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ABSTRACT

This paper presents the results of an analysis of
representative patterns of laughter by 4 males and 4
females, extracted from a corpus of natural
conversation speech. In this study, two types of
laughter were categorized by a production viewpoint:
spontaneous laughter and intentional laughter. The
analysis of laughter patterns focused on the number
of calls, vowel-quality, and other acoustic
characteristics, such as breathy voice and pressed
voice. The results showed different trends between
the patterns of spontaneous laughter and intentional
laughter. A common pattern in spontaneous laughter
among all the subjects has been observed, while the
patterns of intentional laughter were more individual-
dependent and varied, for example, with the usage of
nasal sounds and ingressive laughter. However, many
of the laughter patterns were found in both
spontaneous laughter and intentional laughter, which
indicates that other contextual information will also
be necessary to understand laughter in dialogue
communication.

Keywords: laughter, individuality, spontaneous
laughter, intentional laughter, laughter pattern.

1. INTRODUCTION

Laughter is a common behavior throughout life and
forms an essential component of nonverbal
communication in human social interaction. It is
reported that laughter is frequently produced in
diverse social situations and with large behavioral
variability [1]. For example, [2] classifies laughter
into seven types, including humorous laughter, social
laughter, ignorance laughter, anxiety laughter,
derision laughter, apologetic laughter, and tickling.
Moreover, it is reported that there is evident diversity
in laughter sex and individual identity [3, 4]. In [3],
acoustic analysis was conducted for naturally
produced laugh bouts recorded from 97 young adults
as they watched funny video clips. The outcomes
proved that remarkable variability is found in
fundamental ~ frequency  characteristics  and
individuals have their own unique laughter patterns.
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On the other hand, the evaluation of synthetic
laughter and natural laughter showed that listeners
were able to use acoustic characteristics such as laugh
duration and FO to understand the intentions and
emotions of the laughing person [5,6]. Furthermore,
the contrast between voiced laughter and voiceless
laughter has been shown to be an essential difference
in laughter variation, with voiced laughter being
associated with more positive impressions than
voiceless one [7,8].

However, most of the works related to laughter use
dialogue data from pairs of speakers, while only a few
deal with situations where multiple speakers are
present in the environment [9]. We believe that richer
phonetic features and laughter patterns exist in multi-
speaker conversation data, which is more appropriate
for studying the individuality of laughter. Thus, we
analyzed laughter in three-way free conversation data
in the present work.

2. SPEECH DATA AND ANNOTATION

2.1. Description of the multi-speaker conversation
data

A three-party conversation database was used in our
analysis. Fig. 1 shows the scenery of the soundproof
room where data was collected. The three speakers sat
equidistantly around the center table. The database
contains several sessions of topic-free conversations
of 15 to 20 minutes. Headset microphones and
cameras were set up for each subject. Around 13
hours of conversation data by 4 males and 4 females
(described as F1-F4 and M1-M4 below) were used in
the present laughter analysis. The males are graduate
students in their 20s, and the females are research
assistants in their 30s to 40s.

Figure 1: The scene of the three-party dialogue data
recording.



ICPhS

5. Phonation and Voice Quality

Depending on the positional relationship between
speech and laughter, laughter is classified as “speech
laughter” which occurs along with speech utterance,
and “stand-alone laughter” which occurs alone
without speech [10, 11]. In this work, only stand-
alone laughter is targeted.

2.2. Structure of laughter

In [12-15], laughter was analyzed at three primary
levels: “segment,” “call,” and “bout.” Fig. 2 shows
the hierarchical structure of laughter. At the
segmental level, laughter is composed of consonants
and vowels. A different segment is recognized when
the spectrogram components reflect a clear change in
production mode. In actual laughter, it is reported that
the first formant is raised and vowels tend to be
centralized (schwa) [16]. The call level consists of a
combination of consonants and vowels or a single
vowel. The call is also called “note” or “syllable.” At
the bout level, laughter consists of one or more calls,
and is typically produced during one exhalation.
Although many bouts ended with audible inhalations
or exhalations, these sounds were not included in
bout-level characterizations unless they were deemed
to be critical to the laugh itself [3]. Furthermore, a
sequence of multiple bouts is called a laughter
episode.

exhalation [ | [

inhalation | |
consonant (|

vowel (]

call | —

bout ! |

episode !

Figure 2: The hierarchical structure of laughter
(adapted from [15]).

In this work, we first split the laughter episodes
from all speech data, and then split the laughter
episodes into bout levels. The following sections 2.3
and 2.4 are both performed at the bout level.

2.3. Spontaneous laughter and intentional laughter

In speech communication, whether the expression is
natural or created is a crucial point to be considered
[17]. From this production viewpoint, we categorized
laughter into two types: spontaneous laughter and
intentional laughter.

Spontaneous laughter includes the speaker’s
involuntary emotion, while intentional laughter is
related to the speaker’s attitude, intention, and
intentionally generated emotion. Unlike spontaneous
laughter, when a speaker produces intentional
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laughter, the listener’s reaction might be taken into
account for the expression. However, we also
recognize the existence of spontaneous laughter with
an intentional part, as well as intentional laughter with
a spontaneous part. Furthermore, individuality is
unavoidably imparted to speech behavior.

The laughter types were annotated by three
research assistants, based on audio and video of the
laughter events with 5-second pre- and 3-second post-
context. Laughter events with two or more matches
were used in the analysis. Table 1 shows the number
of laughter events per speaker.

Speaker Spontaneous Intentional
F1 43 42
F2 16 60
F3 26 26
F4 36 56
M1 22 39
M2 10 9
M3 7 28
M4 21 56

Table 1: The number of laughter events per speaker.
2.4. Annotation of laughter patterns

Taking knowledge from past works on laughter into
account, we annotated laughter from the following
three viewpoints, as shown in Table 2. Firstly, we
divide laughter into four groups by the number of
calls: laughter with only 1 call, laughter with 2 or 3
calls, laughter with 4 to 9 calls, and very long laughter
with 10 calls or more. Secondly, we describe the
vowel-quality of laughter, including Japanese vowels,
schwa, and nasal sounds, as well as breathiness. In
addition, other prosodic and voice quality
characteristics such as pressed voice, falsetto voice,
intensity, and some special ways of laughter are also
described.

Number of calls Label 1
1 call 1
2/3 calls 2
4-9 calls 3
10 calls or more 4
Vowel-quality Label 2
Japanese vowels a,iueo
schwa @
nasal n
breathiness pharynx X

velar h
Other voice quality characteristics Label 3
pressed voice *
falsetto voice f
strong (high intensity) S
weak (low intensity) w
ingressive laughter g

whole-voiced (sequence of short calls)

Table 2: The annotation of laughter patterns.
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The “whole-voiced laugh” item indicates a
continuous sequence of calls with short duration,
where usually FO makes small up-down movements
between the short calls.

The annotation of laughter patterns is conducted
by the first author and two research assistants. The
agreement rate between the annotators was not high
for laughter patterns (around 50% agreement for two
or more annotators). Disagreement mainly occurred
in vowel-quality perception (for example, between
the vowel /a/ and the schwa vowel). In case of
disagreement, the first author’s judgment prevailed.

3. ANALYSIS OF THE LAUGHTER
PATTERNS

3.1. Variation of laughter call and vowel quality

Table 3 shows the vowel-quality items that appeared
in the laughter segments arranged by the laughter type
(spontaneous or intentional) and the groups of
laughter calls (1 to 4). The phonetic symbols are
ordered according to the number of occurrences.

Vowel-quality

1(19) X (14), @ (4),a(2),n (2)

2(52) @ (38), x (23), a(10), n (6), * (4), e (3)

@ (63), a (45), x (18), * (14), n (3), h (3),
f(3)

4(5) @(4).a(2),* @)

1(58) X (47), n (15), @ (10), a (8), e (5)

@ (67), x (51), n (44), e (14),a (11), h

sp
(181) | 3(105)

in | 2(147)
(7), u(5)
(316)
3(108) | @ (68), x (23), a (18), n (18), e (9)
4(3) @@3)

Table 3: The distributions of vowel-quality items
for different laughter call groups and laughter types.
(Number of occurrences are within brackets.)

It can be first observed that laughter call groups 2
and 3 (i.e., the groups of 2/3 calls and 4-9 calls) show
the largest occurrences, with group 3 being
predominant in spontaneous laughter, and group 2
predominant in intentional laughter.

Regarding vowel-quality, it can be observed that
schwa vowels (@) are predominant in all groups
except for group 1 (single call), followed by

breathiness (x), the vowel /a/, and the nasal sounds /n/.

For group 1, the laughter is almost composed of
breathy phonation (x). Regarding the call groups 2
and 3, other vowels such as /e/ and /u/, and pressed
voice (*) also appear with higher frequency.

We also noticed that vowel-quality could change
inside a laughter bout. This change was observed in
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both spontaneous laughter and intentional laughter,
with a tendency for the vowels like /a/, /i/, and /u/ to
change into schwa vowels (which can be considered
as the default vowel quality during laughter), and for
schwa vowels to change into the vowels /a/ (which
corresponds to laughter realized by open mouth,
mainly in big laughter).

3.2. Relationship between laughter patterns and
laughter types

As Table 3 shows, compared to spontaneous laughter,
intentional laughter has more vowel-quality variation,
especially the vowels /e/ and nasal sounds /n/. On the
other hand, spontaneous laughter has more patterns
with pressed voice (*).

The typical laughter patterns of each speaker were
grouped, and those that occurred twice or more were
summarized in Table 4. Fig. 3 shows the waveform,
FO and spectrogram of some representative patterns.

Typical pattern groups Other features
1% (5), 2@/2@x (5), .
o P (3) | 32(7). 3@/3@x (19) s (19), " (10)
. 1x (7), 1@x/1ex/1nx (7),
n(42) | >@2@x (4), 3@ (12) (e = )
sp (16) | 2@x (2), 3@/3@x (9) w(2),93)
F2 | . 60) 2@/2@x (14), 2n/2nx (7) s (2), w (5),
1l 3@/3@x (14). 3e/3ex (6) | 9 (2)
2o 30650 A
. 2a(2), 3@ (4), 3a(3), s (6), w (2),
@) | 3n () 9(3).-(2)
s | 20 (5).2a(2,3@B@x | s(1),w(d),
» PB36) | (11),3a (3), 3h+q (2) 303)
) 1ax (3), 2@12@x (20),
N (6) | snonx (12), 3@ (4), 3a(3) | W@~ G)
sp (22) | 3@ (10), 2@ (4), 2@x (3) f(5),* ()
M1 [ 1x (5), 1@x (3), 1n/1nx (7)
in (39) 2@ (10), 3@x(6) w (5)
o L2 (0) | 2@ (2). 3atg (4) s(4).9@)
in© | 2e@)
Ma [ u iaJr(gz)(zi@ 2),2@ @) 20
. X , X 9
8 | 3@+g(8).3a(2), 4@+g(2) | 412
) | R DD 56,00
M4 1= 55 | 12X/1ex/Inx (6), 2@72@% | w (10), g (9),
N (56) | (7), 2n/20x (18). 3@+9 (6) | ~ (2)

Table 4: Typical pattern groups of
spontaneous laughter and intentional laughter.
(Number of occurrences are within brackets.)

In spontaneous laughter, call group 3 (4-9 calls)
was found to have the largest variety of laughter
patterns. 2@, 2@x, 3@, 3@Xx, 3a are the most typical
examples. A common pattern can be observed among
the spontaneous laughter of all the subjects, “a ha ha
ha”, in which the vowel /a/ tends to be centralized and
becomes a schwa vowel (such as 3@ example in Fig.
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3-3). On the contrary, in intentional laughter, call
group 2 (2/3 calls) was found to have the largest
variety of laughter patterns. Besides the patterns
above, 1x, 2e, 2n, 2nx, and 3n are also commonly
found in intentional laughter.

The rightmost column in Table 4 shows the
number of occurrences of the prosodic and voice
quality characteristics in Label 3, including strong (s),
weak (w), ingressive laughter (g), and whole-voiced
laugh (~). The strong voice is more predominant in
spontaneous laughter, and the weak voice is more
predominant in intentional laughter. However, weak
spontaneous laughter and strong intentional laughter
are also observed. Whole-voiced laugh (Fig. 3-5) is
more observed in intentional laughter. Falsetto voice
appeared only in M1, but all in spontaneous laughter.
Regarding ingressive laughter (Fig. 3-6), no clear
trends were observed between spontaneous and
intentional laughter.

Figure 3: Examples of the representative laughter
patterns. Waveform, FO contour (4 octaves from 55Hz to
880Hz), and spectrogram (8kHz band).

3.3. Individuality of the speakers

The individuality of the speakers regarding laughter
patterns can be observed in Table 4. For example, F1
tends to produce pressed voice in spontaneous
laughter, and whole-voiced laugh in intentional
laughter. M1 tends to use the falsetto voice (f) and
pressed voice (*) in spontaneous laughter. F2 and F4
tend to produce patterns with the vowel /e/ and nasal
sounds in intentional laughter. In particular, laughter
uttered with nasal sounds has a female-like
impression and is considered to have a polite effect.
Regarding the usage of ingressive laughter (g), F1 and
M1 did not use it at all, whereas M3 and M4 made
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extensive use of a series of ingressive laughter in both
spontaneous laughter and intentional laughter. On the
other hand, F2, F4, and M2 tend to produce ingressive
laughter in spontaneous laughter.

4. CONCLUSION

In the present work, we analyzed the laughter patterns
of spontaneous and intentional laughter types in
multi-speaker conversation data. The analysis of
laughter patterns focused on the number of calls,
vowel-quality, and other voice quality characteristics
of laughter. The outcomes showed the variation of the
laughter depending on the speaker and the social
situation.

The laughter with 2 or more calls showed a large
number of vowel-quality variations, with the most
frequently appearing schwa vowel. In the single-call
laughter, breathiness is frequently used. Vowel-
quality could change inside one laughter, but usually
converges to the schwa or /a/ vowels.

Analysis results also revealed the relationship
between laughter types and laughter patterns. VVowel
/el and nasal sounds /n/ appeared with higher
frequency in intentional laughter, whereas pressed
voice in spontaneous laughter. A common pattern (“a
ha ha ha ha”) was observed in spontaneous laughter
among all the subjects, while intentional laughter was
more individual-dependent and showed more
variations in patterns, such as the usage of nasal
sounds, ingressive laughter, and whole-voiced laugh.

Although some trends on the laughter pattern
between spontaneous and intentional laughter could
be observed, many overlaps in some of the laughter
patterns were also observed depending on the speaker.
Part of these overlaps are thought to be
distinguishable from the visual modality including
facial expressions and upper body motions (such
visual information was used to classify laughter types,
but the analysis of this paper focused on audio-only
information). However, others may only be
distinguishable from the conversation context. The
laughter reason and level of the reason may also be
factors to be considered. These are all topics for
future investigation. Also, as the present study was
limited to qualitative analysis of laughter patterns, our
next step is to conduct acoustic analysis to
quantitatively show the differences between laughter
patterns.
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