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“...the future is intensely 
technological and intensely 

human”  
(Woods, 2015) 
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Objectives 
 Explain … 

 What Human Factors is  
 

 Its relationship to the history of resilient thinking 
 

 Why human-centred design is essential to developing 
systems capable of resilient performance 
 Provide food for thought for the workshop session in 

research and application 
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Today’s Complex World 
 Modern societies and industries already are very complex socio-

technical systems  
 National and global networks (i.e. a system-of-systems) 
 High levels of interdependence and interconnectedness 
 New vulnerabilities and pressures (e.g. climate change, industrial 

action, environmental regulations)  
 Greater  volatility, uncertainty, complexity and ambiguity ... 

  the Butterfly Effect 
 Our lives and businesses are increasingly entirely reliant on systems 

that are out of our control and beyond all of our individual 
understanding 
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The bad news … we are part of the problem 

 Human error is a dominant factor in approximately 80 to 85% of accidents 
...  Most are initiated by human error, and the rest will be associated with 
human error 

BUT 
 Human error is normal and expected! 
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Human Error in Operation 
 

Human Error in 
Maintenance 

Technical System Failures 



The bad news … unwanted outcomes 

Fukushima 

Challenger 

Katrina 

Gloucestershire 

Bhopal 

Road Accidents 
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More bad news … in water systems 

 Campylobacter contamination of in 
Havelock North (NZ) 

 At least 1 fatality and thousands ill 
 Contributory factors 

 Possibly farm run-off disturbed by 
earthworks near aquifer 

 Testing regime frequency 
challenged 

 Key decision-maker (mayor) quoted 
as  reluctant invest in chlorination / 
new water sources 

 Did not see need to do this in 2013 
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[Source: http://www.nzherald.co.nz/hawkes-bay-today/news/article.cfm?c_id=1503462&objectid=11697426] 

Presenter
Presentation Notes
Population of Havelock North is 13000



The good news … 
We succeed far more often than we fail! 

9,999 successful events 
1 failure in 10,000 events 
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So … 
Human factors is everywhere.  

 
There is no human endeavour 

or enterprise where human 
factors is not at the core of its 

success or failure.* 
(*Including water systems capable of resilient 

performance) 

 

Legislation and  
Regulation 

Organisational 
Culture 

Processes and 
Procedures 

Workspace 

Equipment 

Operator 
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Human Factors Impact 
 Acts as a reality check 

 Will systems be safe, efficient, 
effective and reliable in the real 
world? 

 Are assumptions behind design 
and operational decisions valid? 

 
 Provides a toolkit for human-

centred design 
 Human Factors Integration & 

Engineering 

Principal Approaches 
• Physical ergonomics & anthropometrics 
• Perception & cognition 
• Behaviour change (e.g. incentives) 
• Cultural change (e.g. norms) 

System Design 
• System hardware & software 
• Procedures. policies & processes 
• People (e.g. competence, acceptance) 
• Organisational Structure 
• Environment (e.g. regulatory, physical, social) 

Desire path to avoid ‘Devil’s Gate’ pole configuration, Russia 
[Source: 99percentinvisible.org] 
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Human Factors Discipline 
“HF contributes to the design and evaluation of tasks, jobs, 

products, environments and systems in order to make them 
compatible with the needs, abilities and limitations of people.” 

[Adapted from Karwowski – 2012] 

 
“Use knowledge about human abilities and limitations to design 

systems for safe, efficient and comfortable use” 
[Adapted from Salvendy – 1997] 

 
 
 

 Human factors integrates multiple 
disciplines: 
 Ergonomics 
 Psychology 
 Engineering 
 … and more 
 

 Concerns include: 
 Operability & maintainability 
 Staffing 
 Habitability 
 System safety 
 Occupational safety 
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Human Factors in a Nutshell 
Hardware: Systems 

& equipment 
Environment: Task, 

organisational, 
regulatory, social 

Software: Task, 
procedures, role & 

responsibilities 

+ + 

People: Users’ Physical 
& Mental Capabilities 

IF > 

= Risk 
System Cost 

Reliability 

Safety 

Efficiency 

Effectiveness 

Performance 
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Implications for Resilience 
Thinking 
Understanding resilient performance and us 
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Today’s Complex World Needs A New Paradigm 

 Traditional approaches to managing risk are 
reliant on preparedness: 
 Foreseeing specific threats 
 Predicting their effects 
 Establishing effective mitigations to aid 
 System robustness  
 Harm prevention 
 Recovery 

 
 Like a very sophisticated version of ‘Whack-A-

Mole’ 
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What’s The Problem? 
 Traditional ‘predict and withstand’ approaches have 

delivered huge benefits, but have limitations 
 Difficult to predict what will happen in complex systems 
 Not always effective in identifying threats and minimising harm 
 Do not offer much guidance on how to sustain or improve 

performance 
 

 Why? 
 ALL tools we use to design systems are affected by human 

limitations 
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Wrong tools for the job? 

Uncertain, 
interdependent, 

emergent  & volatile 
 

Unforeseeability 

Certain, segregated 
& linear 

 
 

Foreseeability 

Resilient  
Performance 

Robust  
Performance 

Simple         Complex 
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Complex systems 
demand different 

capabilities 
Preparedness 

Autonomous 
Self-organising 
Reconfigurable 

What we do  
vs. 

what we need? 

System Characteristics  



Resilience Thinking in Systems 

 Looks for ways to enhance the ability of 
systems to succeed in a complex world 
 

 Potential to maximise performance and 
outcomes under unforeseen changes, 
disturbances and opportunities 
 

 Invited to move beyond a ‘predict and 
withstand’ model to adaptation and 
reconfiguration 

 
 Retaining systems’ fundamental 

functional characteristics 
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Resilient Performance – How? 
 Developed by underlying capabilities 

delivered by the people, technology and 
processes within a system-of-systems 
 

 HF, in collaboration with other disciplines, 
can  help deliver those capabilities …  

AND 
 Can help define what capabilities and 

functions are required for resilient 
performance 
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Resilient Water Systems? 

Human-
centred, 

integrated 
system-of-

systems 
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Pathways to Resilient Performance 

 Future research with an HF perspective 
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Organisational 
readiness for 

resilient systems 

Practical 
implementation of 

reconfigurable 
system architectures 

Communicating 
resilient thinking 
and its benefits 

Role of user 
expertise in resilient 

response 

Automation in 
resilient 

performance 

Resolving conflicting 
priorities during 
resilient response 



Human-Centred Resilient Water Systems 

 Human performance will be critical 
to resilient performance in ANY 
system 
 Autonomy 
 Self-organisation 
 Reconfigurability 
 

 Human-centred design provides the 
toolkit to define, support and 
enhance resilient performance in 
water systems 
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[Source: Water 21] 
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Thank You! 
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