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1. INTRODUCTION 

Crime is an inevitable, inherent facet of society that is made possible by human activities and 
circumstances. It has been proposed that human action is a complex non-linear system 
(Clarke, 1985), and should therefore be studied as part of a system, and not in the typical 
deconstructive manner that much of the current psychological research employs. In this vein, 
it can be assumed that crime, which results from human action, can also be viewed as a 
complex system. The theory of non-linear dynamics and its subsets (i.e. chaos and 
complexity theory) have been found to be applicable to an array of disciplines within the social 
and physical sciences, and have improved the understanding of complex systems such as 
weather, anatomical functions, ecosystems and organisations. This paper thus seeks to 
determine the applicability non-linear dynamical systems theory to the understanding of crime 
and criminal behaviour, using concepts from chaos and complexity theory. Consequently, this 
paper explores whether this conceptualisation of crime as a non-linear dynamical system has 
any contributions to offer to the prevention, reduction, or regulation of crime. 
 
2. NON-LINEAR DYNAMICAL SYSTEMS 

Dynamical systems evolve in terms of state and variables over time in accordance with 
certain rules (Rickles, Hawe & Shiell, 2007). This process of evolution is described by 
dynamic systems theory, which employs terminology such as attractors, chaos, bifurcations, 
and hysteresis to explain the self-regulatory behaviour of such systems (von Bertalanffy, 
1972). It has been proposed that human behaviour is dynamical in nature, and this has 
promoted the increased application of dynamic systems theory in the literature and research 
of fields and disciplines that concern the analysis and evaluation of human action and 
behaviour (Lewis & Granic, 2002) such as psychology and criminology. Dynamical systems 
can be linear or non-linear, the latter of the two being the focus of this paper. Non-linear 
dynamical systems feature outputs that are not proportional to their inputs – put simply, a 
certain change in one of the variables within the system will not necessarily result in an equal 
change to the overall system (Pycroft, 2014). The study of non-linear dynamical systems 
capitalises on error data rejected by traditional linear analyses, through the consideration of 
human experience in relation to its complexity (Walker, 2007). According to Arrigo and 
Williams (1999), non-linear systems analysis detracts from the cause-effect rhetoric and focus 
on precision of prediction found in linear analyses, and instead emphasises non-linear, 
indirect causality as well as the co-existence of order and chance. As such, these systems 
are deterministic, but not predictable (Williams & Arrigo, 2002). Much of the current 
psychological and criminological literature frequently employs non-linear dynamics in 
discussions of otherwise inexplicable occurrences. 
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Complex and chaotic systems are prime examples of non-linear dynamical systems (Rickles 
et al, 2007), and it is through the development of complexity and chaos theory that the study 
of such systems has gained prominence in the social and physical sciences. It has been 
asserted that, after relativity and quantum mechanics, non-linear systems analysis is the ‘3rd 
revolution in human thinking’ (Pycroft, 2014, p. 15). By recognising the non-linear nature of 
human social systems, such theories also acknowledge their inherent instability, uncertainty, 
and unpredictability (Condorelli, 2013). Many areas of research, particularly within the social 
sciences, stand to benefit from the application of non-linear systems analysis. 

 
2.1 CHAOS THEORY 

Chaos theory is a scientific and mathematical model that provides a means of understanding 
the behaviour of non-linear dynamical systems (Williams & Arrigo, 2002). As such systems 
exist across a variety of domains, chaos theory has had a significant impact on several 
disciplines, psychology and criminology included. Among the core principles of chaos theory 
(bifurcation, sensitive dependency on initial conditions, attractors, and fractals) (Arrigo & 
Barrett, 2008), sensitivity to initial conditions is of primary concern. In chaotic systems, initial 
conditions need to be known with infinite accuracy in order for any sort of precise predictions 
to be made, as even the minutest of differences in an initial cause could result in huge 
differences in effect (Faure & Korn, 2001). This phenomenon is known as the ‘Butterfly Effect’. 
However, such precise measurements of initial conditions are impossible to obtain, resulting 
in the inherent unpredictability of the future states of a chaotic system (Arrigo, 2004). 
Milovanovic (1997) posits that this brings about a state of ‘predictable unpredictability’ (p. 197), 
wherein statistical probability replaces precise predictions. This echoes the pattern in 
unpredictability, and apparent order within random behaviour, found by researchers such as 
Edward Lorenz (one of the first to study chaos) (Gleick, 1987).  
When the trajectories of chaotic systems are represented in a mathematic, comprehensible 
graphical form in a phase space, patterns tend to become more apparent. A phase space is 
illustrated by a graph in two or more dimensions that is affected by two or more variables, and 
as such has the ability to represent the behaviour of a chaotic, complex system. Patterns in a 
system’s trajectory tend to be concentrated in particular areas of the phase space, and are 
called attractors. Chaos graphical models show that what appears to be random, disordered 
behaviour actually possesses some intricate structure (Gleick, 1987). Human behaviour, 
personality and reactions can be conceptualised as different trajectories of chaotic systems 
within a phase space (Granic, 2005), each with different attractors and dependence on initial 
conditions. This notion supports Killeen’s (1989) suggestion that the progress of human 
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behaviour over time has a number of significant similarities with the behaviour of the logistic 
model of chaos.  
 
Chaotic systems are deterministic and globally stable, but locally unpredictable (Ali, Basharat 
& Shah, 2007), implying that general patterns of future behaviour could be predictable, but 
specific and precise long-term predictions are essentially impossible. Patterns and order in 
the statistical probability of outcomes are discernible from the apparent randomness (Pycroft, 
2014), and it is these patterns that allow for some form of global trend prediction. This 
emergence of order from chaos is associated with complexity theory. 
 
2.2 COMPLEXITY THEORY 

Complexity theory was developed from the mathematics of chaos theory (Pycroft, 2014), and 
is applied to the study of non-linear dynamical systems that display complex behaviour due to 
the interactions of a large number of components. Complex systems, like chaotic systems, 
exhibit a sensitive dependency on initial conditions, and therefore their precise behaviours are 
also inherently unpredictable. Similarly to chaos theory, the basic concept of complexity 
theory is that the behaviour and progress of complex systems is driven by some underlying 
form of order. What makes complexity theory distinct from chaos theory is the fact that the 
latter is unable to account for self-organisation and consistency within complex systems, and 
as such, complex systems are said to exist at the ‘edge of chaos’, where system components 
are not fixed in their interactions and functions, but still retain some form of order. Self-
organising complex systems also have the ability to generate emergent behavioural patterns 
that lend themselves to the predictability of global systemic behaviour (Holland, 2014). 
Understanding complexity will confer a greater comprehension of complex systems, which 
would benefit a variety of disciplines. 
 
3. CRIME 

Crime is a perplexing phenomenon that is a threat on a societal and individual level, affecting 
quality of life (Lopez & Zuniga, 2001). A multitude of individual and environmental factors and 
contexts affect the likelihood of an individual developing antisocial or criminal tendencies, and 
therefore a specific cause of crime is incredibly difficult to pin down (Robinson, 2014). 
According to non-linear dynamical systems theory, these factors are believed to interact in a 
non-linear, dynamic, arbitrary and chaotic manner (Agnew, 2011), making predictions of 
criminality and recidivism problematic at best (Walker, 2010).  
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However, many criminologists tend to perceive crime as a predictable and easily understood 
outcome of a small number of variables. In doing this, they fail to acknowledge that the 
variables under consideration are not static, and can therefore have unpredictable influences 
(Robinson, 2014). As the products of crime are the results of a complex system, a 
multidimensional and multidisciplinary approach is needed to improve comprehension and 
management of the incidence of crime (Lopez & Zuniga, 2001). With this in mind, it could be 
possible to identify patterns that impact criminal behaviour and victimisation (risk and 
protective factors), and employ them in the understanding and possible prevention of crime. 
 
4. APPLYING NON-LINEAR DYNAMICS TO CRIME 

According to Juarrero (2010), complex adaptive systems like crime and criminal behaviour are 
most aptly conceptualised as dynamic structures of interactions and associations, and 
therefore cannot be studied through a deconstructive, targeted analysis of their individual 
components. One of the flaws in current evaluation of criminal acts and behaviour lies in an 
overdependence on linear models (Walters, 1999). The application of non-linear dynamics 
and equations to the evaluation could provide an explanation for discrepancies and details 
that are often disregarded by linear models (McDowall, 2002). As such, non-linear models 
could offer a greater understanding of the dynamic interaction between predictors and 
outcomes in the complex system of crime.  
 
This section will describe how non-linear dynamics concepts such as chaos and complexity 
theory can be applied to the study of criminal tendencies, crime hot spots and the potential for 
re-victimisation, and the spread of crime. 

 
4.1 CRIMINAL TENDENCIES AND BEHAVIOUR  

Williams (2008) describes having criminal tendencies as a state of being wherein an 
individual has an increased or reduced propensity towards engaging in criminal behaviour. 
This can be illustrated in relation to the butterfly effect, as criminal behaviour can be 
understood as the fundamentally unpredictable result of interactions between dispositional, 
environmental and clinical influences, and a particular prior event whose impact is large 
enough to trigger an individual’s engagement in criminal acts. It is suggested that these 
dynamic interactions could cause the formation of chaotic attractors within the complex 
system of an individual’s actions, which would result in their engagement in criminal behaviour. 
This is in line with Walters’ (1999) suggestion that the development of criminal tendencies can 
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be explained, understood, and potentially prevented using non-linear dynamics, particularly in 
terms of chaotic attractors and sensitive dependency on initial conditions.  
 
In a similar vein, Le Blanc (2004; cited in Kazemian, 2007) argued that the complex 
interactions of two particular dispositional factors - self-control and social control – contribute 
to the generation of criminal behaviour. Variance in either parameter determines if an 
individual will engage in criminal behaviour. When an individual exhibits low social- and self-
control, they display an increased propensity to engage in criminal behaviour. Increased 
regularity of such behaviour could result in the formation of a chaotic attractor, making future 
criminal behaviour locally unpredictable. The development of criminal tendencies can also be 
attributed to the non-linearity of the interactions of environmental or situational factors. 
Parental and teacher attachments have been shown to have a non-linear effect on criminal 
behaviour (Thaxton & Agnew, 2004), as has exposure to delinquent peers (Warr, 1993; cited 
in Zimmerman & Messner, 2011). Zimmerman and Vasquez (2011) have further proposed 
that the interaction between exposure to such peers and subsequent criminal behaviour is 
best represented by a nonlinear model. Using this understanding, more specific and targeted 
interventions could be developed to tackle the development and escalation of criminal 
behaviour. 
 
As mentioned previously, bifurcation is also one of the core principles of non-linear dynamical 
systems. Bifurcations are dramatic changes of behaviour within a system (Faure & Korn, 
2001). They occur at bifurcation points, or ‘tipping points’ (Sooknanan, Bhatt & Comisiong, 
2013), and serve as landmarks when studying a complex system. Young (1997a) proposes 
that the unrestrained bifurcation of certain situational components of the complex system of 
crime such as class, status and power results in an increased tendency to engage in criminal 
behaviour. This proposition, along with the aforementioned suggestions, highlight the 
alternative perspective on the development of criminal tendencies that non-linear dynamical 
systems theory provides. Through the consideration of the complex, dynamic interactions of 
the multitude of factors and components, as well as the impact of significant events (i.e. initial 
conditions), non-linear dynamics could provide researchers with the foundation for a greater 
understanding of crime and the development of criminal behaviour. 
 
Non-linear dynamical systems theory could also facilitate the construction of models for the 
reduction of crime. According to Walters (2000), habitual crime could also be the result of 
other dispositional factors, such as an individual’s belief systems. Walters (2002) proposed a 
model of crime desistance wherein belief systems aligned with criminal tendencies are altered 
by means of the principles of non-linear dynamical systems such as self-organisation in order 
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to construct belief systems that are not associated with criminal tendencies. Additionally, 
identifying attractors within the complex system of criminal behaviour, as well as points where 
new attractors are formed (i.e. where the system is susceptible to change), would allow for the 
improved development of interventions and policies to regulate criminal behaviour due to the 
increased understanding of the interactions of components within the system (Young, 1997b). 
The aforementioned examples illustrate how the use of non-linear dynamics and its sub-
theories such as chaos and complexity theory could be employed in directing desistence from, 
and deterrence of, crime.  
 
4.2 HOT SPOTS AND REVICTIMISATION 

Hot spots are geographical and temporal regions where there appears to be a concentration 
of criminal activity (Berestycki & Nadal, 2010). It therefore follows that it is within these hot 
spots that the risk of victimisation increases (Verma, 1998). It is believed that the 
development of such hot spots can be observed by studying the interactions of components in 
the complex system of crime. 
 
In order to provide an explanation for the development of crime hot spots, Short and 
colleagues (2008, 2010, 2014) employed agent-based models of criminal behaviour. Agent-
based models are computational models that use simulation to study the impact of an agent’s 
actions and interactions on the complex system. Such models were partially developed on the 
basis of complexity theory, and they are capable of modelling non-linear dynamical systems 
in a manner distinct from other models (Scholl, 2001). The models developed by Short and 
colleagues provide some clarification with regards to the conditions required for the formation 
of crime hot spots, as well as the effect of police intervention on their stability and persistence. 
Based on their research, procedures for the computing of potential crime hot spot maps have 
also been advanced (Short, 2014). This application of non-linear dynamics and complexity 
theory to the study of crime allows for improved identification of crime hot spots due to the 
consideration of dynamic interactions between agents (individual or collective) with different 
dispositional characteristics and the environment within which they function. This could allow 
for more directed policing and a consequent reduction in crime rate. 
 
More directed policing would also reduce the likelihood of re-victimisation. Re-victimisation 
typically occurs via a diffusion effect, where the area surrounding a hot spot also experiences 
an increase in crime rate (Berestycki & Nadal, 2010). This effect is accounted for by the 
reaction-diffusion equations employed in Short’s (2014) theory, which also indicates if hot 
spots are super- or subcritical via transcritical bifurcations. Supercritical hot spots will remain 
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stable upon policing, whereas policing subcritical hotspots will result in their displacement to a 
different region, or a sudden burst of crime (Short, Bertozzi & Brantingham, 2010). This 
distinction between the categories of hot spots confers an understanding of the effect that 
policing will have on different hot spots, which will lead to more efficient police interventions 
being developed. 
 
4.3 SPREAD OF CRIME 

Much like the incidence of crime, the spread of crime and crime rate is believed to be a 
complex, non-linear dynamical system (McMillon, Simon & Morenoff, 2014). As such, it is 
subject to positive feedback and chaos, leading to its general unpredictability and subsequent 
uncontrollability (Condorelli, 2013). Pepinsky (1997) also posited that violent crime – and by 
extension, crime in general - is fractal in nature, such that intensity of crime at a local, 
interpersonal level is paralleled in crime at a global level. As mentioned previously, the idea of 
fractals, introduced by Mandelbrot (1983), is at the core of chaos theory.  
 
As mentioned in the preceding section, reaction-diffusion models have been proposed to 
account for the spread of crime outward from crime hot spots by Short et al (2010), as well as 
Berestycki, Rodriguez, and Ryzhik (2013). Such models provide clarification on how crime 
spreads, allowing for more informed crime reduction policies and efforts. Aside from modelling 
crime hot spots, agent-based models have also been employed in describing the spread of 
crime (e.g. modelling agents’ behaviour within a real environment with regards to street 
robbery in Groff, 2007). By representing characteristics of agents and environments that lend 
themselves to empirical investigation, the use of agent-based models allow for the description 
of large-scale non-linear dynamical systems such as the spread of crime (Fonoberova et al, 
2012). This description provides criminologists, psychologists, policy makers, and law 
enforcement agents with a clearer understanding of how crime spreads, therefore increasing 
the efficacy with which they reduce, understand, regulate and control crime. 

 
Based on the application of deterministic chaos to the study of measles epidemics in New 
York City (Gleick, 1987), another approach used to explain of the spread of crime is one that 
likens it to the spread of epidemics (Ormerod, Mounfield & Smith, 2001). This theory accounts 
for non-linear dynamics, and posits that the spread of crime is dependent on the interactions 
between four distinct groups that differ in terms of criminal tendencies (those with no 
propensity for criminal behaviour, those that occasionally commit crimes, serial criminals, and 
incarcerated criminals). This idea is echoed in McDowall’s (2002) proposal that spread of 
homicides is akin to that of infectious disease; steadily approaching a bifurcation point at 
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which it experiences a sudden and unpredictable growth, giving rise to a chaotic attractor. 
This contagion theory has also been employed by Blumstein (1995; cited in McDowall, 2002) 
to explain the discontinuous rise in homicides among youths due to the growth of the cocaine 
market in the 1980s. The basis of this approach is the inherent social nature of epidemics, 
driven by interactions between individuals. Similarly, engagement in, and the spread of, crime 
can be seen as the result of the activities of an individual’s social groups (Ormerod et al, 
2001). This illustrates that through the use of non-linear dynamical systems theory, patterns in 
the spread of crime can be observed, and could potentially be applied to crime detection and 
evidence-based prevention policies (Brantingham, Glasser, Kinney, Singh & Vajihollahi, 2005). 
 

5. CRITISISMS 

While most of the current literature posits that criminal behaviour and victimisation are 
complex systems that behave in a chaotic manner (Verma, 1998; Young, 1999; Walker, 2007), 
some researchers contend that chaos theory cannot be used to represent social systems like 
crime. Crewe (2003) claims that since interactions between components within chaotic 
systems are governed by an underlying order and predictability that cannot be found in social 
systems, chaos theory has limited applicability to their study. However, the arbitrary and 
deterministic nature of crime, as well as the fact that even the smallest fluctuations in society 
have disproportionate and unpredictable effects on criminal behaviour, suggests that crime is 
inherently non-linear and therefore considering it in the context of chaos theory would be 
appropriate (Verma, 1998). Moreover, as described previously, patterns in crime occurrence 
appear to possess an inherent order, contrary to the claims of Crewe (2003). 
 
According to Young (1991), the application of chaos theory to crime focuses mainly on the 
possibility of observing emergent patterns of crime within the phase-space, rather than direct 
predictability. As such, researchers seek to represent criminological data within the phase-
space in such a way that allows for the observation of factors that, when manipulated, cause 
bifurcations. Patterns in the phase-space of such systems (i.e. attractors) are therefore likely 
to be predictable at a global level, but impossible to predict at a local level (Arrigo & Barrett, 
2008). This is reflective of Kiel and Elliott’s (1996) proposal that short-term prediction could be 
possible with regards to observing patterns in systems that display reproducible behaviour 
before eventual bifurcations (e.g. butterfly/Lorenz attractor). In this view, chaos theory gives 
rise to a radical shift in understanding and reacting to social systems (Forker, 1997). This shift 
could bring about the comprehension of social phenomena (e.g. crime) as adaptive and 
reactive systems that function in a non-linear, dynamic manner. It is suggested that this 
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improved understanding could account for the disparities in causal associations present in the 
existing understanding of social systems such as crime (Young, 1992). 
 
Aside from the conceptual applications of non-linear dynamical systems theory, particularly 
the sub-theories of chaos and complexity, to the study of crime and social systems (Walters, 
1999), mathematical applications such as those pioneered by Kiel and Elliott (1996) have also 
provided a fascinating, unique perspective on the behaviour of such complex systems. 
However, Crewe (2003) posits that due to the inherent complexity of social systems, 
modelling the myriad variables would be impossible even at the highest level of computational 
ability. While this is likely true, non-linear dynamical systems theory could still provide social 
scientists with the previously unavailable tools for predicting future crime with some degree of 
statistical precision (Williams, 2008). The mathematics of non-linear dynamics also provides 
researchers with a means of describing and perceiving the discontinuous and chaotic and 
complex behaviour of non-linear dynamical systems in the natural and social sciences (Verma, 
1998). The methodological approaches and advanced mathematical modelling techniques 
associated with chaos and complexity theory provide practical and systematic improvements 
to the study of complex systems such as crime (Warren, Franklin & Streeter, 1998). 
 
Social scientists and policy makers alike are wont to regard the behaviour of complex systems 
as the result of a singular cause and effect interaction, and therefore only make attempts to 
moderate this easily discernible cause. Such an approach to crime is ineffective, as its results 
are often uncertain and inconsistent (Lopez & Zuniga, 2001). As social scientists are now 
more frequently put in positions where they could influence policy creation as well as the 
outcome of criminal cases in court (e.g. providing risk assessments), criminologists and 
psychologists could only stand to benefit from the integration of theories of human behaviour 
with chaos and complexity theory (Walters, 1999). However, there is a lack of consistency in 
defining non-linear systems terminology across disciplines (Stacey, 1996). According to 
Puddifoot (2000), the application of complexity sciences to social science could facilitate the 
reevaluation of current methodologies and concepts, but not without the careful and critical 
application of terminology, theories, and mathematical techniques. It has to be noted, 
nonetheless, that without taking certain liberties such as a ‘broad use of metaphor’ (Barton, 
1994, p.12), it would be difficult to make concepts derived from the physical sciences such as 
chaos and complexity theory applicable to the social sciences. Additionally, Walters (1999) 
posits that development and progress in the field over time will ensure that non-linear 
dynamical systems theory is appropriately integrated into the study of crime. 
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6. CONCLUSION 

This paper has endeavoured to illustrate the growing body of research proposing that crime is 
a complex adaptive system directed by non-linear dynamics, as well as the criticisms of the 
application of non-linear dynamical systems theory and its sub-theories to the study of crime. 
It is proposed that non-linear dynamics has much to contribute to the theoretical and empirical 
study of crime, and that it provides an advanced and fascinating perspective with regards to 
understanding the development of criminal behaviour and the spread of crime that traditional 
linear models do not. Non-linear dynamical systems theory places focus on feedback loops 
that intensify or mitigate crime rather than simple causality (Young, 1991); on the identification 
of patterns of probability rather than the possibility of precise predictability. 
 
While it is uncertain if chaos and complexity theory will be able to encompass and integrate 
existing theories of human behaviour with relation to crime, it is clear that criminology and 
psychology must appreciate the ‘systemic nature of human conduct’ (Walters, 1999, p.139) in 
order to be on par with the progress that the traditional sciences are experiencing. Similarly, it 
is clear that by acknowledging and taking steps to understand the chaotic, fractal, complex, 
non-linear nature of crime, researchers would be acquiring a wider perspective on social 
systems which could be applied to the development of more informed theories of criminal 
behaviour and incidence. 
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