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Abstract. Essential in a social simulation model that has the purpose
of "understanding the effectiveness of a policy on society”, is that the
agents can not only follow the policy, but also have ways of breaking
the policy. Especially modelling the motivations for breaking a policy
requires additional aspects of life in the simulation. However, adding
all these aspects can have a toll on the scalability of the model. This
paper is dedicated to explaining why these aspects together are relevant
to the realism of modelling for policy testing. The paper ends with an
illustration that state-of-the-art pandemic simulations achieve some but
not all requirements. And concludes as a way forward to consider both
conceptual and engineering improvements.
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1 Introducing the requirements

Policies imposed by the government can have effect on many different aspects of a
society. This has become especially clear during the COVID-19 pandemic, where
policies aimed at preventing the spread of the disease also affected people in their
daily lives. For example, children could not go to school, bars and restaurants
were closed, and people were sometimes obliged to stay home. However, it was
difficult to determine whether the policy would have the desired effect. How many
people would deviate from the policy? And in what way would people deviate?
To understand the effectiveness of a policy on society, as many relevant aspects
as possible related to the phenomena should be taken into account. However,
this completeness is not trivial and depends on a number of aspects.

Essential in a social simulation model that has the purpose of "understanding
the effectiveness of a policy on society”, is that agents adapt their behaviour to
a new policy. This can be both policy following or policy breaking; see various
models of the pandemic [4, 5, 12]. For modelling the policy following aspect it is
usually enough to model the phenomena itself and the normative aspects (the
policy). In a COVID-19 model, one could think of a contagiousness system (the
virus and locations where people can meet) and a policy such as social distancing
(making people less infectious) or quarantine (people will stay at home).

However, for policy breaking, the side effects of the policy, other aspects of
life also need to be taken into account. During the pandemic it became clear
that the imposed policies were often not followed [14]. To name a few examples
of breaking polices: breaking quarantine, not wearing mouth masks, not social
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distancing, not vaccinating. Behind each of these policy violations, there could
be numerous possible motivations to break the policy. For example, in many
countries people were expected to stay at home (social norm policy); however,
people broke this policy for various reasons, e.g. to get some fresh air, to see
friends, to buy food, to work to earn money, to do physical activity. To be as
complete as possible, as many of these aspects as possible need to be taken into
account. And these aspects should be taken into account by the behavioural
model of the agents. Agents should be capable of breaking the policy based on
an explicit motive.

Including many aspects of life and having a behavioural system that can
consider all these aspects of life, can have a toll on the computational complexity
of the model. This in turn decreases execution time and can lead to scalability
issues, making the model too slow to efficiently work with or get output from in
a reasonable time [15]. Thus, when modelling to understand the effectiveness of
a policy on society, scalability becomes an important requirement as well.

Thus, for a model to be complete, it requires multiple aspects of life, an inter-
dependent behavioural model, and scalability. Together, these requirements are
what we call the realism of the model within the purpose of “understanding the
effectiveness of a policy on society” (see Figure 1). The rest of the paper explains
these three requirements in more detail, explains the state-of-the-art models that
achieve these aspects to some extent, and gives future recommendations in the
form of Context-Sensitive Deliberation and scalability techniques.

2 The requirements

2.1 R1: Multiple aspects of life

As indicated before, policies can be both followed and broken. Modelling the fol-
lowing of policies requires at least a normative model (to represent the policies).
Modelling the breaking of policies is what requires more aspects of life, such as
economical, shopping, social aspects [8]. Each of these aspects are not just rep-
resented as one parameter, but actually are a system or sub model. This is how
interesting behaviour can appear. For example, an agent could be forced to stay
at home based on the normative system as there is a global lockdown policy.
Meanwhile, all the friends of the agent decide to break quarantine, and due to

Multiple
aspects of life
(Systems)
Interdependent Realism Many agents in
social behaviour reasonable time
(Behavioural model) (Scalability)

Fig. 1. Three requirements for realism for models for policy testing
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this influence of the social system, the agent itself also decides to break quar-
antine. However, having all systems explicitly in a model requires a behavioural
model that can take this into account, which is explained in the next section.

2.2 R2: The behavioural model

The behaviour of the agents should have interdependence among the different
aspects of life. There are quite some pandemic simulations that do not model in-
terdependency as they use, for example, a fixed probability to motivate changes
in agents behaviour, e.g. in Hinch [5], for example breaking lockdown. These
models are less realistic in modelling the side effects of long-term lockdown, as
there is no difference between an agent being one day in lockdown and one who
has been in lockdown for 30 days [11]. An additional parameter could be added
that tracks the lockdown days over time and adjusts the probability. However,
this will not work when the agents also have other norms to consider. For ex-
ample, introducing quarantine when people have already been following other
norms such as social distancing and wearing mouth mask, might make people
fed up with following rules in general. To properly model this interdependency,
which we also call the ripple effect, the behavioural system should contain inter-
dependency among the aspects of life modelled in the simulation. An example of
such an architecture is described in Dignum [3]. An example framework where
agents can follow and violate norms is described in [9].

2.3 R3: Scalability

Including many aspects of life and having a behavioural system that can consider
all these aspects of life, can have a toll on the computational complexity of the
model and thus the scalability of the model. The ASSOCC simulation [4], which
models the COVID-19 pandemic in Netlogo, had problems simulating much more
than 1.000 agents in a reasonable time [15]. It would require about 3-4 minutes
to simulate 1.000 agents; however, simulating 10.000 agents would easily take
2 hours since ASSOCC has not been optimised for these large agent numbers.
This lengthy execution time would hinder the inspection of the effects of changes
in code and parameters on the model and hinder the rapid model development.
This is particularly relevant when modelling for crisis situations as results are
required on a daily basis [4]. Due to this 1.000 agents limitation, it was not
possible to expand the ASSOCC model further, as that would make the model
more computationally complex and increase the execution time even further.
Higher agent numbers are, however, required if additional subgroups needed to
be made, for example when one wants to study the effects of specific hospital
personal getting sick. Those subgroups would have too few agents to realistically
represent them. With a population of about 1000 agents, there are about 20
agents working in the hospital. If these were divided into nurses and doctors,
there would probably be only 2 to 4 doctors. This number would be too small
and would be susceptible to having a situation where literally all doctors in the
society are sick at the same time.
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3 State-of-the-art pandemic models

Quite some advanced models have been made to understand the effects of policies
in the COVID-19 pandemic [10]. PanSim [13,12] is a state-of-the-art model that
simulates the spread of COVID-19 in the state of Virginia. It successfully simu-
lates millions of behaviourally complex agents and thus satisfies the scalability
requirement (R3). It includes multiple aspects of life (R2), i.e. variety of activi-
ties for the agents to do (work, shop, study, religious and other), contagiousness
and disease progression, and up to eleven norms that can be enforced. The agents
can also reason about these norms and adjust their behaviour based on a BDI
behavioural model [1]. If we consider the requirement of interdependent social
behaviour (R2), the model seems less realistic, as the agents are, for example,
not more likely to break quarantine if they have not seen their friends for a long
time. Breaking a norm is modelled using a probability instead, which is depen-
dent on trust in the government and the behaviour of agents around. But since
it is a probability, it lacks transparency as to why the agent breaks quarantine.
Despite of this, it is an advanced model due to its scalability capabilities.

The ASSOCC model [4] implemented in Netlogo incorporates many aspects
of life (R1): working, studying, leisure, shopping, a contagiousness and disease
model, economic model, social model, etc. [8]. The behavioural model is a need-
based deliberation model that spans and connects all aspects of life [3] (R2).
As discussed above, this combined complexity of the aspects of life and the be-
havioural model comes at the cost of scalability (R3). It cannot be extended
anymore without adjusting the internal architecture or changing to a different
modelling framework, e.g., Repast high performance [2]. The model is realistic
for the intended scenarios, but not for studying other scenarios since it cannot be
further extended without a change of architecture. A promising approach could
be Context-Sensitive Deliberation [6, 7]. This approach conceptually changes the
behavioural model to decrease computational complexity, and thus increase scal-
ability, while potentially retaining realism.

4 Conclusion

This paper argued that to create a simulation model that is realistic with regard
to the purpose of "understanding the effectiveness of a policy on a society”,
the following three requirements are necessary. R1: As many relevant aspects of
daily life as possible should be included. R2: The model needs agents that can
respond to policies in various ways, not only following policies but also breaking
policies. R3: Despite the previous two requirements the simulation should be
scalable, i.e. run many agents in reasonable time. As illustrated, these require-
ments are partially fulfilled by existing simulations; however, these simulations
can still be made more realistic. As a possible solution to push forward towards
more realistic simulation for policy testing, it is necessary to not solely consider
conceptual improvements (e.g. Dynamic Context-Sensitive Deliberation [6, 7]) or
solely engineering improvements (e.g. PanSim’s parallelisation approach [1]) but
to bring them together in a unified approach.
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