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Emotion contagion is a largely subconscious process where the emotions of people in groups
become more similar as the result of the expression of those emotions themselves [1]. Emotion
contagion encapsulates a number of processes that drive the formation of collective emotion in
crowds that meet in-person as well as via media and online [2]. While the effects of emotion
contagion in groups are often subtle, in some cases the effects can be extremely harmful to indi-
viduals and society. Every year there are outbreaks of mass panic and anger in crowds that cause
injuries and deaths, of which the recent Astroworld stampede and riots at the US Capitol are
examples that received much attention [3], [4]. Also hatred, anxiety, loneliness and depression
have been suggested to be contagious [5]. Motivated by this, a number of computational models
have been developed over recent years that are mostly aimed at the spread of negative emotions
in large groups of people and their effect on behaviour, such as during evacuations [6]. In a
literature review of agent-based mechanisms of emotion contagion, we concluded that empirical
validation of these models of emotion contagion is lagging behind [6]. Moreover, most of the
studies that did validate a crowd model against real people, compared the actions of people in
videos to the actions of agents, like movement speed or direction [7], [8]. Since behaviour choices
depend on numerous other factors besides emotion, this method provides indirect evidence for
the validity of the contagion mechanism at best. Above all, establishing rigorous validation for
models with emotionally interactive agents is important to eventually justify bridging the gap
from scientific work to practical use cases, like for event planning, crowd management, warning
systems and training purposes [9], [10], [11], [12]. We argue that this should include more direct
validation for the spread of emotions in groups, not merely action patterns that hint at an under-
lying emotional state

What makes it challenging to validate a crowd model at the level of emotions, is the difficulty
to collect detailed and reliable data about the emotional state of groups of people. Emotion, as
well as entangled factors like personality, are generally seen as private, ethically limiting the data
collection in the wild without informed consent. Also from a technical perspective, there is still
an ongoing scientific challenge to reliably track the emotions of large groups of people in uncon-
trolled conditions [13], [14]. A notable exception can be found in the online crowd on public
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social media [2]. There, people share their expressions and react to others with the knowledge
that this will be public, usually in the form of text, images or videos, which can relatively easily
be collected. However, without direct face-to-face interaction and regulating feedback, it is not
clear how representative these forms of contagion are for the spread of emotion in real crowds
[15]. An environment that potentially bridges this gap, is that of video calls. There, participants
are used to their expressions being recorded and shared with others whilst interacting face-to-
face, albeit via a screen.

To make a first step towards validation at the level of group emotions, the aim of the present
paper is to compare agent-based simulations of emotion contagion against the emotional devel-
opment of real participants in an experiment via a video call. The participants in this experiment
play a competitive quiz in two teams via the video call, where the emotional state of each partic-
ipant is annotated manually from the recorded video in small time steps. By modifying the com-
position of the virtual environment, different conditions are created with regard to the spread of
emotions. These conditions include 1) virtually isolating the participants to disable emotion con-
tagion, 2) virtually grouping the participant per team to allow contagion among agents with sim-
ilar emotional stimuli, and 3) placing all participants in the same virtual space, allowing conta-
gion among participants with conflicting emotional stimuli.

Since emotion contagion is believed to drive emotional similarity [1], we hypothesised that
the participants become more emotionally similar over time when they are in the same virtual
space, forming a collective emotion. In contrast, we expected this does not happen when they are
virtually isolated. Further, we expected that winning a quiz round results in a positive emotion,
while losing a round triggers a negative emotion. Since one team wins and the other loses, we
hypothesised that when the participants are virtually grouped per team, the emotion converges
within a team, and the difference between the teams increases. On the other hand, when the teams
are virtually placed in the same space, we expected the emotions of all participants to converge
to some degree, decreasing the emotional difference between the teams. Finally, based on litera-
ture that finds that there are larger constraints against the expression of negative emotions than
most positive emotions in groups [16], we hypothesised a win is followed by relatively strong
expressions of positive emotions, while a loss is followed by more diverse expressions that are
weaker.

Congruent with our expectations, the combined results show that the emotional responses in
the experiment converge in groups. While emotion contagion has been found to be operational
in a broad range of environments [2], [17], to our knowledge, these results show the first tentative
evidence for emotion contagion via video calls in groups. This is important because the video
call environment offers the possibility to record the face-to-face exchange of emotion in groups
in a controlled setting, thereby providing a way forward to empirically validate models of emo-
tion contagion. Next, to empirically validate an agent-based model of emotion contagion, called
DECADE, simulations were performed with conditions similar to the real experiment. Compar-
ing the simulations to the real participants, we found that the agents reproduced many of the
patterns that were found in the real participants. When emotion contagion was disabled in the
model, the resemblance decreased substantially. However, while the relative differences among
the conditions in the full model resembled the empirical study, in absolute sense there was a
significant gap. The agents were emotionally more stable and similar to one another than the real
participants. An explanation for this may be that the agents start each simulation emotionally
neutral and only a single stimulus is considered per trial (winning or losing).



Empirical Validation of an Agent-Based Model of Emotion Contagion 3

References

10.

11.

12.

13.

14.

Kleef, van G.A., Heerdink, .W., and Homan, A.C. “Emotional influence in groups: The dy-

namic nexus of affect, cognition, and behavior,” Curr. Opin. Psychol., vol. 17. pp. 156-161,
Oct. 01, 2017, doi: 10.1016/j.copsyc.2017.07.017.

. Goldenberg, A. and Gross, J.J. “Digital emotion contagion,” Trends Cogn. Sci., vol. 24, no.

4, pp. 316-328, Apr. 2020, doi: 10.1016/J.TI1CS.2020.01.0009.

The Guardian, “Astroworld: Deaths of 10 people at Houston concert ruled accidental,” Dec.
16, 2021, Accessed: Aug. 24, 2022. [Online]. Available: https://www.theguardian.com/mu-
sic/2021/dec/16/astroworldfestival-deaths-ruled-accidental

Borger, J. “American carnage: How Trump’s mob ran riot in the Capitol,” The Guardian,
Jan. 07, 2021, Accessed Aug. 24, 2022. [Online]. Available: https://www.theguar-
dian.com/us-news/2021/jan/06/trump-capitolamerican-carnage-washington

Hatfield, E., Carpenter, M., and Rapson, R.L. “Emotional contagion as a precursor to col-
lective emotions,” in Collective Emotions, Oxford, U.K.: Oxford Univ. Press, Apr. 2014,
pp. 108-122, doi: 10.1093/ACPROF:0S0/9780199659180.003.0008.

Haeringen, van E.S., Gerritsen, C. and Hindriks, K.VV. “Emotion contagion in agent-based
simulations of crowds: A systematic review,” Auton. Agents Multi-Agent Syst., vol. 37, no.
1, pp. 1-41, Nov. 2022, doi: 10.1007/S10458-022-09589-Z.

. Tian, Z., Zhang, G., Hu, C., Lu, D., and Liu, H. “Knowledge and emotion dual-driven

method for crowd evacuation,” Knowl. Based Syst., vol. 208, 2020, Art. no. 106451, doi:
10.1016/j.knosys.2020.106451.

Xu M., Li, C., Lv, P, Chen, W., Deng, Z., and Zhou, B. “Emotion-based crowd simulation
model based on physical strength consumption for emergency scenarios,” IEEE Trans. In-
tell.  Transp. Syst, wvol. 22, no. 11, pp. 6977-6991, Nov. 2021, doi:
10.1109/TITS.2020.3000607.

. Xie, K., Mei, Y., Gui, P., and Liu, Y. “Early-warning analysis of crowd stampede in metro

station commercial area based on Internet of Things,” Multimedia Tools Appl., vol. 78, no.
21, pp. 30141-30157, Nov. 2019, doi: 10.1007/S11042-018-6982-5.

Gayathri, H., Aparna, P.M., and Verma, A. “A review of studies on understanding crowd
dynamics in the context of crowd safety in mass religious gatherings,” Int. J. Disaster Risk
Reduction, vol. 25, pp. 82-91, Oct. 2017, doi: 10.1016/J.1JDRR.2017.07.017.

Volonte, M., Hsu, Y-C, Liu, K-Y, Mazer, J-P, Wong S-K, , and Babu, S.V. “Effects of in-
teracting with a crowd of emotional virtual humans on users’ affective and non-verbal be-
haviors,” inProc. IEEE Conf. Virtual Reality 3D User Interfaces, 2020, pp. 293—-302, doi:
10.1109/VR46266.2020.00049.

Mao, Y., Yang, S., Li, Z., and Li, Y. “Personality trait and group emotion contagion based
crowd simulation for emergency evacuation,” Multimedia Tools Appl., vol. 79, no. 5-6, pp.
3077-3104, May 2020, doi: 10.1007/s11042-018-6069-3.

Larradet, F., Niewiadomski, R., Barresi, G., Caldwell, D.G., and Mattos, L.S. “Toward emo-
tion recognition from physiological signals in the wild: Approaching the methodological
issues in real-life data collection,” Front. Psychol., vol. 11, Jul. 2020, Art. no. 1111, doi:
10.3389/FPSYG.2020.01111/FULL.

Kollias, D. “ABAW: Valence-arousal estimation, expression recognition, action unit detec-
tion & multi-task learning challenges,” in Proc. IEEE Comput. Soc. Conf. Comput. Vis.
Pattern Recognit. Workshops, 2022, pp. 2327-2335, doi:
10.1109/CVPRW56347.2022.00259.



4

15.

16.

17.

E.S. van Haeringen, E.A. Veltmeijer and C. Gerritsen

Aldunate, N., and Gonzalez-1bafiez, R. “An integrated review of emoticons in computer-
mediated communication,” Front. Psychol., vol. 7, Jan. 2017, Art. no. 2061, doi:
10.3389/FPSYG.2016.02061/XML/NLM

Manokara, K., Fischer, A., and Sauter, D. “Display rules differ between positive emotions:
Not all that feels good looks good,” Emotion, vol. 23, pp. 243-260, 2022, doi:
10.1037/EM00001078.

Herrando, C., and Constantinides, E. “Emotional Contagion: A brief overview and future
directions,” Front. Psychol.,, vol. 12, Jul. 2021, Art. no. 2881, doi:
10.3389/FPSYG.2021.712606/BIBTEX.



