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Abstract

Studies on human-robot interaction as well as on embodied conversational agents have revealed
that the use of laughter by agents increases their perceived naturalness and their social presence.
However, laughter plays a variety of functions in human interaction, and its effects on communi-
cation go beyond those previously investigated in the aforementioned fields. Taking into account
that laughter has been shown to improve task performance in human-human interaction, we inves-
tigated here whether laughter use by a virtual agent increases task success also in human-machine
interaction. A real-estate scenario was considered, in which an agent presented an apartment to an
interested client. Both the presence of laughter and the nature of the agent (virtual or human) were
varied in the experiment. We operationalized the task success as being the likelihood of participants
recommending the apartment, while also examining the perceived rating of the agent. The results
of an observer study showed that the use of laughter by a virtual agent translates in an increased
task success, while also confirming previous findings regarding improvements in the social percep-
tion of the agent. Our results concerning the task success in the human agent condition were not in
line with those of previous studies, most likely due to a reduced naturalness of the used laughter.
This makes the findings pertaining to the virtual agent, where benefits were observed by the use
of laughter in interaction, even more salient. Taken together, these results seem to suggest that in
this case humans are less sensitive to a reduced laughter naturalness. We further discuss the need
for better laughter integration with speech, as well as its automatic synthesis in order to better take
advantage of these findings.

Keywords: laughter, human-machine interaction, virtual agent, human-human interaction, task
success

1. Introduction

Robots employ a wide range of signals to interact with humans, including verbal and non-verbal
ones. In particular, it has been shown that a robot’s non-verbal expression may elicit emotional
or behavioral responses from their interlocutor, as well as having an impact on the user’s task per-
formance (Saunderson and Nejat, [2019). Recent years have seen an increased research interest in
this field in sound-based non-verbal expressions, as these can be straightforwardly realized also
in robots that are constrained in their appearance or in their interactional capabilities (i.e., robots
that cannot produce complex gestural or facial expressions, or have limited capacities for main-
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taining a dialog). An appealing characteristic of sound-based non-verbal expressions is that they
are language-independent, quickly understood, and can crucially contribute to the perception of
a robot’s personality (Ritschel et al., 2019). Much research on robot’s non-verbal behaviour fo-
cuses on artificially generated and not necessarily human-like sounds, for example MIDI-like tones.
These often exploit universally understood, iconic relationships between sounds and meaning (such
as high pitch representing “happy” and low pitch corresponding to “sad”) (Zhang and Fitter, 2023).
Here, we choose an alternative path by looking at a genuinely human, but nevertheless non-verbal
signal — laughter, and we evaluate its usefulness for the interaction between a human and a virtual
agent.

Laughter is a multi-faceted phenomenon playing various social and communicative roles in
human interaction (Glenn, [2003). Besides the role it plays in humor (mirthful laughter), social
(non-mirthful) laughter may be used to convey both positive or cooperative behaviours and negative
ones. Among the positive aspects, laughter may indicate closeness or affiliation, or a feeling of
pleasantness with regards to the conversational partner. It may evoke also negative emotions, with
laughing at someone contributing to disaffiliation or hostility towards that person. Further functions
of laughter may include the softening of previous affirmations, the remedy of possible interactional
misunderstandings, or the handling of difficult situations (e.g., involving embarrassment or discom-
fort).

Considering the widespread use of laughter in human-human communication and the multi-
tude of functions that it may have in conversation, laughter should be beneficial to the interaction,
increasing its success one way or the other. This has been found also for interactions involving goal-
oriented tasks, with previous work showing that the use of shared laughter (laughter initiated by one
of the interlocutors and taken up by their conversational partner) may improve, for instance, task
performance in workplace meetings (Kangasharju and Nikko, 2009), as well as increase the hiring
chances of candidates at job interviews (Brosy et al., 2021). The above-mentioned characteris-
tics of laughter have encouraged its implementation in human-machine interaction systems. This
has been done either for general spoken dialogue systems (Maraev et al., [2018)), or by integrating
it in embodied conversational agents (Niewiadomski et al., [2013}; [Pecune et al., 2015; [El Haddad
et al., 2016; Mancini et al., 2017) or in robots (Becker-Asano and Ishiguro, 2009; [Tiirker et al.,
2017; [Inoue et al., 2022)). Some of these studies have focused exclusively on the required tech-
nical implementation of laughter in these systems (Maraev et al., 2018)), while others only on the
accuracy/naturalness of specific sub-systems (e.g., laughter prediction/synthesis |[El Haddad et al.,
2016).

Experiments to quantify the effect of agent laughter use on the perception of the agent by their
human interlocutor or on the overall interaction have also been conducted. In |Niewiadomski et al.
(2013)), the participants compared a laughing agent that produced shared laughter with them, to an
agent not using laughter or employing laughs at predefined time instants. They perceived: 1) the
video clips they were watching together with the agent as being more funny, and 2) the laughter
of the agent more contagious, in the former case (the latter finding reflecting views found in the
literature examining laughter in human communication [Provine, [1996)). Although no increased
social presence of the agent was perceived, a subsequent study (Pecune et al., 2015) in which the
embodied agent produced shared laughter with the user, by copying the latter’s laughter intensity
and trunk movements reported higher scores for agent social presence compared to the case when
there was no shared laughter (but see Mancini et al.|[2017|for the opposite result). Responding to the
laughter of the human interlocutor also improved a number of measures related to user engagement
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in Tirker et al.| (2017). Lastly, a system employing a more complex decision on whether the agent
should initiate shared laughter or not and which type of laughter to use, resulted in increased ratings
(e.g., naturalness, human likeness) for some of the tested scenarios in|Inoue et al.| (2022)), compared
to a system responding to the laughter of the user every time. These studies have shown that the
use of laughter by a virtual agent resulted in a higher rating given to that agent, in line to findings
in human-human interaction which show that laughter use is beneficial to the relationship between
interlocutors (Kurtz and Algoe, [2017) (see also Becker-Asano and Ishiguro|2009, in which the use
of laughter has elicited also negative emotions towards the embodied agent, a normal reaction if the
person perceives that they are being laughed at).

We have seen that a virtual agent that laughs is judged to be more natural or more human-like
(Becker-Asano and Ishiguro, 2009} Niewiadomski et al., 2013; Inoue et al., 2022) and to have an
increased social presence (e.g., be more empathetic and understanding [Pecune et al., 2015} Inoue
et al., [2022), while also increasing the engagement with its interlocutor (Turker et al.,|2017). How-
ever, there is little work that proves that the use of laughter by a virtual agent is conducive to the
success of the task performed with the user, beyond the improved social perception. While im-
proved social characteristics may, indirectly, result in an increased success of the task, more direct
evidence is needed.

We present a study investigating whether laughter use by a virtual agent increases the success of
a task that agent is carrying out. The task consisted of a real-estate scenario, in which the agent was
showing to a client an apartment for rent, with the participants to the experiments being observers
of the task. The success of the interaction was operationalized as the degree to which the apartment
would be recommended by the participants to their acquaintances. Furthermore, similarly to other
studies, we examined the perception of different characteristics of the agent, as well as an overall
rating of the agent, defined as the degree to which the agent would be recommended by the par-
ticipants. We did not limit ourselves to considering a virtual agent that uses laughter versus one
that does not laugh (Ludusan and Wagner, 2021), but we also compared it to how a human agent
would be perceived at the same task, including the effect of laughter on task success. We extended
the study in Ludusan and Wagner (2021) by testing three additional conditions: a human agent em-
ploying either no laughter, laughter, or “more natural” laughter, and performing a joint analysis of
all conditions (virtual and human agent), with statistical models that better fit the distribution of the
data.

2. Materials and methods
2.1 Stimuli

An interaction between a real-estate agent and a client visiting an apartment was designed for the
experiment. We decided on using this particular situational setting because conversations involving
real-estate scenarios have been shown to be useful for evaluating virtual agents (Cassell et al.,|{1999)),
while also providing a quantifiable measure of success for the interaction — whether the apartment
was liked by the experiment participants.

The conditions considered in this study are illustrated in Figure [I| We varied two factors: the
nature of the real-estate agent (human/virtual) and the use of laughter by the agent (no/yes), resulting
in four conditions, representing a two-by-two crossed design. We also considered a fifth condition,
the third in the case of the human agent, to evaluate the appropriateness of the laughter used in the
other two laughter conditions.
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We started by synthesizing the conversation lines belonging to the virtual agent, using a com-
mercially-available state-of-the-art systenﬂ based on one of the WaveNet male German voices
(de-DE-Wavenet-B). As we wanted to have an intonation more similar to conversational speech,
rather than the default intonation employed by synthesis systems (trained mainly on read speech
data), we tested several parameters (e.g., placement of punctuation marks, duration of pauses, the
use of emphasis) during the synthesis in order to achieve this, while avoiding the introduction of any
artefacts. The obtained stimuli were vetted by two native speakers and any reported inconsistencies
were corrected. The resulting materials composed the speech of the virtual agent in the non-laughter
condition.

Then, we produced the lines corresponding to the virtual agent, in the laughter condition. Con-
versational laughter instances produced by male speakers were extracted from the recordings of
the DUEL corpus (Hough et al., [2016). The corpus contains dyadic task-based interactions that
encourage the use of conversational laughter. The chosen instances had the characteristics shown
previously to be well integrated with synthetic speech (Trouvain and Schroder, 2004): being com-
posed of one to three laughter syllables, either voiced or unvoiced (snort-like), and having low to
medium intensity. Eight positions within the lines of the agent were identified as being appropriate
to contain laughter and we spliced at those positions suitable laughter tokens (in terms of pitch,
timbre, or expressed function). These employed laughs were either three-, two- or one-syllable
long (two, four, and two instances, respectively), with two of the two-syllable long laughs being
unvoiced, the remaining laughs being voiced.

Agent Laughter
type (type)

Condition

virtual / no (laughter)

virtual / yes (laughter)

human / no (laughter)
human / yes (laughter)

human / yes* (laughter)

Figure 1: An illustration of the stimuli creation procedure. The lines for the virtual agent were
created using a state-of-the-art speech synthesis system, while those corresponding to the
human agent were recorded by a native German speaker. The agent used either no laugh-
ter (cross symbol), laughter extracted from corpora of conversational speech (database
symbol) or laughter instances produced by the native speaker.

Next, we recorded the lines corresponding to the client in the recording studio of the university.
A female native speaker of German familiarized herself beforehand with the lines of the client.

1. https://cloud.google.com/text-to-speech
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During the recording session, the experimenter played through loudspeakers the line corresponding
to the agent (laughter condition) and the speaker would respond with the appropriate line. In order
to increase the naturalness of the recordings, the speaker was allowed to change the exact wording
of the sentence, provided that its meaning stayed the same. Several takes of the entire conversation
were performed and the most spontaneously-sounding lines were employed in the experiment.

Two versions of the stimuli were put together: for the non-laughter condition we combined the
synthesized speech not containing laughter with the lines of the female client, while for the laughter
case, the synthesized speech including the spliced laughs with the lines of the client. Thus, the only
difference between the two obtained recordings were the absence/presence of laughter in the virtual
agent’s speech.

Finally, we created equivalent conditions involving a human agent. A male German native
speaker recorded the lines of the agent in a similar setting to how the female client lines were
recorded, hearing through the loudspeakers the sentences produced by the client and answering with
the corresponding agent line. However, he was not allowed to rephrase the sentences, in order to
have identical materials in the virtual and human agent cases. For the laughter condition, the speaker
was asked to produce laughs which were as similar as possible to the ones employed for the virtual
agent. Therefore, we had a design varying two types of agents (human/virtual) and two laughter
conditions (absence/presence). As mentioned at the beginning of this section, we also considered a
control condition for the human agent, in order to check the appropriateness of the laughter used. In
that condition, the speaker was asked to laugh as he would normally laugh at that particular point of
the interaction, instead of producing laughs similar to the ones used in the virtual agent condition.
Three of the employed laughter instances were speech-laughs (defined as concurrent production of
speech and laughter in which neither of the two components is dominant Nwokah et al.,[1999), with
the rest being laughs, having an overall lower intensity than in the human agent, laughter condition.

The audio stimuliE] corresponding to the virtual agent were around 4 minutes 30 seconds long,
while those of the human agent were circa 3 minutes 50 seconds long, due to differences between
the speech rate of the synthesized speech of the virtual agent and that of the human speaker. The
recordings of each of the five experimental conditions were combined with the images of an apart-
ment, in order to create a video clip. The employed images did not contain any visual representation
of the agent or of the client. At any time, the displayed image matched the location where the dis-
cussion was taking place (hallway, rooms, etc.) and the images changed at the same points in the
interaction in all conditions. The resulting videos, having identical visual content and different
audio components, depending on the condition, represented the stimuli used in this study.

2.2 Procedure

The experiment was run on the PsyToolkit platform (Stoet, 2010, 2017). The participants watched
the video containing the slide show of the apartment and the recording between the agent and the
client, having been informed of the nature of the agent (human/virtual) at the beginning of the ex-
periment. After that, they were asked to judge the performance of the agent with respect to several
dimensions: professionalism, communication, pleasantness, formality and spontaneity. Next, they
were asked to rate the probability of recommending the apartment (our task success measure) and
the agent to their acquaintances. For the human agent conditions, since we also wanted to evaluate
how the employed laughter was perceived when used by a human, the participants also replied to

2. https://pub.uni-bielefeld.de/download/2999852/3000681.zip
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two additional questions on the politeness and the empathy shown by the human agent. Lastly, the
human agent conditions involving laughter (the original and the “more natural” laughter one) had
two other questions asking the participants whether they perceived the agent to be laughing at the
correct locations (from “always wrong” to “always right”) and if the laughter sounded appropri-
ate for that situation (from “not appropriate” to “appropriate”). All the questions used a 10-point
scale (e.g., for professionalism, the value 1 of the scale was labelled as “unprofessional”, while the
value 10 corresponded to “professional”). The exact formulation of the questions can be found in
Appendix A.

The study was reviewed and approved by the Ethical Committee of Bielefeld University (EUB
No. 2019-085 and No. 2020-165). The majority of the participants were recruited through the
Prolific crowdsourcing platfornﬂ and were paid according to the regular rate for participating in
studies at Bielefeld University. The rest of them (about 10%) were either students at Bielefeld
University (receiving course credit for their participation) or friends and family of the authors. All
participants had to be residing in Germany and be fluent in German. We used a between-participants
design, each participant taking part in only one condition. Of the 346 participants that completed
the study, we had to exclude the data of 16 participants who did not listen to the entire conversation.
The remaining participantﬂ were split evenly (66 each) between the four conditions (human/virtual
agent, no laughter/laughter). We aimed to have a balanced number of male and female participants
in each condition (see Table[I] for exact numbers).

Agent type Laughter present # female # male # other Total

Virtual no 34 32 0 66
yes 31 34 1 66

no 33 31 2 66

Human yes 33 33 0 66
yes* 33 33 0 66

Table 1: Gender distribution (female/male/other) of the participants in the experiment, across all
tested condition. The human agent yes* condition represents the case in which the human
agent produces “more natural” laughter.

2.3 Analyses

All participant data from the non-laughter conditions, as well as from the laughter conditions us-
ing the same type of laughter (yes), were considered in the main analyses. Three participants,
self-identified as neither female or male, were excluded from the analyses involving the predictor
gender, since not enough data points were available for inclusion. In order to determine the ef-
fects of each of the investigated characteristics on the considered success measure, we employed
generalized linear regression models. As the data best fitted a Poisson distribution, but it was under-
dispersed, we used a generalized Poisson distribution, Conway-Maxwell Poisson, that handles both
over-dispersed and under-dispersed data. The dependent variable of the models was either the apart-

3. https://www.prolific.com/
4. They include also a set of 66 participants, equally split between males and females, that was tested in the human
agent, “more natural” laughter condition.
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ment or the agent rating and, as predictors, the following: the agent type (human/virtual), the laugh-
ter presence (no/yes), the characteristics rated by the participants (communication, professionalism,
pleasantness, formality and spontaneity), as well as the age and the gender of the participants. We
also included all two- and three-way interactions between agent type, laughter presence, and each of
the other predictors. This model was then reduced through step-wise elimination (Matuschek et al.,
2017), by removing, at each step, the factor whose elimination would reduce the most the Akaike
Information Criterion (AIC) value of the model. The process was stopped when the removal of any
factor did not decrease the AIC of the model. All numeric predictors were scaled, by subtracting
their mean value and dividing them by two standard deviations (Gelman, [2008). A sum to zero
contrast was employed for the factor variables involved in the model. All analyses were performed
using the appropriate functions of the R software (R Core Team), 2020, ver. 3.6.3), the models being
fitted using the glm.cmp function of the COMPoissonReg package (Sellers et al., 2022).

3. Results

3.1 Overall results

The per-condition results obtained for the apartment rating, our task success measure, are illustrated
in Figure 2] A visual inspection of the results reveals no effect of laughter in the human agent
condition, but an increase in apartment rating when the virtual agent used laughter, compared to
when they did not.

Human agent Virtual agent

10.0 1

7.5

5.0 A

Apartment rating

2.5+

0.01

No IaLIJghter Lauglghter No Iatljghter Lauglhter
Condition

Figure 2: The apartment rating obtained in the four conditions considered in the study: hu-
man/virtual agent, no laughter/laughter. The bars inside each violin plot illustrate the
median and the quartile values of the apartment rating.

The generalized linear regression model predicting the apartment rating showed that the pres-
ence of laughter had a significant effect directly, the apartment being rated higher if the agent used
laughter (8 = 0.126,p = 0.029), as well as through its interaction with the age of the participant
(8 = 0.310,p = 0.017). Significant effects were found also for professionalism (5 = 0.328,p =
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0.012), communication (5 = 0.365,p = 0.021), and pleasantness (6 = 0.477,p = 0.001), the
apartment rating increasing with the increased rating of these characteristics, and for the age of the
participant, with older participants rating the apartment lower (8 = —0.294, p = 0.023). However,
in the condition in which the agent laughed, the apartment was rated higher by older participants
(see previously reported laughter-age interaction), suppressing the negative main effect seen by age.

The rating of the agent in the various conditions is displayed in Figure [3] while results related
to the perceived characteristics of the agent are given in Table 2] Although laughter seems to have a
more reduced effect for the agent rating, compared to the apartment rating, we verified the existing
trends by means of a generalized linear regression model fitted with the agent rating.

Human agent Virtual agent

10.0 1

7.54

5.01

Agent rating

2.5+

0.01

No laughter Laughter No laughter Laughter
Condition

Figure 3: The agent rating obtained in the four conditions considered in the study: human/virtual
agent, no laughter/laughter. The bars inside each violin plot illustrate the median and the
quartile values of the rating.

The fitted model did not show a main effect of laughter, but significant interactions between
agent type and laughter presence, the virtual agent being rated higher when they laughed (6 =
0.115,p = 0.016), and between laughter and formality, the rating of an agent using laughter de-
creasing with its perceived increased formality (8 = —0.208, p = 0.039). Further significant effects
were found for professionalism (3 = 0.234,p = 0.049), communication (8 = 0.491,p = 4.8e™%)
and pleasantness (8 = 1.201,p = 4.7e~'3) and for the interactions type-communication (8 =
0.384, p = 0.002) and type-laughter-professionalism (6 = 0.261,p = 0.028). Judging the agent
to have better communication skills, to be more professional and to be more pleasant increased the
rating of the agent. Moreover, rating the virtual agent higher on communication increased its rating
in addition to the main effect seen by communication.

3.2 Agent type analyses

In order to better understand the results, we performed separate analyses, for the human and for
the virtual agent data, respectively. Each sub-analysis looked at both the agent and the apartment
rating, employing them as dependent variables in regression models. The models were similar to
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Agent  Laughter Prof. Comm. Plea. Form. Spont. Ag‘e n AparFment
type present rating rating
Human no 8.58 8.71 8.64 5.03 5.52 8.03 8.39
yes 8.30 8.59 839 4.29 6.17 7.71 8.48
Virtual no 8.56 8.29 7.56 6.14 5.36 6.59 8.12
yes 8.29 8.21 733 497 5.32 7.03 8.45

Table 2: Mean values of the scores given by the participants to the seven dimensions evaluated in
the experiment (Professionalism - Prof., Communication - Comm., Pleasantness - Plea.,
Formality - Form., Spontaneity - Spon., Agent rating, and Apartment rating), for each type
of agent (human/virtual) and each laughter condition (no laughter/laughter).

the ones previously described, except for the agent type no longer being a predictor. Moreover, the
models fitted with the virtual agent data included two additional predictors: the self-reported speech
technology exposure of the participants and its interaction with laughter use.

The first model fitted with the virtual agent data showed that the apartment rating depended on
laughter use and on the perceived communication skill of the agent, as well as on the interaction be-
tween laughter and each of the following three factors: communication, speech technology exposure
and age. A virtual agent using laughter (8 = 0.184, p = 0.044) and having a higher communication
skill (B = 0.699, p = 6.9¢~4) increased the rating of the apartment. The apartment presented by a
virtual agent that laughed was also rated higher by participants reporting a higher speech technology
exposure (5 = 0.455, p = 0.008) and by older participants (3 = 0.479, p = 0.045), and rated lower
when the agent was judged to have higher communicative skills (3 = —0.382, p = 0.020).

The second model for the virtual agent condition revealed that the agent rating increased when
the agent laughed (5 = 0.211, p = 0.004), while it decreased when the virtual agent used laughter
and its perceived formality increased (5 = —0.304, p = 0.041). Communication (5 = 0.640,p =
6.7¢~*) and pleasantness (3 = 1.053, p = 1.6e~") also had a significant effect on the agent rating,
the latter being higher when the agent was perceived to have increased communication skills and a
higher pleasantness.

For the models built on the human agent data (for the apartment and for the agent rating),
the only predictors that had a significant effect on the dependent variables were professionalism
(8 = 0.539,p = 0.007 for the apartment and 3 = 0.672,p = 1.4e~* for the agent rating) and
pleasantness (3 = 0.773,p = 0.002 and 3 = 1.620,p = 9.1e~? for the apartment and the agent
rating, respectively). An increase in the scores given to these characteristics resulted in an increase
in both the apartment and the agent rating.

3.3 Detailed analysis of the human agent conditions

An analysis of the additional questions asked to the participants in the human agent conditions
was performed. It examined the politeness and the empathy of the agent, as well as the perceived
correctness of the place where the agent laughed and the perceived appropriateness of the employed
laugh. We display these results in Table 3| along with all the scores given by participants in the
“more natural” (yes*) laughter condition. For an easier comparison, we illustrate all the ratings
obtained in the other two human agent conditions.
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Laughter

present
no 858 871 864 503 552 803 839 9.15 773 - -
yes 830 859 839 429 617 771 848 921 7.68 630 6.08
yes* 855 883 870 392 641 803 802 923 823 770 7.36

Agent Apt.

rof. Comm. Plea. Form. Spont . .
rating rating

Pol. Emp. Place Appr.

Table 3: Mean values of the scores given by the participants in the three human agent conditions:
no laughter (no), laughter (yes) and “more natural” (yes*) laughter. Presented are the
seven dimensions evaluated in the experiment (Professionalism - Prof., Communication -
Comm., Pleasantness - Plea., Formality - Form., Spontaneity - Spon., Agent rating, and
Apartment rating), as well as the perceived politeness (Pol.) and perceived empathy (Emp.)
of the agent, and the appropriateness of the place where laughter was used (Place) and of
the laughter itself (Appr.).

We employed the same type of generalized linear regression model as in the previous analyses
to determine whether there was an effect of laughter condition on several scores. The following
scores were considered: apartment rating, agent rating, perceived agent politeness, perceived agent
empathy, appropriateness of the place where laughter was used, and appropriateness of the type of
employed laughter. We performed pairwise comparisons between the conditions: no laughter (no) /
laughter (yes) and laughter (yes) / “more natural” laughter (yes*).

There was no effect of the presence of laughter (no/yes conditions) on any of the investigated
measures: on the apartment rating (8 = 0.023, p = 0.760), on the agent rating (8 = —0.0521,p =
0.280), on the perceived agent politeness (8 = 0.008, p = 0.912), or on the perceived agent empa-
thy (8 = —0.010, p = 0.851).

Also the type of laughter produced (similar to the one employed by the virtual agent vs. the
“more natural” laughter) did not have any effect on the apartment rating (8 = 0.086,p = 0.116),
on the agent rating (8 = —0.041, p = 0.356), on the perceived agent politeness (8 = —0.006,p =
0.938), or on the perceived agent empathy (5 = —0.108,p = 0.055). There were differences,
however, between the two conditions on the remaining examined measures: the appropriateness of
the place where the laughter was used (8 = —0.183,p = 2.5¢~*) and the appropriateness of the
type of employed laughter (5 = —0.126, p = 0.002). In both cases, the laughter produced similarly
to how the virtual agent laughed was perceived less appropriate. However, the place of the laughter
events did not vary between the two conditions and the significant difference in reported laughter
place must be due to the participants not being able to separate the two appropriateness measures.
This comparison shows that, while the participants did perceive the laughs produced by the human
agent in the “more natural” condition as being more appropriate, these laughs did not have an effect
on the overall perception of the agent or on the task success measure.

4. Discussion and conclusions

Investigating the use of laughter in conversation by a human or a virtual agent, we observed an effect
of laughter on the success of the task, defined as the likelihood of recommending the apartment pre-
sented by the agent, with a higher task success when the agent employed laughter. This effect was
mainly driven by the ratings given in the virtual agent case, where also the likelihood of recommend-
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ing the agent increased with the use of laughter. These findings add to the body of evidence that
laughter helps the interaction with human interlocutors. Our study took one step further, though, by
providing confirmation that the use of laughter by a virtual agent increases not only how the agent
is perceived socially, but also the success rate of the performed task, when compared to an agent
that does not laugh. Although, due to the experimental setting employed here, there was no explicit
embodiment given to the virtual agent, we believe our findings may be easily extended to embodied
agents, taking into account that the physical embodiment of an agent actually increases their evalu-
ation by humans (Lee et al.,[2006), and may also have an indirect effect on task success. Moreover,
similar findings have been previously reported concerning the use of laughter, regardless whether a
conversational agent (Niewiadomski et al.,|2013};|Pecune et al.,|2015)) or a robot (Becker-Asano and
Ishigurol 2009; Tiirker et al.,2017; [Inoue et al.||2022) was employed in the experiment.

We compared the effect of laughter use also by a human agent, on the same task, revealing that
the increase in task success can be seen only in the virtual agent case. Our results did not corroborate
those previously observed in human-human interaction (Kangasharju and Nikko|, 2009; Brosy et al.,
2021)) and this lack of an increase in task success may be explained by the reduced naturalness of the
laughter stimuli used in our study, probably caused by how they were elicited. While no differences,
neither in the apartment or agent rating, nor in the perceived politeness or empathy of the agent, have
been observed between the human agent laughter and “more natural” laughter conditions, the fact
that the participants indicated differences in the appropriateness of laughs used (including their
place, although that was not the case) might be an indicator of this limited naturalness. In order
for us to be able to directly compare the human with the virtual agent conditions we had to use
the same types of laughter and thus, we were limited by the selection available to use in the virtual
agent conditions. However, despite the reduced naturalness of the employed laughs, in both the
human and the virtual agent conditions, it seems that this was more strongly perceived in the former,
rather than in the latter conditions. These results are encouraging for using laughter in human-
machine interaction, seeing how humans are more forgiving towards reduced laughter naturalness
in a machine than towards a human. Furthermore, our results provide evidence that it may be overly
simplistic to expect that any behavior that is either helping or impeding interactions between human
interlocutors, may have the same or, at least similar, effects on communication between humans
and machines (but see |Kramer et al.[2012|for a different view). Our findings may also indicate that
humans may have differentiated expectations from virtual agents, which influence their assessment
and processing of the virtual agent’s signal, in line with previous work in the literature (Horstmann
and Kramer, 2020).

We believe that overall more work is needed on the integration of laughter in human-machine
interaction systems. Currently, the integration of social laughter (such as here) is mainly done
by means of natural laughter instances extracted from speech corpora (Inoue et al., 2022). This
seems to be due to limited capabilities of the current synthesis systems to generate naturally sound-
ing laughter. State-of-the-art laughter synthesis systems based on deep-learning approaches (Mori
et al., 2019; [Tits et al., [2020), reach mean opinion scores of around three (on a scale up to five, on
which natural laughter is evaluated between four and five). Even if the quality of laughter synthesis
reaches a good level, one needs to take into account that the human laughter inventory does not
only contain laughs. The acoustic production of laughter varies considerably (Bachorowski et al.,
2001)) and speech-laughs are often employed in spontaneous communication (Ludusan and Wagner
2019b| reported between 20%-40% of all laughter instances to be speech-laughs, across materials
in three languages). We observed this also in our data, with the human “more natural” laughter
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condition containing three instances of speech-laughs (out of a total of eight laughter events) and
an inspection of the stimuli revealed that the use of speech-laughs was appropriate in those cases
(maybe even more so than that of laughs). Unfortunately, there is less work done on the synthesis of
speech-laughs and the existing studies suggest it being even more difficult than laughter synthesis,
with lower mean opinion scores (El Haddad et al.| [2015). Finally, as noted also by [Tiirker et al.
(2017), it is difficult to incorporate naturalistic laughter (be it laughs or speech-laughs) to synthetic
speech. This is made even more challenging by the fact that speech preceding laughter is subject to
co-articulation effects (Ludusan and Wagner, 2019a). For instance, in the “more natural” laughter
condition, the produced laughter instances can be predicted before their actual occurrence, due to
the acoustic changes in vocal tract in anticipation to the following laughter. Thus, more advances
in speech technology are needed to seamlessly integrate laughter in synthetic speech, preferably
through joint synthesis of speech and laughter (see also more recent attempts to generate conversa-
tional phenomena, such as laughter, directly in the synthesized speech signal, using deep learning
models (Nguyen et al., 2023)).

Some observations on the laughter employed in the conversation are also in order. The improve-
ments previously reported in the literature (on how the agent is perceived) were found when using
shared laughter. In our case, out of the eight laughter events included in the stimuli, three of them
were shared. While shared laughter seems to play an important role in human-machine interaction
studies (e.g., Niewiadomski et al., 2013} [Tirker et al., 2017) and also in human-human communi-
cation (e.g., [Ludusan and Wagner, [2019b)), our findings show that not all laughs produced by the
virtual agent need to be synchronised to those of the human interlocutor. Further analyses of the
functions played by laughter will be required to better understand its roles in conversation and to
better model laughter in human-machine interaction.

Future work could also include an investigation into whether an increase in task success may be
seen for other type of settings (e.g., social settings — personal assistants). Another factor worth ex-
ploring is the effect of the perspective on the interaction with the virtual agent: either a first-person
one, such as when the user actively participates in the interaction, or a third-person one, when they
are an observer to the study (similar to here). An increase in task success in the case of laughter use
by a virtual agent, in a first-person experiment, would be of particular applied importance. Lastly,
independent of the experimental setting and the task involved, the human-machine interaction sys-
tem will need to ensure an appropriate integration of laughter within the synthesized speech, one
that takes into account also the functions that laughter plays, similar to the proposals put forward by
Trouvain and Weiss|(2022) for smiled speech.
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Appendix A

This appendix contains the questions asked to the participants after watching the video containing
the interaction between the agent and the client.
The following questions were asked for all conditions:

* Wie bewerten Sie die Interaktion des Maklers in den folgenden Dimensionen:
How would you rate the broker’s interaction along the following dimensions:

- Professionalitit: unprofessionell (1) - professionell (10)

Professionalism: unprofessional (1) - professional (10)
- Kommunikation: schlecht (1) - sehr gut (10)

Communication: poor (1) - very good (10)
- Annehmlichkeit: unangenehm (1) - angenehm (10)

Pleasantness: unpleasant (1) - pleasant (10)
- Formlichkeit: locker (1) - formlich (10)
Formality: informal (1) - formal (10)
- Spontanitit: gestellt (1) - spontan (10)
Spontaneity: acted (1) - spontaneous (10)

* Wie wahrscheinlich ist es, dass Sie Ihren Bekannten die Wohnung empfehlen wiirden? sehr
unwahrscheinlich (1) - sehr wahrscheinlich (10)
How likely is it that you would recommend the apartment to your acquaintances? very un-

likely (1) - very likely (10)

* Wie wahrscheinlich ist es, dass Sie Thren Bekannten den Makler empfehlen wiirden? sehr
unwahrscheinlich (1) - sehr wahrscheinlich (10)
How likely is it that you would recommend the broker to your acquaintances? very unlikely
(1) - very likely (10)

An additional question was asked in the three conditions involving a human agent:

* Wie haben Sie das Verhalten des Maklers gegeniiber der Interessentin wahrgenommen?
How did you perceive the broker’s behavior towards the client?

- unhoflich (1) - hoflich (10)
rude (1) - polite (10)

- abweisend (1) - mitfiihlend (10)
dismissive (1) - compassionate (10)

Two additional questions were asked in the two conditions involving a human agent that used laugh-
ter:

» Hatten Sie den Eindruck dass der Makler immer an den richtigen Stellen gelacht hat? immer
falsch (1) - immer richtig (10)
Did you have the impression that the broker always laughed in the right places? always
wrong (1) - always right (10)

* Wenn der Makler lachte, wie klingte das fiir Sie? unangemessen (1) - angemessen (10)
When the broker laughed, how did it sound to you? inappropriate (1) - appropriate (10)
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