones at the initial and
final position in the sentences (see for detailed procedure). All
50 sentences were recorded as expressive speech stimuli for the
five basic emotions and neutral sentences.

Ten sentences selected from the Semantically Unpre-
dictable Sentences [9] were recorded as the English expressive
speech stimuli for five emotions (anger, disgust, happy, sad, sur-
prise) and the neutral expression.

2.2.2. Production Setup

While only the audio recordings are used in this paper, the entire
recording procedure including video recording is reported for
completeness.

Participants were seated in front of a 20.1” LCD video mon-
itor (Diamond Digital DV201B) that is used to present the stim-
ulus sentences to the participant. Directly above the monitor
is a video camera (Sony NXCAM HXR-NX30p) where par-
ticipants are requested to fixate at prior to expressing the sen-
tences. The videos were recorded at 1920 x 1080 full HD reso-
lution at 50 fps. To capture participants utterances a microphone
(AT 4033a Transformerless Capacitor Studio Microphone) was
placed about 20 cm away from the participants lips and out of
the field of view of the camera. Audio captured using the mi-
crophone was fed into the Motu Ultralite mk3 audio interface
with FireWire connection to a PC running CueMix FX digital
mixer and then to Audacity which captured the sound at a sam-
pling rate of 48kHZ. This audio feed as well as video feed from
the video camera was monitored by the experimenter outside of
the booth who provided the participants with feedback as well
as displaying the next sentence on the monitor in front of the
participants.

The recording details of English speakers were similar to
the Cantonese recordings (see [10] for details).

2.3. Procedure
2.3.1. Production of emotions

Since verbal expressions of emotions are often consciously and
deliberately produced to convey emotions, rather than focus-
ing on the experience of the emotion itself, we were interested
in emotional expression; the signals that people present to oth-
ers to express emotion. Given this, participants were instructed
to be as natural as possible in how they expressed themselves
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and were asked to produce the emotions with the intent of com-
municating their emotional feelings to an observer. Moreover,
through the course of the recording, the experimenter did not
interfere, guide or give examples as to how each emotion type
should be expressed to avoid demand characteristics and to pre-
serve the natural idiosyncratic variation in the expression of
emotions.

During the recording sessions, each stimulus sentence was
displayed one at a time in a random order on the computer
monitor and the participants then produced the utterances when
ready. Participants were given feedback via the screen if they
had to repeat the sentence (e.g., they misread the sentence or did
not fixate on the camera while producing the expressions). Par-
ticipants were also given a short story as a form of mood induc-
tion and three practice trials prior to the start of each emotion
block and asked to put themselves in the mode of expressing
the emotion. As was mentioned, the emotions to be expressed
were blocked, so participants would produce all 50 sentences
expressing the same emotion giving a total of 350 sentences per
speaker (50 sentences x 7 (six emotions plus neutral).

2.4. Analysis

Acoustic parameters (mean FO, minimum FO, maximum FO, du-
ration, maximum velocity, and mean intensity) of whole sen-
tences were automatically extracted using Prosody Pro [11], a
Praat script [12] with the lower threshold of FO set at 50 Hz and
the upper at 350 Hz. We then extracted the median, number of
turning points and speech rate (duration/ number of syllables)
in Matlab [13].

3. Results

3.1. Do Cantonese neutral expressions differ from English
in FO related measures?

Using a multivariate analysis of variance, Pillai’s trace showed
a significant effect of language on the mean, minimum, max-
imum, median and number of turning points of FO, V = 0.91,
F(4,5) =17.72, p < 0.5. However, separate univariate ANOVAs
revealed non-significant effects of languages on each of the FO
measures, minimum, F(1,8) = 0.61, ns, maximum, F(1,8) =
0.02, ns, mean, F(1,8) = 0.03, ns, median, F(1,8) = 0.01, ns,
mean, F(1,8) =0.03, ns, number of turning points F(1,8) =0.92,
ns. Table 1 below shows the mean values for all of the measures.

Table 1: The mean values of minimum, mean, maximum, median
(in Hz) and number of turning points of neutral expressions.

| Language [ FO mean [ FO min [ FO max [ FO median [ T.points ‘

English | 132.68 | 96.71 | 182.62 | 127.04 10.94
Cantonese | 130.75 | 93.18 | 180.55 | 128.14 11.52

The MANOVA was followed up with a discriminant anal-
ysis which revealed that the language groups can be differen-
tiated by mean FO (b=1.47) and median FO (b=-1.58), i.e., al-
though there was no difference in FO range, English neutral ex-
pressions had higher mean FO but lower median FO than the
Cantonese expressions.

3.2. Do Cantonese emotion expressions use a smaller range
of F0 related cues?

Separate MANOVAs revealed that except for happy, V = 0.84,
F(4,5) = 4.26, ns., and surprise, V = 0.90, F(4,5) = 7.22, ns,



there was a significant difference between Cantonese and En-
glish on the FO measures in expressions of angry, V = 0.97,
F(4,5)=24.3,p < 0.01, disgust, V =0.96, F(4,5) =1747,p <
0.01, and sad, V = 0.98, F(4,5) = 33.57, p < 0.01. All signif-
icant effects were followed up with ANOVAs. Table 2 lists the
results of the ANOVAs.

Table 2: F and significance values for the difference between
English and Cantonese emotion expressions on FO measures.

[ Emotion | min [ max | mean [ median [ T.points |

Angry | .16 | .37 | .10 .22 27.24
skskosk
Disgust | .83 | 4.3 | .01 | 21.25 42
K3k
Happy | ns | ns | ns ns ns
Sad | .69 .02 | .25 45 41.8
kR sk
Surprise | ns | ns | ns ns ns

Note: The values in the table are for F(1,8),
*p < .05, #*¥p < .01 ***p < .001.

In both angry and sad, English expressions had a signifi-
cantly higher number of FO turning points than Cantonese ex-
pressions, (14.24 vs. 11.23 and 12.66 vs. 10.35, respectively).
As for disgust, median FO was higher in English expressions
(168.52 Hz vs. 120.38 Hz).

In summary, with regards to FO, the difference between En-
glish and Cantonese neutral expressions is captured by median
FO and mean FO, indicating that the difference between the two
lie in the contour shapes of FO. The measures of median FO and
FO turning points were able to capture the difference between
English and Cantonese expressions of angry, disgust and sad.
When compared with the FO measures of the neutral expres-
sions, it is clear that the median FO and number of turning points
in Cantonese emotion expressions did not vary much from the
neutral expressions. On the contrary, English emotion expres-
sions had a larger median FO and number of turning points than
the neutral expressions.

3.3. K-means clustering

The data consisted of 10 acoustic measures, (duration,
speech rate, finalFO, minimumF0, maximumFO0, maxFOvelocity,
meanF0, mean Intensity, median FO and number of FO turning
points), extracted from 10 speakers by 5 emotion and 1 neutral
expression giving a total of 1800 utterances. Separate k-means
analyses were conducted for each language.

On the first pass using k=6 (emotions), instead of emo-
tion type, the speakers themselves were identified as the most
salient clusters, accounting for 86.3% (Cantonese) and 79.4%
(English) of the variance. So we conducted separate k-means
analysis for each of the speakers. Given the scope of the paper
and that the only FO measures that are meaningful in discrimi-
nating between Cantonese and English expressions are median
and turning points; we focused the analysis on these two factors.
Here we examined how these measures were clustered, specif-
ically, we examined which emotion was classified to have the
highest and lowest centroid means for our measures and if this
differed between Cantonese and English. The cluster solution
for each speaker is listed in Table 3.
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Table 3: Centroid means for the cluster solution for each

speaker.
Speaker Median T.points
highest [ lowest | highest [ lowest

Engl angry | happy | happy | neutral
Eng2 | angry | happy | happy | neutral
Eng3 | angry | happy | happy | neutral
Eng4 |surprise | neutral | angry |surprise
Eng5 sad | neutral | surprise | neutral
Cantl | happy | neutral | neutral | angry
Cant2 | angry | neutral | neutral sad
Cant3 | happy | disgust | disgust | sad
Cant4 sad neutral | disgust | surprise
Cant5 sad | surprise | disgust | angry

From Table 3, it is clear that 3 out of the 5 English speakers
in our study produce angry, happy and neutral quite similarly
(Engl, 2, and 3). Although there are only 5 speakers per group,
the Cantonese speakers provided a stark contrast. First, among
the Cantonese speakers, there was little agreement as to what a
high median (2 happy, 2 sad, 1 angry) or low number of turning
points correspond (2 sad, 2 angry, 1 surprise). Second, other
than neutral having the lowest median value, there was little
agreement between English and Cantonese speakers. However
it is interesting to note that there was some similarity between
Cantonese and English expressions such that, an emotion that
had the lowest median FO also tended to have a highest number
of FO turning points. This suggests that although expressions of
emotions in Cantonese and English may utilize similar clusters
of emotions, they do not convey the same emotion.

4. Discussion

In this study, we aimed to examine the differences between tone
and non-tone languages, specifically in terms of the differences
in FO use. We followed up a study that examined the differ-
ences between Mandarin and Italian expressions of emotions
by addressing 4 issues. First of all, we were concerned with
how FO variance may best be captured. Instead of relying on
single point estimates such as range and mean FO, we included
two additional measures that we judged would better capture
the relevant aspect of variance, namely, the median FO and FO
turning points. The median is a better estimate of the FO be-
cause FO is not normally distributed. Moreover it is more mean-
ingful to define FO in terms of fluctuations or contour change
over time. Therefore an estimate of the turning points allowed
us to capture this change over time at the sentential level. In-
deed throughout the analysis conducted in this study, we found
the median FO scores and turning points to be the important FO
features that discriminated emotions and the language in which
these were expressed. On this point we propose that it is essen-
tial for future studies on verbal expressions of emotions to use
more sophisticated measures that take the contour of the FO and
its fluctuations over time into consideration.

Concerning the second issue of whether a restriction of FO
variation can be generalized to other tone and non-tone lan-
guages, we found partial support. This restriction was not ob-
served across all emotions and what restriction we found was
only for the median FO and number of turns. Whether this con-
stitutes as a restriction of variation is debatable because no dif-



ferences were observed on the other measures such as range and
mean. Our results do however suggest that the FO contour may
be different, i.e., Cantonese expressions of emotions may be
flatter or more monotonous than English emotion expressions.
The third issue concerned how the linguistic properties of Can-
tonese as a tone language may affect FO use in emotion expres-
sion. We examined and found no evidence that Cantonese use
more FO related cues resulting in a diminished capacity for FO
to carry emotion information. This finding is interesting as it
is goes against the idea that tone languages may have a larger
range or a larger number of turning points given the nature of
its linguistic property. Discriminant analysis however suggests
that a combination of FO measures (mean and median) can dis-
tinguish Cantonese from English neutral expressions. This once
again emphases the point that single measures of FO may be un-
informative, as it is the variation of FO over time that appear to
be more important.

Given that in terms of FO use, Cantonese neutral expres-
sions were similar to those in English, it follows that Cantonese
should have the freedom to use FO for emotion prosody in a
manner similar to English. Yet, the data showed that instead of
using a fuller FO space (or at least as much as English emotion
expressions do), Cantonese expressions of emotions used less
FO variation. This seems likely due to the need for Cantonese
speakers to modulate their use of FO to preserve the signal prop-
erties of lexical tones, although here a more sophisticated mea-
sure of the mix and interaction of tonal acoustic properties are
needed.

Finally with regards to the role that FO plays, we examined
how the clusters of acoustic properties may differ in Cantonese
and English expressions of emotions. In this paper we only ex-
amined median FO and turning points. The solutions for our
k-means cluster analysis showed that these measures were sim-
ilarly grouped in Cantonese and English expressions of emo-
tions. However, interestingly these clusters encoded different
emotions. This was particularly the case if we considered ex-
pressions that had low median FO (neutral for Cantonese and
Happy for English). As for high median F0, the clusters corre-
sponded to the expression of anger in English but did not fit any
particular emotion class for Cantonese expressions. This is also
interesting because this finding fits the previous observation that
Cantonese speakers may use less FO variation. So instead of
coding very active expressions like angry that is usually associ-
ated with high F0, it may be that Cantonese uses FO mainly for
conveying less active emotions like happy or neutral, and may
use a more moderate or mid-range FO that can convey emotion
without distorting the boundaries of lexical tones. Whereas for
emotions like anger or sadness that is usually coded by the max-
imum or minimum FO, features such as speech rate and intensity
may be used as the most salient feature instead.

The next step forward is to properly test some of these ideas
and predictions. Firstly, we plan to fully explore the k-means
clustering solution and how differences in FO measures affect
other properties such as speech rate. We will also investigate
the possibility of using other methods of quantifying FO mea-
sures to better capture the variance of FO. Finally, we intend to
correlate the production data and the k-means solution with per-
ception data. In the literature, it is a common finding that people
are poorer at recognizing emotions produced in a language that
one is not familiar with [14, 15]. This effect often produces
systematic perceptual confusion between emotions. We pro-
pose that part of this confusion may be due to linguistic effects
on emotion production. By combining the results of produc-
tion and perception studies, we aim to provide a more unified
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understanding of how linguistic properties affect the production
of emotion expressions.

5. Conclusions

In conclusion, our results gave some support for the proposal
that emotion expression in tone languages has less FO variation
than in non-tone languages. However, a rather complex picture
emerged in which the effects of the linguistic system on emotion
expression still remain elusive.
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