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An introduction to Chaos 

 

 

“Chaos is a name for any order that produces confusion in our minds.”  

Santayana from Dominations and Powers p33. 

 

 Traditionally human behaviour, as well as many other phenomenon has been measured upon 

a linear continuum whereby behaviour can be seen to vary along a scale of equidistant points (Eiser, 

1995).  This assumes that human beings aim to keep their body and behaviour constant through 

processes such as negative feedback and homeostasis (Eiser, 1995).  However it has been 

recognised that much behaviour within the world does not adhere to perfect linear models and can 

often be seen to be ‘chaotic’ (coined by Li and Yorke, 1975).  Ian Stewart (1989) suggests that 

throughout science, nature can be seen to be “relentlessly non-linear” (p83).  Non-Linear dynamic 

models of behaviour, such as chaos theory and catastrophe theory, have suggested that within what 

appears to be chaos, meaning and order can be seen.  In the last 40 years both catastrophe theory and 

chaos theory have received a great deal of attention, however this essay shall mainly concentrate on 

Chaos theory.  Chaos theory is concerned with dynamics and non-linearity; dynamics looks at how 

things change over time, whereas non-linearity focuses on the interaction of cause and effect 

variables (Masterpasqua and Perna, 1997).  The incorporation of chaos and non-linearity into 

understanding the structure of the universe and various system within it has been controversial as it 

goes against the predictable Newtonian Universe (Whitaker 1996), where through Newton’s Laws 

one can predict the future actions of particles.   

  

 The defining feature of chaotic systems is that they are sensitive to initial conditions (Glass 

and Mackey, 1988).  Initial conditions can only be known to some finite degree of accuracy 

therefore chaotic systems are near impossible to predict as a minute difference in conditions can 

lead to large differences in the future evolution (Glass and Mackey, 1988).  This effect was initially 

discovered by Lorenz in 1963.  Lorenz discovered the ‘butterfly effect’, the idea that a small change 

in the initial conditions can lead to very different outcomes.  This concept is epitomized by the 

follow quote:  

 

“The flapping of a single butterfly’s wing today produces differences in the state of 
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the atmosphere.  Over a period of what time the atmosphere actually does diverges 

from what it would have done.  So, in a months time a tornado that would have 

devastated the Indonesian coast doesn’t happen.  Or maybe one that wasn’t going 

to happen, does.”  

(Stewart, 1989 p141).   

 

Lorenz was looking at how to predict the weather and wished to check a previous calculation, to 

save time he entered numbers from the middle of a calculation and re-started it from there.  

However he had entered a rounded off figure of three decimal points (0.506) as opposed the 6 

decimal points in the original print out (0.506127).   From this seemingly insignificant difference in 

starting point, the two runs diverged into very different paths (as shown in figure 1). (c.f. Stewart, 

1989). Similarly the butterfly effect has been seen using the Digital Orrery, a celestial computer, 

Sussman and Wisdom (1992), used this to show that the orbit of Pluto to be chaotic.  They found 

that if two planet Pluto’s start at slightly different orbit points then after several hundred million 

years the two versions end up at different sides of the sun.  Again demonstrating that chaotic 

systems are sensitive to small changes in initial conditions. 

 

 
 

 

Figure 1. Shows the divergence of the two paths of data that Lorenz inputted.  (Stewart, 1989, 

p141). 

 

 Another key feature of chaotic systems is that they consist of strange attractors which 

typically contain a fractal structure (c.f. Ivancevic et al, in press).  Feudel et al (2006) suggested that 
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within the phase space of a chaotic system, or object, the 

strange attractor is the object which corresponds to 

chaos.  A well known example of a strange attractor is 

the Lorenz attractor (see figure 2), which demonstrates 

that a system can follow a non-repeating route whilst 

remaining highly structured (Bradley, 1995). 

 

Figure 2. The Lorenz attractor.  Imported from: 

http://www.csuohio.edu/sciences/dept/physics_from_www/kaufman/yurkon/chaos.html 

 

Fractals were discovered by Mandelbrot (1982).  Mandelbrot noted that when you magnify an image 

of an object, for example the coastline, it still appears to look like a coastline.  This is because of the 

existence of self-similarity, where different scalings of an object appear to look more or less the 

same.  Other renowned examples of self-similarity include Helge von Koch’s (1904) ‘snowflake 

curve’ (see figure 3) and Feigerbaum’s fig-tree, a bifurcation diagram where later ‘twiglets’ within 

the tree, appear to be smaller copies of earlier and larger ‘branches’ (Stewart, 1989).   

 

 
 

 

Figure 2. The gradual construction of a ‘snowflake curve’ showing the similarity between levels.  

Imported from: http://www.pha.jhu.edu/%7Eldb/seminar/images/vonkoch1.gif.  

 

 

A further feature of chaotic systems is that although they appear chaotic at a local level, 



 

 

 

  5 

globally they appear stable.  An example of this comes from Crutchfield et al (1986) who 

discovered that by increasing the flow of water dripping from a tap, the usually regular pattern of 

dripping could be turned into a seemingly random pattern however, Crutchfield measured these 

droplets and discovered that although they were unpredictable, they were not in fact random (c.f. 

Masterpasqua and Perna, 1997).  Experimental observations of non-linearity within systems are 

often associated with noise as opposed chaos, this is because the distinction between noise and 

chaos is sometime unclear and therefore difficult to measure (Glass and Mackey, 1988).  However 

others such as Grassberger and Procaccia (1983) have suggested that it is possible to distinguish 

chaos from random noise.  Bradley (1995) suggests that the distinguishable feature between chaotic 

and random processes is how they can be described; a truly random system can only be depicted 

through its average properties, a chaotic process on the other hand can be described by non-linear 

equations.   

 

Chaos outside of physics 

 

 

 These seemingly chaotic characteristics have been seen not only within physics and 

mathematical systems, but also within biological systems such as human beings.   For example 

Glass and Mackley (1988) and Schulte-Frohlinde et al (2002) have suggested an element of chaos 

within heartbeats.  Similarly Freeman (1991) has proposed that chaos occurs within the brain and 

the central nervous system as a result of the complexity of the brain.  Furthermore, Eiser (1995) 

suggests that the mind has a fractal nature.  Therefore it appears that increasingly aspects within 

human biology are being discovered to demonstrate non-linearity and chaos.   

  

 Butz (1997) suggested that it is through this apparent chaos that systems are able to grow 

and change, “a system moves from a previous order to a new and more complex order by virtue of a 

chaotic transitory period.” (p16).  According to Butz, the journey of life consists of periods of 

stability which move to perturbations, bifucations, complexity and chaos. Butz suggests that 

psychology is devoted to understanding this process of change, therefore it seems only natural that 

the world of psychology would eventually collide with chaos theory and non-linear dynamics.  

Already non-linear theory’s have been suggested for various psychological disorders such as 

schizophrenia (Breakspear, 2006), non-suicidal self-injury (Armey & Crowther, 2008), bi-polar 
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disorder (Gottschalk et al, 1995; Glenn et al, 2006) and affective disorders (Huber et al, 2004).  

Despite this, the application of non-linear dynamical systems to clinical disorders remains 

controversial because of the almost innate nature for human beings to view events along a linear 

scale and seek causality and predictability within those events (Resnicow and Vaughan, 2006).  This 

essay shall focus on whether non-linearity and chaos theory can be seen in alcohol addiction.  

Alcohol addiction has been chosen specifically because of the widespread use and abuse of this 

legal drug which has significant costs for both society and the individual. 

 

 

An overview of addiction 

 

 

 Addiction is a serious problem in many countries around the world.  A wide variety of 

addictions exist including; gambling, drugs, eating disorders and so forth.  Alcohol addiction is 

linked to an array of social, physical and mental problems (Bennett, 2006).  Rosen et al (2008) 

estimated that economic cost of alcohol problems within California alone, was around 38 billion 

dollars, with alcohol leading to; death, illness, injury, crime, property damage and traffic accidents.  

Although Rosen et al’s study solely looks at California, there is face validity that this effect might 

be replicated in other western societies with similarly high rates of alcohol use and abuse.  

Furthermore there are various physiological and psychological deficits associated with alcohol 

abuse such as; liver damage, Wernicke’s encephalopathy and Korsakoffs syndrome (Bennett, 2006).   

 

According to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-

IV) a classification of alcohol dependence requires 3 or more of the following symptoms occurring 

within the last 12 months (c.f. Lindsay and Powell, 2002);  

 

� Strong desire or compulsion to use 

� Difficulties in controlling use 

� Withdrawal 

� Tolerance 

� Increased dose or extended periods of use 

� Neglect of other activities 
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� Persistence despite problems 

 

 The overall cause of this disorder remains unknown however psychologists have suggested 

that many factors may play contributing roles including; genetic factors (e.g. Prescott & Kendler, 

1997), biological factors (e.g. the effect of dopamine, Bowirrat and Oscar-Belman, 2005), 

psychological factors (e.g. the Cognitive-Behavioural view, Beck, 1993) and socio-cultural factors 

(e.g. the relationship with socio-economic class, Hemmingsson et al, 1997).  Furthermore, Hufford 

et al (2003) proposed that clinical evidence generally suggests that the successful overcoming of 

addiction involves a combination of many complex factors.   

 

One area within alcohol addiction that is especially important to understand is that of 

relapse.  This is because alcoholism can be characterised as a chronic relapsing disorder (Valdez and 

Koob, 2004).  A high percentage of individuals lapse following treatment, it’s been found that 40-

60% of patients treated for alcohol and other drugs abuse relapse within a year after treatment (c.f. 

McLellan et al, 2000).  Similarly within substance abuse Dennis (2003) remarks that after treatment 

it is common for relapse and readmission to occur.  Hunt et al (1971) noted that most relapses occur 

soon after treatment.  Therefore the patterns and potential triggers for this relapsing behaviour must 

be understood to enable people with alcohol problems the greatest chance of recovery.  However, 

one issue when studying relapse is that it lacks a standardised definition, from which patients can be 

studied against (McKay et al, 2006).  For example the definition of relapse will be different for a 

person with an alcohol use disorder if the patient is aiming to achieve a consistent level of moderate 

drinking as opposed to abstinence.  This means that many studies have found differing rates of 

relapse due to the use of differing definitions.  Due to the generally high rates of relapse seen within 

addiction, one of the key goals is relapse prevention (Marlatt and Gordon, 1985), scenarios which 

can potentially influence relapsing need to be identified in order to prevent its occurrence (Brownell 

et al, 1986).  Because of the clear importance of preventing relapse, determining whether 

behavioural changes within addiction, such as relapse, occur as a non-linear process is essential.   

  

 

Alcohol Abuse and Nonlinearity  
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 In the recent years there has been more and more data emerging on non-linear systems 

within areas of clinical psychology.  Simple linear systems are predictable over a period of time 

however human behaviour does not appear to be so (Boker and Graham, 1998), therefore should we 

still be using linear methodology to try and predict potentially non-linear patterns of behaviour?  If 

addictive behaviours are the result of complex, multi-dimensional, non-linear processes then using 

statistical measures such as analysis of variance, which compare the means of data, may exclude the 

important complexity of the data.  Many traditional linear models of addictions only explain a small 

percentage of effects seen by varying the treatment and the rest is considered the ‘error’ rate 

(Hufford et al, 2003).  This error rate might represent the chaotic component of complex behaviour, 

resulting from imposing a linear model onto a non-linear system (c.f. Resnicow & Vaughan, 2006).  

Witkiewitz et al (2007) suggest there is significant heterogeneity within and between individual 

drinking patterns.  Due to this they propose that attempting to aggregate data to fit a linear statistical 

model may produce sampling distributions which are highly skewed.  Similarly Witkiewitz and 

Marlatt (2007) proposed that relapse within substance addiction has been poorly predicted because 

it has been measured linearly as opposed to non-linearly.  Zullino and Khazaal (2008) suggested that 

nonlinear models might increase our knowledge of the processes of substance use disorders. 

Comprehending the underlying patterns within alcohol addiction, remission and relapse, appears 

essential for learning about the disorder and modelling psychological treatments.  As Stewart (1989) 

advocates, “to understand a malfunction is not the same as to cure it; but … it’s hard to put a fault 

right if you don’t understand what it is.” (p282).  Therefore determining non-linear or chaotic 

patterns within the disorder is necessary as it may enable the creation of new and innovative 

treatments to target common patterns within alcohol addiction. 

 

 Addiction, both alcohol and other forms, is increasingly being considered a non-linear 

dynamical system (Hayes et al, 2007; Witkiewitz et al, 2007; Witkiewitz and Marlatt, 2006; Maisto 

and Conners, 2006).  Warren et al (2003) applied a nonlinear mathematical model of substance 

abuse dynamics to the patterns of alcohol use in people being treated for substance abuse.  

Traditional linear autoregression models of behaviour suggest that an alteration in intake leads to a 

further change in the same direction and that all changes are equivalent in their influence on the next 

time period.  However, Warren et al suggested that this cannot be right as a small change in intake 

may have a large effect on behaviour, for example a small increase in alcohol may lead to a large 

decrease in functioning on daily tasks.  Therefore showing that alcohol use does not progress in a 
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linear manner.  Warren used the non-linear SETAR (2) (a self-exciting threshold auto regression) 

model, which states: 

 

 ∆It = a±b ∆It-1+e     if ∆It-1 ≤  the threshold value t 

 

 ∆It = c±d ∆It-1+e     if ∆It-1 >  the threshold value t 

 

Warren et al found that the SETAR (2) non-linear model showed a superior fit compared to a simple 

linear auto regression model whereby ∆It = a + b ∆It-1+e.  These findings and ideas support the 

suggestion that non-linearity occurs within alcohol use and further implies that new, non-linear 

methodology should be considered to measure the patterns of this behaviour.   

 

  

Catastrophe and Alcohol 

 

 

 Currently the non-linear model that has gained the most support and research within 

addiction has been the cusp catastrophe model (as suggested by Thom, 1975).  Hufford et al (2003) 

considered the non-linear aspects of alcohol addiction and suggested that the characteristics fit well 

within the cusp catastrophe model of behaviour.  According to Hufford et al the cusp catastrophe 

model has five key characteristics; bimodality, sudden or abrupt transitions, hysteresis, 

inaccessibility, and divergence.  Hufford et al found that the cusp catastrophe model accounted for a 

greater amount of the variance in outcome than traditional linear models.  However the cusp 

catastrophe model only accounted for just over 50% of the variance in total amount of alcohol 

consumed compared to less than 20%  accounted by the best linear model (Witkiewitz et al, 2007).  

Furthermore this is only one study which used a small number of participants and there was an 

attrition rate of nearly 70%, therefore the findings may not be entirely reliable.  Although from this 

study the cusp catastrophe model appears a better approach than traditional linear models, it still 

does not wholly account for the drinking behaviour viewed.  Therefore it would be useful to model 

this behaviour using other non-linear theories, such as chaos theory.   
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Alcohol Abuse as a chaotic disorder 

 

 

 The studies and ideas presented so far suggest that processes within addiction and relapse 

may contain patterns of non-linearity, however this does not necessarily mean that it is chaotic.  

Although a truly chaotic system must exhibit non-linearity, not all non-linear systems are chaotic 

(Bradley, 1995).  Therefore these non-linear processes within addiction need to meet the criteria of a 

chaotic behaviour.  Reniscow and Vaughan (2006) suggested that there are 4 key principles within 

chaos theory which behavioural changes need to meet to be considered chaotic.   

 

1. Chaotic systems can be mathematically modelled but they are nearly impossible to predict 

 

Traditionally behavioural change is presumed to be gradual and occur in a linear manner, 

however in reality many systems demonstrate periods of instability and dramatic non-linear changes 

(Resnicow and Vaughan, 2006).  Within addiction, these dramatic non-linear behavioural changes 

can include remission and relapse.  Resnicow and Page (2008) advise that our understanding of 

these behavioural changes need to be informed by non-linear paradigms such as chaos theory.  One 

chaotic view of behaviour change, such as that seen in alcoholism, is the idea that certain external 

random events, may act as a ‘tipping point’(Gladwell, 2000) or a ‘quantum change’ (Miller, 2004) 

for a modification in behaviour to occur (c.f. Resnicow and Vaughan, 2006).  Gladwell (2000) 

describes a ‘tipping point’ as a quick, dramatic and usually unexpected transformation in social 

behaviour.  This occurs once a number of small changes have built up to a critical mass, and then a 

further seemingly small change occurs leading to a large difference.  Evidence for these ‘tipping 

points’ comes from Matzger et al (2005) who discovered that undergoing a transformational 

experience (for instance a traumatic event or spiritual awakening) doubled the likelihood of problem 

drinkers sustaining remission than a person who simply weighed up the advantages and 

disadvantages of drinking.  These tipping points might be especially potent for people with an 

underlying predisposition (e.g. a genetic predisposition) influencing them to change their behaviour.  

The apparent occurrence of tipping points in changing the behaviour of alcoholics, suggests that an 

underlying non-linear sequence may exist.  Furthermore ‘Tipping points’ and ‘quantum changes’ are 

virtually impossible to predict, however on reflection they appear to explain the target behaviour 

observed (Resnicow and Vaughan, 2006).   This demonstrates the difficulty in predicting the course 
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of addiction, supporting the idea that changes within alcohol addiction are chaotic. 

 

2. Chaotic systems are sensitive to initial conditions. 

 

 The process of relapsing has been seen to be highly variable both within and between 

individuals (Witkiewitz & Msyn, 2008).  It has been suggested that there are two distinct types of 

risks which influence both addiction and relapse; distal risks and proximal risks.  Distal risks 

correspond to a stable underlying increased susceptibility to an addiction, for example the age of 

one’s first drink (see McGue et al 2001), proximal risks on the other hand are unstable and can 

trigger a relapsing episode, for example abstinence self-efficacy (Gwaltney et al, 2005) (c.f. 

Witkiewitz and Msyn, 2008).  Witkiewitz and Msyn (2008) found that distal risks appear to predict 

when the first episode of relapse will occur and proximal risks tend to determine the severity of 

drinking during that relapse.  Hayes et al (2007) suggests that changes to risk factors which appear 

insignificant often can lead to a “rapid cascade of increased craving, positive outcome 

expectancies, drug-seeking behaviour, and relapse” (p720).  Therefore it appears that seemingly 

small and insignificant differences in risk factors may play a role in determining whether or not a 

person becomes firstly addicted to alcohol, and secondly the likelihood of relapsing.  This shows 

that small changes in a initial condition (such as distal risks) can lead to large and diverse effects.   

 

3. Complex systems involve multiple component parts that interact in a non-linear fashion 

 

 Both relapse and alcohol addiction in general are considered to be the result of multiple 

factors.  For example as suggested above both distal and proximal factors play a role in the disorder 

and differing theories have suggests a wide range of factors that lead to this disorder.  Maisto and 

Conners (2006) suggest relapse should studied from a biopsychosocial perspective.  Furthermore 

many important predisposing factors may not yet have been discovered.  This suggests that 

addiction is a complex disorder which is a result of many interacting factors.  Galea et al (in press) 

suggests that the social sciences should consider using complex systems dynamical modelling 

techniques to help us understand how the integration of multiple factors affects health behaviour 

such as drug research.  Researchers such as Maisto and Conners (2006), Hufford et al (2003), and 

Witkiewitz and Marlatt (2004) have suggested that these factor interact in a non-linear fashion to 

determine an individuals vulnerability to addiction and relapsing.  Resnicow and Vaughan (2006) 
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implies that within health behaviour there is an interaction between multiple factors for a 

behavioural change to occur and this indicates a “complex system bound by chaotic regulation” 

(p28).  Maisto and Conners (2006) suggest that although this is a fascinating idea, it has not been 

greatly tested, this may be due to a lack of researchers within the field of addiction who are trained 

in non-linear methodology.  The idea that a myriad of risk factors might interact in non-linear 

fashion to cause a person to relapse already has some support from researchers.  However, further 

testing of this idea is necessary.   

 

4. Results of complex systems are often greater than the sum of their parts. 

 

As described previously, many researchers and clinicians believe addiction and relapse result from 

multiple factors.  For example De Gottardi et al 2007 suggested that there are multiple predictive 

factors which can indicate that a person is going to relapse including; the presence of an anxiety or 

depressive disorder, being sober for less than 6 months, an absence of a life partner, age, et cetera.  

Furthermore it was found that a  combination of these risk factors made relapsing more likely than if 

only one was present.  Similarly Chung and Maisto (2006) argue that relapse is the result of multiple 

factors.  This as well as previous evidence discussed suggests that behavioural changes such as 

relapsing after treatment occur through the integration of multiple risk factors.  It appears to be the 

sum of these multiple risk factors that lead to this complex disorder.  Although complete models of 

alcohol addiction and treatment must consider these risk factors in order to appropriately model and 

treat the disorder, the larger picture of the disorder should also be taken into account.  Addictive 

behaviour is so extreme and diverse that this behaviour appears greater and more salient than the 

sum of all the seemingly small individual risk factors.  This can further be taken as supporting 

evidence for the idea that chaotic behaviours occur within alcohol addiction.  

 

 

Conclusion 

 

 

 Overall it appears that some changes within alcohol addiction fit within a chaotic theory of 

behavioural change.  There has not currently been any research directly considering whether the 

process of addiction can be measured and explained using chaos theory, however this is an area of 
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importance that should be considered as it might have significant implications for the treatment of 

this disorder.  If an appropriate model of alcohol addiction can be formulated within a chaotic 

paradigm, then this could lead to novel therapeutic treatments based upon the principles of chaos 

theory.  One aspect of chaos theory which might be of particular use for studying the course of 

addiction might be the idea that although at a local level systems appear chaotic, overall at a global 

level they appear stable.  If this is true of alcohol addiction then a stable pattern might be viewed 

globally over the course of the addiction.  This could help to explain the seemingly chaotic and 

highly variable patterns of relapse and recovery seen within addicts.  Furthermore  it could provide 

valuable information to help people recover from this disorder and avoid future episodes of 

relapsing.  Although evidence suggests that non-linearity might play a role within alcohol addiction, 

this does not mean that linearity does not also play a role.  Resnicow and Vaughan (2006) suggest 

that a model which includes both chaos and linearity might be optimal to understand behavioural 

change.  Therefore it seems that chaotic theories of behavioural change such as within alcohol 

addiction might be highly valuable.  Currently psychological models and treatments based upon 

chaos theory are scarce, however they have been suggested within the fields of career psychology 

(e.g. Pryor et al, 2008), psychoanalysis (e.g. Galatzer-Levy, 2004; Procci, 2002) and clinical case 

conceptualization (Todder et al, 2005).  This suggests that although no model of alcohol treatment 

has been envisaged based upon chaos theory as of yet, it is feasible that one could be created.  

Furthermore, psychology is a constantly evolving subject and perhaps non-linear models such as 

chaos theory will play a more dominant role within the future phases of psychological research and 

theorising.    
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