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 Association of brain networks mediates propensity for revenge. 
$� VWXG\� RI� LQWHUJURXS� FRQÀLFW� LQ� KXPDQV� UHYHDOV� VWURQJHU� DFWLYD-
WLRQ� RI� WKH� PHGLDO� SUHIURQWDO� FRUWH[� DQG� KLJKHU� OHYHOV� RI� R[\WRFLQ�
LQFUHDVH� WKH� WHQGHQF\� WR� UHWDOLDWH� DJDLQVW� RXW�JURXS� PHPEHUV�

Emotional contagion highly mediates humans’ emotional experiences, this 
is to say that people are affected by the transmission of someone else’s 
emotions (Thornton and Tamir 2017). Although this mechanism of conta-
gion helps to socially interact, it can be detrimental to society when it in-
volves the transmission of anger (Qu et al. 2016). The concept of people 
EHORQJLQJ�WR�DQ�LQJURXS��LGHQWL¿HG�E\�WKH�VDPH�FKDUDFWHULVWLFV��WKDQ�WR�DQ�
RXWJURXS��GLIIHULQJ�LQ�LGHQWLW\��LQWHQVL¿HV�WKHVH�HPRWLRQV��0RUHRYHU��DORQJ�
with enhancing emotions, the tendency of revenge towards the other group 
as a response to their offenses is consequently strengthened (Pereira and 
YDQ�3URRLMHQ��������7KH�QHXURELRORJLFDO� UHVSRQVHV� WR� LQWHUJURXS�FRQÀLFW�
still haven’t been completely understood, nor the neural mechanism that 
drives revenge desire. Due to its worldwide relevance, of social dynam-
LFV� DQG� FRQÀLFW�� UHYHQJH�SURSHQVLW\¶V� QHXURELRORJLFDO�PHFKDQLVP�QHHGV�
to be understood. In their paper published in eLife, “A neurobiological 
DVVRFLDWLRQ� RI� UHYHQJH� SURSHQVLW\� GXULQJ� LQWHUJURXS� FRQÀLFW´�� +DQ� HW� DO��
(2020) demonstrated that humans had a higher propensity to harm every-
one outside their ingroup when their levels of endogenous oxytocin (OT) 
were elevated and mediated by the medial prefrontal cortex (mPFC) as 
D�UHVSRQVH�RI�DQ�RXWJURXS�PHPEHU� LQÀLFWLQJ�SDLQ�RQ�DQ�LQJURXS�SHUVRQ��
This association of the mPFC, OT, and revenge could potentially explain 
WKH�QHXUDO�XQGHUSLQQLQJ� WKDW�SURPRWHV� WKH�SURFHVV�RI�FRQÀLFW�FRQWDJLRQ��
2[\WRFLQ� LV� D� KRUPRQH� WKDW� JHWV� WKH� QDPH� ³ORYH� KRUPRQH´� IURP� LWV� LQ-
ÀXHQFH�RQ� VRFLDO� ERQGLQJ�� WUXVW�� DQG� FRQIRUPLVP� �+HUW]� HW� DO�� ������� ,Q�
WKH� LQYHVWLJDWLRQ� RI� +DQ� HW� DO�� �������� WKH\� WHVWHG� IRU� HQGRJHQRXV� 27�
OHYHOV²V\QWKHVL]HG�ZLWKLQ� WKH�RUJDQLVP²LQ�KXPDQV¶� VDOLYD��$OWHUQDWLYH-
O\�� LQ�FKLPSDQ]HHV��27�ZDV�UHODWHG�WR�LQWHUJURXS�FRQÀLFW�DQG�KRVWLOLW\�WR-
wards outgroup members (Samuni et al. 2017). Furthermore, when OT 
LV�DGPLQLVWHUHG�WR�KXPDQV��LW�VHHPV�WR�VLJQL¿FDQWO\�DFWLYDWH�WKH�UHJLRQ�RI�
the mPFC (Skvortsova et al. 2020). This brain region promotes favorit-
ism to an ingroup member over an outgroup member (Lin et al. 2018). 
7KLV� SUHIHUHQFH� KDV� SUHYHQWHG� VFLHQWLVWV� IURP� ¿QGLQJ� WKH� UHDO� FDXVH� RI�
revenge, whether it is negative outgroup behavior towards an ingroup 
PHPEHU�RU�D�UHVXOW�RI� LQJURXS�IDYRULWLVP�HYHQ�LQ�WKH�DEVHQFH�RI�FRQÀLFW��
7R�FRQWURO�WKH�ELDV�FUHDWHG�E\�IDYRULWLVP��UHVHDUFKHUV�FODVVL¿HG�WKH�SDUWLFL-
pants—healthy adults—into two groups (revenge and control) that matched 
in emotions, attitudes, and behaviors; however, they differ in the reason to 
punish the outgroup member. They also created the neural-behavior para-
digm: the revenge group had to watch a competitive game, while two ingroup 
and outgroup members—both confederates—gave each other electric 
shocks. In addition, the control group had a computer that gave the shocks.
+DQ� HW� DO�� XVHG� WKHVH� JURXSV� WR� WHVW� WKHLU� K\SRWKHVLV� WKDW� WKH� UHYHQJH�
group’s OT levels would be higher than those in the control group— 
GXH� WR� H[SHULHQFLQJ� LQWHUJURXS� FRQÀLFW²� DQG� WKXV�� 27� ZRXOG� PHGLDWH�
the tendency to mistreat the outgroup. Researchers mixed this para-
GLJP� ZLWK� WKH� IXQFWLRQDO� PDJQHWLF� UHVRQDQFH� LPDJLQJ� �I05,�� QHXURLP-
DJLQJ� WHFKQLTXH��7KLV�PHWKRG� UHFRUGV� WKH� VSHFL¿F� EUDLQ� VWUXFWXUHV� DFWL-
vated in a person during a certain task or experience (Roy et al. 2018).                  
6LPXOWDQHRXVO\�� +DQ� HW� DO�� ������� FROOHFWHG� VDOLYD� VDPSOHV� WR� WHVW� WKHLU�
OT levels at three different points of the experiment: when the con-
ÀLFW� VWDUWHG�� ZKHQ� LW� HQGHG�� DQG� DIWHU� ��� PLQXWHV� RI� FRQÀLFW�� 7KH\�
found that in the revenge group, after experiencing the intergroup 
FRQÀLFW�� WKHLU� 27� OHYHOV� ZHUH� VLJQL¿FDQWO\� KLJKHU� WKDQ� WKRVH� IRU� WKH�
control group. Furthermore, their levels seemed to continuously in-
crease throughout the other stages, thus suggesting a connection be-
WZHHQ� LQWHUJURXS� FRQÀLFW� DQG� KLJK� 27� OHYHOV� GXULQJ� LQWHUJURXS� FRQÀLFW��
Later on, they aimed to investigate the neural activation produced by 

27��7KH\�DQDO\]HG� I05,�VFDQV� WDNHQ�DIWHU� WKH�VHFRQG� WLPH� ��ZKLOH�DOVR�
showing pictures of ingroup members with painful and non-painful fa-
cial expressions - and concluded that there was a greater activation, for 
both, in the mPFC. Researchers examined the association between the 
mPFC activity and the propensity of both groups to undertake vengeful 
behavior. They obtained that those in the revenge group had a higher 
potential to punish the outgroup members without caring whether they 
ZHUH�GLUHFWO\� LQYROYHG�RU�QRW� LQ� WKH�FRQÀLFW� �SXQLVKLQJ�RU� MXVW�ZDWFKLQJ����
0RUHRYHU�� WKHVH� UHVXOWV� ZHUH� IROORZHG� E\� DVVRFLDWLQJ� WKH� OHYHOV� RI� 27�
with the activation of mPFC in the experiment for both groups (revenge 
DQG� FRQWURO�� WRZDUGV� WKH� SHUFHSWLRQ� RI� LQJURXS� VXIIHULQJ�� +DQ� HW� DO��
������� GHPRQVWUDWHG� WKDW� WKHUH� ZDV� D� VLJQL¿FDQWO\� VWURQJHU� DVVRFLDWLRQ�
of mPFC activity with higher OT levels in the revenge group (vs. con-
WURO�JURXS���7KLV�DVVRFLDWLRQ�VXJJHVWHG� WKDW� WKH� LQWHUJURXS�FRQÀLFW�PDGH�
the OT levels increase and enhance its connection to the mPFC activi-
W\��ZKLFK�ZDV�D�UHVSRQVH� WR�SHUFHLYHG� LQJURXS�SDLQ� LQ�D�FRQÀLFW�ZLWK�DQ�
outgroup member. Researchers further these conclusions and aimed to 
investigate whether this association was linked to revenge propensity 
DIWHU� H[SHULHQFLQJ� WKH� FRQÀLFW�� 7KH� UHVHDUFKHUV� IRXQG� WKDW� WKH� LQFUHDVH�
LQ�27� OHYHOV�DIWHU�H[SHULHQFLQJ� WKH�FRQÀLFW�DQG� WKH� WHQGHQF\� IRU�SXQLVK-
ment towards the outgroup was mediated by the activity of the mPFC.
All in all, they showed that having ingroup identity alters OT function. Instead 
of promoting a bonding environment, it made them negatively respond to 
DQ�RXWJURXS�GXULQJ� LQWHUJURXS�FRQÀLFW��6LPLODUO\�� WKH�DFWLYDWLRQ�RI�P3)&�
was also related to higher OT levels and revenge propensity. Thus, it was 
concluded that the association between these is opening the understand-
ing of the neurobiological explanation of the desire for revenge (Fig. 1).

)LJXUH� ��� +XPDQV¶� QHXURELRORJLFDO� DVVRFLDWLRQ� RI� P3)&�
DQG� HQGRJHQRXV� R[\WRFLQ� GXULQJ� LQWHUJURXS� FRQÀLFW��
(a) Two groups of participants played a competitive game, ingroup vs. out-
group. Painful and non-painful electric shocks were given by a computer 
(control) or each other (revenge). (b) Each group watched ingroup getting 
painful shocks, and then pictures of them with a painful or non-painful facial 
expression. (c)�7KH�OHYHOV�RI�27�LQFUHDVHG�VLJQL¿FDQWO\�IRU�WKH�UHYHQJH�JURXS�
(vs. control group) that watched their ingroup get punished by an outgroup 
member. (d)�I05,�VFDQV�VKRZHG�KLJKHU�DFWLYDWLRQ�RI�P3)&�IRU�WKH�UHYHQJH�
group (vs. control). (e) The revenge group was most likely to undertake 
YHQJHIXO�EHKDYLRU��YV��FRQWURO�JURXS���+DQ�HW�DO�¶V��������UHVHDUFK�PRGHO�
helped them conclude their hypothesis. They aimed to investigate the neu-
URELRORJLFDO�UHVSRQVHV�WR�LQWHUJURXS�FRQÀLFW��1RWDEO\��WKH\�ZHUH�DEOH�WR�HV-
tablish an association between mPFC and endogenous OT levels both medi-
DWHG�E\�LQWHUJURXS�FRQÀLFW�DQG�VXEVHTXHQWO\�OHDGLQJ�WR�UHYHQJH�SURSHQVLW\��
+RZHYHU��WKHLU�UHVXOWV�IRU�SXQLVKPHQW�WHQGHQF\�UHO\�JUHDWO\�RQ�SDUWLFLSDQWV¶�
VHOI�UHSRUWV��DQG�WKHUHIRUH�LW�LV�GLI¿FXOW�WR�GHWHUPLQH�UHDO�YHQJHIXO�EHKDYLRU��
)RU� D� ORQJ� WLPH�� WKH� SUHVHQFH� RI� LQWHUJURXS� FRQÀLFW� LQ� WKH� ZRUOG� KDV�
EHHQ� D� SUHGRPLQDQW� IDFWRU� RI� FRQÀLFW� FRQWDJLRQ� DFURVV� FRPPXQL-
ties. Even though this study investigated only one brain association, 
further studies need to delve deeper into other neural networks un-
derlying revenge behavior. For example, pursuing research on sero-
tonin, which is linked to the amygdala and mediating moral judgment 
and behavior (Crockett et al. 2010). By furthering knowledge about the 
QHXURELRORJ\� RI� LQWHUJURXS� FRQÀLFW�� SHRSOH� ZLOO� JDLQ� LQVLJKW� LQWR� WKH� LP-
portance of social identity, group dynamics, and how it connects to the 
EUDLQ²�DOO� OHDGLQJ� WR�GHYHORSLQJ�VWUDWHJLHV� WR�RYHUFRPH�JURXS�FRQÀLFWV�
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