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Understanding 
behaviour in 

complex systems

“Complex systems cannot be 
understood by studying parts 
in isolation. The very essence 
of the system lies in the 
interaction between parts 
and the overall behaviour 
that emerges from the 
interactions” (Ottino, 2003)



• Error is a symptom of systemic issues (it is a 
consequence not a cause)

• Incidents are created by multiple interacting 
factors

• To understand ‘failure’, look at why people’s 
actions made sense to them at the time

• To understand behaviour, we must go ‘up 
and out’ rather than ‘down and in’

• Systems are complex, inefficient, and unsafe

• Humans create safety through practices at 
all levels of a system 

• Error is the primary cause of 
all incidents

• To understand failure, you 
must examine failure only

• Systems are safe

• Unreliable and erratic 
humans make them unsafe

• Systems can be made safer 
by restricting humans 
through rules, automation, 
enforcement etc.

The old And the 
new
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Implications

It is critical to:

• Understand who (and what) is in the road transport system

• Understand how these components interact with one another

• Understand how these interactions create/influence behaviour (aka positive and 
negative feedback loops)

• Understand vertical integration and how emergent properties are controlled (or not)

• Understand where system leverage points are and how to exploit them





Queensland Road Transport 
System

Salmon, P. M., Read, G. J. M., Stevens, N. (2016). Who is in control of road safety? A 
STAMP control structure analysis of the road transport system in Queensland, Australia. 
Accident Analysis and Prevention, 96, 140–151



Factors influencing drivers’ 
engagement in the fatal five 
behaviours

• Qld driver survey (n=316)

• Subject Matter Expert Workshop

• Range of factors identified across all levels of the road 
transport system

• Wider societal issues have a strong influence on road 
transport system behaviour Level 4: Local 
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Salmon, P. M., Read, G. J. M., Beanland, V., Thompson, J., Filtness, A., Hulme, A., 
McClure, R., Johnston, I. (2019). Bad behaviour or societal failure? Perceptions of the 
factors contributing to drivers’ engagement in the fatal five driving behaviours. 
Applied Ergonomics, 74, 162-171.



Dynamic feedback loops

Salmon, P. M., Read, G. J. M., Thompson, J., McLean, S., McClure, R. (2020). Computational modelling and systems ergonomics: a system dynamics model of drink driving-related 
trauma prevention. Ergonomics, 63:8, 965-980



Drink driving Causal Loop Diagram

Salmon, P. M., Read, G. J. M., Thompson, J., McLean, S., McClure, R. (2020). Computational modelling and systems ergonomics: a system dynamics model of drink driving-related 
trauma prevention. Ergonomics, 63:8, 965-980



Driving under the influence of illegal drugs

Salmon, P. M., Stanton, N. A., Walker, G. H., Goode, N., Thompson, J., Hulme, A., Read, G. J. M. (In Press). Systems Thinking Methods: Practical Guidance and Case Study 
Applications. CRC Press, Boca Raton, FL
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Driving under the influence of legal drugs

Salmon, P. M., Stanton, N. A., Walker, G. H., Goode, N., Thompson, J., Hulme, A., Read, G. J. M. (In Press). Systems Thinking Methods: Practical Guidance and Case Study 
Applications. CRC Press, Boca Raton, FL
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Driving while distracted

Salmon, P. M., Stanton, N. A., Walker, G. H., Goode, N., Thompson, J., Hulme, A., Read, G. J. M. (In Press). Systems Thinking Methods: Practical Guidance and Case Study 
Applications. CRC Press, Boca Raton, FL
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Driving while fatigued

Salmon, P. M., Stanton, N. A., Walker, G. H., Goode, N., Thompson, J., Hulme, A., Read, G. J. M. (In Press). Systems Thinking Methods: Practical Guidance and Case Study 
Applications. CRC Press, Boca Raton, FL
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Speeding
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Leverage Points 
(or ‘Points of 
Power’)

“places within a complex 
system where a small shift in 
one thing can produce big 
changes in everything” 
(Meadows, 2008)

“The higher the leverage 
point, the more the system 
will resist changing it” 
(Meadows, 2008)



Saint (2017). Shopify.com

DonellaMeadows.org



Road Safety Leverage 
Points?



Design of interventions

• 10 road safety SMEs (Practitioners)

• 8 road safety researchers

• Focus on leverage points

• STS-Design Toolkit (Read et al., 2018)



Modelling the impact of drink driving 
interventions 

1. Road toll target setting policy. Standard road safety policy with target 
of a 50% reduction in drink driving-related fatalities over the 30-year 
simulation period 

2. Public health policy. Policy aimed to reduce alcohol misuse through 
standard public health measures such as taxation of alcohol, 
restriction of sales, improving responsible sales and serving, and 
increasing diagnoses and recovery programs

Salmon, P. M., Read, G. J. M., Thompson, J., McLean, S., McClure, R. (2020). Computational modelling and systems ergonomics: a system dynamics model of drink driving-related 
trauma prevention. Ergonomics, 63:8, 965-980



Impact of 
interventions 
over 30-year 

period
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reduction road safety target
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change

Reductions in drink driving-
trauma associated with public 

health policy 

Reductions in drink driving-trauma 
with both road safety effort and 

public health policy 

Policy accommodation period 
extended from 1 to 2 years

Policy accommodation period 
reduced from 1 year to six months

Salmon, P. M., Read, G. J. M., Thompson, J., McLean, S., McClure, R. (2020). Computational modelling and systems ergonomics: a system dynamics model of drink driving-related 
trauma prevention. Ergonomics, 63:8, 965-980
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Summary

• Road safety is a complex problem that requires a systems thinking approach

• Significant progress has been made: we are left with the most complex ‘left over’ issues and a 
continual set of disruptive emerging issues

• Further work is required to embed systems thinking methods in road safety research and practice

• Road safety leverage points should be identified and targeted via networks of interventions

• The most powerful road safety work may not actually occur within road transport

• Automation is not the silver bullet (Hancock, 2019; 2021; Salmon, 2019)



A way forward (adapted from Read et al., 2021)

• Adopt a systems thinking perspective and embrace systems thinking methods 

• Reject ‘driver error’ as a cause of crashes. Focus on how the system fails and on interventions that 
increase the system’s capacity to manage disturbances and performance variability

• Understand the interactions that occur across road transport systems as well as the societal 
influences on road transport system behaviour

• Acknowledge that humans are assets and problem solvers, operating in imperfect and complex 
environments, most often with good intentions

• Seek to identify performance variability. Intervene to support positive variability and reduce 
negative variability 

• Target leverage points which influence system behaviour (rather than the behaviour of selected 
components)

• Advocate for networks of interventions which respond to system-wide issues (this includes 
addressing issues ‘outside’ of the road transport system)

Read, G. J. M., Shorrock, S., Walker, G. H., Salmon, P. M. (2021). State of Science: Evolving Perspectives on ‘Human Error’. Ergonomics, 64:9, 1091-1114
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“Every system is perfectly designed to get the results 
it gets”

If our society is perfectly designed to create road 
trauma, then we have to change the design
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