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Formalising the conceptual model

Experimental laboratory research has taught us a lot about the factors that affect
behaviour in commons dilemmas. These factors have been discussed in Chapter 2. It was
concluded that experimental laboratory research has serious limitations regarding the time-
scale of the experiments, the number of people involved in the dilemma and the type and
relevance of the outcomes. To compress long-term dynamics in a short period, and to
enhance the relevance of the outcomes, several researchers are employing computer
simulations of collective resources, to study the harvesting behaviour of people in an
experimental setting (usually fish-stocks, see Chapter 4 on simulating real-world systems).
However, most of the limitations of laboratory research cannot be resolved easily, which
makes that experimental results cannot be translated directly to real-life situations.

Field experiments and observations may provide the data that allow for inferring
behaviour-determining factors in real-life situations. Field experiments, however, also
provide data of limited validity, because they are based on limited (quasi)-experimental
variations during relatively short time periods. Observational data usually do not allow for
drawing causal inferences because the complex relations between behavioural
determinants and behavioural outcomes are not well known.

The computer simulation of artificial agents offers an additional tool in studying
the factors that affect harvesting behaviour in a commons dilemma. First, simulating
behaviour allows for the experimentation with more extreme conditions and with long
time-series. Second, because a simulation model of behaviour yields a running model
instead of a static description of effects, it allows for the experimentation with behavioural
dynamics, e.g., manipulating the kind of cognitive process the agent employs. Because
computer simulations are usually quite simple in comparison to the real world, and they
can be repeated over and over again, it is possible to systematically explore the behavioural
dynamics of resource harvesting. This may contribute to a better understanding of the
dynamics of real-life dilemmas. Simulation thus offers a methodology that, in combination
with other methodologies, contributes to the understanding of why people in commons
dilemmas behave like they do and what strategies may be viable in altering less sustainable
behaviour. Moreover, simulated behaviour can be integrated in other models. For
example, the integration of behavioural dynamics in ecological-economic models allows
for studying the interactions between human behaviour and the environment.

To validly simulate behaviour in a commons dilemma it is essential that the rules
that determine the behaviour of simulated agents reflect the processes that guide the
harvesting behaviour of real people. Without psychologically relevant algorithms it seems
impossible to simulate the behavioural dynamics behind environmental degradation in a
valid way. In Chapter 4 it was concluded that many algorithms used in simulating (parts of)
human behaviour seem to have been developed on a rather ad-hoc basis or assuming
rational actors that deliberately maximise tangible outcomes. In real life however, people
may sometimes engage in deliberate reasoning, sometimes perform behaviour without
thinking, and often look at what others do in deciding what action to perform. Actually,
people’s behaviour is based on multiple processes that involve intangible outcomes. As
expected in Chapter 5, to optimise their efforts as well as their outcomes, people engage in
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various cognitive processes such as deliberation, social comparison, imitation and
repetitive behaviour (habits); see Figure 5.5.

The conceptual meta-model of behaviour presented in the previous chapter
integrates various behavioural theories on these cognitive processes and underlying driving
factors in a single dynamical framework. In the current chapter this conceptual meta-
model is used to develop a set of rules for an artificial agent, the consumat. The conceptual
meta-model serves as a theoretical framework that facilitates the development and
organisation of a coherent set of behavioural rules and algorithms for the consumat.
Formalising several consumats that interact with one another yields a multi-agent model
that allows for simulating the behavioural dynamics of consumer behaviour. The rules
constituting the consumat can be considered as a toolbox which is relatively independent
from the simulated environment. A central question that arises then is “To what level of
detail should we model human behaviour?”

The level of detail in agent rules
In Chapter 5 several behaviour theories have been discussed and linked in a conceptual
meta-model. In order to develop a ‘running model’ of behaviour, these theories have to be
formalised in rules for the consumat. A central question here is to what level of detail the
theories should be formalised in consumat rules in order to obtain useful knowledge from
a simulation. For example, should we develop complex agent rules, including variables
such as the visibility of opportunity use, the cultural perspective of an agent, all nine needs
as distinguished by Max-Neef (1992; see Table 5.1), norms and reinforcement schedules?
Or should the consumat rules constitute a simple set of rules, that captures the essence of
the major theories and factors?

The discussion on the optimal level of detail in agent rules also emerged at the First
International Conference on the Simulation of Social Systems (Cortona, September 1997)
where several multi-agent simulations ranging from abstract mathematical approaches to
practice-oriented simulations were presented. Whereas some participants stressed the
importance of using simple agents, others advocated the use of more complex agents in
simulations. Hegselmann (1997) postulated that two ‘parties’ could be distinguished, one
being focused at simple agents, and the other at complex agents. This distinction between
two parties is not absolute, but should be regarded as framing the extremes on a
continuum of simulations in the social sciences.

On the one end of the continuum we find the simulations with very simple agents,
which for example use a tit-for-tat strategy in a repeated prisoners’ dilemma (e.g., Axelrod,
1980a, 1980b). These simulations are aimed at studying the effects of interdependence on
the functioning of social systems. Researchers in this tradition use simple agent rules by
which they are capable of describing what can be considered to be the basic mathematics
of interdependence. However, despite the simplicity of the agents and the mathematical
approach, surprises may still occur. For example, some simulations of choice behaviour of
adaptive agents in a repeated prisoners’ dilemma showed stable cooperation for thousands
of runs, suggesting that convergence has been reached. However, in a sudden flash,
‘defection’ may spread through the population, proving that there was no equilibrium at all
(e.g., Nowak and Sigmund, 1992; Majeski, Linden, Linden and Spitzer, 1997). As
concluded in Chapter 4, the rules that constitute the agents in this type of simulations lack
psychological validity. This implies that such agents do not demonstrate behavioural
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dynamics that bear resemblance to real-world processes. This type of agent is not directly
applicable in a more practical context.

At the other end of the continuum we find multi-agent simulations explicitly
developed to model social behaviours in a more realistic manner. Examples are
fishermen’s society (Bousquet et al., 1994), Sugarscape (Epstein and Axtell, 1996) and
Ernst’s (1998) agents in a resource dilemma (see Chapter 4). In this type of simulations the
agent rules are more complex. Other simulations that explicitly deal with real processes
are, e.g., fish markets (Weisbuch, Kirman and Herreiner, 1997), urban developments
(Papini and Rabino, 1997), and budgetary decision-making (Chattoe and Gilbert, 1997).
The simulations of this type are often less transparent with respect to the behavioural
dynamics underlying the outcomes. Generally, the more complex a simulation is, the more
difficult it becomes to relate certain macro-level processes to micro-level agent rules. This
implies that building a very complex agent and placing it in a complex environment will
not yield results that are easy to understand and validate.

Our approach is aimed at combining both the simple and the complex approach.
First, the different parts of the conceptual meta-model (Figure 5.5) are being translated in
simple agent rules. This will, for example, result in simple decision rules for the four
different types of cognitive processing: repetition, deliberation, imitation and social
comparison. These cognitive processes can be applied alone or in combination in a simple
environment, yielding a transparent picture of how these strategies function in the
consumat. Moreover, selecting an issue that has been empirically well researched can test
the validity of these rules. When simple experiments have yielded a good understanding
and validation of the basic agent rules, the full set of agent rules can be placed in a more
complex simulated environment. This would, for example, allow for investigating the
dynamical interactions between human consumption and ecological and economic
systems. These latter simulations are less suitable for the testing of agent rules.
Summarising, our strategy involves starting with simple rules in a simple environment, and
subsequently applying them in a more complex environment.

The behavioural rules of the consumat

The conceptual meta-model of behaviour discussed in Chapter 5 follows a system-
dynamic framework that can be understood as a flow diagram. The model links various
theories that are relevant in the context of consumer behaviour, and it specifies under
what conditions which behavioural processing style is being used. On the basis of this
conceptual meta-model a comprehensive set of behavioural rules for the consumat has is
been developed.

To develop a computer simulation of consumer behaviour, the most important
factors and relations between these factors as depicted in the conceptual meta-model
(Figure 5.5) have to be formalised into programmable rules. This simplification also serves
the comprehensibility of the simulation results. Several model variables and processes will
be translated into a set of simple behavioural rules. In doing so we will capture the basic
principles of the relevant theories. The rules together will constitute the behavioural
repertoire of the artificial human agent. In behaviour-based Artificial Intelligence (AI) the
term animat, referring to artificial animal coined by Wilson (1985), is frequently used. In
this monograph the term consumat is introduced to notify the artificial human consumer.
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The variables and relations that have been organised in the conceptual model (Fig.
5.5 in Chapter 5) will be formalised. This involves that Figure 5.5 will be transformed in a
flow diagram. This flow diagram directs the translation into computer language or
software package. The reader must bear in mind that several consumats may be formalised
simultaneously in a simulation. This implies that the consumats actually interact with one
another. The following sections are devoted to the definition of the consumat rules and
the consumption opportunities, following the structure of the conceptual meta-model. We
thus capture the driving factors of behaviour at the macro- and micro-level, the four
different cognitive processes, the consumption of opportunities, and the strategies for
behaviour change.

The macro-level driving factors of human behaviour

The formalisation of macro-level developments implies a description of changes in the
natural environment and in the human environment. These macro-level developments
have to be translated into changes in needs, opportunities and abilities of individual
consumats. Regarding the natural environment many models can be used, ranging from
very simple fish-stock models, as has been described in Chapter 4, to more complex
models of natural systems. The effects of macro-level changes in the natural environment
must be translated in micro-level terms. For example, soil erosion may affect consumers’
need for subsistence and protection, reducing the opportunities to grow food, thereby
negatively affecting the possibility to earn money (an ability). Which micro-level factors
will change as result of changes in the natural environment will depend on what type of
issue is being modelled.

Changes in the human environment refer to changes in technology, the economy,
demography (population), institutions and culture (T.E.D.I.C.-complex, Vlek, 1995, see
Chapter 5). These changes affect the needs, opportunities and abilities of individual
consumats.
- Technological changes may occur in physical ability (means) necessary to perform

certain behaviour. This category also includes the mechanisms of increasing production
if demand is increasing;

- Economical changes may occur in the financial resources of the consumat or in the
prices of opportunities;

- Demographical changes in population size (the number of consumats) may take place,
e.g., affecting the availability of consumption opportunities;

- Institutional changes may, e.g., lead to free trade between consumats;
- Cultural changes may occur in the relative importance of needs.

Environmentally negative outcomes can be formalised as the pollution per unit of
opportunity use (work, or consumption of goods). This pollution may affect the
environmental system in a predefined manner, and a degraded environment may have
consequences for the satisfaction of needs. For example, a degraded environment may
affect the health of consumats; a decreasing health may be related to consumats’ ability to
work. Moreover, it can be simulated that only consumats staying under a certain ability level
will be affected by pollution.
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The micro-level driving factors of human behaviour

The micro-level driving forces involve consumats’ needs, opportunities, abilities and
uncertainty. Current levels of need satisfaction and of uncertainty are affecting the type of
cognitive processing a consumat engages in.

The needs of the consumat
As described in the previous chapter, Max-Neef (1992) identifies nine fundamental needs:
Subsistence, Protection, Affection, Understanding, Participation, Leisure, Creation,
Identity and Freedom. Including all these needs in the simulation right from the start,
provided that we could formalise them right away, may result in dynamics that are hard to
understand. Therefore it seems to be practical to start with a sparse set of needs. For
example, one could start with two needs, e.g. subsistence and leisure. Depending on the
type of behaviour (domain) and the prevalent needs to be modelled, more or fewer needs
can be incorporated in the model. In the following we develop a framework consisting of
the nine needs as proposed by Max-Neef (1992). However, the reader must bear in mind
that the application of the model, e.g. in the experiments described in the following three
chapters, may require a reduction to just a few needs.

Technically, the level of need satisfaction for need i (LNSi) is represented by an
index varying between 0 (fully dissatisfied) and 1 (fully satisfied). For example: a consumat
may have a lack of food (low nutrient stock) and as a result experience hunger (LNS for
‘subsistence’ is close to 0). The relation between stock-level and LNS follows a diminishing
marginal utility function, which implies that the more of an opportunity has been consumed,
the less utility one gets from consuming yet another unit of that opportunity. Such
functions are commonly used in economics. The level of LNSi depends on the stock-level
of need satisfiers following from individual opportunity consumption o1..n. For need i and
opportunity j the level of need satisfaction LNS at time t can be formulated as a
diminishing marginal utility function, with parameter α indicating the sensitivity of LNSi

for the consumption of opportunity oj:

(1) LNSit = (1-exp(-α * oj)),

This function implies that the increase in LNSi, given the input of a specific opportunity
‘oj’ with a certain capacity to satisfy need ‘i’ (NSCi), depends on the actual stock-level of
the need satisfier in question. The higher the stock-level is, the lower the increase in LNSi

after consuming opportunity ‘oj’. Figure 6.1 shows the shape of such diminishing marginal
utility functions determining the sensitivity of the consumat’s LNSi for consumption. The
relation between opportunity consumption and the level of need satisfaction of a given
consumat can be visualised as the position a consumat has on the function line. Starting
with a fully depleted need, the consumption of one ‘oi’ yields an increase of LNS from 0 to
.50, moving the consumat from the 0 point to position X on the function line. Consuming
two ‘oi’ would move the consumat to position X’, resulting in a LNS of .75. The LNS thus
increases with .25 in comparison to consuming one ‘oi’. Consuming three ‘oi’ would move
the consumat to position X’’, yielding a LNS of .80, implicating an increase of LNS with
only .05 in comparison to consuming two ‘oi’.
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Figure 6.1: Sensitivity functions of LNSi for different α’s

The shape of the function line describing the relation between consumption and need
satisfaction is determined by the factor α, which may be used to formalise ‘quick-needs’
versus ‘slow-needs’. As Figure 6.1 shows, the function line with a high α shows a need that
is much quicker satisfied than the function line based on a low α. This allows to
distinguish between, e.g., the need for subsistence that is quickly satisfied, but also quickly
depleted again (e.g., satisfied by consumption of food), and the need for, e.g., ‘identity’,
which is a much ‘slower’ need. A high α results in a quicker increase of LNSi as a function
of individual consumption than a low α (e.g., 1-exp(-1) = 0.63 versus 1-exp (-2) = 0.86).

Besides distinguishing between quick and slow needs, the value of α may be also
used to formalise individual preferences as depicted in the shape of their diminishing
marginal utility functions. For example, two consumats that consume equally may
experience different changes of their LNS because of different α’s. Because the relative
importance of a need is dependent on one’s cultural perspective, calibration of the α’s may
also be used to formalise different perspectives. Consumats with different perspectives will
perceive the Need-Satisfying Capacity (NSC) of an opportunity differently, and may act
accordingly. The default setting of the α’s is equal for all consumats, indicating an equal
diminishing marginal utility function for all consumats.

The overall level of need satisfaction of a consumat at time t is a weighted
multiplication of the satisfaction of the nine needs involved (Formula 2). A multiplication
appears to be more realistic than a simple addition because this prevents that the
dissatisfaction of one need can be compensated by a higher need-satisfaction of another
need. Using a multiplication implies that if one need is seriously being depleted, the
consumat’s overall level of need-satisfaction is low. This prevents situations where a
consumat that is starving, while its other needs are satisfied, has an overall high level of
need satisfaction. The value γ functions as weighting factor regarding the relative
importance of the different needs in the overall level of need satisfaction. Here, γ may be
used to formalise differences between (groups of) consumers regarding the experienced
importance of needs. The sum of the different γ’s is set at 1, which causes the overall
LNSi..q to range between 0 and 1. Formula 2 captures the overall level of need satisfaction

Stock level resulting from individual consumption

  1

0
∞
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at time t as a weighted multiplication of the nine levels of need satisfaction i, j, k, l, m, n, o, p
and q.

(2) LNSi..q ,t = LNSit
γi * LNSjt

γj .....* LNSqt
γq  ,with Σγi..γq = 1.

A critical value LNSmin is defined. If LNSi..q <  LNSmin the consumat is dissatisfied, and
when LNSi..q ≥ LNSmin the consumat is satisfied. The consumat is satisfied when its
needs are satisfied above the minimum level as defined by LNSmin (i.e., when LNSi..q  >
LNSmin). LNSmin can be defined for each consumat separately, allowing consumats to
differ regarding their critical satisfaction level. The satisfaction of a consumat plays an
important role in determining the type of cognitive processing it engages in. We assume
that if the consumat is satisfied, it will engage in automatic processing (i.e., repetition or
imitation), whereas a dissatisfied consumat engages in reasoned processing (i.e.,
deliberation or social comparison).

Opportunities
Opportunities are the behavioural options formalised in the simulation model. Consumats
may use opportunities in order to satisfy their needs (e.g., consuming food) or to increase
their abilities (e.g., working for money). Several sets of opportunities O1..n may be defined,
each representing a coherent group of opportunities, e.g., various fishing opportunities,
modes of transportation or types of food. The specific level of opportunity consumption
from a specific set Oj (e.g., fishing) is being denoted as oj, which stands, e.g., for a certain
number of hours spent fishing.

As has been explained in the previous section, the use of opportunities may satisfy
several needs of the consumat. The need-satisfying capacity NSC of an opportunity
indicates how the level of need-satisfaction of the consumat changes after consuming oj.
Consequently, for opportunity oj it is possible to formalise a NSCi..q, indicating oj‘s need-
satisfying capacity for all nine needs.

Besides the satisfaction of needs, opportunity consumption also results in the
changing of abilities. Opportunity consumption is assumed to have predefined consumat-
resource demands (RD). Consumer goods and activities require the investment of, e.g.,
money, or a certain level of ability to use them, e.g., a driver’s license. Moreover,
opportunity use may cost time, which of course is a limiting factor. Depending on the
abilities being addressed in a simulation model, more or less consumat-resource demands
can be defined for each opportunity. In many cases these resource demands take the form
of operational costs, that is, they require the use of abilities. For example, shopping in a
supermarket costs money. In some cases the resource demands refer to front investments an
actor has to make before he is able to use the opportunity, for example, buying a car costs
money. In other cases the resource demands refer to a kind of threshold. To be able to
consume a certain opportunity, the actor must have an amount of ability that exceeds the
threshold level. The use of the opportunity, however, does not decrease the ability level.
For example, driving a car to a certain destination requires a license and knowledge of the
area, but driving does not cost you an ‘amount-of-license’ and/or knowledge. And
working requires but also increases ability, according to a ‘learning by doing’ effect. In
Chapter 5 a distinction was made between four general types of personal resources: (1)
physical resources, (2) juridical and regulatory resources, (3) financial-economic resources,
and (4) social and cognitive resources. Additional to these four personal resources or
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abilities, we acknowledge that the use of an opportunity may cost time, which is of course
limited. Formalised, one unit of opportunity use costs or requires p physical resource units,
l legislative units, f financial units, c social/cognitive units and t hours.

The consumat can increase its (mainly financial) abilities by means of working.
Many opportunities for consumption (e.g., food) cost money, forcing the consumat to
work for a living. Depending on the abilities (skills) of a consumat, it may earn more or
less money during one unit (e.g., hour) of work. Simulation functions can be developed for
work opportunities that describe the relation between ability (skill) and income.

The availability of certain opportunities may be restricted. Especially in situations
where many consumats intend to use the same opportunity, scarcity may emerge. Two
typical simulation functions can be implemented. First, a price-demand function can be
formalised. Such a function relates the price to the availability of an opportunity (the lower
the availability, the higher the price). Second, a production function can be formalised.
Such a function would describe the opportunity production in response to the demand
(high demand results in high production). Both functions imply variable opportunity
demands (e.g., price, availability). Also the need-satisfying capacity of opportunities can be
made variable. For example, the need-satisfying capacity for identity (status) of an
opportunity may depend on the number and type of other consumats that use this
opportunity.

Abilities
The consumat has physical, financial, legislative and social/cognitive resources available.
These abilities determine the consumats behavioural control over various opportunities.
Moreover, all consumats have 24 hours a day in which all of their opportunity use should
fit. Some abilities can be understood as means that can be invested. The most important
investments refer to the amount of available time (At) and the financial budget (Af). Other
abilities bear a threshold-like character, e.g., physical capacities (Ap), social/cognitive
abilities (Ac) and permissions/licenses (Al). Consumats must exceed the threshold-level to
be capable of consuming certain opportunities. The level of ability can be understood in
different ways. Ap and Ac can have a score between 0 (no ability at all) and 100 (maximum
ability). Al can be formalised as a boolean (yes or no). Af can have all values, as there is no
theoretical limit in financial means. Moreover, if the consumats are allowed to make debts
or loan money, Af may have a negative value. The different abilities a consumat has
available are being denoted as Aplfc. The time available is always 24 hours a day.

Differences in abilities can be used to classify consumats and to represent a certain
society. Classes of consumats can be formed on the basis of their income, licenses et
cetera. Every class of consumats, e.g., the consumats with a high income and a licence,
represents a more homogenous group of consumats, which are assumed to behave in a
comparable way. In principle each separate consumat may be representing a group of
people, as the simulations will not include as many consumats as people in the real world
(or the domain to be modelled). As such, the consumat can also be understood as a ‘meta-
actor’, which stands for a larger group of people.

Behavioural control
The behavioural control over an opportunity is defined as the consumat’s ability, i.e. its
available resources, minus the resource demands of the opportunity. For each of the
separate abilities a specific BC can be calculated. For example, the financial behavioural
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control over opportunity l equals the financial ability of the consumer minus the financial
resource demands of opportunity l. In formula:

(3) BClf = Af - RDlf

If one of the specific BC’s < 0, the consumption of that opportunity is impossible. The
higher BC gets, the ‘easier’ consumption of that opportunity becomes.

Uncertainty
Uncertainty U relates to the difference between the expectations of the consumat and the
actual outcomes of behaviour. The formalisation of uncertainty can be based on the
absolute difference between expected opportunity consumption (EC) and actual
consumption (AC) of opportunities, where opportunity stands for the distribution of
opportunity use o1..n. In formula:

(4) U = ABS (ECo1..n – ACo1..n)

If the actual outcomes are close to the expectations, the uncertainty U of the consumat is
small. If however there is a large difference between expectations and actual outcomes, the
uncertainty U of the consumat will be large.

Cognitive processing

In the conceptual model as described in Chapter 5, two dimensions were being introduced
as an organising principle for theories on behavioural processing. The first dimension
distinguishes reasoned from automatic processing, and the second dimension distinguishes
individual from social processing. On the basis of these two dimensions four cognitive
processing styles are being distinguished: deliberating (individually reasoned), repetition
(individually automatic), social comparison (socially reasoned) and imitation (socially
automatic). For each of these four cognitive processing styles a heuristic has been written
that is aimed at capturing the essence of that type of processing, yet is simple enough to be
computer-programmed. Which of the four heuristics is being used at a given moment in
time is being determined by decision rules that involve the consumat’s level of need
satisfaction, behavioural control and uncertainty.

The four heuristics make use of a memory, which is being referred to as the mental
map. This mental map contains a representation of the consumat’s own state (e.g., needs,
abilities) and the state of the natural and human environment (e.g., available opportunities
and the behaviour of other consumats). Because the mental map is being used under all
heuristics, it is practical to describe the mental map first. Following that, we will describe
the decision rules for the style of cognitive processing the consumat will follow. Finally the
four heuristics that represent the four cognitive processing styles are being explained.

The Mental Map
The consumats are equipped with a mental map that contains their perception of their
own state and the state of the natural and human environment. The mental map thus
functions as a memory. The information in this memory may be more or less accurate,
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depending on how often it is being updated. The updating of the mental map takes place
during reasoned behavioural processes (i.e., deliberation, social comparison).

First, the consumat memorises its previous behaviours. This implies that the need-
satisfying capacities and ability-changing properties of opportunities are memorised. A
consumat thus may memorise that consuming opportunity ol may have a certain need-
satisfying capacity NSCi..q, and certain resource demands RDplfc. This provides information
that can be used in estimating the change in the level of need satisfaction ∆LNSi..q

associated with a certain consumption pattern, and the changes in abilities ∆Acplf.
Also stored in the mental map is information about which other consumats serve

as comparison-consumats, as well as the behaviour these consumats performed in the
previous time step (t-1). Finally, the mental map contains the perception of the consumat’s
own abilities Aplfc, e.g., what the financial budget is at a particular moment and how much
money can be earned by a certain type of work.

Reasoned versus automatic processing
A high level of need satisfaction LNS implies that the consumat performs behaviour (uses
a certain distribution of opportunities) that adequately satisfies its needs. In this case the
consumat will not elaborate extensively on alternatives, thus following an automatic type
of processing. A low level of need satisfaction indicates that the consumat performs
behaviour that does not adequately satisfy its needs. The consumat will then be motivated
to elaborate on alternative behaviours that would increase its level of need satisfaction, and
thus is inclined to engage in reasoned processing. LNSmin is being formalised to define
the critical level of need satisfaction below which the consumat will engage in reasoned
processing:

(5) IF LNSi..q < LNSmin, THEN (reasoned processing), ELSE (automatic
processing)

Also if the Behavioural Control (BC) the consumat has is negative (< 0), it will be ‘forced’
to elaborate on more feasible need-satisfying opportunities, thus engaging in reasoned
processing. Scanning all opportunities to calculate the BC for each opportunity before
deciding to process in a reasoned or automatic manner appears to be a contradiction. It
seems more realistic to calculate BC after a decision has been made on what opportunity
to consume. If BC < 0, then the consumat is forced to elaborate on alternative
opportunities. In case of automatic processing, this implies that the consumat is being
forced to switch towards reasoned processing.

Social versus individual processing
As stated in the section on driving factors of consumption, uncertainty (U) is the key-
factor that determines if a consumat engages in individual or social processing (see also
Chapter 5). A maximum uncertainty tolerance UT is formalised as the critical level. If U >
UT, then the consumat will engage in social processing, else the consumat will engage in
individual processing. The precise values of U and UT depend on the issue that is being
modelled. In the following section the four heuristics will be explained, which refer to
Table 5.4.
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Repetition (individually automatic, LNS > LNSmin, U < UT)
Repetition stands for automatic individual processing, and relates to classical and operant
conditioning theory. Repeating behaviour implies that the consumat does not update its
mental map. It will just repeat the previous behaviour. Thus, the consumat is motivated to
consume the previous consumed opportunity. This heuristic will be followed as long as
the consumat’s needs are sufficiently satisfied (LNSi..q > LNSmin) and the consumat is
certain(U < UT), in which situation habitual behaviour will be performed. New or
changing opportunities are not being updated in the ‘mental map’. The consumat will not
perceive the availability of new opportunities or changes in existing, non-used
opportunities. Consequently, the consumat may persist behaving in a manner that once
was optimal, but actually may be sub-optimal. The behaviour of the consumat is only
changing when the NSC’s of the consumed opportunities decrease or when the
consumats’ behavioural control over these opportunities drops. In that case the
consumat’s LNS will decrease below the critical level of LNSmin, and thus the consumat
will perform reasoned behaviour and consequently update its mental map.

Deliberation (reasoned individual: LNS < LNSmin, U < UT)
Deliberating stands for reasoned individual processing, and relates to decision and choice
theory and theory of reasoned action. Deliberating implies that the consumat will first
update its mental map. Then it will elaborate on the opportunity that is expected to
optimise its outcomes. Here, the consumat calculates for all opportunities the expected
consequences (E[LNSi..q]) of using each of the opportunities. The time-horizon the
consumat employs in this calculation (cognitive ability) is an important factor. The
consumat will be motivated to consume the opportunity distribution with the highest
perceived multiple need-satisfying capacity. More formally: the consumat will be most
motivated to consume the opportunity with the highest positive ∆LNSi..q. Subsequently,
the consumat will calculate the behavioural control to assess the feasibility of consuming
this opportunity. If feasible (i.e., when BC ≥ 0), the consumat will consume that
opportunity, else it will search for another opportunity.

Imitation (socially automatic: LNS > LNSmin, U > UT)
Imitation stands for automatic social processing, and relates to social learning theory and
the theory of normative conduct. When the consumat engages in imitation, it will read its
mental map and recall the consumat that functioned most recently as the comparison-
consumat. Next, the consumat will read what this consumat did in the previous time step
and then do the same. The consumat is thus motivated to consume whatever the other
similar consumat is consuming for as long as LNSi..q > LNSmin, U> UT and the
behavioural control over the imitated behaviour is positive (BC > 0). The consumat that is
using this strategy can be thought of as following an ‘idol’. The consumat does not have to
spent energy on the cognitive process, yet may adapt his behaviour to keep its needs
satisfied. This strategy requires that the consumat has performed socially reasoned
processing at an earlier moment in order to have a ‘comparison other’ available. In the
simulation the situation may occur that a consumat is inclined towards socially automatic
behaviour, but has not compared with another consumat before. In that case a random
consumat is chosen from the comparison group.

The cognitive processing usually ends (for the time being) with a choice for action.
This action may consist of consuming certain opportunities and/or increasing one’s
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abilities (e.g., work). However, if no affordable opportunities are available, and there are no
adequate means to improve one’s abilities, one may end up doing nothing.

Social Comparison (socially reasoned: LNS < LNSmin, U > UT)
Social Comparison stands for reasoned social processing, and relates to social comparison
theory, relative deprivation theory and theory of reasoned action (social norms). While
engaging in social comparison, the consumat will first update its mental map. Then it will
observe the consumptive behaviour of other consumats. The consumat will select a set of
other consumats that are more or less similar regarding their abilities. A critical degree of
similarity can be formalised that indicates the range of other consumats being considered
as similar. The similar consumats will serve as comparison consumats. The consumat will
calculate the expected outcomes (E[LNSi..q]) for imitating the behaviour of the similar
consumats. Here, different formalisations can be used. In some situations, e.g., referring to
decisions on quantities, it may be preferred to calculate the average behaviour of the other
similar consumats. In other situations, e.g., where the behavioural choice is binary, the
behaviour of a random similar consumat may be imitated. Finally, it is also possible to
calculate which of the similar consumats’ behaviour yields the highest expected outcomes.
If the expected outcomes of the behaviour of a similar consumat are higher than the
expected outcomes of the consumats’ current behaviour, and the behavioural control over
this opportunity is positive, then the opportunity consumption of the similar consumat is
being adopted. The consumat thus will be motivated to perform either the other
consumats’ behaviour, or its own previous behaviour, depending on the highest perceived
multiple need-satisfying capacity of both opportunities. This implies that an unsatisfied
and uncertain consumat, being confronted with similar consumats that are worse off, will
not change its behaviour.

Opportunity consumption

Opportunity consumption describes the resulting behaviour, namely the consumption of
available opportunities. Moreover, three feedbacks can be distinguished, namely the
satisfaction of needs, changes in ability and uncertainty. Finally, opportunity consumption
yields changes in the natural and human environment.

Consumption of the opportunity
Opportunity consumption can be formalised as a quantity (units) of goods consumed.
This quantity may be expressed in sheer numbers, but also in physical units (kilograms,
cubic metres). To allow for the simulation of activities that do not (directly) refer to
physical consumption such as work and leisure, the units can also be defined as time spent
on a certain activity. Assuming that a certain quantity of goods can be consumed in a given
period of time, it is possible to use the variable time-spent-on-an-activity to represent the
consumats’ consumption of that activity.

The satisfaction of needs
The change in the level of need satisfaction ∆LNSi..q depends on the previous level of need
satisfaction LNSi..q, t-1, the need-satisfying capacity NSCi..q of the actual opportunity
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consumption and the α’s that determine the shape of the diminishing marginal utility
function. The LNSi..q of the consumat may change with every time-step.

Changes in ability
The consumat’s abilities are subject to change as a result of opportunity consumption. It
depends on the type of opportunity consumption if and how abilities change. For
example:

- Work will usually increase financial resources, but at the cost of time resources;
- Work may increase social/cognitive abilities, e.g. via learning by doing;
- Consumption of a good may cost money, thus decreasing financial ability;
- Some opportunity consumption requires a license, however, this license does not

change in the process of consumption.
The exact formalisation depends on which abilities are being addressed in the simulation
of a specific issue.

Changes in uncertainty
The actual outcomes of behaviour as described above may differ from what the consumat
expected to obtain. This difference is being used to calculate a new level of uncertainty, as
defined earlier.

Changes in the natural and human environment (macro level)
The aggregated opportunity consumption of a multitude of consumats yields changes in
the natural and human environment. Depending on how the natural and human
environment is being formalised, these changes may have repercussions for the need-
satisfying characteristics of opportunities and the availability of opportunities. For
example, if a consumat is working, and the work is related to a certain resource, the
outcomes will depend on the state of the resource. The larger the number of consumats
and the more they harvest, the lower the outcomes of the resource will be. Another
example is that the status-value of an opportunity may depend on the number and type of
consumats consuming that opportunity. Similar processes can be postulated for the
change of resource demands. For example, a specific relation can be formalised between
the number of consumats that consume a certain opportunity and the price of this
opportunity (market mechanism).
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Strategies for behavioural change

Different strategies can be formalised that may influence consumats’ behaviour. These
policy measures can be developed from the perspective of a producer or of the
government. Policy measures may influence the need-satisfying capacities (NSC) and
resource demands of opportunities as well as the abilities and cultural perspective of
consumers.

Changing the NSC of opportunities
Changing the need-satisfying capacity of opportunities is done by changing one or more of
their nine need satisfying capacities in NSCi..q. For example, some opportunities may be
made more attractive by increasing one or more need-satisfying capacities, whereas other
opportunities may be made less attractive by decreasing one or more need-satisfying
capacities.

Changing the resource demands of an opportunity
In a similar vein as changing the NSC of opportunities one may change the resource
demands of an opportunity. For example, one may increase the price of one unit of an
opportunity, decrease the amount of physical ability that is required, or withdraw the
necessity of having a license. A typical example here is the introduction of a simulation
function that describes the relation between price and demand. To include the adaptability
of the suppliers (at the macro-level) in a simulation, the market mechanism can be
formalised as ‘the more an opportunity is being used, the lower its price gets’.

Changing consumat abilities
The abilities of a consumat can be changed in several ways. For example, one may
formalise an increase of the consumats’ physical ability as ‘harvesting more in the same
period of time’. Also the finances a consumat has available may be in- or decreased.
Groups of consumats may have different abilities. For example, in a simulation run there
may emerge a group of financially prosperous consumats versus a group of relatively poor
consumats. Policy measures can be developed that are aimed at altering the abilities of
specific groups of consumats, e.g., taxes that are differentiating between levels of income
and wealth.

Changing the consumat’s cultural perspective
The consumat’s cultural perspective can be changed by changing the relative importance
of the needs, thus altering the α’s in the overall level of need satisfaction LNSi..q. As the
motivation to consume a certain opportunity depends on the relative importance of the
needs, consumats with different α’s will have different preferences.
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Conclusions

Although this chapter provides a formal description of the conceptual meta-model of
behaviour, many variables have not been addressed explicitly. Only if a particular issue has
been chosen to be modelled, these variables and the relations between them can be
addressed explicitly. For example, modelling the management of a natural resource (e.g., a
fish-stock) requires that the availability of opportunities is being formalised on the basis of
a representation of the relevant resource dynamics. Modelling the consumption of certain
products requires, for example, that attention is given to the formalisation of price-
demand relations that form part of the opportunity characteristics. Moreover, depending
on the issue that is being modelled, one may be primarily interested in certain types of
needs. For example, in the resource management task, subsistence is expected to be a need
of crucial importance, whereas in the modelling of product consumption the need for
identity may be of interest. In the present chapter, nine needs were being addressed.
However, in the modelling of a particular issue it is important to take only those needs into
consideration that are of interest. This is necessary to keep the simulation model simple
and the results transparent for interpretation.

Certain simulations, especially for testing and validating the consumat rules, may be
focussed at studying the behaviour of consumats in a very simple structured environment,
e.g., the management of a rather simple resource. However, eventually the aims are also to
apply the consumat approach in issues that bear a larger resemblance to real-world
systems. This implies that such systems have to be modelled to provide an environment in
which the behaviour of consumats can be studied. For example, a simulation of the
management of fish-grounds will require an adequate model of a fish population. In the
simulation of transport choice behaviour it will be necessary to formalise different
transportation systems and opportunities. Because the dynamics of simulated real-world
systems may be very complex, it will be less transparent how the behavioural rules at the
micro-level interact with the developments at the macro-level. As such, simulations of real-
world systems do not offer the appropriate environment to test and validate the rules
characterising the consumat. Therefore, it is necessary to start with very simple
prototypical issues to test the behavioural rules. In the next chapter the issue of renewable
resources is being formalised in a simulation model to test and validate the consumat approach.
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