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Abstract

Evolutionary game-theoretic (EGT) models of morality face powerful under-addressed
objections. Critics claim the simulations fail to specify their explanandum, making their
explanatory value murky. Additionally, morality is suggested to be a concept not computa-
tionally representable, jeopardising the method’s general applicability. This paper explicates
and addresses the objections. I argue that at least one concrete conception of morality,
epistemic emotionism, can be a plausible subject of EGT explanations. I analyse how fixing
this explanandum assuages the methodological objections and provide a computational
model as proof of concept. If successful, the contribution placates serious long-standing
criticisms of EGT as a meta-ethical tool.

Wordcount: 8925 (excl. bibliography)

1 Introduction
We behave morally even if doing so goes against instrumental rationality in local cases. For any
given visit to a new cafe, it profits me to eat and run away without paying, also to steal when I
can be sure no punishment will ensue – and yet I do not. Why?

Attempts to explain moral behaviour in light of its occasionally instrumentally counter-
productive nature are not new. They figure centrally in the moral philosophy of Hume, who
famously supposed humans unable to satisfy their needs and passions but through ‘mutual suc-
cour’. Conventions that demand parties do their share in a mutually beneficial enterprise simply
are the rules of justice, according to Hume. This mutually beneficial nature of conventions is
recognised and motivates practice: ‘When this common sense of interest is mutually express’d,
and is known to both, it produces a suitable resolution and behaviour’ (Hume 1896, Book III,
Part II, Section III). In turn, human sense of sympathy with the public interest is responsible
for our feeling moral approbation or disapprobation towards those who break or abide by said
conventions (Book III, Part II, Section II): ‘[T]he sense of moral good and evil follows upon
justice and injustice.’

More recently, philosophers – some explicitly espousing Hume’s project – have adopted
game-theoretic and evolutionary game-theoretic methods to vindicate the emergence of justice
and morality as beneficial products of social learning and mimicry in the context of repeated,
socially situated interactions. Different formal techniques have allowed modellers to demonstrate
that in a range of scenarios modelled as non-cooperative games, strategies mirroring moral
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behaviour can receive wide and stable uptake in communities if agents are guided by utility-
oriented rules for strategy change. These results, so goes the argument, might help elucidate the
origin of justice and the social contract (e.g. Skyrms 1996; Bruner 2018), of morality or moral
sense (e.g. Alexander 2007; Bruner 2021) and other similarly thick concepts characterising
social behaviour.

The most salient philosophical question is whether these models manage to adequately
account for the origin of something that can plausibly be called morality or justice. Powerful
criticisms have been repeatedly advanced, arguing that the models do not (Levy 2011; Kitcher
1999; D’Arms 2000) or, more radically, can never do so (Alexander 2007, Ch. 8, Arnold 2008).
While modelling the emergence of morality has since continued, the critiques have not received
a convincing response to the effect that EGT can capture a thick explanandum like morality
adequately and in a philosophically useful manner. This work attempts to do exactly that.
Critics argue that thick moral phenomena are often unspecified as an explanandum and, if given
adequate definition, EGT cannot capture them. This paper provides a response to the critics and
shows that at least one existing meta-ethical conception of morality can receive a translation
into computational models. There exists at least one independently motivated understanding of
morality for which EGT may assist the evolutionary explanation. The critics’ blanket scepticism
is thus shown wrong by means of a counter-example. As such, it is possible more moral theories
apt for interesting EGT analyses exist.

The context of previous EGT work is important for the current contribution. Section 2
surveys the relevant EGT works and sketches the logical structure of explanation implied by
them. Section 3 outlines the criticisms against the method’s explanatory value (from then
onwards, I focus specifically on explanations of morality, as have the critics). After Section
3, we will have been left with the following upshot: EGT explanations of morality leave their
explanandum unspecified and we have reasons to be sceptical of the method’s capacity to provide
an adequate account of a phenomenon as rich as morality, regardless of how it is specified.
Section 4 offers the critics a response and a positive proposal for modellers of morality. I
argue that epistemic emotionism as formulated in the meta-ethical literature coupled with a
functionalist conception of emotions is an apt disambiguation of morality for EGT to attempt
explaining. Section 5 further sketches how this concept can be cashed out computationally and
shows that its computational representation may serve as an adequate response to the sceptics.
Section 6 concludes.

If successful, this work defends evolutionary game-theoretic modelling from explanatory
irrelevance (a frequent concern for the method’s practitioner), and connects formal modelling
work with debates in value theory. Evolutionary game-theoretic work can be directly relevant
for meta-ethical discussion – but then, a more careful treatment of its explananda is needed.

2 Evolutionary Game-theoretic Models of Normative Phe-
nomena

EGT subsumes formal methods centred around boundedly rational populations of agents inter-
acting via games. As applied to modelling dynamic processes, these include variant continuous
population dynamics, discrete-time models like the Moran process and, more recently, agent-
based local interaction models. In addition to this variance in methods, EGT has been applied to
distinct normative phenomena such as morality, cooperation, and just social contracts based on
fair bargaining. Due to the underspecification of the explananda, whether an EGT model reflects
morality or aspects of the social contract is often up to the modeller’s own interpretation rather
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than something inherent model features. Convergence to cooperation in a Prisoner’s Dilemma
can support the emergence of trust, a social contract or cooperation as a general phenomenon. It
is hence useful to consider EGT applications to various social phenomena as even those models
that do not explicitly concern morality share explanatory structure with those that do and may be
interpreted as such. Additionally, modellers working with thick normative phenomena of social
behaviour such as justice may be facing the same objections as will follow shortly concerning
morality in particular.

Skyrms’ modelling of the evolution of justice starting with (1996) has been foundational in
the philosophical employment of EGT. Using replicator dynamics, Skyrms models several games
and structural assumptions that support the evolution of ‘just’ outcomes in them. Replicator
dynamics makes the success of each strategy vis-a-vis the population average the determining
factor in how widely the strategy spreads – it is a qualitatively adaptive dynamics (Skyrms
2000). Informally, this says that individuals who do worse than the average of the population
are forced to change strategies to those that outperform average. The explanatory strategy goes
like this. Replicator dynamics is applied to a game mirroring an interaction where some norm of
justice may manifest, like the Nash demand game in figure 1 modelling resource division. Then,
conditions enabling population-wide convergence to a strategy antecedently defined as moral
are analysed. In figure 1, action profile (fair, fair) naturally constitutes the just (or moral, or fair)
outcome: agents split the windfall evenly.

Player 1

Player 2

Demand 3
(meek)

Demand 5
(fair)

Demand 7
(greedy)

Demand 3
(meek) 3, 3 3, 5 3, 7

Demand 5
(fair) 5, 3 5, 5 0, 0

Demand 7
(greedy) 7, 3 0, 0 0, 0

Figure 1: Divide-the-Cake (DtC)

In orthodox game theory, (fair, fair) is one of three equally viable pure Nash equilibria. It
thus fails to explain the fair outcome’s real world salience and our special attitudes towards it.
One can hope that embedding the game into a dynamic, social setting of an EGT model will
yield a better explanation.
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Figure 2: Simplex of Replicator Dynamics of Divide-the-Cake

Indeed, from most initial distributions, the population ends at uniform fair sharing (figure 2).
We thus have a partial explanation for the salience of fair sharing: it is the strategy the population
is likely to adopt if strategy change is qualitatively adaptive. Alongside fair division, Skyrms
models further demands of justice within EGT framework, including punishments for unfair
offers in the Ultimatum Game and mutual cooperation in Prisoner’s Dilemma that becomes
sustainable under correlated interactions between proponents of same strategies. Explorations
like these, it is claimed, constitute some progress towards explaining the origin of justice (Skyrms
1996, Ch. 1).

An alternative strand of modelling has employed the local interaction approach that more
closely approximates real community structures (Alexander and Skyrms 1999; Alexander 2007;
Skyrms 2003; Skyrms and Pemantle 2000). Given a network where agents (nodes) interact with
their connections, each agent dynamically changes strategies according to a success-oriented
revision rule. The latter is most commonly some form of imitating the most successful neighbour.
Analysis proceeds by simulating the change of strategy frequencies in a population over many
runs. E.g., tracking a network playing DtC, we again gauge that the uniform outcome is likely
to evolve (figure 3). Modifications on such models include weighted networks of (Skyrms
2003, Part III) and (Skyrms and Pemantle 2000), where high-payoff interactions increasing edge
weights, raising the probability of future interactions between agents.

Most comprehensively within this strand, Alexander (2007) provides local interaction
simulations of different structures for a variety of games such as Prisoner’s Dilemma, Stag Hunt,
versions of DtC and others. Interestingly for us, Alexander couches his work in explaining
morality. So, cooperative strategies in DtC become signs of the sense of fairness, in the
Ultimatum Game of retribution, in Stag Hunt of trust, etc.
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Figure 3: % of Uniform Fair Runs / Population Size for Watts-Strogatz Network Playing DtC

Recent EGT applications shy away from holistic explananda like morality and justice.1

Nevertheless, they retain focus on similarly complex social phenomena like just bargaining
schemes or cooperation.2 For example, Bruner (2021) considers the Matthew-Luke game from
(Braithwaite 1955) – a negotiation over playing time between two musicians who prefer to
play given the other does not. Figure 4 displays a particular cardinal instance with symmetrical
coordinated outcomes (generally, Braithwaite’s problem does not require this assumption (Raiffa
and Luce 1957, 6.11)). Which stable agreement will ‘Matthews’ reach with ‘Lukes’ after
repeated interactions?

Matthew

Luke

Play Don’t Play

Play 0, 1 4, 3

Don’t Play 3, 4 2, 1

Figure 4: Matthew-Luke (ML)

Applying two-population replicator dynamics to ML as a bargaining problem, Nash bargain-
ing solution appears most likely to emerge.3 For the game above, this suggests that populations
gravitate to (Don’t Play, Play) with ‘Matthews’ giving up their play time entirely.4 Elsewhere
(Bruner 2018), Bruner introduces metabargaining where negotiation over the feasible set pre-
cedes the play of bargaining strategies. Here, the utilitarian bargaining solution is privileged by
the static EGT analysis using evolutionary stability. Since both Nash and utilitarian solutions are

1. Reasons for this shift are well put in (Bruner 2018): ‘morality’ as an explanandum has been tricky to pin
down. This is the main issue this paper addresses.

2. For overview of the topic see (Maschler, Zamir, and Solan 2020, Ch. 16).
3. The details of Bruner’s treatment are somewhat more involved, as he considers several bargaining setups

many instantiations of ML’s ordinal structure: Nash solution is favoured in some but not others.
4. Assuming (Play, Play) as the disagreement point.
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recognised to be fair bargaining outcomes, these models are taken to demonstrate that fairness
may emerge from boundedly rational populations in the process of repeated learning across a
range of scenarios.

Generally, EGT work on bargaining has covered multiple intricate bargaining set-ups, games
and assumptions (Vanderschraaf 2018; Zollman 2008). For instance, a replicator dynamics
model from (Zollman 2008) shows how the evolution of fair division is sometimes likelier to
arise in composite games that are combinations of two standard games than in individual games.

Our limited overview demonstrates that EGT modellers have tended to employ different
methods and focus on slightly different normative explananda. Underlying all these models,
however, is the following explanatory structure:

• In the real world, normative phenomenon X such as morality or justice is observed.

• In the real world, interactions transpire in a repeating social setting.

• In the model, if interactions transpire in a repeating social setting and agents are equipped
with a success-oriented rule of strategy change based on the neighbour’s and/or the average
population success, they converge to behaviour aligning with the demands of justice and
morality.

• Therefore, in the real world, normative phenomenon X has emerged due to success-
oriented learning and imitation in the process of repeated interactions.5

EGT models based on success-oriented strategy change (which most are) will fall under a
template resembling the one above. The upshot of this explanatory structure would be that we
are fair, just and moral because we have learned, in a success-guided manner, from the rest of the
population. Unfortunately, computational modellers generally do not flesh out the exact relation
their computational demonstrations have to the philosophical phenomenon under discussion
(Aydinonat, Reijula, and Ylikoski 2021). In our case too, there are multiple ways to interpret the
relation between the two. I take the EGT modeller’s ambition to be explaining the emergence
of morality and justice (whatever the modeller implicitly meant by these terms) in a piecemeal
fashion by modelling the emergence of different moral norms in varying scenarios. I also take
the aim of the project to explain how the phenomena of morality and justice as these notions are
employed in philosophical discourse have evolved in human communities. This is the prima
facie reading of what EGT project is up to when setting ‘morality’ as its target. Namely, it
attempts to uncover the causes of a holistic phenomenon, not pseudo-moral behaviour or an
alternative history for how morality could have emerged, but real moral behaviour, with all its
complexity unique to human sociality. This is what the language of authors like Skyrms and
Alexander naturally suggests (Harms and Skyrms 2009, p. 1, Alexander 2007, p. 278).6 The
success of the project so conceived is at stake in the following discussion.

5. Space prevents me from showing exhaustively how widespread this implicit explanation actually is. The
reader may also want to consult EGT work on the evolution of cooperation (Forber and Smead 2014; Harms 2000;
Alexander 2015) and guilt and costly apology (O’Connor 2016; Rosenstock and O’Connor 2018).

6. This reading is sometimes met with the response that EGT does not owe a holistic explanation of how morality
has evolved in any realistic detail but only the behavioural dimension of these phenomena.

I recognise the pull of this reading but contend that there are reasons not to adopt it. Firstly, as I show below,
it undersells the potential of EGT models of morality. Secondly, the ‘deflationary’ version of the project needs
further justification. For instance, we know that even the purely behavioural dimension of fairness is propped up by
much more than prudential success-oriented learning – most importantly, also by internal motivations. It is not
immediately obvious how a model-based explanation suggesting the opposite is of philosophical import.
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3 Critique of EGT-based Explanations
Evolutionary game-theoretic explanations of morality in particular have come under extensive
critique which can be divided into two families. One focuses on the empirical evaluation of
models against our knowledge about the evolutionary environments where morality began
emerging. Modelling assumptions are often found unsatisfactory in this respect (Kitcher 1999;
Levy 2011). The other family concerns the nature of the explanandum and the relation that
the models bear to it. This work gives a defence against this second critique, leaving the
empirical evaluation and enhancement of the models for future work.7 Within the second
strand, there are two points of attack: (1) it is unclear what is meant by the word ‘morality’
in the modellers’ works, and (2) there is no plausible sense of ‘morality’ that lends itself to
computational translation. I consider the most powerful deliveries of the two concerns – from
D’Arms’ commentary on Skyrms’ modelling of justice (D’Arms 2000) and from Alexander’s
critical reflection on his and his colleagues’ explanations of moral norms (Alexander 2007),
respectively.

3.1 Objection I: Explanations of What?
In articles that aim to provide EGT explanations of morality, fairness and just bargaining, one
often finds that the explananda at stake are not given any explication or definition. Instead, it is
silently implied that when a population in replicator dynamics or on a network widely adopts a
strategy antecedently denoted as moral, explanatory success has been achieved. But precisely
what has been so explained? Modellers cannot answer, insofar as they do not tend to specify
what ‘justice’ and ‘morality’ mean in their work (D’Arms 2000). It is consequently impossible
to assess these models as good or bad explanations of the phenomena in question: there is no
clear target of explanation, so naturally there is no telling whether it is successfully reached.

This point is stressed by D’Arms (2000) and Kitcher (1999; 2014). While their responses
concern Skyrms’ work on justice, they apply to subsequent models of morality and just bargain-
ing also. D’Arms starts with noting that the EGT project can be interpreted in two ways: as
explaining the behavioural phenomenon of altruism or as explaining the distinctively human
moral sense. The two are different in important respects. Altruism refers to a particular kind
of behaviour, whereby agents act in favour of others and at a cost to oneself, and does not
posit anything as such about the causes of these behavioural patterns. Clearly, morality is not a
descriptive phenomenon in this manner: we normally think motivational patterns underlying our

7. While addressing the empirical critique in detail may fall outside the domain of a philosophy journal, let me
briefly provide reasons why it is not obviously lethal to the project. With dynamic EGT models, empirical validation
will bear mainly on structural assumptions such as ranges of parameters for the number of agents, topology, game
specification, social hierarchies and on qualitative assumptions like the learning rules. For empirical validation,
one must first decide on the species and period we take as the loci of moral evolution; here, h. heidelbergensis of
middle Pleistocene are a point of some agreement (Tomasello 2016; Birch 2021; Sterelny 2021). One then accesses
significant empirical fodder for models of human prehistory, including quantitative data on topology (Kelly 2013,
pp. 171, 274; Gamble 2013, p. 73; Dunbar 1993, 2002), nature of group membership (Klein 2009, p. 81; Sterelny
2021, Ch. 2; MacDonald et al. 2021), group hierarchy (Fry 2006, p. 79; Sterelny 2021, Ch. 2), and inter-group
warfare and interactions (Kissel and Kim 2018; Ferguson 2013a; Rodrı́guez et al. 2022; Weiss 1984, and Ferguson
2013b for overview on the topic). Targeted search for evidence becomes available for qualitative assumptions like
the relevant evolutionary pressures of the time period (Gamble 2013, Ch. 2, 5; Tomasello 2016, pp. 44-45; Sterelny
2021, Ch. 1) and cognitive abilities of the hominin agents of the time (Harvati 2007; Thieme 1997).

In short, evidence on the origins of moral evolution that can receive direct computational translation is significant.
If not outright completed, empirical validation of EGT models of morality can be improved significantly by turning
to empirical literature.
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actions to be a crucial component of our being moral. The presence of morality in a population
must therefore necessitate additional facts about its agents apart from behaviour. Kitcher formu-
lates this concern by saying there is a ‘superstructure’ of normative concepts to be accounted
for (1999, p. 223). Worries about models missing crucial facts about human morality would
survive even at the time of The Ethical Project, where Kitcher reiterates the critique (§8,9).
As examples of said additional facts, critics cite the existence of a system of punishments and
internal feelings of guilt inherent in the members of the population (D’Arms 2000) or special
evaluative attitudes towards other agents who behave in immoral ways (Kitcher 1999).

There is then a fork. We can take the models as showing the evolution of altruism and using
‘morality’ and ‘justice’ as unfortunate shorthands for it. But then, the models shed little light
on the notions of morality and justice, unless the latter are understood in a non-substantive
and philosophically uninteresting way. If we take the models to demonstrate the evolution of
morality as a complex of distinctively human mechanisms for sustaining concrete behavioural
patterns, they are unsuccessful because no such mechanisms are present or explained in the
models. There is then simply no complex of things in the models that one can recognise as
referents of the word ‘morality’. We are forced to admit they fail to explain the presence of
morality.

D’Arms notes a further complication: models disregarding additional mechanisms supporting
morality in the real world are a modus tollens against any explanation of morality based on
said models. This is because we know for a fact that real moral norms subsist on much besides
prudential learning and behavioural changes. In contrast, these models entail that there is
no ‘need for a propensity for feelings of guilt when we ‘unfairly’ demand more than half –
recognition of the lost returns should suffice to bring us back on track’ and thus no difference
between morality and expedience (D’Arms 2000). EGT not only leaves the thickness of morality
and justice unexplained but speaks to the redundancy of the motivational patterns that accompany
and propel real moral sense and norms.

The upshot: if modellers are agnostic about the meaning of their own explanandum, it is
unclear whether their models are good or bad and what they are even models of. In turn, insofar
the intended interpretation concerns the distinctively human tendency for moral behaviour, these
models fail to explain it because they misrepresent central aspects of real moral behaviour.

3.2 Objection II: Pre-emptive Scepticism
Alexander’s extension of the discussed objection (2007, Ch. 8) goes yet further and deserves
closer scrutiny. D’Arms only targets the extant models of Skyrms and is overall optimistic
about the promise of EGT models. In contrast, Alexander thinks the critique covers evolutionary
game-theoretic modelling as such and thus all EGT models of morality. The scepticism is
rooted in an alleged inherent mismatch between the method and the explanandum. All and only
suitable notions of morality, goes the argument, are non-behavioural and contain motivational or
superstructual components (mirroring our discussion in 3.1). For instance, we do not just punish
and go about our day; we want to punish, enjoy when the wrongdoer receives just deserts and
feel strongly that the punishment must happen. This combination of non-behavioural responses
bears decisively on our action. Furthermore, this family of reactions seems to be what is truly
interesting and puzzling about the evolution of morality as well as crucial to many meta-ethical
views of it.

Alexander insists that EGT frameworks cannot adequately incorporate these superstructural
components, as the dynamic of EGT is fundamentally behaviour-centred: payoffs accrue to
strategies in the stage game and are the sole factor in the choice of strategy by the agent. In
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(Alexander 2007, Ch. 8), the possibility of enriching the psychological make-up of modelled
agents to more closely mirror the motivational structures at play in moral behaviour is entertained.
Nevertheless, Alexander goes to conclude that the models are bound to underdetermine the
crucial superstructural features of the agents’ ‘moral’ actions:

It doesn’t matter that the strategy labels are ‘punish’ and ‘enforce a norm’, for the
model still admits a purely behavioural interpretation...We don’t want an account
of evolutionary pressures that shows how people will come to act as if they are
punishing defectors; we want an account of why people really punish. (p. 273)

This appeal needs precisification. As I read the point about the models invariably admitting a
behavioural interpretation, it may be illustrated by an example familiar from philosophy of mind
(Kirk 1974). Imagine a zombie world where humans behave just as we do in morally relevant
cases but have no motivations underlying their behaviour. Perhaps as first thing in the morning
they recite their strategy for the day:

Rule 1. ‘Punishment strategy for unfair sharing’. If someone does not share evenly, punish
them at the cost to oneself.

Rule 2. ‘Boundedly rational dynamic for strategy change when sharing’. If I observe my
social circle has stopped sharing but is doing better than I am, I stop sharing too.

and so on. Finally, they remind themselves that this is the recipe for maximising their
success under constraints of social structure and their bounded rationality, after which they
start their day. People in this world are decidedly not moral but mere expedient rule-followers.
There is no morality in a world like this, despite the inhabitants’ behaviour matching that of
moral agents. However, the EGT models seem to be equally applicable to this world and the
emergence of observed behaviour in the zombie world is as well explained by such models as
is behaviour in our world. Exclusively focusing on its behavioural dimension, the models are
thought to inevitably miss something crucial about morality, not to show ‘why people really
punish’. Since this behavioural reading can be applied to any EGT model of moral evolution,
Alexander claims that for any thick notion of morality whose explanation is attempted, no
adequate EGT representation can be had.

4 A Morality EGT Can Model
The criticisms certainly paint dark prospects: not only do current EGT models of morality not
possess a clear explanandum and hence not explain morality, we should not expect any EGT
models to do so, since they can only explain a behaviourist conception of morality which is
not a plausible one. Surprisingly, despite the threat posed by these criticisms to the tradition of
explaining normative phenomena in game-theoretic terms, few systematic responses have been
forthcoming. This maybe at least in part due to some remaining ambiguity in the criticisms; it
is unclear how they can be contested in a targeted manner. For instance, what would it mean
to fix a conception of morality? What is the menu of such conceptions that the modeller can
choose from? Further, it is claimed that agents in the models do punish, but not really punish
like humans do. Maybe – but how do real humans really punish? It is thus implied that some
consequence of there being real morality is missing from the models but we do not get anywhere
near a precise indication of what that missing thing is, beyond a very broad gesture at ‘a variety
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of reasons and motivational structures’ (Alexander 2007, p. 273) and ‘superstructures’ (Kitcher
1999). Thus, what exactly the critics want from the modeller still needs explication.

In this section, I propose a strategy that responds to both concerns outlined in the previous
section on most plausible interpretations of what they are asking for. I further execute the
strategy by providing a concrete and independently motivated notion of morality that accounts
for our intuitions about its thick character (thus accommodating objections in 3.1) and give
reasons to think it can receive a plausible computational translation (thus showing there is a
counterexample to be had against objection in 3.2).

4.1 Explicating the Objections
Let us first consider more closely what philosophical work has to be done to offer a targeted
response to objections. When D’Arms mentions the lack of specificity about morality as an
explanandum, what may the modeller offer? Clearly, it has to be some notion of morality
that does not deflate the meaning of the term into a group of agents simply behaving a certain
way. It further has to provide a cluster of concepts with which the term ‘morality’ is bound for
the purpose of the model-based explanation – that is, some meta-ethical commitment to what
morality is.

But if not to its behavioural dimensions, then where else to look for the referent of the
word ‘morality’? Or: given a population of real agents, what would it take for us to conclude
that these agents are not merely expedient but moral in the thick sense that we attribute to
humans? From the preceding discussion in EGT literature, one inherits hints towards two other
possible dimensions: the phenomenological and the functionalist (recall the critics’ talk of
‘motivational structures’ (Alexander 2007, p. 273) and ‘superstructures’ (Kitcher 1999)). Let us
see if a concept of morality that is computationally representable can be rooted in either of these
dimensions.

First, the situations of moral significance in the real world are also accompanied by strong
internal feelings. This phenomenological part is such a consistent presence in situations we label
moral that it can be considered a necessary component for the notion of morality. The feelings
of satisfaction when an amoral person gets punished, the feeling of guilt when we violate a norm.
If the feelings are absent, then perhaps it can be argued that an important referent of ‘morality’
does not obtain.

Secondly, there is a functional or a dispositional role to morality that is distinct from either
its behavioural manifestation or its phenomenology. That is, if a person is moral, then this must
mean that necessarily, in situations of a certain structure, they feel compelled or motivated to
act in a certain way. Importantly, this does not necessarily translate to behaviour: presumably,
most humans have what it takes to be moral but do not always behave morally. This functional
role of morality is just a causal influence on our behaviour, just a part of the equation. When
we are in a Divide-the-Cake situation, it is wholly possible that some of us will not go for the
fair split – but they will very probably feel some pull towards fair split or will suffer at least
somewhat when they leave the game setting and look back on their choice. Furthermore, the
presence of feelings cannot substitute this functional role either. The isolated phenomenology of
feeling guilt – ‘what-it-is-like-to-feel-guilty’ – does not on its own have any relation to action.
We may think it does because it is frequently, indeed almost inevitably, accompanied by the
functional role of morality kicking in. When I feel guilty, I am at the same time much more
likely to ask for an apology, I really want to do so. But it does make sense and will be useful for
later discussion to divorce the feeling itself from the disposition to perform an act that we find to
accompany the feeling in the real life. The separate functional role of morality is precisely this
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being compelled or drawn to act morally and ultimately being more likely to act morally for it.
The critics’ gripe highlights that the modellers make no attempt to capture any of these two

extant components of morality that are arguably more important than the behavioural aspect
when diagnosing a population with morality. Indeed, purely behavioural data may mislead
about the moral status of persons and thus not necessary for a population being moral. Consider
citizens forced by a dictatorial regime into participating in inhumane activities and snitching
on their neighbours, despite feeling immense guilt and desire to stop while doing so. There
seems to be a clear sense in which there is morality in this population, despite no behavioural
manifestation being present.

Consequently, the modeller is well-advised by the critics to focus on capturing the other
dimensions of morality when attempting to explain the latter. However, from the two other
possible associations of the term ‘morality’, computational models cannot in principle track the
emergence of phenomenological experiences. Indeed, it is unclear what this would mean: you
cannot make computational units feel things and, in any case, you cannot make an observer
recognise that they do. We are left with the possibility of tracking the emergence of the
motivational dimension of morality. However, the way I read D’Arms, he is asking for a concrete
meta-ethical commitment – a clear disambiguation of what morality is. The next subsection
will be concerned with outlining such a conception rooted in the motivational dimension of
morality. If the search for such a theory and its translation into a model possible, then there may
exist EGT models to which one can in principle point and pronounce, ‘by morality I mean what
meta-ethical theory M means by morality, and the agents here are most plausibly understood to
have evolved morality and not as-if-morality, where morality is understood as in M.’

4.2 Epistemic Emotionist Morality as the Proper EGT Target
To address the concern raised in 3.1, we need a more concretely formulated notion of morality
such that it is clear what kind of morality our EGT models explain. In turn, if we want a
meta-ethical theory that ties morality to some naturalistic motivational structures, a natural
family of theories to consider are emotionist theories. Indeed, my claim, which I shall justify
shortly, is that they form very suitable explananda for EGT models.

The choice of emotions-centred theory is salient when we appreciate that in psychology of
emotions, the functionalist understanding of moral emotions is commonplace especially as it
concerns their evolutionary function (Haidt 2003; Keltner and Gross 1999; Keltner and Haidt
1999; Hutcherson and Gross 2011) and that in recent EGT literature, the evolution of moral
psychology has recently come into focus (O’Connor 2019, 2016).

The label of emotionism subsumes many metaethical views, of which Jesse Prinz’ and Alan
Gibbard’s work are perhaps the most relevant examples (Prinz 2007, 2015; Gibbard 1992).
However, many other authors, even of differing metaethical colours, admit the crucial role of
emotions for a full-bodied concept of morality (e.g., Joyce 2005). Both Prinz and Gibbard align
with the broad metaethical position that Prinz dubs epistemic emotionism (Prinz 2007, p. 16):

Epistemic Emotionism: Moral concepts are essentially tied to emotions.

Why think that moral emotions would in principle be easily translatable into EGT models?
Emotions after all are things we feel – and the locus of morality as we identified it lies in
motivation. This is where the functionalist view of emotions comes in. Let us take the two
emotions that Gibbard considers crucial to his account: anger and guilt (Gibbard 1992; Clavien
2009). These picks are quite apt seeing how moral emotions are generally split into the categories
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of reflexive (self-directed) and reactive (other-directed) emotions (e.g., Prinz 2007; Ben-Ze’ev
2000; Ellemers et al. 2019), of which guilt and anger respectively are perhaps most indicative.

The prevalent trend in the psychological literature on emotions is to define them as a function
from an input to a behavioural output. For instance, in his influential classification of moral
emotions, Haidt (2003) specifies each emotion by the elicitor and action tendency. In application
to our emotions of interest, Ramsey and Deem (2022) cast guilt as a function that takes one’s
wrongdoing as an input and incentivises a self-detrimental signal aimed at triggering the sense
of empathy in others. Tangney et al. (2013) and Vaish (2018) provide their own accounts of
guilt, keeping closely to the functional understanding of the emotion. The same situation is
observed when one consults the psychological literature on anger or indignation. Its output
is taken to be the incentivisation of active interaction with others in order to correct their
course of conduct (Hutcherson and Gross 2011; Haidt 2003, citations therein), whereby the
correction involves some discomfort to both the punisher and the punished. Its input is similarly
behavioural, even when it is understood differently by different authors: Hutcherson and Gross
(2011) mention threat to oneself as the main trigger for anger, whereas Haidt (2003) takes goal
blockage and recognition of unfair treatment to be the elicitor of anger. One can thus note that
there is nothing too mystical about the workings of emotions as they concern behaviour in the
psychological literature. They all operate with either structural (‘goal blockage’) or behavioural
terms (‘threatening action’). This functionalist reading of emotions would seem to lend itself
readily to translation into computational vocabulary.

Hence, epistemic emotionism can serve as target for EGT modelling work if it is seeking a
concept of morality to explain properly, not as-if. This is for several reasons. First: epistemic
emotionism disambiguates the functional mechanism we expect to be active in a moral population
in a computationally representable way. If emotions are understood functionally as they are
in the science under whose domain the analysis of emotions falls, then they are functions
from behaviour to behaviour. This is a representation of emotions that is encodable into a
computational model. Second: it supplies a more well-defined concept of morality that lends
itself to being further broken down into concrete components, i.e. concrete emotions. Thus,
the functional role of each emotion can be tackled separately, with a corresponding empirical
investigation into its evolutionary history and a suitable family of models representing its
emergence. If this piecemeal modelling is successful, then these explanations can be joined into
what on the epistemic emotionist picture would amount to an explanation of the fundamental
moral concepts.8 This sounds a lot like EGT delivering on its promise to explain morality.

5 Back to the Pre-emptive Challenge
We now have our eyes on the prize: emotionist morality with emotions defined functionally. Can
this meta-ethical notion be cashed out computationally? The crux of the objection in 3.2 was
precisely that similarly thick conceptions of moral behaviour cannot receive a computational
translation because the latter forces association of morality with some strategy frequency.

While the present paper is mainly conceptual and programmatic, a proof of concept is apt.9

Consider the following toy model of anger emotion evolution. Take Watts-Strogatz network
with two phenotypes (non-emotionist P1 and emotionist/moral P2). Agents play the standard
Prisoner’s Dilemma with neighbours, and P1 and P2 can engage one another. Phenotypes

8. Hence, I do not commit to a particular set of emotions as the epistemic emotionist morality. Once functional
understanding of emotions is granted, any one is in principle EGT-representable.

9. Code is available here.
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differ in their payoff structures and decision rules. P1 agents receive standard PD payoffs and
employ the familiar success imitation based on mean strategy payoffs in the neighbourhood. P2
agents experience emotion-adjusted payoffs: when defected against, they suffer disutility −da
and punish the opponent with probability generated by an activation function increasing in the
vengeance parameter v. If punishment triggers, P2 gains additional utility v but pays cost of
punishment γ , while the opponent suffers harm δ . Figure 5 contains modified payoff matrices of
P1 vs P2 and P2 vs P2 encounters, with terms only realised by punishment preceded by indicator
Ip (equal 1 when punishment is triggered, 0 otherwise); vanilla PD matrix would characterise P1
vs P1 encounter.

P1

P2

C D

C R, R S, T

D T−Ipδ , S−da+Ip(v−γ) P, P−da

(a) P1 vs P2

P2

P2

C D

C R, R S−da+Ip(v−γ), T−Ipδ

D T−Ipδ , S−da+Ip(v−γ) P−da, P−da

(b) P2 vs P2

Figure 5: Anger-adjusted Prisoner’s Dilemma payoff matrices for both phenotypes

Our toy model divorces strategic and ‘moral’ selection. Each round, some proportion of the
population updates strategies (without necessarily switching types). P1 agents adopt strategies
with higher average payoff with probability proportional to the difference of said average and
their latest payoff. P2 agents follow the same rule for cooperation but only adopt defection if the
benefit exceeds defection aversion da. Further, each round, some (lower) fraction of agents is
forced into changing phenotypes. This occurs as agents compare average payoffs of P1 versus P2
neighbours and switch phenotypes with probability proportional to difference between the two.
This corresponds not to social learning but to natural phenotype selection in the neighbourhood.

Crucially, agents like ‘non-punishing, defecting moralist’ not only become a possibility but
a decidedly different thing from ‘defecting a-moralist’, despite being behaviourally identical.
Even this rough set-up enables very interesting simulation trends, like stable mixes of emotionist
and non-emotionist cooperators (figure 6a), and of defecting and cooperating emotionist agents
(figure 6b).10 Interpreted against the emotionist definition of morality, the latter states are
not completely moral as there are non-emotionist agents in them, while the former ones are
completely moral, despite there being defectors in them. This marks a departure from the
most plausible reading of the original models. Finally, note how unlike the classic modelling
of morality, we are explicit in what ‘morality’ consists in for the purpose of the model-based
explanation, what the desiderata for proclaiming its successful emergence are, and that we are
non-arbitrary in the definition of ‘morality’, having adopted an existing metaethical theory.

10. On violin plots, wider sections indicate higher frequency of observations at that value.
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(a) Coexistence of P1 and P2 cooperators (v =
2,da = 1,γ = 0.5,δ = 2)

(b) Survival of P2 defectors (v = 1.5,da =
0.1,γ = 0.5,δ = 2)

Figure 6: Plots of simulation results (200 agents, 100 repeated runs of 10000 rounds each),
T = 4, R = 3, P = 2, S = 1

Let me explicate the dialectical role of this sketch. Taken as a serious attempt to model the
functional description of the emotion of anger, it is woefully bad.11 The functionality of anger is
much more complex. Beyond influencing choice of action, its adequate operationalisation must
at least include an embodied signalling function alerting the observers of the agent’s readiness
to punish future deviant behaviour. Precise character of how anger weighs on our action is also
more complex: the space of parameters that the function of anger acts upon is much larger
than ours, their interaction is non-linear, etc. But crucially, on the functional emotionist view,
while anger is a more complicated function than the model suggests, it is still just a function.
Importantly, it is a function from behaviour to behaviour, mediated by a complex (but not
entirely obscure) interaction of variables bearing on the individual’s decision-making. It is
a more complicated thing than I have described but it is not unlike it in kind. Therefore, a
more adequate model will only have to involve a more mechanically nuanced and empirically
informed specification of what anger does but not a qualitatively different specification of what
anger is.

Luckily, even the model sketch provided above will suffice for demonstrating how the
preceding discussion allows one to dispel the pre-emptive scepticism of Alexander’s argument.
Even this minimal model template contains two important qualities absent from any present
EGT model as used in philosophy. First, the model incorporates a mechanism that influences
but does not necessarily determine the agent’s action. There is now a component to the model
that is always part of the relevant agent’s decision-making, even if it does not, in the end, trigger
the relevant action. Secondly, as a model of morality, it shifts the locus of ‘morality’ from the
strategy profiles of the population onto the presence or absence of motivational mechanisms for
strategy choice. That is, the locus of explanation is the prevalence of the emotional phenotype
rather than the prevalence of moral strategies. This distinction is non-trivial, as agents of the
moral phenotype may nevertheless consistently opt for immoral strategies. But given our focus
on emotionist morality, what act they choose is irrelevant for whether they are moral. Instead, it
is what influences their choice that decides that.

11. This is disregarding robustness and sensitivity concerns one should have about the sketch.
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Can all this answer Alexander’s worries that all EGT models can be interpreted in behavioural
terms? After all, we seem to have done something akin to what he warned us against: we
complicated the strategies slightly, relabelled some of them and introduced more psychology to
the agent’s decision-making mechanism. In (Alexander 2007), we are warned to not be fooled by
the names of the variables like ‘how good it is to punish.’ At the end, these are still computational
components to the agent’s deterministic strategies – it is just that now, they are slightly more
complicated due to the presence of additional parameters. As such, no amount of enriching the
models can capture the relevant motivational structures behind the moral decision-making in the
real world.

We will see this criticism lands much worse after the meta-ethical discussion we have
conducted. Appreciate how much easier the assessment of adequacy and of statements like
‘not capturing the motivational components’ and ‘really punish’ becomes once we have fixed a
meta-ethical view to work towards. Given the absence of a clear meta-ethical theory then, how
to respond to such criticisms was unclear what how this question can be responded to now.

In light of the epistemic emotionist view and the functionalist understanding of emotions,
why do real people really punish? They really punish because their decision-making is acted
upon by a motivational mechanism that has an elicitor (behavioural profiles of other agents)
and an action tendency (corrective other-directed action with the goal of changing conduct)
(Haidt 2003). As far as the moral emotion of anger concerns behaviour, that is it – it is an
input-output relation. Models such as ours capture this via a computational representation of
said relation. There are agents who, in their strategy change, are causally influenced by this
functional mechanism. Therefore, they exhibit an important component of morality: namely, its
functional role. Note that the locus of morality in this discussion is not on behaviour but on the
causal influences on behaviour. Indeed, as we saw in the provided model template, the agent
can have the emotional phenotype that does not translate into the moral action but only makes it
more likely, and this fact would already qualify the agent as moral.

Here, the critic might press two concerns. She may grant us that the presence of a mechanism
that each agent of the moral phenotype is equipped with and that sways the agent towards moral
behaviour accommodates the functional component. However, the phenomenology of emotions
is nowhere to be found. So, have we really explained the evolution of emotions if we have only
shown their functional component? While the critic would be correct that the phenomenology
is missing, I doubt that the critic is talking about something intelligible when demanding an
operationalisation of phenomenological experiences. Further, presumably, the evolution of a
trait can only be explained satisfyingly if that trait influences action; as O’Connor puts it, ‘when
it comes to evolution, behaviour is where the rubber meets the road’ (2019, p. 444). If one is
interested exclusively in explaining the pure phenomenology of emotions, it is probable that
an evolutionary explanation is simply not the kind of explanation being sought. The critic may
continue that it sounds like our problem, since we have ourselves stated that morality is in part
about phenomenological experiences. This is true and if one finds the pure phenomenology of
moral emotions to be the most important constituent of morality, then EGT is of little assistance.
But I think that in explaining morality, we must keep our eyes on what is puzzling about morality
rather than everything there is to be said about it. And what is puzzling about morality as a set
of motivating emotions is not that they feel funny but that they motivate us to do things that are
often irrational and self-detrimental. What cries out for explanation is how these motivational
mechanisms ever persisted in us. Covering the functional component of morality seems like
covering the core of morality as a concept.

The second concern consists in applying the old criticism to new models. Computational
agents in any model can be understood to both literally and figuratively be following a script.
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So, psychologically enriched models are still up for interpretation in purely behavioural terms,
exactly as before (Alexander 2007). This is also correct but, unlike the previous concern, in a
rather uninteresting sense now. All models are idealised and yet there exist criteria for telling
apart better and worse models. A crucial part of this evaluation is how well the constituents
of the model map onto the constituents of the real phenomenon. Indeed, we may doodle on a
piece of paper and call the result a model of the world economy, just like we may stretch our
interpretation of highly detailed models of motivational structures underlying moral behaviour
onto a purely behaviourist reading. Anything can be called a model of anything and yet not all
models are created equally. That EGT models simply admit of such a behavioural interpretation,
which is the extent of what Alexander suggests, is therefore not enough. The relevant question is
whether the behavioural interpretation is at once the most plausible in application to models that
explicitly account for the internal motivational influences on agents’ actions. And the answer is
no, because under the behavioural interpretation, components of the model such as the anger
mechanism do not map onto anything.

Another way to see that the psychological enrichment of agential decision-making is the
correct modification is to appreciate that such a model does not neatly map onto the zombie
world we mentioned when explicating Alexander’s objection. That is one where people behave
as-if-morally but without any motivations for their actions. For instance, how to interpret in the
zombie world an agent of the anger-having phenotype who nevertheless does not punish defectors
due to unfavourable prospects of doing so? A purely behavioural interpretation is possible only
if one ignores some components of the model completely, focusing only on what strategies
are being played with no concern for what caused these strategies to be played throughout
the simulation. But this seems like an invalid strategy, something very close to assuming the
behavioural interpretation before consulting the model rather than the model suggesting it
naturally. Instead, the most natural interpretation is one that acknowledges the strategy the agent
plays in the game to have been generated through a complex decision procedure, where the
precise specification of the decision procedure is suspiciously like the motivational component
of the emotion of anger. That is to say, the most proximate interpretation of the model is not
behavioural, but a thick one, as modelling a population of agents that do really have a complex
internal motivational mechanism of anger influencing their actions.

Note that this line of response to the critic becomes stronger the more complicated the
model gets. Enriching the decision-making procedure of the agent – by introducing functional
dependencies on interaction history, state of the network as a whole, etc. – greatly decreases the
plausibility of a purely behavioural interpretation. The latter would have to explain the choice of
moral behaviour in terms of certain parameter specifications and by reference to a particular
algorithm whereby these parameter values yield this behaviour. With growing complexity, we
may expect this story to get so multiparameterised and involved that a mentalist, thickly moral
interpretation becomes more natural and parsimonious as interpretation of the strategy choice.
Indeed, the behaviourist story itself might start sounding like a description approximating that
of a mental state. For an intuition boost, consider if a behaviourist interpretation strikes one as
plausible when applied to ABM agents whose method of output generation is an MLP neural net
(Douven 2024). In models with the relevant compelxity and realisticness of decision-making, it
would be more plausible to infer that the model represents agents with the emotion of anger, not
as-if anger. And the emotion of anger is part of morality. And by modelling its evolution, we
can model part of morality. By repeating this strategy for all emotions that a given version of
emotionism considers moral, we will have provided an EGT explanation of morality proper, as
defined by the respective meta-ethical theory.
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6 Conclusion
Modelling morality using EGT has been criticised for inadequate treatment of its explanandum.
Further, the value of the method itself has been doubted by those who think that no plausible
(i.e., non-behaviourist) conception of morality can ever be accommodated in a computational
model.

The current work has shown this dire outlook to be premature. A suitably thick and indepen-
dently motivated meta-ethical notion of morality can serve as the target of EGT explanations. In
particular, I argued that due to the possibility of casting emotions as functions from behaviour
to behaviour, epistemic emotionism can serve as such an explanandum. If EGT work focuses
on more detailed and empirically nuanced representation of how emotions are elicited by and
motivate behaviour, then the wide adoption of such a mechanism in a given model can serve
as a faithful referent of emotionist morality. Ultimately, if one understands morality to consist
in a number of select emotional mechanisms, EGT may provide reasons to think morality
so-understood has evolved due to boundedly rational social learning of our ancestors.

The main ambition of this work has been conceptual: to provide a counter-example to authors
who think EGT is inherently unable to model any interesting conception of morality. While I
have given a proof of concept for the proposed framework, the rebuttal is incomplete without
more sophisticated computational work. Additionally, modelling of any social phenomenon
whose genesis can be traced to human prehistory owes an empirical validation. As I briefly
mentioned, while there is much work to be done in this respect, the amount of relevant empirical
evidence and scientific consensus on some structural characteristics of hominin societies motivate
cautious optimism that empirical objections can be placated.

Finally, I hope this work has been valuable in clarifying the debate and making it easier to
see what exactly the objections target in the modelling practice and what can and cannot serve
as admissible answers to them.
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