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Human adult laughter is characterized by vocal bursts produced predomi-
nantly during exhalation, yet apes laugh while exhaling and inhaling. The
current study investigated our hypothesis that laughter of human infants
changes from laughter similar to that of apes to increasingly resemble that
of human adults over early development. We further hypothesized that the
more laughter is produced on the exhale, the more positively it is perceived.
To test these predictions, novice (n = 102) and expert (phonetician, n = 15) lis-
teners judged the extent to which human infant laughter (n=44) was
produced during inhalation or exhalation, and the extent to which they
found the laughs pleasant and contagious. Support was found for both
hypotheses, which were further confirmed in two pre-registered replication
studies. Likely through social learning and the anatomical development of
the vocal production system, infants’ initial ape-like laughter transforms
into laughter similar to that of adult humans over the course of ontogeny.

In social mammalian species, joint laughter contributes to the establishment
and enhancement of social bonds (e.g. great apes: [1,2]; rodents: [3]). Laughter
evolved from the laboured breathing of physical play and in humans ritualized
into a signal that is primarily produced during exhalation (‘ha-ha’; [4,5]). Com-
pared to human adults, infants have little control over their vocal production
apparatus and have had limited opportunities for social learning. Based on
these observations, we sought to test two hypotheses: (i) the extent to which
human laughter is perceived to be produced during exhalation increases over
the course of early ontogeny, and (ii) whether this change maps onto a shift
in listeners’ perception, such that laughter produced more during exhalation
is perceived as more positive.

Similar to many other expressions of emotion, human laughter has its ori-
gins in ancestral non-human primate displays [6,7]. Despite considerable
similarities in laughter patterns across great apes and humans, some notable
differences have also been established. In a study examining tickle-induced
vocalizations from infant and juvenile great apes, including humans, Davila
Ross et al. [1] found that all non-human ape species produced laughter
during exhalation, as well as during mixed exhalation-inhalation (egressive-
ingressive) phases. By contrast, humans exclusively produced egressive laugh-
ter. The authors proposed that over the course of human evolution, egressive
laughter may have been exaggerated after the divergence of hominins from a
common ancestor with chimpanzees and bonobos. Davila Ross and colleagues
included laughter from human infants between 11 and 19 months. However,
laughter emerges in human infants as young as three-months old [8,9]. It
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may be that the production of laughter vocalizations changes
over the course of development, since the vocal tract of a
newborn infant is similar to that of a great ape [10], and
vocal production undergoes dramatic changes within the
first 2 years of life [11,12]. Compared to human adults,
infant vocalizations are generally more likely to include
ingressive sound production [13]. We therefore hypothesized
that infant laughter would be characterized by more ingres-
sive vocalizations compared to adults, and that the degree
of laughter occurring on exhalation would increase over
ontogeny.

Laughter is intrinsically social [14-17]. In fact, laughter is
30 times more likely to occur in social, as compared to soli-
tary, situations [18]. When people laugh, it functions as a
social glue: contagious laughter is associated with longer
social interactions in humans [19], as well as in other species
(e.g. chimpanzees: [20]; geladas: [21]). Shared laughter is par-
ticularly important early in ontogeny in order to strengthen
the essential bond between the infant and the caregiver
[22], and indeed young infants laugh a great deal: the fre-
quency of laughter between mothers and infants over a
period of 20 min is within the same range as that occurring
in a 24 h period for adults [15]. Social learning may shape
laughter production, given that infants are strongly biased
to learn communication skills that result in the caregiver
satisfying the infant’s drives [23]. Through processes of mimi-
cry, imitation and social learning, infants may learn that
voiced, songlike laughs, which are typically produced
during exhalation, yield the most preferable outcomes in
interaction partners [24]. Infants may thus come to produce
more egressive laughter in order to elicit positive affect
from listeners. We therefore hypothesized that the extent to
which laughter was produced on the exhalation would be
positively correlated with adult listeners’ judgements of the
laughs’ contagiousness and pleasantness.

In the present study, we thus sought to empirically test
two predictions on breathing patterns in laughter vocaliza-
tions over the course of early ontogeny. First, we predicted
that the proportion of laughter produced on the exhalation
would be lower in infants than in adults, and that the pro-
portion of egressive laughter would increase over the
course of infant development (3-18 months). Second, we
sought to test whether egressive laughter would be positively
associated with perceived positive affect, potentially making
the shift in vocal production of laughter functionally adaptive
in terms of social relationships.

The study consisted of three experiments, with Experiment 2
being a pre-registered replication of Experiment 1 with new par-
ticipants and completely novel stimulus materials (https://osf.
io/j2d5w) and Experiment 3 a control experiment which is
explained at the end of the result section. As it is not possible
to identify whether vocalizations are produced on an ingressive
or egressive airstream based on a measure derived from the
acoustic signal alone [25,26], we chose to take a ratings-based
approach in which novice and expert listeners made perceptual
judgements of inhalation and exhalation. In Experiment 1, 102
novices (89 female, mean age 23.5 years, range 18-58 years)
and 15 phoneticians (14 female, mean age 35.3 years, range 26—
58 years) participated online. The judgements made by the
novices closely matched those made by the experts (see electronic
supplementary material, table S1), and consequently only

novices were included in Experiment 2 (102 novices, 94 female,
mean age 19.1 years, range 18-23 years). All participants gave
informed consent, and the studies were approved by the local
ethics committee of Leiden University (CEP16-1206/365 and
CEP19-1015/503).

Sound clips of infant laughter were collected from video-
sharing websites (e.g. YouTube) and the authors’ personal net-
works. The laughs used in Experiment 1 and Experiment 2
were produced by different infants. The lower age limit was set
to three months, in order to include the youngest age at which
infants have been found to produce laughter [9], and the upper
limit to 18 months. In general, we determined the infant’s age
based on information provided by caregivers. For the videos
collected from video-sharing platforms, this meant that we
used explicit information mentioned in the title or description
of the video. For example: ‘Austin giggling while I'm tickling
his feet! 7 months 3 days’ or ‘Laughing Baby Vee @ 5 months’.
Only videos with such explicit information were included in
the study. The number of clips was 44 in Experiment 1 and 64
in Experiment 2. No selection criteria other than the age of the
infant and audio quality (no interruptions, dominant back-
ground noise or vocalizations produced by others) were
employed. For each clip, the duration, the infant’s age and sex,
and the cause of the laughter was noted (see electronic sup-
plementary material, table S2 and S3; clip duration was not
correlated with age'). In addition, we included adult laughter
sounds (five clips for the novices in Experiment 1, and eight
clips for the experts in Experiment 1 and the novices in Exper-
iment 2) in order to test whether, compared to adults, infants
would laugh more on the inhalation. All clips had a duration
between 4 and 7 s.

Before the start of the main survey, participants were famil-
iarized with ingressive (produced during inhalation) and
egressive (produced during exhalation) vocalizations by listen-
ing to ingressive and egressive non-laughter vocalizations
produced by human adults (one clip of each). Then, the laughter
clips were played in a random order, and participants were
asked, for each clip, to state their agreement with the following
four statements: (i) the laugh is produced during inhalation; (ii) the
laugh is produced during exhalation; (iii) the laugh is pleasant to
listen to; (iv) the laugh is contagious (when listening to this laugh, I
feel like laughing too). The response format for all judgements
was a continuous slider with a five-point scale below which
had one-decimal accuracy. The scales ranged from never (0) to
always (4) for the first two statements and from strongly disagree
to strongly agree for the last two statements. By using the slider,
participants could not only opt for 0, 1, 2, 3, 4, but also for a
rating in between two round numbers (e.g. 2.3; for an overview
of reliability scores for all ratings see electronic supplementary
material, table S4).

A proportion score for egressive laughter was calculated by
dividing the perceived exhalation score by the sum of the per-
ceived inhalation and exhalation scores. A combined positive
affect score was calculated by taking the average value of the
pleasantness score and the contagiousness score”. Data were
analysed using R v. 4.0.5 (2021-03-31) [27].

A paired samples t-test comparing perceptions of laughter pro-
duced by infants to that of adults confirmed that the proportion
of laughter produced during exhalation was significantly
lower in infants than in adults (Experiment 1: Mingants = 0.62
(s.d. =0.09), Maguis =0.74 (5.d. =0.16), t114=-9.09, p <0.001;
Experiment 2: Mipants = 0.59 (s.d. = 0.09), Mpgus = 0.62 (s.d. =
0.12), t101 = —3.26, p <0.01).
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Figure 1. The proportion of laughter produced during exhalation (a,c) and positive affect scores (b,d) in Experiment 1 (a,b) and Experiment 2 (c,d). The solid line
shows predicted data based on the described multilevel models. The dashed line shows observed data, and the shaded error band indicates 1 s.e.

To test our hypothesis that laughter would be produced
increasingly on the exhalation over the course of infancy,
two identical multilevel beta regression models were gener-
ated, one for each experiment. Infant age was used as a
predictor variable, and the proportion of laughter produced
during exhalation as an outcome variable. The models
included a random intercept per participant and a random
slope as a function of infant age. As hypothesized, egressive
laughter was found to increase with age (Exp 1: §=0.04, odds
ratio (OR)=1.04, s.e.=0.00, z=10.54, p<0.001; electronic
supplementary material, table S5 and figure 1a; Exp 2: =
0.04, OR=1.04, s.e.=0.00, z=9.99, p <0.001; electronic sup-
plementary material, table S6; figure 1c). For exploratory
purposes, we investigated whether this effect was modulated
by the gender of the infant and the gender of the listener. No
reliable effects were observed (electronic supplementary
material, tables S11-514).

Using linear multilevel models including a random inter-
cept per participant, we investigated whether the degree
to which laughter was produced on the exhalation would
predict the amount of positive affect evoked in adult percei-
vers. The proportion of exhalation was used as a predictor
variable and listener positive effect as an outcome variable.
As hypothesized, the perceived proportion of laughter pro-
duced on the exhalation positively predicted positive affect
scores (Exp 1: Fjs5111.5=135.09, p<0.001, electronic sup-
plementary material, table S15; figure 1b; Exp 2: Fy 64000 =
127.24, p<0.001; electronic supplementary material, table
S16; figure 1d )%. Thus, the more the laughter was produced
on the exhalation, the more positively it was perceived.

In order to rule out that the positivity judgements were
influenced by the judgements of whether the laughs were
egressive, we conducted a third, pre-registered study
(https://aspredicted.org/blind. php?x=8e5tx3) in which 102
novices (69 male, mean age 29.8 years, range 18-74 years)
were asked to judge the pleasantness and contagiousness of

a combination of all audio clips used in Experiment 1 and
Experiment 2 (108 infant clips and 13 adult control clips)
without being asked to answer questions about airflow direc-
tion. The average score on the proportion of laughter
produced during exhalation assigned to each clip in Exper-
iment 1 and Experiment 2 was used as a predictor for the
positive affect scores. The pleasantness and contagiousness
scores were combined, as they were highly positively corre-
lated with each other (r=0.77, p<0.001). In line with the
results from Experiments 1 and 2, the proportion of laughter
produced on the exhalation positively predicted positive
affect scores (Fj11014=524.26, p<0.001, electronic sup-
plementary material, table S17). This finding rules out a
potential confound and provides additional support for our
hypothesis that more egressive laughter evokes more positive
responses in adult listeners.

The present study examined changes in the production of
human laughter in early ontogeny. In two experiments, we
found that the proportion of laughter perceived to be pro-
duced during exhalation was lower in infants than in
adults, and that the older the infants, the more their laughter
was egressive. Over the course of early development, human
laughter thus deviates increasingly from the laughter vocali-
zations of non-human primates [1]. Our findings also point to
a likely role of social feedback in developmental changes of
laughter, with laughs produced more on the exhalation elicit-
ing more positive affect in adult listeners. This result was
confirmed in a third independent control experiment where
listeners only had to evaluate the audio clips on positive
affect and not on the extent to which the laughter was
produced during exhalation or inhalation.

Two pathways may explain the shift towards egressive
laughter over ontogeny and the enhanced interpersonal
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effects of egressive laughter. First, developmental changes in
the acoustic features of laughter are likely to relate to human
anatomical development: the vocal tract of human infants
initially resembles that of non-human primates [10], but
undergoes major developmental changes during the first
years [28]. Functionally, infants greatly improve in terms of
vocal control [29] as they start to produce proto-speech vocali-
zations like babbling around seven to eight months [30,31].
Early human infant laughter may thus resemble the laughter
of non-human primates in part due to similarities in terms
of vocal production systems and associated (lack of) vocal
control.

Second, developmental changes in laughter production
may also reflect social learning processes. Infants as young
as six months have been found to mimic sounds produced
by their caregivers [32], and infants are highly receptive to
caregivers’ responses to their pre-linguistic vocalizations [33].
In particular, infants adapt subsequent vocalizations based
on social feedback [29] and human adults have a preference
for voiced, songlike laughs which are produced during exhala-
tion [24]. Processes of imitation and social learning may thus
support the development of gradually more adult-like laugh-
ter [34]. Since laughter induces positive affect in others [24],
infants may over time come to produce laughter with a
higher proportion of exhalation in order to elicit maximally
positive responses from their social environment.

The present study establishes developmental changes in
breathing during laughter production. Further work will be
needed to examine whether these findings map onto changes
in other important acoustic features of laughter, such as
duration, the spectral centre of gravity and harmonics-to-
noise ratio (e.g. [35,36]). Moreover, future work might examine
whether other types of non-verbal vocalizations (e.g. crying)
have similar or different trajectories in terms of the develop-
ment of egressive vocal production whether laughter
production changes further beyond the age range examined
in the present study. Moreover, it would be interesting to
more thoroughly study the developmental trajectory by includ-
ing a greater number of audio clips per age category (in
months). Finally, another potential avenue for future research
would be to determine whether similar developmental changes
occur in the laughter vocalizations of non-human primates.

In conclusion, this study provides novel insights into the
ontogeny of human laughter. Our findings demonstrate that
infants appear to increasingly produce egressive laughter
over the course ontogeny, with more egressive laughter also

being perceived more positively by adults. Thus, human
laughter changes over ontogeny from vocalizations similar
to those of other great apes to laughter resembling that of
human adults.

All participants gave informed consent, and the studies were
approved by the local ethics committee of Leiden University
(CEP16-1206/365 and CEP19-1015/503).

All data and study materials are available in the elec-
tronic supplementary material and will become available after
publication on Dataverse.nl
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There was no confounding correlation between age and the length of
the clip (Experiment 1: = —0.033, p = 0.834; Experiment 2: r = 0.165,
p=0.192).

2A proportion score for exhalation was calculated because the
continuous inhalation and exhalation scores were highly negatively
correlated (Experiment 1: r=-0.91, p<0.001; Experiment 2:
r=-0.85, p<0.001). The pleasantness and contagiousness scores
were combined because they were highly positively correlated with
each other (Experiment 1: r=0.76, p <0.001; Experiment 2: r=0.72,
p <0.001). For the interested reader, we include separate results in
the supplementary material (electronic supplementary material,
tables S7, S8, S9, and S10).

*In two control analyses we ruled out that this effect was the result of
a positive relationship between age and positive affect. Specifically,
after we added age to the models of both experiments, the relation-
ship between the proportion of laughter produced on the
exhalation and the perceived pleasantness remained highly signifi-
cant (Exp 1: Fis1007)=94.07, p<0.001; Exp 2: Fjeu900=53.27,
p <0.001). Variance inflation factors (VIF) were below 4 in both exper-
iments (Experiment 1 VIF =1.02; Experiment 2 VIF = 1.05) indicating
no issues of multicollinearity between age and the exhalation score.
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