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Highlights
Human intergroup interactions can be
peaceful, marked by mutually beneficial
exchange and trade, but they often in-
clude an element of competition and
can become violent.

To understandwhen andwhy intergroup
relations change from peaceful to violent,
we focus on the interdependence
structures within and between groups,
and on how individuals adapt to these
interdependencies.

We identify carrying-capacity stress as a
Peaceful intergroup relations deteriorate when individuals engage in parochial
cooperation and parochial competition. To understand when and why intergroup
relations change from peaceful to violent, we present a theoretical framework
mapping out the different interdependence structures between groups. According
to this framework, cooperation can lead to group expansion and ultimately
to carrying-capacity stress. In such cases of endogenously created carrying-
capacity stress, intergroup relations are more likely to become negatively
interdependent, and parochial competition can emerge as a response. We dis-
cuss the cognitive, neural, and hormonal building blocks of parochial cooperation,
and conclude that conflict between groups can be the inadvertent consequence
of human preparedness – biological and cultural – to solve cooperation problems
within groups.
pivotal factor in transitioning intergroup
relations from peaceful to conflictual,
and discuss four neurocognitive building
blocks of parochial cooperation and
competition.

We suggest that parochialism may be
best understood as an adaptation to
group-living that can inadvertently lead
to intergroup hostility and conflict.
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Living in Groups
Humans are a gregarious, group-living species [1,2]. Many social interactions occur within
groups (see Glossary) of familiar others with whom individuals share a past and a future. Groups
exist next to other groups with whom interactions take place well – work teams operate in larger
organizations, sports teams compete against each other, and companies and nation states op-
erate in markets and alliances. Such intergroup interactions can be peaceful, marked by mutually
beneficial exchange and trade [1–5]. Intergroup interactions often also include an element of com-
petition and can become violent [1,6–10]. Examples include community feuds, tribal raids, hostile
takeovers in industry, terrorist attacks, and interstate warfare.

Group-living and intergroup relations can be analyzed at four levels (Box 1). Across these levels of
analysis, it is assumed that intergroup conflict emerges when individuals in at least one group
contribute personal resources such as physical strength, money, skills, and knowledge to ag-
gress out-groups and/or to respond to (anticipated) out-group threats with defensive action,
pre-emptive strikes, and retaliation [7,11–14]. What remains puzzling is why groups of individuals
initiate and escalate intergroup conflict. At the individual level, group members risk injury and loss
of resources when they join and contribute to intergroup conflict. At the aggregate level,
intergroup conflict is more wasteful than peaceful coexistence and cooperation.

To understand when and why intergroup relations change from peaceful to violent, we present a
theoretical framework that maps out the different interdependence structures between groups.
Groups are internally interdependent but can be (i) independent of other groups, allowing peace-
ful coexistence and the emergence of group-specific norms and practices, (ii) positively interde-
pendent, allowing positive (in)direct reciprocity and cross-group cooperation to emerge, and
(iii) negatively interdependent, increasing the likelihood of competition and conflict (Figure 1).
Second, we review work in behavioral economics and cognitive neuroscience showing that
humans often display parochial cooperation – people cooperate with in-group members more
than with out-group members. We argue that sustained parochial cooperation can create
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Glossary
Anterior insula (AI): a cortical structure
folded deep in the lateral frontal lobe that
is involved in multiple (socio)cognitive
and affective processes, such as
empathy, interpersonal experience, and
social exclusion.
Carrying-capacity stress: situations
when a group needs more resources
than the local environment can provide.
Conflict: situations in which there is an
incompatibility between the values and
goals of interdependent (groups of)
individuals.
Cooperation: actions that create a
benefit b to another agent (or agents) at
a cost c, where c b b.
Dorsolateral prefrontal cortex
(DLPFC): a functional area within the
prefrontal cortex that has an important
role in higher-order cognition, including
working memory, cognitive flexibility,
inhibition, and strategic planning.
Group: three or more positively
interdependent individuals.
Hyperscanning: a method by which
brain activity in two or more interacting
individuals can be simultaneously
recorded, thus permitting the study of
inter-brain responses and neural
coupling that underlie interactive
decision-making.
(In)direct reciprocity: cooperating
(versus competing) with those who (are
assumed to) have a positive, cooperative
(versus negative, competitive)
reputation.
Interdependence: when agents
(individuals or groups) positively or
negatively impact on each other’s
(economic and/or psychological) states
through individual and joint behavior.
Interpersonal neural
synchronization: the degree to which
the brain activities of two or more
interacting individuals covary over time.
Perspective-taking: the capacity to
process information from others’
perspective (separate from one’s own),
typically to understand and predict
others’ emotions and behavioral
intentions.
Social dilemma: a decision-making
situation in which the individual is better
off by not cooperating when others
cooperate, but the group is better off
when all members cooperate.
Temporoparietal junction (TPJ): a
functional neural region at the border of
the temporal and parietal lobes that
integrates and processes information
from the external environment and from

Box 1. Group Living and Parochialism at Four Levels of Analysis

The functions of group living, and of parochialism in particular, can be analyzed and understood at four levels of analysis
across different disciplines in the social and behavioral sciences (Figure I).

At the ultimate group level, natural selection may have favored groups (blue-fills for in-group; orange-fills for out-groups) that
established stronger norms and habits of cooperation over thosewho cannot contain free-riding. Some scientists working from
an evolutionary (group-selection) perspective have proposed that in-group cooperation evolved in the context of (presumably
frequent) violent intergroup conflict, where groups that exhibit higher levels of in-group cooperation and between-group com-
petition (red arrows) are more likely to prosper than groups that that have lower levels of such parochialism ([5,7,10]; also
[4,9,27,29–31,45,132]). At the proximate group level, the interdependence structure within and between groups shapes the
form and function of parochialism [6,8]. Scientists working from a social psychological or sociological perspective contrast pa-
rochialism to universal cooperation (blue arrows), and decompose parochialism into parochial cooperation and parochial com-
petition (red arrows) [133]. Parochial competition imposes negative externalities on other groups that can ignite vengeance,
retribution, and violent responses in otherwise peaceful out-groups (see also [12–14,19,22–26,32–42,47–61,63–67]. At this
proximate group level, parochial competition and the underlying interdependence structure serve as an impetus for, rather than
being a consequence of, the emergence and escalation of intergroup conflict [6,8,19]. At a proximate interindividual level,
individuals cooperate and compete with other individuals, build cooperative and competitive reputations by reciprocating
and exploiting each other’s trust and cooperation, and select new interaction partners on the basis of reputation
[15–18,20,21,51,63,64,67]. Through this mechanism of (in)direct reciprocity, interindividual interactions develop into groups
of interdependent individuals with (in)formal norms and institutions that promote cooperation and deter free-riding
[15,17,19,20,134,135]. At the proximate individual level, parochialism is related to group-bounded feelings of empathy and
perspective-taking linked to specific brain areas and neuroendocrine systems. Cognitive neuroscientists have identified neural
and neuroendocrine processes that shape parochialism and are shaped by parochialism displayed by out-groups
[69,71,72,76–80,87,88,91,98,105,106,109–118,122–125,127–129]. Levels of analyses can interact bidirectionally. For
example, evolutionary pressures favoring parochialismmayhave created a biobehavioral preparedness for individuals to display
parochialism even when intergroup interdependencies would favor universal cooperation [5,8,85,110,133–135]. Along similar
lines, group-level norms for parochialism shape emotional responses to norm violations within and between groups. Such
emotions are related to specific patterns of neural and neuroendocrine activity, and can increase the likelihood to enforce
and promote group-level norms [44,48,49,69,77–80,98,105,106,110].
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Figure I. Group-Living and Intergroup Relations at Four Levels of Analysis.
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carrying-capacity stress and transform intergroup relations from independency or positive in-
terdependency to negative interdependency. Through this (indirect) effect on intergroup interde-
pendencies, parochial cooperation can inadvertently create the antecedents for parochial
competition – competing instead of cooperating with out-group members. Third, to understand
how intergroup relations change, we review the building blocks and emerging work on their as-
sociations with brain activity and hormonal modulation. We add to the well-known building blocks
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within the body (also see perspective-
taking).
Ventral striatum (VS): a cluster of
neurons in the subcortical basal ganglia
of the forebrain. A crucial component of
themotor and reward systems, the VS is
involved in the coordination of
motivation, reinforcement, and reward
processing.
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Figure 1. Topology of Intergroup Relations. (A) Cooperative reciprocal interactions (blue arrows) between individuals
can lead to clusters of cooperative relationships that are upheld by shared expectations of reciprocity (norms of
cooperation). Owing to boundaries in social contact and interaction frequency (e.g., through geographical or cultural
separation), groups emerge that cooperate within their own group but not between groups. Cooperation may generalize
beyond dyadic relations by establishing public goods (grey circles). In this case, costly contributions and benefits are not
exchanged through interpersonal relationships, are but group-shared and group-bounded. (B) Positive interdependence be-
tween groups can allow cooperative norms or expectations of reciprocity to traverse group boundaries, ultimately allowing
groups to merge and establish shared norms and act cooperatively. (C) By contrast, cooperative actions within groups
that impose a negative externality on other groups (negative interdependence, red arrows) sharpen group boundaries and
can lead to parochial competition. In the most extreme case, contributions to a public good do not create any benefits
whatsoever but only impose an externality on another group (‘spiteful’ intergroup relations). (D). Through sustained parochial
cooperation and public-good provision groups expand and increasingly require resources to sustain group-living; this
can lead to carrying-capacity stress and negative interdependence in which groups compete for a shared resource in a
zero-sum game.

Trends in Cognitive Sciences
of parochialism – social categorization, in-group biased preferences and beliefs, and (controlled)
decision-making – a fourth mechanism: feedback-based learning and updating. We conclude
that conflict between groups can be the inadvertent consequence of human preparedness –

biological and cultural – to solve cooperation problems within groups.

Intergroup Relations as a Two-Level Game of Strategy
At the core of group-living is a fundamental social dilemma. If individuals maintain cooperative
relationships, group-living provides levels of protection and prosperity that single individuals
cannot achieve alone [15,16], but cooperation is exploitable. At the interindividual level,
cooperation provides a net benefit to the partner that the partner can take advantage of by
not reciprocating. At the group level, cooperation can provide and sustain public goods such
as public security and social welfare systems from which all group members benefit. Public
goods provision is fragile, however, because each group member has an incentive to withhold
contributions and benefit from the public goods for free (i.e., free-riding) – the ‘classic’ dilemma
of cooperation [15–17].
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Cooperation and Intergroup Conflict
Groups with a large number of free-riders and concomitant cooperation failures face internal
conflicts and may dissolve [18,19]. To avoid this, group members develop and enforce prosocial
preferences, create and maintain social norms of reciprocity and fairness, trust that other group
members hold these norms, and preferentially interact with members with a cooperative reputa-
tion but punish and disengage from those with a non-cooperative reputation [i.e., (in)direct
reciprocity] [5,15–17]. Social norms and group regulations such as bonding rituals and formal
laws promote (in)direct reciprocity and reduce free-riding. These norms and regulations also re-
inforce group boundaries by defining who is expected to contribute to and benefit from public
goods, and who is not [20] (Figure 1A). In a nutshell, the mechanisms to suppress the free-
rider problem are often tailored to particular groups and its members, reinforcing in-group-
bounded, parochial cooperation (also see [21]).

When groups are embedded in networks of groups, individuals can contribute not only to group
goods from which their own group benefits (parochial cooperation) but also to collective goods
from which the entire network benefits (universal cooperation). Universal cooperation in, for
example, coalitions of nation states, trade networks, city neighborhoods, and tribal communities
within a nation state may develop to such an extent that it blurs between-group boundaries
(Figure 1B). Universal cooperation is, however, more difficult to enforce than parochial cooperation.
Norms, trust, and (in)direct reciprocity usually develop in and are confined to smaller collectives,
and do not generalize to larger collectives or an entire network of groups [22–24]. In addition, the
welfare of agents often depends more on socially close others with whom one has frequent and
repeated interactions than on strangers and out-group members [5,16].

Although universal cooperation can, in principle, lead to the fusion of groups and the establish-
ment of universal norms and practices of cooperation as seen in the history of nation states
(Figure 1B), parochial cooperation can prevent this process by polarizing intergroup relations.
Some groups may be better at enforcing (in-group-bounded) cooperation than others, and this
creates between-group inequality. Individuals in ‘inferior’ groups may envy ‘superior’ groups,
and individuals in superior groups may fear the envy from their inferior neighbors. Extant work
in social psychology has shown that between-group inequalities and relative deprivations provide
impetus for intergroup polarization and conflict [6,8,11,18,25,26]

Parochial cooperation can deteriorate intergroup relations for another reason that has received
little attention in existing conflict theory. Parochial cooperation can lead to group growth and ex-
pansion that increasingly tax the group’s environment and its finite resources to the point where
the group experiences carrying-capacity stress [2,27]. Carrying-capacity stress can be relaxed
not only through innovations in, for example, production technology and agricultural practices
[2,27,28], but also by capturing resources from neighboring groups. Resonating with this per-
spective are studies in political geography and climate research that have linked environmental
degradation to political conflict and intergroup violence [8,27,29–31]. Thus, through successful
and sustained parochial cooperation, groups inadvertently create negative interdependencies
between groups (Figure 1C), where parochial competition and intergroup conflict are a possible
result (Figure 1D).

Revealing Parochial Cooperation through Nested Social Dilemma Games
Nested social dilemmas model multilayered group relations to study parochial cooperation
[15,32,33] (Figure 2A). Typically, research participants are divided into two groups of equal size
and can contribute resources to a group-exclusive public good (parochial cooperation) from
which they receive a share that is independent of their contributions (creating the classic dilemma
Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9 763
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Figure 2. Experimental Models of Inter-Group Relations in which Individuals Are Assigned to Two Groups A and D of Usually Equal Size NA = ND. (A). In
the nested social dilemma, individuals can contribute (unbroken black arrow) to a group-exclusive public good P (blue). Contributions gain in value with factor k (where 1 b k
b N) and are redistributed equally among group members (broken black arrow). Individuals in both groups can also contribute resources to a universal pool C (beige).
Contributions are likewise multiplied by k′ (typically k = k′) and are redistributed equally among in- and out-group members. The bar-chart shows sample-size weighted
levels of parochial (blue) and universal (beige) cooperation (expressed as mean percentages from the total endowment) from 11 independent experiments (N = 882 in
total) reported in [32–36]). (B) In the intergroup attacker–defender contest (IADC), individuals can contribute resources to their own group’s pool P (red, attackers; blue,
defenders). Contributions are wasted, but group A wins the non-invested resources of D when pool PA N pool PD. When PA ≤ PD, individuals on both sides earn whatever
resources they have not invested. The bar-chart shows sample-size weighted average contributions (of e = 10) to out-group attack (red) or in-group defense (blue) (N =
1.608 in 268 three-person groups from five independent experiments reported in [14,47–49]). (C) In the intergroup prisoner’s dilemma-maximizing differences game, IPD-
MD), each individual in groups A and D can contribute to an in-group P (blue) or a between-group pool S (red). Contributions to P and S are multiplied by k and
redistributed equally among the members of groups A and D. Contributions to S additionally impose a cost on each member of the opposite group (red broken arrow).
The bar-chart shows sample-size weighted average contributions (of e = 10) to parochial cooperation (P, blue bar) and competition (S, red bar) (N = 960 from 13
independent experiments reported in [34,39,52–59]).
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of cooperation). Individuals in both groups can also contribute resources to a universal pool
(universal cooperation) from which both in-group and out-group members receive a share re-
gardless their contributions.

Experiments using nested social dilemmas typically find more parochial than universal coopera-
tion (Figure 2A) [15,32–36]. This resonates with meta-analyses showing that individuals cooper-
ate more with members of their own group than with strangers or out-groups [37,38]. In fact,
even when groups are constructed randomly, people treat others differently depending on
their group membership, displaying in-group biases in prosocial preferences and cooperative
beliefs – people value and trust in-group members more than out-group members
[33,34,37,39–42]. One explanation for this ‘mere membership’ effect [43] is that people
assume, rightly or not, that interactions with in-group members are cooperative to a greater
extent than interactions with strangers and out-groups [37,42]. Indeed, when individuals can
punish other participants, they promote a norm of parochial cooperation by punishing free-riding
within one’s group more harshly than free-riding within or towards out-groups [42,44,45]. Group
members also more readily reward parochial individuals and elect them to leadership positions,
rather than those who free-ride or display universal cooperation [34,46].

Revealing Parochial Competition through Intergroup Contest Games
Groups under carrying-capacity stress (Figure 1D) may try to take over their neighbors’ resources
[26,27,29–31,47], and groups that fear such out-group attacksmay feel justified to pre-empt out-
group threat by initiating a conflict [8,12,13]. Such parochial attack and defense have been
764 Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9
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modeled in the intergroup attacker–defender contest (IADC) and investigated experimentally [14]
(Figure 2B). Individuals allocated to an attacker or an (opposing) defender group can contribute
personal resources to their group’s pool. Contributions are wasted, but when the attacker
group’s contributions exceed those of the defender group, attackers win the non-invested re-
sources of the defenders (who thus leave empty-handed). When attackers invest equal or less
than the defender, individuals on both sides earn whatever resources they have not invested.

Experiments show that contributions to in-group defense outrank those to out-group attack
[14,47–49] (Figure 2B). Contributions to out-group attack (i.e., out-group aggression) are,
however, non-trivial – individuals frequently spend personal resources to exploit (members of)
the out-group. Moreover, people enforce a norm of parochial competition through punishment
of group members who do not contribute to out-group attack [14,50,51], and elect individuals
who display hawkish behavior towards out-groups into leadership positions [34].

Parochial competition sometimes emerges even if it provides no material benefits to one’s
own group. This is the case in the intergroup prisoner’s dilemma-maximizing differences game
(IPD-MD) [26,34] (Figure 2C). Individuals are divided in two groups and can contribute to an
in-group (parochial cooperation) or a between-group pool. From both pools individuals and
their own group earn a share regardless of their contributions. However, contributions to the
between-group pool also impose a cost on each out-group member at no material benefit to
the in-group. Experiments show that individuals typically contribute more resources to the
in-group pool (parochial cooperation), but contributions to the between-group pool also occur
(i.e., out-group spite) [26,34,40,52–59] (Figure 2C).

Synthesis
The experimental data from two-level games of conflict fit the dynamics proposed in Figure 1.
Parochial cooperation already emerges in the absence of interdependencies with other groups
[60–62]. Parochial cooperation is stronger following in-group bonding [48,63,64], when within-
group similarity is emphasized [36,65,66], and when group members have strong friendship
ties [11,67]. Possibly, groups use bonding rituals and highlight similarity to emphasize and reaf-
firm their members of their mutual interdependence. Parochial competition, by contrast, emerges
when intergroup relations are marked by negative interdependencies. Parochial competition is
largely – but perhaps not exclusively – confined to situations in which groups compete for finite
resources. Parochial competition brings in-group benefits ('spoils of war'), deters and neutralizes
out-group threat [12,13,68], improves personal reputation within one’s group [34,46], and per-
haps relieves envy towards wealthier out-groups [18,25,26,69].

Building Blocks of Parochial Cooperation and Competition
For parochialism to emerge, humans need to (i) (quickly) identify and categorize who is and who is
not part of one’s own group, (ii) form preferences and beliefs about the cooperativeness of the
interaction partner(s), (iii) make decisions based on these preferences and beliefs, and (iv) update
social categorization and concomitant (in-group biased) preferences and beliefs based on feed-
back from interaction outcomes. Although they are psychologically and neurobiologically distinct,
as we discuss later, these building blocks of parochialism have recursive elements and dynami-
cally adapt as interactions unfold (Figure 3A).

Social Categorization
People structure and represent the world by quickly classifying objects into categories based on
basic features such as similarity in shape and color, as well as physical proximity. In the case of
other people, categorization also follows cues of familiarity, shared habits and values inferred
Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9 765
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from observed behavior, and common fate such as shared exposure to threat and opportunities
[44,47,65,70,71]. For example, others’ contributions to the provision of public goods may be a
powerful cue for categorizing others as 'in-group' or 'out-group' [21,36,42,72]. However, even
arbitrary partner characteristics, such as ethnicity and language spoken, can become associated
with beliefs and expectations of who can be trusted or not, and who is deemed to be a cooper-
ator or defector [43]. For example, infants ~1 year of age selectively imitate and adopt the prefer-
ences of someone speaking their own (in-group) language rather than those of someone
speaking a foreign (out-group) language [73], and they prefer individuals who treat similar others
well and treat dissimilar others poorly [74]; children of preschool age already display in-group bias
and parochial cooperation [75]. Such generalized cue-based heuristics (i.e., group stereotypes)
can explain when and why cooperation remains parochial even when interdependency between
groups is or becomes positive. Cue-based decision makingmay prohibit or slow down the devel-
opment of cross-group cooperation and generalized trust.

Forming (Parochial) Preferences and Beliefs
Once interaction partners are identified as part of the individual’s group or as out-group members,
different behavioral scripts for treating in-group members and out-group members emerge. Such
scripts rest, first, on in-group biased prosocial preferences and empathy [37]. There is good evi-
dence that prosocial preferences impact more on parochial cooperation when people interact
with in-group thanwith out-groupmembers [3,33,39,41,52,53], and that empathy is higher for peo-
ple identified as part of the in-group rather than the out-group. At the neurobiological level, empathy
has been related to activity in the ventromedial prefrontal cortex (VMPFC), somatosensory cortex
(S1), and the anterior insula (AI) (Figure 3B); neural activity in these areas is higher when partici-
pants see in-group rather than out-group members experiencing painful treatment [76–80]. Such
in-group biased 'empathy for pain' in turn has been linked to parochial cooperation and competi-
tion. For example, in [79], Jewish-Israeli and Arab-Palestinian adolescents witnessed painful treat-
ment of in-group and out-group members. Imaging results showed more brain activity in the
somatosensory cortex when targets were in-group rather than out-group members, and this in-
group biased neural response predicted subsequent hostility towards out-group members.

Differential treatments of in-group versus out-group members also rest on in-group biased ex-
pectations of partner cooperation. There is good evidence that individuals readily expect more
cooperation from in-group than from out-group partners [33,37,39,40]. To some extent, such ex-
pectations are preference-based, in that individuals tend to rely on their own preferences when
predicting the actions of similar others and use group stereotypes when predicting the actions
of dissimilar others [81]. In addition, beliefs and expectations involve perspective-taking and
'theory-of-mind' [82–86], which has been related, at the neurobiological level, to activation in
the precuneus and the temporoparietal junction (TPJ) (Figure 3B) [83–86]. Activity in these
neural structures may be engaged more when dealing with in-group than with out-group
Figure 3. Neurocognitive Building Blocks of Parochial Cooperation and Competition. (A) Categorizing the interaction partner as in-group (blue, top panel) feeds
cooperative preferences and expectations that promote the implementation of cooperative decisions (black arrows). In-group partner cooperation reinforces (black
feedback arrow) categorizing the partner as in-group, whereas partner competition undermines (red feedback arrow) categorizing the partner as in-group. Categorizing
the interaction partner as out-group (orange; bottom panel) inhibits cooperative preferences and expectations (red arrows). Partner cooperation undermines
categorizing partner as out-group (red feedback arrow), whereas partner competition reinforces (black feedback arrow) categorizing partner as out-group. (B) Cortical
and subcortical regions that have been linked to (in-group bias in) social preferences and cooperative beliefs include VMPFC, AI, S1, precuneus, and TPJ; regions
implicated in implementing decision-making include OFC, dACC, and DLPFC; regions involved in feedback processing and in updating preferences and beliefs include
VS and AMY. (C) Neural regions modulated by oxytocin include NaCC, AMY, PVN, VP, and VTA. (D) Neural regions modulated by the release of testosterone include
DLPFC, OFC, AMY, LS, and PAG. Abbreviations: AI, anterior insula; dACC, dorsal anterior cingulate cortex; AMY, amygdala; DLPFC, dorsolateral prefrontal cortex; LS,
lateral septum; NaCC, nucleus accumbens; OFC, orbitofrontal cortex; PAG, periaqueductal grey; PVN, paraventricular nucleus of the thalamus; S1, somatosensory
cortex; TPJ, temporoparietal junction; VMPFC, ventromedial prefrontal cortex; VP, ventral pallidum; VS, ventral striatum; VTA, ventrotegmental area.
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members. For example, decisions to trust in-group members more than out-group members
were observed when TPJ functionality was intact, but not when TPJ functionality was temporarily
disrupted [87].

Implementing (Parochial) Decisions
Because extending trust, cooperating, and enforcing norms of cooperation or competition all in-
volve personal costs and risks, implementationmay depend on some strategic deliberation about
such costs and potential future benefits. Although we lack good understanding of how social cat-
egorization influences such cost–benefit calculations, there is some evidence that parochial
decision-making emerges especially when strategic deliberation about costs and benefits is
reduced [88]. Indeed, some studies have shown that individuals under cognitive load, which is
associated with reduced top-down control and strategic deliberation [89], display more parochi-
alism ([39,57,90,91]; but see [33]).

At the neurobiological level, calculating the costs and benefits of decision options has been re-
lated to activity in the dorsolateral prefrontal cortex (DLPFC) and dorsal anterior cingulate cor-
tex (dACC) (Figure 3B) [92–97], and there is emerging evidence that reduced activity in these
regions associates with stronger parochialism [48,88]. For example, in a multi-round IADC
game [48], reduced neural activity in the right DLPFC predicted stronger contributions to out-
group attacks that favor the in-group at the expense of the out-group.

Learning and (Biased) Updating from Feedback
Decisions to cooperate or trust, and subsequent observations of reciprocity, can reinforce paro-
chial cooperation and competition (Figure 3A). When people engage in social decision-making
they may use (learned) partner cues to guide their decision to cooperate or defect [19–21,51].
This paves the way for stereotypical views – people with feature X cannot be trusted – and further
corroborate categorizations of 'us' and 'them' [21,72,98,99]. It can also lead to selective sam-
pling (i.e., not taking a risk to cooperate with 'them' in the first place) and a self-fulfilling prophecy
of parochialism when groups share the same (wrong) stereotypes about each other. This not only
prevents universal cooperation but also reinforces biased beliefs, group boundaries, and parochi-
alism, and can polarize intergroup relations [5,19–21,98,99].

That interaction dynamics shape parochialism raises the important question of how partner cues
are (un)learned. In general, learning can take place through direct experience (e.g., Pavlovian and
instrumental learning [100,101]), from (observing) others’ choices, or from gossip in combination
with simple heuristics such as 'a friend of a friend is a friend,' and 'an enemy of a friend is an
enemy' [19]). When in-group members reciprocate trust and cooperation, individuals not only
learn the long-term benefits of trust and cooperation with in-group members [98] but also
update expectations about in-group trustworthiness. A similar process may apply to parochial
competition, which can lead to positive reputation benefits within one’s in-group [34,46], and
concomitant updating of expectations about what parochial competition brings.

At the neurobiological level, learning has been, in particular, linked to the neural responses in the
ventral striatum (VS) and AI (Figure 3B) [102,103]. VS activity modulates learning in non-social
environments [102,103], and learning from cooperation and competition [21,72,93,96,104].
Importantly, VS activity tracks not only the benefits others receive from cooperation [93] but
also the benefits people experience from out-competing their rivals [72,104]. For example,
winning an intergroup competition was associated with VS activity which, in turn, predicted
willingness to aggress out-group targets ([72]; also [69,80,104–106]). Accordingly, VS activity
may play an important role in the reinforcement of both parochial cooperation and competition.
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Synthesis and Future Research
Parochial cooperation and competition rest on (i) social categorization of others as in-group ver-
sus out-group, and (ii) behavioral scripts for cooperation based on in-group biased prosocial pref-
erences and beliefs. We have added (iii) feedback-based learning from decision consequences
and partner behavior as a mechanism that can (iv) reinforce (or weaken) the tendency to catego-
rize partners as in-group versus out-group, and strengthen (biased) beliefs about the coopera-
tiveness of interaction partners based on their group membership.

Neuroimaging studies have begun to link specific neural activity to these building blocks of
parochialism, but more principled research is needed. First, the evidence is mostly correlational
and largely ignores the fact that social categorization and in-group biased preferences and beliefs
are continuously updated as interactionswithin and between groups develop. Second, associating
neural responses in particular brain structures to specific cognitive building blocks, of course, rests
on oversimplified assumptions, and the field increasingly moves towards uncovering the computa-
tional mechanisms and interactions between brain regions [107]. This should help to go beyond
reverse inference and simplified brain region-to-function associations. In addition, many other
regions, not discussed here, may well be involved in the processes underlying parochialism. For
example, the amygdala – a subcortical structure involved in threat detection and emotion process-
ing (Figure 3B) – has been linked to both social categorization and belief formation and updating
[108]. Third, existing work is mostly limited to individual (neural) responses in relation to individual
decisions to cooperate and/or compete with in-group versus out-group members, often in one-
shot decisions. How feedback and learning reinforce group membership biases at the behavioral,
cognitive, and neurobiological levels, is still poorly understood (see Outstanding Questions).

Although we know how individuals within groups coordinate decision making and organize col-
lective action [15], we understand less well how individual neural activity is modulated by other
group-member displays of parochial cooperation and competition. This is unfortunate because
within-group coordination of collective action is important for public good provision [15–17]
and has been related to group victory and success in IADCs [8,14,47–49]. Research needs to
study dynamic situations in which the actors act, react, and reinforce each other’s beliefs and be-
havior. Recent work using hyperscanning has provided the first evidence that individual brain
activity during IADCs synchronizes across members of one’s own group [48]. The degree of
such interpersonal neural synchronizationwithin groups predicts howmuch groupmembers
contribute to intergroup conflict, and to out-group attack in particular (Figure I in Box 2).

Hormonal Modulators of Parochial Cooperation and Competition
Several of the building blocks of parochialism have been linked to modulation by hormones with
established social functionalities: oxytocin and testosterone. Oxytocin is a 9 amino acid peptide
synthesized primarily in the hypothalamus and pituitary that functions as both a hormone and
neurotransmitter. It modulates the functionality of different brain regions, including the amygdala,
hippocampus, striatum, and brainstem [109]. Oxytocin also interacts with neural circuitries associ-
ated with (social) reward computation [110–112] (Figure 3C). Testosterone, a steroid hormone se-
creted primarily by the male testicles and female ovaries, acts on androgen and estrogen receptors
that are widely distributed throughout the neural circuitry underlying reactive aggression (amygdala,
hypothalamus, periaqueductal grey; Figure 3D), and reduces the functional connectivity of the
amygdala with prefrontal regions including the orbitofrontal cortex (OFC) and DLPFC [112–114].

Oxytocin
In several mammalian species, oxytocin has been implicated in kin recognition, reduced
fear-responding, feedback-based learning, and promoting social approach in the context
Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9 769
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of pair-bonding, affiliation, and the nurturing and protection of offspring [110–112]. There is
evidence that these processes emerge especially during intergroup competitions and
conflict [79–81,110,115–117].

Oxytocin contributes to parochialism through, first, an enhanced ability to categorize interaction
partners as part of one’s own group. In non-human mammals, oxytocin release during pair-
bond formation forges an olfactory memory that helps to later recognize the partner as familiar
[111]. In humans, some studies likewise show that increased levels of oxytocin link to faster
and more accurate recognition of others as 'familiar' (versus unfamiliar) and as belonging to
one’s in-group (versus not belonging) [118,119]. Second, oxytocin contributes to parochialism
by facilitating the development of in-group biased preferences and beliefs ([120,121] for meta-
analyses). Intranasal administration of oxytocin increases the liking of in-group members [122],
parochial cooperation [35,53,56,80,123,124], and the behavioral coordination of attacks on
out-groups that benefit the in-group [49]. There is some evidence that these effects of oxytocin
on parochial cooperation are mediated by TPJ activity and perspective-taking [80,125], and
that oxytocin facilitates learning from positive, cooperative feedback [126].

There is reason to assume that oxytocin modulates parochial cooperation in particular. Although
oxytocin has been associated with aggressive responding to outsiders, there is no evidence that
oxytocin modulates the (dis)liking of out-groups [122] or (spiteful) parochial competition
[53,56,127]. Possibly, oxytocin-induced aggression, when observed, is aimed at defending
and protecting one’s own group (in particular offspring) [109–111]. Indeed, oxytocin-induced ag-
gression of out-groups is observed especially when out-groups threaten in-group survival and
prosperity (i.e., reactive aggression [53,56,80]).

Testosterone
At the behavioral level, testosterone has been associated with enhanced competition for territory
and (aggressively) seeking and protecting status-ranking [112–114]. A few studies have exam-
ined the role of testosterone in parochial cooperation and competition. In an experiment using
the IPD-MD, endogenous levels of testosterone were associated with more contributions to the
within-group pool (i.e., parochial cooperation) and with more contributions to the between-
group pool (i.e., parochial competition) [57]. In another study, male soccer fans were confronted
with (un)fair offers either from a fan of their own team (in-group) or from a fan of a rival team
Box 2. Inter-Brain Neural Synchronization as a Proximate Mechanism Underlying Intergroup Attacker–
Defender Contests

Inter-brain neural synchronization (also termed inter-brain neural coupling) refers to the cross-time covariation in brain activ-
ities between two or more people. In group interactions, inter-brain neural synchronization can emerge when interacting
group members’ actions or intentions are shared, and this has been suggested to mediate social contagion in which individ-
uals mimic and align with each other’s vocalizations, postures, or movements [85,86]. Simultaneous recordings from two or
more interacting individuals using brain imaging techniques [hyperscanning using fMRI, electroencephalography (EEG), or
functional near-IR spectroscopy (fNRIS)] have been employed to reveal how neural responses align across individuals that
engage in social interaction. Recent studies have examined the role of inter-brain neural synchronization in (inter)group inter-
actions (Figure I). For example, Yang and colleagues [48] assigned 546 individuals to 91 three-versus-three-person attacker–
defender contests and used fNIRS – a non-invasive form of optical imaging that uses arrays of lasers and detectors to
measure changes in oxygenated hemoglobin and deoxygenated hemoglobin concentrations in cortical brain regions – to
simultaneously record brain activity while group members made contribution decisions (Figure IA). In-group bonding before
the contest increased contributions to out-group attack and in-group defense, decreased neural activity in the right dorso-
lateral prefrontal cortex (DLPFC), and increased functional connectivity of the right (r) DLPFC and temporoparietal junction
(TPJ). Crucially, in-group bonding during out-group attack (but not defense) increased within-group synchronization (WG-
Sync) in the rDLPFC and rTPJ (Figure IB), and this increased alignment of prefrontal activity among in-group members pre-
dicted out-group attack (Figure IC). The shared within-group reduction in rDLPFC activity may be a potential neural mecha-
nism of parochial competition that explains how in-group bonding leads to collective hostility towards out-groups.
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Figure I. Hyperscanning Within-Group Neural Synchronization during Intergroup Conflict

Trends in Cognitive Sciences
(out-group). Higher levels of testosterone predicted soccer fans’ generosity towards in-group
members (i.e., parochial cooperation) and the rejection of both fair and unfair offers from the
antagonistic out-group, revealing a tendency to punish the out-group at a personal cost
(i.e., parochial competition) [128,129]. Possibly, testosterone is related to parochialism be-
cause of the positive within-group reputation and/or status benefits that individuals earn
when displaying parochial cooperation and competition. Such an explanation would fit the
finding that testosterone promotes, in both human and non-human primates, risk-taking
[130] and the aggressive pursuit of within-group status-ranking [112–114].

Synthesis and Future Research
Both primary and meta-analytic studies reveal that oxytocin facilitates parochial cooperation, but not
competition, through its influence on social categorization and the development of in-group biased
preferences and beliefs. Testosterone, by contrast, facilitates both parochial cooperation and compe-
tition, possibly because parochialism is related towithin-group reputation and status-ranking. Hostility
Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9 771
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Outstanding Questions
Why do people react differently to
reward and punishment by in-group
members versus out-groupmembers?
How is such in-group reward and out-
group punishment weighted and
incorporated into the decision-making
process?

When do carrying-capacity stress
and resource scarcity lead to group
innovation or instead to out-group
aggression; how do (groups of) humans
trade-off the cost of investing in innova-
tion against the costs of intergroup
conflict?

How do cultural factors, including
culture-specific norms and institutions,
shape in-group biased preferences
and beliefs, and influence transitions
from parochial cooperation to compe-
tition in intergroup relations?

How does neural activity associated
with executive control interact with
emotional responses, empathy, and
perspective-taking in producing paro-
chial cooperation and competition?

How is parochial cooperation related to
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towards an out-group should lead to positive reputation and status, especially when groups are neg-
atively interdependent and competing with the out-group can benefit the own group. The evidence
for this possibility is, however, limited, and more research is needed (see Outstanding Questions).

Regarding brain-imaging research, most evidence for hormonal modulation of parochialism is
based on individual decisions, and little is known about hormonal modulation of parochialism in
interacting groups. An exception is a study on oxytocin in which individuals engaged in a real-
time dyadic coordination game while brain activity was tracked using electroencephalography
(EEG) [131]. Greater inter-brain synchrony during coordination was related to better behavioral
coordination, and intranasal oxytocin (versus placebo) improved both α-band interbrain neural
oscillations and behavioral coordination. Similarly, oxytocin (versus placebo) has been shown to
promote the coordination of successful out-group attacks in IADCs [49].

Concluding Remarks
Gordon Allport, a pioneer in social and personality psychology, once remarked that 'humans live in
groups and, sometimes, for their group' [1]. The development of group-bounded indirect reciprocity,
and its supporting institutions, can be best understood as an adaptive response to the fundamental
problem of group-living – the social dilemma between personal and group interests. Indeed,
cooperation is easier to maintain when groups are confined, agents can easily track the past actions
of interaction partners, the benefits of cooperation are transparent, and people have long-term
relationships. We have identified four building blocks, and their neuroendocrine correlates, that
underpin parochialism – (i) the ability to recognize whether interaction partners belong to the
in-group or not, (ii) the development of in-group biased preferences and cooperative beliefs,
(iii) the implementation of decisions, and (iv) the reinforcement of parochial cooperation and
competition through learning and updating (Figure 4).
group-based emotions (e.g., feelings of
belonging and closeness)? What are
the functions of feelings such as anger,
envy, and revenge versus guilt, shame,
and regret in the development and
change of parochial cooperation and
competition?

What neurocomputational mechanisms
support the reinforcement and extinction
of parochial cooperation and competition?

How does winning or losing intergroup
conflict influence in-group dynamics,
including its underlying neurocognitive
mechanisms? When would losing or
winning an intergroup conflict promote
stronger parochialism (revenge) or uni-
versal cooperation (reconciliation)?

What is the function of testosterone in the
emergence of parochial cooperation and
competition? How do related hormones,
such as cortisol and noradrenaline,
modulate parochial cooperation and
competition? Are the modulations
independent, or do hormonal levels
coemerge and interactively shape
parochial cooperation and competition?
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Figure 4. Biobehavioral Mechanisms for Parochial Cooperation and Competition. At the proximate interindividua
and group level, within-group (in)direct reciprocity and in-group public-good provision reinforce each other (blue arrows) and
can lead to group growth and expansion (orange arrows) with, at the ultimate level, carrying-capacity stress and between-
group competition (red arrows) as a consequence. At the proximate individual level, parochialism emerges with the
recognition and categorization of interaction partners as (not) belonging to the in-group, and the development of in-group
biased preferences, beliefs, and reputation concerns (possibly associated with the release of oxytocin and neural activity in
the TPJ, amygdala, VS, and AI). In-group biased preferences, beliefs and reputation concerns facilitate within-group (in)direc
reciprocity and biased updating of beliefs that in-group members are cooperative and out-group members cannot be trusted
(possibly modulated by testosterone and neural activity in the DLPFC, OFC, amygdala, and VS). Abbreviations: AI, anterio
insula; DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; TPJ, temporoparietal junction; VS, ventral striatum.
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How can neurocognitivemechanisms for
parochialism be redirected to promote
peaceful intergroup interactions?

How do people navigate a social
environment that is marked by multiple
group memberships embedded in a
complex network of interdependency
structures?
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Scientists working from an evolutionary (group-selection) perspective have proposed that
parochialism evolved because of frequent and violent intergroup conflicts [7,10] (Box 1).
Whether intergroup conflicts were sufficiently frequent and violent to create such evolutionary
selection pressures is contested [4,9,132]. Our analysis and review suggest that parochialism
may not only be created by intergroup competitions and conflict [7,10] but also serve as its root
cause. Sustained and successful parochial cooperation over time increases group wealth and
size, but inequality and carrying-capacity stress are possible consequences. In such cases of
(endogenously created) carrying-capacity stress, intergroup relations are more likely to be-
come negatively interdependent, and parochial competition can emerge as a response
[8,14,29–31,133].

Parochial cooperation and competition are often assumed to co-occur and to have coevolved
(i.e., parochial altruism) [7,10,45,53,133]. Our analysis shows that such co-occurrence depends
on the nature of between-group interdependencies. For example, parochial cooperation may
emerge when groups are non-dependent, but parochial competition should not. When groups
manage to create cooperative relationships across group boundaries (e.g., through trade and
division of labor), the resulting positive interdependence between groups can blur group boundaries
and lead to group fusion [24]. Our review also suggests that parochial cooperation and competition
rest on distinct neuroendocrine systems (i.e., oxytocin and testosterone, respectively). Parochial co-
operation seems to be functionally, behaviorally, and biologically distinct from parochial competition.

Individuals contribute resources to their in-group when (and because) it protects and benefits
themselves and the group upon which they depend [1,133]. Because of this high interdepen-
dence between the individual and the group, parochial sentiments may emerge and over time be-
come habitual, a process that may be biologically prepared and can be seen as an adaptive
response to solve social dilemmas in groups [42,110,134,135]. When groups exist next to
other groups, the mechanisms for group-living – norms, reputation, and trust – can reinforce
group boundaries, carrying-capacity stress, and lead to negative interdependencies with neigh-
boring groups. Intergroup relations oscillate between peace and conflict depending on the
changing or endogenously created interdependencies between groups. From this perspective,
intergroup conflict, in ancestral and modern times, can be the inadvertent outcome of individual
preparedness for living in groups.

Acknowledgments
This project has received funding from the European Research Council (ERC) under the European Union's Horizon 2020

Research and Innovation Programme (advanced grant agreement 785635) to C.K.W.D.D., a Spinoza Award from The

Netherlands Science Foundation (NWO SPI-57-242) to C.K.W.D.D., a VENI grant from The Netherlands Science Foundation

(016.Veni.195.078) to J.G., and the National Natural Science Foundation of China (31722026 and 31771204) to Y.M.

References

1. Allport, G. (1954) The Nature of Prejudice, Addison-Wesley
2. Bird, R.B. (2015) Disturbance, complexity, scale: new ap-

proaches to the study of human-environment interactions.
Annu. Rev. Anthropol. 44, 241–257

3. De Dreu, C.K.W. et al. (2000) Influence of social motives on
integrative negotiation: a meta-analytical review and test of
two theories. J. Pers. Soc. Psychol. 78, 889–905

4. Fry, D.P. and Soderberg, P. (2013) Lethal aggression in mobile
forager bands and implications for the origins of war. Science
341, 270–273

5. Handley, C. and Mathew, S. (2020) Human large-scale coop-
eration as a product of competition between cultural groups.
Nat. Commun. 11, 702

6. Bornstein, G. (2003) Intergroup conflict: individual, group,
and collective interests. Personal. Soc. Psychol. Rev. 7,
129–145

7. Choi, J.-K. and Bowles, S. (2007) The coevolution of parochial
altruism and war. Science 318, 636–640

8. De Dreu, C.K.W. and Gross, J. (2019) Revisiting the form and
function of conflict: neurobiological, psychological and cultural
mechanisms for attack and defense within and between
groups. Behav. Brain Sci. 42, 1–44

9. Kissel,M. andKim,N.C. (2019) The emergence of humanwarfare:
current perspectives. Am. J. Phys. Anthropol. 168, 141–163

10. Wilson, D.S. and Wilson, E.O. (2007) Rethinking the theoret-
ical foundation of sociobiology. Quart. Rev. Biol. 82,
327–348

11. Gould, R.V. (1999) Collective violence and group solidarity:
evidence from a feuding society. Am. Sociol. Rev. 64,
356–380

12. Abbink, K. and de Haan, T. (2014) Trust on the brink of
Armageddon: the first-strike game. Eur. Econ. Rev. 67, 190–196
Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9 773

http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0005
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0010
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0010
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0010
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0015
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0015
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0015
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0020
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0020
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0020
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0025
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0025
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0025
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0030
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0030
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0030
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0035
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0035
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0040
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0040
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0040
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0040
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0045
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0045
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0050
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0050
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0050
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0055
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0055
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0055
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0060
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0060


Trends in Cognitive Sciences
13. Simunovic, D. et al. (2013) Preemptive strike: an experimental
study of fear-based aggression. J. Exp. Soc. Psychol. 49,
1120–1123

14. De Dreu, C.K.W. et al. (2016) In-group defense, out-group
aggression, and coordination failure in intergroup conflict.
Proc. Natl. Acad. Sci. 113, 10524–10529

15. Van Dijk, E. and De Dreu, C.K.W. Experimental games and
social decision-making. Annu. Rev. Psychol. (in press)

16. Gross, J. and De Dreu, C.K.W. (2019) Individual solutions to
shared problems create a modern tragedy of the commons.
Sci. Adv. 5, eaau7296

17. Rand, D.G. and Nowak, M.A. (2013) Human cooperation.
Trends Cogn. Sci. 17, 413–425

18. De Dreu, C.K.W. (2010) Social conflict: the emergence
and consequences of struggle and negotiation. In Handbook
of Social Psychology (Vol. 2) (Fiske, S.T. et al., eds), pp.
983–1023, Wiley

19. Gross, J. and De Dreu, C.K.W. (2019) The rise and fall of coop-
eration through reputation and group polarization. Nat.
Commun. 10, e776

20. Bicchieri, C. (2005) The Grammar of Society: The Nature and
Dynamics of Social Norms, Cambridge University Press

21. Lau, T. et al. (2018) Discovering social groups via latent struc-
ture learning. J. Exp. Psychol. Gen. 147, 1881–1891

22. Nosenzo, D. et al. (2015) Cooperation in small groups: the ef-
fect of group size. Exp. Econ. 18, 4–14

23. Isaac, R.M. andWalker, J.M. (1998) Group-size effects in public-
goods provision: the voluntary contributions mechanism. Quart.
J. Econ. 103, 179–199

24. Buchan, N.R. et al. (2009) Gloabilization and human cooperation.
Proc. Natl. Acad. Sci. 106, 4138–4242

25. Riek, B.M. et al. (2006) Intergroup threat and outgroup
attitudes: a meta-analytic review. Personal. Soc. Psychol.
Rev. 10, 336–353

26. Halevy, N. et al. (2010) Relative deprivation and intergroup
competition. Group Proc. Intergr. Rel. 13, 685–700

27. Read, D.W. and LeBlanc, S.A. (2003) Population growth, car-
rying capacity, and conflict. Curr. Anthrop. 44, 59

28. De Dreu, C.K.W. and Van Dijk, M.A. (2018) Climatic shocks as-
sociate with innovation in science and technology. PLoS ONE
13, e0190122

29. Schleussner, C.-F. et al. (2016) Armed-conflict risks enhanced
by climate-related disasters in ethnically fractionalized coun-
tries. Proc. Natl. Acad. Sci. 113, 9216–9221

30. Von Uexkull, N. et al. (2016) Civil conflict sensitivity to
growing-season drought. Proc. Natl. Acad. Sci. 113,
12391–12396

31. Burke, M. et al. (2015) Global non-linear effect of temperature
on economic production. Nature 527, 235–239

32. Aaldering, H. and Bohm, R. (2020) Parochial versus universal
cooperation: introducing a novel economic game of within-
and between-group interaction. Soc. Psychol. Pers. Sci. 11,
36–45

33. Aaldering, H. et al. (2018) Parochial cooperation in nested inter-
group dilemmas is reduced when it harms out-groups. J. Pers.
Soc. Psychol. 114, 909–923

34. Halevy, N. et al. (2012) Status conferral in intergroup social
dilemmas: behavioral antecedents and consequences
of prestige and dominance. J. Pers. Soc. Psychol. 102,
351–366

35. Israel, S. et al. (2012) Oxytocin, but not vassopressin, increases
both parochial and universal altruism. Psychoneuroendocrinology
37, 1341–1344

36. Wit, A.P. and Kerr, N.L. (2002) 'Me versus just us versus us all':
categorization and cooperation in nested social dilemmas.
J. Pers. Soc. Psychol. 83, 616–637

37. Balliet, D. et al. (2014) In-group favoritism and cooperation: a
meta-analysis. Psychol. Bull. 140, 1556–1581

38. Lane, T. (2016) Discrimination in the laboratory: a meta-
analysis of economics experiments. Eur. Econ. Rev. 90,
375–402

39. De Dreu, C.K.W. et al. (2015) In intergroup conflict, self-
sacrifice is stronger among pro-social individuals, and
parochial altruism emerges especially among cognitively
taxed individuals. Front. Psychol. 6, 572

40. Kret, M.E. et al. (2015) Pupil-mimicry correlates with trust in in-
group partners with dilating pupils. Psychol. Sci. 26,
1401–1410

41. Rahal, R.M. et al. (2020) Prosocial preferences condition deci-
sion effort and ingroup biased generosity in intergroup deci-
sion-making. Sci. Rep. 10, 10132

42. Yamagishi, T. and Mifune, N. (2016) Parochial altruism: does it
explain modern human group psychology? Curr. Opin.
Psychol. 7, 39–43

43. Dunham, Y. (2018) Mere membership. Tr. Cogn. Sci. 22,
780–793

44. Baumgartner, T. et al. (2014) Diminishing parochialism in inter-
group conflict by disrupting the right temporo-parietal junction.
Soc. Cogn. Affect. Neurosci. 9, 653–660

45. Bernhard, H. et al. (2006) Parochial altruism in humans. Nature
442, 912–915

46. Rusch, H. (2013) Asymmetries in altruistic behavior during vio-
lent intergroup conflict. Evol. Psychol. 11, 973–993

47. De Dreu, C.K.W. et al. (2020) Human Groups Respond to
Unpredictable Environments with Conflict. In Working Paper,
Leiden University

48. Yang, J. et al. (2020) Within-group synchronization in the pre-
frontal cortex associates with intergroup conflict. Nat.
Neurosci.

49. Zhang, H. et al. (2019) Oxytocin promotes coordinated out-
group attack during intergroup conflict in humans. eLife 8,
e40698

50. Abbink, K. et al. (2010) Inter-group conflict and intra-group
punishment in an experimental contest game. Am. Econ.
Rev. 100, 420–447

51. Szekely, A. et al. (2020) Aggression, conflict, and the formation
of intimidating group reputation. Soc. Psychol. Q. 28, 1–18

52. De Dreu, C.K.W. (2010) Social value orientation moderates in-
group love but not out-group hate in competitive intergroup
conflict. Group Proc. Intergr. Rel. 13, 701–713

53. De Dreu, C.K.W. et al. (2010) The neuropeptide oxytocin regu-
lates parochial altruism in intergroup conflict among humans.
Science 328, 1408–1411

54. Halevy, N. et al. (2008) 'In-group love' and 'out-group hate' as
motives for individual participation in intergroup conflict: a new
game paradigm. Psychol. Sci. 19, 405–411

55. Halevy, N. et al. (2012) 'In-group love' and 'out-group hate' in
repeated interaction between groups. J. Behav. Decis. Mak.
25, 188–195

56. Ten Velden, F.S. et al. (2017) Oxytocin promotes intuitive rather
than deliberated cooperation with the in-group. Horm. Behav.
92, 164–171

57. Schweda, A. et al. (2019) The effects of psychosocial stress on
intergroup resource allocation. Sci. Rep. 9, 18620

58. Weisel, O. (2015) Negative and positive externalities in
intergroup conflict: exposure to the opportunity to help
the out-group reduces the inclination to harm it. Fr. Psychol.
6, 1594

59. Weisel, O. and Bohm, R. (2015) Ingroup love and outgroup
hate in intergroup conflict between natural groups. J. Exp.
Soc. Psychol. 60, 110–120

60. Böhm, R. and Rockenback, B. (2013) The inter-group compar-
ison – intra-group cooperation hypothesis: comparisons be-
tween groups increase efficiency in public goods provision.
PLoS One 8, e56152

61. Gaertner, L. et al. (2006) Us without them: evidence for an
intragroup origin of positive in-group regard. J. Pers. Soc.
Psychol. 90, 426–439

62. Jordan, M.R. et al. (2017) No unique effect of intergroup
competition on cooperation: non-competitive thresholds
are as effective as competitions between groups for increas-
ing human cooperative behavior. Evol. Hum. Behav. 38,
102–108

63. Macfarlan, S.J. et al. (2014) Lethal coalitionary aggression and
long-term alliance formation among Yanomamo men. Proc.
Natl. Acad. Sci. 111, 16662–16669

64. Whitehouse, H. et al. (2014) Brothers in arms: Libyan revolution-
aries bond like family. Proc. Natl. Acad. Sci. 111, 17783–17785

65. Efferson, C. et al. (2008) The coevolution of cultural groups and
in-group favoritism. Science 321, 1844–1849
774 Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9

http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0065
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0065
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0065
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0070
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0070
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0070
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0075
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0075
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0075
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0080
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0080
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0085
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0085
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0085
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0085
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0090
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0090
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0090
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0095
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0095
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0100
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0100
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0105
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0105
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0110
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0110
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0110
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0115
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0115
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0120
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0120
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0120
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0125
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0125
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0130
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0130
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0135
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0135
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0135
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0140
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0140
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0140
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0145
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0145
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0145
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0150
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0150
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0155
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0155
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0155
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0155
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0160
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0160
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0160
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0165
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0165
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0165
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0165
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0170
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0170
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0170
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0175
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0175
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0175
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0180
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0180
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0185
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0185
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0185
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0190
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0190
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0190
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0190
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0195
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0195
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0195
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf1343
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf1343
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf1343
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0200
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0200
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0200
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0205
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0205
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0210
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0210
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0210
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0215
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0215
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0220
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0220
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0225
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0225
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0225
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0230
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0230
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0230
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0235
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0235
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0235
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0240
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0240
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0240
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0245
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0245
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0250
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0250
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0250
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0255
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0255
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0255
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0260
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0260
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0260
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0265
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0265
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0265
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0270
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0270
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0270
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0275
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0275
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0280
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0280
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0280
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0280
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0285
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0285
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0285
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0290
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0290
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0290
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0290
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0295
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0295
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0295
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0300
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0300
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0300
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0300
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0300
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0305
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0305
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0305
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0310
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0310
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0315
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0315


Trends in Cognitive Sciences
66. Mussweiler, T. andOckenfels, A. (2013) Similarity increases altruistic
punishment in humans. Proc. Natl. Acad. Sci. 110, 19318–19323

67. Glowacki, L. et al. (2016) Formation of raiding parties for inter-
group violence is mediated by social network structure. Proc.
Natl. Acad. Sci. 113, 12114–12119

68. Böhm, R. et al. (2016) What makes people go to war?
Defensive intentions motivate retaliatory and preemptive inter-
group aggression. Evol. Hum. Behav. 37, 29–34

69. Cikara, M. et al. (2014) Their pain gives us pleasure: how inter-
group dynamics shape empathic failures and counter-
empathic responses. J. Exp. Soc. Psychol. 55, 110–125

70. Hamilton, D.L. and Sherman, S.J. (1996) Perceiving persons
and groups. Psychol. Rev. 103, 336–355

71. Liberman, Z. et al. (2017) The origins of social categorization.
Tr. Cogn. Sci. 21, 556–568

72. Cikara, M. et al. (2017) Decoding 'us' and 'them': neural repre-
sentation of generalized group concepts. J. Exp. Psychol. Gen.
146, 621–631

73. Buttelmann, D. et al. (2013) Selective imitation of in-group over
out-group members in 14-month-old infants. Child Dev. 84,
422–428

74. Hamlin, J.K. et al. (2013) Not like me = bad: infants prefer those
who harm dissimilar others. Psychol. Sci. 24, 589–594

75. Buttelmann, D. and Bohm, R. (2014) The ontogeny of the mo-
tivation that underlies in-group bias. Psychol. Sci. 25, 921–927

76. Betti, V. and Aglioti, S.M. (2016) Dynamic construction of the
neural networks underpinning empathy for pain. Neurosci.
Biobehav. Rev. 63, 191–206

77. Han, S.H. (2018) Neurocognitive basis of racial ingroup bias in
empathy. Tr. Cogn. Sci. 22, 400–421

78. Hein, G. et al. (2010) Neural responses to ingroup and
outgroup members‘ suffering predict individual differences in
costly helping. Neuron 68, 149–160

79. Levy, J. et al. (2016) Adolescent growing up amidst intractable
conflict attenuate brain response to pain for outgroup. Proc.
Natl. Acad. Sci. 113, 13696–13701

80. Han, X.C. et al. (2020) A neurobiological association of revenge
propensity during intergroup conflict. eLife 9, e52014

81. Ames, D.R. et al. (2012) Mind-reading in strategic interaction:
the impact of perceived similarity on projection and
stereotyping. Org. Behav. Hum. Dec. Proc. 117, 96–110

82. Firth, U. and Firth, C. (2010) The social brain: allowing humans
to boldly go where no other species has been. Phil. T. Roy.
Soc. Biol. 365, 165–175

83. Engelmann, J.B. et al. (2019) The neural circuitry of affect-
induced distortions of trust. Sci. Adv. 5, eaau3413

84. Prochazkova, E. et al. (2018) Pupil mimicry promotes trust
through the theory of mind network. Proc. Natl. Acad. Sci.
115, 7265–7274

85. Hasson, U. and Frith, C.D. (2016) Mirroring and beyond:
coupled dynamics as a generalized framework for modelling
social interactions. Phil. Trans. R. Soc. Biol. 371, 1693–1702

86. Shamay-Tsoory, S.G. et al. (2019) Herding brains: a core neu-
ral mechanism for social alignment. Tr. Cogn. Sci. 23, 174–186

87. Fujino, J. et al. (2019) Role of the right temporoparietal junction
in intergroup bias in trust decisions. Hum. Brain Mapp. 41,
1677–1688

88. Hughes, B.L. et al. (2017) Trusting outgroup, but not ingroup
members, requires control: neural and behavioral evidence.
Soc. Cogn. Affect. Neurosci. 12, 372–381

89. Botvinick, M. and Braver, T. (2015) Motivation and cognitive
control: from behavior to neural mechanisms. Annu. Rev.
Psychol. 66, 83–113

90. De Dreu, C.K.W. et al. (2019) Psychological constraints on ag-
gressive predation in economic contests. J. Exp. Psychol. Gen.
148, 1767–1781

91. Yudkin, D.A. et al. (2017) Reflexive intergroup bias in third-party
punishment. J. Exp. Psychol. Gen. 145, 1448–1459

92. Buckholtz, J.W. et al. (2015) From blame to punishment:
disrupting prefrontal cortex activity reveals norm enforcement
mechanisms. Neuron 87, 1369–1380

93. Decety, J. et al. (2004) The neural bases of cooperation and
competition: an fMRI study. NeuroImage 23, 744–751

94. Gross, J. et al. (2018) Manipulation of pro-sociality and rule-
following with non-invasive brain stimulation. Sci. Rep. 8, 1–10

95. Krueger, F. and Hoffman, M. (2016) The emerging neurosci-
ence of third-party punishment. Tr. Cogn. Sci. 39, 499–501

96. Stallen, M. et al. (2018) Neurobiological mechanisms of
responding to injustice. J. Neurosci. 38, 2944–2954

97. De Dreu, C.K.W. et al. (2015) Oxytocin tempers calculated
greed but not impulsive defense in predator–prey contests.
Soc. Cogn. Affect. Neurosci. 5, 721–728

98. Lau, T. et al. (2020) Social structure learning in human anterior
insula. eLife 9, e53162

99. Kashima, Y. et al. (2000) Group impressions as dynamic
configurations: the tensor product model of group impression
formation and change. Psychol. Rev. 107, 914–942

100. Erev, I. and Roth, A.E. (2014) Maximization, learning, and economic
behavior. Proc. Natl. Acad. Sci. U. S. A. 111, 10818–10825

101. FeldmanHall, O. et al. (2017) Associative learning of social value
in dynamic groups. Psychol. Sci. 28, 1160–1170

102. Daw, N.D. et al. (2006) Cortical substrates for exploratory deci-
sions in humans. Nature 441, 876–879

103. Schultz, W. (1998) Predictive reward signal of dopamine
neurons. J. Neurophysiol. 80, 1–27

104. Giffin, M.R. et al. (2020) Neurocognitive underpinnings of ag-
gressive predation in economic contests. J. Cogn. Neurosci.
32, 1276–1288

105. Cikara, M. et al. (2011) Us versus them: social identity shapes
neural responses to intergroup competition and harm. Psychol.
Sci. 22, 306–313

106. Hackel, L.M. et al. (2017) Social identity shapes social valua-
tion: evidence from prosocial behavior and vicarious reward.
Soc. Cogn. Affect. Neurosci. 12, 1219–1228

107. Hein, G. et al. (2016) The brain’s functional network architec-
ture reveals human motives. Science 351, 1074–1078

108. Bagnis, A. et al. (2019) Toward an integrative science of social vi-
sion in intergroup bias. Neurosci. Biobehav. Rev. 102, 318–326

109. Carter, C.S. (2014) Oxytocin pathways and the evolution of
human behavior. Annu. Rev. Psychol. 65, 17–39

110. De Dreu, C.K.W. and Kret, M.E. (2016) Oxytocin conditions
intergroup relations through up-regulated in-group empathy,
cooperation, conformity, and defense. Biol. Psychiatry 79,
165–173

111. Rilling, J.K. and Young, L.J. (2014) The biology of mammalian
parenting and its effect on offspring social development.
Science 345, 771–776

112. Bos, P.A. et al. (2012) Acute effects of steroid hormones and
neuropeptides on human social-emotional behavior: a review
of single administration studies. Front. Neuroendocrinol. 33,
17–35

113. Geniole, S.N. and Carré, J.M. (2018) Human social
neuroendocrinology: review of the rapid effects of testosterone.
Horm. Behav. 104, 192–205

114. Eisenegger, C. et al. (2011) The role of testosterone in social in-
teraction. Tr. Cogn. Sci. 15, 263–271

115. McClung, J.S. et al. (2018) Endogenous oxytocin predicts help-
ing and conversation as a function of group membership. Proc.
Roy. Soc. Biol. 285, 20180939

116. Samuni, L. et al. (2019) Cortisol and oxytocin show inde-
pendent activity during chimpanzee intergroup confl ict.
Psychoneuroendocrinology 104, 165–173

117. Samuni, L. et al. (2017) Oxytocin reactivity during intergroup
conflict in wild chimpanzees. Proc. Natl. Acad. Sci. 114,
268–273

118. De Dreu, C.K.W. et al. (2016) Assessing emotional vocaliza-
tions from cultural in-groups and out-groups depends on oxy-
tocin. Soc. Psychol. Pers. Sci. 7, 837–846

119. Rimmele, U. et al. (2009) Oxytocin makes a face in memory
more familiar. J. Neurosci. 29, 38–42

120. Van IJzendoorn, M.H. and Bakermans-Kranenburg, M.J. (2012)
A sniff of trust: meta-analysis of the effects of intranasal oxytocin
administration on face recognition, trust to in-group, and trust to
out-group. Psychoneuroendocrinology 37, 438–443

121. Wang, D.Y. et al. (2017) Neural substrates underlying the
effects of oxytocin: a quantitative meta-analysis of
pharmaco-imaging studies. Soc. Cogn. Affect. Neurosci.
12, 1565–1573

122. De Dreu, C.K.W. et al. (2011) Oxytocin promotes human
ethnocentrism. Proc. Natl. Acad. Sci. 108, 1262–1266
Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9 775

http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0320
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0320
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0325
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0325
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0325
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0330
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0330
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0330
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0335
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0335
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0335
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0340
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0340
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0345
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0345
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0350
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0350
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0350
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0355
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0355
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0355
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0360
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0360
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0365
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0365
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0370
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0370
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0370
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0375
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0375
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0380
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0380
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0380
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0385
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0385
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0385
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0390
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0390
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0395
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0395
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0395
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0400
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0400
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0400
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0405
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0405
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0410
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0410
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0410
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0415
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0415
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0415
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0420
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0420
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0425
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0425
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0425
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0430
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0430
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0430
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0435
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0435
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0435
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0440
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0440
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0440
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0445
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0445
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0450
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0450
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0450
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0455
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0455
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0460
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0460
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0465
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0465
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0470
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0470
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0475
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0475
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0475
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0480
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0480
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0485
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0485
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0485
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0490
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0490
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0495
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0495
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0500
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0500
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0505
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0505
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0510
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0510
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0510
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0515
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0515
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0515
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0520
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0520
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0520
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0525
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0525
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0530
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0530
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0535
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0535
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0540
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0540
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0540
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0540
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0545
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0545
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0545
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0550
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0550
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0550
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0550
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0555
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0555
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0555
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0560
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0560
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0565
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0565
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0565
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0570
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0570
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0570
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0575
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0575
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0575
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0580
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0580
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0580
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0585
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0585
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0590
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0590
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0590
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0590
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0595
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0595
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0595
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0595
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0600
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0600


Trends in Cognitive Sciences
123. Shalvi, S. and De Dreu, C.K.W. (2014) Oxytocin promotes group
serving dishonesty. Proc. Natl. Acad. Sci. 111, 5503–5507

124. Liu, Y. et al. (2019) Oxytocin modulates social value representa-
tions in the amygdala. Nat. Neurosci. 22, 633–641

125. Lancaster, K. et al. (2015) Plasma oxytocin explains individual
differences in neural substrates of social perception. Fr. Hum.
Neurosci. 9, e132

126. Ma, Y. et al. (2016) Distinct oxytocin effects on belief updating
in response to desirable and undesirable feedback. Proc.
Natl. Acad. Sci. 113, 9256–9261

127. Schiller, B. et al. (2020) Oxytocin changes behavior and spatio-
temporal brain dynamics underlying inter-group conflict in
humans. Eur. Neuropsychopharm. 31, 119–130

128. Diekhof, E.K. et al. (2014) Does competition really bring out
the worst? Testosterone, social distance and inter-male com-
petition shape parochial altruism in human males. PLoS ONE
9, e98977

129. Reimers, L. et al. (2019) Neural substrates of male parochial al-
truism are modulated by testosterone and behavioral strategy.
NeuroImage 156, 265–276

130. Van Honk, J. et al. (2016) Effects of testosterone administration on
strategic gambling in poker play. Sci. Rep. 6, 18096

131. Mu, Y. et al. (2016) Oxytocin enhances inter-brain synchrony
during social coordination in male adults. Soc. Cogn. Affect.
Neurosci. 11, 1882–1893

132. Hames, R. (2019) Pacifying hunter-gatherers. Hum. Nat. 30,
155–175

133. Brewer, M.B. (2009) The psychology of prejudice: ingroup love
or outgroup hate? J. Soc. Issues 55, 429–444

134. Tomasello, M. et al. (2012) Two key steps in the evolution of
human cooperation. Curr. Anthropol. 53, 673–692

135. Caporael, L.R. (1997) The evolution of truly social cognition: the
core configurations model. Personal. Soc. Psychol. Rev. 1,
276–298
776 Trends in Cognitive Sciences, September 2020, Vol. 24, No. 9

http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0605
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0605
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0610
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0610
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0615
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0615
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0615
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0620
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0620
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0620
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0625
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0625
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0625
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0630
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0630
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0630
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0630
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0635
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0635
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0635
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0640
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0640
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0645
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0645
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0645
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0650
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0650
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0655
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0655
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0660
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0660
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0665
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0665
http://refhub.elsevier.com/S1364-6613(20)30146-7/rf0665

	Group Cooperation, Carrying-�Capacity Stress, and Intergroup Conflict
	Living in Groups
	Intergroup Relations as a Two-Level Game of Strategy
	Cooperation and Intergroup Conflict
	Revealing Parochial Cooperation through Nested Social Dilemma Games
	Revealing Parochial Competition through Intergroup Contest Games
	Synthesis

	Building Blocks of Parochial Cooperation and Competition
	Social Categorization
	Forming (Parochial) Preferences and Beliefs
	Implementing (Parochial) Decisions
	Learning and (Biased) Updating from Feedback
	Synthesis and Future Research

	Hormonal Modulators of Parochial Cooperation and Competition
	Oxytocin
	Testosterone

	Synthesis and Future Research
	Concluding Remarks
	Acknowledgments
	References


