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Abstract

Sarcasm has been associated with several acoustic cues, but exploration of such cues in Cantonese
has been limited. The present study revisited the production and perception of sarcasmin Cantonese,
investigating how prosodic features and voice quality measures signal sarcastic speech and how
well they can be recognized. Eighteen native Hong Kong Cantonese speakers produced colloquial
sentences with three attitudes: sarcasm, neutrality, and sincerity. Five prosodic parameters and
three voice quality parameters were analyzed and compared between attitudes, genders, and
individual speakers. In addition, 42 native listeners rated the degree of sarcasm and sincerity of
the target utterances. Average rating scores were compared between attitudes. Results show that
Cantonese sarcasm is characterized by a slower speech rate, lower mean FO, narrower FO range,
lower mean amplitude, greater amplitude range, higher harmonic-to-noise ratio (HNR), lower
jitter, and lower shimmer than sincere speech. Speakers utilized different combinations of acoustic
cues to express sarcastic feeling. Listeners were able to distinguish sarcasm from sincerity according
to the acoustic cues alone in the absence of verbal context. The more acoustic cues were utilized
in a sarcastic utterance, the easier it would be for the listeners to understand the implied sarcastic
meaning. Moreover, the insertion of an intensifier “zan55hai22 (really)” enhanced the sarcastic
intonation, increasing listeners’ accuracy at recognizing the speaker’s sarcastic intention. The
present study contributes to a more comprehensive understanding of the relationship between
prosody and sarcastic speech by using an improved method and providing evidence of production
and perception in native Cantonese speakers.
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Introduction

Verbal irony has generally been described as a rhetorical device for either implying the opposite of
what the literal content would be, or for expressing a different meaning from what is said (Brown
& Levinson, 1978; Myers, 1990). Ironic criticism (using positive content to deliver a negative
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meaning) and ironic compliments (making use of negative content to give positive comments) are
two types of irony (Dews et al., 1995). Sarcasm is generally associated with the former (Long &
Graesser, 1988). Even though “irony” or “ironic” has been used to generally describe “sarcasm” or
“sarcastic” situation, irony and sarcasm should be considered as two different phenomena. Sarcasm
mostly occurs among people who are very familiar with each other, and thus usually has a particu-
lar target, conveying the most harmful type of negative attitude, and are more explicit and direct
with clearer cues (Garmendia, 2018; Kreuz, 1996). Irony is with a more general target and usually
associated with the phenomena that are funny or strange; for example, something happened out of
your expectation, which is not the case of sarcasm. The present study focuses on sarcasm and the
sarcastic intention delivered by the speakers or perceived by the listeners.

It has been reported that several cues convey sarcastic meanings. Facial expressions are non-
verbal cues visually marking sarcasm; for example, raised eyebrows, mouth movement, blank face,
pointing, or laughing (e.g., Attardo et al., 2003; Rockwell, 2001; Tabacaru, 2020; Utsumi, 2000).
Contextual or lexical cues, prosodic cues, and semantic information are verbal cues of sarcasm. For
instance, interjections, hyperbolic words such as extreme constructions of adverbs and adjectives,
metaphors, or echoic mentions are reported to implicitly convey sarcastic intentions (e.g., Kreuz &
Caucci, 2007; Kreuz & Roberts, 1995; Utsumi, 2000). Prosody shifts, such as heavy stress and
slow speaking rate, are important paralinguistic cues displaying sarcasm (e.g., Utsumi, 2000). The
present study mainly explores the prosodic cues of sarcasm in Cantonese, focusing on the acoustic
parameters such as duration, fundamental frequency (F0), amplitude, and a combination of these
parameters and voice quality parameters.

Previous studies on sarcasm have suggested that FO, duration, and amplitude were essential
phonetic cues to distinguish sarcasm from non-sarcasm, although patterns varied across languages.
For example, English sarcastic utterances were marked by a lower mean FO and a slower speech
rate (e.g., Bryant & Fox Tree, 2002; Cheang & Pell, 2008; Chen & Boves, 2018; Rockwell, 2000),
while sarcasm in Italian was produced with a higher mean FO0, a slower speech rate, and greater
amplitude (e.g., Anolli et al., 2002). Separate patterns also existed for the same language. For
example, a lower mean intensity for sarcasm than for sincerity in English was reported in Cheang
and Pell (2009), whereas a reverse pattern was indicated in Rockwell (2000). In addition, voice
quality is found to be modulated by speakers in affective communication. English, Mandarin, and
Korean speakers have been reported to change voice quality while expressing a sarcastic attitude
(Cheang & Pell, 2008; S. Li et al., 2020; Yang, 2021).

The sarcastic tone is commonly used in Cantonese, but the acoustic cues of Cantonese sarcastic
speech have not been well examined. The present study continues the research on sarcastic speech
by investigating the prosodic parameters (i.e., speech rate, FO measures, and amplitude measures)
and voice quality parameters (i.e., harmonic-to-noise ratio [HNR], jitter and shimmer) of sarcasm
in Cantonese, aiming to identify how prosodic and voice quality features signal the sarcastic tone
produced by native Cantonese speakers and how well native listeners can recognize it.

I.1 Acoustic features of sarcasm

There have been some studies investigating the prosodic properties of sarcasm, most of which
focused on sarcasm in English. Earlier studies usually provided definitions of all the target atti-
tudes to the speakers and used written materials to elicit different attitudes; for example, displaying
the contexts, the attitude, and the target sentences with a card (e.g., Cheang & Pell, 2008; Rockwell,
2000; Rockwell, 2007). These studies analyzed the sarcastic utterances as a whole acoustically or
perceptually, agreeing that conversational sarcastic utterances in English are characterized by a
slower speech rate, lower mean FO, and narrower FO range. A recent study asked the participants to
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imagine themselves having a phone talk with a good friend and say the provided sentences as a
response in sarcastic and sincere attitudes in British English and analyzed the acoustic measures of
some key words, suggesting that sarcasm is distinguished from sincerity in key words with a longer
duration and a flatter fall of FO (Chen & Boves, 2018). Based on the acoustic analysis on some key
words, Chen and Boves suggested that sarcasm is distinguished from sincerity in key words with a
longer duration and a flatter fall of FO. Perception studies on English sarcasm usually asked the
participants to identify the attitudes or rate the degree of sarcastic intentions by the sound of voice
they heard (e.g., Bryant & Fox Tree, 2005; Cheang & Pell, 2011). These studies indicated that lis-
teners were able to recognize the sarcastic meaning of a sentence or discriminate between sarcastic
and non-sarcastic utterances in their native language according to prosodic cues, although indi-
vidual differences were found. The speaker, the information that was presented beforehand, and the
immediate context of the utterances affected how the sarcastic tone of voice was produced (Bryant
& Fox Tree, 2005). For instance, speakers may produce one sarcastic utterance differently from
another, and different prosodic strategies might be used to accommodate the diversity of contexts
and the contents being conveyed. Native listeners may rely on multiple sources of information to
infer a speaker’s sarcastic intent.

In addition to the studies on English sarcasm, a few studies have examined sarcastic speech in
other languages (e.g., Anolli et al., 2002 on Italian; Cheang & Pell, 2009 on Cantonese; Loevenbruck
et al., 2013 on French; Rao, 2013 on Mexican Spanish; Niebuhr, 2014 on German; Tang & Gu,
2015 and S. Li et al., 2020 on Mandarin). These studies supported that duration, FO, and amplitude
were significant markers of sarcasm, although the patterns varied across languages. Rao (2013)
provided contextual information and the conditions (i.e., positive or negative) in written form and
asked the speakers to produce the given responses with sarcastic or sincere attitudes, examining
sarcastic speech in Mexican Spanish in terms of sentence- and word-level factors. In comparison
to sincerity, sarcasm was produced by decreasing the speech rate and mean FO of the sentence as a
whole and by lengthening the stressed syllable in attitudinally relevant words. Niebuhr (2014)
extended the investigation to voice quality, asking native German speakers to sarcastically and
neutrally utter the target sentences to their friends without providing any contextual information.
Niebuhr’s study revealed a breathier voice quality and a higher degree of segmental reduction for
German sarcasm. Considering the results found in English and other languages, speech rate was
the most consistent prosodic marker of sarcasm with similar pattern across languages, and FO was
also a prominent cue, but the actual patterns varied across languages.

Gender differences have been found in Mexican Spanish, English, and Mandarin, but the results
were mixed. For example, male speakers of British English relied more on lengthening the dura-
tion while female speakers relied more on lowering the FO (Chen & Boves, 2018), whereas the
effect of FO measures on attitude was stronger for males than females in Mexican Spanish (Rao,
2013). A very recent study examining voice quality in Mandarin sarcastic speech also revealed that
males’ sarcastic production was charactered by a lower H1-H2, lower jitter, and lower shimmer,
while females’ sarcastic production had a higher H1-H2 and a higher HI1-A1 (S. Li et al., 2020).
The present study further explored the gender effect in production and perception of sarcasm by
providing evidence of Cantonese.

Considering the research methods, early studies on sarcastic speech analyzed speech materials
recorded by experienced actors hoping to ensure that the sentences were clearly produced with a
sarcastic tone (e.g., Anolli et al., 2002; Rockwell, 2000). For example, Rockwell (2000) recruited
professional radio announcers who were experienced in producing sarcastic speech. Contextual
information was provided in written form for elicitation by most of the studies (e.g., Anolli et al.,
2002; Cheang & Pell, 2009; S. Li et al., 2020; Niebuhr, 2014; Rockwell, 2000), while Loevenbruck
and colleagues’ (2013) study gave the contexts in the form of audio recording. There were also
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some studies equipping the participants with a real person, asking them to produce the target sen-
tences as a response to their friends in different attitudes without providing contextual information
(e.g., Chen & Boves, 2018; Rao, 2013). It is possible that the different acoustic patterns of sarcasm
found in these previous studies are due to the different elicitation methods.

Furthermore, most studies did not control the semantic cues in the experiment. Some semantic
cues are used very frequently by speakers that they become markers of sarcasm (such as thanks a
lot in English), regardless of the prosodic pattern of the utterance (Haiman, 1998; Kreuz & Caucci,
2007). It is difficult to conclude whether semantic cues or prosodic cues signal sarcasm more if the
materials are not controlled for semantic cues. In addition, in some studies, a perceptual validation
test was conducted before the acoustic analysis to check whether the utterances produced by the
participants delivered the intended attitudes (e.g., Cheang & Pell, 2009, 2011; S. Li et al., 2020).
However, not being perceived as expressing a sarcastic meaning clearly does not necessarily mean
that the speaker did not produce the sentence with a sarcastic attitude. There might be multiple
combinations of acoustic parameters signaling the colloquial production of sarcasm, and only
some combinations are more easily noticed by the listeners. Therefore, a study of more natural data
using a rigorous method is warranted.

Most previous studies on sarcasm were on English or European languages, with few being done
on typologically different tone languages. Tang and Gu (2015) conducted a perceptual and acoustic
study of six attitude pairs in Mandarin Chinese. The speakers were provided a role-play scenario
for attitude elicitation, and the listeners were asked to listen to the target sentences and identify the
attitude. Their study suggested that Mandarin sarcasm could be perceptually recognized with
higher accuracy compared to other attitudes, but it might not be well distinguished from praising
by prosodic cues (e.g., FO measures). A recent study expanded the understanding of the acoustic
features of Mandarin sarcasm by investigating the role of voice quality in expressing sarcastic
attitude (S. Li et al., 2020). They applied a similar elicitation method as in Tang and Gu (2015) but
compared only sarcastic and sincere attitudes. In comparison to sincere speech, sarcastic speech
had a creakier voice, a lower F0, a greater degree of vocal fold adduction, and less noise. These two
studies also reported that sarcastic Mandarin was produced with a lower mean FO (S. Li et al.,
2020; Tang & Gu, 2015). It will be interesting to further examine how FO is related to sarcasm in
another tone language with a more complicated tone system (e.g., Cantonese). Also, in addition to
F0, what and how other acoustic cues characterize Cantonese sarcasm can also be investigated for
a more comprehensive understanding of the association between acoustic properties and sarcasm.

1.2 Sarcasm in Cantonese

Previous research on Cantonese sarcasm or other ironic forms in Cantonese mostly focused on
syntactic structures (M. K. M. Chan, 2002; J. P. W. Li et al., 2013; Matthews & Yip, 1994). For
instance, the Cantonese sentence-final particle (SFP) /tsek55/ is commonly used to mark a sense of
irony in a positive literal utterance according to the speech context (K. K. L. Chan & To, 2016).
Although some studies mentioned the role of prosody in the comprehension of irony (e.g., J. P. W.
Li et al., 2013), only one study has investigated the prosodic features. Cheang and Pell (2009)
measured the acoustic parameters of the utterances produced by six native Cantonese speakers in
Canada with four attitudes (sarcasm, humor, sincerity, and neutrality), indicating that a higher
mean FO, a narrower FO range, a slower speech rate, and a more restricted amplitude range distin-
guished sarcastic utterances from non-sarcastic ones. A higher HNR value also differentiated sar-
casm from sincere utterances, which aligned with the results for Mandarin (S. Li et al., 2020).
Cheang and Pell (2011), which is the only published study focusing on the perception of sarcasm
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in Cantonese, further revealed that Cantonese and English listeners were able to recognize sarcasm
and distinguish sarcasm from sincerity in their native languages; however, listeners in both groups
had little ability to recognize sarcasm in a non-native language. Based on their finding that
Cantonese and English speakers employed opposite patterns of mean FO to convey sarcasm versus
sincerity, with a higher mean FO for sarcasm in Cantonese and a relatively lower mean FO for sar-
casm in English, Cantonese and English listeners might have different expectations about the alter-
ation of mean FO while detecting the sarcastic and sincere intentions, which may account for the
incorrect recognition of the speaker’s intentions in the non-native language.

Previous studies on the production and perception of Cantonese sarcasm have provided an
important first step in the investigation of sarcastic cues in Cantonese using controlled materials;
however, there are some limitations which may render their findings tentative. Regarding the mate-
rials, some target utterances in Cheang and Pell (2009) appeared to be unidiomatic for native
Cantonese speakers. For example, it is uncommon for Cantonese speakers to use key phrases such
as “lRM hai22gwa33 (I suppose.),” “4Z2W hai22me55 (Is that so?),” or “MEN wa55aai55 (Oh
boy.)” to start expressions of different attitudes. Even though the key phrases and the combined
sentences used in their study are syntactically acceptable, it is not usual to express sarcasm using
these structures, which may affect the naturalness of the utterances. Also, SFPs play an essential
role in conveying different attitudes and emotions in Cantonese (Fung, 2000; Law, 2002; J. P. W.
Li et al., 2013; Matthews & Yip, 1994). The absence of the SFPs in Cheang and Pell (2009) ren-
dered the target sentences less colloquial. The procedure of the production experiment posed a
second limitation. Sarcasm is most naturally expressed during conversation with close friends
(Rockwell, 2000, 2007); thus, a better way to elicit sarcastic speech is to put the participants in a
conversational context. However, the materials in Cheang and Pell (2009) were presented in a writ-
ten format which might reduce the naturalness of the participants’ responses. Also, even though the
participants and the encoders in Cheang and Pell (2009, 2011) were born, raised, and educated in
a Cantonese environment (Hong Kong or Guangzhou), they emigrated to Canada as young adults,
meaning that they had been in an English immersion environment for at least a few years at the
time of their participation. Their Cantonese speech patterns might have been affected by the expo-
sure to English prosodic patterns. Therefore, a more comprehensive study is needed to corroborate
the findings in previous studies.

|.3 The present study

Although the prosodic correlates of sarcastic speech in non-tone languages have been studied, the
acoustic cues of sarcasm in tone languages have not been systematically investigated. Cantonese
has a different prosodic system compared to non-tone languages and a more complex tone system
compared to Mandarin. The communication styles of Cantonese speakers also differ from the
speakers of other languages, for example, using SFPs. Considering the limitations of previous
studies, the present study revisited the acoustic cues of sarcasm in Cantonese with a more rigorous
method and a greater number of participants, investigating both the production and perception of
sarcastic speech in Cantonese.

All the target sentences were first judged by two native Hong Kong Cantonese speakers to
ensure that they were commonly used among speakers in daily communication for expressing
sarcastic or sincere attitudes. The SFPs “Wf aa33” or “M wo33” were chosen for more natural
utterances in our study. A scenario approach (Scherer et al., 2001) was used to elicit expressions
naturally, providing the participants with short scenarios with positive or negative situations.
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Considering that sarcasm is most naturally expressed with close friends, the contexts were pre-
sented using audio recorded by native speakers to put the participants in a conversational context.

In addition, as most of the previous studies analyzed the attitudinal utterance as one whole unit,
little is known about the acoustic patterns of smaller units, such as constituents (e.g., adjectival
phrase [AP]). The present study conducted both sentence-level and phrase-level analyses, aiming
to investigate whether the acoustic cues associated with sarcasm change throughout the utterance;
for example, whether the cue difference is consistent in each part of an utterance and as a whole;
or only appears in some parts of the sentence. A degree modifier (DM), an AP, and an SFP were
examined in all the sentences. The DMs “ % hou25” or “#% gei25 (very)” locating before the
adjectives serve as an important component for a colloquial sentence in Cantonese and are accept-
able for expressing both positive and negative feelings, which are literally neutral terms for native
speakers and listeners. AP is the most relevant element for attitudinal communication since it usu-
ally carries a positive or negative feeling of the speakers. In the current study, all the APs were liter-
ally positive in Cantonese. The SFPs “FF aa33” and “I% wo33” are acceptable for ending positive
or negative utterances by native Cantonese speakers and listeners, and thus could be regarded as
literally neutral terms.

Some comparative expressions such as “so” in English are considered as typical elements to
indicate sarcasm (Camp, 2011; Lebedeva, 2021), and such words tend to make more sarcastic tonal
effect. The intensifier “JAFR zan55hai22 (really)” is frequently used to express criticism and for
assuring truth or sincerity in Cantonese (Fung, 2000). Since adding this intensifier may reinforce
the intention in the utterances, it raises a question whether including this intensifier would induce
a focusing effect manifesting itself in the form of an amplitude or FO peak. Therefore, in the present
study, the target intensifier was included as the fourth key phrase, aiming to examine whether the
presence and absence of the intensifier influence the production and perception of sarcasm. If this
intensifier was the focused element, it would be further explored whether its acoustic features typi-
cally signal Cantonese sarcasm and whether there would be interaction between this target intensi-
fier and the other key phrases. Finally, the investigation of Cantonese sarcasm was extended by
exploring variability between genders and among speakers.

In summary, the present study asked the following research questions: (1) What are the acoustic
cues of Cantonese sarcastic speech? (2) How well can native Cantonese speakers perceive sarcasm
according to the acoustic cues? and (3) Does having an intensifier enhance sarcastic intonation?

Method

2.1 Participants

Eighteen native Hong Kong Cantonese speakers (nine females and nine males) aged between 18
years and 5 months and 23 years and 8 months participated in the production task, and 42 native
Hong Kong Cantonese listeners (23 females and 19 males) aged between 17 years and 11 months
and 23 years and 5 months took part in the perception experiment. According to their language
background questionnaires, all the participants were born and grew up in Hong Kong, having at
least one of their parents being a native Hong Kong Cantonese speaker. They went to local primary
and secondary schools and currently were undergraduate students at a university in Hong Kong.
Cantonese was the most used language in their daily communication taking up around 85.8% of
their time in comparison to the percentage of using other languages (e.g., English, Mandarin).
There was no overlap between the production and the perception participants. All the participants
reported no speech or hearing problems or learning difficulties.
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Table I. Example of the target utterances with English translations.

Intensifier Degree modifier Adjectival phrase Sentence-final particle
a 1K (You) U (very) fE (smart) F
b 1K (You) EAR (really) U (very) i (smart) F

In the table, (a) is a sentence without an intensifier, and (b) is a sentence with the target intensifier.

Sarcasm Sincerity

Negative scenario: Positive scenario:

What? Was yesterday the deadline for course It’s raining. I know you have not taken your

registration? I thought it would be due today. umbrella with you, so I bring one for you.
RaF B

Figure |. Example of the negative and positive scenarios and the corresponding pictures.

2.2 Production materials

Two sets of sentences were designed for the present study. The first set contained the target sen-
tences with a DM, an AP, and an SFP. The intensifier “EAR zan55hai22 (really)” was inserted
before the DM in the first set to create the second set of target sentences. In total, 12 pairs of sen-
tences as exemplified in Table 1 were produced with three attitudes (neutral, sincere, sarcastic) and
with three repetitions (see Appendix Table A1 for all the target sentences and the scenarios). Each
participant produced 216 target utterances (12 groups of utterances X 2 sets X 3 attitudes X 3 rep-
etitions). Positive and negative scenarios recorded by two native Cantonese speakers and visual
aids in the form of relevant pictures were provided (see Figure 1). For neutral speech, no biasing
context was provided. Instead, the participants received an instruction to read out the sentences
displayed on the screen.

2.3 Perception materials

A subset of sarcastic and sincere production data was selected to form the perception stimuli. To
investigate how well the native listeners could detect the sarcastic meanings in colloquial speech,
all the stimuli were not manipulated, namely that the original recordings produced by the native
speakers were heard and judged by the listeners. An acoustic measure significantly distinguishing
a sarcastic sentence from its sincere counterpart following the general pattern found in the
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production experiment was determined as an acoustic cue utilized by the speaker to signal sarcasm.
Each stimulus contained at least one acoustic cue, and all the stimuli displayed different combina-
tions of acoustic cues used by the speakers. In total, audio recordings of 100 utterances, consisting
of 50 pairs of sentences produced with two attitudes (sarcastic and sincere) and two sentence sets
(with and without the intensifier), were included.

2.4 Procedure

Two groups of participants were paid to attend the production or perception experiments. Before
the experiment, the participants were briefed about the study. With their consent, a language back-
ground questionnaire asking for some personal information (e.g., age, languages used in different
situations) was filled. The speakers participated in the production experiment individually in a
sound-treated room. A ZOOM H2n solid-state recorder with a sampling rate of 44,100 Hz was used
for recording. The recorder was placed in front of the speaker 20cm away from the speaker’s
mouth. During the experiment, no definition of sarcasm and the purpose of study was provided,
and the target sentences were not provided to the participants in advance for practicing. In the first
part, the target sentences were presented using PowerPoint, and each slide contained only one
sentence. No biasing context was given. The participants were instructed to read the displayed
sentences one by one neutrally and naturally. There were practice trials which contained a sentence
with the target intensifier and a sentence without the target intensifier to familiarize the participants
with the experiment procedure. In the second part, a picture and a target sentence were presented
on each slide, and the audio scenario was played automatically. The speakers listened to the audio
and produced the target sentence according to the context provided by the audio and the picture.
The sentences were randomized and shown on the screen in different orders in each repetition. The
participants went through the practice trials containing a sentence with the target intensifier and a
sentence without the target intensifier with both positive and negative scenarios. There was no
overlap between the materials for the practice trials and for the formal experiment.

For the perception experiment, the participants completed an online perception task individu-
ally. During the experiment, the audio recordings of the stimuli were randomized and presented to
the listeners without providing them with the sentences in written form nor the verbal contexts. The
listeners were instructed to click the link of the sound file, listen to the stimuli, and rate each target
utterance on a 6-point Likert-type scale from 1 to 6 to indicate whether they perceived the sentence
as being produced with a very sincere (1) or very sarcastic (6) tone of voice, or somewhere in
between. The listeners did not attend professional training on perceptual analysis of acoustic fea-
tures prior to the task. They were not expected to point out which acoustic features were used by
the speaker; instead, they only needed to judge and rate the degree of the attitudes delivered by the
speakers as native listeners.

2.5 Data analysis

Both acoustic and statistical analyses were applied to the production data. A total of 3,888 utter-
ances (12 pairs of target utterances X 2 sentence sets X 3 attitudes X 3 repetitions X 18 speakers)
were measured in Praat (Boersma & Weenink, 2024) using ProsodyPro (Xu, 2013). Eight acoustic
parameters, including the speech rate, mean F0O, FO range, mean amplitude, amplitude range, the
HNR, jitter, and shimmer were measured for each utterance as a whole and for the four key phrases
including the intensifier zan55hai2?2 “really,” the degree modifiers hou25 or gei25 “very,” the APs,
and the SFPs aa33 or wo33. The number of syllables and the total duration of each utterance or
phrase were extracted to compute the speech rate. Speech rate was calculated by dividing the
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number of syllables by the duration (in second) of each utterance or phrase to capture how fast or
how slowly a speaker delivered different attitudes. For the FO parameters, mean FO, minimum FO,
and maximum FO were measured in Hertz (Hz). Mean FO was measured to evaluate the pitch level
characteristic of a speaker delivering different attitudes. The FO range was obtained by subtracting
the minimum FO from the maximum FO to evaluate how FO was distributed within an utterance or
a phrase and how the variation differed according to attitudes. Regarding the amplitude variables,
mean amplitude, minimum amplitude, and maximum amplitude were measured in decibels (dB).
Mean amplitude was measured to quantify the acoustic energy in a speaker’s sound while convey-
ing different attitudes; simply, it described the loudness of the utterances or phrases. The amplitude
range was obtained by subtracting the minimum intensity from the maximum intensity to capture
how the acoustic energy was distributed within an utterance or a phrase and how the variation dif-
fered according to attitudes. In addition, the HNR wvalue, jitter, and shimmer were measured to
capture the voice characteristics of the speakers and how their voice quality changed with different
attitudes. The HNR refers to the degree of acoustic periodicity, assessing the ratio between periodic
and non-periodic components of voiced speech. A higher HNR value represents less noise in the
speech signal. The HNR value in the present study was measured in dB between the frequency
range of 0 and 5,000 Hz using the algorithm with cross-correlation method in Praat (Boersma &
Weenink, 2024; Xu, 2013). Jitter indicates the cycle-to-cycle variation in frequency, calculated by
dividing the mean absolute difference between consecutive intervals by the mean interval. Shimmer
refers to the variation of amplitude, measured by dividing the mean absolute difference between
the amplitudes of consecutive intervals by the mean amplitude. The jitter and shimmer are associ-
ated with the breathiness or roughness of a speaker’s voice.

All data were converted into z-scores using each person’s mean before statistical analysis. A linear
mixed-effects model was conducted to analyze each acoustic parameter in the R program (R Core
Team, 2022) using the ImerTest package (Kuznetsova et al., 2017). The maximal random effect struc-
ture was applied for each model for hypothesis testing (Barr et al., 2013). For sentence-level analysis,
ineachmodel, Attitude, sentence Set, and Gender were entered as a fixed effect (Attitude x Set x Gender),
and the random intercepts for Speaker and Sentence were included. The random slopes for attitude
and set by speaker and by sentence were excluded for the convergence of the models. For phrase-
level analysis, linear mixed-effects models were conducted to analyze the eight parameters of the four
key phrases in the sentences with the target intensifier, and of the three key phrases (DM, AP, and
SFP) in the sentences without the target intensifier. In each model, Attitude and Phrase
(Attitude x Phrase) were entered as a fixed effect while Speaker and Sentence were set as the random
effects.

For the perception data, the rating scores from 4,200 responses (50 target utterances X 2 atti-
tudes X 42 participants) were analyzed, considering Attitude, sentence Set, and Gender
(Attitude x Set x Gender) as fixed effect, and Listener as a random effect. Wilcoxon signed rank test
was conducted to compare the rating scores between the two Attitudes and two sentence Sets.
Simple linear regressions were conducted to explore the relationship between the acoustic cues
used by the speakers and the degree of sarcastic attitude perceived by the listeners. To observe the
inter-rater reliability, the Intraclass Correlation Coefficient (ICC) was calculated using the “icc”
function in the irr package (Gamer & Lemon, 2019) based on an average rating (k=42), absolute
agreement, and a two-way model. The 95% confident interval of the ICC estimate for the percep-
tual rating in the present study is 0.974-0.985 (p <.001), indicating an excellent absolute agree-
ment between raters according to Koo and Li’s (2016) guideline.

For each model, the “anova” function in the ImerTest package (with Satterthwaite’s method)
was used to calculate the F' value and p value of the main and interaction effects and determine
degree of freedom. Pairwise comparisons were further conducted when a significant interaction
effect was revealed.
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Results

3.1 Production

Table 2 summarizes the average z-transformed values of the target prosodic parameters and the
voice quality measurements, including the speech rate, mean F0, FO range, mean amplitude, ampli-
tude range, the HNR value, jitter, and shimmer.

3.1.1 Speech rate. The analysis of speech rate revealed a significant main effect of Attitude, F(2,
3865)=1571.6691, p <.001, and of Set, F(1,3865)=1045.2718, p <.001. Sarcasm was expressed
significantly more slowly than sincerity (Est.=1.095, SE=0.047, #(3865)=23.197, p <.001) and
neutrality (Est.=1.376, SE=0.047, #(3865)=29.161, p<.001). As shown in Figure 2, two sets of
sentences shared the overall pattern, but the speaking rate of the utterances with the intensifier was
faster than that of the utterances without the intensifier.

3.1.2 FO measures. The analysis of mean F0 revealed that Attitude was a significant predictor, F(2,
3865)=302.2286, p <.001, together with a significant main effect of Set, F(1, 3865)=19.3781,
p<<.001. There was a significantly lower mean FO for the sarcastic speech than for the sincere
speech (Est.=1.122, SE=0.067, #3865)=16.641, p<<.001) and for neutral speech (Est.=0.257,
SE=0.067, £(3865)=3.804, p=.0001). Both sets shared the same pattern as the overall pattern, but
the utterances with the intensifier had a higher mean FO. The F0 range analysis revealed a signifi-
cant main effect of Attitude, F(2, 3865)=52.5686, p<.001, with a significantly narrower and
higher FO range for sarcasm than for sincerity (Est.=0.246, SE=0.069, #(3865)=3.802, p=.0001)
and for neutrality (Est.=—0.178, SE=0.069, #(3865)=-2.566, p=.010), respectively. Set was also
a significant predictor, F(1, 3865)=45.3828, p<<.001, with a higher FO range for the utterances
with the intensifier.

3.1.3 Amplitude measures. The analysis of mean amplitude yielded a significant main effect of
Attitude, F(2, 3865)=555.3574, p <.001, with a significantly lower mean amplitude for sarcastic
speech than for sincere speech (Est.=0.428, SE=0.068, #(3865)=7.138, p<.001) and a signifi-
cantly higher mean amplitude for sarcasm than for neutrality (Est.=—0.565, SE=0.068,
#(3865)=—8.363, p<.001). Set was also reported as a significant main effect, (1, 3865)=7.3921,
p=.007, together with a significant interaction between Attitude and Set, F(2, 3865)=7.2853,
p=.0007. Both sets shared the same pattern as the overall pattern, but the utterances with the inten-
sifier had a lower mean amplitude and a larger distinction between sarcasm and neutrality. The
analysis of the amplitude range revealed a significant main effect of Attitude, F(2,3865)=172.3087,
p<<.001, and of Set, F(1, 3865)=63.4851, p<.001. Sarcastic speech had a significantly greater
amplitude range than sincere speech (Est.=—0.156, SE=0.063, #(3865)=-2.477, p=.013) and neu-
tral speech (Est.=—0.479, SE=0.063, #(3865)=—7.601, p <.001). The two sentence sets shared the
same pattern as the overall pattern, with a greater amplitude range for the utterances with the
intensifier.

3.1.4 Voice quadlity. The analysis of the HNR revealed a significant main effect of Attitude, F(2,
3865)=464.2376, p <.001, and of Set, F(1,3865)=169.1013, p <.001, together with a significant
interaction between Set and Attitude, F(2, 3865)=10.8731, p <.001. Sarcastic utterances had a
significantly higher HNR value (i.e., less breathy voice) than sincere utterances (Est.=—1.056,
SE=0.059, #3865)=—7.074, p<.001) and the neutral utterances (Est.=—0.414, SE=0.059,
#(3865)=—18.036, p <.001), coinciding with the patterns of both sets. Compared to the sentences
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Figure 2. Mean values (z-scores) of the acoustic parameters across three attitudes in the utterances
without (top) and with (bottom) the target intensifier.
Note. Error bars indicate the standard errors.

without the intensifier, those with the intensifier had a lower HNR value and a smaller distinction
between sarcasm and non-sarcasm. The jitter analysis revealed a significant main effect of Atti-
tude, F(2, 3865)=124.2660, p <.001, and of Set, F(1, 3865)=34.7596, p <.001, together with a
significant interaction between Attitude and Set, F(2, 3865)=3.3197, p=.030. The jitter value dif-
ferentiated sarcasm from neutrality with a significantly lower jitter (Est.=0.373, SE=0.068,
#(3865)=5.491, p <.001), but no significant change was found between sarcasm and sincerity. The
pattern of both sentence sets aligned with the overall pattern, displaying a higher value for those
with the intensifier. The analysis of shimmer showed a significant main effect of Attitude,
F(2,3865)=118.4812, p<.001, and of Set, F(1, 3865)=52.5659, p<.001. A lower shimmer sig-
nificantly distinguished sarcasm from neutrality (Est.=0.597, SE=0.069, #(3865)=8.642,
p<.001), which appeared in both sentence sets. A lower shimmer significantly differentiated sar-
castic from sincere utterances without the intensifier. Overall, Cantonese sarcasm is not breathier
than neutrality or sincerity.

3.1.5 Phrase-level analyses. Figure 3 shows the normalized mean values of eight acoustic parame-
ters for the four key phrases, including the target intensifier “zan55hai22 (really),” the DM, the AP,
and the SFP, in the utterances with the intensifier and for the three key phrases in the utterances
without the intensifier across attitudes. For all the parameters in both sentence sets, there were
significant main effects of Attitude and significant interaction between Attitude and Phrase (see
Table 3). Phrase had a significant main effect for all the parameters except for the FO range, mean
amplitude, jitter, and shimmer in the utterances without the intensifier. The following paragraphs
report the patterns according to the key phrases, and Table B1 in Appendix B provides detailed
statistical information.
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Figure 3. Mean values (z-scores) of the acoustic parameters of the three key phrases in the utterances
without the target intensifier (upper panels) and the four key phrases in the utterances with the intensifier
(lower panels) across the three attitudes.

First, compared to the sincere utterances, the target intensifier in the sarcastic utterances was
produced significantly more slowly, with a declination of mean F0, FO range, and mean amplitude
as well as an increase in amplitude range, coinciding with the sentence-level pattern. The patterns
comparing sarcasm and neutrality aligned with the overall sentence pattern of the eight parameters
except for speech rate and HNR. The sarcastic intensifier was produced faster and with a lower
HNR than the neutral one. Larger mean FO and FO range distance between sarcasm and sincerity
were found for the intensifier than for other key phrases, while no distinctive distance was found
for other acoustic parameters, suggesting that the target intensifier mainly carried the alteration of
FO measures.

Second, Cantonese speakers significantly reduced their speaking rate, mean F0, as well as the
mean amplitude and increased the amplitude range while producing the sarcastic DMs in compari-
son to the sincere ones, aligning with the sentential pattern. A higher HNR and a lower shimmer
were only found in the sentences without the intensifier. Coinciding with the sentence-level pat-
terns, the sarcastic DMs were spoken more slowly, with a greater FO range, higher mean amplitude,
higher HNR, lower jitter, and lower shimmer compared to the neutral speech. Significant change
in mean FO was only found in the sentences with the intensifier, showing an increase in the mean
F0, which was opposite to the overall pattern.
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Third, being consistent with the overall sentence pattern, the speech rate, mean FO, and mean
amplitude of the sarcastic APs significantly decreased while amplitude range was significantly
increased, and in addition, there was a higher HNR value as well as a lower jitter and shimmer rela-
tive to the neutral APs. A significantly higher mean FO for sarcastic APs only appeared in the sen-
tences with the target intensifier, which differed from the general sentence pattern.

Fourth, compared to the sincere attitude, the SFPs with sarcastic attitude had a significantly
slower speaking rate, lower mean F0, and lower mean amplitude, following the sentence-level pat-
tern. The change of the other parameters varied according to the sentence sets. There was a signifi-
cantly narrower FO range, a higher HNR, and a lower shimmer for sarcasm than for sincerity in the
sentences without the intensifier, while these three parameters did not significantly change while
the SFPs were produced with the intensifier. A decrease in the speaking rate, mean amplitude, jitter,
and shimmer, together with a greater FO and amplitude range and a higher HNR significantly dis-
criminated sarcastic SFPs from the neutral ones in both sentence sets, being consistent with the
sentential pattern. A significantly higher mean FO only appeared in the sentences with the intensi-
fier, but the pattern differed from the sentential patten.

To sum up, a slower speech rate, lower mean FO, lower mean amplitude, and higher HNR dis-
tinguished sarcasm from sincerity throughout the whole utterance. The SFP did not carry the
change in amplitude range, and the decrease in jitter and shimmer only appeared on the DM. AP in
the utterance without the intensifier as well as DM and AP in the utterance with the intensifier did
not carry the alteration in FO range. A higher mean amplitude, greater amplitude range, higher
HNR value, and lower jitter and shimmer distinguished sarcasm from neutrality throughout the
whole utterance. A faster speech rate appeared on the intensifier, whereas slower speech rate was
distributed for DM, AP, and SFP. Without the intensifier, the declination on mean FO happened for
DM only, and higher FO range appeared on DM and SFP. The change of mean FO was distributed
throughout the utterance with the intensifier, with a lower mean FO for the intensifier and higher
mean FO for DM, AP, and SFP.

3.1.6 Gender differences. The analysis on speech rate revealed a significant interaction between
Attitude and Gender, F(2, 3865)=11.45, p <.001. Both male (Sincerity: Est.=1.063, SE=0.038,
#(1930)=28.025, p<.001; Neutrality: Est.=1.133, SE=0.038, #1930)=29.861, p<.001) and
female speakers (Sincerity: Est.=1.035, SE=0.037, #1930)=27.788, p<.001; Neutrality:
Est.=1.313, SE=0.037, #(1930)=35.249, p <.001) produced sarcasm with a significantly slower
speech rate compared to other attitudes, aligning with the general sentence pattern; however, as
shown in Table 2, the durational difference between sarcasm and non-sarcasm was larger in males’
speech. Mean FO0 also had a significant interaction effect, F(2, 3865)=59.055, p <.001. The mean
FO was significantly reduced to discriminate sarcasm from sincerity by both males (Est.=0.510,
SE=0.070, #(1930)=7.293, p<<.001) and females (Est.=1.122, SE=0.064, #(1930)=17.488,
p<.001), aligning with the overall sentence pattern, with a larger difference for females. Signifi-
cant difference between sarcasm and neutrality only appeared among female speakers (Est.=0.257,
SE=0.064, #(1930)=3.998, p<.001). There was a significant interaction between Attitude and
Gender regarding jitter, F(2, 3865)=10.5982, p<<.001, and shimmer, F(2, 3865)=17.6818,
p<<.001. A lower jitter and shimmer significantly distinguished sarcasm from neutrality by male
speakers (jitter: Est.=0.595, SE=0.067,#1930)=8.881 p <.001; shimmer: Est.=0.449, SE=0.069,
#(1930)=6.501, p<.001) and female speakers (jitter: Est.=0.373, SE=0.069, #1930)=3.440
p<.001; shimmer: Est.=0.597, SE=0.068, #(1930)=8.745, p <.001), coinciding with the general
sentence pattern. However, significant difference between sarcasm and sincerity only occurred in
males’ production (jitter: Est.=0.200, SE=0.067, #(1930)=2.978, p=.003; shimmer: Est.=0.275,
SE=0.069, #1930)=3.976 p <.001).
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Figure 4. Mean values (z-scores) of the eight acoustic parameters across the three attitudes by speakers.

Table 4. Number of the speakers regarding the use of acoustic cues in sarcastic utterances compared to
sincere and neutral utterances (Total number of speakers: 18).

Sarcasm vs. Sincerity

Sarcasm vs. neutrality

Acoustic cues N Acoustic cues N

Slower speech rate 17 Slower speech rate 17
Lower mean FO 13 Lower mean FO 6
Narrower FO range 6 Larger FO range 3
Lower mean amplitude 10 Higher mean amplitude 14
Larger amplitude range 9 Larger amplitude range 12
Higher HNR 12 Higher HNR 14
Lower jitter 3 Lower jitter I
Lower shimmer 5 Lower shimmer 9

To sum up, gender difference existed particularly for mean FO and voice quality parameters.
Female speakers favored the reduction of mean F0, while male speakers usually reduced jitter and

shimmer.
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3.1.7 Individudl patterns. Figure 4 shows the normalized mean values of the acoustic parameters in
the production of each speaker (see Table S1 in the Supplementary Material for the statistical
results). An acoustic parameter which was significantly different between a speaker’s sarcastic and
non-sarcastic production following the overall sentential pattern was considered as being utilized
by this speaker as an acoustic cue to distinguish sarcasm from non-sarcasm. For instance, when an
individual speaker delivered sarcastic attitude with a significantly slower speech rate and lower
mean FO compared to sincere attitude with no significant difference on other parameters, this
speaker was considered to have used a combination of a slower speech rate and a lower mean FO
as the acoustic cues to convey sarcasm.

Table 4 presents how many speakers used a particular cue to differentiate sarcasm from other
attitudes. Results showed that the speakers utilized different combinations of acoustic cues to con-
vey Cantonese sarcasm. None of the speakers applied all the eight cues together. Over half of the
speakers used more than four acoustic cues. A slower speech rate was utilized by most of the speak-
ers (94%) to distinguish sarcasm from sincerity, followed by a lower mean FO (72%), a higher
HNR (67%), and a lower mean amplitude (56%). For the distinction between sarcasm and neutral-
ity, similarly, 94% and 78% of the speakers used a slower speech rate and a higher HNR. Amplitude
variables were also favored by the speakers, with fourteen speakers increased the mean amplitude
and twelve speakers enlarged the amplitude range for sarcasm. In addition, speakers relied more on
the modulation of their voice quality for distinguishing sarcasm from neutrality than from sincerity.
Over 61% of the speakers decreased jitter and 50% of the speakers decreased shimmer for the
former distinction, while less than 28% of the speakers applied these two cues for the latter
distinction.

Variations also existed between the group pattern and the individual pattern for some of the
acoustic parameters. For example, while the group pattern showed that Cantonese speakers usually
increased the mean amplitude and decreased the shimmer to distinguish sarcasm from neutrality,
Speaker 7 produced sarcasm with a significantly lower mean amplitude and higher shimmer value.
While the group pattern indicated that sarcastic speech usually had a greater amplitude range and
higher HNR value than sincere speech, Speaker 11 produced sarcasm with a significantly narrower
amplitude range and lower HNR. Instances could also be found in other speakers’ production in
terms of all the eight parameters (see Figure 4).

To sum up, in comparison to sincere utterances, Cantonese sarcasm was produced with a slower
speech rate, lower mean FO, lower mean amplitude, narrower FO range, greater amplitude range,
and less breathy voice (i.e., higher HNR and lower shimmer). Speech rate, mean FO, mean ampli-
tude, amplitude range, and HNR significantly distinguished sarcasm from other attitudes, regard-
less of whether the utterances contained the target intensifier. FO measures were not consistently
used for the distinction between sarcasm and neutrality. Also, the acoustic cues may not be all
jointly used by the speakers to deliver sarcasm.

3.2 Perception

Figure 5 summarizes the mean scores of the Cantonese listeners’ perceptual ratings for the two
attitudes across sentence sets (with intensifier vs. without intensifier). Wilcoxon signed rank test
comparing the rating scores between the two attitudes (sarcasm vs. sincerity) revealed a significant
difference (Wilcoxon Z=903, p <.001) with a higher rating score for the recognition of sarcastic
utterances (Mean score=4.02, SD=0.34) than for sincere utterances (Mean score=2.46, SD=0.45).
There was a significant main effect of Attitude, F(1, 120)=1235.0626, p <.001, sentence Sets,
F(1, 120)=101.0122, p<.001, and Gender, F(1, 40)=6.1952, p=.017. The rating score of
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Figure 5. Mean rating scores of the two attitudes across sentence sets.
Note. Error bars indicate the standard errors.

Cantonese sarcasm was significantly higher than that of sincerity (Est.=—1.649, SE=0.084,
#(120)=-19.675, p<.001). Utterances with the target intensifier were rated with a significantly
higher score compared to those without the intensifier (Est.=—0.540, SE=0.084, #120)=-6.447,
p<.001), suggesting that the sarcastic and the sincere utterances with the intensifier were respec-
tively perceived as less sincere and more sarcastic than those without the intensifier. Both male and
female listeners shared the abovementioned patterns, but the males’ ratings were significantly
higher than the females’ ratings (Est.=0.149, SE=0.129, #(40)=1.153, p <.001).

3.2.1 Correlation between the acoustic cues and the perceptual rating. The relationship between
acoustic cues and the perceptual rating on sarcastic utterances was examined by investigating
(1) the correlation between the number of acoustic cues used by the speaker to utter a sarcastic
sentence and the rating by the listeners, and (2) the correlation between the acoustic value of each
individual cue and the rating by the listeners.

In terms of the first correlation, whether a speaker utilized an acoustic cue to deliver sarcasm
was determined following the method used for the analysis of individual patterns. A simple linear
regression model indicated that the number of acoustic cues used by the native speakers signifi-
cantly predicted how Cantonese listeners would rate the sarcastic utterances, R?>=0.11,
F(1,48)=6.945, p=.011. The rating scores increased as a function of the number of the eight pro-
sodic cues used (Est.=0.254, SE=0.10, #(48)=2.635, p=.011), displaying a significantly moderate
positive correlation (#=0.33, p=.019).

Several regression models further explored how individual acoustic measure was associated
with the degree of sarcasm perceived by the listeners. Speech rate did not significantly predict the
rating score on sarcasm, F(1, 2098)=0.336, p=.562, while FO measures were significant predic-
tors for the rating scores (Mean FO: R2=0.048, F(1, 2098)=106.5, p <.001; FO range: R>=0.032,
F(1,2098)=71.28, p<.001). The sarcastic utterances were rated significantly more sarcastic (i.e.,
higher score) as the mean FO decreased (Est.=—0.372, SE=0.04, #2098)=—-10.32, p<.001) or as
the FO range became narrower (Est.=—0.286, SE=0.03, #2098)=-8.443, p<<.001). Besides,
amplitude variables also significantly predicted the rating scores (Mean amplitude: R?=0.022,
F(1,2098)=48, p<.001; Amplitude range: R?=0.023, F(1, 2098)=49.97, p <.001). The sarcastic
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Table 5. Mean rating scores and the number of instances for six types of the combinations of acoustic
cues used in the 50 sentences for the perception stimuli (|1 =very sincere; 6 =very sarcastic).

Combination of acoustic cues used Mean rating Count
score (SE)

Type |: Speech rate 2.81 (0.14) 2 (4%)
Type 2: Fundamental frequency + Amplitude + Voice quality 3.41 (0.12) 3 (6%)
Type 3: Speech rate + Amplitude + Voice quality 3.89 (0.09) 7 (14%)
Type 4: Speech rate + Fundamental frequency + Amplitude 4.08 (0.07) 10 (20%)
Type 5: Speech rate + Fundamental frequency + Voice quality 4.65 (0.13) 3 (6%)
Type 6: Speech rate + Fundamental frequency + Amplitude + Voice quality 4.17 (0.05) 25 (50%)

utterances were rated significantly more sarcastic as the mean amplitude decreased (Est.=—0.262,
SE=0.04, 1(2098)=-6.928, p<.001) or as the amplitude range enlarged (Est.=0.224, SE=0.03,
#(2098)=7.069, p<.001). With regard to the voice quality parameter, HNR, R?>=0.004, F(I,
2098)=9.601, p=.002, significantly predicted the perceptual rating, with an increasing score for
sarcastic utterances as the amount of noise reduced (Est.=0.148, SE=0.05, #2098)=3.099,
p=.002). Jitter, R>=0.007, F(1,2098)=15.34, p < .001,and shimmer, R>=0.004, (1,2098)=10.02,
p=.002, were also significant predictors, displaying that the decreasing jitter (Est.=—0.165,
SE=0.04, #2098)=-3.916, p<.001) and shimmer values (Est.=—0.097, SE=0.03,
#(2098)=-3.165, p=.002) contributed to an increasing rating score on sarcastic utterances. Model
comparisons suggested that the effect of a lower mean FO for the prediction of perceptual rating on
sarcasm was better than other acoustic cues (see Table C1 in Appendix C for the statistical informa-
tion). Across perceptual correlates, pitch, being index with a lower mean FO and narrower FO range,
played a more important role in predicting the degree of sarcasm compared to other variables.
However, the low adjusted R-squared value of all the individual cues indicated that each individual
cue could not explain much variance of the perceptual rating on the degree of sarcasm, suggesting
that it may not be easy for the native listeners to clearly understand the sarcastic meanings with only
one acoustic cue.

Table 5 summarizes the acoustic cues used by the speakers in the stimuli. The analysis of lis-
tener’s rating, with the Acoustic cues as fixed effect and Listeners as a random intercept, revealed
a significant main effect of Acoustic cues, F(5, 2053)=21.813, p<.001. It was difficult for the
listeners to identify the sarcastic meaning based on a slower speech rate alone. Also, without either
a slower speech rate (i.e., Type 2) or a change in FO (i.e., Type 3), the rating scores for the sarcastic
utterances were lower than the overall mean scores and the rating for the sarcastic sentences with
either one of these two cues (i.c., Type 4, Type 5, and Type 6). The combination of speech rate, FO
measures, and voice quality (Type 5) were rated significantly more sarcastic than each of the other
types (see Table C2 in Appendix C).!

To sum up, a slower speech rate was an important cue differentiating sarcasm from sincerity by
Cantonese speakers, but it may not serve as a sufficient cue of sarcasm for the native listeners.
Pitch was an important correlate for perceiving Cantonese sarcasm, considering that a lower mean
FO or narrower FO range could predict a higher degree of sarcastic detection, followed by the
change in amplitude variables and the voice quality shifts. Compared to individual cues, it would
be easier for the native listeners to identify the implied sarcastic meaning when more acoustic cues
were jointly utilized in a sarcastic utterance by native Cantonese speaker.
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Discussion

The present study examined three prosodic variables, including speech rate, FO variables, and
amplitude variables, as well as voice quality measures, including HNR, jitter, and shimmer, for
utterances with sarcastic, sincere, or neutral attitudes in Cantonese. Measurements of each param-
eter on the key phrases (i.e., the intensifier, the DM, the AP, and the SFP) were done to evaluate
how Cantonese speakers change their prosodic features and voice quality when expressing differ-
ent attitudes. Our findings indicate that Cantonese speakers usually change at least one of the
acoustic variables to differentiate their expressions of sarcasm from non-sarcasm. Cantonese lis-
teners can discriminate sarcasm from sincerity based on the acoustic cues alone without semantic
contexts. The more acoustic cues were utilized in a sarcastic speech, the easier it would be for the
listeners to understand the implied sarcastic meaning.

4.1 Acoustic cues of sarcasm

Compared to sincere utterances, Cantonese sarcasm is conveyed by a slower speech rate, decreases
in mean FO and mean amplitude, a narrower FO range, a greater amplitude range, a higher HNR,
and lower jitter and shimmer.

Speech rate has been reported to be a strong prosodic marker of sarcasm by studies on different
languages, and this is also confirmed by our study on Cantonese sarcasm. Most of the Cantonese
speakers decreased their speaking rate for different parts across the sarcastic sentence, and such a
declination also helped enhance the accuracy rate together with other acoustic cues for Cantonese
listeners to recognize sarcastic meanings. Considering that a slower speech rate has been reported
to significantly distinguish sarcasm and sincerity in Cantonese in terms of production in a previous
study (Cheang & Pell, 2009) as well as the production and perception in our study, this cue can be
regarded as a stable and prominent acoustic marker for Cantonese sarcasm. A slower speech rate
for sarcastic speech than for sincere speech has also been found in other languages, such as English
(i.e., Bryant & Fox Tree, 2002; Cheang & Pell, 2008; Chen & Boves, 2018; Rockwell, 2007),
Italian (i.e., Anolli et al., 2002), French (i.e., Loevenbruck et al., 2013), and Mexican Spanish (i.e.,
Rao, 2013). The purpose of communication contributes to variation in speech rate, and speech rate
influences global perception of speaker confidence on persuasion; for example, a slower speech
rate is perceived to be more persuasive (Fujihara, 1986; Guyer et al., 2019; Haiman, 1998; Kreuz
& Roberts, 1995). When expressing sarcasm, speakers tend to use acoustic cues to deliver inten-
tions which do not align with the literal meanings of the content, and slowing down the speed can
help attract listeners’ attention to the intended sarcastic meaning. Therefore, it is not surprising that
a slower speech rate marks sarcasm across many languages which have been investigated.

Our findings further suggested that amplitude variables can be regarded as a consistent cue of
Cantonese sarcasm. For example, over half of the speakers modified the mean amplitude and
amplitude range to distinguish sarcasm from other attitudes. Also, the patterns of how the speakers
changed their mean amplitude to produce sarcastic sentences were aligned in our study and in
Cheang and Pell (2009). The consistency of the amplitude cue in Cantonese sarcasm diverged from
its role in English sarcasm in which amplitude was an inconsistent cue based on varied results
across studies (e.g., Cheang & Pell, 2008; Rockwell, 2007).

FO is another variable being regarded as a prominent cue of sarcasm in different languages,
although the actual patterns vary; for instance, a lower mean FO and more restricted FO range are
associated with English sarcasm (i.e., Bryant & Fox Tree, 2002; Cheang & Pell, 2008; Chen &
Boves, 2018; Rockwell, 2007) while a higher mean FO and greater FO range are associated with
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Italian sarcasm (i.e., Anolli et al., 2002). Our findings suggest that a lower mean FO functions as
the secondary cue stably distinguishing sarcasm from non-sarcasm by native Cantonese speakers
and serves as a prominent cue enhancing the degree of sarcasm perceived by the native listeners. It
is reasonable that FO measures play a useful role because a change of FO functions as an important
strategy for Cantonese speakers to convey pragmatic and affective states (Chan & To, 2016). Most
importantly, our findings contrast with those in Cheang and Pell (2009), which reported that
Cantonese sarcastic speech was marked by an increase in mean F0. A possible explanation for the
difference may be the improved elicitation method in our study, which lets the speakers respond in
a more natural way. Also, our study recruited native Hong Kong Cantonese speakers who were less
influenced by the exposure to English intonation compared to the participants in Cheang and Pell
(2009) who emigrated to Canada as young adults. Considering the more consistent results for both
production and perception and the larger sample size of participants and responses in our study, we
believe that a lower mean FO found in our study is reliable. Unlike the studies on non-tone lan-
guages suggesting that speakers were sensitive to FO measures in distinguishing sarcastic speech
from normal speech (i.e., neutrality) and from sincere speech, this cue was mostly used by
Cantonese speakers to distinguish sarcasm from sincerity. For example, over 72% of the speakers
lowered their mean FO in sarcastic speech compared to sincere speech while only 33% of the
speakers modified the mean FO for the distinction between sarcasm and neutrality. Furthermore,
Cantonese speakers did not use FO range as a major cue to express sarcasm; for instance, less than
33% of the speakers applied this cue to distinguish sarcasm from non-sarcasm. It has been a
research question as to whether or not local pitch movement may affect the application of FO for
expressing or perceiving the global meaning of an attitude in tone languages (Ross et al., 1986).
Some early studies reported that pitch in tone languages signals tones directly, and the intonation
of an utterance may be restricted by the need to preserve the citation tones within the utterance,
which may further reduce the freedom of using FO for “affective-prosodic signaling” (Connell et
al., 1983; Ross et al., 1986). The inconsistency of changing the FO for distinguishing sarcasm from
non-sarcasm in our study may be such an example. Therefore, FO variable, specifically FO range,
may not be as stable as other prosodic cues (i.e., speech rate and amplitude) in tone languages in
the distinction of sarcasm from other attitudes (e.g., neutral speech).

In addition, our findings provide more evidence for the notion that speakers may modulate their
voice quality while expressing sarcasm, as reported in previous studies (e.g., Cheang & Pell, 2009;
Gobl & Chasaide, 2003; S. Lietal., 2020; Yang, 2021). A higher HNR value stably marks Cantonese
sarcasm, distinguishing sarcasm and non-sarcasm by native speakers and enhancing the recogni-
tion of the sarcastic meanings by the listeners. Our findings also align with the pattern reported in
Cheang and Pell’s (2009) study. However, unlike the HNR value, Cantonese speakers did not usu-
ally modulate jitter and shimmer to distinguish sarcasm from sincerity. For example, over 50% of
the speakers in our study lowered jitter and shimmer to discriminate sarcastic speech from neutral
speech, whereas less than 28% of them applied these two cues for the distinction between sarcasm
and sincerity. The combination of a higher HNR and a lower jitter found in Cantonese sarcasm also
marks Mandarin sarcastic speech (S. Li et al., 2020), displaying a different pattern from English
(Cheang & Pell, 2008, 2009; Yang, 2021) and Korean (Yang, 2021), where higher jitter and lower
HNR value conveyed sarcastic utterances. Further examination of voice quality, for example, audi-
tory analysis by listeners’ ratings, could be conducted for a more comprehensive understanding of
how voice quality characterizes sarcasm.

Given the above comparisons, sarcasm is delivered by a combination of different acoustic cues,
and the patterns are language specific. The slower speech rate and the decrease in the amount of
noise prominently characterize Cantonese sarcasm. The lower mean FO and lower mean amplitude
are the stable cues for the distinction between Cantonese sarcasm and sincerity, while the higher
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mean amplitude, higher amplitude range, and lower jitter and shimmer distinguished sarcasm from
neutrality. For the universality of acoustic cues, the alteration of the speaking rate may be the most
reliable cue for speakers of different languages to deliver sarcasm, and the manipulation of voice
quality may also robustly signify the expression of sarcasm, even though the patterns varied across
languages.

In addition, our findings demonstrate an interaction between context and prosody. A previous
discussion regarding the interplay between context and prosody argued that whether any tone of
voice works together with a positive context should be perceived as sincere (Woodland & Voyer,
2011). Our finding suggests that the positive context produced with a sarcastic tone can be per-
ceived as sarcastic instead of sincere, even though the rating for the sarcastic utterances was closer
to the mid-range compared to that of sincerity. This may be explained by the opinion in Woodland
and Voyer’s (2011) study indicating that it is more likely for the listeners to rate the sentences with
an incongruent match of context and prosody (e.g., positive context with sarcastic tone) as “neu-
tral” compared to the congruent context and prosody pairing (e.g., positive context with sincere
tone). This finding further suggests a significant effect of prosody on the perception of sarcasm.
Listeners were able to recognize a negative meaning while hearing a positive content with a sarcas-
tic tone of voice.

Our findings also provide some preliminary insights about the relationship between production
and perception of sarcastic speech. First, native Cantonese speakers are used to decrease their speak-
ing rate, mean FO, mean amplitude, and the amount of noise to deliver sarcastic meanings, but these
cues may not equally enhance the degree of sarcastic tone perceived by the native listeners. For
example, the decreased speaking rate was the prominent acoustic feature marking the production of
Cantonese sarcasm, but this cue did not guarantee a higher degree of sarcastic tone perceived by the
listeners. The presence of a slower speech rate played an important role in the identification of sar-
casm, but it was difficult for native listeners to identify the sarcastic meaning with this cue alone.
The effect of the lower mean FO and mean amplitude aligned between production and perception of
Cantonese sarcasm, marking the production of sarcasm and enhancing the degree of sarcastic tone
perceived by the listeners. Second, differing from the discrepancy between production and percep-
tion with regard to the individual cue, native speakers and listeners consistently expressed or
detected sarcastic meanings with a combination of several acoustic cues. The more acoustic cues
applied by the speakers to deliver sarcastic feeling, the easier it would be for the listeners to receive
the sarcastic meaning. However, since the production and perception data in the present study come
from the different participants, it is unknown how the same group of participants would produce and
perceive Cantonese sarcasm. More research can be conducted for a deeper understanding about the
relationship between production and perception of sarcastic speech.

4.2 Gender difference and individual variability

In addition to the language-specific features, gender differences and individual variation also char-
acterized the acoustic features of sarcasm. Male and female Cantonese speakers in our study rely
on different cues to distinguish sarcasm from other attitudes. It is shown that in addition to the
slower speech rate, higher HNR value, and larger amplitude range, male speakers relied on the
reduction of jitter and shimmer, while female speakers usually lower the mean F0O. Such gender
difference can be expected since the normal FO range of an adult female voice is wider than that of
an adult male voice, providing more room for female speakers to shift their FO values to express
different attitudes. For male speakers, there might be other cues functioning as compensation for
the narrower scope of FO variation, such as duration reported in British English (Chen & Boves,
2018). The lower jitter and shimmer may also have similar compensation function for male



Lan and Mok 23

speakers producing Cantonese sarcasm. Similar gender differences regarding the modification of
voice quality were reported by S. Li et al. (2020), in that the HNR was considered as one of the
strong predictors of Mandarin sarcasm for female speakers and the jitter predicted sarcasm by male
speakers. These findings further support the notion that gender affects how sarcastic cues change
within an utterance (Rao, 2013).

Besides, our findings provide evidence for answering the question on whether or not the pres-
entation of sarcasm is regular among speakers (Bryant & Fox Tree, 2005; Cheang & Pell, 2008,
2009, 2011). The speakers in our study freely used different combination of acoustic cues to express
sarcasm, and the pattern of the acoustic parameter produced by some speakers did not align with
the overall group pattern, yielding a large individual variation. Different degrees of sarcasm rated
by the listeners also suggest a free combination of the acoustic cues across utterances, and different
cues influenced how well they detect the sarcastic tone. These findings indicate that the strategy for
the expression of sarcasm is not regular but speaker-dependent.

4.3 Sentence-level patterns versus phrase-level patterns

The current study has taken a preliminary step to narrow the investigation on how the prosodic
parameters change at the sentence level and at the phrase level for Cantonese sarcasm. There was
a suggestion that the expression of sarcasm is a global prosodic phenomenon (Cheang & Pell,
2009, 2011); however, our study indicates that it is not necessarily the case in Cantonese. While the
pattern of the cue changes between sarcasm and sincerity in terms of speech rate, mean FO, and
mean amplitude were consistent for all the key phrases and across the sentence as a whole, the
alteration of the FO range, amplitude range, and the voice quality parameters only appeared in some
of the key elements. For example, the SFP was the only phrase carrying the change in FO range and
without a change in amplitude range. Similarly, while speech rate, mean amplitude, amplitude
range, jitter, and shimmer displayed a cue-distributed pattern for the distinction between sarcasm
and neutrality, other parameters did not change in all the key phrases, or the phrasal pattern did not
align with the sentential pattern. For example, mean FO of all the four key phrases was significantly
changed, but only the intensifier and the SFPs displayed the sentential pattern, with a lower mean
FO for sarcasm. The consistency and variation in the phrase-level patterns of amplitude variables
and pitch variables, respectively, further explain why pitch may not be a stable cue for distinguish-
ing sarcasm from neutrality in Cantonese, while amplitude is. It is possible that amplitude serves
as compensation for the lack of global changes in pitch for sarcasm compared to neutral speech in
tone languages.

In addition, regarding the global and local FO features of attitudinal speech in tone languages, it
has been suggested that the local FO features in the words carrying sentential stress are more con-
trastive than the overall FO characteristics in the entire utterance (Gu & Fujisaki, 2016), but this
concept was not borne out in the current study. For example, the mean FO of the sarcastic and
neutral utterances without the intensifier were significantly more distinctive for the entire sen-
tences than for the key phrases.

Considering that some of the acoustic cues distributed throughout the whole utterance whereas
some cues mainly focused on particular parts of the sentence, Cantonese sarcasm is generally a
global phenomenon, but not all cues are equally robust.

4.4 Influences of the insertion of an intensifier

The insertion of an intensifier “zan55hai22 (really)” affected the FO shift in the production of
Cantonese sarcasm. The mean FO difference between sarcasm and non-sarcasm was more
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distinctive for the utterances with the target intensifier than for those without the target intensifier,
and the FO range could not significantly distinguish sarcasm from neutrality without the target
intensifier. The difference regarding the mean FO and the FO range between sarcasm and non-sar-
casm was more distinctive for the intensifier than for other key phrases. In addition, the insertion
of the target intensifier influenced the listeners’ perception of Cantonese sarcasm, making them
perceive the sentences as more sarcastic or less sincere. These findings suggest that Cantonese
speakers may emphasize the target intensifier to facilitate the distinction between sarcasm and non-
sarcasm, contributing to a more exaggerated change in FO, which may assist the listeners to per-
ceive the sarcastic tone more clearly.

The intensifier may also provide a focusing effect with a syntactic cue for expressing criticism,
making the sarcastic intentions more direct and indicative for the listeners. However, even though
this syntactic cue resulted in a slight increase in the rate for sincere utterance, the ratings were still
within the expected range (i.e., 1-3), suggesting that the prosodic cues still take the prominent role,
and the syntactic cue may jointly work with the prosodic cues in sarcasm perception.

4.5 Limitations and future work

Data of the present study supports the essential role of prosodic parameters and voice quality param-
eters in distinguishing sarcasm and non-sarcasm. More research methods (e.g., recording electro-
glottographic signals, auditory analysis) and more parameters (e.g., contact quotient, peak increase
in closure, H1-H2) can be included for further investigations on how voice quality cues signal the
production and perception of Cantonese sarcasm. Furthermore, the present study collected data
from college-aged Cantonese-speaking participants in Hong Kong. Future investigations can include
larger group of participants diverging in age (e.g., children vs. young adults vs. older-aged speakers)
or with different language backgrounds (e.g., heritage Cantonese speakers or bilingual speakers,
L2-Cantonese or L3-Cantonese speakers). The connection between social factors and how speakers
produce sarcastic tone is also worthy of investigation. For example, it is interesting to know whether
a speaker’s attitude toward sarcasm and whether the speakers having or growing up with different
social status may influence how they produce or perceive a sarcastic tone of voice.

In conclusion, sarcastic speech is marked by a combination of acoustic correlates, but the pat-
terns are language-specific and speaker-dependent. Cantonese listeners were able to recognize the
sarcastic tone based on the prosodic cues alone. The more prosodic cues being applied by the
speakers, the easier it would be for the listeners to understand the implied sarcastic meaning. The
insertion of the target intensifier “zan55hai22 (really)” functions as an enhancement of the sarcas-
tic intonation in Cantonese. Our study contributes to a more comprehensive understanding about
the relationship between prosody and sarcastic speech by using an improved method and extends
the investigation on Cantonese sarcasm by including more voice quality parameters. The sentence-
level and phrase-level findings provide evidence for the discussion on whether sarcasm is a global
or local phenomena, and more studies can be conducted to corroborate our findings.
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Note

1.  Apossible explanation for the higher score for Type 5 than for Type 6 is that one of the stimuli in Type 5
was rated with a score of 5-6 by all the listeners, resulting in an increase in the total rating score for this
type. Several acoustic parameters in this utterance had a larger degree of modification than utterances in
Type 6, which might contribute to a higher rating score.
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Appendix C

Statistical information for the analysis on the perception data

Table Cl. Summary of the adjusted R-squared, sigma, AIC, BIC, and the p value of the regression models
on perceptual rating scores on sarcastic utterances as a function of each acoustic parameter.

adjusted R? sigma AIC BIC p value
Speech rate -0.0003 1.54 7,763 7,780 .562
Mean FO 0.048 1.50 7,660 7,677 <.001
FO range 0.032 1.51 7,694 7,711 <.001
Mean amplitude 0.022 1.52 7,716 7,733 <.001
Amplitude range 0.023 1.52 7,714 7,731 <.001
HNR 0.004 1.53 7,754 7,771 .002
Jitter 0.007 1.53 7,749 7,765 <.001
Shimmer 0.004 1.53 7,754 7,771 .002

Table C2. Summary of the results for the comparison of the perceptual rating scores on the utterances

with different combinations of acoustic cues (df=2053).

Estimate SE t value Pr (>1t))
(intercept) 4.651 0.14 33.735 <.001
Type: Type | Speech rate -1.841 0.21 —-8.860 <.001
Type: Type 2 FO + Amplitude + Voice quality -1.238 0.19 —6.661 <.001
Type: Type 3 Speech rate + Amplitude + Voice quality -0.766 0.16 —4.879 <.001
Type: Type 4 Speech rate + FO + Amplitude -0.574 0.15 —-3.783 <.001
Type: Type 6 Speech rate + FO + Amplitude + Voice quality -0.530 0.14 -3.818 <.001

The intercept refers to Type 5: Speech rate + Fundamental frequency + Voice quality.



