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Introduction

Large-scale cooperation and competition is one of the
hallmarks of the human species. Humans across cultures
engage in group-level complex coordination as well as
group-based lethal aggression, sometimes simulta-
neously. This phenomenon of ‘group-mindedness’ and
its evolutionary basis is vital to identify and understand.
While modelers, theorists, and human-oriented re-
searchers are devoting more attention to group-level

cooperative challenges and how they differ from dyadic
(and triadic) cooperative challenges, less work has fo-
cused on overtly group-level challenges in empirical,
evolutionary comparisons. Such challenges may entail
different behavioral, cognitive, and physiological me-
chanisms with different evolutionary forces. In this
paper, we aim to address this deficiency by reviewing
theoretical accounts of the evolution of human group-
based behavior, recent empirical research on our closest
relatives bonobos and chimpanzees, and finally propose
future directions for comparative empirical research on
the evolutionary roots of group-mindedness.

We first lay out our theoretical perspective and defini-
tions. Group-mindedness, as used in this paper, refers to
the cognitive process of of forming mental representa-
tions at the level of groups, over and above their con-
stituent members. This includes cases involving the self,
ingroup members, and outgroup members, where group
identity supersedes on individual identity. Prerequisites
to standard forms of group-mindedness, therefore, in-
clude taking group divisions as ontologically real, per-
ceiving oneself as part of one’s own group, and tracking
the status of the group itself (including membership
changes). We highlight group-mindedness for its role in
achieving cooperation in explicitly group-based chal-
lenges, as opposed to classic smaller- scale dyadic (or
triadic) games. Indeed, human-oriented empirical re-
searchers have highlighted firm ingroup—outgroup dis-
tinctions [1], social identity [2], and the ability to track
complex forms of group organization [3] as key cognitive
processes in solving group-oriented challenges.

While dyadic games can themselves be embedded in a
group structure and lead to the emergence of seemingly
group-level cooperation, which we call bottom—up group
cooperation, explicitly and necessarily group-oriented co-
operative challenges are described by different game-the-
oretic structures, and therefore entail different solutions
and forms of cognition. We call these structures fop—down
group cooperative challenges, and the resulting cooperation
(when successful) rop—down group cooperation. Canonical
examples of dyadic cooperation games include the pris-
oner’s dilemma, hawk—dove (also known as chicken or
snowdrift), and stag-hunt games, while explicit group-level
challenges are described in collective-action problems and
public goods games. Models of multilevel selection [4] and
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2 Cognition in the Wild

parochialism [5,6] have been invoked to help understand
the evolutionary solutions to some group-level challenges,
suggesting the need for specific group-based cognition in
order to achieve success. Group-mindedness may not be
necessary for achieving bottom-up group cooperation, but
likely plays a vital role in enabling some forms of human
top-down group cooperation.

While theorists and human-focused psychologists have
continued to identify important differences between
forms of cooperation, empirical comparative studies on
other species have so far focused predominantly on
dyadic cooperation tasks. For instance, the string-pulling
paradigm (where two participants must coordinate to
pull a string at the same time to bring the rewards within
reach) and variations upon it, such as changing social
partners and reward distributions upon success, has been
widely employed to explore the cooperative abilities
across species [7,8]. This style of cooperation task has
provided rich insights into the varied cooperative ten-
dencies across species, but may not reveal the whole
picture, and especially may not reveal differing ten-
dencies that have evolved in support of human-like
group-mindedness. These cooperative games can help
explain the emergence of bottom-up group-level co-
operation, but they fail to capture top-down dynamics
involved in larger-scale cooperative action, which remain
largely unstudied in other species.

Evolutionary theories of human group-mindedness
based on comparative studies

We here review three major hypotheses put forward by
comparative researchers aimed at identifying the evolu-
tionary roots of humans’ group-mindedness. One pro-
minent account is described in Tomasello et al. [9]. In
this account, there were two key stages in the evolution
of human cooperation. The first stage focuses on evo-
lutionary pressures emerging from obligate collaborative
extractive foraging, entailing the development of shared
intentions and goals, or the “we mode,” and more
complex forms of cooperation with repeated partners in
game structures such as the stag hunt. The second step
focuses on the generalization of these abilities to even
unknown members of the ingroup alongside the emer-
gence of cues enabling group recognition and shared
cultural social norms, permitting larger effective groups,
better recognition of potential cooperative partners, and
therefore effective and sustained cooperation. An im-
portant missing piece of this proposal, however, is the
lack of attention toward uniquely group-level coopera-
tion. Tomasello et al.’s [9] discussion of groups is pre-
dominantly characterized by networks of dyadic or
triadic interactions, with less attention paid to groups in
the context of social dilemma game structures, and the
comparative empirical studies on which it is based si-
milarly were primarily dyadic in structure. There is also
limited attention paid to bonobos, taking chimpanzees to

be representative of nonhuman animals, while studies
have shown considerable differences in their society,
behavior, and cognition [10], discussed in detail later.

A second prominent evolutionary account of our species’
group-level cooperation is that described by Wrangham
[11]. He focuses on ‘groupishness’ as he identifies it, a
term originating from Haidt [12]. He proposes that in
humans’ evolutionary history, there was a point where
subordinates were able to unite against antisocial,
dominant, and aggressive males and engage in low-risk
targeted killing, setting the course for selection against
aggression (and thereby toward groupishness) [11].
Wrangham’s description of the consequences of targeted
conspirational killing provides a clear picture for reduced
aggression in humans, but may confound some causes
and consequences of such behavior. Evidence suggests
reduction in reactive aggression leads to greater toler-
ance and ability to solve dyadic social problems [8], but
it is unclear why such selection against aggression would
by itself lead to the emergence of group-mindedness and
the associated skills at top-down group cooperation.
The targeted conspirational killing on which Wrangham
is focused to some degree presupposes the ability to
engage in certain top—down group cooperative activities,
as targeted conspirational killing itself is a top-down
cooperative challenge among subordinates. While
Wrangham’s theory is focused on antisocial, dominant,
and aggressive males, along with the evolutionary con-
sequences of removing them from the gene pool, we
wish to draw primary attention to the other side of the
equation, the participants in a top-down cooperative act,
and the prior selection that must have taken place to
enable such group-based cooperation.

Another recent proposal by Yamamoto [13] describes two
separate possible pathways in the evolution of coopera-
tion in chimpanzees and bonobos, both of which he
proposes are important for the evolution of the diverse
forms of human cooperation. In this account, it is sug-
gested that relatively more rich environments will pro-
mote tolerance, which in turn supports the evolution of
dyadic cooperation, especially in bonobos, while harsher
environments will promote stronger intergroup competi-
tion and group defense, which in turn supports the evo-
lution of group cooperation in chimpanzees [13]. Though
this is relevant to the distinction between bottom—up and
top—down group cooperation, the proposal suffers from
difficulty in identifying the limits and boundaries of each
style, as well as a lack of direct evidence, especially for its
behavioral, cognitive, and physiological mechanisms.

Recent empirical studies have slowly begun to reveal new
perspectives on group-mindedness in our closest relatives,
which suggest the potential for important new insights into
the different evolutionary pressures responsible for top-
down and bottom-up group cooperation.
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Group-mindedness and top-down group cooperation in
chimpanzees and bonobos

Our two closest relatives, bonobos and chimpanzees,
provide an opportunity to explore the evolutionary roots
of different forms of human cooperation and competi-
tion. Chimpanzees, like humans, show group-level co-
operative behaviors such as group hunting [14] and
territory defense [15], while also committing lethal in-
tergroup aggression and being characterized by largely
intolerant intergroup relations [16]. Bonobos, on the
other hand, have not been observed engaging in the
kind of group-level cooperation and lethal competition
sometimes seen in chimpanzees, but like humans, are
able to manage tolerant intergroup associations (despite
evidence of competition in such encounters [17] and of
group distinctions [18]) [19] and cooperate more effec-
tively than chimpanzees in most captive dyadic experi-
ments (e.g. [8]).

Behavioral mechanisms

The behavioral mechanisms of top-down group co-
operation in bonobos and chimpanzees are not well
studied, but preliminary evidence supports theoretical
perspectives that they have evolved skills at different
styles of cooperation. In both the field and in captivity,
outgroup threat has been linked with ingroup cohesion
in chimpanzees [15,20], suggesting that, like in humans,
chimpanzees have evolved group-level solutions to deal
with the collective-action problem of group defense. In a
field experiment directly comparing bonobos and
chimpanzees, information-transfer efficiency in the face
of a threat (a simulated snake) is higher in chimpanzees,
again indicating they may have evolved specialized skills
in the face of collective-action problems [21]. This is in
contrast to most captive experimental work showing
greater cooperation in bonobos when they have been
directly compared in dyadic or triadic settings (including
[8,22,23]), or work showing chimpanzees often fail to
cooperate or settle on strategies in dyadic game struc-
tures [24]. In captive home-group settings, chimpanzees
showed more prosociality in a group-service paradigm
than bonobos [25,26] and more tolerance in a group
setting [27], yet chimpanzees often fail to engage in
spontaneous reciprocity in dyadic prosocial choice tasks
[28-30] in captive experiments. In the wild, chimpan-
zees engage in group hunting [14] (though this may be
observed only in some specific sites and the level of
active coordination is still debated), cooperative border
defense [15] and dominant males act as crossing guards
to their group at dangerous road crossings [13,31], which
are not regularly observed in bonobos. While bottom-up
processes building on more tolerant relationships seem
to be able to explain the emergence of some types of
group cooperation in bonobos, given chimpanzees’ fre-
quent failure to regularly cooperate or demonstrate any
prosociality (even in mother—infant dyads [30]) in the
same settings, bottom-up cooperation is unlikely to be

able to fully explain their skill at and the continued
maintenance of complex forms of chimpanzee group
cooperation. We emphasize not that chimpanzees are
incapable of dyadic cooperation (this may be a matter of
motivation more than cognitive restriction [32]), but that
the two species differ in their baseline propensities
(whether by skill or motivation) for engaging in top-
down versus bottom-up group cooperation.

Cognitive mechanisms

The ingroup—outgroup distinction, social identity, and
social organization during cooperation have been high-
lighted in human studies as cognitive prerequisites for
group-mindedness and top—down group cooperation. In
terms of the ingroup—outgroup distinction, in the wild, it
has been shown that chimpanzees react differently to
the calls [33] and scents [34] of outgroup compared with
ingroup members, and captive experimental eye-
tracking work has shown differences in attention toward
ingroup and outgroup faces [35]. This ingroup—outgroup
distinction seems to be more conspicuous in chimpan-
zees than in bonobos, where chimpanzees do not con-
tagiously yawn toward unfamiliar chimpanzees, but do
with ingroup members [36], while bonobos show less
obvious patterns [37-39].

Social identity has received even less attention, but
potentially of note, wild chimpanzees can distinguish
vocalizations of known outgroup members compared
with completely unfamiliar vocalizations [33], and fol-
lowing group fissions, former ingroup members may
become outgroup (and are therefore subject to lethal
coalitionary intergroup aggression) [40], together sug-
gesting that they do not rely entirely on a familiar/un-
familiar distinction in categorizing other individuals as
has been suggested [9]. Lemoine et al. [6] develop and
review extensive evidence for a model of chimpanzee
parochial cooperation, entailing simultaneous and mu-
tually reinforced ingroup favoritism and outgroup hos-
tility.

With regard to social organization, in humans, hier-
archical structure with fixed leadership has been pro-
posed as important to regulating top—down styles of
group cooperation [41,42]. The social organization of
chimpanzees has been characterized as more rigid and
hierarchical, with dominance relations in males strictly
defined [43], than bonobos. The cognition involved in
tracking these relations and forming group-ordered so-
cial organization may thus be more developed in chim-
panzees, and there is evidence that more dominant
chimpanzees volunteer in captive collective-action pro-
blems [44], which has so far not been tested in bonobos.
Social organization during intergroup encounters in
chimpanzees deserves further research attention, but
recent work shows that it is predicted by both partici-
pation of close bond partners, as well as number of
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participants, but importantly that these two factors
worked independently of one another [15].

The cognition involved in wild group hunting has been
regularly debated, and whether it can emerge purely
from bottom—up processes or necessarily involves top—
down processes as well will necessitate future studies.
Evidence from some (but not all) communities has
suggested distinguished roles [14], coordination between
hunters [45], and a complex calculus in distributing the
rewards of successful hunts across a wide variety of social
partners simultaneously [46], skills not required in the
cooperative tasks typically characteristic of captive ex-
periments. While bonobos have been observed hunting
in groups as well [47], few direct observations preclude
direct comparisons. The game-theoretic structure of
group hunting remains similar across sites, where the
probability of hunting success (but also the chance for
free-riding) rises with number of hunters [45]. The exact
factors explaining the level of coordination (and whether
any constitute truly group-minded strategies) observed
in chimpanzee hunting in some but not other field sites
are not yet entirely clear. This possible intraspecies
variability in strategies employed in situations of group-
scale cooperation may be a valuable source of empirical,
naturalistic data to test hypotheses on the ecological
contexts that can promote group-mindedness.

Physiological mechanisms

Physiologically, recent studies have highlighted the po-
tential importance of the hormone neuropeptide oxy-
tocin. Of note, in several recent human studies, oxytocin
has been linked to group-based ally selection [48], co-
ordinated outgroup attack [49], ingroup defense [50],
ethnocentrism [51], and liking of national symbols [52],
among other group-minded behaviors. In comparison,
oxytocin has been linked to classic affiliative behaviors
such as food sharing [53], social grooming [54,55], GG-
rubbing [56], and reconciliation [57] in bonobos and
chimpanzees, but recent studies in Tai Forest have re-
ported that it is also linked to both group hunting [46]
and border patrols [58]. Oxytocin may have additional
importance in expanding chimpanzee cooperation to the
group level and managing top-down cooperative pro-
cesses, as it does in humans. In captive studies admin-
istering exogenous oxytocin, null results have been
found in two chimpanzee studies [24,59], while another
found different effects of oxytocin on eye contact be-
tween bonobos and chimpanzees [60]. Further, oxytocin
promotes outgroup attention in both species [61], elim-
inating the effects described in Lewis et al. [35]. The
oxytocin system and related genes and neuroendophe-
notypes have been highlighted in humans as supporting
the divergence and regulation of social systems [62], and
oxytocin-receptor differences between chimpanzees and
bonobos have been described and highlighted for future
work in a number of recent studies [63-65]. Oxytocin’s

evolutionary pathways and effects may represent a
physiological mechanism involved in regulating and
maintaining top-down styles of group cooperation and
group-minded behaviors.

Future perspectives

The theoretical perspectives and empirical studies de-
scribed give strong reason to conduct further compara-
tive research on group-mindedness and the evolution of
top-down group cooperation. In this section, we focus on
important novel directions and existing gaps in com-
parative studies into the origins of group-mindedness.
We briefly highlight a selection of future studies ne-
cessary to identify more clearly and precisely the evo-
lutionary processes involved in group-mindedness and
top-down group cooperation in nonhuman animals.

Mechanistic level

The exact hormonal, genetic, and psychological me-
chanisms at play in promoting group-level behavior can
be compared across species. We echo some previous
studies in highlighting the potential importance of the
oxytocin system, especially with regard to oxytocin’s role
in intergroup encounters across Species, exogenous
oxytocin’s direct effect during different kinds of co-
operation tasks with varied reward structures, and the
genetic and neural variation that is associated with dif-
ferences within and between species. On the cognitive
side, while we describe top—down group cooperation
purely with respect to the game structures and solutions,
whether individuals' mental representation of the group
structure itself is better described as top—down or bot-
tom—up (within the context of group-mindedness) may
also warrant direct study. Compared with classic dyadic
or triadic tasks, in top—down group cooperation, the
mental representation of the cooperative partner may be
replaced by a more abstract representation of the ‘group’
or acting unit, which should be investigated experi-
mentally.

Ontogenetic level

More attention should be paid to the developmental link
between various group-minded behaviors and forms of
cooperation. Evidence in humans links the emergence of
ingroup love and outgroup hate and suggests they
emerge around 5 years of age [66]. Long-term field data
linking the trajectory of participation in the behaviors
highlighted throughout this paper, alongside long-
itudinal captive studies across ages in group-based tasks,
will be essential to trace the ontogeny of group-mind-
edness.

Functional level

Group-level cooperation tasks and greater attention to
cooperation in home groups, such as those deployed in
[25,67-69], can reveal the kinds of solutions employed
across species. Group collective-action problems, such as
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through expanding string-pulling tasks to the group
setting, should be used to directly test whether chim-
panzees are more skilled than bonobos and how the
rewards of those solutions are distributed to group
members. The impact of different values and distribu-
tions of rewards, presence of external competitors, and
necessity of differentiated roles, alongside analysis of
group structure and the possible role of leaders (some-
times suggested to be a human-unique) can help provide
empirical support for particular solutions to various col-
lective-action problems from a comparative perspective.
Continued attention to intergroup encounters and group
hunting in the wild will further be necessary to under-
stand the causes and consequences of top-down group
cooperation, and when it cannot be reduced to the sum
of its dyadic parts.

Phylogenetic level

Finally, more varied species comparisons can elucidate
the exact factors that support top-down cooperation, and
which factors reliably covary, suggesting what evolves
together. Comparisons across groups, their relations to
one another, and how social organization predicts en-
gagement in group-cooperation problems will be key to
investigate (both from the perspective of individual
members and from the group itself). Comparisons across
human societies highlight variation in leadership pat-
terns, as well as the importance of leadership strategies
beyond simple dominance (such as through prestige
[70]). Wider species comparisons following the analysis
methods of cross-cultural studies, alongside direct in-
vestigation of the possibility of leadership and social
organizational structures beyond linear dominance hier-
archies in nonhuman animals, may generate empirical
tests of hypotheses so far tested only in our own species.
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