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Source: NHTSA, 2015

Conventional Wisdom: 90% of all crashes are 
attributable to driver error



Driver Error 

• Recognition error, which may include driver 
inattention or distraction, as well as inadequate 
surveillance for oncoming hazards before entering 
an intersection of making a lane change.

• Decision error, such as driving too fast for 
conditions or misjudging gaps in oncoming traffic.

• Performance error, such as poor directional 
control over the vehicle prior to a crash, a factor 
most often attributable to drowsy driving. 



Antecedent → Consequence 

Counterfactual Reasoning: A form of logic that 
falsifies antecedents to determine whether they 
negate consequences.

Rethinking “Critical Factors”



The Simulation Heuristic

Outcome Closeness: We focus on antecedents that 
are immediately proximate to consequences. 

Outcome Normality: Exceptional outcomes are 
presumed to follow from exceptional antecedents. 
We construct counterfactuals that shift the 
exceptional antecedent to its “normal” value. 

Extant Norms: Counterfactual content is based on 
social norms of expected behavior (which are 
modifiable and socially constructed). 

Source: Roese, 1997



The Simulation Heuristic: Blame the Victim 

Source: NHTSA, 2016









Anatomy of a Crash: 
The Case of Raquel and A.J. Nelson
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Conventional Safety Practice
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Active Failure: Actions taken by individuals that 
result in crashes.

Latent Error: Dormant conditions that, when 
combined with active triggers, lead to crashes. 
These are the “resident pathogens” in the 
system.

A Safe Systems Perspective



A Safe Systems Perspective
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Cognition, Behavior, and Error Production
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The Recognition Heuristic



Cognition and Driving Behavior 

• Scripts: Behavioral routines adopted in response to our 
understanding of our operating environment

• Schema: Expectancies regarding the existence and location 
of hazards



Self-explaining Roads

• There is a communicative process between the driver and 
behavior.

• Roadways should clearly convey desired behavior.

• This requires a deeper understanding of behavioral scripts and 
schema, and mechanisms for influencing them. 



The Netherlands’ Self-Explaining Roads

• Adapt the structure 
and function of the 
transportation system 
to the complexities of 
human behavior.

• The Netherlands: Self-
explaining roads 
(SWOV, 2012)
– Limit speeds and 

promote mass 
homogeneity on roads

– Strictly control access 
and mobility

– Match roadway design 
to land development
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New Zealand’s One Network Road Classification



New Zealand’s Speed Management Program
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New Zealand’s Speed Management Program
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Suburban arterial





A Safe Systems Approach to Project Planning and Design

September 18, 2019



Principles of Safe Systems

1. Human error should not be viewed as the primary 
cause of crashes. 

2. Transportation facilities should be designed for the 
safety of the most vulnerable user. 

3. A shared responsibility exists amongst those who 
design, build, manage and use roads and vehicles.

4. All parts of the system must be strengthened to 
multiply their effects; and if one part fails, road users 
are still protected.



Safe Systems: A Different Approach

• Transportation safety management in the United States 
has followed a series of paradigms (Norton, 2015)
– Safety First (1900s-20s): Drivers bear responsibility for the safety 

of others
– Control (1920s-60s): Expert control through the “3 Es”—

Engineering, Education, and Enforcement
– Crashworthiness (1960s-80s): Cars redesigned for greater 

occupant protection
– Responsibility (1980s-today): Drivers responsible for their own 

safety and the safety of others
– Is Safe Systems the 5th paradigm?
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Safe Systems: A Different Approach

• Safe Systems differs by:
– Emphasizing management of latent risk over high-crash locations.
– Considering kinetic energy, not design standards, the key 

consideration in roadway design.
– Aligning functional classification with design and speed.
– Leveraging feedback loops and shared funding streams to create 

change.
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Source: ITE

Law enforcement 
informs city 

engineers who 
install 

countermeasure

Traveling public responds 
with change in driving 

behavior

Law enforcement 
notices speed 

problem at 
intersection



Safe Systems: A Different Approach

• Safe Systems requires a move to systems thinking.
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Traditional Approach

• Characterized by 
linear thinking
• Design speed 

and speed limits
• Intersection 

design and 
throughput

• Crashes and hot 
spot treatment

Safe Systems

• Characterized by 
systems thinking
• Self-explaining 

roads and access 
control

• Intersection 
design and 
kinetic energy

• Severe crashes 
and systemic 
treatments



Safe Systems: The International Experience
• Sweden

– Center guardrails to eliminate fatal crashes
– Speed limit reductions
– “2+1” roads

• The Netherlands
– Self-explaining roads
– Bicycle facilities in rural areas
– Buy-in from non-government partners and communities to adopt safe 

road policies
• New Zealand

– Flexible road safety barriers
– Side and median barriers
– Rumble strips
– Widening centerlines
– Widening shoulders
– Speed management
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Source: Dumbaugh et al., 2019
NZ Transport Agency, 2019
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