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Abstract

Entrainment is a phenomenon that occurs
across several modalities and at different lin-
guistic levels in conversation. Previous work
has shown that its effects may be modulated by
conversation extrinsic factors, such as the rela-
tion between the interlocutors or the speakers’
traits. The current study investigates the role
of conversation type on laughter entrainment.
Employing dyadic interaction materials in Ger-
man, containing two conversation types (free
dialogues and task-based interactions), we ana-
lyzed three measures of entrainment previously
proposed in the literature. The results show
that the entrainment effects depend on the type
of conversation, with two of the investigated
measures being affected by this factor. These
findings represent further evidence towards the
role of situational aspects as a mediating factor
in conversation.

1 Introduction

An aspect frequently observed in conversation is
the fact that interlocutors become more similar to
each other during their interaction, a phenomenon
called, among other terms, entrainment. It has been
seen to occur for different linguistic levels (e.g.,
syntactic Branigan et al., 2000, lexical Brennan
and Clark, 1996; Nenkova et al., 2008, acoustic
Pardo, 2006; Levitan et al., 2015), but also with re-
spect to non-verbal behaviour (Edlund et al., 2009).
Moreover, entrainment effects can be seen both
on the form level (adopting the same structures),
and on the temporal level, through an increase in
temporal co-ordination between interlocutors.

Different points of view on the mechanisms be-
hind entrainment exist, with some viewing it as an
automatic process (Pickering and Garrod, 2004),
while others arguing that the occurrence of entrain-
ment depends on social factors (Pardo, 2012). This
latter viewpoint seems to be supported by stud-
ies finding that various conversation aspects (e.g.,
the role of the interlocutors in the conversation

Beňuš et al., 2014; Reichel et al., 2018, their rela-
tion Menshikova et al., 2021) or individual factors
(e.g., speaker traits Lewandowski and Jilka, 2019,
native language Kim et al., 2011) may modulate or
interact with entrainment.

Laughter is one of the most often encoun-
tered non-verbal vocalisations in spoken interac-
tion (Trouvain and Truong, 2012a), having a wide
range of roles in communication, including social
(Glenn, 2003) and linguistic (Mazzocconi et al.,
2020; Ludusan and Schuppler, 2022). Laughter
has been found to be subject to entrainment effects.
Interlocutors become more similar in their acoustic
realization of laughter, as well as in the timing of
their laughter productions (Trouvain and Truong,
2012b; Ludusan and Wagner, 2019). Laughter pro-
duction may be affected by external factors, such
as the gender of the speaker or the familiarity of
the interlocutors (Smoski and Bachorowski, 2003).
However, no evidence exists towards these factors
modulating the amount of entrainment in laugh-
ter, with previous works investigating these aspects
finding no effect of familiarity on entrainment mea-
sures (Trouvain and Truong, 2012b; Ludusan and
Wagner, 2022).

We investigate here the effect of one conversa-
tion factor, namely the conversation type, on en-
trainment. We define by conversation type the na-
ture of the interaction, considering it to be either
task-based, in which the conversation partners have
a specific task to solve during their interaction, or
free dialogue, in which interlocutors chat freely
about topics of their choice. In particular, we eval-
uate the role of conversation type (free dialogue
vs. two different types of task-based dialogues) on
three measures of laughter entrainment.

2 Materials

Materials from two corpora, the GRASS corpus
(Schuppler et al., 2014) and the DUEL corpus
(Hough et al., 2016) were used for the experiments.
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Type Class Corpus
Duration

#Dyads
Gender

Age
#Laughter

[min] f-f f-m m-m events

free GR GRASS 769 13 4 4 5 30.5 2272
task DA DUEL 103 7 4 2 1 22.7 442
task FS DUEL 104 8 2 5 1 23.1 737

Table 1: Information on the data used in this analysis: conversation type (free dialogue or task-based), conversation
class (DA/FS/GR), the source corpus (DUEL/GRASS), total duration, number of dyads included, gender composition
of the dyads (f-f, f-m, or m-m), average age of the speakers, and number of produced laughter events.

The GRASS corpus (GR) contains both read
materials and conversations between two persons.
We employed here the latter subset of the corpus, in
which the interlocutors (19 dyads), native speakers
of Austrian German, were recorded chatting for one
hour straight. The interlocutors knew each other
beforehand, being either colleagues, friends, family
members or couples. They were asked to chat about
whichever subject(s) they desired, with some pairs
simply continuing the discussion they had before
the recording started. This resulted in spontaneous
conversations including a wide variety of topics,
such as about vacations, local issues, work, family
or relationship problems and public figures. The
materials were orthographically transcribed and
annotated for conversational phenomena, including
laughter (both laughs and speech-laughs).

The second corpus, DUEL, contains dyadic inter-
actions between native speakers of three languages:
French, German and Mandarin Chinese. Two dif-
ferent scenarios from the German part of the corpus
were employed here: Dream Apartment (DA) and
Film Script (FS). For the DA scenario, the inter-
locutors were told they had a large sum of money to
design and furnish an apartment they would have to
share. In the FS task, they were supposed to come
up with the script for a film, based on an embar-
rassing moment, which could have been inspired
from personal experience. The considered mate-
rials were recorded by 10 dyads/scenario (which
differed between the two scenarios). The dyads
were all students, the majority of them being col-
leagues/friends, but also some pairs consisting of
strangers. The corpus was orthographically tran-
scribed and annotated for laughter and other con-
versational phenomena.

In order to control for the effect the relation be-
tween interlocutors might have on entrainment, we
did not consider in our analysis the recordings from
the GRASS corpus that involved family members
or couples (6 dyads). Similarly, we excluded those

between strangers from the DUEL corpus (4 dyads).
In this way, the dyads from both corpora were ei-
ther colleagues or friends. Detailed information on
the datasets considered in the analyses and their
characteristics can be found in Table 1.

3 Methods

We investigated three measures previously em-
ployed in the study of laughter entrainment, all
of which were computed at the dyad level. They
included both temporal-related entrainment mea-
sures such as the amount of overlapping laughter
produced by the interlocutors and the synchrony
of the produced laughter, and form-related ones,
namely the difference in maximum intensity be-
tween non-consecutive and consecutive laughter
produced by the speakers in the dyad. We exam-
ined whether the results of these measures varied
with the conversation type (free vs. task-based di-
alogue), while also considering a second analysis
level, the conversation class (examining here three
classes: GR, DA, FS).

The first measure, the amount of overlapping
laughter, was inspired by the temporal alignment
proposed by Trouvain and Truong (2012b) as a
measure of laughter entrainment. A higher amount
of overlapping laughter implies a higher level of en-
trainment. The measure was determined by count-
ing all events in which the two interlocutors were
laughing at the same time (we took into account
any amount of overlap), as well as the total num-
ber of laughter events produced during the interac-
tion. We then applied logistic regression models to
test the differences between the various conditions
(conversation type/class), by considering the odds
of overlapping laughter, represented by the pair
(overlapping laughter counts, total laughter counts -
overlapping laughter counts) as dependent variable
of the model and the condition as predictor.

For the synchrony measure, we applied the pro-
cess described in Ludusan and Wagner (2019).
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However, since we had recordings of different
lengths within and across datasets, we did not split
the recordings into a fixed number of bins. Instead,
we used bins of equal duration – 90 seconds (15
minutes / 10 bins, as in Ludusan and Wagner 2019).
We then counted the number of laughter events pro-
duced by each speaker in each bin and computed
the synchrony, defined as the Spearman ρ correla-
tion coefficient between the vectors composed of
the binned laughter counts of the interlocutors in a
conversation. Positive values of this measure rep-
resent entrainment. These first two measures were
computed on the data from all 28 dyads included
in the study.

The form-related measure characterizes the sim-
ilarity of consecutive laughter pairs produced by
the interlocutors in terms of maximum speech sig-
nal intensity (Ludusan and Wagner, 2022). The
intensity was computed by means of the Praat soft-
ware (Boersma and Weenink, 2020), employing a
minimum pitch of 75 Hz and subtracting the mi-
crophone DC offset. The maximum value over
each laughter event was then considered for this en-
trainment measure. Consecutive laughter pairs are
composed of the laughter event of a speaker either
overlapping with or followed within one second, by
a laughter produced by their interlocutor (similar to
the definition of antiphonal laughter in Smoski and
Bachorowski 2003). We then compared the differ-
ence in intensity between the laughter events of a
consecutive pair (intDC) with the same measure
computed between the events of non-consecutive
laughter pairs (intDN ). Non-consecutive pairs
were composed of a laughter event from a con-
secutive laughter pair, and a randomly sampled
laughter produced by the interlocutor, except for
the one in the same consecutive pair (see Ludusan
and Wagner 2022 for more details). The measure
was then defined as: intDN - intDC , with pos-
itive values denoting entrainment. This measure
was analyzed for 27 dyads, those which produced
at least 5 consecutive laughter pairs (one all-male
dyad from the GRASS subset was removed).

In addition to comparing these three measures
across conversation types, we also determined
whether the obtained values represent entrainment
or not. For the intensity-based measure, a posi-
tive value significantly different from 0 denotes
entrainment, and the opposite effect for negative
values. For the overlapping laughter and the syn-
chrony measures, we determined whether the dyads

achieved entrainment, by comparing their value
with those obtained for all pseudo-dyads, similarly
to previous work on entrainment (e.g, Ramseyer
and Tschacher, 2010). For each dyad in the investi-
gated subset, we created pseudo-dyads, by putting
together the speech of each speaker within the dyad
with all other speakers in that subset, but the one
from the same dyad. For each created pseudo-dyad,
the two entrainment measures were computed and
the average value across all pseudo-dyads was com-
pared to the entrainment measure of the actual dyad.
If the latter was significantly higher than the former,
it represented entrainment, while a significantly
lower value meant disentrainment.

Finally, there are characteristics which we could
not control for in the analyzed data and which may
influence laughter production and possibly, indi-
rectly, its entrainment. Therefore, we examined
any effect that dyad gender composition (two clas-
sifications: f-f/f-m/m-m or same/mixed-gender) or
age (two measures: absolute age difference or aver-
age age of the dyad) may have on the entrainment
measure.

For all analyses except for the ones pertaining
to the overlapping laughter measure (which em-
ployed logistic regression), linear regression mod-
els were fitted with the respective measure values
as dependent variable and the various factors in-
vestigated as predictors. In case the residuals of
the fitted models were found to be not normally
distributed (by means of a Shapiro-Wilk test), we
applied a corresponding non-parametric method:
either a Wilcoxon rank-sum test (for two groups),
or a Kruskal-Wallis test (for three groups). To
determine whether the studied measures show en-
trainment on each subset we compared them (either
with the 0 level or with the value obtained for the
pseudo-dyads) by means of t-tests or Wilcoxon
tests (if the samples were not normally distributed).
All statistical analyses were run using the appro-
priate functions of the R software (R Core Team,
2020).

4 Results

The values of the three investigated measures
across the considered conversation types and
classes are illustrated in Figure 1 and Figure 2, re-
spectively.

In terms of percentage of overlapping laugh-
ter between the interlocutors, both conversation
types showed entrainment (Figure 1, left panel),



171

●

●

0.0

0.1

0.2

0.3

0.4

0.5

free−dialogue task−based

Conversation type

O
v
er

la
p
p
in

g
 l

au
g
h
te

r 
[%

]

●

●

−0.5

0.0

0.5

1.0

free−dialogue task−based

Conversation type

S
y
n
ch

ro
n
y
 [

S
p
ea

rm
an

 r
h
o
]

●

−0.2

0.0

0.2

0.4

free−dialogue task−based

Conversation type

In
te

n
si

ty
 d

if
fe

re
n
ce

 [
d
B

]

Figure 1: The results of the investigated entrainment measures, with respect to the considered conversation types:
overlapping laughter (left panel), synchrony (middle panel) and form-related measure (right panel). The horizontal
line represents the median value, the hinges of the boxes the first and third quartiles, and the whiskers going up to
1.5*IQR (inter-quartile range) from the hinges.

as revealed by Wilcoxon tests (p = 2.4e−4 for
free dialogues and p = 6.1e−5 for task-based
dialogues). We then investigated the effect of
conversation type on entrainment, by using it as
predictor in a logistic regression model (AIC =
252.3). The difference between the two types was
found to be significant (β = 0.740, z = 8.26, p <

2e−16). When looking at conversation classes
(Figure 2, left panel), entrainment was observed
for GR and for both classes included in the task-
based data: DA (t = 8.26, p = 1.7e−4) and FS
(t = 5.70, p = 7.3e−4). The ANOVA analysis
of the logistic model fitted with the overlapping
laughter odds as dependent variable and the class
as independent variable (Akaike Information Cri-
terion, AIC = 254.2), revealed a significant effect
of class (χ2

= 67.3, p = 2.4e−15). Moreover, the
model showed that the differences between GR
and each of the other two classes were significant:
DA (β = 0.752, z = 6.07, p = 1.3e−9) and FS
(β = 0.733, z = 7.08, p = 1.5e−12). No signifi-
cant difference was found between the DA and FS.
Lastly, we verified, by means of logistic regression,
whether the age (mean or difference) of the con-
versation partners or the dyad composition (exact
composition or same/mixed) may play a role in
the production of overlapping laughter. All but the
age difference showed a significant effect, although
the fit of these models was worse than that of the
models employing the conversation class or type as
predictor (the best of these four models had an AIC
of 296.5 – lower AIC represents a better model).

For the synchrony measure, we observed en-
trainment for both free and task-based dialogues
(Figure 1, middle panel): t = 9.32, p = 7.6e−7

and t = 3.28, p = 0.005, respectively. The dif-
ference between conversation types was not sig-
nificant, as given by a Wilcoxon rank sum test

(p = 0.339). At the level of conversation classes
(Figure 2, middle panel), entrainment effects were
observed only for FS (t = 2.99, p = 0.020), in
addition to GR. A Kruskal-Wallis test showed no
significant overall difference between conversation
classes (χ2

= 2.33, p = 0.312), but pairwise dif-
ferences were found between GR and DA, using
a Wilcoxon test (p = 0.024). Additional Kruskal-
Wallis tests revealed no significant effects of age or
dyad gender composition.

The last measure, defined as the difference
in maximum intensity between non-consecutive
and consecutive laughter pairs (Figure 1, right
panel), was found to entrain for free dialogues
(t = 4.92, p = 4.6e−4), but not for the task-based
ones (t = 0.44, p = 0.67). A significant differ-
ence was observed between conversation types, as
given by the ANOVA of the fitted linear model
(F = 7.96, p = 0.009). A similar linear regression
model, using the intensity difference as dependent
variable and the conversation class as predictor was
then fitted (Figure 2, right panel). The ANOVA
analysis of this model revealed a significant over-
all effect of class (F = 5.50, p = 0.011), with
the difference between GR and DA reaching sig-
nificance (β = −0.207, z = −3.30, p = 0.003).
None of the subsequent linear models, fitted with
the gender make-up of the dyad and the age mea-
sures as predictors, showed a significant effect of
these factors.

5 Discussion and conclusions

Our findings paint a complex relationship between
the investigated entrainment measures and the dif-
ferent conversation types/classes considered here.
We found entrainment across the various dialogues
types/classes, and differences between types and
some classes (overlapping laughter), entrainment
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Figure 2: The results of the investigated entrainment measures, with respect to the considered conversation classes:
overlapping laughter (left panel), synchrony (middle panel) and form-related measure (right panel). The horizontal
line represents the median value, the hinges of the boxes the first and third quartiles, and the whiskers going up to
1.5*IQR (inter-quartile range) from the hinges.

across types, but not for all classes, and some dif-
ferences between classes (synchrony), entrainment
for one type only and differences between some
classes (intensity measure). An effect of conver-
sation type/class was observed when controlling
for the relation between interlocutors, while other
dimensions of variability between the different sub-
sets used (age of interlocutors, gender composition
of the dyad) had either no significant effect, or ex-
plained the differences in entrainment worse than
the conversation type/class.

Another factor of variability may be the fact
that the interlocutors in the analyzed corpora
spoke different varieties of German and came from
slightly different cultures. Yet, evidence from stud-
ies that examined laughter entrainment measures
cross-linguistically/culturally (Ludusan and Wag-
ner, 2019, 2022), showed no language/culture dif-
ferences for more distant language pairs (German-
Chinese and French-Chinese) than the ones here.
One could assume, instead, that the observed dif-
ferences stem from the fact that task-based interac-
tions require a higher cognitive load, and previous
studies have shown that a higher cognitive load
may impede entrainment (Abel and Babel, 2017).
However, our results did not show an inverse re-
lation between the level of entrainment and the
difficulty of the task. Some of the values of the
studied measures revealed either the opposite ten-
dency or similar trends between task-based and free
dialogue interactions. These findings indicate that
what is being captured by our conversation type
factor differs from cognitive load.

The results obtained for the overlapping laughter
measure, with the free dialogue/GR values being
significantly lower than for the other cases, may
seem surprising, especially considering that syn-
chrony, another measure of temporal alignment,

suggests rather the opposite. It might be that the
overlap measure employed here is too strict. Since
mirthful laughter, which is predominant in the FS
data and partly in the DA recordings, is generally
longer than social laughter, it is more likely that,
when the conversation partner joins in laughing
in response to a mirthful laughter, their laughter
will overlap that of their interlocutor. A more ap-
propriate measure could be one that takes into ac-
count also the interval immediately following the
produced laughter, such as the antiphonal laughter
definition of Smoski and Bachorowski (2003).

To conclude, our findings represent further evi-
dence for entrainment not being a fully automatic
process (Pardo, 2012), but that different factors
(here, the conversation type) may influence it and
should be taken into account when investigating
this phenomenon. As future work, on the one hand,
we would like to tease apart the effect of conver-
sation type on entrainment from that potentially
brought by laughter type, since the employed dia-
logues contain different types of laughter. One the
other hand, our results raise further questions about
the potential effect of conversation type on the en-
trainment of other levels. Thus, extending this in-
vestigation to conversation elements/linguistic lev-
els previously shown to be subject to entrainment
is highly desirable. This will shed further light on
the role of entrainment in human communication
and will also allow more realistic implementations
of this phenomenon in spoken dialogue systems
(e.g., Stoyanchev and Stent, 2009; Duplessis et al.,
2017).
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