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A B S T R A C T

A central premise of the science of comparative affect is that we can best learn about the causes and con-
sequences of affect by comparing affective phenomena across a variety of species, including humans. We take as
a given that affect is widely shared across animals, but a key challenge is to accurately represent each species'
affective experience. A common approach in the comparative study of behavior and cognition is to develop
standardized experimental paradigms that can be used across species, with the assumption that if the same task
is being used, we can directly compare behavioral responses. This experimental approach rests on two under-
lying assumptions: first, that different species' perception of and affective response to these paradigms are the
same; and second, that behavioral and physiological (including endocrine and neural) responses to these
paradigms are homologous; if either of these assumptions is not true, then the comparison becomes much less
straightforward. Our goal in the present paper is to summarize the dominant paradigms that have been used for
such comparative research, with a particular focus on paradigms common in the cooperation literature, and to
critically discuss dominant assumptions about what affective states these tasks can or should measure. We then
consider the advantages and drawbacks of this experimental method, and consider alternatives that may im-
prove our understanding. We hope that this will help scholars recognize and avoid pitfalls inherent in studying
affect, and stimulate them to create novel, ecologically relevant paradigms for examining affect across the an-
imal kingdom.

1. Introduction

The immense scale and plasticity of human cooperation is a defining
feature of our species (Melis and Semmann, 2010). Human societies
show a large variety of complex social configurations characterized by
diverse cooperative relationships among multiple, often unrelated in-
dividuals (Hill et al., 2011; Kaplan et al., 2009). In general, our co-
operative abilities are considered to be a major force in explaining
humans’ ecological dominance and biodemographic success (Kramer,
2010; Roberts and Stewart, 2018), and some argue it may have been a
strong force driving the evolution of our intelligence (Vygotskian in-
telligence hypothesis: Vygotsky, 1978; Moll and Tomasello, 2007; but
see González-Forero and Gardner, 2018). However, while extensive
progress has been made in explaining the evolution of cooperative

behavior across taxa (West et al., 2007), the evolution of complex
human cooperation continues to pose explanatory challenges that, al-
though debated for more than 50 years, remain unresolved (e.g. Burkart
et al., 2009; Pinker, 2010; Silk and House, 2016; Taborsky et al., 2016a,
b)

Whereas definitions for cooperation vary substantially between
authors and scientific fields (Noë, 2006; West et al., 2007), all refer to
benefits and costs for one or more social partners (often termed players).
A key explanatory problem is that cooperation becomes prone to
cheaters that reap the benefits, yet never pay the costs. Hamilton
(1964) reconciled the problem of cooperation among genetically si-
milar individuals with his inclusive fitness theory. Nevertheless, co-
operation in animal societies often involves unrelated individuals,
suggesting that direct fitness benefits must also play a central
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evolutionary role (Leimar and Hammerstein, 2010; Taborsky et al.,
2016b). For example, cooperation between unrelated individuals may
be explained when all parties immediately benefit from the action (i.e.
byproduct mutualism, West et al., 2007), yet when possible, individuals
are still expected to minimize their own cost at the expense of others
(a.k.a. ‘the tragedy of the commons’, Lloyd, 1833) and cooperation can
break down easily (e.g., Burton-Chellew and West, 2013; Kummerli
et al., 2010).

This is particularly apparent for behaviors that do not reap im-
mediate benefits for an actor. Trivers (1971) suggested that this could
be resolved in situations in which individuals interact repeatedly and
can differentiate cheaters from cooperators, as reciprocal altruism can
evolve such that individuals engage in immediately costly behaviors
that increase their probability of receiving future (greater) benefits
from a partner. Originally, such iterated interactions were modeled
using repeated prisoner’s dilemma games, which suggested that re-
ciprocity can be maintained through the evolution of decision rules
reliant on a ‘tit-for-tat’ or similar strategy (Axelrod, 1984). Whereas
there is a considerable amount of evidence for long-term exchange of
commodities in social mammals (e.g., Kern and Radford, 2018; Schino
and Aureli, 2008; Schino, 2007), and even for long-term memory for
reciprocal interactions in birds (Müller et al., 2017), evidence for active
‘bookkeeping’ of the costs and benefits of reciprocity (a.k.a. calculated
reciprocity, de Waal and Luttrell, 1988) is scarce (but see Dufour et al.,
2009; Schweinfurth and Taborsky, 2018a). Furthermore, such calcu-
lated reciprocity may be too cognitive demanding for most animals
(Stevens and Hauser, 2004).

Therefore, less cognitively demanding proximate mechanisms have
been suggested to underpin reciprocity, such as symmetry-based re-
ciprocity, attitudinal reciprocity and emotionally mediated reciprocity.
Symmetry-based reciprocity describes simple decision rules reliant on
symmetrical features of interaction partners: e.g. age, sex or mutual
association (de Waal and Luttrell, 1988). Most relevant here, however,
are attitudinal reciprocity, which describes decision rules based on
short term attitudes towards specific cooperation partners, which in
turn is based on recent interactions with that individual (Brosnan and
de Waal, 2002), and/or emotionally mediated reciprocity, which de-
scribes decision rules based on long-term emotional appraisal of specific
cooperation partners, which in turn is based on multiple interactions
with that individual (Aureli and Schaffner, 2002; Schino and Aureli,
2009; Schino et al., 2007). Agent-based models (ABMs) have recently
shown that over multiple generations, reciprocal altruism breaks down
in populations that base partner choice solely on similarities with
conspecifics, suggesting that symmetry-based reciprocity on its own is
an evolutionarily unstable proximate mechanism for non-kin coopera-
tion (Campennì and Schino, 2016). In contrast, several other studies
using ABMs have generated evolutionary stable systems that represent
actual social organizations (e.g. those of monkey groups) when in-
dividuals rely on emotionally mediated reciprocity (Campennì and
Schino, 2016; Evers et al., 2016; Puga-Gonzalez et al., 2015). Note,
however, that emotionally mediated reciprocity (or attitudinal re-
ciprocity), and the more cognitively complex calculated reciprocity
need not be mutually exclusive. In fact, human brain imaging studies
support the notion that complex cognitive mechanisms and more ‘basal’
hormonal mechanisms may exist in parallel, and show that their em-
ployment depends on familiarity (Krueger et al., 2007); i.e. more hor-
monal/emotional areas are activated when cooperating with familiar
individuals (cf. emotionally mediated reciprocity (Schino, and Aureli,
2009); and/or attitudinal reciprocity (Brosnan & de Waal, 2000)),
whereas more cortical areas involved in mentalizing are activated while
cooperating with unfamiliar individuals (cf. calculated reciprocity (de
Waal, and Luttrell, 1988). Thus, the employment of these different
mechanisms should be seen as a dynamic process that flexibly adjusts to
the specific context in which it is needed (West et al., 2011a, b), and
where the different components are also not independent— i.e. cogni-
tion can affect subsequent emotional appraisal, and emotions can affect

cognitive decisions (cf. the componential view of emotions; Mendl
et al., 2010; see below).

Given the ubiquity of cooperation in animals (Dugatkin, 1991;
Clutton-Brock, 2009), biologists traditionally adopt a phylogenetic ap-
proach to trace the evolutionary history of cooperation (Huxley, 1923;
Hamilton, 1964), comparing cooperation among different species. We
now have evidence for non-kin cooperation in a growing number of
species from different lineages, ranging from primates (e.g., Cronin
et al., 2005; Melis, 2006; Mendres and de Waal, 2000; Miss and Burkart,
2018; Molesti and Majolo, 2016; Suchak et al., 2014) and other social
mammals (e.g., Drea and Carter, 2009; Marshall-Pescini et al., 2017;
Plotnik et al., 2011; Schmelz et al., 2017; Schweinfurth and Taborsky,
2048b) to birds (e.g., Massen et al., 2015; Schwing et al., 2016; Seed
et al., 2008) and fish (e.g., Vail et al., 2013, 2014). However, while this
approach is very useful for understanding how cooperation functions in
response to a species’ ecology, it has been less useful for identifying
common cognitive and/or affective mechanisms underlying coopera-
tion across species. Relevant to the current paper, while there have
been some studies testing broad hypotheses about the evolution of
cognition (Fitch et al., 2010; MacLean et al., 2012), fewer are explicitly
comparative (but see Burkart et al., 2014) and even fewer have con-
sidered the emotional mediation of cooperation, despite its emerging
prominence in explaining cooperation.

Emotional responses, specifically those of non-human animals, have
been notoriously difficult to measure due to the subjective component
of emotional experience, which per definition cannot be directly mea-
sured in another person, let alone in animals (Tinbergen, 1963). Yet,
human emotions are considered to be multifaceted, comprising a sub-
jective component as well as behavioral and physiological components
(Izard, 1977). Indeed, most theoretical approaches to animal emotions
assume that different components, including affect, interact and that
emotions are either the sum of those parts (the componential view of
emotions; Mendl et al., 2010; Paul et al., 2005; 2019) or are an emer-
gent phenomenon of these parts (the constructivist view: Bliss-Moreau,
2017). While our message does not require discriminating further be-
tween these two views, we do emphasize the key point common to both
for studying animals: emotions involve specific, measurable compo-
nents and animal emotions, whatever they may be, should be studied by
exploring each of these components and their interactions separately.
Moreover, we support the view that, irrespective of whether animals
can consciously experience feelings, it is important in this work not to
make a priori assumptions about potential subjective experiences. Yet,
to our knowledge, this approach has not been systematically imposed
on questions regarding cooperation.

Therefore, in this review we aim to provide an overview of attempts
to explore affective responses in the context of cooperation and con-
sider ways in which related work informs our understanding of the
affective components of cooperation. In particular, given the nascent
state of the field, we will consider the limitations of experimental set-
ups used thus far and how this constrains our understanding, and then
provide our vision for future directions that the field can take.

2. Review of paradigms in light of “cognitive and/or emotional”
cooperative decision making

2.1. Coordination paradigms

Animal cooperation studies have a long history, starting with the
seminal work of Meredith Crawford in 1937 (Crawford, 1937). Craw-
ford confronted two young chimpanzees with a tray filled with food
with two ropes attached to it. The tray was too heavy for only one of the
juvenile chimpanzees to pull into reach, so food could only be acquired
when the two chimpanzees pulled the ropes simultaneously. Since then,
several other studies have adopted this paradigm (Mendres and de
Waal, 2000) or variations thereof (Fady, 1972; Suchak et al., 2014,
2016; Suchak et al., 2018). Similar paradigms that rely on coordinated
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Table 1
Coordination paradigms used to study cooperation in animals, the species in which they were tested and several parameters tested.

Paradigm Species Study Understanding the need of
partner

Tolerance as
constraint

Reward Equity
as constrain

Physiological Measures Other (affective) measures

Cooperative pulling task Primates
Pan troglodytes (Crawford, 1937; Suchak et al., 2014,

2016, 2018)
Y Y Y – –

Y Y Y – –
Macaca Mulatta & M.
Tonkeana

(Petit et al., 1992) N Y – – –

Cebus Apella (de Waal and Berger, 2000; de Waal
and Davis, 2003; Mendres and de Waal,
2000)

Y – Y –

Coordinated pulling /
pushing

Primates

Pan troglodytes (Chalmeau and Gallo, 1996) Y – – – –
Pongo Pygmaeus (Chalmeau et al., 1997a, b) Y
Cebus apella (Chalmeau et al., 1997a, b) N – – – –
Saguinus oedipus (Cronin et al., 2005) Y – – – –
Other mammals
Crocutta Crocutta (Drea and Carter, 2009) Y Y – – –
Tursiops truncatus (Eskelinen et al., 2016; Jaakkola et al.,

2018)
Y – – – Acoustic parameters: an increase in

sound production while cooperating
Loose-string task Primates

Pan troglodytes (Hirata, 2003; Hirata and Fuwa, 2007;
Melis, 2006; Melis et al., 2006)

Y Y – – A preference for efficient partners

Pan paniscus (Hare et al., 2007) – Y – – –
M. sylvanus (Molesti and Majolo, 2016) Y Y – – Similarity in boldness-shyness

increased cooperation
M. fascicularis (Stocker et al., 2019) – N – Cortisol decreased while

cooperating, but only when
cooperating with a friend.

M. fuscata (Kaigaishi et al., 2019) ± ; i.e. only one individual Y – – –
Callithrix jacchus (Martin et al., 2019) ± ; i.e., individual and/or

dyadic learning was observed
Y – – Prosociality increased cooperation

Other mammals
Elephas maximus (Plotnik et al., 2011) Y – – – –
Canis familiaris (Sarah Marshall-Pescini et al., 2018;

Sarah Marshall-Pescini et al., 2017;
Ostojić and Clayton, 2014)

Y/N Y – – –

Canis lupus (Sarah Marshall-Pescini et al., 2017) Y Y – – –
Pteronura brasiliensis &
Aonyx cinrea

(Schmelz et al., 2017) N – – – –

Birds
Corvus frugilegus (Scheid and Noë, 2010; Seed et al.,

2008)
N Y – Cortisol related to boldness-

shyness; i.e. higher in the latter
after stressful event

Temperament; i.e. Bold individuals
performed better in the cooperation
task

Psittacus erithacus (Péron et al., 2011) ± – – – –
Corvus corax (Asakawa-Haas et al., 2016; Massen

et al., 2015; 2019)
Y/N Y Y – –

Nestor notabilis (Heaney et al., 2017; Schwing et al.,
2016)

Y/N Y Y – –

Ara Glaucogularis (Tassin du Montaigu, et al., 2019) N N – – –
Complementary tasks

Callithrix jacchus (Werdenich and Huber, 2002) – – – – –
Nestor notabilis (Tebbich et al., 1996) – – Y – Dominant kea manipulated their

partners to produce.

(continued on next page)
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action have been developed as well (e.g.: Cronin et al., 2005; Drea and
Carter, 2009; Eskelinen et al., 2016; Jaakkola et al., 2018; Miss and
Burkart, 2018; see Table 1 for a full overview), with the loose-string
paradigm designed by Hirata (Hirata, 2003) being the most popular
across a diversity of species (Table 1). Whereas much of human co-
operation requires coordinated action, surprisingly few studies have
experimentally tackled this phenomenon in humans, and those that do
generally test children (Kagan and Madsen, 1970), or even infants (Ross
and Lollis, 1987; Warneken et al., 2006)

Most of the studies employing coordination paradigms have con-
centrated on the cognitive underpinnings of the task, examining whe-
ther particular species (or age groups) do or do not understand the
contingencies of the specific task. Recently, however, focus has also
shifted to examining the influence of social context on task perfor-
mance. Generally, in those species in which it has thus far been tested,
social tolerance and relationship quality seem to be important con-
straints on the emergence of cooperation. Interspecific comparisons
reveal that more socially tolerant species cooperate more (easily) (e.g.,
Petit et al., 1992; Hare et al., 2007; Joly et al., 2017). Intraspecific
comparisons also show that populations with high tolerance outperform
those with low tolerance on a cooperation task (Kaigaishi et al., 2019),
and further demonstrate that dyads within a group cooperate more
often and more successfully when they have good relationships and/or
are socially tolerant to each other (see Table 1). Such individuals even
select each other more often as cooperation partners when given the
choice (e.g. Asakawa-Haas et al., 2016).

For our purposes, this is important because these patterns are con-
sistent with animals utilizing emotionally mediated decision rules, yet
specific emotional mechanisms are rarely considered. Friends, for ex-
ample, tend to have similar personalities (Massen and Koski, 2014;
Youyou et al., 2017; Ebenau et al., 2019), and it has been suggested that
this phenotypic similarity increases cooperation through a better un-
derstanding of each other’s behavior, subsequent increased trust, easier
coordination of behavior, and the maintenance of a similar affective
state while cooperating (Massen and Koski, 2014). Recent studies
testing these hypotheses have indeed found that, at least among
chimpanzees, friends tend to trust each other more than non-friends
(Engelmann and Herrmann, 2016; but see Calcutt et al., 2019), and that
for Barbary macaques, cooperative success is enhanced by personality
similarity in animals (Molesti and Majolo, 2016).

Cheating, on the other hand, seems to have negative effects on
subsequent cooperation, and all studies that examined this effect to date
report a loss of interest in the paradigm by the animal that was cheated
(de Waal and Davis, 2003; Engelmann et al., 2015; Massen et al., 2015;
Schwing et al., 2016) (see also Section 2.2.5 on inequity aversion). In
human studies, participants are sometimes given the opportunity to
punish defectors at a personal cost, and do so readily (Fehr and Gächter,
2002), although cultural differences in the tendency to punish are ap-
parent (e.g., Henrich and Henrich, 2014). Interestingly, from our per-
spective, participants often report being angry when their partners
‘defect’, and this anger seems to mediate the amount of costly punish-
ment in these games (Cubitt et al., 2011; Seip et al., 2014a). Moreover,
when primed with anger prior to the experiment, humans punish de-
fectors even more than normal (Seip et al., 2014a), again underlining
the important mediating role of this emotion in dealing with defection.
Whether the reported loss of motivation in animals that experience
defection also reflects anger or is otherwise emotionally mediated re-
mains unknown and is a promising avenue for further studies (see also
Section 2.2.5 on inequity aversion).

2.2. Economic games

Original work on cooperation focused on more ‘naturalistic’ para-
digms, such as the aforementioned barpull task, but more recently there
has been interest in using economic games to explore cooperative de-
cision-making across species. Although these games lack ecologicalTa
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validity, they are highly standardized and easy to use in (what we hope
are) very similar ways across a variety of species and contexts (see
Interpretations Section 4.1 for a further discussion of how animals in-
terpret our tasks). This allows for developing and testing comparative
hypotheses and deriving the underlying similarities and differences
across species that can then be tested using more species-specific
paradigms in more ecologically relevant contexts (Smith et al., 2018).
These game scenarios are very simple. Two or more subjects are each
given a choice, typically among only two options, and then rewards are
distributed based on both what the subject and their partner(s) chose.
The payoffs for outcomes can be adjusted so that researchers can test
everything from coordination (Assurance game: both players benefit
most if they choose the same outcome) to competition (Hawk Dove
game: no coordinated outcome, players do best to play opposite their
partner) and cooperation in the face of defection (Prisoner’s Dilemma)
(Table 2).

Thus far, these games indicate that both monkeys and apes can find
the solutions to coordination games (Brosnan et al., 2011, 2012a).
However, the mechanisms used to solve these games can differ across
species. These mechanisms range from simple matching where the
second player chooses the same option as their partner, a strategy that
is often quite effective in these games even if it is not the highest paying
outcome, to probability matching where the subjects play a strategy
with the same frequency at which it is played in the environment, al-
though not in a contingent manner (i.e., matching), to explicit strategy,
in which the subject understands the rules of the game and makes de-
cisions to maximize their overall benefit (Brosnan et al., 2011; Parrish
et al., 2014). Early work also showed that chimpanzees used a leader-
follower dynamic, whereby the second mover takes the first mover’s
choice into account (Bullinger et al., 2011), and recent studies suggest
the same in at least some cases with monkeys as well (Smith et al.,
2019; Vale et al., 2019).

In games that lack a mutually beneficial outcome, such as anti-co-
ordination games, monkeys still find the Nash equilibrium (NE, or the
choice for which they can do no better given what their partner is
playing), although they find the NE in fewer contexts, indicating that it
is either more difficult for them or that they only do so in specifics
circumstances (Brosnan et al., 2017). Intriguingly, for our current focus
on affect and relationship quality, in the closely related snowdrift game,
where players have a conflict of interest over freeriding and coopera-
tion, chimpanzees’ choices are influenced by the identity of their social
partner (Sánchez-Amaro et al., 2016). Finally, the only game in which
substantial variation has been found across species is the prisoner’s
dilemma game. Early work on macaques found little evidence of mutual
cooperation, although choosing the cooperation option was more
common after mutual cooperation, suggesting that individual choices
were influenced by the payoffs (Haroush and Williams, 2015). In ca-
puchins, there was a tendency to defect after a partner’s defection, also
suggesting that choices were influenced by the game payoffs. More
interestingly for our purposes, however, there were also substantial
differences among pairs, with some showing high levels of mutual co-
operation, some high levels of mutual defection, and some showing no
discernable strategy (Smith et al., 2019). This variability suggests that
the Prisoner’s Dilemma may be a valuable game in which to explore
how individual and social factors influence decision-making, including
looking at how affect influences decision-making (Smith et al., 2019).

2.3. Reciprocity paradigms

Much of the evidence suggestive of animal cooperation stems from
patterns of commodity exchange among individuals (e.g., Carter and
Wilkinson, 2013; Jaeggi & Gurven, 2013; Schino and Aureli, 2008;
Schino, 2007). The reciprocal nature of many of these exchanges is
indeed suggestive of reciprocal altruism (Trivers, 1971), yet most of
these studies consider correlational evidence only. Whereas some in-
ferences about the nature of these exchanges can be made based on

partner choice and the timeframe of reciprocity (Brosnan and de Waal,
2002; Schino et al., 2007), contextualizing specific motivations for re-
ciprocal exchanges remains difficult. Experimental studies of re-
ciprocity so far have mixed results. The initial absence of proof for
contingent reciprocity in several species, including great apes (Amici
et al., 2014; Brosnan et al., 2009; Melis et al., 2008; Stephens et al.,
2002), supported the claim that cognitive constraints prevent the
emergence of reciprocity in non-human animals (Stevens and Hauser,
2004). Since then, however, several studies have demonstrated con-
tingent tit-for-tat reasoning in non-human animals (Dufour et al., 2009;
Schweinfurth and Taborsky, 2018a), appropriate inhibition with regard
to temporal discounting (Hayden, 2016), and the necessary memory for
the nature of exchanges (Müller et al., 2017).

Moreover, the original experimental studies on reciprocity con-
sidered reciprocal altruism from a more cognitively mediated cost-
benefit perspective only (cf. calculated reciprocity: de Waal and
Luttrell, 1988), whereas there is now considerable theoretical evidence
that emotional mediation can facilitate the evolution of reciprocity
(Campennì & Schino, 2016; Evers et al., 2016; Puga-Gonzalez et al.,
2015; see also attitudinal reciprocity: Brosnan and de Waal, 2002).
These theoretical models make assumptions about emotional decision
rules based on valence, arousal and the relatively slow feedback me-
chanisms of emotions (in comparison to purely calculated decision
rules), yet do not precisely define what these emotions may be, nor how
they directly influence decision rules. However, the timeframe of most
reciprocal patterns (i.e. balanced over the long-term only), and the
specificity of partner choice in reciprocal altruism, suggests that this
phenomena is generally specific to long-term strong social bonds
(Massen et al., 2010; Freiden et al., 2017), including in humans (Majolo
et al., 2006). Consistent with this hypothesis, friendship has been found
to increase trust in reciprocal interactions (Engelmann and Herrmann,
2016) and long-term stable relationships are correlated with a decrease
in aversive reactions to inequity (Brosnan et al., 2005; Clark & Grote,
2003).

2.4. Inequity aversion

Inequity aversion, whereby individuals respond negatively to re-
ceiving less than a social partner (Adams, 1963), has been argued to be
a way by which subjects can judge the value of their cooperation
partners; subjects who consistently get less than their partners should
seek out a new one (Brosnan and de Waal, 2014; Brosnan, 2006; Fehr
and Schmidt, 1999). Although the first evidence for inequity responses
in a non-human species was found relatively recently (Brosnan and
Waal, 2003), since then there has been quite a lot of work in primates
and other species using paradigms in which subjects receive different
rewards than their partners for completing a task. Humans react very
strongly when they receive fewer benefits than another for the same
effort (Fehr and Schmidt, 1999), and tend to do so from an early age
(Riedl et al., 2015). Humans also even react negatively when they re-
ceive more than another, albeit not as often or as strongly as they react
to being disadvantaged (Blake et al., 2015; Loewenstein et al., 1989).

However, not every species responds negatively in these tasks, even
within primates (see Table in Brosnan and de Waal, 2014 for details).
Among those that do, it seems that whether a species routinely co-
operates with non-kin is a better predictor of whether they respond to
inequity than factors such as brain size, group size, or phylogeny (i.e., it
is not a homology in either the primates more generally or the great
apes specifically). This is true in primates as well as in corvids
(Wascher, and Bugnyar, 2013) and canids (Essler et al., 2017), and
recently some tentative evidence has been reported in parrots as well
(Laumer et al., 2019). There are also individual differences in responses
to inequity, sometimes substantial, and it is not yet clear what is un-
derlying this variation. Although some factors show up consistently
(i.e., dominance rank), it is clear that we do not yet have a full un-
derstanding of what other mechanisms may be contributing. Relevant
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to the current paper, affect is likely to be a component that strongly
influences this response, although this possibility also remains currently
unexamined. Finally, there is evidence that even species that respond
negatively to inequity only do so in conditions in which the partner
played a role in generating the inequity. For instance, species that re-
spond negatively to inequity when partners are given different rewards
for the same task do not do so when the rewards are simply handed out
for “free” (reviewed in Brosnan and de Waal, 2014). Moreover, chim-
panzees are not spiteful when they lose their food to a partner unless
the partner actively steals it (Jensen et al., 2007a, b) and will not block
their partner from receiving food (Jensen et al., 2006), although, in-
terestingly, capuchin monkeys do show some evidence of spite
(Leimgruber et al., 2016).

While the above findings support the link between cooperation and
inequity at the phylogenetic level, there is also evidence that inequity
directly impacts cooperative interactions within species. For instance,
using the popular barpull task for cooperation (discussed in Section
2.1), researchers have found that subjects refuse to cooperate when the
rewards are monopolizable (de Waal & Davis, 2003), and that whether
subjects cooperate for unequal rewards (i.e., slices of apple vs. a more
preferred grape) depends on their partner’s behavior. If the partner
dominates the better reward across most trials, cooperation ceases,
whereas if subjects both benefit from the better reward on some trials,
cooperation continues at high rates despite the short-term inequity
(Brosnan et al., 2006). There is also an impact of social relationships, as
chimpanzees prefer cooperative partners who tolerantly share food
with them in other contexts (Melis et al., 2006).

Inequity aversion is a very likely candidate for being a behavior
with a strong affective component. Responses to inequity are hy-
pothesized to be driven by, at minimum, frustration, anger, and envy.
In humans, negative emotions that have been consistently associated
with inequity aversion are, among others, anger and guilt (Cubitt et al.,
2011; Fehr and Gächter, 2002; Seip et al., 2014b), spite (Gummerum
and Chu, 2014; McAuliffe et al., 2014), and jealousy (Matsuzawa and
Tanimoto, 2018). Indeed, a very plausible hypothesis is that responses
to inequity, in both humans and non-human animals, are emotionally
mediated, rather than being underpinned by an explicit appraisal of
their relative costs and benefits (even if such appraisal leads to an
emotional response; Talbot et al., 2015), which, as in the case of re-
ciprocity, may be so cognitively demanding as to be impossible for
many species. Indeed, it may even be more parsimonious to assume a
general state of frustration across experimental trials rather than a
series of specific comparisons within trials. This suggests that we should
explore the endocrine and sympathetic nervous system responses un-
derlying individuals’ decision to reject, which may indicate shifts in
their arousal and valance following inequity. For example, one possible
explanation for the individual variability mentioned above is that dif-
ferent subjects show different levels of arousal to being treated in-
equitably, which leads to different behavioral responses.

2.5. Prosocial motivations for cooperation

Given that cooperators are prone to exploitation by defectors, what
motivates individuals to nonetheless start a cooperative interaction?
Prosociality, here defined as behavior that is intended to benefit
someone else (Jensen, 2016), has been suggested as important (moti-
vational) driver for cooperative interactions (Silk, 2007; Jaeggi et al.,
2010). Yet, few studies have tried to directly link these specific moti-
vations to cooperative behavior. Indirect support for this hypothesis has
been found in cross-species comparisons that link the varying natural
cooperative tendencies of different species with the results of experi-
mental prosociality tests of those same species (for reviews see Cronin,
2012; Marshall-Pescini et al., 2016). This work in turn motivated a
central prediction of the cooperative breeding hypothesis (Burkart
et al., 2014, 2009; Burkart et al., 2007), which argues that prosocial
motivations enhance the ability to coordinate and cooperate,

particularly in species that engage in cooperative breeding. Direct ex-
perimental evidence supports this hypothesis, demonstrating that in-
traspecific variation in prosociality among common marmosets predicts
cooperative success (Martin et al. in review). This work suggests that
prosociality may have been an important driver for the evolution of
cooperation in these cooperative breeders or vice versa, although the
benefits of prosociality need not be restricted to cooperative breeders.

A major drawback of interspecific comparisons of prosociality is the
diversity of paradigms and procedures used (see Cronin, 2012). This is
even more problematic if we wish to compare animals with humans,
whose prosocial tendencies are often inferred from complex game-
theoretical paradigms. There have been several attempts to make the
human studies more comparable to those on animals, yet these sim-
plified and more playful games are generally only tested on children
(e.g. Burkart and Rueth, 2013; Horn et al., 2018; House et al., 2012).
Such discrepancies in the developmental stages of the participants, and
most importantly, the variety of paradigms used, make direct compar-
isons practically impossible (Leavens et al., 2017). In light of this lim-
itation, Burkart and colleagues (Burkart et al., 2014) utilized the same
experimental paradigm to study prosociality in 15 different primate
species (including humans, albeit children only), finding that the
amount of allomaternal care exhibited by a species predicts their pro-
social tendencies. More recently, this paradigm has been converted to
accommodate birds (Horn et al., 2016), and subsequently validated
(Martin et al. in review) in one of the primate species from the original
study by Burkart et al. (2014). This work has demonstrated a similar
relationship between prosocial tendencies and social structure, at least
in the cooperatively breeding azure-winged magpies, Cyanopica cyanus
(Horn et al., 2016).

What constitutes or triggers these prosocial preferences remains,
unfortunately, relatively unknown. Some authors, for example, have
argued that chimpanzee prosocial preferences are in fact self-serving
preferences that come about as a by-product of task design (Tennie
et al., 2016), while others remain convinced that chimpanzees are truly
willing to help others (Melis et al., 2018). One study has examined
whether sympathy might motivate prosociality in great apes, as it does
in humans (e.g. Vaish et al., 2009), but did not find evidence for the role
of sympathetic concern in the prosocial behaviours of these apes (Liebal
et al., 2014). Nevertheless, amidst other contextual features, the
strength and nature of the relationship between donor and recipient
does seem to have a strong influence on prosocial preferences in various
species (reviewed in Cronin, 2012), suggesting a mediating role of
emotions, as in emotionally mediated reciprocity. Social bonding is in
part mediated by oxytocin (see also Section 3.5), so oxytocin levels may
therefore be a valuable measure for further assessing the affective states
involved in prosociality. In humans, the administration of oxytocin has
been found to produce more generous donations to charity (Barraza
et al., 2011), and also more coordinated cooperation, albeit at the ex-
pense of an out-group (Zhang et al., 2019). Studies using oxytocin in
experimental prosociality paradigms in non-human animals are scarce
and results are so far inconsistent. A recent study in Clark’s nutcrackers,
Gymnorhinus cyanocephalus, did corroborate a positive link between
prosociality and the intranasal administration of mesotocin, the avian
homologue of oxytocin (Duque et al., 2018), whereas a study on ca-
puchin monkeys found that food-sharing was negatively impacted by
the intranasal administration of oxytocin (possibly as a byproduct of
oxytocin’s anxiolytic effects; Brosnan et al., 2015a, b). Nevertheless,
this line of research seems to be a promising avenue into the potential
affective mediation of cooperative behaviours.

3. Affective correlates of cooperation

Since most studies only measure subjects’ behavioral responses
during cooperation games, inferences can only be made about beha-
vioral decision-rules and little remains known about the underlying
mechanisms. To tap into the proximate mechanisms underlying these
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decision rules, we need to understand the affective correlates of co-
operation (which ultimately will help us to understand what emotions
non-humans may or may not experience and how they might relate to
our own). For this reason, several scientists have highlighted the need
to include physiological parameters in studies on cooperation (e.g.,
Brosnan and Bshary, 2010; Bshary et al., 2011). However, in animal
research the ability to include physiological measuring techniques is
dependent on factors such as the species and the individual’s level of
training. Nonetheless, new techniques have made studies investigating
such parameters more frequent. Here, we provide a broad overview of
the most frequently applied non- or minimally invasive physiological
measuring techniques in cooperation studies, first in humans and then,
if applicable, in other animal species. Subsequently, we will also review
assessments of affect possibly involved in cooperative interaction. Note
that although research on brain activity can provide valuable insights
into emotions and cooperation (e.g. Pan et al., 2016; Prochazkova et al.,
2018), brain scanning technologies generally restrict social interactions
between participants (Dulleck et al., 2014) and are difficult to apply in
animals, particularly in the context of cooperation. Therefore, we do
not discuss such techniques below.

3.1. Physiological measures of affect

3.1.1. Cardiac function
Researchers have been using different parameters of cardiac func-

tion to get information about the effect of specific (affective) stimuli on
an organism’s autonomic nervous system. Heart rate (HR), the number
of heartbeats within a given period of time (usually per minute), is
regulated by the sympathetic (fight and flight) as well as the para-
sympathetic system (rest and relax) and therefore represents a net effect
of both systems’ activity (Brownley et al., 2000). In order to disentangle
the effects of the two systems, it is useful to determine heart rate
variability (HRV), which refers to the fluctuation of the time interval
between successive heartbeats (Berntson et al., 1997). Most of the HRV
computations, such as the high frequency HRV or the root mean square
of successive difference (RMSSD) represent parasympathetic activity.
Specifically, if the high frequency band of a heartbeat is used for HRV
calculations, then we are referring to the high frequency HRV, also
called respiratory sinus arrhythmia (RSA) as it is associated with the
breathing cycle, and since RSA is primarily controlled by vagal efferent
pathways it can be used as an index of parasympathetic activity
(Berntson et al., 1997). The low frequency HRV, in contrast, is thought
to represent the sympathetic branch of the autonomic nervous system
(Berntson et al., 1997).

Whereas heart rate (HR) measures thus provide information on the
net effects of vagal (rest and relax) and sympathetic (fight and flight)
activity, heart rate variability (HRV) reflects the balance between the
two, making it a good indicator of psychosocial stress (von Borell et al.,
2007). Cardiac activity and respiration rate can be measured with a
single telemetry device, which has, for example, been used for mea-
suring emotion responses in goats (Capra hircus) (Briefer et al., 2015).
Such monitoring devices usually consist of a belt that is strapped
around the thorax of the subject, which records the respective physio-
logical signals, and a computer that receives these signals, making them
both non-invasive and relatively easy to use for at least a subset of
species (those without dexterous hands). Electrocardiograms (ECG) can
also be recorded with electrodes attached to specific spots on the body,
such as the inner forearm and inner leg. Using the latter method, Osumi
and Ohira (2009) found that human participants’ HR changes predicted
their decision to accept or reject an offer in the ultimatum game, with
initial HR decelerations preceding rejections. Note, however, that the
act of measuring cardiac function in itself was found to promote giving
in the trust game (Van Lange et al., 2011), suggesting that the method
can influence the participant’s behavior and the outcome of such a
game, at least in humans.

Cardiac and respiratory parameters are often included in animal

research because their respective measuring techniques can rather ea-
sily be adjusted to species-specific requirements (e.g. dogs, Canis fa-
miliaris, Kortekaas et al., 2013); sheep, Ovis aries, Reefmann et al.,
2009). Early work using subcutaneously implanted telemetry devices in
rhesus macaques, showed marked increases in HR when the macaques
where in a risky situation, and notably, a decrease in HR when they
received grooming, suggesting a tension reduction function of this co-
operative behavior (Aureli et al., 1999). Most of the more recent studies
using the less invasive belts have not investigated cooperation per se,
yet many have focused on animal emotions. Sheep, for example, exhibit
higher heart and respiration rates in response to a negative situation
(presentation of unpalatable food) as compared to neutral or positive
food-related situations (presentation of a desirable food; Reefmann
et al., 2009). As the sheep’s HRV (RMSSD) was not significantly af-
fected, Reefmann et al. (2009) concluded that the sheep’s reactions
were mainly driven by the degree of sympathetic activity. Similar
findings were reported for goats, who showed higher heart and re-
spiration rates, yet also lower HRV (RMSSD) during situations that
cause high arousal, irrespective of their valence (Briefer et al., 2015).
However, using cardiac measures in rhesus macaques, Bliss-Moreau
et al. (2013) did find differential responses of the sympathetic and
parasympathetic system to the affective valence of social video stimuli.
Due to the value of the information provided and the good acquisition
possibilities in animals, we highly recommend greater use of cardiac
measures for the study of cooperation in animals where it is feasible
(review on the use of HRV in animals: von Borell et al., 2007).

3.1.2. Skin conductance
As the sympathetic tone briefly increases in response to most

arousing stimuli, sweat glands are activated that produce more sweat,
which reduces the electrical resistance of the skin and, hence, increases
skin conductance (Boucsein, 2012). Electrodermal activity therefore
reflects autonomic activity. In fact, it is often used to validate the
success of a stimulus in eliciting the appropriate arousal response
consistent with a specific affective valence or, in humans, emotion (e.g.
fear, Phelps et al., 2001). Electrodermal activity can be measured by
using a skin conductance amplifier, which amplifies the electric signal
received from electrodes that are placed on specific spots of the sub-
ject’s palm. /s00221-006-0346-5

van’t Wout et al. (2006) were one of the first to include this para-
meter in the study of cooperation using an Ultimatum Game, demon-
strating that participants’ skin conductance activity was higher when
they were confronted with an unfair offer. This suggests that unfair
offers elicited stronger emotional arousal than fair offers (but see Osumi
and Ohira, 2009). Elevated skin conductance levels have also been
observed after opponent-directed negative emotions (e.g. anger) were
induced in subjects who had to play a social decision-making game with
the respective opponent (Eimontaite et al., 2013). Consequently, in the
game itself, participants were more likely to defect against opponents
they were angry at than against those whom they felt positive about
(Eimontaite et al., 2013). Unfortunately, although skin conductance is a
very informative parameter of affect in humans, it is quite difficult to
measure in animals, which currently limits its applicability in the study
of animal affect and cooperation.

3.1.3. Facial skin temperature
Another index of autonomic reactivity is the facial temperature,

which shows specific patterns in response to different physical and
psychological stimuli (see Panasiti et al., 2016). Facial skin temperature
can be recorded with thermal infrared imaging. One major advantage of
this method is that, in contrast to electrodermal and cardiovascular
measurements, subjects are not influenced by the measuring technique
as no device needs to be attached to them. There is an additional ad-
vantage for non-humans, for whom it may be dangerous, difficult or
impossible to use a device that attaches to them in some way (cf.
Ioannou et al., 2015). Changes of facial skin temperature are often
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measured in studies on deception, which generally counteracts any
cooperation. Panasiti et al. (2016), for example, gave participants the
choice of spontaneously deceiving someone in a setting where their
reputation could potentially be harmed. Participants who deceived in
the reputation-risk situation showed an increase in nose temperature
(reflecting parasympathetic activation) during and after their decision
to deceive (Panasiti et al., 2016). In another study, however, opposing
results were found and nose and hand temperature decreased when
participants called a significant person in their lives to tell an important
lie (Moliné et al., 2017).

Facial temperature measurements can also be applied in a wide
array of animal species, as the most frequently used target areas, the
eyes and nose, are regions that are usually not covered by hair/feathers.
The eye temperature and HR of dogs, for example, increases while in-
dividuals receive treats, a positively arousing situation (Travain et al.,
2016). Proctor and Carder (2016) similarly investigated cows’ (Bos
taurus) responses using food rewards. Although the cows’ nose tem-
perature dropped when they experienced high arousal, they did not
exhibit a change in temperature between positively and negatively
valenced situations. Studies on rhesus macaques consistently show that
a threatening stimulus induces a decrease in nasal temperature
(Nakayama et al., 2005; Kuraoka, and Nakamura, 2011). Similarly,
studies on chimpanzees show that playbacks of conspecifics fighting
(Kano et al., 2016) or, more generally, aversive vocalisations of con-
specifics (Dezecache et al., 2017) are associated with a decrease in nasal
temperature. So far, facial skin temperature in animals has mostly been
used as a tool to better understand whether individuals are experien-
cing heightened arousal, but there is also the potential for this tech-
nique to be very informative about more complex processes involved in
cooperation. Given the small data set and relatively high inconsistency
in responses, however, care will need to be taken until we have a better
idea of what exactly these changes are measuring and are indicative of.

3.1.4. Pupil mimicry
Whereas facial skin temperature is regularly used in studies on de-

ception, pupil mimicry is a physiological parameter that is of particular
interest in the study of trust, a factor that promotes cooperation.
Changes in pupil size are, like the parameters presented above, medi-
ated by the autonomic nervous system, and can be measured with an
eye-tracker. Recent findings suggest that the synchronized dilation of
two persons’ pupils recruits specific areas in the theory of mind net-
work, resulting in individuals feeling ‘mentally connected’ and subse-
quently enhancing trust (Prochazkova et al., 2018). Kret and De Dreu
(2017) showed that in a trust game, men trusted partners with dilating
pupils even more after oxytocin treatment as compared to after placebo
administration. In female participants, in contrast, oxytocin blunted the
effect of pupil dilation on trust (Kret and De Dreu, 2017). Since col-
lecting pupillometry data requires the subjects to keep their head still,
there are only a few studies on this parameter in animals. Kret et al.
(2014), for example, managed to investigate pupil mimicry in chim-
panzees (Pan troglodytes) by using a binocular eye tracker, which al-
lowed for relatively large head movements of the animals. They re-
ported that chimpanzees exhibit stronger pupil mimicry with
(unfamiliar) conspecifics than with humans, and found that chim-
panzee mothers and their offspring exhibited the strongest effect (Kret
et al., 2014). Several researchers have begun using creative ways to
keep subjects’ heads still, such as presenting the stimuli behind a wall
that only allows animals to peek through a small slit (Ryan et al., 2019).
Creative solutions like these will be key to the measurement of pupil
mimicry in a much wider array of species, making it a promising factor
for better understanding animal cooperation.

3.1.5. Hormones
Hormones are involved in many cooperative processes (reviewed by

Soares et al., 2010; Trumble et al., 2015) and have a clear link to affect
(Bos et al., 2012). They can be measured endogenously or actively

manipulated by, for example, administering hormones or blocking re-
ceptors (e.g., Bird et al., 2018; Bos et al., 2010; Brosnan et al., 2015a, b;
Rilling et al., 2012; Soares et al., 2014). Although this is a promising
and popular technique, it is not without challenges. Not only circulating
hormone levels, but also neural responses to them, can be influenced by
several different factors (illustrated by Trumble et al., 2015), and most
fluctuate substantially. Levels also differ depending on how they are
measured. Endogenous hormones and/or their metabolites can be ex-
tracted from different organic materials, such as blood, saliva, urine,
feces and hair/feathers. Which of these should be used depends on the
hormone and the time frame to be investigated. All of these materials
reflect hormone levels on different time scales, from minutes (e.g. in
saliva) to months (in hair/feathers), hence not all of them are suitable
for the investigation of emotions, which are considered to have a short
time frame (for non-invasive monitoring of endocrine markers in pri-
mates see Behringer and Deschner, 2017). The hormones oxytocin and
testosterone, as well as glucocorticoids such as cortisol, have been the
most studied in relation to cooperation.

Oxytocin plays an important role in social bonding, trust and gen-
erosity. In preschoolers, for example, salivary oxytocin measured di-
rectly before a dictator game was associated with how much chocolate
the children allocated to others (Fujii et al., 2016). In boys, oxytocin
levels were negatively correlated with allocations; in girls, levels before
and after the game were positively correlated when playing with a class
mate (ingroup member), but no effect was found when playing with an
outgroup member (Fujii et al., 2016). This emphasizes an important
emerging point—the effects of oxytocin are highly dependent on sex
(see Feng et al., 2015) and on context (Shamay-Tsoory et al., 2009;
Ne’eman et al., 2016), and there may be opposite effects for ingroup
and outgroup members (De Dreu et al., 2012; De Dreu and Kret, 2016;
Zhang et al., 2019; for a review see Shamay-Tsoory, and Abu-Akel,
2016). Results are perhaps even more variable in non-human species,
although this may be in part due to a combination of less research effort
and less ability to control the parameters of the study. In general, en-
dogenous oxytocin has been positively associated with food sharing,
intergroup conflict, and cooperative hunting in chimpanzees (Samuni
et al., 2019, 2018a; Samuni et al., 2017; 2018b; Wittig et al., 2014),
grooming in capuchins (Benítez et al., 2018), and, more generally, to
influence social cognition, behavioral synchrony, and prosociality
across a variety of non-human primates (Chang and Platt, 2014;
Finkenwirth et al., 2015; Jiang and Platt, 2018; Wittig et al., 2014; but
see Staes et al., 2015). Recent work has also identified the importance
of endogenous oxytocin in social bonding and cooperation among fe-
male bonobos (Moscovice et al., 2019). However, the effects of exo-
genously administered OT have been far less consistent (Brosnan et al.,
2015a, b; Duque et al., 2018; 2019; Mustoe et al., 2016; Proctor et al.,
2016). Note however, that as oxytocin is primarily involved in social
bonding, the mediating effects of this hormone on cooperation may, as
with humans, be highly dependent on the dyad tested, and this should
be accounted for in future tests. Clearly more work is needed to de-
termine the complex influences of oxytocin on behavior.

Popular belief dictates that steroid hormones should inhibit co-
operation, yet recent research shows that the picture is far more in-
tricate. Specifically, the hormones testosterone and cortisol seem highly
dependent on each other with regard to behavior related to social status
(cf. dual-hormone hypothesis: Mehta and Josephs, 2010; Mehta and
Prasad, 2015), and as such may influence decision-making in economic
games (Mehta and Prasad, 2015). Social status or rank, in turn, seem to
have effects on cooperation (e.g. Horn et al., 2018; Massen et al., 2015;
Suchak et al., 2014), thus making the interplay of these two hormones
particularly interesting for the study of affect and cooperation. Un-
fortunately, little work has been done on cooperation while considering
both hormones in parallel; generally, studies consider only one of these
hormones.

Testosterone is often associated with aggressiveness and competi-
tion (Eisenegger et al., 2010), but recent results show that testosterone
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also mediates parochial altruism (Reimers and Diekhof, 2015) and
prosociality (Dreher et al., 2016; Eisenegger et al., 2010). For example,
male soccer fans who participated in a Prisoner’s Dilemma Game ex-
hibited increased salivary testosterone while cooperating with other
fans of their team (Reimers and Diekhof, 2015). Cortisol, on the other
hand, is often associated with stress. Social interactions can be very
stressful, and indeed tend to lead to an increase in glucocorticoid hor-
mones, such as cortisol and corticosterone. Jäschke et al. (2016), for
instance, reported that playing a cooperative game generally seems to
increase the participants’ salivary cortisol levels, while playing with a
cooperative partner of higher social status leads to a faster recovery of
cortisol levels. Similarly, salivary cortisol in long-tailed macaques
(Macaca fascicularis) has been found to decrease when participating in a
cooperation task with closely bonded individuals, irrespective of the
dyad’s cooperative performance (Stocker, Loretto, Sterck, Bugnyar, &
Massen, in review). Moreover, glucocorticoid excretion patterns have
also been connected to personality traits, such as boldness, which in
turn affect cooperative behavior (e.g. in rooks, Corvus frugilegus, Scheid
and Noë, 2010). For non-invasive glucocorticoid measurements see
Palme (2019). Despite the promise of endocrine measures as important
indicators of affect, care is warranted, as these hormones interact in-
tensively with each other; i.e. not only amongst other steroid hormones
(Mehta and Josephs, 2010), but also with oxytocin (Ziegler and
Crockford, 2017). Therefore, systematic studies that investigate co-
operation and measure, at minimum, these three hormones in parallel,
are needed.

3.2. Behavioral measures of affect

3.2.1. Cognitive Bias paradigms
One often used behavioral measure of affect is a cognitive bias

paradigm. Cognitive bias paradigms (Harding et al., 2004; Mendl et al.,
2009; Paul et al., 2019) present an exciting and relatively untapped
resource for measuring consistent individual differences in affect. Ori-
ginally, these paradigms were mostly used to study the effect of hus-
bandry procedures on animals’ affective states (Bateson, and Matheson,
2007; Bateson et al., 2011; Bethell et al., 2012). Using this approach,
however, Bateson and Nettle (2015) also provided tentative evidence
for consistent moods in chimpanzees. Notably, Schino et al. (2016)
showed that in tufted capuchin monkeys, Sapajus [Cebus] sp., the
amount of grooming received was positively correlated to ‘optimistic’
responses in this paradigm, albeit based only on overall grooming re-
ceived and not on grooming received immediately before the cognitive
bias test (Schino et al., 2016). This work, along with other studies using
bias paradigms to investigate the effects of (chronic) stress in, for ex-
ample, capuchin monkeys (Boggiani et al., 2018), rats (Chaby et al.,
2013) and starlings (Gott et al., 2019), suggests the feasibility of these
methods for incorporating rigorous measures of affective dispositions
into experimental studies of animal cooperation. Importantly, inter-
individual differences in cognitive bias need to be taken into account, in
both these experimental and observational studies of cooperation.
Therefore, some knowledge about individuals ‘base-line’ cognitive bias
is required as a reference point for the cognitive bias of the same in-
dividual after the cooperation manipulation, be it experimental (cf.
Adriaense et al., 2019) or observed cooperative behaviors (cf. PC/MC
method by de Waal, and Yoshihara, 1983).

3.2.2. Vocalizations
Communication can be an important aid in coordination while co-

operating. Not surprisingly, humans cooperate more when they are able
to converse with each other (Wichman, 1970; Cooper et al., 1992), and
some argue that communication as a coordination tool has been the key
selection pressure for the evolution of human language (David-Barrett
and Dunbar, 2016). Cross-species comparisons have revealed that
among non-human animals, cooperative breeding influences commu-
nicative complexity, namely the number and type of vocalizations in

birds (Leighton, 2018) and mammals (Manser et al., 2014), which
supports the idea that communicative complexity is predicted by social
complexity and cooperation. Within a species and within an actual
cooperative context, there is some evidence that animals use vocaliza-
tions to coordinate cooperation (e.g. lunge feeding in humpback
whales, Megaptera novaeangliae: D’Vincent et al., 1985), recruit con-
specifics to a food-source, either in the prosocial context of sharing food
with fledged offspring (e.g. pied babblers, Turdoides bicolor: Radford,
and Ridley, 2006), or friends in the group (e.g. chimpanzees: Schel
et al., 2013), or recruit befriended conspecifics whose help is needed to
acquire a food source (e.g. common ravens: Sierro et al., 2019). Animals
may also communicate information about their inner state; for example,
pied babblers negotiate how much time they will spend performing
sentinel behavior based on their hunger state (Bell et al., 2010), rats
communicate their need to those who can provide (Schweinfurth, and
Taborsky, 2018c), and many animal species react to increased begging
from offspring with increased help (Bee, and Miller, 2016). Although
vocalizations can inform the receiver about the inner state of the
sender, it remains unclear whether and how that may be emotionally
mediated.

A recent study showed that humans are able to detect arousal in the
calls of animals from all classes of terrestrial vertebrates, suggesting
that vertebrates, at least for contexts with high arousal, share funda-
mental mechanisms of vocal expression (Filippi et al., 2017). Highly
arousing states like being trapped do indeed elicit distress or alarm calls
in animals which may lead to conspecifics helping their distressed
group member (chimpanzees: Boesch, and Boesch, 1989; Amati et al.,
2008; rats: Bartal et al., 2011), although these instances are often too
rare to study systematically and unethical to invoke experimentally.
What is needed is an extensive library of vocalizations characterized by
both their valence and arousal, as well as the context, if known, to
consider possible affectively mediated modulations that can be actively
linked to cooperation and subsequently coded during cooperation ex-
periments, or even manipulated in such an experiment. An experiment
on humans found that priming participants with vocal expressions of
joy increased their cooperative tendencies in an assurance game,
whereas vocal expressions of anger decreased cooperative tendencies in
comparison to a neutral vocal stimulus (Caballero Meneses, and Menez
Díaz, 2017). To our knowledge, the only study that used a similar
framework in a non-human animal is a study on rats by Łopuch and
Popik (2011), which not only showed that allowing communication
between rats benefits cooperation, but also that the number of 50 kHz
calls, a call-type that was previously validated as an indicator for po-
sitive emotions (Burgdorf et al., 2008), positively influenced co-
operative behavior (Łopuch, and Popik, 2011). Although studies on the
role of vocalizations in cooperative interactions among animals are still
rare, given the right framework this field may be very informative
about the mediating role of affect on cooperation.

3.2.3. Facial displays and body language
Communication does not necessarily involve vocalizations. Many

species, including most non-human primates, in fact seem restricted in
their use of vocal signals (but see Fitch et al., 2016). On the other hand,
there are often consistent changes in facial displays, often interpreted as
facial expressions, which seem very potent as emotional indicators,
especially with regard to affect, something Darwin already noticed
while describing homologies in the facial expressions of humans and
other animals (Darwin, 1872; see also Kret et al., 2019). Primates, for
example, show clear, often ritualized, facial displays that have been
linked to both negative and positive emotional states (e.g. van Hooff,
1971, 1976). These are often used in social contexts to display benign
intent, or to appease prior conflicts (e.g. de Waal, 1988), and could thus
potentially also be involved in initiating cooperative actions. The play-
face, for example, is a clear example of an affective facial expression
that also helps facilitating play between interaction partners (e.g.
Waller, and Cherry, 2012). In humans, there are several studies
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showing that a smile can initiate cooperation and/or increase co-
operative investments (e.g. Stouten, and de Cremer, 2010; Scharlemann
et al., 2001), yet so far similar studies in non-human animals are
missing. The development of the Facial Action Coding Systems (FACS)
for multiple animal species (see Waller et al., 2019) allows for more
rigorous testing of affective correlates in animal facial expressions, and
would subsequently allow experimental testing of the effect of affective
facial expressions on cooperation.

As with facial displays, many animal species also show clear, often
ritualized, bodily displays to communicate with each other (e.g. van
Hooff, and Wensing, 1987). Dominance and subordinance displays are
probably the best-known examples. Unfortunately, however, little work
has been done on whether and how this ‘body-language’ relates to
potential underlying affective responses. One exception are studies on
displacement activities, which have now been consistently shown to
indicate stress (e.g. Maestripieri et al., 1992; Troisi, 2002) and as such
are suggested to have a communicative function as well. Indeed,
Barbary macaques do attend to scratching in others, yet this seems
rather to avoid re-directed aggression from these others than to facil-
itate cooperative efforts (Whitehouse et al., 2016). Nevertheless, in-
formed decisions about, for example, with whom not to cooperate, can
be as valuable as knowing with whom to cooperate. Therefore, asses-
sing the body-language of test-subject during cooperation experiments/
observations, as well as more generally, might be a valuable tool to
investigate possible affective correlates.

4. Interpretation of results

4.1. How comparable are the paradigms?

There may be more paradigms to test for cooperation than there are
species tested within those paradigms. More critically, perhaps, it is
extremely difficult to compare human studies with those involving
other species due to differences in procedure. Human paradigms largely
consist of social dilemmas that often rely on elaborate explanations to
the participants, whereas animals must learn the structure of the game
through repeated exposure. Moreover, the often complex game struc-
tures used to study human economic decision-making may be too
challenging for non-human animals. Aside from the fact that null results
are not proof of absence, in some cases null results are a consequence of
the experimental set-up used. To address this challenge, researchers
often test a specific species in multiple different paradigms. As a con-
sequence, particularly within the animal literature, the number of dif-
ferent paradigms employed has increased drastically. Even when the
same paradigm is used (e.g. loose-string paradigm, see Section 2.1 &
Table 1), the procedures used to test the specific paradigm may differ
across labs, so that results may differ even within a species. Conse-
quently, particular caution is needed in the interpretation of compar-
isons based on a different procedure, albeit using the same experi-
mental set-up (cf. Massen et al., 2019).

Recently, there have been several attempts to study animal decision-
making using the same set-ups and procedures in multiple species (e.g.
MacLean et al., 2014; see also Bohn et al., 2019), including studies on
socio-cognitive traits like prosociality (Burkart et al., 2014). Moreover,
the paradigms and procedures originally used to investigate prosoci-
ality in primates have now been successfully translated to birds (Horn
et al., 2016). These phylogenetically broad comparisons are key if we
are to understand the core mechanisms driving decision-making across
species, but they still rely on strong assumptions: firstly, that the per-
ception of and response to these paradigms are the same for all species;
and secondly, that behavioral and physiological (including endocrine
and neural) responses to these paradigms are homologous or suffi-
ciently analogous. If either of these assumptions is not true, then the
comparison becomes much less straightforward.

Indeed, we know that in many cases these assumptions are false. For
example, work on the assurance game finds that many primate species

can find the payoff dominant coordinated outcome (coordinated Stag
play; Brosnan et al., 2011; Brosnan et al., 2012a, b). However, we also
know that these primates are using different mechanisms to reach these
outcomes (Parrish et al., 2014; reviewed in Smith et al., 2018). Ca-
puchin monkeys, a New World monkey species, appear to be matching
their partner’s play, albeit with a (strong) bias towards the payoff
dominant outcome. However, they cannot maintain it when they
cannot see their partners’ choices. Of course, capuchins also live in
relatively small, cohesive groups, so there may have been little selection
pressure to coordinate when they cannot see their partners. Humans
probability match, but, interestingly, rhesus monkeys, who probability
match in other contexts, do not do so in this task; instead they simply
show a preference for the outcome that generally pays the best.
Chimpanzees sometimes show evidence of understanding that there is a
strategy to the game, extrapolating their choices from one situation to a
new one. That being said, this is highly context dependent, as indicated
by the fact that some chimpanzees play randomly despite hundreds of
trials of exposure (Hall et al., 2019). This may be due to their level of
experience and/or disinterest in the game, but in either case shows very
clearly that even within the same species, using the same procedure
(within practical constraints), there is substantial variability.

As this detailed summary shows, null results must be taken within
the context of the study, and just because an animal is known to show
some mechanism in one context does not mean that they will show it in
another, even in a context in which other species are known to use that
mechanism. What, then, do we do as researchers? First, we recognize
that any research program will involve numerous studies, first doc-
umenting outcomes and then trying to tease apart underlying me-
chanisms. Second, we must keep in mind the distinction between
function and mechanism, and be careful not to conflate the two, or
assume one from the other (Tinbergen, 1963). Third, it is clear that a
comparative program must start by testing multiple species using the
same paradigm, or as close as we can get to the same paradigm, but we
must also give every species multiple opportunities using different ap-
proaches. For instance, subjects who do poorly on a manual version of a
task may do quite well on a computerized version (Brosnan et al.,
2012a). Fourth, once we have some idea of how the species are similar
and different, we must “back test” those species on more species-spe-
cific paradigms to see if the predictions from our tightly controlled
comparisons yielded correct hypotheses. If not, then we tweak the
paradigms and iterate towards a better understanding of how species’
unique abilities and evolutionary history have influenced a behavior
(Smith et al., 2018).

In the case of comparative affective science, this presumably means
starting by testing animals on situations in which we know affect in-
fluences decision-making in humans. Of course, it may not – and often
will not – be the case that the same situations lead to the same re-
sponses, but it is a reasonable starting point (Williams, Brosnan & Clay,
2019). Next, we need to compare across a variety of species in order to
determine which outcomes are species-specific and which are more
general (Shettleworth, 2012; Andics and Miklósi, 2018; Kret and
Tomonaga, 2016; MacLean et al., 2012). Finally, we should try, when
possible, to simultaneously measure several physiological parameters to
get a more nuanced view of animals’ responses (Dunn et al., 2012;
Osumi and Ohira, 2009; Reefmann et al., 2009; Travain et al., 2016).

We also emphasize the importance of actually measuring affect,
rather than simply assuming it after priming, or from subjects’ beha-
vior. As these above examples illustrate, it is very common for different
species to reach the same outcomes through entirely different me-
chanisms (and the same may be true for different animals within a
species). Likewise, they may show different behavioral manifestations
of the same affective response, or the same behavioral manifestation for
different affective responses. It is critically important to provide further
objective evidence of assumed similarities (or differences), in the form
of a physiological parameter, endocrine measure, cognitive bias or,
ideally, multiple responses taken together.
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One final note is in order about the challenge of understanding
animal decision-making from captive studies. While captive settings
allow for tight experimental control, they are also an artificial en-
vironment for the development and expression of normal adaptive de-
cision-making processes (Boesch, 2007), particularly in the context of
cross-species comparisons (Leavens et al., 2017). For instance, as pre-
viously mentioned, while prosocial behavior has been surprisingly
difficult to demonstrate in captive studies of primates, field workers
have consistently documented behaviors such as food sharing and
group hunting in wild populations (Samuni et al., 2018a). Even the
presence of a physical barrier, comparable to barriers common in re-
search with captive apes, impedes dogs’ success in an imperative
pointing task (Kirchhofer et al., 2012), suggesting that work in apes
may be underestimating their abilities. This difference between captive
and wild studies could be particularly important in understanding af-
fect. For instance, research has demonstrated increased pessimism
biases in animals raised in impoverished captive environments (e.g.,
Harding et al., 2004).

Captive research clearly is important in determining underlying
mechanisms, and there are a few steps researchers can take to ensure
that results are as generalizable as possible. Animals should be socially
housed, for example, and when feasible, testing can be done within
social groups (e.g., Martin et al., in review; Massen et al., 2015). Un-
fortunately, although relatively non-invasive, many physiological
measures require specific set-ups that often inhibit testing in ecologi-
cally relevant complex social configurations. Thus, if early experiments
require more tightly controlled social situations, subsequent studies can
be done in group situations, allowing for both the interpretation of
messy results in the context of the more controlled studies, as well as
the ability to document behaviors that may correlate with emotional
responses that are impossible to measure in group situations. Similarly,
tests with human experimenters as social partners should be avoided as
much as possible as this is an artificial social situation without any
ecological relevance and prohibits the measurement of the potentially
intricate socio-emotional interplay between two cooperating con-
specifics. Finally, ideally field experiments can also be used to validate
laboratory results, as well as to better probe the developmental plasti-
city of the proximate mechanisms hypothesized to influence task per-
formance (Morand‐Ferron et al., 2016).

4.2. Impact of social and individual factors on decision-making

Another likely source of individual differences that is often ignored
in experimental studies is social relationships. Humans can flexibly
adjust among different proximate mechanisms to meet the require-
ments of specific cooperative contexts (Melis and Semmann, 2010; West
et al., 2011a, b). In particular, as previously noted, human brain ima-
ging studies support the notion that complex cognitive mechanisms and
more ‘basal’ hormonal mechanisms may exist in parallel, and show that
their employment depends on familiarity (Krueger et al., 2007), such
that more emotional areas are activated when cooperating with familiar
individuals (i.e., emotionally based bookkeeping, Schino and Aureli,
2009; attitudinal reciprocity, Brosnan and de Waal, 2002), whereas
more cortical areas involved in mentalizing are activated while co-
operating with unfamiliar individuals (i.e., calculated reciprocity, de
Waal and Luttrell, 1988). This is a key dichotomy that must be resolved,
but studies examining this dualism in decision rules in non-human
animals have so far been lacking, and consequently any conclusions
about the uniqueness of this phenomenon for humans are premature.

These results also indicate that caution should be used in inter-
preting existing results. Human cooperation research using experi-
mental games rarely takes such proximate mechanisms into account,
and many behavioral economic studies rely on games played by
anonymous dyads/duos (e.g. in Prisoner’s dilemmas) and/or groups of
individuals that did not know each other prior to the game (e.g. in
Public goods games). Similarly, cooperation research in animals

generally tests experimentally determined dyads (Table 1), inhibiting
subjects’ capacity for partner choice. However, individuals of social
species are typically surrounded by multiple individuals, and these
multiple partners are generally known individuals that interact within
their group. This suggests that we may be getting very different (af-
fective) responses in the experiments than in wild observations, or their
natural interactions, because we fail to take into account the impact of
social context on their decision-making.

Moreover, while these experiments often focus on just two in-
dividuals, cooperation in the daily lives of most animals is a dynamic
process within a multi-player field in which relationships differ sub-
stantially. Indeed, in such ‘biological markets’ (Hammerstein and Noë,
2016), individuals often have their choice of cooperative partner (Bull
and Rice, 1991; Noë and Voelkl, 2013), and pay-off structures may
differ dramatically among different partners (Taborsky et al., 2016a).
For example, long-term positive relations or ‘friendships’ can create
mutual trust that increases the benefits of cooperation and the costs of
partner-switching. Empirical evidence in chimpanzees indeed shows
that friendship increases trust (Engelmann and Herrmann, 2016; but
see Kaburu and Newton-Fisher, 2016), and studies allowing for partner
choice find that animals prefer to cooperate with their friends (e.g.
Asakawa-Haas et al., 2016; Massen et al., 2015; Molesti and Majolo,
2016). Additionally, interdependence of pair-bonds through investment
in mutual offspring may also inhibit partner-switching for the parents
during critical periods of offspring development (Johnstone and
Rodrigues, 2016), as do other forms of interdependence, such as inter-
household food sharing and commodity exchange in nonindustrial
human societies (Ember et al., 2018; Jaeggi et al., 2016). Much more
attention needs to be paid to relationships and how they interact with
the affective components of cooperation.

Personality, or consistent individual differences in behavioral re-
sponses (Gosling, 2001; Réale et al., 2007), also influences decision-
making. Over a century of research has demonstrated the importance of
human personality for determining physical and psychological health
(Ozer and Benet-Martínez, 2006), social relationships (Asendorpf and
Wilpers, 1998; Robins et al., 2002), and reproductive success (Alvergne
et al., 2010; Berg et al., 2014; Gurven et al., 2014), and recent work
indicates that personality is influencing animals in similar ways. For
instance, personality influences cooperation and responsiveness to
punishment in public goods games (Schroeder et al., 2015), sensitivity
to inequity (Brosnan et al., 2015a, b), and patterns of social learning in
experimental tasks (Barrett et al., 2017), which can lead to population-
level inferences deviating appreciably from the behavior observed for
most individuals (Barrett et al., 2017). There is less known about how
personality is influenced by or influences affect, but this literature could
help us understand the affective components of animal cooperation.
Monoamine systems, for instance, are highly conserved across animals
(Edsinger and Dölen, 2018; Gruber, 2014) and have been linked to
dispositional affect (Aluja et al., 2018; Chester et al., 2015; DeYoung,
2013), and variation in the functionality of these systems influences
personality in rhesus macaques (McCormack et al., 2009), great tits
(Fidler et al., 2007), and crickets (Abbey-Lee et al., 2018), among other
taxa. Similarly, regulatory patterns of the HPA axis influence person-
ality in numerous species (Carere et al., 2010). Given the deep
homology of these systems, which play a crucial role in the adaptive
regulation of social behavior, it is plausible that similar affective phe-
nomena accompany their activity in non-human animals.

5. Future directions and conclusions

It is an exciting time in the study of affective science, as we are at a
threshold where we can begin to get objective, consistent measures of
affect that are comparable across multiple species. Technology has
advanced to the degree that we can measure sympathetic and endocrine
responses in a non-invasive way, often even in group situations. Given
that cooperation research necessarily involves a group (of at least two!),
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these advances are essential to develop a comparative affective science
of cooperation.

We have a few recommendations to allow us to fully benefit from
our ability to measure affect. First, and most obviously, we need to be
cautious in how we interpret what we measure. In most cases, we are
not measuring affect per se. We are measuring physiological responses
that we interpret as determining or being determined by affect. As we
cannot ask our subjects how they feel, this is what we have. To its
benefit, this objective measurement approach is arguably less biased
than self-report and is directly comparable across species. Nonetheless,
this caveat must be kept in mind when interpreting our results. We
encourage researchers to not depend on just one measure, but to tri-
angulate affect by looking at physiology, behavior and cognition (e.g.
cognitive bias tests) in parallel whenever possible (cf. Izard, 1977;
Mendl et al., 2010; Paul et al., 2005; 2019). Similarly, we encourage the
incorporation of multiple physiological measures whenever possible, to
see if they are consistent. Second, it is important to compare results
across species, and when contradictions emerge, consider carefully
what might have caused them. Our ability to interpret physiological
responses is only increasing, but failing to recognize the intricacies of
how these responses interact with each other and how they compare
across species will slow the advancement of our knowledge.

Second, keeping animals in atypical social configurations or
stressful circumstances will influence their affective state and alter re-
sults. Of course, captive work is important to perform the carefully
controlled behavioral studies that are needed to determine the role of
affect in decision-making. Nonetheless, it is important to keep animals
in social groups that are as close to species-typical as is possible, and
moreover, to run studies that include more than two individuals. While
we have gained immense knowledge from even dyadic studies of co-
operation, extending these results to larger groups provides a better
understanding of how social dynamics influence cooperation (Fruteau
et al., 2013; Massen et al., 2015; Suchak et al., 2016).

Relatedly, we want to stress the importance of animal training. By
designing and following training protocols using positive reinforcement
training (e.g. Kemp et al., 2017), one can facilitate the use of measuring
devices, reduce unwanted effects of testing procedures, which poten-
tially influence the outcome of the study (e.g. Lambeth et al., 2006),
and improve animal welfare (Prescott and Buchanan-Smith, 2003).
Clearly, ecologically valid and psychologically informed experiments
will be more instructive as to the proximate mechanisms and evolution
of cooperation (McAuliffe & Thornton, 2015).

Scientists have been discussing the possibility of emotions in ani-
mals since at least Darwin (1872), if not before. Scholars have, how-
ever, often rejected the idea, as they argued that it was solely based on
anthropomorphism (but see de Waal, 1999; Williams, Brosnan & Clay,
2019), and that non-human species lack the phenomenological ex-
perience so typical of human emotions. Contemporary science, how-
ever, does not view emotions as solely based on subjective feelings, but
considers it as a multifaceted construct that includes some combination
of affect, behavior, physiology and cognitive elements (Mendl et al.,
2010; Paul et al., 2005; 2019; Bliss-Moreau, 2017). With recent de-
velopments, we now finally also have the tools to be able to measure
what is going on physiologically in ways that previous scientists could
not, and sophisticated behavioral experiments are disclosing the un-
derlying cognition. This provides us with the ability to more objectively
validate conjectures about affect in general, but particularly in animals,
and to explore influences that we may not have even considered, given
that other species’ affect may be considerably different from our own
(Bliss-Moreau, 2017). Aside from providing a better understanding of
the evolution of affect, and, thereby, emotion, these new tools may also
allow us to recognize new and exciting ways in which other species
interact with the world. Much theoretical work has assumed a med-
iating role for affect in cooperation, yet this has so far mainly been
based on assumptions. With the recent methodological developments
reviewed above now in place, and the framework we aimed to provide

here, we are at the dawn of gaining a much more comprehensive insight
into the proximate, affective mechanisms underlying cooperation, as
well as the evolutionary history of these mechanisms across the animal
kingdom.
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