
Collectives or How to Change Your World

Introduction

One of the areas of research agent-based modelling has been applied to is the
study of social norms. The question of social norms is how individual behaviour
is constrained through norms to result in behaviour patterns on a population
level and ultimately allow social order. Although individual modes of decision-
making, together with some inter-agent dynamics can lead to social macro-
phenomena, it does not capture the hold these macro phenomena have over
individuals once emerged, nor do they explain how agents behave flexibly or
context dependently with regards to norms (for a review of models of norms see
Elsenbroich and Gilbert (2013)).

In previous publications we argued for a change in modelling ontology, away
from atomistic and towards collective agents (Verhagen and Elsenbroich (2012),
Elsenbroich and Verhagen (2012)). Our reasons were the strong empirical evi-
dence for we-intentionality found in experimental ontogeny research (Tomasello
et al. (2005); Tomasello et al. (2007); Tomasello (2009)) as well as many kinds of
human behaviours not being modelled, e.g. context dependent decision making
such as compliance (Elsenbroich and Xenitidou (2012)).

In this paper we want to explore the possibility of modelling collective rea-
soning as a new, genuine form of reasoning, different from atomistic and social
influence modes. We distinguish different modes of human decision making, dis-
cuss which modes are currently captured in agent-based modelling and present
a model that captures a further, as yet not modelled, mode of decision making.
Our conceptualisation of human decision modes is two dimensional with instru-
mental, normative and automatic along one axis and and individual and social
along the other. We argue for the addition of a third, collective dimension,
which goes beyond the traditional conceptualisation of social as based on some
kind of inter-agent influence dynamics. The collective dynamics is the result of
an agent’s capacity to understand oneself as a member of a collective, group or
team and change its behaviour accordingly. For this we will use the demise of
the Sicilian Mafia resulting (at least partly) from the rise of the Addio Pizzo
movement, as a social movement against the Mafia, as a case study.
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1 Modes of Human Decision Making

Different motivations of human decision making can be distinguished. For ex-
ample Weber discusses four types of actions resulting from instrumental, norma-
tive, emotional or affectual and traditional motivations for actions (Weber, 1947,
Chapter 1). We focus on the first two and collapse emotional and traditional
into a category we call “automatic”. Instrumental reasoning is means-end rea-
soning. An action is evaluated according to its likelihood and cost for bringing
about a desired state of the world. We distinguish instrumental from normative
reasoning where the goal or the action is seen as intrinsically valuable rather
than just a means to an end. The intrinsic value of an action results from ethical,
aesthetic or religious considerations. Automatic responses take out the calcula-
tion and rule considerations, relying instead on mechanisms such as repetition
and imitation.

For the three modes we can distinguish an individual basis for decision-
making and a social basis. The two kinds of instrumental reasoning are anal-
ysed by rational choice and game theory respectively, where decisions are made
according to the highest utilities of actions and responses to interdependent
choices. In the case of normative reasoning agent architectures such as the
BOID architecture implement the individual case where rules are programmed
into the architecture that constrain the behaviour of a traditional BDI agent
(Broersen et al. (2001)). Architectures that incorporate the inter-agent compo-
nent are EMIL-A (Conte et al. (2013)), the norm-learning model from Verhagen
(2001) and the Consumat (Jansen and Jager (2000), Jager (2000), see Section
3.1 for a detailed discussion). These architectures are also concerned with rules
that constrain agent behavior but the rules are not a fixed set of behaviour
constraints but are obtained by agent interactions. Automatic responses also
have this dual aspect with repetition of ones own behaviour as the individual
response and imitation of other’s behaviour as the inter-agent response. These
two distinctions produce a two-dimensional matrix of human decision-making
(see Figure ??).
The top row of Figure 1 concerns automatic behaviour. An automatic individ-
ualist response to a situation is to repeat earlier behaviour. The origin of the
behaviour that is repeated does not matter in this case, only that it is repeated
automatically (rather than deliberately chosen to be repeated) in response to a
stimulus. An example of this kind of behaviour is behaving according to inter-
nalised norms. Automatic social behaviour is to imitate other agents’ behaviour.
Again, the response is not deliberated or calculated. Extreme examples of this
kind of behaviour are crowd phenomena like panics and stampedes but also less
extreme cases like fashion can result from simple imitation.

The next row is concerned with rational or instrumental decision making. We
use the neo-classical terminology of rationality although we are of the opinion
that the other forms of human deliberative motivation are equally rational in the
intuitive meaning of rationality. Neo-classical rationality is studied by rational
choice theory, the theory of individual utility maximisation with respect to a set
of preferences. Game theory is the social version of rational choice theory for
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Figure 1: Modes of human decision-making

studying strategic interactions. The interdependence of decisions in game theory
means agents cannot simply maximise their utility but need to consider their
maximal payoff given the choices of other players. Stable results of games are
Nash equilibria, combinations of choices in which neither player can unilaterally
obtain a better outcome. The basic assumptions of traditional rational choice
and game theory are that individuals try to maximise their own utility, that all
players are rational and that all players know that all players are rational.

The final row in the table is concerned with normative behaviour. Recently
there has been a growing interest in social norms as decision making of real peo-
ple does not comply with the rules of rational choice or game theory. Whether
we look at field data or experiments of people’s decisions, most people make
‘irrational’ decisions most of the time, e.g. experimental economics shows very
high levels of cooperation, even in one shot games; a result that is incompatible
with game theory. Explanations of reciprocity can account for iterated games
but for high cooperation in one-shot games a concept often invoked is that of
established norms of cooperation (see e.g. Bicchieri (2006)). Much research has
been put into the experimental investigation of how people actually behave in
interdependent situations. Some experimental evidence has been collected for
the prisoner’s dilemma (Andreoni and Miller (1993), Gintis (2000)) but most
empirical research has focused on slightly simpler and less abstract situations.
The ultimatum game (Güth et al. (1982)) for example is a two player game in
which player A is asked to divide a unit value say $10 between itself and player
B. After hearing the offer, player B can accept or decline the offer. If B accepts
the $10 pounds is divided according to A’s offer, if B declines neither player gets
anything. B has thus the ability to punish an offer it sees as unfair although at



4

cost to itself. A rational analysis of this game would suggest that A offers the
smallest possible amount to B (1 penny) and that B should accept any offer
as 1 penny is more than nothing. However, experimental evidence shows that
offers and rejections are a far cry from these rational predictions with offers
and rejections ranging between 30 and 50% (Oosterbeek et al. (2004)). One
might argue that the possibility of punishment reduces the ultimatum game to
rational considerations as A does not want to loose its share and thus makes a
decent offer. Although A’s behaviour can be explained instrumentally, B reject-
ing unfair offers cannot be explained. An interesting variant on the ultimatum
game is the dictator game, where A’s role is the same as in the ultimatum game
but B cannot reject the offer. The interesting feature of the dictator game is
that the offers are similar to the ultimatum game, suggesting a strong norm of
fairness existing also for A.

2 Models of Human Decision Making

A range of different capacities are needed for artificial agents to make decisions
according to the six types of motivation discussed above. In order to be rational
agents need to be able to calculate options. In order to engage in repetition or
rule based behaviour, agents need a memory. Examples of rule-based behaviour
are models using the BOID but also more sophisticated architectures such as
Emil-A and Emil-S (Conte et al. (2013)). In order to be social, agents need
to have some perception of the behaviour of others or a theory of mind. Mod-
els include again those based on as Emil-A and Emil-S (Conte et al. (2013)),
Verhagen’s learning model of norms but also some simple models like Epstein’s
model of internalisation (Epstein (2000)).

Often the existence of normative kinds of reasoning is seen as reducible
to instrumental or automatic considerations. One such reductive approach is
the investigation of evolutionary fitness of cooperative or normative behaviour
(Axelrod (1984), Axelrod (1986); Skyrms (1996), Skyrms (2004), Güth (1992)).
Behaviour strategies are pitched against each other and less successful strategies
die out, either by the agents performing them dying or agents changing their
strategies. The approaches show the possibility of the emergence of cooperative
behaviour even though strategy choice was performed on purely instrumental
grounds. Conte and Castelfranchi (1995) use a game theoretic framework to
investigate the population consequences of normative behaviour, finding adher-
ence to possession norms has beneficial outcomes at the population level. This
research has to be seen as eliminating normative reasoning as a genuine mode
of reasoning, making the appearance of social norms an epiphenomenon of in-
strumental reasoning.

But normative behaviour has not only been generated from instrumental
reasoning but normative reasoning has been directly implemented into agents.
The first cognitive approach to normative behaviour is the BOID, an extension
to the BDI agent with a set of obligations that constrain its behaviour in case
of conflict (Broersen et al. (2001)). More recently the EMIL-architecture has
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produced normative agents in the sense that their behaviour is not only con-
strained by obligations but the agents can reason about norms and learn norms
from their environment (Conte et al. (2013)). Whereas the implementation of
norms in the BOID is rather pragmatic, in EMIL-A there is the recognition that
instrumental forms of reasoning are not the only forms. Normative reasoning
becomes its own, genuine form of human reasoning (Andrighetto and Camp-
enǹı (2007); Campenǹı et al. (2010)). In fact, normative considerations come
with their own goal setting and are thus implemented genuinely differently in
EMIL-A from instrumental considerations. EMIL-A-I is an extension of EMIL-
A allowing not only for normative decision-making but also the internalization
of norms, consequently also covering at least some automatic motivations. The
genuinely normative reasoning approach has its own diffusion mechanism in the
form of normative learning (Lorscheid and Troitzsch (2009)). Other models of
social influence that can be used for the study of social norms are models of
opinion dynamics, modelling the dynamics of opinion assimilation or divergence
in groups or societies (Hegselmann and Krause (2002); Deffuant et al. (2002)),
models directly implementing theories from social psychology such as the The-
ory of Reasoned Action (Ajzen and Fishbein (1980)) or Social Impact Theory
(Latané (1996)).

Although the agents are no longer as atomistic as the initial BDI or BOID
architectures, the social influence is modelled purely on the inter-agent level.
The agents change their preferences/opinions/behaviours because of the influ-
ence of other agents but their mode of reasoning remains individualistic. Let us
discuss what we mean by the individualistic mode of reasoning using an exam-
ple. Rabin (1993) develops an account of altruism for game theory. An altruist
is someone who takes others into account in its own decisions, even at a cost to
itself. In the centre of Figure 2 we see the normal PD payoff matrix. Around it
we see a transformation with different other regarding preferences. The top two
transformations lead to matrices in which mutual cooperation becomes a new
Nash equilibrium. In the bottom transformation, in which the self is valued at
.7 and the other at .3, the transformation is insufficient to produce a new equi-
librium. Here, although the other is taken into account in the decision-making,
ultimately, the decision is made by comparing payoffs in one’s own matrix, i.e.
individualistically. This is in stark contrast to the integration of team reasoning
into game theory we discuss below.
This focus on individuals and their interactions is not surprising. The strength
of agent-based modelling is to allow the generation of macro-phenomena from
the simple interactions of agents. These inter-agent mechanisms are important
for the explanation of a range of features of social phenomena, such as diffusion
of social norms, their benefit for groups or societies, reciprocity etc. Two facts
about social norms remain puzzling though:

1. humans can apply social norms flexibly in different contexts, i.e. they can
behave in accordance with or against their own values or social norms.

2. humans can apply social norms immediately in different contexts, i.e. they
can (often) recognise a social norm without lengthy inter-agent influence
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Figure 2: Transformation of the payoff-matrix by altruistic considerations

processes and without having internalised it.

These two facts together can be seen as a social norm having taken on a life of
its own, the norm starts existing as a representation, independent of its genesis
in inter-agent processes, in the mind of the agent. This representation explains
the coercive power of norms (their continued constraint even when an agent is
no longer part of a specific group) as well as the possibility of transgression (the
norm is acknowledged but other considerations override it).

3 Collectives

Recently there has been an increasing interest in a new mode of motivation
that can be put under the heading of collective reasoning. Collective reasoning
comes in many guises such as we-intentionality (Tomasello (2009)), shared in-
tentionality (Searle (1995)), I-mode and we-mode reasoning (Tuomela (2007)),
collective rationality (Weirich 2010) and, indeed, collective or team reasoning
(Bacharach (1999), Gold and Sugden (2006); Sugden (1993), Sugden (2003)).
These are not equivalent to each other but for now it is sufficient to see them as
describing a class of reasoning phenomena where the reasoning individual takes
the collective into account. Note that the idea of collective reasoning is different
from social choice theory which is concerned with the aggregation of individual
preferences and interests to reach a collective decision (Arrow (1951)). In the
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Figure 3: Collective Modes of Reasoning

collective reasoning approach the collective comes first, i.e. the individual starts
its decision making process from the point of view or with the preference of the
collective.

There is empirical evidence for the differentiation between the inter-relational
and collective. Much of social psychology is concerned with distinguishing the
individual and the social self. This distinction can be related to the models
discussed above. It seems, however, that the social self needs to be further dis-
tinguished into the inter-relational social self, resulting from relationships and
interdependence with specific others and a collective social self resulting from the
membership in a collective that is less personal than the inter-relational social
self but no less strong (Brewer and Gardner (1996)). In a study of nurses’ career
identities, Millward (1995) clearly shows the differentiation between a construc-
tion of ones role as a nurse focussing on communal-interpersonal relationships
(patient centred), mainly displayed by low status trainees and female nurses,
and an instrumental-intergroup (professional distinctiveness), mainly displayed
by higher status and male nurses. The different social selves do not only gener-
ate a different identity and different in-group-out-group dynamics but seem to
engender what Millward calls different worldviews.

3.1 Approaches to Collectives

We will now add this collective dimension to Table 1. Collective decision-making
again has automatic, instrumental and normative versions.
The first square in the table is labelled joining-in. The ontogeny experiments on
we-intentionality suggest that there are certain automatic responses in human
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beings to the intentions of others. Simon’s model of rationally bounded, docile
agents, i.e. agents that depend on social input for decision making, such as
persuasion, recommendation and suggestion can be seen as an implementation
of automatic collectivity. For Simon this “socialisability” was at the heart of
the evolution of altruism Simon (1990).

Collective instrumental reasoning has been studied explicitly and formally
under the above-discussed heading of team-reasoning. The possible individual
advantage is given up for the advantage of the team. This can mean contribut-
ing your part to an explicit goal of a group or it might mean complying to
a set of norms (see for example Conte and Castelfranchi (1995) for the bene-
ficial effect of norms for groups). In Elsenbroich and Xenitidou (2012) three
kinds of adherence to social norms are distinguished, conformity, obedience and
compliance. It is argued that so far only the first two have been modelled in
agent-based modelling. These are covered by automatic and individualistic in-
strumental approaches to norms. Compliance can be interpreted as a form of
instrumental collective reasoning where an agent sometimes suspends its own
payoff or values for the sake of the group payoff or values (or in the terminology
of team reasoning, enlarges the relevant team from one to many).

The square below compliance is labelled moral values. We will not discuss
this square any further here but give some suggestions regarding its content in
the future work. So far we have mapped out the range of human decision making
modes, based on different levels of sociality and different modes of reasoning.
We now turn to a basic agent-based implementation of instrumental collective
decision-making. For this we take extortion rackets as a case study.

4 Collectives and Extortion Rackets

Extortion is a special kind of crime, singled out by the long-term relationship of
victims and perpetrators. Victims decide whether to pay an extorter or not but
can change their mind later, and start resisting. It might be that they see others
refusing to pay the extorter, that they stop believing that non-payment will be
punished or that they think that overall they will be better off not paying the
pizzo. The recent development in southern Italy of the rise of the Addio Pizzo
movement, a social movement gathering momentum in recruiting entrepreneurs
to not pay the pizzo anymore, is an example of a changing situation leading to
increased resistance.

Much of the literature on extortion rackets uses game theory to opera-
tionalise extorter and entrepreneur decision-making (Gambetta (1994); Varese
(2001)). Although conceptualising extortion as interdependent choice makes in-
tuitive sense, traditional game theory often lacks a social dimension. In the case
of extortion the social influence on decision-making is particularly important as
the social environment of entrepreneurs carries both the acceptability of paying
extortion money (the norm of paying if the majority of people pay) and the rep-
utation of an extorter (extorters punish one entrepreneur who refuses to pay and
deter many others from refusing). Staying in general with the game theoretic
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framework we use team reasoning to implement an instrumental collective mode
of decision-making. We describe a simulation model, which compares the conse-
quences of individual instrumental and collective instrumental decision making.
We analyse the model with respect to two research questions:

1. How can we explain high levels of compliance combined with low levels of
punishment? This question highlights the importance of a wide reach of
deterrence of punishment.

2. How can we bring about higher levels of resistance?

There are two kinds of agents in our model: Extorters and Entrepreneurs.
Extorters approach an Entrepreneur with an extortion request. Entrepreneurs
decide whether to pay or refuse payment, depending on the monetary utility
of paying or not. The Entrepreneur compares its wealth together with the ex-
tortion request to the possibility of being punished and the potential damages.
Entrepreneurs have different levels of risk aversion, also influencing their deci-
sion to pay or not. To ascertain the probability of punishment, Entrepreneurs
monitor their neighbourhood for punishments. If a punishment is observed, the
perception of the probability of punishment of the Entrepreneur is set to 1.
Each step that no punishment is observed in the neighbourhood the perceived
punishment-probability is incrementally reduced. The decision procedure is:

If p× a× d < w + m refuse, pay otherwise.

where p is the punishment-probability, a the attitude to risk, d the possible
damage, w and agent’s wealth and m the monetary value of the pizzo.

The punishment-probability and attitude-to-risk are rational numbers be-
tween 0 and 1. The attitude-to-risk is normally distributed over the entrepreneurs
at initialisation of the mode. The punishment probalility is set to 1 when an
agent observes a punishment in its neighbourhood and step by step reduces
by 0.01 when no punishment is observed. The possible damage is a random
number up to the input value ‘damages’ (slider). On the right hand side of the
inequality, the wealth is simply the current wealth of the entrepreneur and the
pizzo is added because the pizzo remains in the entrepreneur’s possession in case
of refusal. Entrepreneurs decide intermittently whether they want to continue
paying the extorter or start resisting.

Extorters punish non-payment but they can only punish if they have enough
money to cover the cost. Furthermore, they do not punish every single re-
fusal but have a punishment probability calculated from their trigger-happiness,
i.e. how quickly they resort to punishment and the ratio of their paying en-
trepreneurs and those refusing. If extorters observe a punishment in their di-
rect neighbourhood they refrain from punishing (trusting in the deterrence of
punishments in general even if they are not their own). Money is injected into
the system exogenously at the entrepreneurs’ payday in which each gets a mean
income of 300 (normally distributed). The pizzo is set at 50; extorters are also
paid on payday.
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Figure 4: Number of punishments and level of compliance for different neigh-
bourhood radii.

This model is seen as a basic implementation of an interdependent choice
game tree in which entrepreneurs decide to pay or not depending on the mone-
tary utility of either action. Extorters punish or not depending on whether they
have the monetary means to but also depending on their neighbourhoods as they
refrain from punishing if there was a recent punishment. The main parameters
we vary are the neighbourhood radius and the extorter radius, i.e., the reach of
the punishment and the reach of an extorter territory. Running the simulation
shows a strong negative correlation between the number of punishments and
the neighbourhood radius as well as a strong positive correlation between the
radius and levels of compliance (see Figure 4).

Thus, implementing utility based reasoning together with a neighbourhood
dynamic through which the punishment probability is estimated by the en-
trepreneurs and the need to punish by the extorters, shows that if information
travels far enough, very high levels of compliance result from very little punish-
ment.

We want to implement the recent development of the Addio Pizzo movement
into our model. There are different reasons why an entrepreneur might join the
Addio Pizzo movement. Their statement Un intero popolo che paga il pizzo
e un popolo senza dignita (roughly A people that pays the pizzo is a people
without dignity) might exert moral pressure, thus adding a value component to
the entrepreneur decision-making procedure. Although an interesting idea it is
rather difficult to measure the extent to which moral considerations will play a
role in the decision, making it in turn difficult to implement it into a simulation.
The Addio Pizzo movement gives out stickers to its members to put on their
shop-front. This means consumers can decide to buy in non-pizzo paying shops.
There might be a monetary incentive to entrepreneurs to join the Addio Pizzo
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movement. Although this might be true we think that a monetary incentive
will not be significant enough given the very high potential punishment. A
third way a social movement might convince people to change their behaviour,
in particular in the face of an enemy, is if they feel part of something bigger, of
a group. We want to investigate the outcome of a utility-based decision-making
but where the utility consideration does not concern the individual but a group.
We implement this by the following decision function

If p× a× d < Gw + Gm refuse, pay otherwise.1

The left hand side of this inequality is the same as in the individual decision
mechanism. On the right hand side the wealth of the group is added together
and added to the sum of all the pizzo’s they would pay if they all paid. The
rationale behind this is to formulate a kind of solidarity idea within groups along
the lines of “if one is punished we will all help ou”. This is only possible if the
wealth of the group is larger than the damage caused by the extorter.

Different people have different ideas of what makes people switch from indi-
vidualistic to team reasoning. Bacharach sees the nature of the game as decisive.
If the game is identified as strongly interdependent, meaning the payoff for the
group is significantly higher than the sum of the payoffs of the individuals, peo-
ple automatically employ team reasoning. Sugden (2003) on the other hand
sees as the relevant factor not the game but the nature of the group. If people
feel they are part of a group where they have the mutual assurance of cooper-
ation, they will cooperate, i.e., maximise the group payoff. To do some justice
to the problem whether the nature of the group is important or not we situate
the agents in two different kinds of groups or two social structures. The above
decision mechanism is implemented on two social structures, one being social
circles2, i.e., the relevant group is constructed by taking all agents within a
certain radius, the other being transitive groups.

Implementing the two social structures and applying the decision mecha-
nisms to both results in rather substantial changes in the outcomes.

We can see, however, that team reasoning leads to much lower levels of
compliance than individual reasoning does. This is a direct result of the fact
that the right hand side of the inequality is now significantly larger. It is however
interesting to see the jump in resistance between neighbourhood radius 10 and 15
in a networked team reasoning simulation and to see that the reach of deterrence
has almost no influence on the decision making if the group considered a team
is large enough.

Finally, some screenshots that visualise the difference individual and team
reasoning make to the extortion situation. The 8 screenshots below give an idea
of the effects of team reasoning on the prevalence of extortion in different social
structures (the first six are non-transitive groups, the second six are transitive
groups) and with different neighbourhood radii (5, 10, 15, 25 respectively). The

1G is the size of the group.
2Cf. Hamill and Gilbert (2009).
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Figure 5: Social circles and transitive groups. On the left side, groups overlap
meaning that if A is in B’s group and C is in B’s group A is also in C’s group.
On the right hand this membership transitivity is the case.

simulations are set up with the same input values of 400 entrepreneurs, 10
extorters. The neighbourhood radius in the networked models is kept constant
at 9 leading to groups of roughly the same size as the partition of the grid for
transitive groups. The first 500 steps entrepreneurs employ individual reasoning.
At step 501 they change to team reasoning.

5 Conclusion and Future Work

In this paper we advocated for an inclusion of collective reasoning into the reper-
toire of agent-based modelling. We have discussed modes of reasoning currently
implemented in models. We have then opened the problem that those modes
of reasoning do not capture important features of actual human reasoning. We
added a collective dimension which should be added to Figure 1. We then dis-
cussed a model of instrumental collective reasoning using the Sicilian Mafia and
the Addio Pizzo movement as a case study.

It is obvious that in getting rid of extortion people have to stop paying
extorters. The simulation of individual and team reasoning shows that the
goal of increased resistance might be obtained by making people consider the
group payoff (team-reasoning) rather than just reason about their own utility in
particular in the case of far reaching deterrence. These are preliminary results
but they give a feeling for what we might want to investigate more closely in
future work. First of all we will implement a society with heterogeneous agents
with respect to decision mechanisms, i.e. a mixture of individual and team
reasoners. From there we can investigate different compositions of society and
their consequence for resistance and compliance. Secondly wee will implement
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Figure 6: Comparison of levels of compliance across different social structures
and different decision mechanisms. Note that for small radii team reasoning
collapses into individual reasoning for the networked social structure but not
the group structure.
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Figure 7: Networked and grouped implementations with sequential individual
and team reasoning. We can see that in particular for larger radii team reasoning
makes a difference in particular for the networked social structure. For smaller
radii resistance can also be destroyed if people switch to team reasoning. This is
due to the wealth of the group not being sufficient to make resistance an option.
Levels of punishment are at least slightly higher in team than in individual
reasoning.
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other operationalisations of team reasoning. The current, heavily wealth based
mechanism is but one possibility and was currently chosen to be structurally as
close as possible to the individual reasoning process.

Theoretical future work is to find a way of implementing the final square of
Figure 3.1. – moral values or the normative version of collective reasoning.
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