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Sophisticated models of human social behaviour are fast becoming highly desirable in an
increasingly complex and interrelated world. Here, we propose that rather than taking
established theories from the physical sciences and naively mapping them into the social
world, the advanced concepts and theories of social psychology should be taken as a
starting point, and used to develop a new modelling methodology. In order to illustrate
how such an approach might be carried out, we attempt to model the low elaboration
attitude changes of a society of agents in an evolving social context. We propose a
geometric model of an agent in context, where individual agent attitudes are seen to
self-organise to form ideologies, which then serve to guide further agent-based attitude
changes. A computational implementation of the model is shown to exhibit a number of
interesting phenomena, including a tendency for a measure of the entropy in the system
to decrease, and a potential for externally guiding a population of agents towards a new
desired ideology.
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1. The Challenges of Modelling Social Systems

How are we to model human social interactions? The sheer complexity of social
systems has historically left them beyond the reach of analytical descriptions and
numerical simulations, however, recent years have seen a shift towards this frontier
of analysis. With an ever growing supply of social data, increasing computational
power, and a far more sophisticated understanding of human cognition, advanced
models of social systems are fast becoming feasible. The importance of this frontier
is also increasingly apparent; as our species grapples with complex problems such
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as climate change, the global financial crisis, and the forecasted age of scarcity,
all of which have an inherently social theme, we must find appropriate models
and methods that can be integrated with existing physical, financial and biological
approaches. This integration must happen in both directions however, and those at-
tempting to mathematically and computationally simulate social systems must pay
attention to the lessons that have already been learned in fields such as psychology
and sociology.

For example, consider the challenges facing policy makers as they attempt to
adapt to and mitigate for the effects of climate change. While it is essential that we
have sound models of the bio-physical processes underlying this phenomenon, it is
equally important that we understand how humans will respond to the information
presented to them about this global problem in a wide variety of fora. Thus cli-
mate models; policy initiatives; media campaigns; and word of mouth will all affect
the long term behaviour of the people in the system. A set of climate models that
somehow incorporated the opinions and attitudes, and hence likely decisions and
actions, of humans, would significantly aid policy makers as they attempt to guide
our society through a period of intense change and readjustment. Thus, while it is
essential that we understand the physical processes underlying climate change, we
ignore the attitudes and opinions of the world population at our peril. Furthermore,
changing the attitudes of a population is likely to prove one of the more controllable
modifications that might be attempted by the governments of the world, as long
as they can be provided with adequate models of the cognitive processes involved.
It is still highly challenging to predict the outcomes of direct interventions in the
earth’s climate, but if the attitudes of the global population can be shifted towards
a scenario where it desires to act in such a way that a low emissions outcome can
be obtained then direct intervention in the climate system may prove unnecessary;
human behaviour is an obvious intervention point, and so a capability to dynami-
cally model the changing attitudes and opinions of the humans in the system is fast
becoming highly desirable.

Social psychology provides a wide range of results and techniques that have
been used to understand human social behaviour [7, 50, 1, 28]. It focuses on social
actions and interrelations, and looks at the way in which personality, values, and
cognitive states affect, and are affected by, social structure and culture. As such,
it provides a wide range of data, theories and initial models that complex systems
scientists can make use of if they wish to start modelling social processes. However,
many of the established theories of this field are somewhat ill defined, making them
difficult to use in quantitative modelling. Here we would like to suggest that rather
than directly applying techniques from fields such as Statistical Mechanics [18]
and Network Theory [2], which tends to generate models which oversimplify their
assumptions about human cognitive states, a far richer set of models can be created
if effort is made to incorporate the lessons that have already been learned within
psychology about human cognition and behaviour. Indeed, making such an effort
is likely to result in models that gain a wider acceptance in psychology generally,
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as they will contain core concepts and features of the field that are not at present
well treated analytically. Thus, this paper is intended to be a ‘proof of concept’
contribution towards the generation of a genuine interaction between modellers and
social psychologists.

To this end, we shall introduce a mathematical model of attitude change, which
takes key results from social psychology as its starting point. Section 1.1 introduces
the notion of attitudes, and attitude change, and so traces out the scope of effects
that analytical and computational models must navigate before they can be consid-
ered as psychologically plausible. In particular, we shall emphasise the manner in
which a social context can drive the behaviour of human agents. We then introduce
a geometric approach in sections 2-4, which is capable of capturing many of the
key aspects of this socially adaptive behaviour. Our model takes Quantum Decision
Theory (QDT) [17, 16] as its starting point, due to its implicit capacity to repre-
sent the effect of context upon a decision. This theory is has been shown capable
of providing a unified explanation for many of the so called ‘violations’ of rational
decision theory that are exhibited by individual humans. We shall first introduce
this QDT, and then extend its theoretical basis to the case of multiple decision mak-
ing agents. We shall then present the results of a computational implementation of
the model in section 5, discussing the manner in which this model is capable of
exhibiting behaviour typical of Guided Self-Organisation (GSO) in section 6. Thus,
we shall show that it is possible to formalise the manner in which groups of agents
can be guided by the information presented to them, which is in turn the result of
a self-organising process that arises between the agents themselves. We shall start
with a consideration of the notion of an attitude.

1.1. Attitude Changes and the Social Context of an Agent

The social behaviour of individuals is frequently driven by their internally held at-
titudes, a construct essential to the field of social psychology [3, 1, 28]. For example,
privately held attitudes play a critical role in people’s personal choices about their
health, education, social groups, and housing, as well as the importance they at-
tribute to national issues such as the environment, immigration and state security.
They help to determine a wide variety of highly consequential outcomes at a social
scale, and are a fundamental construct in the field [46]. Indeed, even when writing
the first Handbook of Social Psychology in 1935, Allport claimed that the attitude
construct was the most indispensable concept in the field [3]. This fundamental sta-
tus makes attitudes a prime candidate for mathematical and computational analy-
sis; is it possible to formalise the way in which the attitudes of a society of agents
changes and evolves?

Attitudes are highly contextual, and this makes them extremely difficult to
model formally. How will a given person think about ‘global warming’ vs ‘climate
change’? What if their daughter has just had her house flooded? Or if they are
about to make a very large tax payment that includes a carbon component? People’s
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attitudes are not static immutable objects, but change in response to persuasion [51],
and the attempt to maintain cognitive consistency [20]. We often express different
attitudes and opinions in accordance with the social scenario that we find ourselves
to be in [4, 10], and it is frequently the case that an explicitly expressed attitude is
quite different from an internally held one [31].

The review article by Petty & Wegener [46] discusses the historical process that
led to the current understanding of attitude change in psychology. It draws atten-
tion to the manner in which the contextuality of the process of attitude change
in itself made the construction of a theory highly challenging. Thus, while an ex-
tensive collection of empirical results had been published by the 1970’s, very little
conceptual coherence had been established in the varying psychological accounts
of the process. The same variable (e.g., source credibility, or mood) was frequently
found to have a different effect in different scenarios, and could sometimes even
produce the same persuasion outcome via different processes in different situations
[46]. The late 1970’s then saw the emergence of two attempts at unifying and gen-
eral accounts of attitude change; the Elaboration Likelihood Model (ELM) [45];
and the Heuristic-Systematic Model (HSM) [19]. Both of these models utilised a
dual-process approach, taking mental effort as a key switching variable.* This de-
velopment meant that the many early models initially proposed to explain the
varying empirical results could be brought into a general framework; they were not
competing or contradictory but operated in different circumstances. To this day,
the framework created within these models is considered as the standard when it
comes to the modelling of attitude change.

In essence, both models posit that some processes of attitude change require
relatively high amounts of mental effort, resulting from situations where individu-
als are motivated to pay attention to a message, or have the cognitive capacities
to consider it carefully. In these high effort or high elaboration processes, people’s
attitudes will be determined by an effortful examination of all relevant information,
and so changing them will expend high amounts of cognitive energy. In contrast,
other low effort or low elaboration processes of persuasion require relatively little
mental consideration by the persuadee, resulting in attitudes determined by factors
like emotions, ‘gut feeling’, liking, and reference to authority. Large swings in atti-
tude can be produced via either process. However, the changes induced by the high
mental effort processes are postulated to be more persistent, resistant to counter-
persuasion, and predictive of behaviour in the long term than low effort attitude
changes.

The difference between these two processes has a number of implications for
public policy. In an era of high-frequency press reporting periods (i.e. the 24 hour

2Despite a slight difference in emphasis (the ELM high effort route arises from the cognitive pro-
cessing of a message, whereas the HSM emphasises the “effort exerted in comprehending message
content, not effort exerted in cognitive responding or thinking about message content” [25]), both
models are highly similar, and they can generally accommodate the same empirical results.
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news cycle) we have entered a climate where low effort attitudes appear to predom-
inate [49, 57], and the transitional nature of this process could be seen to result
in the apparent increase in undecided or swinging voters in the modern age. This
in turn has led to dramatic shifts in public opinion about issues such as climate
change, immigration etc. that often catch policy makers by surprise; how are they
to predict these often illogical and highly emotional attitudes?

There are few analytical models capable of describing the dynamics of low elab-
oration attitude change. One computational implementation of attitude change has
been created using the framework of the ELM [43]. This model was used to force
a more accurate specification of the ELM, which was still largely heuristic, and so
emphasised the advantage of simulations for the purpose of theory formalisation.
This same approach has since been used to model social phenomena such as en-
vironmental campaigns [42] and so provides a very interesting first step towards
general models of attitude change in context. However, we see a key weakness with
this approach, lying in its treatment of low elaboration processes. Specifically, while
there are many variables working together in this model, leading to nonlinear ef-
fects and indeterminacies that are hard to predict, there is no uncertainty in the
model itself; an agent will always respond in the same manner to a situation that
is identical, and we do not think that this approach is in keeping with the genuine
contextuality of low elaboration attitude change. Although Mosler & Martens do
recognise this determinism as a weakness and intend to implement random genera-
tors that drive individual behaviour with a well defined variance [42], this in itself
raises an interesting question as to what kind of uncertainty is appropriate in a
social simulation.

1.2. Cognitive Uncertainty in Social Decision Making

Does the uncertainty in a simulation of social behaviour arise from a lack of knowl-
edge on the part of the modeller, or does it result from an undecided agent? Thus,
is uncertainty internal to an agent and dependent upon their cognitive state, or is it
something that arises from the essentially external process of observing that agent?
It is likely that there will be scenarios where both forms of uncertainty arise in
social modelling, but we are left wondering if current models are capable of treating
both forms of uncertainty well.

More specifically, current modelling approaches tend to assume that agents have
a well defined but epistemologically unknowable state; as modellers we “know too
little” [14] about that state, and this is the cause of the uncertainty most commonly
incorporated into models of the system. However, people are frequently genuinely
undecided about issues and courses of action to follow; they have yet to make up
their minds and so their state is in some sense undefined. Philosophically, this dif-
ference is quite profound. An agent who has already formed an attitude towards a
social issue (which we admittedly might not know about) may exhibit very different
behaviour from one who has not considered their response to that same issue. In-
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deed, the second agent may, from a given initial state, respond very differently to a
question, survey, piece of information etc. depending upon how it is framed [58, 14,
60, 17]. This contextuality of a social agent is not something that is well treated by
current analytical approaches to social modelling, but it seems likely that this lack
will have the largest impact upon models of low elaboration attitude change. Thus,
while an agent who has engaged in a high elaboration process will commonly settle
upon a specific attitude that will be difficult to change (i.e. they will be decided),
an agent who has reached the same attitude through a low elaboration process will
not prove to be so firmly decided. Indeed, it seems likely that if they were then
subjected to a new social context then they may well prove to have a very different
attitude, and this effect is frequently observed in psychology [4, 10]. A modelling
problem presents; if low elaboration thought processes are becoming more common
in our society, and are highly contextual, then how are we to analyse their effects
upon that society? Similarly, we might ask how the genuine uncertainty of an agent
can be represented mathematically to incorporate contextually dependent social
decisions? This paper is a first step towards answering questions such as these.

For this reason, the focus of this paper will be upon low elaboration attitude
change. We shall attempt to capture the manner in which the social context of an
agent affects the attitudes that they have towards a given issue, and how this in
turn affects their eventual decisions and actions with regards to that issue.

An example will help to clarify the concepts just discussed, and will serve to
illustrate the coming discussion. Let us consider an agent, called Alice, who, from a
particular cognitive state, representing her current attitude towards some issue with
a social component, must decide whether or not to act in some way. She might be
answering a question, she might be voting for a particular politician, perhaps she has
to work out if she should immunise her child, or drive to work. In order to maintain
generality in the model that follows we shall term all of these different decisions as
actions. However, Alice has not yet made her decision, and how she eventually does
choose to act will depend upon both her own attitudes (implicit and explicit), and
on the attitudes of those that surround her. Thus, an extra set of factors will affect
our agent, and henceforth these will be referred to as the context of the agent. Note
that any agent with the same initial cognitive state may choose a different course
of action if they find themselves in a different context, and this uncertainty should
lie in the mind of the agent, not of the modeller, a situation that we feel reflects the
true uncertainty of human decision making (and its modelling). Finally, we note
that this example also draws attention to the recursiveness of attitudes; the actions
of Alice will feed back into the context of other agents in the system, so changing
the context of every agent’s decisions.

We shall now attempt to incorporate this behaviour into a conceptually simple,
and yet psychologically plausible, geometric model of an agent’s attitudes as they
are affected by their social context.
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2. An Agent in Context

We shall begin with a consideration of an agent A, whose cognitive state is repre-
sented as a vector |A) in Dirac form.” Note that A may not have direct access to
their cognitive state (i.e. A may not be aware of this state for reasons of context
to be explained below). This starting point is the basis of a new Quantum Decision
Theory (QDT), which has been widely explored and described in a set of recent
works (e.g. [47, 17, 16]), and provides a unified explanations for many of the so
called ‘violations’ of rational decision theory that are exhibited by humans. Here,
we extend the initial set of QDT models by assuming that A refers one particular
agent who is considering a set of social issues, as represented by the cognitive state
|A). This space in which |A) resides could be very high dimensional, or it might be
considerably smaller. Its general structure will depend upon the nature of the issue
under consideration and will change if a different issue is being considered by the
agent. Thus, for example, A might be considering the issue of climate change, or
which candidate to vote for in an election, or how to school their child. The model
that we construct shall consider one issue alone, thus all of the agents within a sys-
tem will be making decisions within one vector space, although this may encompass
a very complex issue (e.g. how an agent intends to vote in a coming election given
their attitude towards climate change).®

For the issue that is currently under consideration, if A has decided to act then
we shall denote this state of action using the symbol |1}, to represent a situation
where it is true that they have chosen to act (in contrast to a state of inaction which
we denote as |0)). However, a decision to act (or not) depends on the context in
which it is made; we are immediately faced with the dilemma that our social agent
cannot be described as making a decision without reference to a context. Thus,
we must specify that within a given context, termed p say, our agent will have a
certain probability of acting, and note that a change in context might change this
probability. Thus, the decisions to act or not to act in the context p are represented
within a slightly expanded notation: |1,), |0,).

In what follows, we propose that a geometric model of an agent in a changeable
context provides a minimal framework capable of dynamically modelling low elab-
oration attitude change. This model takes inspiration from quantum theory (QT),
which has a probability structure that is markedly different from that of classical

bDirac notation was invented as a shorthand for quantum physics [33]. It explicitly allows us
to represent a vector a using a ket, |a), with the transpose given as a bra (a|. This allows for
an immediate recognition of the inner product between two vectors (a|b) (a bra-ket) and of the
outer product |a)(b|. We use it here to make explicit the difference between an agent A and their
cognitive state |A), a distinction that will become important when the effects of social context are
discussed.

“We note that it is possible for different issues to have overlapping vector spaces, although we do
not anticipate that they will all overlap completely, which can itself lead to interference effects
in quantum physics [33], a point that we shall not discuss here, but which has been used in the
psychological literature to explain a number of apparent ‘violations of rational decision theory’
[17].
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probability theory [33]. For example, classical probability theory generally assumes
that a system has some specified state which measurements then ascertain (with
uncertainty arising due to a lack of knowledge). However, as was discussed above,
much of the uncertainty involved in social modelling is of a different form; it is on-
tological rather than epistemological, which means that very different responses can
be obtained from the same agent if they are asked the same question in a different
way, or even in the same way. QT provides a very natural formalism for describ-
ing such a state of affairs. Indeed, quantum systems behave in a markedly similar
manner, and this is the motivation underlying the geometric nature of our model.

Geometry provides a very natural way of incorporating the importance of con-
text into the representation of the current state of a agent, via the Pythagoras’
theorem. In what follows, we shall represent both the cognitive state of an agent,
and that of their context, explicitly. This is achieved in our model through its use
of a vector in a Hilbert space to represent the cognitive state of the agent, rather
than that of a point in a configuration space.

Hilbert spaces are vector spaces that can be of a real or complex form. They must
have an inner product defined, and must form a complete metric space with respect
to the distance function induced by the inner product [33]. Using this framework,
we can immediately see that the set of states {|0,),|1,)} are orthogonal, and so
can be taken to define an orthonormal basis of the 2D subspace representing the
agent’s decision of whether or not to act. This subspace lies within the higher
dimensional space representing the agent’s complete cognitive state, and so may
not be spanned by the 2D decision subspace. Indeed, it is quite possible that a
higher dimensional decision subspace will be required for some actions (when, for
example an agent might be choosing between three orthogonal or mutually exclusive
alternatives). While the current simplification to 2D might seem inappropriate,
spectral theory [33] allows for the representation of states lying in these higher
dimensional spaces as a sum of orthonormal projection operators (i.e. a sum of
decisions to act or not to act). This suggests that far more complex decisions can
be represented within this more simplistic formalism, and future work will turn to
this extension. Despite this potential future complexity, recognising that {|0,), |1,)}
is a basis means that the inner product (denoted in Dirac notation as (.|.)) returns
0 or 1. That is: (0,|0,) = (1,|1,) = 1 and (1,]0,) = (0,]|1,) = 0. Our orthonormal
basis thus represents the set of ‘act’ or ‘not act’ decisions to be made by our agent
in the context p. We note that in this case orthogonality is entirely appropriate as
an agent cannot both ‘act’ and ‘not act’ at the same time.

With this added formalism, it is now possible to model the cognitive state of
an undecided agent. A is certain to do something. This implies that the probability
of A acting or not acting that is equal to 1 (as is standard). As the length of the
cognitive state |A) corresponds to A’s total probability of acting, we are left with
one obvious candidate [33] for the representation of the cognitive state of our agent,
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Fig. 1. An agent attempts to decide whether or not to act. (a) Their probability of action is
proportional to the length squared of the projection of their state onto the axes labelled |0,) (no
action) and |1p,) (action); (b) The changing context of a decision. The probability of the agent
acting changes between the two depicted contexts, which can immediately be seen by the different
lengths of the projections from the state |A) onto the two different ‘act’ axes |1,) and |14).

defined with respect to the context p:
|4) = a0|0,) + ar|1,), where |ao|® + |a1[* =1, (1)

a situation that is illustrated in Figure 1(a). With reference to Figure 1(a), we see
that in the context p our agent is genuinely undecided. However, in order to make
this point clear, we must now define a notion of measurement.

When a person responds to a survey they are undergoing a process that is highly
similar to a quantum measurement [33], and the same can be said of all actions as
they were defined above. The decision to act (or not) entails the measurement of
a state of an agent, but this very act of measurement may itself affect the decision
to act (precisely as it does in the quantum scenario). For example, consider the
manner in which the framing of a decision in a positive or negative light can lead
to risk averse or risk taking behaviour [58]. Such results suggest that the act of
measurement, which necessarily defines the context of the system, can itself influ-
ence the outcomes that are obtained. The current geometric formulation can easily
incorporate such effects.

Measurement of the state (1) is defined in this approach with respect to a pro-
jection operator V', where

V:|0p><0p|+|1p><1p|:vb+vl~ (2)

Thus, the basis vectors {|0,), |1,)} define the current context p of our agent, which
in turn affects their decisions about whether or not to perform an action during the
process of measurement. This effect is reflected in the probability that A will act in
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a given context p, which is given by

P =(A|V1]A) (3)
=(A[1,)(1,]4) (4)
:(a8<0p‘1p> + aT<1p|1p>) x (a0<1p|0p> + a1<1p|1p>) (5)
=las? (6)

and similarly, their probability of inaction is given by |ag|?. Note that this proba-
bility arises not due to our lack of knowledge about how the agent intends to act,
but from a genuinely undecided agent.

Perhaps the most important feature of this new model arises from a consideration
of context itself; it is not just a label. We can immediately develop a far richer notion
of context by asking: what would happen if the context changed? QT provides us
with a particularly elegant mechanism for dealing with this scenario via a change
of basis. Consider figure 1(b), which is an elaboration of figure 1(a), and represents
the changing probabilities of action that arise in the case of two different contexts,
p and g. With reference to figure 1(b) we can quickly see that while our agent is
highly likely to act in context g, this is not the case in context p, where A is much
less likely to act (since by examination of the figure we can see that while |ag| > |a1]
in context p, |b1| > |bo| in context q).

We shall now extend this simple QDT model to the description of a society of
agents, each making decisions to act (or not) within a social context.

3. A Multi-Agent Model

The simple 2D model introduced above can be naturally extended across a set of
multiple agents which we shall call a society, all of whom are concurrently consid-
ering an issue. For the purposes of initial implementation, as well as representation
of the model itself, we shall from now on, assume that all decisions and frames are
represented within the same 2D subspace. However, it is important to recognise that
the general framework introduced via this simplified 2D model can be generalised
to a much higher dimensional scenario, and that such a future extension will be
necessary for a complete model of low elaboration attitude attitude change.

In Figure 2 we have drawn a collection of agents, {|A),|B),|C) ...}, where each
individual X is described with a cognitive state |X) which is expected to change in
time. Each agent is attempting to make a decision within some set of social contexts,
and these are represented by the bases (or axes) that surround each agent. Two
potential social contexts (blue {|0s),|15)} and red {|0,),|1,)}) have been drawn in
this figure, and a simple geometric application of the Pythagorean theorem shows
the manner in which the probability of each agent’s decision to act can substantially
change with reference to a different social context.

Figure 2 has depicted agents |A) and |B) with very similar states, while agent
|C) appears to have a difference in opinion. As the probabilities of action for these
three different agents are extracted by taking a projection of their state onto an
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Fig. 2. A set of agents {|A),|B),|C) ...} all making a choice to act (or not) within a set of social
contexts. Each has a different cognitive state (e.g. set of attitudes), which can be measured with
respect to one of two different social groups or framings of the problem. These global contexts
are represented by the red and the blue axes (represented by the basis states {|0,),|1,)} and
{|0s), |1p) } respectively.

axis labelled with |1), this simple example shows a marked difference between the
probable actions of the three agents in the illustrated social contexts. Thus, while
|C) is unlikely to act in either context, |A) is slightly more likely to act than not in
the blue frame, and |B) shows a strong propensity to act in the blue frame.

Note that the same red and the blue social contexts are drawn for each agent
in the system. We designate such frames as global, as they are shared by all agents
in the society, however, it is important to recognise that as agents can only make a
decision with respect to one context at a time, they can only consider an issue using
one global frame at a time. This leads us to introduce the notion of an ideology;
in the model that we develop each global frame is taken to represent a specific
ideology within a society. Thus, global frames are meant to represent the varying
ideologies that parts of a society will use to understand an issue, e.g. liberalism vs
conservatism; communist vs socialist vs capitalist vs anarchist; pro-euthanasia vs
anti etc.

We have yet to discuss the manner in which an ideology comes to exist, or how
it might change in time. It seems natural to anticipate that an ideology could po-
tentially be understood differently by every agent who adheres to it. Thus, there
are many different forms of republicanism and liberalism, and these different un-
derstandings of the global ideology must be considered in a model of social decision
making. This leads us to introduce the notion of a local framing of an issue, which
represents each agent’s personal understanding of that issue. The local frames of the
individuals in a society might be similar to a global understanding, or they might
differ substantially, depending upon the agent and how they think about the world.
Local frames might arise from a wide range of both external and internal factors,
such as the socioeconomic status of an agent, their educational background, race etc.
and so are likely to be highly complex, and multidependent variables, however, as
a first approximation, we shall model them as another basis in the two dimensional
vector space already introduced for the states and global frame.

This is obviously an unsatisfactory simplification from the perspective of so-
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cial psychology, there is no guarantee that these three constructs will arise in the
same vector space. Even the assumption of a two dimensional space is unrealistic.
However, this assumption had to be taken in order to develop a first order sim-
ple model. Future implementations of this model will investigate a more complex
understanding of the complex interplay between states and frames.

Despite these potential conceptual complexities, this simplifying step of defining
frames as bases in a two dimensional vector space allows for a straightforward
designation of global frames as resulting from an aggregation function? applied to
the local frames of every agent who somehow identifies with that ideology.

Agents can make decisions to act within either their local or the global context.
This is taken to represent the manner in which, while we frequently make internal
or private decisions (as represented by the local frame), we must sometimes cast
our choices within a societal domain (as represented by the global frame) when for
example, we must vote in a general election.

We claim that this framework provides an opportunity to model low elabora-
tion processes of attitude change nontrivially, due to its explicit recognition of the
context in which an agent makes a decision. The geometric approach allows for the
probability of an agent acting to vary over the full range (0,1) in response to the
range of angles that can be taken by the cognitive state of the agent within the
Hilbert space that represents the issue currently under consideration. Thus, within
this model, an agent A’s decision to act or not depends not just upon their internally
held state. Rather, it depends on two interdependent factors:

(1) The current cognitive state of the agent, |A).
(2) The social context p of the agent A, as represented by a global or local frame.

Since the social context of an agent has to fundamentally arise from the attitudes
of every other agent in the system, we can quickly see that these two factors will
recursively interact through time, and that both the cognitive states and the dif-
ferent framings of the issue will evolve in time. We shall now start to more fully
formalise the intuitions of this model.

3.1. Uncertainty and Cognitive Dissonance

We start with a consideration of the uncertainty that an agent experiences about
how they are likely to act within a given context. An agent whose cognitive state
lies close to the axes representing their current frame will be more certain about
their likely future actions than one whose cognitive state lies between those axes
(i.e. has the cognitive state forms a 45° angle between choosing to act and choosing
not to act in the frame p). This leads us to introduce a measure of this uncertainty
and binary entropy provides a suitable formalisation. Defined as the entropy of a

dIn what follows we shall use clustering, however, we anticipate that there are many potential
aggregation functions, and that different ones will prove necessary for different issues.
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Bernoulli trial (e.g. a two-outcome random variable such as a coin toss), with a
probability of success given by P, it is specified as:
Hy(P) = —Plog, P — (1 - P)logy(1 - P), (7)

which is the function depicted in Figure 3 that takes its minimum values at P = 0
and P =1, and its maximum at P = 1/2.

A
1.0 +
e%().5 T
0 I >
0 0.5 1.0

P

Fig. 3. Binary entropy function Hj(P).

Referring to Figure 1(a), we can rewrite the binary entropy (7) for our agent
within the context p using a set of geometric variables

Hy(P) = —|a1[*. logy(|a|*) — aol*. 1ogy(|ao|*) (8)
= — cos? 0. log,(cos? §) — sin? 0. log, (sin” ) 9)

where 6 is the angle between the |1,) basis state and the state of the agent |A).
Rewriting (7) in this manner makes obvious the way in which the entropy of the
agent will change if either (a) the agent undergoes a change in state, or (b) finds
themselves in a changed context. How might these two situations arise?
Psychologically, an agent who has made a decision is likely to feel a certain
amount of cognitive dissonance [20] as their internal cognitive state will not be
aligned with their decision (unless their cognitive state was already aligned with
the relevant frame from which they are currently considering an issue). This means
that they will feel a certain amount of psychological discomfort, which will drive
them to alter their view of the world to fit with their decision. They can do this in
the current model by adjusting either their cognitive state, or their local framing
of the issue, to more accurately reflect their decision, and both moves will result
in a decrease in the binary entropy associated with their current state. Note that
as global framings result from an aggregation function performed over the local
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frames, it will not be possible for the agent to directly adjust the global frame that
they currently subscribe to.

The literature on cognitive dissonance suggests that some people are more com-
fortable with such nonalignment than others. For example, some agents will feel far
less comfortable with uncertainty than others, and so be more affected by disso-
nance [53, 54]. Thus the personalities of an agent will play a key role in how this
adjustment occurs. We shall now formalise this intuition with the addition of two
key personality parameters in the model.

3.2. The Personality of an Agent

Our model considers the personality of an agent as an essential factor in its dy-
namics. Thus, agents are driven by an attempt to navigate two different drives for
cognitive consistency:

(1) A desire for internal cognitive consistency. This results in a drive to align their
cognitive state with the local frame within which they are currently considering
an issue. Such a drive results in a process where agents act to reduce the binary
entropy associated with their current cognitive state, either with a shift in
attitude (i.e. by adjusting their cognitive state), or with a shift in their local
understanding of the issue (i.e. by shifting their local frame).

(2) A desire to ‘fit in’ with the society and its current norms. This desire is expressed
by a pull of agent’s local frames towards the current global frame (or ideology)
to which they belong, which serves to reframe the agent’s understanding of the
issue.

These two drives may prove to compete with one another in the mind of the agent,
and indeed, they might have a different pull for agents of different personality types
(e.g. a ‘conformist’ agent vs a highly ‘individualistic’ one). Defining © as the angle
between the agent’s current state |A) and the decision to act in the global frame to
which they currently belong (defined here as the closest global axis to their current
state), and taking 6 to perform a similar function in their local frame, we define
each agent’s individual entropy, with reference to both frames, as:

H(|A),0,0) = wi(A)Hy(P(0)) + ws(A)Hy(P(©)) (10)

where the weights w;(A) and ws(A) refer to agent A’s need for internal consis-
tency and social conformity respectively. These weights can be set to range over a
population of agents, indicating a rough parameterisation of a society’s personality
make-up. We note here that, with an increase in the dimensionality of the space
that models the attitudes of the population, it becomes possible to anticipate the
manner in which a number of the standard personality scales and theories [21, 1,
24, 55] might start to be incorporated into this model.

We note that neither of the two terms in (10) are guaranteed to minimise; each
agent will have to balance their desire to fit in with their preference for internal cog-
nitive consistency. We further anticipate that how an agent chooses to achieve this
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balance will depend upon their personality type (as defined by the same personality
weights). Thus, while a process of minimisation could be expected to occur as the
agents adjust their attitudes to bring them more into line with their personalities,
it is unlikely that an actual minimal value will be obtained. However, it becomes
interesting to ask how (10) will decrease as the agents adjust their understanding
of an issue in time.

4. Agents and Contexts Evolving In Time

Over time, agents will choose to act within either their own local framing of an issue,
or within the society’s (as is represented by whichever global frame they identify
with most strongly from the society’s set of ideologies). Thus, for example, an agent
might locally express their opinion about climate change to a group of friends (a
local framing), or they might be expected to vote in an election where the core
item of debate has become whether or not a carbon tax should be implemented
(which would entail a global frame). The proportion of global to local decisions
is likely to depend upon the social scenario that is under consideration, however,
once a frame has been chosen, an agent will then make a decision to act (or not)
in that frame, which will result in a compulsion to update their cognitive state
(and possibly their frame) as a result of their personal discomfort with cognitive
dissonance. This section will describe the details of this time evolution process in
more detail.

4.1. A Choice of Frame

Agents act in either their local frame, or in one of the global frames belonging to
the society. We expect that the choice of frame will depend upon the psychological
make-up of the agent, which leaves a number of plausible options within the current
model. We shall list some obvious contenders here, but caution the reader that
many more are possible even within the current simple model. Indeed, one sensible
parameterisation of the model would include a collection of agents acting according
to a mixture of any one of the following strategies.

4.1.1. Local Frames Dominate

Given that local frames represent an agent’s specific understanding of a particular
issue that has arisen in a society, it is possible that decisions will be dominated by
these local frames. This could be justified by considering those scenarios where the
individuals in a society are more frequently called upon to express their opinions
or to commit to actions on a largely local basis (such as deciding to compost their
foodscraps at home, or not to immunise their child etc.). If this dynamics is con-
sidered most relevant to the model at hand, then it would be reasonable to weight
the choice of frame process towards decisions within the local frame.
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Indeed, it is possible to imagine a model where agents only make their decisions
within their individual local framings of a problem except for when all agents in
a society make a decision within the current global frames. This singular global
decision could represent a general election, but we expect that agents are likely to
be called upon to make a global decision more frequently than would be anticipated
by such a instantiation of the model.

4.1.2. Conformity Probabilistically Decides the Frame

Alternatively, a person who has a strong desire to ‘fit in” with their society could
be biased towards making decisions in the global frame and thus care more about
conformity, perhaps at the expense of their own internal consistency (note that both
conformity and consistency parameters can be high). Situations where conformity
dominates could be used to model results such as the by now famous Asch confor-
mity experiments [4], where subjects gave obviously incorrect responses in a trial
in order to fit in with the responses given by a confederate group who had been
instructed to lie.

Such a scenario can be modelled by taking the conformity parameter ws(A), and
using it to weight a frame choice function f(A4) = ws(A)/ws(max), where w,(max)
is the maximally allowed conformity value (which is not necessarily obtained in any
given run). As 0 < f(A) < 1, this can quite easily work to probabilistically assign
the decision of agent A to either the relevant global frame (with probability f(A))
or their local frame (with probability 1 — f(A)). Thus, agents who have a high
conformity will be more likely to make decisions in the global frame that pertains
to a given social issue.

4.1.3. A Full Personality Model

Both of the above two choice models are extreme, and somewhat naive. We an-
ticipate that a more sophisticated set of choice of frame algorithms could even-
tually be required. We will not explore this full model in any further detail here,
as the resulting added complexity does not seem to be necessary at this stage
in our development of the model. The interested reader is encouraged to consult
http://www.per.marine.csiro.au/staff/Fabio.Boschetti/quantumPeople.html for a
listing of the frame choice procedures that have been implemented so far. As we will
show in section 5.3, a number of very interesting dynamics can be obtained even
with a very simple instantiation of the model.

4.2. An Ewvolving Agent State

Once an agent has chosen (not necessarily consciously) the frame in which they
will make their decision, the probability of them acting will be decided according
to the standard QDT described in section 2. Thus, the probability of action can
be extracted using equation (3). However, once a decision to act or not has been
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made, the agent will find that their internal cognitive state will not correspond
with the decision that they have made (as is represented by the relevant frame).
Cognitive dissonance will therefore force agents to update their states and/or their
local framings of the issue that they are considering, and this will in turn affect the
ideologies of the society, so changing the social context of all agents.

At present, we update agent states and local frames slightly differently according
to the frame in which the decision was initially made.

4.2.1. Local Decisions

If the decision was in the local frame, then only the cognitive state of the agent
is updated (within the local frame). Thus, an agent who has chosen to act within
a certain framing of a problem will shift their state towards the decision (‘yes’ or
‘no’) that they made in that context. The size of this shift is defined as dependent
upon two factors: (1) the personality profile of the agent (given in this case as w;,
as it represents the desire of an agent to align their cognitive state with their local
frame); (2) the angle 6. Writing 6, for the angle between the agent’s state and the
|0,) axis, and 67 for the angle between their state and the |1,) axis, the new angle
between the agent’s state and the frame will become:

to act: 01 (|AYer1, w(A)) = 01(|A)) x w(A)

if A decides { not to act: Oo(|AVrs1, w(A)) = Op(|4)) x w(A) (11)

where w(A) depends upon the comfort of A with holding an attitude that is dis-
sonant from their decision. Thus, for this update process w(A) = w;(A). Agents
who decide to act will thus experience a rotation of their cognitive state by a cer-
tain distance dependent upon their personality towards the |1,) axis (recall that 6
is the distance between the |1,) axis and the current state of the agent |A)), and
agents who decide not to act will experience a rotation of their cognitive state in
the opposite direction.

4.2.2. Global Decisions

If the decision was made in the global frame, then both the cognitive state of the
agent and their local frame are updated (with reference to their global frame). Thus,
in addition to the update of the cognitive state that is represented in equation (11),
the local frame of the agent will shift towards the global axis that represents the
decision made by the agent. The amount by which the local frame shifts is given by
an equivalent version of equation (11), thus the new angle between the local frame
and the global frame is given by (11), but with w(A4) = ws(A4).

4.2.3. Differential Responses

This model exhibits naturally differential responses according to the personality of
the agents. Thus, those individuals who are comfortable with dissonance will likely
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be able to maintain attitudes that do not conform to their actions, and will be
more likely to respond to the same question differently if it was asked twice in a
row. In contrast, those agents who prefer a consistent cognitive state will experience
significant swings in attitude as a result of actions that they choose to take. This
means that the consistency variable for each agent (w;(A4)) will play an important
role in the dynamics of this model, as over time, agents will change their state
in an attempt to gain the cognitive consistency that their personality mandates.
Furthermore, this suggests that if the personality variables are fixed at the same
value for all agents then the dynamics of the model will be much simpler, and we
shall indeed show that this is the case in section 5.3.

4.3. An Entropy-Minimising Global Social Context

Global frames are defined in this model through a simple clustering approach (see
section 5.1 for the details of this process). Thus, for the issue under consideration,
the local frames of the agents in the system are analysed and categorised into a
set of ideologies which are represented by a set of global frames. This means that
as the local frames adjust throughout a run, the global frames can also move, and
so the agents will find themselves in a fluid situation where the ideologies of the
society adjust and shift. Conceptually, this means that low elaboration ideologies
are neither pre-defined nor defined by the work of an intellectual leader, rather, they
arise from a representation of what is common among the views of all agents who
share similar attitudes. In tracking the emergence of these ideologies, it is possible
to ask questions about the entropy of the society as a whole, and how it might
evolve in time.

We define this entropy by considering the summed binary entropy of all N

agents:
N
Hy,,, =Y H([i),0;,0) (12)
z;l
= Z [wi(i) Ho(P([i),0)) + ws (i) Hy (P(]i), ©))] (13)

which we propose should spontaneously minimise over time according to the social
make up of the system. Thus, if a society is composed of a large number of individ-
uals who have a conformist make-up then it makes sense to expect that this entropy
function would decrease over time as the agents in that society (1) seek to align
with the opinions of one other, and (2) to align their cognitive states with their
local frames, or understandings of an issue.

Intuitively, an absolute minimum of (12) is possible for any situation where
all agents are polarised onto the relevant basis states. That is, if all agents are
‘decided’ (either to act or not to act) then the total binary entropy of the system
will be a minimum. However, this completely aligned global understanding of a
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problem seems quite implausible from a psychological perspective. Frequently, it
is possible for the members of a society to understand a problem very differently,
or to frame it in a number of different ways [14, 30], and this will contribute to
the social context of all agents. Indeed, as was discussed above in section 3, it is
frequently the case that a society understands an issue from a small number of
broadly definable perspectives, and minimisation is likely to prove very difficult to
achieve in such scenarios. However, over time, we expect the agents to self-organise
towards a situation where they are highly aligned within groups. This ongoing
process will be measured by the total entropy of the system (12), which can be
expected to decrease when alignment increases.

The next section will describe a simple implementation of this model and its
resulting dynamics over time. In particular, we shall use (12) to investigate the
behaviour of the system, as its agents attempt to navigate the frequently conflicting
demands of social cohesion and internal consistency.

5. Implementation and Preliminary Results

A proof of concept model has been implemented in MATLAB, which allows
for an investigation of the timewise behaviour of this new agent based mod-
elling paradigm. In section 5.1 we discuss implementation specific choices that
were made, before moving onto a specification of the algorithm as it was
implemented in section 5.2, and then a discussion in section 5.3-6 of some
early results that have been obtained from this very simple model. We di-
rect the interested reader towards the actual MATLAB script, made available
at http://www.per.marine.csiro.au/staff/Fabio.Boschetti/quantumPeople.html for
more details than room permits here. Similarly, we encourage the reader to use this
script to gain a more detailed feel for the time dynamics of this model.

5.1. Implementation

Implementing the model described in sections 3-4 requires a number of specific
choices that are not necessarily fundamental to its dynamics, and could be changed
in the future for specific scenarios, or more generally. In this section we discuss some
of these choices, and point to their potential future extensions.

Firstly, the problem of finding global frames is non-trivial. We have chosen clus-
tering for the purposes of this paper, but this choice will no doubt depend upon the
specifics of the system to be modelled. Indeed, recent work on the theory of judge-
ment aggregation [41] suggests that this process can be very complex, and highly
dependent upon the social scenario under consideration. As a first step towards
investigating this highly complex issue, we have implemented a k-means algorithm,
modified for the specific needs of the geometrical representation used in this work.

The dimensionality of the system that has been implemented is of the lowest
possible form. Thus, the cognitive states of the agents, and the frames in which they
are making their decisions, are both represented on a single 2D plane. There is no
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reason beyond simplicity for this choice. Indeed, there is every reason to expect that
attitudes should be represented on a much higher dimensional space, and this will
be investigated in the future. However, this choice does allow for a straightforward
visualisation of the system dynamics in the current forum.

The 2D nature of the model presented means that it is obviously symmetric.
Thus, agents who are at precisely 180° to one another will exhibit the same proba-
bilities of action in the one global frame. For this reason, the current implementation
is restricted to 180°. This has the advantage of simplifying the interpretation of the
visualisation used. However, this choice is not the most general, and future more
sophisticated implementations will most likely require a return to 360° in higher di-
mensional (and probably complex number based) Hilbert spaces. In particular, with
an extension to a complex Hilbert space, two states at 180° are not the same, which
can result in interference effects [33] that are peculiar to quantum theory. These
have been used by a number of QDT approaches to model a number of violations of
so-called rational decision theory [16, 47, 60]. The possibility of this extended im-
plementation will be reserved for future work, as a number of interesting effects can
be obtained even for the simple real-valued model that we have so far implemented.

Also, we note that the choice of personality distribution for a society of agents
has a profound influence upon the dynamics of that society. When a random distri-
bution was chosen, the resultant behaviour was essentially unpredictable, although
broad patterns emerge in the dynamics. The current implementation allows for
changing the distribution of personalities in the society, and hence the resulting
dynamics. This point will become more clear in the sections that follow. At present,
agents are initialised with randomly assigned states (ranging over the full 180° of
possibilities) and frames. Personality variables range from [0-1], and can be either
assigned randomly or initialised with a fixed distribution of coherence and consis-
tency as is desired.

Finally, as was discussed in section 4.1, there are a number of possibilities for
designating in which frame an agent is likely to act. We have implemented two
schemes at present:

(1) A ‘Weighted’ model where the probability of an agent acting in the global frame
is proportional to their conformity, ws(A), and the probability of them acting
in their local frame is proportional to their consistency, w;(A).

(2) An ‘Ideology’ model where the probability of an agent acting in the global frame
is equal to their conformity, ws(A), and the probability of them acting in their
local frame is 1 — w4(A).

However, we remind the reader that it is easy to conceive of many other possibilities.
Future implementations will seek to extend the decision model as other socially
relevant scenarios are identified in the psychological literature.
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5.2. The Algorithm

Figure 4 shows the basic pseudocode of the model. For anyone interested in the full
implementation details, the code itself can be downloaded as a MATLAB script at
http://www.per.marine.csiro.au/staff/Fabio.Boschetti/quantumPeople.html .

Number of global frames = G
Number of agents = N
For i=1..N
Assign coherence & consistency variables
If RandomPersonality = O then conformity = 0.5 and consistency = 0.5
If RandomPersonality = 1 then consistency & conformity range over [0-1]
Assign cognitive states & local frames randomly (angle ranges [0-180] degrees)
For each timestep
Find the position of the global frames (use k-means)
For each agent
Calculate which global frame the agent belongs to
(This is global frame the smallest angle away from cognitive state)
Probabilistically choose to act or not within appropriate frame
If acting in local frame then update cognitive state
If acting in global frame then update cognitive state and local frame
Calculate entropy of the agent
Calculate total entropy of system

Fig. 4. Basic pseudocode for the algorithm that was implemented (see sections 3-5.1 for details).

5.3. Results

Throughout this section, we shall utilise the following convention in all figures

shown: cognitive states are represented using black lines, global frames are rep-

resented by the large dots above the cognitive states, and local |1) frames are the

small black spots that range above these (note that the cognitive states and local

frames are not necessarily in line with one another for any given agent).

5.3.1. Behaviour with Random Personality Variables

Fig. 5 depicts a typical run of the implemented model with 100 agents and 100 time
steps, for a random assignment of the personality variables. The random configura-
tion of agent personality variables means that each agent A has consistency ranging
0 < w;(A) <1 and conformity similarly ranging 0 < wy(A) < 1. Nine time points
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Frames & States: t=1

Frames & States: t=10

Entropy evolution

Fig. 5. A typical time evolution pattern for a system of 100 agents over 100 iterations, and its
associated total entropy signature (obtained with reference to (12)). Agent’s cognitive states are
represented using black lines, global frames by the large dots above the cognitive states, and local
|1) frames are the small black spots. The total entropy of the system decreases as agents evolve
towards ideologies.

are depicted, which show the manner in which, while initially all agents are ran-
domly distributed throughout all available attitudes, they quickly self-organise to
a scenario where many agents are clustered around the two markedly stable global
frame. While the basic structure persists for the remainder of the run, we note that
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the situation remains fluid, with local frames and agents still capable of exhibiting
substantial shifts in position over the remainder of the simulation. The evolution of
the total entropy (10) is also depicted, and shows the expected tendency to decrease
throughout the run.

Fig. 6. Standard entropy evolution signatures for (a) 1, and (b) 3 global frames, as specified by
the number of clusters, k, designated in the clustering algorithm.

This pattern of general entropy decrease appears to be generally ubiquitous
throughout the model. Figure 6 shows a set of typical entropy signatures for the
case of randomly assigned personality variables, in Figure 6(a) for 1, and then
in Figure 6(b) for 3 global frames. In both cases we see the entropy generally
tending to minimise as agents align with the various frames. However, their different
personality profiles keep the agents from reaching a truly stable situation, as there
are many competing requirements across the society. This scenario is very different
when the personality variables are fixed in a more stable configuration.

5.3.2. Behaviour when Personality is Fized

When runs are implemented with non-random assignment of the personality vari-
ables (w; and wy) then the behaviour of this model becomes far more deterministic.
In Figure 7 we see a run of the model which started with the same random seed
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Fig. 7. When w; = ws = 0.5 for the same initial conditions as was used in Figure 5, the behaviour of
the system quickly becomes much more stable than for the randomly assigned personality variables

scenario, with the entropy quickly falling to zero.

as that depicted in Figure 5, but for a population which had its personality vari-
ables all set equally to w; = ws = 0.5. Here, we see that the system quickly becomes
highly uniform, with all agents eventually settling into one of the two global frames,
which themselves settle down to a distance of 90° apart. The associated entropy
signature quickly becomes zero.

This feature of the model has been more fully explored in a recent paper [36],
which examines more fully the effects that personality variables can have in this

model.
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5.4. The Impact of a New Issue

Figure 8 takes the same scenario as was shown in Figure 5 up until step 50 when
the model has settled into a strongly polarised setting, characterised by two, almost
opposite views. This could represent, as an example, the agents’ attitude towards

Frames & States: t=51 Frames & States: t=60

4 08 96 04 02 0 02 04 06 08 1 El

4 08 06 04 02 0 02 o4 06 08 1 El

Entropy evolution

Fig. 8. The same initial dynamics as were represented in Figure 5 up until step 51, when we model
the appearance of a new issue by resetting all of the local frames. Note that the extant global
frames quickly pull agents towards the previous issue, and the system settles down into stability
around this original setting. The entropy signature of this run shows a marked increase at step 51,
followed by a stabilisation.

illegal immigration. At iteration 51, we re-initialised the local frames of all agents,
a move that is intended to model the sudden appearance of a new issue over which
agents need to take a decision. Such a scenario might correspond to the consideration
of a newly proposed mitigation initiative aimed to combat climate change. Because
the issue is novel, and thus initially unrelated to previous issue considered by the
society, we model the agents’ understanding of it as random. However, as we see
in Figure 8, the new local frames have little impact on the global dynamics. The
existence on two polarised global frame soon ‘attracts’ the discourse about the new
issue (climate change) and casts it within the pre-existing polarisation. Thus, rather
than the new issue redefining the polarisation, it is the current polarisation which
redefines the new issue by forcing the local frames to align (stochastically) with
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the established polarisation. The two issues become tightly coupled, with agents
remaining in their original tendencies towards action or inaction. This models fairly
well the dynamics of the discourse on issues including climate change in several
countries [32, 34, 39, 40].

6. Ideologies as Emergent Features with ‘Causal’ Properties

It is interesting to analyse the role of the global frames, and their relation to the
local frames, within the framework of complex system science. The global frames
can be identified as ‘emergent structures’ according to several definitions. Besides
their trivial identification in terms of pattern formation, the global frames can be
understood as an example of intrinsic emergence [22] in the sense that they provide
information processing capabilities to the agents in the system. Notice that in our
model there is no communication among agents; each agent understands what other
agents do and what the shared understanding of the problem is only via the global
frames, which become the avenue for internal information processing. Without the
global frames, no internal organisation among the agents in the system would be
possible.

The global frames can also be identified as emergent structures according to
the Efficiency of Prediction view of emergence [52]. According to this view, the
global frames identify the level of analysis at which it is most efficient to describe
the system; if we want to understand a society’s perception of a problem, then we
could either analyse all individual local frames, at a considerable processing cost, or
we could reach a similar understanding by just considering the global frames (i.e.
the shared ideologies of all agents in the system). This understanding would quite
possibly miss many subtleties, but it would also come at a considerably reduced
computation cost.

As a more stringent requirement, emergent structures may be required to display
some sort of independent causal power, that is a causal power which does not reduce
to the underlying components that serve to form that structure [11]. In our model,
this causal power is represented by the influence of the global frames upon each
agent’s state and local frame; there is an obvious feedback loop between the local
frames which, via the clustering algorithm, determine the global frames, and the
global frames which, once identified, influence the agents’ states and their local
frames by affecting their position (a similar feedback loop occurs between local
frames and agents states).

It is this causal power which provides an avenue for intervention in the system via
the global frames. Figure 9(a) shows the same system as was depicted in Figure 5
after 50 iterations, but with a new intervention performed at step 51, when we
perturb one of the frames by imposing a rotation. This may be seen as an external
intervention to redefine what an ideology represents; it could be a party redefining its
values or making a new statement through the provision of new information that
redefines a currently held position on an issue. Later timesteps show the system
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Frames & States: t=51 Frames & States: t=60

Entropy evolution

Fig. 9. Example of causal properties in the global frames for the scenario initially depicted in
Figure 5. After 50 iterations the system reaches a stable state with 2 global frames and all agents
roughly aligned with their local frames as well as to one of the global frames. At iteration 51 an
external perturbation rotates the blue frame 40 degrees anticlockwise. We then see the system re-
organising. After 100 iterations the system reaches a new, different stable state. The entropy panel
shows the time evolution of the total entropy measure, displaying the effect of the intervention at
iteration 51.

responding to the perturbation and trying to reorganise itself before it converges to
a final stable state. Finally, the associated total entropy signature is also shown, and
highlights the intervention point with a surge in global entropy which then settles
down as the new stable state is realised.

By slightly paraphrasing the definition of self-organisation given in [48], Fig-
ure 9 provides an example of the self-organised nature of the system as well as an
avenue for guiding the process. Reinterpreting equations (29) and (30) from that pa-
per, we can see that a considerable re-organisation in the system (a re-organisation
which involves considerable information processing by all agents in the system) has
been obtained by a single external action. This action involves a much reduced
information processing effort than would have been required were the system not
organised, in which case the same action would have had to be carried out on each
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agent subscribing to the perturbed ideology. In other words, rather than having to
convince a large population of agents to shift their local framing of an issue, all
that would be needed in such a scenario would be a change in the ideology that
they individually subscribe to. Naturally, this provides an avenue for guiding the
system towards desirable final configurations, a scenario that could be represented
by the externally driven shift of frame discussed here. Such a shift of frame could
be taken to represent a global change in a society’s understanding of an issue. For
example: a political party might decide to adjust its policy settings with a new un-
derstanding of what constitutes a refugee; a highly publicised act of terrorism might
take place leading to a new public perception of safety and an associated need for
heightened state security; or perhaps a local and quite specific case of corruption
could be widely publicised for the purposes of changing a political narrative. Thus,
the current tendency towards political ‘spin’ and close management of public rela-
tions and perceptions suggests that this point has already been implicitly recognised
by politicians and the media [57]. However, it must be recognised that many such
attempts to guide the attitudes and opinions of the public often end in failure.

7. Testing and Validation

This model is very much in its early phases, and while the theory presented here
is general well beyond our simple 2-D computational implementation, the current
formulation of this theory can at best only be considered a toy model at present.
However, at this point we shall briefly consider the potential viability of this model
when it comes to the testing of its predictions and the associated problem of val-
idation. We shall start with a consideration of the personality variables that were
added to the model in section 3.2. Do they have any psychological validity?

7.1. A Mapping to Cultural Theory

Adding parameters to a model is something that should be considered carefully.
Indeed, almost any behaviour can be modelled with the addition of enough param-
eters to what was fundamentally an inadequate theoretical construct. This point
gives us reason to pause. Is there any room for validation or comparison with ex-
isting psychological datasets in this model? We have found one potential mapping
to a psychologically justified theory, which could allow for a realistic initialisation
of the model as it gains in sophistication, and this section will briefly explore this
potential avenue of testing and future validation.

Cultural Theory [24] has been used to understand differences in the perception
of environmental risk, and the associated management strategies that are likely to
be preferred by an individual [55]. It explains why people perceive dangers differ-
ently and focus on particular threats at the expense of others, which provides useful
insights into divergent community responses to contested risks like climate change
[13]. Shared values and beliefs within different cultural groups lead to the attri-
bution of blame to different institutions thought to violate the socially accepted
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standards of each group. Selective attention towards specific issues within different
cultural groups is therefore thought to represent cultural biases, which are termed
worldviews. Thus, “Cultural theory is based on the axiom that what matters most
to people is their relationships with other people and other people’s relationships
with them.” p5-6 [59], and this allows the theory to define four basic worldviews
according to a person’s answers to two fundamental questions: Who am I?; and,
What shall T do? [59] The identity question is answered differently according to
whether individuals either (a) belong to a strong group which makes decisions for
all members (e.g. a collective), or (b) only weakly identify with a group and that
their choices conform only with their own norms (e.g. individualism). The strength
by which an individual identifies with these two possible responses is classified on a
continuum, termed the group scale. The action question is answered by considering
whether the individual is bound by few restrictions (e.g. considers themselves a
free spirit able to act how they desire), or is tightly constrained and does not feel
free to act according to their desires. This grid scale is similarly represented on a
continuum.

The overlap between these two scales allows for the definition of four basic
cultural types [59] (see figure 10):

Hierarchical worldviews are typified by strong groups with numerous prescrip-
tions or rules (high group, high grid).

Egalitarian worldviews consist of strong groups with few prescriptions (high
group, low grid).

Fatalistic worldviews are espoused by people who only weakly identify with groups
but strong prescriptions that are considered to be imposed upon them from the
outside (low group, high grid).

Individualistic worldviews have few group identifications and few prescriptions
(low group, low grid).

These four types display good predictive properties when applied to the perceptions
that an individual might have about many different social issues, including politics
(e.g. liberal vs conservative), economics (e.g. free markets vs regulated), and en-
vironmental management (e.g. exploitative vs protective), as generally people who
espouse a particular worldview for one issue usually share common environmental
and political attitudes.

We shall not consider Cultural Theory in any more detail here, but the interested
reader is encouraged to consult any of the above mentioned references. Instead, we
will now point to a potential mapping of the grid and group notions onto the
consistency and conformity variables that we defined in section 3.2. We propose
that an individual who identifies strongly with their group can immediately be
understood as having a high conformity value, while those with a low conformity
value will lie on the low group end of the spectrum. While this mapping of the
conformity parameter to the group scale is likely to prove uncontroversial, the grid
mapping is less obvious. However, it seems likely that an individual who considers
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High grid Low consistency
Fatalistic Hierarchic
Low group High group
Low conformity High conformity
Individualistic Egalitarian
Low grid High consistency

Fig. 10. The grid-group model of worldviews along with a potential mapping to the consistency-
conformity variables defined in this model.

it important that they be true to themselves (high consistency) will exhibit low
grid characteristics, while low consistency could be seen to correspond to high grid
values. This hypothesis recognises the manner in which the desire of Alice to be
true to herself will generally overrule her recognition of social rules and norms, and
that this will lead to her feeling that her actions should not be constrained by these
rules. This hypothesis is less straightforward, and likely to prove incorrect in a fully
psychological valid model, however, it provides an intriguing first approximation
that allows us to correlate the model with data that is currently being obtained by
large scale surveys of attitude change and social dynamics [13, 38, 37], and so start
to test its validity.

While it must be admitted that the mapping proposed here is quite simple, it
does open up a number of modelling possibilities, and suggests that this approach
can indeed both be seeded with psychologically plausible parameterisations, and
then tested. While we anticipate that the initial mapping proposed here will most
likely require extension and refinement, especially beyond its current 2D form, the
straightforward manner in which the new parameters introduced in this model can
be mapped to psychologically plausible constructs is encouraging. We reserve a more
detailed treatment of this mapping to future work.

7.2. The General Validation of Social Models

When it comes to any type of model the obvious question is whether the results
should be considered a ‘reliable’ representation of real dynamics. This issue is par-
ticularly difficult to resolve for models of social behaviour, and it is beyond the
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scope of this paper to address this at depth. Instead, we summarise here the three
main challenges that must be considered in order to assess the reliability of the
results generated by a model of social behaviour:

(1) Whether we believe such models have predictive power or can at best just
explain observed behaviours [5, 44, 8, 9, 6, 15].

(2) Whether model prediction can be validated even in principle, given that social
processes can be affected by expectations and thus by existing knowledge about
the predictions [23].

(3) Whether the theory behind the model is itself validated and predictive [26].

On the first point, we believe that explanation does entail the ability to predict, and
that models of social behaviour should not be exempted from this responsibility,
although we need to be clear about what we define as prediction [12, 56]. The second
point is discussed at length in the philosophy of science literature under the term
‘theory absorption’ [23]. In principle the method we propose could be used to model
this very issue: the prediction of the model could be represented as a new context
and thus a new global frame which can in turns affect the agents’ future behaviour.
The third point is discussed in Elsenbroich [26], who claims that we cannot expect a
model to provide better prediction/validation results than the theory it implements.
Thus, at this point it seems more reasonable to ask whether some of the processes
described in the cognitive science literature, which are relevant to decision making
in a social context, are captured by our model.

As we discussed in section 7.1, there is a clear potential for the parameters
used in this model to be mapped into existing psychological models, and with a
sophisticated seeding of a population according to a measured set of personality
variables we believe that this model could indeed be expected to capture many
essential characteristics of low elaboration attitude change. Indeed, as extended
time series of attitude change are collected for a variety of social issues (such as the
ongoing CSIRO Annual Survey of Australian Attitudes to Climate Change [38, 37]),
we anticipate that a model correctly seeded with the a distribution of personality
types similar to the Australian population should be capable of at the very least
capturing some of the behaviour exhibited by those datasets. If it was also capable
of prediction, then the first two challenges in the list above would have been met
by this model. However, in its present simple form, the manner in which the model
captures the socially motivated interventions shown in Figures 8 and 9 leaves us
with reason to believe that it is very much capable of at least starting to test the
underlying theories of social psychology. Similarly, there are a number of other
debates in psychology that have generally remained beyond the realms of scientific
investigation due to the ill-defined nature of the arguments involved. Indeed, just as
Mosler et al. [43] used their computational implementation of the ELM to explore
the characteristics of a key social model and thus make it more specific, we anticipate
that our model will provide a similar resource for those wishing to truly test the
predictions of social psychology. For example, the person-situation debate [27] was



April 26, 2013 13:36  WSPC/INSTRUCTION FILE socialModelsFINAL

32 Kitto & Bochetti

a controversy in personality psychology that arose over the question of whether
the person or the situation is more influential in determining the behaviour of
a person. This debate has now essentially been resolved, with most researchers
understanding that both the personality and the situation will influence a person’s
behaviour. This is precisely the scenario that is modelled by our approach, and so
we anticipate that our model could be used to make the relevant variables of both
personality and situation more explicit. Such a move would allow for a testing of
the underlying psychological theory, so answering questions that have hitherto been
difficult to rigorously explore due to their generally ill-defined nature.

Perhaps the best hope for agent based models of social behaviour lies in their
ability to point towards the necessary and sufficient parameters required in an
adequate social theory. Thus, we find ourselves agreeing with Mosler et al. [43];
the validity of social models lies much more in their ability to make specific those
concepts from psychology that are currently not well modelled, and so likely to be
poorly understood. Indeed, the need for us to make a number of specific choices
throughout our implementation (as was discussed in section 5.1) draws attention to
this fact.

8. Future Directions

An obvious set of possibilities for extension in this model will all require more real-
istic social modelling. Firstly, a spatial implementation, where conformity can only
be satisfied over a defined semi-local network seems desirable. At the moment con-
formists strive to reach a scenario where they agree with all agents in their relevant
global frame. Future implementations will seek to provide the model with a social
network style dependency for this agreement. Thus, in this model, social clades
or subgroups could spontaneously emerge with a well defined spatial (or commu-
nication based) boundary; who you talk to matters in the social world. Similarly
the different implementations of choosing the frame in which a decision is made
(section 4.1) is another obvious candidate for future investigation and extension.
Perhaps most importantly, the use of a single plane for the current model places a
highly unrealistic assumption upon the model, and its extension to a higher dimen-
sional model that incorporates the numerous results from social psychology about
underlying attitude and personality variables is a high priority.

Another set of possibilities arise from the quantum inspired nature of this model.
Indeed, a highly developed set of quantum inspired models of human decision mak-
ing are coming to the fore, all of which utilise marked interference effects to explain
the apparent inconsistencies violations of standard probability theory that are ex-
hibited by humans every day as we make our decisions in a complex world [17, 60,
35]. These models all seek to explain the decisions of a single human agent, and it
has been the purpose of this paper to present a model that ‘scales them up’ into
a social context, however, we have refrained from a consideration of the manner
in which the different decisions to act that an individual agent makes might in-
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terfere with one another and so affect the dynamics of the society. This intriguing
possibility also presents a ripe opportunity for future investigation.

Indeed, we feel that with the more realistic enhancements described above, this
model might be capable of shedding genuine light upon the complex dynamics of
social evolution and re-adjustment. Ultimately, we believe that a more realistic
future extension of this model could be used to predict how likely a society is to
undergo such phenomena as attitudinal phase transitions, or re-framings of issues
and debates. Thus, policy makers could track the evolution of attitudes in a society
and identify scenarios where the society was entering phases of instability. They
may even be able to predict situations where the likely hijacking of opinions and
attitudes by interested parties was becoming a significant possibility. Needless to
say, there are many applications of such tools beyond a policy setting.

9. Conclusions

This paper has presented a model of human decision making that is based upon
the highly complex notion of a low elaboration attitude. Social psychology has
developed a rich set of empirical results that shed light upon this concept, however,
many of the more mathematical models of attitude change are naive, relying upon
objective states and properties which suggest that attitudes are held regardless of
the context in which humans find themselves. This is a problematic assumption, as
humans are cognitive misers [29], and our opinions are apt to change in response to
many contextual factors; frequently our minds are only ‘made up’ at the point where
we are forced to make a choice. The model presented here attempts to approach
the problem of modelling social decision making from this perspective.

We have presented the notion of an agent, who, while they possess a definite
cognitive state or attitude |A), may make very different decisions depending upon
the context in which they find themselves. This is represented probabilistically,
using a geometric approach to uncertainty which captures the notion of a decision
in context. However, the since the context of an attitude can be understood both
externally (as some sort of aggregate over the opinions of an entire society) and
internally (as the individual framings of a social issue that an individual adopts),
this led us to define both global and local framings of an issue. We then showed how
cognitive dissonance can be understood to drive individuals towards changing both
their cognitive state, and their local understanding of an issue after they make a
decision to act (or not). Personality was a key variable in defining the dynamics of
the individual agents in the system, and this was in turn used to motivate a model
of the state update of agents over time, with different members of the population
subjected to different update regimes depending upon how uncomfortable they are
with internal inconsistency and social non-conformity. A measure of the entropy of
a society was introduced, which was shown to reduce in a simple computational
implementation of the theoretical model. We argued that the ongoing update of
agent cognitive states and local frames will in turn result in the emergence of stable
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global ideologies in a society, resultant from a process of self-organisation.

More generally, beyond the likely advantages of a genuinely new approach to
social modelling, we believe that our model provides an unlikely avenue of commu-
nication between natural scientists and engineers on one side and social scientists
on the other. Effective communication between these groups is often often lost in
this arena, insurmountably challenged by a crucial difference in their divergent ap-
proaches to knowledge; while natural scientists and engineers are trained to think
that there is ‘a truth’ which needs to be discovered, social scientists tend to believe
truth is a metal construct and thus contextual. In the first case uncertainty arises
from not knowing the truth (knowing too little), in the second about choosing which
truth to accept (knowing too differently), an understanding that at first glance ap-
pears not amenable to rigorous formal analysis, and is therefore often refuted by
natural scientists for this reason alone. We believe that the geometric representa-
tion employed in this paper allows natural scientists and engineers to model, and
thus more easily accept, the views that social scientists hold so dear. Similarly, the
adoption of our proposed framework may in some cases provide social scientists with
some confidence that important aspects of social theory can be considered within
quantitative models, so making them relevant to the real world problems that they
are seeking to address.

Overall, we feel that this proposed new class of model offers a promising avenue
for future research. It allows for the sophisticated modelling of humans working
within the many frames and contexts that affect their decisions and choices. Such
models are likely to prove essential for including the actual dynamics of human
decision making in the complex and often contradictory world that we inhabit as
a society, and so an honest exploration of their possibilities could open up a new
frontier of mathematical and computational analysis. This alone makes them worthy
of attention.
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