Outline of a synthetic theory of addiction
Robert West

University College London and Cancer Research UK
Last updated December 2006
Abstract

‘Addiction’ is a social construct which can be usefully defined as a reward-seeking behaviour that has become ‘out of control’. It can involve a wide range of abnormalities in the system of forces that energise and direct our actions - the ‘motivational system’. The paper outlines a synthetic theory of motivation, the PRIME theory, that integrates what it claims are five levels of motivation: plans, responses, impulses and inhibitory forces (sometimes felt as urges), motives (sometimes experienced as feelings of want or need) and evaluations (evaluative beliefs). It places planning, decision making, self-control, desires, compulsion and instrumental and Pavlovian learning into a single conceptual framework. It argues that plans and evaluations can only influence behaviour through motives, and motives can only influence behaviour through impulses. This gives some advantage in the control of our actions to the immediate situation over plans, and feelings over beliefs. 

The theory argues that addiction arises out of three types of abnormality: abnormalities in the motivational system that are independent of the behaviour in question such as propensity to anxiety, depression and impulsiveness; abnormalities in the motivational system caused by the addictive behaviour such as development of habits, withdrawal symptoms and acquired drives; and abnormalities in the physical and social environment that are conducive to the activity having an abnormally high priority. 

The paper introduces the concept of the ‘unstable mind’. This proposes that the human mind has evolved to be inherently unstable because it makes us more creative and responsive to environmental contingencies. The disadvantage is that it requires constant balancing input to prevent the development of maladaptive patterns of thought and behaviour. This concept can be modelled quite well in terms of Waddington’s ‘epigenetic landscape’ and follows some of the precepts of ‘chaos theory’. Addiction can be understood in terms of factors that lead the motivational system down a particularly deep valley in this landscape. Interventions may treat the ‘symptom’ of addiction by bolstering the motivation to exercise restraint or temporarily suppressing the forces driving the behaviour; or they may attempt to treat the underlying pathologies, for example by addressing the emotional, motivational or environmental abnormalities causing it. 
The theory offers explanations for how interventions (such as price rises) designed to affect rational choice mechanisms can also affect addictive behaviours, how addictive behaviours can suddenly normalise without treatment, and why particular treatments have particular effects. It provides guidance on the structure and content of public health and medical interventions to prevent and overcome addiction and predictions as to what kinds of approaches are most likely to be effective.
Introduction

There are numerous theories in the field of addiction. Some of them are described as theories of addiction but they generally focus on only limited aspects of addiction and do not attempt a coherent account of the phenomenon in all its varying manifestations.
This paper presents a synthetic theory that attempts to bring together the insights contained in the more specific theories into a coherent account that is set within a general theory of motivation.
Existing theories

Existing theories span a range of approaches from those that emphasise choice to those that focus on neuropharmacology.
Choice theories
Examples of theories that focus on addiction as choice are Becker’s Rational Addiction Theory (Becker and Murphy 1988) and Skog’s Choice Theory (Skog 2000). Others focus on addicts’ ‘expectancies’ (e.g. Brown, Christiansen et al. 1987). Slovic (2002) has developed a theory of judgement relating feelings to analytical judgements and applied this to smoking. There are theories that focus on attentional biases (e.g. Mogg, Field et al. 2005). A raft of theories argue that the behaviour of addiction can be understood in terms of concepts derived from economic theory (e.g. Bickel, DeGrandpre et al. 1995).

Compulsion and self-control theories
The so-called ‘disease model’ of addiction takes the view that addiction involves powerful and overpowering compulsions that are experienced as ‘cravings’ (e.g. Jellinek 1960). An example of a theory that focuses on failure of impulse control is Lubman’s theory of inhibition dysregulation (Lubman, Yucel et al. 2004). A more general view of addiction as a failure of self regulation has been proposed by Baumeister (1994). A cognitive model of craving has been proposed (Tiffany and Drobes 1991). 
Theories of drug transitions
Theories have been proposed concerning the transition from one form of drug use to another: usually less harmful to more harmful (e.g. the ‘gateway’ theory,  Kandel, Yamaguchi et al. 1992). 
Theories focusing on recovery
There are theories about the processes involved in attempting to terminate an addictive behaviour. The Transtheoretical Model of Stages of Change model proposes that individuals have to progress through stages in order ultimately to achieve lasting behaviour change (e.g. Prochaska and Velicer 1997). Social Learning Theory focuses on the concept of ‘self-efficacy’ which relates to an individual’s feelings of control over his or her actions and environment (Bandura 1977). Another theory focuses on the transition from ‘lapse’ to ‘relapse’ when attempts to control addictives behaviours fail (Marlatt and George 1984).

Theories focusing on the addict
There are theories that focus on the addict’s sense of identity (Kearney and O'Sullivan 2003). Other theories propose that addicts are self-medicating for psychological problems (e.g. Gelkopf, Levitt et al. 2002). Cloninger (1987) has proposed a theory derived from a theory of personality, thus focusing on individual susceptibility to addiction.
Theories focusing on the neural basis of reward and punishment
There are theories that focus on addiction as the development of a habit through instrumental learning (O'Brien, Childress et al. 1992). Others, such as the Opponent Process theory, seek to explain the development of pharmacological tolerance and withdrawal symptoms (Solomon and Corbit 1973) which may lead to dose escalation and maintenance of drug use to avoid the aversive consequences of abstinence (e.g. Lewis 1990; Schulteis and Koob 1996). There are theories that focus on the neural basis of rewards that underpin addiction (e.g. Wise and Bozarth 1987; Koob and Nestler 1997; Weiss and Koob 2001). There are also theories that focus on Pavlovian conditioning in the development of cravings and dependence (e.g. Melchior and Tabakoff 1984).

Theories focusing on the neural bases of addiction have become more complex over the years. White (1996) has proposed a theory involving multiple learning pathways. A particularly popular theory differentiates the hedonic effects of addictive drugs from their effects on pathways involved in habit learning in the context of cues (Robinson and Berridge 2003). In that theory it is claimed that tolerance occurs to the hedonic effects of some drugs while the mechanism underpinning the effect of cues on wanting a drug actually sensitise as a result of drug exposure. Instrumental learning and classical conditioning models have been combined in a theory that differentiates the effects of addictive drugs on different parts of the brain’s reward system (e.g. Balfour 2004).

Theories at the population level

Theories have been proposed about the ‘diffusion’ of drug addiction in populations (e.g. Ferrence 2001). Other theories have focused on modelling population trends (Agar and Reisinger 2002).

Integrated theories

There are few theories that have attempted to span many of the areas considered above but two that are worth special mention are Orford’s Excessive Appetites’ theory (Orford 2001) and Blaszczynski’s model of pathological gambling (Blaszczynski and Nower 2002). Heather has also proposed a broad conceptual framework for understanding addiction but only in the most general of terms (Heather 1998).
The need for a synthetic theory

A theory is needed that provides a parsimonious, synthetic and useful description of the nature of addiction that explains the major observations relating to the phenomenon and incorporates the insights of the range of theories that have been proposed to date.
This essay provides an outline of the theory. For the sake of conciseness, it is just an exposition; it delves only a little into the evidence and inferences that led to the development of the theory or the theory’s relationship with others in the literature. It is recognised that the ideas need to be expanded, developed, defended and related to other intellectual contributions on which it has drawn. This is attempted in the book, ‘Theory of Addiction’ (West 2006).

The theory is pitched at the psychological level of analysis but with a view to providing a ‘pegboard’ into which can be plugged theories at other levels (including economic theories and neurophysiological theories). 
It is painted with a broad brush and does not attempt to capture what is known about the details of drug actions, social forces and so on. However, it does seek to provide a coherent framework within which existing knowledge and future findings can be integrated. 
When giving a psychological account of motivation it is impossible to avoid making statements that just sound like common sense. The advance on common sense that is being offered here is bringing these ideas together in a coherent framework, together with non-common sense ideas that have been developed through formal study and critical observation.

Addiction is …
Addiction is a social construct, not an object that can be uniquely defined. According to the proposed theory, addiction can be usefully viewed as a behavioural manifestation of a chronic condition of the ‘motivational system’ in which a reward-seeking behaviour has become ‘out of control’. Thus there is an unhealthy priority begin given to a given activity. It often forms part of a well-defined syndrome such as the ‘alcohol dependence syndrome’ (Edwards and Gross 1976) involving cravings and withdrawal symptoms, but this need not be the case. 
It can arise from many different underlying abnormalities and so perhaps is better regarded as a symptom more than a unitary disorder. It varies in severity and is also manifest in different patterns of behaviour from irregular bingeing to a sustained chronic level of activity.
As a social construct, addiction has fuzzy boundaries. There are cases where there is a clear consensus that addiction is present and others where it is not. There are also cases where there is legitimate disagreement concerning whether this is a case of addiction or something that has ‘addiction-like’ qualities. In this respect it is no different from other taxonomies in biology and social science. The important thing to note is that the label is not paramount – what is important is the set of phenomena that are observed and how best to address them.

The pathologies underlying addiction
The pathologies underlying addiction involve three main types of abnormality:

1. abnormalities in the ‘motivational system’ of the individual that exist independently of the addictive behaviour such as a propensity to anxiety, depression or impulsiveness; 
2. abnormalities in the motivational system that stem from the addictive behaviour itself such as acquisition of a strongly entrenched habit, a strong attachment or an acquired drive; and 
3. abnormalities in the individual’ social or physical environment such as the presence of strong social or other pressures to engage in the activity.
These pathologies become manifest in a range of ways in which we think about, and the way we feel and behave towards ourselves and the objects of our addiction. They can affect the way we plan our lives as well as the way we respond to our immediate environment. 
Thus addiction affects the choices we make but cannot be understood solely in terms of those choices; it affects our needs and desires but cannot be understood solely in terms of those; it affects our emotional attachment to the object of the addiction but involves more than this; it involves our sense of identity but cannot be understood solely in terms of this; it can involve non-conscious impulses as well as conscious urges but cannot be understood solely as a disorder of impulse control; finally it often involves a habitual element but is more than just habit.  In short, understanding addiction in its varying manifestations requires an understanding of the whole motivational system.
The human motivational system
Understanding addiction requires an understanding of the human motivational system. This is the system of ‘forces’ that energise and direct our actions; it shapes the flow of behaviour on a moment to moment basis. There are many theories of motivation (for an excellent overview see Mook 1996). Surprisingly none have sought to integrate all of its major modes of operation from conscious decision making through to classical and instrumental learning processes. Therefore, it is necessary to develop a synthetic theory of motivation as the basis for a theory of addiction.
A synthetic theory of motivation
It appears that the human motivational system operates at five levels of complexity and any of these can function abnormally in addiction. The system as a whole can be captured by the acronym: ‘PRIME’ which stands for plans, responses, impulses, motives and evaluations. 
Figure 1: Top level elements of the motivational system
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Figure 1 shows the top level classes of elements of the motivational system. Opportunities for influence between them are shown by their being adjacent to each other in the schematic. For example, motives can only exert influence on responding through impulses and evaluations can only influence responses through motives and then impulses. Plans provide a structure to our actions but can only influence them through motives and evaluations operating at the time when they are to be executed.
The elements come into and out of existence as a result of the influences within the system, together with the ever-changing matrix of stimuli and information and overall level of arousal that ‘bathe’ it. Thus stimuli and information coming from our senses and from our memory have direct influence on all five levels of motivation. Our overall level of arousal, similarly affects the operation of the whole system and all its elements.

The system is shown in more detail in Figure 2 and described below.
The five levels of motivation
Reflex responses

The simplest level of motivation involves ‘responses’. Responses can be influenced directly by stimuli through low-level processes involving reflexes but they are also influenced by impulses and inhibitions.
Figure 2: Top level elements and main paths of influence in the PRIME theory of motivation.
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Impulses and inhibitory forces
The next level, that allows greater flexibility of responding, involves ‘impulses’ and ‘inhibitory forces’. These are motivational forces that compete or combine to generate a ‘resultant force’ that starts, modifies or stops an action (such as the impulse to laugh in response to a joke). They are generated by internal and external stimuli/information, drives and emotional states and by ‘instructions’ emanating from higher levels of the motivational system. Impulses come to conscious awareness when for some reason they are not immediately translated into action. They are then experienced as ‘urges’.

Drives and emotional states

‘Drives’ (such as hunger) and ‘emotional states’ (such as happiness, distress, liking, disliking) are of fundamental importance in the motivational system. 

Drives come in various guises and can follow some rather complex dynamics. The obvious homeostatic ones are hunger, thirst, need to breathe and so on. It is also probably useful to talk of ‘sex drive’, a drive to express one’s thoughts and feelings (‘expressive drive’), a drive to explore and so on. The reason for classifying these as drives is that they involve a motivational tension that is reduced by ‘consummatory behaviour’.

Drives can create impulses to engage in actions that reduce them through direct causal links that are inbuilt (e.g. the impulse to drink when thirsty). They can also do so by creating emotional states (see below). Finally drives can influence motives by stimulating mental operations that deduce a course of action that it is believed will achieve drive reduction. 
Emotional states comes in two types: ‘generalised’ (such as happiness and sadness) and ‘targeted’ (such as liking and disliking). They derive from stimuli/information that we perceive as affecting our wellbeing, the wellbeing of things we care about, our identity and our sense of what is right and wrong. They are also affected by ‘hedonic’ experiences (pleasure and discomfort). 
It is well recognised that we are made content by, and therefore tend to like, things that we perceive as enhancing our wellbeing and give us pleasure and are distressed by and tend to dislike, things that do the opposite.

Emotional states can also be created by changes in drive levels. Drive reduction can be pleasurable and so create both generalised and targeted emotional states.

Generalised emotional states (e.g. contentment and distress) can directly influence impulses, for example an instinctive impulse to laugh or cry etc. They also create impulses by acting as rewards and punishments through associative learning (see later discussion). 

Targeted emotional states are generated by generalised ones – the difference is that they are directly attached to mental representations of objects, events, actions, experiences or indeed anything that can be represented. Targeted emotional states lead to motives (see below); most obviously liking leads to wanting and disliking leads to not wanting. 

The role of expectations
Expectation plays a critical role in emotional states. At every moment, our brain is generating mental representations of what is going to happen. At the very least this involves a representation of the immediate future but we also have the capacity to generate longer term predictions. These mental representations can take any form including non-verbal images and beliefs that can be expressed in language.

Generating expectations: Expectations are generated by two processes: associative learning and inference. The capacity for associative learning is a very general feature of the brain in which patterns of activity that represent information, emotional states or indeed anything at all, change the connections between elements in those patterns to create a propensity for elements to be activated when some subset of the original pattern occurs (for a neural network account of this see Fiori 2005).

Associative learning: Manifestations of associative learning are discussed in more depth later but for the present we just note that when a set of stimuli is followed by another set, associative learning later creates a mental representation derived from the second set (the expectation) in response to exposure elements of the first set (the cue). The stability and detail of the ‘expectation’ are dependent on a host of factors including the extent to which the cue stimulus was distinctively associated with it.
Inference: Inference, as a mental process, involves the application of ‘if-then’ rules to derive beliefs that can be expressed in linguistic terms. It need not be logical or rational. It is typically based on assumptions about causality which may or may not be accurate.  
Expectations and emotional states
Expectations can directly generate emotional states. An obvious example is that expectation of negative events can induce anxiety or fear. Equally importantly they provide a reference point for what is actually experienced which affects the emotional state attaching to those experiences. The most obvious example of this is that an experience that is more positive than what was expected will result in a number of positive emotional states (such as relief and delight) and one that is more negative will result in a number of negative emotional states (such as disappointment and anger).
Arousal

Drives and emotional states influence and are influenced by our overall level of ‘arousal’. This can be thought of a generalised level of energy imparted to the motivational system and affects the sensitivity of all the elements to other elements within it and external inputs such as stimuli picked up by our senses. 

Arousal has important effects on the way in which elements of the system operate. For example, very high levels of arousal lead to interference by emotional states of analytical thinking being used to arrive at evaluations. It also tends to cause our attention to become more focused. 

Motives
The next level of complexity in the motivational system allows us to take into consideration the possible consequences of our actions. This is the level of the ‘motive’. When motives come to conscious awareness, because of factors that draw attention to them, they are experienced as feelings of ‘desire’, ‘want’ or ‘need’ (such as the desire to smoke a cigarette). Motives comprise a mental representation of something and a degree of ‘valence’ - attraction or aversion - attaching to it.
Motives are generated by drives, memory of emotional states and by evaluations (see later discussion). Past experience plays a central role in their generation. It generates mental representations that have emotional states attached to them and when these are brought to mind they lead to motives. In an obvious example, recalling that something was pleasurable leads us to want it. The intensity of the motive is dependent on the intensity of the emotional state attaching to the mental representation of the target. 
Competing motives

More than one motive can co-exist at one time – even for the same target. The strength of motives stem from the strength of the drives or emotional states that are generating them at the time. The more contentment something has created the more we like the thought of it and the more we want it; the more distress it created the more we are repelled at the thought of it; the hungrier we are the more we want to eat, and so on.
When motives co-occur, those with more powerful valence prevail in generating an impulse to action, or inhibiting action. Impulses and inhibitions then compete or combine with any other impulses and inhibitions that are directly generated by current stimuli to start stop or modify actions.
Competing motives create a particular kind of generalised emotional state: a feeling of ‘conflict’. This is unpleasant and like any other adverse emotional state creates a motive to escape or avoid it.

Evaluations

The next level of motivation involves ‘evaluations’. Humans have the capacity to represent the world in terms of ‘beliefs’. These are conscious mental representations that can be expressed in language; i.e. as propositions. They are propositions about what is true, or not true or what might be true with varying degrees of likelihood. 

Beliefs have attached to them a feeling of greater or lesser ‘confidence’. It is necessary to differentiate ‘likelihood’ from ‘confidence’. The former forms part of the content of beliefs as in ‘It is highly likely that my horse will win the race’ while the other is a feeling attaching to a belief as in ‘I feel confident that my horse will win the race.’ The need to differentiate these is made obvious from the statement ‘I feel confident that there is a very small chance of an earthquake’.  

Types of evaluation
Many of our beliefs state or imply the value that should be ascribed to things. There are many kinds of evaluation: ‘global’ (generally good or bad), ‘aesthetic’ (pleasing or displeasing), ‘functional’ (performing well or badly), ‘ethical’ (right or wrong) and ‘utilitarian’ (useful or detrimental). Global evaluations usually involve a more or less well-defined link with benefit and harm. Aesthetic evaluations involve judgements about taste and what is pleasing. Functional evaluations in involve skill and technical performance. Ethical evaluations involve moral judgements. Utilitarian evaluations involve judgements relating to more or less specific goals.
According to this theory, evaluations do not influence behaviour directly but only through motives. Thus believing something to be good will not cause us to act unless something turns that into a motive (e.g. a desire) to do so. Put another way, beliefs only drive actions by way of feelings.
How evaluations are arrived at
Evaluations have a positive or negative dimension – ‘value’ - which makes the object attractive or unattractive to varying degrees. Value derives from a number of sources: emotional states that we associate with the object in question; acceptance of statements of other people; by observation; and by inference. 
Thus, for example, we evaluate positively things that bring contentment and that we like and we ascribe negative value to things that bring us distress and that we dislike. We also adopt evaluations communicated to us by others when we are not motivated to distrust what we are being told. We make evaluations when we experience things that match certain evaluative criteria. Finally, we arrive at evaluations through a process of generalisation and deduction. 
For example, if we believe that having a drink was useful in helping with anxiety on one occasion we assume it will be useful on other occasions; and if we believe that alcoholic drinks are useful we assume that a specific drink will be useful. We assume that if something is good in one respect it will be good in other respects. We also readily generalise from specific instances to categories – of course this is one of the ways that stereotypes are formed. 
How evaluations influence motives
Evaluations influence motives directly (by generating representations of things that we find attractive or repulsive) and indirectly by generating emotional states (making us feel good or about these things) which then create motives.
The direct route: This is moderated by a feeling of ‘commitment’. In some cases, commitment is influenced by our ‘identity’. For example, if we form the view that drinking alcohol is morally wrong we may or may not become motivated not to drink or to take actions to prevent consumption in others depending on how far morality forms part of our sense of ‘identity’. In other cases, commitment is influenced by acceptance of a ‘task’. For example, having established that prescribing a particular drug to a patient is a good thing to do, physicians will generally want to do this in accordance with their role.

The indirect route. This involves the creation of emotional states. One common example of this involves the motive to punish or reward. Things that threaten our wellbeing, the wellbeing of things we care about or violate our sense of what is right make us feel angry and anger leads to a desire to punish the agent of this state of affairs. Things that enhance our wellbeing, the wellbeing of things we care about or have moral worth enhance our contentment and we are motivated to reward the agent of this state of affairs. The states of affairs in question can be directly perceived or can be represented as evaluations. For example, if we believe be are being treated unfairly we get angry and are motivated to dislike and punish the perpetrator.
Competing evaluations

Evaluations of the same object can co-exist. When they do, they either reinforce each other if they are all positive or all negative and they conflict with each other if some are positive and others are negative. Where there is conflict (often called dissonance), we are motivated to reduce this either by suppressing beliefs, changing them, or adding new beliefs. We do whichever is easier. If a belief can be changed without creating other conflicts, that is the route generally adopted. If not, then suppression is favoured. 
In many cases, it is not possible to resolve conflicting evaluations. When evaluations have conflicting implications for actions and when these conflicts are not resolved by suppression, addition or modification, there are a wide variety of different ways in which they can come to affect our motives. 
Analytical reasoning and choice
Analytical reasoning and cost-benefit analysis represents just one class of activities. Even within this class, there is a wide variety of different paths to assigning a value to a particular course of action. This is the province of ‘choice theory’ and ‘decision analysis’. Numerous accounts have been proposed as to how conflicting evaluations contribute to actions (for an excellent review see Baron 2000). Two of these classes of theory are expectancy-value theories and multi-attribute utility theories, but there are many more.
Expectancy-value theories: There are what are known as ‘expectancy value’ theories such as ‘subjective expected utility theory’ in which our evaluations of possible outcomes of a course of action are represented numerically (as utilities) and weighted by our judgement of the likelihood of these outcomes if a given course of action is followed. The theory proposes that we behave as though we sum the weighted utilities for each course of action and follow the course of action with the highest weighted utility. For example, when facing a conflict between evaluations relating to trying to stop smoking we are presumed to weigh the very negative but uncertain prospects of getting lung cancer, heart disease etc. against the positive but guaranteed enjoyment of smoking.
Multi-attribute utility theories: There are ‘multi-attribute utility theories’ in which the competing courses of action are compared on a number of qualities that are judged as more or less important. For example, when choosing between the nicotine patch and nicotine gum as an aid to smoking cessation it is proposed that smokers give a weighting to things such as ease of use, embarrassment when using, cost, effectiveness and so on. They then ascribe a value on each of these dimensions to each of the options and choose the option with the highest total weighted value.
Variability in methods used to address competing evaluations: There are many more theories about the analytical methods we might use to deal with conflicting evaluations but even cursory observation of the behaviour of people in the real world shows that decision making rarely follows such rules exclusively. It is much more haphazard and variable. Somewhere along the line, people engage in some kind of calculus of preferences but it involves any number of different rules and is influenced by memory limitations, imperfect logical reasoning and emotional forces. The role of emotion in analytical judgement and choice is addressed in Janis and Mann’s ‘Conflict Theory’ (Janis and Mann 1977).
Probably the most important thing to note is that we can use an analytical method to calculate the value attaching to a course of action but this can then fail to translate into a motive because it conflicts with emotional states generated by one or more of the evaluations involved. For example, a smoker may weigh up the costs and benefits of attempting to give up and work out that the benefits outweigh the costs, but the idea of giving up the pleasure of smoking creates a negative emotional state that overrides everything else.
Plans
The highest level of complexity in the motivational system involves plans. Plans arise when an evaluation or motive cannot or should not be acted upon immediately for whatever reason. This is typically because the circumstances that make the action appropriate are not present (it is ‘not the right time or place’), but they can also be because other actions are taking priority, the starting conditions have not been specified or it is not clear what the appropriate course of action is.
Plans are mental representations of actions or action sequences, together with at least some degree of commitment to them and often a mental representation of the starting conditions. Plans are often formulated in anticipation of events or circumstances that will arise and sometimes they are formulated in response to the current situation. An insightful account of plans is given by Miller et al (1960).
Diaries and agendas
Many of us have diaries in which we mark appointments. These are obviously plans about what we are going to do at particular times. Within the structure provided by our diaries, there is clearly plenty of scope for other kinds of plans, both short term and long term. When we get up in the morning we make more or less detailed plans for the day. This often includes activities that fulfil work or domestic commitments, or leisure activities. These plans provide ‘structure’ to our lives. These plans are worked out according to evaluations and motives and they are subject to change as new stimuli and information come to light or in response to events.
Plans to make lifestyle changes
Of particular interest are plans to make lasting changes to our behaviour, such as stopping smoking, cutting down on drinking or changing our diet. Plans of this kind are quite special in a number of ways. 
First, the starting conditions are not usually dictated externally. We can make an attempt to stop smoking at any time, and we can always put it off to another day. Secondly, they are not discrete action sequences with specific immediate objectives to be met and tasks to be undertaken. Thirdly, they can remain in effect even when specific actions are not in accordance with them. Thus a person can still be ‘making an attempt to stop smoking’ if they smoke a cigarette. Fourthly, they relate to long-term behaviour patterns and so the commitment to them needs to be maintained indefinitely. 
The characteristics of plans about lifestyle that make them particularly vulnerable to a disjunction between the plan and the actual behaviour, and this is of course what is observed. Only a minority of stated intentions to make changes within a given time frame actually involve initiation of that change and even once initiated they are more often than not rescinded or put into abeyance.
Plans and behaviour
It is particularly obvious with plans to make lifestyle changes, but it is true of any plan that in order to influence behaviour, plans need to be recalled and generate evaluations and then motives. Those motives will be combining or competing with other motives that may be present at the time. For a plan to influence behaviour it must be remembered at the opportune time and the commitment to it must generate motivates that outweigh any competing motives and impulses.
The chain of influence in the motivational system gives an inherent though not paramount priority to simple impulses over wants and desires, and wants and desires over evaluations and current situational factors over stored plans.
Momentum and inertia

Think of the motivational system as a system of forces, like physical forces, there are two more concepts that we need to add: momentum and inertia. Observation of behaviour seems to suggest that once an action sequence has begun it is often brought to a conclusion in the face of events that would have prevented it starting if they had occurred in time (for an experimental analysis see Nevin 1992). It seems as though once started, actions are less responsive to outside influence. 

It is also apparent that there are occasions when it seems particularly difficult to initiative actions, even when the motivation to do so is present. A particularly clear case is patients with Parkinson’s disease. While it is widely believed that Parkinson’s disease is a disorder of the motor system in the brain, it goes far wider than that and sufferers experience greater physical and mental fatigue (Lou, Kearns et al. 2001). It has also been noted that some patients with multiple sclerosis suffer from high levels of behavioural inertia (Grigsby, Kravcisin et al. 1993).
Three ways in which past experience affects motivation

Apart from causal links between emotional states, evaluations and motives, there are three general ways in which our motivational system is affected by past experience. What follows is a simplified account of these processes (for more details see Mook 1996).
Habituation/sensitisation

Possibly the simplest way in which our motivational system is influenced by experience is habituation/sensitisation to a given stimulus. Mere repetition of a stimulus can alter its hedonic value. In some cases it can reduce it or even reverse it and in others it can exaggerate it. There are complex dynamics to this phenomenon so that a stimulus to which we have become habituated can, after a delay, recover its hedonic value. In some cases repetition will make a stimulus more pleasurable but further repetition will lead it then to become unpleasant. 

Numbing and amplification: There are numerous examples of simple habituation. For example, a beautiful scene will lose its ability to evoke emotion after a while. There are equally numerous examples of sensitisation. Thus a noise that is mildly annoying at first can, with repetition, become more and more annoying. 
Reversal: Reversals are also common, as in the case of ‘acquired tastes’. The taste of fruit such as avocado can be unpleasant at first but then become very pleasant. By the same token, in most cases, if we experience pleasing sensation or collection of sensations often enough in sufficiently quick succession we become ‘bored’ with them and they can become aversive. 

Adaptation and boredom: Adaptation and ultimately boredom are ubiquitous consequences of repeated experiences with important implications for the way that we behave. What once delighted us at first often loses its ability to generate a positive emotional response and then becomes unpleasant. What was once regarded positively, such as a pay increase, soon becomes the expected level against which future events are judged.
Balance and enhancement: The mechanisms underlying these changes are complex and not well understood. However, there do seem to be two pervasive adaptive principles at work: maintenance of balance and striving for improvement. With regard to balance, in order to function adequately we need to be motivated by rewards but we cannot afford to become attached to those to the exclusion of other needs and motives. We need to be able to switch our behaviours to attend to long-and short-term needs. We need balance and variety. With regard to the need for improvement, there is a clear adaptive advantage to becoming dissatisfied with the status quo and being motivated to improve on it. 
Explicit memory
The second way in which our motivational system changes with experience involves explicit memory. That is, we recall things that happened in the past, plans we formed, how we felt and so on. These recollections create ‘mental representations’ that form current elements within the motivational system and influence our actions accordingly. Mental representations are more or less attenuated and indistinct versions of experiences including visual images, sounds, feelings, smells, linguistic representations and so on.

Anything that can be experienced can be recalled, and that includes mental constructions such as plans. For example, a smoker who is trying to stop and who is offered a cigarette may or may not recall at that moment what it was that led them to make the attempt and this may affect the response.
It is well recognised that memory does not involve retrieving a stored engram. Rather it involves reconstruction of a mental representation from cues. The more specific and detailed the cue the greater the likelihood of successful recall. That is why police mount reconstructions to trigger the memory of potential witnesses.
Associative learning
The third way that experience affects our motivational system is by ‘associative learning’. Associative learning is a pervasive feature of the brain and has many manifestations. What follows is a highly schematic account.

The best documented of the associative learning mechanisms are ‘Pavlovian conditioning’ (also called ‘classical conditioning’) and ‘instrumental learning’ (also known as ‘operant conditioning’).

Pavlovian learning
Pavlovian conditioning involves a stimulus (the conditioned stimulus) that precedes and predicts another one (the unconditioned stimulus) triggering a mental representation of that second stimulus which can then form an element in the motivational system. This can mean that the conditioned stimulus causes an anticipatory response (e.g. fear to a warning signal) or a response similar to that which would occur to the unconditioned stimulus (e.g. pleasure to a melody that is associated with a pleasant experience). 
Instrumental learning
Instrumental learning influences the effect of cues on actions depending on what happened when those actions were performed in the past. It can lead to generation of impulses or inhibitory forces, or reduction of inhibitions. 

Generating impulses: Looking first of all at impulses, instrumental learning involves a stimulus (the cue) triggering an impulse to perform a particular action if, in the presence of that cue, the action previously satisfied a motive (e.g. reduced a drive). A stimulus that satisfies a motive is called a ‘reinforcer’. The classic example is the hungry rat learning to press a lever in the presence of a particular coloured light if it repeatedly gives access to food. The dynamics of this process are complex but the strength of the impulse is (up to a point) positively related to the number of times the sequence has been repeated in the past and the strength of the motive that was satisfied.
Generating inhibition: Turning to inhibitory forces, instrumental learning involves a stimulus (the cue) triggering inhibition of an action if, in the presence of that cue, the action previously generated a negative emotional state. Frequently, through not always, the negative emotional state (e.g. distress, disliking) will have been created by a negative hedonic state (e.g. discomfort). Inhibitions are also created when actions fail to create desired outcomes.
Reducing inhibitions: Inhibitions are reduced when an expected punishment does not occur.
Generating motives: Experience of reinforcers often appear, not so much to generate impulses to generate responses that immediately preceded them as to establish an association between cues and a memory of the attractiveness of the reinforcer which may then generate diverse behaviours that are intended to acquire that reinforcer. In other words associative learning need not operate just at the level of impulses, but it can also operate at the level of wants and needs. Indeed, in humans at least, this is probably the predominant level at which they operate.
Conscious awareness: It is important to note that instrumental learning does not always require conscious awareness of pleasure or discomfort and neither does it require us to be consciously aware of the fact that the cue, activity and reward or punishment are connected. That is to say, it does not require evaluations or propositional knowledge. However, there is evidence that conscious awareness is required in some circumstances.
Habit
The term ‘habit’ has been used to describe actions that, because of associative learning, have become to a large degree under the control of non-conscious forces.
Self and self-control

Self and identity

We are able to form mental representations of ourselves. These constitute our ‘identity’ or ‘self’. Like other mental representations they come into existence when attention is drawn to them, vary over time, vary in how coherent and well-defined they are, and involve evaluations, emotional states and motives. When we think of ourselves we have beliefs about what we are, whether we are good or bad, moral or immoral, useful or useless. We also have a sense of whether we like ourselves or not, whether we are happy with what we are or not, and what we would like to be and not to be. 

Self-consciousness
Most of the time we are not self-conscious. We may be conscious of impulses, motives, evaluations and plans but we do not at the time have a mental representation of ourselves. There are occasions, however, when attention is drawn to mental representations involving ourselves as objects and that provides the possibility of self-control. 
The ‘self’ is not an enduring homunculus that sits inside our heads telling us what to do, sometimes with limited success. It appears to be enduring just because, by definition, it is always there when we think about it. Rather, it is a set of mental representations of ourselves as objects that, like any mental event, is generated, held in mind for a while and then replaced when other representations come to our attention. 

Self-control
Self-control is the influence of mental representations involving ourselves and evaluations and motives that we ascribe to ourselves in the motivational system. For example, if I decide that I will be a non-smoker and I want to be a non-smoker, when a cigarette is offered to me, as long as that mental representation is triggered it will influence my decision as to whether to accept. The decision does not just rely on any impulses I may have to smoke, any desire I may have for a cigarette or any evaluations I may form as to the costs and benefits of smoking that cigarette.
There are many occasions in which self-control plays an important role, both in leading us to do things we do not want to do and in inhibiting impulses to do things that will be harmful. It is important to note that self-control does not just involve the domination of evaluations over wants or impulses, or long-term goals over short-term needs. It involves any evaluation, plan or motive that derives from a representation of how or what we want to be.
These representations and the associated emotional states and evaluations are developed through our childhood by means of the processes already described. Under this theory, we would not consider it to be an example of self-control if a person unselfconsciously refrains from lashing out at someone who has annoyed him or her. It would only be an example of self-control if the restraint involved some mental representation of the self and a commitment to moral or other attributes of the self that overrode the impulse.
An excellent account of the operation of self-control is given in Baumeister (1994).

Mental effort and motivational resources

The exercise of self-control requires ‘effort’ (see Gaultney, Kipp et al. 1999). This concept is similar to that of physical effort in that it results in ‘tiredness’. It requires ‘motivational resources’ that become depleted with continued expenditure. 
One may speculate about the physiological basis of this effort and its perception but it could involve internal sensory systems capable of monitoring the energy utilisation and reserves of cells in neural pathways involved in thought. The susceptibility of cells in neural pathways required for conscious (not necessarily self-conscious) thought to depleted resources may underpin the need for humans and many other animals to sleep.
Many factors may deplete motivational resources apart from the exercise of mental effort. Of these, the one that is probably of greatest significance is depressed mood.

What motivates us

In all the above discussion there has been only scant attention paid to the specifics of what motivates us – what impels us, what drives us, what it is that we want, and what we think of as good and bad. This has been the subject of considerable debate of centuries in the writing of philosophers and more recently psychologists, sociologists and economists. What follows is the briefest of outlines of how these ideas fit into the current theory.
The cart metaphor
The present theory proposes examining this in terms of what pushes behaviour, what pulls it and what retards it. Once in motion the behaviour or the system underlying it has a certain momentum. A useful metaphor is a cart that is pulled by a horse, pushed by some very strong farm labourers, retarded by mud and its own weight but once moving has an inertia that can sometimes make it difficult to stop.
Pushing behaviour
Reflexes and automatic impulses and emotional responses to the immediate environment push behaviour. Frustration and threats to our self-esteem or things we care about induce feelings of anger that lead to aggressive impulses. There is no consideration of the consequences. 
Pulling behaviour
Motives and evaluations pull behaviour. Whether conscious or not, mental representations of future events, feed into impulses to engage in actions that experience or inference leads us to assume will bring these about or avoid them. The two dominant experiences here are contentment and distress. What causes contentment and distress varies from person to person. 
Contentment
Contentment derives from pleasant sensations which may be tactile, visual and so on. It also derives from the creation, preservation or enhancement of things we care about. What we care about varies from person to person but usually includes ourselves, people whom we are close to, often other animals and often inanimate objects such as possessions or works of art. Contentment also derives from self-respect or the respect of others. It often derives from feeling superior in some way to others. It derives from exerting influence. It derives from relief of mental or physical discomfort.  It also derives from events that satisfy our personal sense of moral justice. It derives from attaining goals that we have set ourselves or that have been set for us. It derives from good things happening to people with whom we identify.

Distress
Distress derives from unpleasant sensations and harm to people and things we care about or with which we identify. It derives from shame, embarrassment and feelings of low self-worth. It derives from failing to achieve goals. It also derives from events that violate our personal sense of what is right.
Prediction and explanation
With all these sources of contentment and distress to consider, the calculus of forces operating on motives can be very complex and very often we do not have the necessary information to make a confident prediction. When one adds to this the habits and impulses that push our behaviour, the difficulty in predicting behaviour becomes even more clear.

By the same token, with all these factors potentially influencing behaviour it is generally easy to explain behaviour once it has occurred. Therefore, we are often in a situation where we cannot formulate accurate predictions of behaviour but we can offer a multitude of explanations when it does occur.

The complexity of the motivational system and the individual differences in what motives us means that we often have to take shortcuts when making predictions. Probably the most important shortcut is summed up by one of the enduring truths in psychology: ‘the past predicts the future’. If someone behaved in a particular way before when encountering a particular situation, there is a good chance s/he will do the same thing again in the same situation.
The unstable mind
The description of the motivational system provided so far has included only a very sketchy idea of its dynamics. It has focused on the importance of considering the moment to moment influences within the system and a brief outline of the plasticity of the system in terms of habituation/sensitisation, explicit memory, and associative learning. 
Consideration of the motivational system would be incomplete, however, without mention of a pervasive feature of the functioning of physiological systems and indeed the human mind which has profound implications on how we think, feel and behave. This is the concept of the ‘unstable mind’.
Fly-by-wire systems
The proposition is that the human mind has evolved to be inherently unstable. It is steered and manoeuvred by constant balancing input. This is analogous to the design of modern ’fly-by-wire’ fighter aircraft. These are designed to be inherently unstable and are controlled by continual adjustments to their control surfaces. This can only be achieved by computers and electronic activation of the motors that control these surfaces. 
The advantage of this approach is that the planes are extremely manoeuvrable. Their instability means that the slightest movement of the control surface sends them off in a new direction. The disadvantage is that without continual balancing input they spiral out of control. 
It seems that the human mind has evolved along these lines such as that it is extremely adaptable, creative and exquisitely sensitive to environmental inputs and contingencies. However, it needs continual balancing input to prevent it spiralling out of control.

Randomness and ‘homeodynamics’
The unstable mind concept proposes that the instability in mental functioning stems ultimately from an inherent ‘pseudo-randomness’ that is observed in all biological systems (Yates 2002). In this case randomness means that the momentary state of the system is subject to a multitude of small influences that make it all but impossible to predict, just like the position that a leaf will arrive at when it falls from a tree or the number that will come up when a die is rolled. 

Thus nerve cells do not sit silently waiting for input. They typically fire more or less unpredictably at a given low rate, and the rate and pattern of firing is influenced by nerves to which it is connected. Aggregating up to the level of nerve bundles, the inherent randomness in the process means that our central nervous system cannot be construed as electrical circuitry with pathways switched on an off but rather what has been called a ‘homeodynamic’ system in constant flux and capable of springing surprises when by chance the confluence of influences puts the system into an unusual state. Aggregating up still further, the inherent randomness is in some sense smoothed out but the sensitivity of the system to inputs and occasional unpredictability remain.
The importance of balancing input
There are normally enough checks and balances in the system to ensure that it does not descend permanently into chaos, but there are circumstances when a single extreme event can put the system into a very different state, others where a single small event can send the system down a different path at which point the checks and balances maintain the system in the new state, and still others where a succession of small events can progressively lead the system to become more firmly established in a new state. 
Figure 3: Examples of different trajectories in the unstable mind
a) Stability
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b) Sudden change
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c) Triggered change
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d) Progressive change
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e) Failure of balancing input
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Figure 3 shows these possibilities schematically. A critical feature of this concept is that it postulates that change can occur, not only because of reactivity to stimuli but also because of the absence of balancing input (see Figure 3e)

Examples of patterns of instability

The manifestations of this are all-pervasive, from the difficulty we have in achieving coherent thought without providing structure by talking or writing our ideas down, to the development of neurotic patterns of thought, a tendency in some people to become anxious about small things when there is not enough to occupy themselves, the way that when members of a couple are too alike they can develop what seems from the outside to be peculiar habits and views, the effects of sensory deprivation, the phenomenon known as ‘groupthink’ in which an isolated group can become out of touch with reality, ‘superstitious behaviours’ in which we believe there are connections between what we do and events that are not real, and so on.

At one level the concept of the unstable mind is so non-specific that it is neither testable nor useful for prediction. However, as a principle it can be applied to more specific models of mental functioning that can generate predictions and be tested. It can also guide the design of interventions designed to change unwanted behaviour patterns or prevent them developing. 
The broad guiding principle in terms of understanding how an unwanted behaviour pattern has developed is to look either for the presence of influences that take it in a particular direction or equally importantly the absence of balancing input from other influences. It is this latter contribution that can easily be overlooked.
The epigenetic landscape and chaos theory
A model for understanding the development of behaviour patterns through plasticity of the motivational system is provided by Waddington’s concept of the ‘epigenetic landscape’ (Waddington 1977). This was originally proposed as a way of understanding the way that embryos develop in the context of varying environmental circumstances but has been since applied more widely to topics from decision analysis to economics. 
Chreods
The concept is illustrated in Figure 4. It represents the state of an organism at a given time as the position of a ball and potential future states determined by a landscape down which it is travelling. This landscape involves a series of valleys (which Waddington calls ‘chreods’) which vary in depth and shape and which may divide at critical periods. Which path the ball follows depends on environmental forces that move it from side to side in that landscape.

The concept of the epigenetic landscape provides a way of thinking about the way that environmental factors influence behaviour through the motivational system and the way that the motivational system itself changes in response to experiences. We can think of the condition of the motivational system at a given time with respect to a given set of behaviours in terms of the landscape.

Figure 4: Example of the epigenetic landscape proposed by Waddington to describe embryological development (reproduced from Waddington (1977)
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Types of landscape

The landscape may be quite flat in which case small environmental forces can send behaviour in markedly different directions. At the other extreme it may constitute a deep v-shaped valley in which case powerful motivational forces will move the behaviour some way off its original path but as soon as the forces are removed it will revert to its original course. The landscape may involve a valley with a flat bottom in which case small environmental forces will easily move behaviour about within a certain range but it would require very powerful forces to move it outside that ‘normative’ range. The landscape may involve a bifurcation so that a very small environmental force at a critical period can send the behaviour down very different paths.

With this model in mind we can think of stimuli and information acting on the landscape of our motivational system in varying ways to shape the energy and direction of our actions. In doing so it send us down paths in that landscape that dictate what effects future stimuli will have. A single experience can dramatically alter the landscape that we subsequently encounter if either it is very powerful or, if it is quite small, it occurs when the landscape is flat but on the point of bifurcating. 

Chaos theory and catastrophe theory

This model is very powerful. It can be applied at many levels of analysis from the initiation of individual actions through to chronic behaviour patterns. However, it needs to be borne in mind that it is no more than a metaphor. In theory it may be possible one day to apply mathematical models to these processes as has been done in other areas of science such as physics, but for the present we have to content ourselves with the conceptual account. Where mathematical equations have been applied to this kind of model it is referred to as ‘non-linear systems dynamics’ of which a well-known branch is ‘chaos theory’ (see www.imho.com/grae/chaos/chaos.html for an excellent introduction).
Chaos theory is a mathematical approach to modelling particular kinds of events in the world. It developed from the accidental discovery that a miniscule difference in the initial state of a computer program designed to model atmospheric conditions led to massive differences in the output of the program after it has been running for a while. This led to the famous notion of the flapping of butterfly wings in Asia potentially being responsible for storms in America.
‘Chaotic systems’ (such as weather) exhibit characteristic patterns: they involve periods of short- to medium-term stability punctuated by apparently unpredictable switches in state or periods of violent instability resulting from apparently small events; the paths that two systems follow can diverge markedly as a result of very small differences in their starting points; on occasions the system can become fixed in a particular state without the possibility of escape under any realistic conditions, while on other occasions it can apparently show this pattern only to suddenly switch state.
Human behaviour appears chaotic in much the same way as do weather patterns (see for example Robertson and Combs 1995). We can find ourselves heading inexorably down a particular path without any obvious difference except perhaps for something minor that happened in the past. Yet having gone down that path, sometimes we switch dramatically from one state to another (e.g. ‘finding religion’). We are also prone to sudden outbursts that seem to come from nowhere. Sometimes we fluctuate in an unpredictable manner from one state to another, in terms of preferences, opinions or how we see ourselves and behave. 
Thus at a general level chaos theory looks quite useful as a metaphor for the operation of motivational system, and the epigenetic landscape looks like a useful pictorial representation of the process.
Addiction
With this very broad-brush description of the motivational system in mind, we can examine what kinds of abnormality become manifest in addiction. First it is worth reminding ourselves of the ‘big observations’ in the field of addiction. With such major observations, the choice of citations is problematic; those that are used are illustrative only.
Some ‘big observations’ about addiction
What activities are addictive?

Different activities or objects of desire have different propensities to become addictive, but that even the most addictive activities such as injecting heroin are minority occupations even among those who try them (e.g. Atha 2004). The rewarding properties of an activity appear to be important in the genesis of addiction but they are not sufficient to cause it (see Robinson and Berridge 2003). 

Who is susceptible to addiction?
There are individual differences in propensity to become addicted to activities and, moreover, that there is at least a moderate heritability to this (in the order of 50%) (e.g. Han, McGue et al. 1999). In terms of behavioural traits the differences are at least partly manifest in terms of propensity to antisocial behaviour, impulsivity and depression(e.g. Ball and Schottenfeld 1997; Blaszczynski, Steel et al. 1997; Burt, Dinh et al. 2000). There are also differences in terms of physiological and metabolic responses to ingestion of potential drugs of addiction (e.g. Batra, Patkar et al. 2003).
What circumstances promote addiction?
Different environmental conditions are more or less conducive to the development of addictive behaviours. Critical variables include the extent of opportunities to engage in the activity, cost of the activity, other sanctions and rewards relating to the activity, environmental stressors, opportunities to achieve personal goals in other ways, and social and micro-cultural norms about the activity (see Vuchinich and Heather 2003). 
When does addiction develop?
Experimentation with behaviours that have addictive potential typically begins in the teenage years or early adulthood though it can start earlier or later (see Chambers, Taylor et al. 2003). Initiation of a behaviour that has addictive potential and transition from non-addicted to addictive behaviour is more likely in individuals who experience adverse life events such as break-up of a relationship or involuntary job loss (e.g. Gorelick 1992).

How does addiction develop?

The trajectories into addiction are very varied, even within the same behaviour type such as smoking and drinking alcohol. Movement from initial experimentation to addiction can be very rapid, a slow progression, or even initial experimentation followed by a period of dormancy and then movement to addiction (e.g. Robinson, Berlin et al. 2004; Vitaro, Wanner et al. 2004).

What other symptoms accompany addiction?

The experience of loss of control is accompanied by different symptoms in different individuals and across different activities. There are characteristic withdrawal syndromes associated with addictive drugs, though their prevalence, severity and duration of these vary, as do their relationship with failure to exercise restraint (Hughes, Higgins et al. 1994). The addiction is also often accompanied by mood disturbance, increased stereotypy of the behaviour, and emotional and motivational conflict. In the case of alcohol dependence the syndrome has been well-characterised (Edwards and Gross 1976).
How do addicts describe their experience of addiction?

Reports of the experience of addiction vary widely across individuals, types of addictive behaviour and occasions. In some cases, addicted individuals deny that the activity is out of control and make no effort to exercise restraint. In other cases, they report making an effort to exercise self-control but with limited or no success (see Quintero and Nichter 1996).
How do different addictive behaviours relate to each other?
It is common, though not universal, for initiation of one pattern of addictive behaviour to be associated with later development of another one that involves greater costs and more extreme rewarding effects – the so-called ‘gateway phenomenon’ (e.g. Kandel, Yamaguchi et al. 1992; Fergusson and Horwood 2000). It is also common, but again not universal for less invasive, harmful methods of drug administration to precede more invasive and harmful forms that produce stronger effects (e.g. movement from smoking to injecting heroin) (e.g. Davies, Thorley et al. 1985). Adults who engage in one addictive activity are much more likely to engage in others (e.g. Miller and Gold 1990). This is not universally the case, however.
When do addicts attempt to overcome their addiction?
Attempts to overcome addictive behaviours vary widely from behaviour to behaviour and person to person. In the case of smoking, for example, there is evidence that attempts are made to give up within a few years of starting (McNeill, West et al. 1986). In other cases, it may be many years before attempts are made to control or stop the activity. These attempts are often prompted by experience of harmful effects or fear of future harmful effects of the activity (see Hanninen and Koski-Jannes 1999). However, there are many other factors that can trigger the change, including new circumstances that make the behaviour less attractive or necessary or are incompatible with the behaviour. Social pressure and changes in self-concept can also trigger attempts at restraint. It is rare for attempts to overcome addiction to be effective first time (e.g. Lader and Goddard 2005).
What form does the transition from addicted to non-addicted state take?

The transition is varies widely (see Dennis, Scott et al. 2005). In some cases it involves a relatively orderly sequence from making a decision to change within a particular timescale followed by preparatory actions and then a definite transition point (e.g. ‘the quit date’ for smokers). 
On other occasions, it involves no very clear decision point and a more or less haphazard process involving an attempt to reduce or control the activity, then perhaps an attempt at abstinence. On other occasions, an event triggers a firm decision to change that is implemented immediately without there having been any planning (Larabie 2005).
Once an attempt to control or stop an activity is more or less definitively under way, its progress is also subject to wide variation. In a small minority of cases the activity ceases and does not occur again, at least for several months or years. In some cases there are lapses but eventually the activity ceases. Most often, there are lapses that are followed after varying amounts of time by resumption of the addictive behaviour (see Marlatt 1996).
The likelihood of relapse is greatest early in the attempt at restraint and decreases over time (e.g. Hughes, Keely et al. 2004). However, it probably never reaches zero.

Once addiction has developed, attempts to control the behaviour without abstaining from it completely are successful on occasions but it is quite rare. In most cases, the only form of control that is stable is abstinence (e.g. Hajek, West et al. 1995; Vaillant 2003).

What predicts success of attempts to recover from addictive behaviours

Ability to exercise sustained restraint over an addictive activity is not the same thing as recovery from the addiction. Individuals may continue to feel motivations to engage in an activity and need to expend effort to exercise restraint for a long period or indefinitely. Other individuals may genuinely recover, at least partially, in the sense that the abnormal motivation to engage in the activity no longer occurs or is greatly weakened.
Reduced likelihood of continued abstinence or control over the addictive behaviour is not necessarily related to reported enjoyment of the activity but is typically related to the intensity and frequency of the activity, levels of distress and psychological problems in the individual (e.g. Miller, Ninonuevo et al. 1999; Pettinati, Pierce et al. 1999; West, McEwen et al. 2001).
Relapse occurs more often in situations of high temptation (when the opportunity presents itself together with reminders of the positive rewards offered by the activity), perceived need (situations in which it is believed that the activity serve some purpose such as relief of stress) or during periods of boredom. However, it can also occur without any obvious external trigger (e.g. Shiffman, Paty et al. 1996).
What treatments for addiction are effective?
Some pharmacological interventions improve the likelihood of addicts being able to maintain control over the behaviour (see Lingford-Hughes, Welch et al. 2004). 
· Methadone and buprenorphine help heroin users to reduce or abstain from heroin use, for as long as these drugs are provided. There is not good evidence that they promote long-term abstinence after they have ceased to be administered. 
· Acamprosate helps people addicted to alcohol to maintain abstinence at least for a period of months.

· Nicotine in the form of transdermal patches, chewing gum, nasal spray or other devices helps a small proportion of smokers to maintain abstinence. Relapse rates after termination of treatment seem to be slightly higher in the treated smokers than untreated smokers but a residual treatment benefit is still observed many years later. Bupropion has an effect broadly similar to nicotine replacement therapies.
Psychological interventions to help addicted individuals abstain or control use can help in a small proportion of cases. The effect does not seem to outlast the duration of treatment but because relapse rates are often similar after the end of treatment, a residual treatment effect is often observed months or years later.
What population measures are effective in reducing the prevalence of addictions?

The prevalence of addictions is reduced by population measures that reduce the opportunity to engage in them or increase their cost in financial, social or other terms (e.g. Edwards, Anderson et al. 1994; Grossman, Chaloupka et al. 2002; Jamrozik 2004). However, the size of the effects varies widely and their temporal dynamics are complex.

The abnormalities underlying addiction

It is apparent from the above, that there is wide variation in the manifestations of addiction across individuals and addictive behaviours. The complex emotional, motivational and cognitive experiences that accompany it require us to postulate a range of pathways into addiction and a range of abnormalities in the motivational system underpinning it.
As a unifying principle it is postulated that the development of addiction involves the operation of environmental forces on an inherently unstable motivational system in which forces that create imbalance or the absence of, or a progressively reduced sensitivity to, forces that would restore balance, send that system down an ever more entrenched pathway in the epigenetic landscape. 

What makes something addictive?
Addictive activities are those that have the potential to change the motivational system so that they become highly rewarding or habitual over time in susceptible individuals, or that reduce the individual’s ability to exercise restraint. Any or all elements in the motivational system may be involved including associations between stimuli and impulses, stimuli and motives, evaluations and plans. 

Even if the addictive activity (e.g. a drug) acts primarily on one element of the system (e.g. on impulses) connections within the system will lead to changes in other elements (such as evaluations) that will support the behaviour.
For example, cigarettes are addictive because they deliver nicotine rapidly to the brain in a form that is mostly socially acceptable, convenient, supportive of a particular identity, and accompanied by distinctive quite pleasant stimuli (such as the smell and sensation in the throat) that can be associated with a subtle rewarding stimulus and whose negative consequences of smoking are deferred and difficult to be fearful about until it is too late. Without nicotine cigarettes would not be smoked but addiction to cigarettes involves a network of beliefs, motives and emotions that help to maintain the behaviour.
What makes an individual susceptible?
Individual susceptibility to addiction involves a large number of potential factors. These include an drive to explore new experiences and so be exposed to a potentially harmful addictive behaviour, a lower propensity or ability to exercise restraint, a greater propensity to form associative links with rewards than with punishments, an identity in which engaging in the addictive activity is valued positively, an identity in which being addicted is viewed positively, a propensity to emotional states that make the addictive behaviour rewarding, and a physiological susceptibility to the effects of the addictive activity.
For example, pre-existing psychological problems are very common in both alcohol and heroin addiction to the extent that there can be little doubt that a large proportion of addicts, as opposed to non-addicted users, are meeting an important need with their substance use. There are also differences in the balance between the rewarding and aversive effects of alcohol, at least partly determined by efficiency with which the body deals with the major toxic effect of alcohol, acetaldehyde.

What makes an environment pathological?
The evidence strongly points to social norms, opportunity, boredom, stressors and more specific needs relating to the addictive behaviour in question being important in the development and maintenance of addiction.
For example, if most of the people in one’s social world are smokers or drinkers, these behaviours will find it easier to crave a path to habitual use. If the environment changes, individuals whose motivational system has not been radically altered will be able to recover their balance but some will not. 
An example of alcohol dependence

Individuals who are emotional vulnerable and who experience relief from distress as a result of alcohol consumption, given a social environment in which it is normal, are more likely to drink heavily, especially at times of personal crisis. 
In many cases, there are enough balancing forces in the social and physical environment to keep the behaviour from getting out of control. However, combine this with a relatively weak propensity to learn from punishment and normal social and ethical controls on behaviour may be too weak to prevent escalation. Then rebound anxiety, pharmacological tolerance and onset of withdrawal symptoms during abstinence, together with instrumental and Pavlovian learning can further entrench the behaviour, increasing its frequency, intensity and stereotypy. 
Impulses, emotional states, drives, motives and evaluations are all affected and interact with each other to maintain the behaviour. It would be wrong to ascribe the addiction to any one element in the motivational system and intervening with just one element would be unlikely to be successful because of the network of influences within the system. Thus counselling, which focuses on shaping the addict’s evaluations, may strengthen attempts at self-control but will not affect the links between cues, motives and impulses that have been established through associative learning. A drug such as acamprosate may dampen an ‘acquired drive’ to drink but the effect will be incomplete and there will be no direct effect on other parts of the motivational system. Cue-exposure techniques, in which cues associated with drinking are presented without drinking taking place, may weaken the classically conditioned links that have been established but will not affect other parts of the system.
An example of nicotine dependence

A teenager may start smoking out of curiosity, in response to social pressures, because it serves a desire for a particular identity, or in the belief that it will be enjoyable or serve some need such as helping to control appetite or reduce stress. The teenager is likely to be aware that smoking is damaging to the health but may not consider this relevant at the time. 

The first reaction will be a mixture of unpleasant sensations from inhaling smoke and from the systemic effects of nicotine. In some cases, there will also be a subtle rewarding effect of nicotine which may or may not be noticed. The balance between aversive and rewarding effects of nicotine, together with the extrinsic factors that affect the teenager’s evaluations and motives, may lead the activity to be repeated soon afterwards. 
Even one dose of nicotine may also act on the brain to cause lasting changes that increase the rewarding effect of the drug if it is ingested again. It can also begin to establish an associative link between the activity of smoking, the sensory aspects of smoking a cigarette and the rewarding effect of nicotine. 
Thus the pharmacological actions of nicotine on impulses and motives may combine with evaluations that are conducive to smoking to lead to the behaviour being repeated in circumstances that promote or permit it. If escalation of smoking caused social, financial or health problems, it is unlikely that the forces promoting it would be powerful enough for an addictive pattern of behaviour to occur. 
However, the only influences that are stopping smoking are evaluations concerning financial costs and possible future health effects. These do not generate powerful enough motives to inhibit the behaviour though they may be enough to cause conflict in the mind of the smoker about what he or she is doing.
What do these two examples illustrate?

There are just two examples of how a pattern of addictive behaviour can develop. They are intended to illustrate the multiplicity of predisposing factors, successive influences and triggers that are involved in the genesis of addiction. They further illustrate that once addiction has developed the whole motivational system is involved in its maintenance. Finally, they illustrate that addiction can arise because of the strength of forces that promote a particular behaviour (as in this alcohol dependence case) as well as the weakness of balancing forces that would lead to restraint (as in the smoking case). 
Effects of interventions
Treating the symptom or the pathology

We may think of interventions in terms of whether they are simply treating the symptoms of addiction or the underlying pathology. If they are treating the symptoms, we may think of this as pushing the ball in the epigenetic landscape up the side of the valley. As soon as the pressure is released the ball will roll back down to the bottom because the landscape has not changed. If they are treating the underlying pathology they are directing the ball down a different path. 

For example, treatments for alcohol dependence do no more than bolster motivation to remain abstinent, for example by group pressure, the addictive pattern of consumption will re-emerge if that pressure is not longer present. Pharmacological treatments that act on the drive to drink alcohol may offer the prospect of a more lasting effect, but only if they can alter the motivational system.

Nicotine patch therapy for smoking cessation is a good example of the potential of an intervention to effect a lasting cure, or at least remission, in a small minority (probably about 5 percent) of cases.

Why interventions that assume rationality can work
Because many parts of the motivational system are involved in addictive behaviours, interventions targeted at any part of the system may have some effect. In certain circumstances, this can include interventions targeted at ‘rational addicts’ such as tax rises, punishments, education campaigns and brief advice from physicians. 
In general these would be expected to be more effective in individuals whose addiction has a stronger basis in evaluations than habit or impulse control but any individual can be affected. It would be expected that the effect would be immediate rather than delayed and more likely to last if it involves a ‘chaotic’ shift of identity, for example as someone who has ‘had enough’.
Recommendations and predictions regarding addiction interventions

It would be difficult to claim that any theory of the kind considered in this paper can make unequivocal predictions and recommendations that could not have been made by others. However, the theory being proposed here suggests the following guiding principles in the design of interventions. What follows considers just two areas of interest: educational interventions and treatments.
Educational interventions
Educational interventions involve attempts to increase addicts’ understanding of the consequences of their behaviour and of changing it, and of the possibilities for change. This includes mass media campaigns and advice from healthcare professionals.
Basic principles

Educational interventions will be effective to the extent that they a) induce a feeling of desire to avoid or restrain the activity, b) translate that desire into an impulse to initiate a change plan before it dissipates, c) create a lasting commitment to the plan based on a shift of identity and d) trigger supporting activities that preserve or restore balance to the motivational system.
Do not tailor to ‘stage’ of change
The current theory argues that interventions should do the opposite of what is proposed by the Transtheoretical Model (Prochaska and Velicer 1997). That model, which has become popular in the field of health promotion, states that interventions should first find out whether people are at a stage where they are thinking about changing, planning to change or in the process of changing and tailor the content to that stage. 

The current theory takes the view that there are no stages as such. Motivation to change is much more unstable and responsive to the immediate environment. Therefore interventions should not stimulate the recipient to think about what ‘stage’ they are in, but rather put the maximum tolerable pressure on the individual to make the change. 

What is tolerable depends on ethical, practical, resources and social constraints. A family doctor raising the topic of excessive drinking for example needs to exercise his or her clinical and communication skills in doing so in a way that does not harm the relationship with the patient, but within that constraint should focus clearly on attempting to generate a desire for change in the patient and initiate a change plan to which the patient is committed.

Tailoring, where it is possible, should focus on what aspects of the pattern of addictive behaviour concerned, the individual’s circumstances as they relate to triggers and cues, wants and needs, and the addict’s relationship with the addictive behaviour. Tailoring along some of these lines has been found to have an effect (Strecher, Shiffman et al. In Press).

Do not waste time on ‘pros’ and ‘cons’ analysis
Many of the current models of health promotion also propose that interventions should encourage recipients to think about the ‘pros’ and ‘con’s of their behaviour and making a change. The current theory takes the view that this will be at best a very weak intervention with regard to achieving behaviour change. 

Simply focusing on getting addicts to think about the ‘pros’ and ‘cons’ of making a change will typically not generate the kind of feelings needed to achieve it. The intervention needs to take account of what feelings can realistically be generated. For example, it will be all but impossible to create genuine and lasting fear of lung cancer in teenage smokers. Increasing the immediate social and financial cost and providing alternative means of affirming their identity are more likely to be effective.
Encourage immediate action in those who feel they are ready
Population level interventions should take advantage of the instability of motivations by encouraging those who are ready at the time of receipt of the intervention to make the change without delay. These people should not be advised to set a date for change at some time in the future – they should make the change immediately and follow this up with supportive measures.

Repeat the intervention frequently over a short space of time

Single interventions will only create a change in individuals who are in shallow chreods or near the top of chreods because of other pressures. If interventions are repeated but spaced too far apart, the recipients will have time to return to the bottom of the chreod in time in between. They should be sufficiently close together to be able to have a cumulative effect – bearing in mind that it is feelings and impulses that are the ultimate target and these dissipate over time even though beliefs causing them may still be held.

Educational interventions will typically only trigger attempts at change

It is unrealistic to imagine that educational interventions will address those aspects of addictive behaviours that operate at the lower levels in the motivational system (those relating to habits and deeply felt needs and emotions). Educational interventions are targeted at changing evaluations. 

If approached intelligently using the principles already described these interventions can lead to an action that is under the addict’s control – the attempt to make a change. What happens after that will depend on factors relating to the addiction. That is why part of the educational intervention should involve directing recipients to evidence-based treatment programmes.
Treatment interventions

Basic principles
The guiding principles of treatment are: a) to alter the balance of motivational forces by weakening those that are too strong and/or strengthening those that are weak b) applying this to the whole motivational system, not just some elements of it, and c) applying intervention elements dynamically to take account of the current state of the system. If this can be done in a way that achieves a lasting effect then that is ideal but very often it will be a matter of managing the condition rather than achieving a ‘cure’. 

The application of some of these principles is now briefly outlined.
a) Assess the behaviours across the broadest possible front: Establish the extent and pattern of the addictive behaviours including the range of targets and linkages between these. For example, how far is the pattern of behaviour one of bingeing or regular use, how much is it linked to particular situations, how far does the ‘addict’ focus on heroin but will use other drugs when this is not available or to meet secondary needs etc.; 
b) Examine the full range of abnormalities in the motivational system: Identify the abnormalities in the motivational system that are causing the problem, including dysfunctional beliefs, feelings, impulses, sense of identity, propensity to self-control and habits. For example, how does the addict respond to challenges about the damaging effects of the behaviour, how far do they enjoy it, how far does it meet emotional or social needs that they have, how far does the activity form a part of their sense of identity, how far are urges or desires to engage in the activity linked to particular situations and states, how close is the addict to a cusp or possible branching point etc.
c) Determine the prospects for altering relevant elements in the system: Determine what are the prospects for changes to those elements of the motivational system that have been identified as abnormal, how these changes might be effected and how long this might take. 
This will determine the content of any psychological treatment, and what type of pharmacological treatment might be appropriate. It will also determine how much resource should be devoted to achieving change. In some cases the best that can be achieved with the available resources is stabilisation while in other cases there may be a realistic prospect of achieving lasting change.
For example, as noted earlier, a short course of bupropion or nicotine replacement therapy will help about 5-10% of nicotine dependent smokers remain abstinent for more than a year. This does not affect the associative learning that has taken place or the emotional vulnerabilities that have contributed to the addiction, or the desires that stem from beliefs about what the addictive behaviour will do. 

Similarly, we may attempt to restructure an addict’s evaluations through ‘motivational interviewing’ but if we do not address strong emotional forces, acquired drives and habits this will be minimally effective in achieving lasting change.

d) Acknowledge the inherent limitations of the interventions available to us: There are severe constraints on resources, what is ethical, and to what those receiving treatment are willing to commit. At the same time we are often dealing with deeply entrenched behaviour patterns and abnormalities at all levels in the motivational system. 
Although there are some excellent treatment guides for addiction, these are based mostly on what ought to help rather than what has been shown to work (e.g. Waller and Rumball 2004). However, the idea that a particular treatment approach can be isolated and demonstrated to be more effective than other plausible approaches is probably unrealistic. 
The idea of matching treatment approaches to different types of addict also seems plausible but if the current theory is correct is unlikely to bear fruit. According to the present theory typologies are not the way forward – if the resources allow, the treatment plan needs to be tailored to the individual. 

A great deal written about ‘relapse prevention’ but to date there is no clear evidence for the effectiveness of any such intervention approach (e.g. Hajek, Stead et al. 2005).  The current theory predicts that proposes that it is unlikely that we will ever see a clear benefit for current approaches to relapse. Interventions need to focus on a) setting in motion a radical change in identity, b) where possible remodelling the social and physical environment that the addict inhabits and c) providing long-term medication that dampens the addictive drives or enhances his or her capacity for impulse control.
e) Pay particular attention to the temporal patterning of treatment: Related to the above, the temporal patterning of pharmacological and psychological treatment will need to be tailored to the specifics of the underlying pathologies. In some rare cases a single treatment episode that helps to ‘launch’ the recovery process into orbit will be sufficient.
At the other extreme, chronic treatment will be needed to suppress the behaviour and minimise the imbalance in the motivational system but there will be no ‘cure’, just long-term management. 

An intermediate case will be the addict whose addiction can be helped into ‘remission’ but in which the conditions that led to the original imbalance remain present so that the addiction will gradually re-emerge and re-treatment will be needed.

f) Use population level interventions as treatment: The theory also implies that the distinction between population-level interventions to control a behaviour that for some people is addictive and treatment to assist addicts to control their behaviour needs to be reconsidered. For example, price rises, denormalisation and banning smoking in enclosed public spaces would be expected to be helpful to smokers trying to stop as it would be in encouraging smokers to attempt to stop. 
Similarly, interdiction of illicit drug supplies that leads to a significant increase in cost and reduction in availability should be helpful to those who are seeking restrict their use. 
Conclusions
This paper has presented the first draft of a synthetic theory of addiction that recognises that addiction can involve any or all aspects of a motivational system that involves five levels of operation in which all motivational forces must ultimately operate through impulses and inhibitory forces. It has introduced the idea of the ‘unstable mind’ in which constant balancing input is required to keep our thoughts, feelings and actions from heading off in unwanted directions and which helps to explain apparently sudden switches in what appear to be deeply entrenched behaviour patterns. 

It has offered a framework for understanding the heterogeneity of addiction, phenomena that lie at the fuzzy boundaries of this concept and how addiction relates to other forms of behaviour in which reasoned analysis of what is good and bad is undermined and overpowered by motives arising from identity, basic drives, emotions, habit.
It has argued that we need to make a clear distinction between addiction as a reward-seeking behaviour that has become out of control and dependence syndromes, such as the alcohol dependence syndrome, which differ considerably with the target of the addiction (e.g. the alcohol dependence syndrome is substantially different from the nicotine dependence syndrome). 

It has acknowledged that in many cases an addicted lifestyle involves choices made by individuals for whom the activity is particularly attractive given their circumstances and/or emotional vulnerabilities. However, in other cases, the addiction arises out of a susceptibility to the effect of a drug on their motivational system, setting up powerful acquired drives. 

The motivational theory outlined in this paper is intended as a general theory that can be developed to apply to all aspects of behaviour. For example, it is hoped that it can provide a useful framework for understanding activities as diverse as reckless driving and consumer choice.
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