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Abstract
What is morality? How many moral values are there? And what are they?
According to the theory of morality-as-cooperation, morality is a collection of
biological and cultural solutions to the problems of cooperation recurrent in
human social life. This theory predicts that there will be as many different types
of morality as there are different types of cooperation. Previous research, drawing
on evolutionary game theory, has identified at least seven different types of
cooperation, and used them to explain seven different types of morality: family
values, group loyalty, reciprocity, heroism, deference, fairness and property rights.
Here we explore the conjecture that these simple moral ‘elements’ combine to
form a much larger number of more complex moral ‘molecules’, and that as such
morality is a combinatorial system. For each combination of two elements, we
hypothesise a candidate moral molecule, and successfully locate an example of it
in the professional and popular literature. These molecules include: fraternity,
blood revenge, family pride, filial piety, gavelkind, primogeniture, friendship,
patriotism, tribute, diplomacy, common ownership, honour, confession, turn tak-
ing, restitution, modesty, mercy, munificence, arbitration, mendicancy, and queu-
ing. These findings indicate that morality – like many other physical, biological,
psychological and cultural systems – is indeed a combinatorial system. Thus
morality-as-cooperation provides a principled and powerful theory, that explains
why there are many moral values, and successfully predicts what they will be; and
it generates a systematic framework that has the potential to explain all moral
ideas, possible and actual. Pursuing the many implications of this theory will help
to place the study of morality on a more secure scientific footing.

What is morality? How many moral values are there? And what are they? According to
the theory of morality-as-cooperation, morality is a collection of biological and cultural
solutions to the problems of cooperation recurrent in human social life. This theory
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predicts that there will be as many different types of morality as there are different types
of cooperation. Previous research, drawing on evolutionary game theory, has identified
at least seven different types of cooperation, and used them to explain seven different
types of morality. Here we show that these simple moral ‘elements’ combine to form a
much larger number of more complex moral ‘molecules’, and that as such morality is a
combinatorial system. Thus we conclude that morality-as-cooperation provides a
principled and powerful theory, that explains why there are many moral values, and
successfully predicts what they will be; and it generates a systematic framework that
has the potential to explain all moral ideas, possible and actual.

The paper proceeds as follows. First we introduce the theory of morality-as-cooperation,
and outline seven basic moral elements. Second, we discuss combinatorial systems, and
provide some examples of their surprising power. Third, for each combination of two moral
elements, we hypothesise candidate moral molecules, and successfully locate examples of
them in the professional and popular literature. Fourth, we consider how this combinatorial
system extends to include molecules of more than two elements, negatively-valenced
(immoral) elements, and different versions of a given molecule; and we speculate on how
many moral molecules there might be in total. And fifth, we discuss how the theory of
morality as a cooperative combinatorial system might be further tested and developed.

1 An Overview of Morality-as-Cooperation

The theory of morality-as-cooperation argues that morality consists of a collection of
biological and cultural solutions to the problems of cooperation recurrent in human social
life (Curry 2016).1

The central idea is that humans are descended from a long line of social primates
who have spent 50 million years living in social groups (Shultz et al. 2011), and two
million years making a living as intensely collaborative hunter-gatherers (Tooby and
DeVore 1987). During this time, humans faced (and continue to face) a range of
different problems of cooperation – that is, mutually-beneficial, win-win, nonzerosum
social interaction. And they evolved and invented a range of solutions to those
problems – ways of unlocking the enormous benefits that cooperation provides. These
cooperative solutions come in different shapes and sizes – instincts, intuitions, inven-
tions and institutions. Together these mechanisms provide the motivation for cooper-
ative behaviour; and they provide the criteria by which humans evaluate the behaviour
of others. And, according to the theory, it is precisely these solutions to problems of
cooperation that constitute human morality (Curry 2005, 2016). ‘Morality’ is the label
that philosophers and others have attached to these cooperative solutions.2

1 The following exposition of the theory of morality-as-cooperation closely follows previous expositions, as
found in the following papers: (Curry 2016; Curry et al. 2019a; Curry et al. 2019b)
2 Morality-as-cooperation argues that morality is the name we give to human cooperative traits. Whether or
not it is appropriate to give this name to the cooperative traits of other species, and at what point on the
phylogenetic ‘scale’ it becomes appropriate to do so – whether, for example, we reserve the term for
cooperation that is facilitated by sophisticated cognitive capacities such as theory of mind, third-party
judgement, language, culture, and foresight – are separate questions that we do not tackle here. We note,
however, that many ethologists do use the terms ‘morality’ or ‘proto-morality’ when discussing cooperative
traits in other species. See, for example: (Brosnan 2014).
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What’s more, the mathematics of cooperation – the theory of nonzerosum games –
tells us that there is not just one problem of cooperation but many, with many different
solutions (Nunn and Lewis 2001; Sachs et al. 2004; Robinson and Goforth 2005;
Lehmann and Keller 2006). And so the theory of morality-as-cooperation predicts that
there will be not one but many different types of morality – that is, there will be many
different cooperative solutions to which the label ‘morality’ has been attached. In
principle, there could be as many different types of morality as there are different types
of cooperation. In practice, evolutionary game theory has thus far identified at least
seven different types of cooperation: (1) the allocation of resources to kin; (2) coordi-
nation to mutual advantage; (3) social exchange; and conflict resolution through
contests featuring (4) hawkish displays of dominance and (5) dove-ish displays of
submission; (6) division of disputed resources; and (7) recognition of possession. Each
of these types of cooperation is immensely valuable. Hence we value it immensely.
And these values constitute what we call ‘moral’ values, namely: (1) family values, (2)
group loyalty, (3) reciprocity, (4) heroism, (5) deference, (6) fairness and (7) property
rights (Table 1).

1.1 Family Values

Natural selection will favour genes that incur a cost to provide a greater benefit to
copies of themselves in other individuals (Hamilton 1963; Dawkins 1979). This theory
of ‘kin selection’ predicts that, under some conditions, organisms will possess adapta-
tions for detecting and delivering benefits (or avoiding doing harm) to kin, and thus
explains many instances of altruism in many species (Gardner and West 2014),
including humans (Kurland and Gaulin 2005; Lieberman et al. 2007). Humans detect
kin (Lieberman et al. 2003, 2007), invest in offspring (Smith et al. 1987; Geary 2000),
and live in family structures in all societies (Chapais 2014).

Thus kin selection explains why we love and care for our families, why parents feel a
duty of care to their offspring, why we feel a special obligation to help our extended
families, andwhywe abhor incest. Andmorality-as-cooperation – the theory that ‘morality’
is the label we give to human cooperative traits – explains why these cooperative traits have
been considered morally good the world over (Curry et al. 2019b).

Table 1 Seven moral elements

Cooperation Morality Basic idea Virtues

1 Kinship Family Values give your family special treatment Duty of care, special obligations to
kin

2 Mutualism Group Loyalty work together rather than work
alone

Loyalty, unity, solidarity, conformity

3 Exchange Reciprocity return favours and injuries Reciprocity, trustworthiness,
forgiveness

4 Hawk Heroism display your power Bravery, fortitude, largesse

5 Dove Deference submit to your superiors Respect, humility, awe, reverence

6 Division Fairness divide disputed resources Fairness, impartiality, equality

7 Possession Property Rights respect first possession Respect for property, property rights
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1.2 Group Loyalty

Game theory models situations in which individuals are uncertain about how to behave
in order to bring about a mutual benefit as coordination problems (Lewis 1969); and in
animal behaviour they are called ‘mutualisms’. Organisms use numerous strategies –
including focal points, traditions, leadership, signalling, badges of membership, and
‘theory of mind’ – to solve these coordination problems (Alvard 2001; McElreath et al.
2003; Boos et al. 2011; Curry and Jones Chesters 2012), and form stable coalitions and
alliances (Harcourt and de Waal 1992; Balliet et al. 2014; Bissonnette et al. 2015).

Thus mutualism explains why we coordinate our activities to pursue projects of
mutual interest, why we form groups, clubs and coalitions (there is strength and safety
in numbers), why we value these groups, their members, and our membership of them,
why we adopt local norms and conventions, why we feel a special obligation to come
to the aid of group members, and why we value loyalty, unity and solidarity; and
morality-as-cooperation explains why these cooperative traits have been considered
morally good the world over (Curry et al. 2019b).

1.3 Reciprocity

Social dilemmas – also referred to as prisoners dilemmas, public goods games,
tragedies of the commons – arise when cooperation is jeopardised by ‘free riders’,
individuals who take the benefit of cooperation without paying the cost (Ostrom and
Walker 2002). This problem can be solved by strategies that make continued cooper-
ation contingent on the continued cooperation of the other parties, such as tit-for-tat
(Trivers 1971; Axelrod 1984). Evidence for such contingent cooperation – sometimes
referred to as ‘reciprocal altruism’, or simply ‘reciprocity’ – has been found in
numerous animal species (Carter 2014), including humans (Cosmides and Tooby
2005; Henrich et al. 2005; Jaeggi and Gurven 2013).

Thus social exchange explains why we seek opportunities for mutually-beneficial
trade, and why we feel we ought to trust others, return favours (positive reciprocity),
keep promises, pay debts, fulfil contracts, be grateful for favours received, feel guilty
for favours not returned, avenge injuries (negative reciprocity), punish cheats, apolo-
gise for causing injuries, and forgive those who apologise; and morality-as-cooperation
explains why these cooperative traits have been considered morally good the world
over (Curry et al. 2019b).

1.4 Heroism

Organisms often come into conflict over resources such as food, territory, and mates
(Huntingford and Turner 1987). These situations provide organisms with opportunities to
cooperate to minimise the mutual costs of conflict, in terms of time energy and injury
(Maynard Smith and Price 1973). There are threeways of achieving this: contests (involving
the display of hawkish and dove-ish traits), division, and recognition of prior possession.

Conflicts can be resolved by means of ‘ritual contests’, in which individuals display
reliable indicators of their ‘fighting ability’, and the weaker party defers to the stronger
(Maynard Smith and Price 1973; Gintis et al. 2001). These contests are widespread in
nature (Riechert 1998; Hardy and Briffa 2013), and form the basis of dominance
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hierarchies in which resources are allocated by ‘rank’ (Preuschoft and van Schaik
2000). Humans have a similar repertoire of status-related behaviours (Mazur 2005; Sell
et al. 2009; Fiddick et al. 2013), and social hierarchies (Boone 1992; Rubin 2000).
Thus conflict resolution explains why we minimise the mutual costs of disputes by
engaging in ritual contests: why we proudly display cues of power and high status
(‘excellences’, including bravery and generosity)…

1.5 Deference

…and why, when bested, we express humility, and respect, defer and submit to our
superiors. And morality-as-cooperation explains why these hawkish and dove-ish
cooperative traits have been considered morally good the world over (Curry 2007;
Curry et al. 2019b).

1.6 Fairness

Conflicts over divisible resources – ‘bargaining problem’ (Nash 1950) – can be
solved by dividing the resource in proportion to the relative power of the parties
(Skyrms 1996). Equally powerful individuals will settle for equal shares (Maynard
Smith 1982). Experiments showing non-human primates’ adverse reactions to
unequal treatment suggest that a ‘sense of fairness’ is phylogenetically-ancient
(Brosnan 2013; Brosnan and de Waal 2014). Humans resolve such disputes by
means of heuristics such as “I cut, you choose”, “meet in the middle”, “split the
difference” (Brams and Taylor 1996). Behaviourally, ‘equal shares’ is a sponta-
neous and cross-culturally prevalent decision rule in economic games (Henrich
et al. 2005) and other situations (Messick 1993).

Thus conflict resolution also explains why we resolve disputes over divisible re-
sources by dividing or sharing them, and hence why we feel an obligation to negotiate,
seek a comprise, and be fair; and morality-as-cooperation explains why these cooper-
ative traits have been considered morally good the world over (Curry et al. 2019b).

1.7 Property Rights

Finally, conflicts over resources can be resolved by recognition of prior possession
(Maynard Smith 1982; Gintis 2007; Hare et al. 2016). Such proto-property rights are
widespread in nature (Strassmann and Queller 2014; Sherratt and Mesterton-Gibbons
2015). Humans recognise prior possession in vignette studies (Friedman and Neary
2008; DeScioli and Karpoff 2015), experimental games (Kahneman and Tversky
1979), the law (Rose 1985), and international relations (Johnson and Toft 2014).

Thus conflict resolution also explains why we resolve disputes by recognising prior
possession, hence why we feel we ought to respect others’ property and territory, and
refrain from theft; and morality-as-cooperation explains why these cooperative traits
have been considered morally good the world over (Curry et al. 2019b).

In summary, the theory of morality-as-cooperation argues that morality is a collec-
tion of cooperative solutions. There are many types of cooperation, so the theory leads
us to expect many types of morality; and it tells us what those types will be. They
include: family values, group loyalty, reciprocity, bravery, respect, fairness, and

Moral Molecules: Morality as a Combinatorial System



property rights.3 These types of morality are functionally distinct, in that they represent
different solutions to different problems: the injunction to ‘help your family’ is not the
same as – and may sometimes conflict with – the injunction to ‘recognise prior
possession’. They are evolutionarily distinct, in that different types can evolve, and
have evolved, independently in different species. For example, many animals respect
territory, but few reciprocate. And they are psychologically distinct in humans, in that
the degree to which we endorse each of these types of morality can vary independently
(Curry et al. 2019a).4 In the next section we will see how each of these distinct types of
morality can be, and are, combined with each of the others to create a large number of
more complex types of morality.

2 Expanding the Moral Imagination

A combinatorial system is one in which a small number of simple ‘elements’ combine
to form a very large number of complex ‘molecules’. Examples of such systems
include: matter, DNA, language, and music. It has been estimated that, in chemistry,
the 118 elements of The Periodic Table can be combined to form approximately
13,892,436 molecules (Fink et al. 2005). DNA’s four-letter base code can be combined
in 64 different codons, which generate 20 amino acids, which in turn are combined to
create 30,057 proteins in humans (Kim et al. 2014). The 26 letters of the alphabet
combine to form over 600,000 English words (www.oed.com). And in music, six notes
can be combined (in various permutations) to form approximately 30 trillion tunes
(Niiler 2015). Combinatorial systems provide principled, systematic, comprehensive
frameworks that contain all possible (and hence all actual) ‘molecules’. Those six
musical notes can be used to generate all possible tunes, and all actual tunes can be
found somewhere within the system.

Any set of discrete items can, in principle, be combined in this way. This includes
the discrete types of morality identified by the theory of morality-as-cooperation. But
are these types of morality combined in practice? Faced with combined cooperative
problems, do people evolve and invent combined cooperative solutions? And are these
too considered moral? Is morality a combinatorial system? If so, then even a relatively
small number of simple moral ‘elements’ could suffice to explain a relatively large
number of complex moral ‘molecules’. Indeed, with the right elements, such a system
would contain all possible (and hence all actual) morals.

As an initial attempt to determine whether morality is in practice a combinatorial
system, for each combination of two of the moral ‘elements’ identified by morality-as-
cooperation, we hypothesised a candidate moral ‘molecule’.5 We then tried to find

3 The theory also says that, because there are many types of uncooperative behaviour, there are many types of
immorality, including: neglecting kin, betraying one’s group, free-riding, cowardice, disrespect, unfairness and
theft.
4 Whether these different types of morality are phenotypically distinct – that is, whether they are underpinned
by different genetic and neuroanatomical mechanisms (‘modules’), as opposed to one more general purpose
mechanism – remains an open empirical question (Zakharin et al. in prep; Wilkinson et al. in prep).
5 There are n!/k!(n-k)! unique combinations of k elements from a set of n (https://en.wikipedia.org/wiki/
Combination). So there are 21 combinations of 2 elements from a set of seven: (7!/2!(7–2)! = 5040/2(120) =
5040/240 = 21.
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examples of these molecules – concepts defined in a way that matched our theoretical
expectations, and that had a positive moral valence – in the popular and philosophical
literature. We succeeded in every case (Table 2).

2.1 Fraternity

The idea that ‘you ought to help your group’ and the idea that ‘you ought to help your
family’ combine to form the idea that ‘you ought to help your group by treating them
like family’, which is the basis of ‘fraternity’ – a kind of ‘fictive kinship’ which
involves “the extension of kinship obligations and relationships to individuals specif-
ically not otherwise included in the kinship universe” (Wagner 1995). As Robespierre,
who put the fraternity into “Liberté, égalité, fraternité”, said: “The men of all countries
are brothers and the different peoples should help one another” (Gauthier 1988, p. 33).
For further discussion of fraternity – and related concepts such as blood brotherhood,
brotherly love, Greek ‘adelphopoiesis’, Slavic ‘pobratimstvo’, and Arabic ‘milk kin-
ship’ – see: (Jones 2000; Qirko 2012; Abou-Abdallah et al. 2016; Leyton 2018).

2.2 Blood Revenge

The idea that ‘you ought to help your family’ and the idea that ‘you ought to avenge
injuries’ combine to form the idea that ‘you ought to avenge injuries against your
family’, which is the basis of ‘blood revenge’ – “the desire to kill an offender or his…
relatives in retaliation for a grave offense committed against oneself or one’s relatives”
(Souleimanov and Aliyev 2015, p. 159). Kin group vengeance is considered a moral
imperative in 38 (and legitimate in 90) of 168 societies for which there are data
(Ericksen and Horton 1992). For further discussion of blood revenge – and related
concepts such as vendetta, blood money, wergild, Japanese ‘kataki-uchi’, and Albanian
‘gjakmarrja’ – see: (Mills 1976; Boehm 1984; Chagnon 1988; Elster 1990).

2.3 Family Pride

The idea that ‘you ought to be proud of your power and achievements’ and the idea that
‘you ought to help your family’ combine to form the idea that ‘you ought to be proud of
helping your family’, which is the basis of ‘family pride’ – an “emotion associated with
the fulfillment of family obligations and expectations” (Stein et al. 2019, p. 189).

Table 2 Twenty-one moral molecules

Mutualism Exchange Hawk Dove Division Possession

Kinship Fraternity Blood Revenge Family Pride Filial Piety Gavelkind Primo-geniture

Mutualism Friendship Patriotism Tribute Diplomacy Common ownership

Exchange Honour Confession Turn-taking Restitution

Hawk Modesty Mercy Munificence

Dove Arbitration Mendicance

Division Queuing
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Family pride is a facet of ‘familism’, which has been described as “pride and closeness
in the family, which results in family obligations and loyalty coming before individual
needs” (Schaefer 2015, p. 188). In a psychological measure of family pride, the
Familism Pride Scale, the highest loading item is “I feel fulfilled when I achieve
something that will make my family proud” (Stein et al. 2019, p. 193). For further
discussion of family pride – such as the related Jewish notion of ‘shepping nachas’
(Aaronovitch 2017) – see: (Williams and Davies 2017).

2.4 Filial Piety

The idea that ‘you ought to respect your superiors’ and the idea that ‘you have special
obligations to your family’ combine to form the idea that ‘you ought to be especially
respectful to senior members of your family, such as your parents’, which is the basis of
‘filial piety’ – “[f]aithfulness to the duties naturally owed to one’s relatives, superiors,
etc.; affectionate loyalty and respect, esp. to parents” (OED 2020h). As Jordan puts it:
“The most salient feature of filial piety is the subordination of the will and welfare of
each individual to the will and welfare of his or her real classificatory parents”;
“quintessentially…the subordination of a son to his father” (Jordan 1998, p. 268; p.
269). For further discussion of filial piety, see: (Nichols 2013; Lum et al. 2016).

2.5 Gavelkind

The idea that ‘you ought to help your family’ and the idea that ‘you ought to divide
disputed resources’ combine to form the idea that ‘you ought to help your family by
dividing disputed resources equally between them’, which is the basis of ‘gavelkind’ –
traditionally, “the custom of dividing a deceased man’s property equally among his
sons” (OED 2020e). Under this system “Every son is as great a gentleman as the eldest
son is” (Loyd 1919, p. 165). For the classic discussion of gavelkind, see: (Somner 1660).

2.6 Primogeniture

The idea that ‘you ought to help your family’ and the idea that ‘you ought to respect
first possession’ combine to form the idea that ‘you ought to help your family by
allocating resources to them on a first-come-first-served basis’, which is the basis of
‘primogeniture’ – “The right of the firstborn child of a family, esp. a son, to succeed or
inherit property” (OED 2020i). For further discussion, see: (Hrdy and Judge 1993).

2.7 Friendship

The idea that ‘you ought to help people who share your interests’ and the idea that ‘you
ought to reciprocate’ combine to form the idea that ‘you ought to help, and reciprocate
favours with, those who share your interests’, which is the basis of ‘friendship’. Cicero
defined friendship as “a complete identity of feeling about all things in heaven and
earth: an identity which is strengthened by mutual goodwill and affection”. Friendship
was “the noblest and most delightful of all the gifts the gods have given mankind”
(Cicero 1971, p. 187; p. 201). For further discussion of friendship, see: (Tooby and
Cosmides 1996; Mitias 2012; Seyfarth and Cheney 2012; Farmer and Kali 2018).
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2.8 Patriotism

The idea that ‘you ought to be proud of your power and achievements’ and the
idea that ‘you ought to be loyal to your group’ combine to form the idea that ‘you
ought to be proud of the power and achievements of your group’, which is the
basis of ‘patriotism’ – “devotion to a particular place and a particular way of life,
which one believes to be the best in the world” (Orwell 1945). As Kosterman puts
it: “Patriotism taps the affective component of one’s feelings towards one’s
country…It assesses the degree of love for and pride in one’s nation”
(Kosterman and Feshbach 1989, p. 271). For further discussion of patriotism,
see: (MacIntyre 1984; Keller 2007).

2.9 Tribute

The idea that ‘you ought to help your group’ and the idea that ‘you ought to defer
to superiors’ combine to form the idea that ‘you ought to help your group by
deferring to superior groups’, which is the basis of ‘tribute’ – “Something paid…
by a subordinate to a superior”, especially a “tax or impost paid by one prince or
state to another in acknowledgement of submission” (OED 2020l). As Zhang puts
it: “the tributary system exists, first and foremost, as a discourse, articulating the
ideas of a cosmic–social order…and of an all-inclusive moral and political order
presided over by the Chinese emperor as the embodiment of benevolence and
virtue” (Zhang and Buzan 2012, p. 23).

2.10 Diplomacy

The idea that ‘you ought to help your group’ and the idea that ‘you ought to divide
disputed resources’ combine to form the idea that ‘you ought to divide disputed
resources between groups’, which is the basis of ‘diplomacy’ – the “management
of international relations by negotiation” (OED 2020d). As Harold Macmillan put
it (paraphrasing Churchill): “Jaw-jaw is better than war-war” (Gilbert 2015, p.
1004).

2.11 Common Ownership

The idea that ‘you ought to help your group’ and the idea that ‘you ought to
respect property rights’ combine to form the idea that ‘you ought to further the
interests of your group by holding property in common’, which is the basis of
‘common ownership’ – the “[o]wnership…by all members of a group for the
mutual benefit of all” (Oxford University Press 2019a). As Saint Ambrose put it
(expressing a view common to early Christians): “God ordained everything to be
produced to provide food for everyone in common; his plan was that the earth
would be, as it were, the common possession of us all” (Ambrose and Davidson
2001, p. 195). Or as Rousseau famously put it: “the fruits of the earth belong
equally to us all and the earth itself to nobody!” (Rousseau et al. 2002, p. 113).
Common ownership of property is the basis of the political philosophies of
socialism (OED 2020k), and communism (Cohen 1986; OED 2020b).
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2.12 Honour

The idea that ‘you ought to proudly display your power’ and the idea that ‘you ought to
avenge injuries’ combine to form the idea that ‘you ought to display your power by
avenging injuries’, which is the basis of ‘honour’– to engage “in retaliatory violence…
to avoid a significant loss of standing” (Thrasher and Handfield 2018, p. 373). As
Saucier puts it, honour is “the belief that male aggression is sometimes appropriate,
justifiable, and even necessary as a response to provocation, especially when that
provocation insults or threatens a man’s manhood” (Saucier et al. 2016, p. 8). For
further discussion of honour, see: (Pitt-Rivers 1968; Guerra et al. 2013; Kuschel et al.
2015).6

2.13 Confession

The idea that ‘you ought to feel guilty (and be punished) for failing to reciprocate’ and
the idea that ‘you ought to defer to superiors’ combine to form the idea that ‘you ought
to admit your guilt to (and accept punishment from) your superiors’, which is the basis
of ‘confession’ – the “disclosing of something the knowledge of which by others is
considered humiliating or prejudicial to the person confessing; a making known or
acknowledging of one’s fault, wrong, crime, weakness, etc.” (OED 2020c). As St
Bernard puts it: “God removes the sin of the one who makes humble confession, and
thereby the devil loses the sovereignty he had gained over the human heart” (Bernard
1971, p. 34).

2.14 Turn-Taking

The idea that ‘you ought to divide disputed resources’ and the idea that ‘you ought to
reciprocate’ combine to form the idea that ‘you ought to divide disputed resources by
reciprocating’, which is the basis of ‘turn taking’ – “[a]n opportunity or obligation to do
something that comes successively to each of a number of people” (Oxford University
Press 2019b). As Lau puts it: “turn taking…allows players to engage in intertemporal
sharing of the gain from cooperation” and “reduces the distributional conflict and
induces each player to behave less aggressively” (Lau and Mui 2008, p. 153; p.
157). For a model of the evolution of turn-taking, see: (Browning and Colman 2004).

2.15 Restitution

The idea that ‘you ought to return benefits received (and make amends for injuries
imposed)’ and the idea that ‘you ought to respect first possession’ combine to form the
idea that ‘you ought to return things to their original owners’, which is the basis of
‘restitution’ – the “action of restoring or giving back something to its proper owner”
(OED 2020j).

6 Here the focus is on male honour. We are developing a parallel account of female honour (Curry and
Sznycer in prep).
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2.16 Modesty

The idea that ‘you ought to be humble’ and the idea that ‘you ought to be proud of your
achievements’ combine to form the idea that ‘you ought to be humble about your
achievements’, which is the basis of ‘modesty’ – “reserve or reticence arising from an
unexaggerated estimate of one’s qualities and abilities” (OED 2020g). Note that
modesty implies that you have something to be modest about, whereas humility does
not (Schueler 1997). Evolutionary models of modesty have shown, paradoxically, that
concealing a traits can result in it being valued more highly, if and when it is discovered
(Hoffman et al. 2018).

2.17 Mercy

The idea that ‘you ought to display your power’ and the idea that ‘you ought to be fair’
combine to form the idea that ‘you ought to display your power by being fair’, which is
the basis of ‘mercy’ – “[c]lemency…shown to a person who is in a position of
powerlessness or subjection” (OED 2020f). As Locke put it, mercy is a prerogative
of the sovereign: “the power to act according to discretion, for the public good, without
the prescription of the Law, and sometimes even against it.” (Locke 2011, p. 755). For
further discussion of mercy, see: (Garvey 2007).

2.18 Munificence

The idea that ‘you ought to display your power’ and the idea that ‘you ought to respect
property’ combine to form the idea that ‘you ought to display your power by donating
property’, which is the basis of ‘munificence’ – “great liberality or generosity…a scale
of giving appropriate to lords or princes” (Merriam-Webster n.d.). As Carnegie put it:
“there is no mode of disposing of surplus wealth creditable to thoughtful and earnest
men…save by using it…for the general good.…'The man who dies thus rich dies
disgraced.’” (Carnegie and Kirkland 1962, pp. 28–29). Or, as Zuiderhoek put it when
describing euergetism in the Ancient world: “the morally excellent rich man was
someone who used (part of) his wealth for the benefit of the whole community. Such
men might justifiably claim, and were accorded, social and political influence”
(Zuiderhoek 2009, p. 151).

2.19 Arbitration

The idea that ‘you ought to divide disputed resources (fairly)’ and the idea that
‘you ought to submit to superiors’ combine to form the idea that ‘you ought to
submit disputes to impartial authorities’, which is the basis of ‘arbitration’ – “The
settlement of a dispute…by one to whom the conflicting parties agree to refer their
claims in order to obtain an equitable decision” (OED 2020a). As Erasmus put it:
“If a disagreement arises between princes, why not go to arbiters…by whose
judgment the matter could better be settled than by such slaughter, despoliation,
and calamity to the world” (Erasmus and Born 1968, p. 253). And as Cobden put
it: “[A]rbitration is more rational, just, and humane than the resort to the sword.”
(Cobden 1870, p. 394). For mathematical models of arbitration, see: (Jansen and
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Tijs 1981; Boyd and Mathew 2021). For a discussion of ‘Solomonic Judgment’ in
international law, see: (Grossman 2018).

2.20 Mendicance

The idea that ‘you ought to be humble’ and the idea that ‘you ought to respect property’
combine to form the idea that ‘you ought to express humility by disavowing property’,
which is the basis of ‘mendicance’ – the (religious) practice of taking a vow of poverty,
and begging for food. As St Francis of Assisi put it: “sublime poverty…has made you
heirs and kings of the kingdom of heaven: poor in goods, but exalted in virtue” (Francis
1906, p. 69). For discussion of the vows of poverty taken by mendicant orders of
Christian monks, see: (Vermeersch 1911).

2.21 Queuing

The idea that ‘you ought to divide disputed resources’ and the idea that ‘you ought
to respect first possession’ combine to form the idea that ‘you ought to divide
disputed resources by allocating them on a first-come-first served basis’, which is
the basis of ‘queuing’. As Gray puts it: “the underlying norm of queuing behavior
draws upon one of the most primitive canons of property jurisprudence—the idea
that ‘first in time is first in right’”. Queue-jumping “connotes contempt for the
entire normative order of the queue”, and elicits a form of “moral outrage” (Gray
2010, p. 173; p. 185; p. 185). For an experimental demonstration of moral outrage
at queue-jumpers, see: (Milgram et al. 1986).

3 How Many More Morals?

We have shown that seven simple moral ‘elements’ (family values, group loyalty,
reciprocity, heroism, deference, fairness and property rights) combine to form 21 moral
‘molecules’ (fraternity, blood revenge, family pride, filial piety, gavelkind, primogen-
iture, friendship, patriotism, tribute, diplomacy, common ownership, honour, confes-
sion, turn taking, restitution, modesty, mercy, munificence, arbitration, mendicancy,
and queuing). These findings indicate that morality – like many other physical,
biological, psychological and cultural systems – is indeed a combinatorial system,
composed of elements that include the seven types of cooperation identified by the
theory of morality-as-cooperation.

How many more moral molecules might there be, in addition to the seven elements
and 21 molecules identified thus far?

First, there may also be up to 35 ‘third-order’ molecules (combinations of three
elements) – for example, a more complicated version of filial piety that combines
not only children’s deference to their parents, but also the expectation that
children should be grateful for, and reciprocate, the parental care they received
by taking care of their parents in old age. There may also be up to 35 fourth-order
molecules – for example, a more complicated version of honour, that combines
not only heroic retaliation for individual injuries, but also heroic retaliation for
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injuries to one’s family and group. And so on: 21 fifth-order molecules; 7 sixth-
order molecules; 1 seventh-order molecule (the summum bonum); 127 in total.7

Second, each of the ‘positive’ moral elements outlined above has a ‘negative’
immoral counterpart (neglect, betrayal, cheating, cowardice, disrespect, unfairness,
theft). These too can be combined to form 127 immoral molecules – for example,
stealing from a family member, or breaking a promise to a chief. And these negative
elements can interact with the positive elements to form molecules of mixed valence –
for example, group loyalty among subordinates plus disrespect for a superior officer
equals mutiny. This creates 2186 possible combinations in total.8

Third, there may be more than one ‘molecule’ for each combination of ‘elements’.
So far we have been assuming that there are equal numbers of elements in each
molecule; but the numbers could be unequal. For example, if friendship is one part
mutualism and one part reciprocity (MR), perhaps collegiality is one part mutualism
and two parts reciprocity (MR2), and comradeship is two parts mutualism and one part
reciprocity (M2R). If we distinguish molecules according to the relative numbers of
constituent (positive and negative) elements, then there are 1,063,622 possible permu-
tations (without ties), and 8,560,946 possible permutations with ties. If we distinguish
molecules according to the absolute number of constituent elements, then the possibil-
ities are infinite. It’s easy to see how such a system, composed of the right elements,
would contain all morals, possible and actual.

4 The Implications of Morality as a Cooperative Combinatorial System

Morality-as-cooperation is the first and only theory to make genuine predictions about
what moral phenomena there might be in the world. Starting from first principles that
are rooted in evolutionary game theory, morality-as-cooperation predicts that there will
be many different types of morality, and it predicts that those types will include family
values, group loyalty, reciprocity, heroism, deference, fairness and property rights.
Having identified these moral ‘elements’, the theory uses the logic of combinations to
generate a huge number of predictions about possible moral ‘molecules’. The theory
itself doesn’t predict which of these many possibilities will be actualities; but the
evidence presented above indicates that there are at least 21 molecules, and probably
many more. The result is a systematic and potentially comprehensive theoretical
framework that can be used: to analyse, organise and explain moral phenomena
identified by previous theories and taxonomies; to guide the search for morals not
yet discovered; and even to motivate the invention of morals not yet imagined.

7 There are 2n-1 unique combinations of n elements. So there are 127 unique combinations of 7 elements. This
figure can be expressed as a n-digit number in base two (binary), with each digit representing the presence or
absence of the corresponding type of morality: 12710 = 11111112. Incidentally, the binary number provides a
system of notation for all 127 morals. For example, 00000012 = 110 = family; 00000112 = 310 = family +
group = fraternity; 10000012 = 6510 = family + possession = primo-geniture; and so on.
8 As above, we can represent situations in which moral and immoral elements interact by means of a seven-
digit number in base three (ternary), where 0 = absent, 1 = positive, and 2 = negative. As such, there are in total
22222223 = 218610 possible combinations of moral and immoral elements. Again, this provides a system of
notation for all 2186 morals. For example, honour (+heroism, +reciprocity) amongst thieves (−possession)
would be represented as 20011003 = 149410.
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With prediction comes testability and falsifiability and the opportunity for the theory
to grow and develop in a principled way. For example, the game-theoretic discovery of
a new type of cooperation might introduce a new moral element, and new moral
molecules. This new eight-element version of the theory would explain everything that
the previous seven-element version explained, but also predict and explain new
phenomena that the seven-element theory could not explain. (In the same way, the
current seven-element version of the theory can explain or reinterpret everything that
previous more ad hoc taxonomies – based on three (Rozin et al. 1999), four (Rai and
Fiske 2011), and five moral types (Graham et al. 2011) – have identified, and also
predict and explain new phenomena, such as all the 21 second-order moral molecules,
that these previous accounts cannot explain.) Conversely, the discovery of a moral
molecule that could not be analysed into the current seven elements would motivate the
search for one or more new elements.9

Of course, conceptual analysis is not an exact science; it does not provide a precise
method for determining whether a given concept is an example of this or that molecule.
And not everyone will be persuaded by all the examples of molecules that we have
given above. However, we may hope that, now equipped with the guidelines provided
by the theory of morality-as-cooperation, it will be easier to employ more robust
empirical methods, such as expert surveys, text mining, and psychological experiments,
to help resolve disagreement, and thus make further progress faster.

Morality-as-cooperation raises a number of other empirical questions – new ways of
thinking about perennial and unresolved issues in moral thought. First, is morality
innate or acquired? Perhaps the answer is ‘both’. Perhaps elements are innate, but
molecules are acquired. (Or perhaps some molecular problems are so ancient that they
have selected for innate molecular solutions.) Second, is morality universal or culturally
relative? Again, perhaps the answer is ‘both’. Perhaps elements are universal, but
molecules are relative (the result of different people combining different elements in
different times and places). Third, what is the relationship between elements and
molecules? Does endorsement of an element predict endorsement of the molecules
that contain it? If elements are innate and universal, and molecules are acquired and
relative, is the endorsement of moral elements more stable across cultures than the
endorsement of molecules? And fourth, what explains why some molecules exist and
others don’t? Are some molecules more psychologically stable than others, and if so
why? Do patterns of complex moral solutions reflect patterns of complex moral
problems? Further empirical work will be needed to answer these questions.

5 Morality’s Mendeleev Moment

In chemistry, atomic theory replaced earlier folk theories of matter, and led to the
development of the Periodic Table of Elements – a principled and systematic frame-
work that isolated distinct elements (and predicted, and thereby facilitated the discovery
of, new ones), and explained how these elements combined to form all molecules,

9 And of course, if that new element turned out to be non-cooperative, then the theory would have to be
revised more fundamentally, although much of the cooperative elemental and molecular structure could
remain within it.
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possible and actual. Here we have argued that game theory has replaced earlier folk
theories of morality, and has led to the development of a Periodic Table of Ethics – a
principled and systematic framework that isolates distinct moral elements (and predicts,
and thereby facilitates the discovery of, new ones), and explains how these elements
combine to form all moral molecules, possible and actual. Pursuing the many theoret-
ical and empirical implications of the combinatorial logic of morality-as-cooperation
will help to place the study of morality on a more secure scientific footing.
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