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Thinking about safety

When we think about safety, 
we usually think about 
accidents – about (low 

probability) events with 
adverse outcomes.

A system is safe if as little as 
possible goes wrong.
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“Act of god”“Act of god” Technical 
failure

Technical 
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The types of causes have changed over time, but we still believe in causality
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Find the component that 
failed by reasoning backwards 
from the final consequence. 

Find the probability that 
something “breaks”, either 
alone or by simple, logical 

and fixed combinations.

Simple, linear model (cause-effect chain)

If accidents are the 
culmination of a chain 

of events ...

… then risks can be 
found as the probability 
of component failures

Simple linear models 
(cause-effect chains)

Heinrich 
(1931)

Human 
error

Mechanical 
hazard
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Main causes of shipping accidents (1987-91)

Total “human error”: 70%
Officer (27%)
Other (10%)

Pilot (7%)
Crew (16%)

Shore control (10%)
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Composite linear models

Look for how degraded barriers or 
defences combined with an active 
(human) failure.

Combinations of single failures and 
latent conditions, leading to 

degradation of barriers and defences. 

If accidents happen as a 
combination of active 

failures and latent 
conditions ...

… then risks are the 
likelihood of weakened 

defences in combination 
with active failures

Complex linear models



© Erik Hollnagel, 2015

The causality credo

(1)
 
(2)
(3)

Find the component that 
failed by reasoning 

backwards from the final 
consequence.

Accidents result from a 
combination of active 

failures (unsafe acts) and 
latent conditions (hazards). 

Find the probability that  
components “break”, either 
alone or in simple  
combinations.

Look for combinations of  
failures and latent 
conditions that may  
constitute a risk. 

Accident investigation Risk analysis

Adverse outcomes happen because something has gone wrong 
(causality + value symmetry). 
Causes can be found and treated (deduction).
All accidents are preventable (zero harm).
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How can we become safe?

“Simple and non-negotiable standards”

Define and enforce a common, simple 
set of standards.

“Zero Accident Mindset”

All accidents, injuries, and 
occupational risks are 

preventable.

“No repeats”

All adverse outcomes are 
investigated to find out what 

happened and why.
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Different process        different outcome

Success 
(no adverse 

events)

Failure 
(accidents, 
incidents)

Function (work 
as imagined)

Malfunction, 
non-compliance,

error
Unacceptable 

outcomes

Acceptable 
outcomes

Hypothesis of different causes: Things that go right 
and things that go wrong happen in different ways 
and have different causes
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Increasing safety by reducing failures

Success 
(no adverse 

events)

Failure 
(accidents, 
incidents)

Function (work 
as imagined)

Malfunction, 
non-compliance,

error
Unacceptable 

outcomes

Acceptable 
outcomes

“Identification and measurement of 
adverse events is central to safety.”

“Find-and-fix”
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Safety-I – when nothing goes wrong

Safety is the condition where the number of 
adverse outcomes (accidents / incidents / near 
misses) is as low as possible.

If we want something to 
increase, why do we use a proxy 

measure that decreases?

The premise for Safety-I is the 
need to understand why accidents 

happen.

The premise for Safety-I is the 
need to understand why accidents 

happen.

Safety-I is defined by its opposite – 
by the lack of safety (accidents, 

incidents, risks).

Safety-I is defined by its opposite – 
by the lack of safety (accidents, 

incidents, risks).

Accidents and incidents are 
situations that, by definition,  

lack safety.

How can we improve safety by 
studying situations where there 

is NO safety?
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Safety-I: Depth before breadth

Things that 
go wrong

Unwanted outcomes Planned outcomes Positive surprises

Focus on what goes wrong. Look for failures and malfunctions. Try to eliminate causes 
and  improve barriers.

Legal / regulatory requirements: Yes
Organisational functions and roles: Yes

Models and methods: Yes
Formal terminology: Yes

Experts and consultants: Yes
Literature (books & papers): Yes

Databases: Yes
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Understanding how systems work

Understanding in terms of 
interconnected parts.

Understanding in terms of functions 
that depend on each other.

Few parts and well-defined 
(synchronous) connections

Many “parts” and ill-defined 
(asynchronous) connections.
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Understanding how something happens

T T

T
Can we understand and 
explain how the letter 
‘T’ is produced?

Can we understand and 
explain why it may 
sometimes go wrong?
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Simple worlds and complex worlds

How easy it is to 
understand the  
current status?

What are the 
consequences if ‘X’ 
happens?
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Noticing the unnoticeable

"Is there any point to which you 
would wish to draw my attention”?

It is necessary to know what is ‘normal’ – what usually happens or should happen – in 
order to notice and/or understand what is unusual.

"The dog did nothing in the 
night-time."

"To the curious incident 
of the dog in the night-time."

"That was the curious incident," 
remarked Sherlock Holmes. 
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Why don’t people bump into each other?

When we move in a crowd, we 
continuously adjust to what other 
people do. 

Just as others continuously adjust 
to what we do – or will do. 
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Performance adjustments are necessary

Availability of resources (time, 
manpower, materials, 

information, etc.) may be 
limited and uncertain.

People adjust what they do
to match the situation. 

Performance variability is inevitable, ubiquitous, and necessary.

Because of resource limitations, performance 
adjustments will always be approximate. 

Performance variability is 
the reason why things 
sometimes go wrong.

Performance variability is 
the reason why everyday 

work is safe and effective.
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Efficiency-Thoroughness Trade-Off

Time & resources needed

Time & resources available

It is impossible to maximise efficiency and thoroughness at the same time.

Everyday work requires that 
people make a trade-off 

between the time and effort 
they use to prepare an 

activity and the time and 
they spend on doing it.

ETTOing favours efficiency over 
thoroughness if throughput 
and output are the dominant 
concerns, and thoroughness 
over efficiency if safety and 
quality  are the dominant 
concerns.
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No time (or resources) to do it now

Some ETTO heuristics

Looks fine
Not really important

Normally OK, no need to check

Will be checked by someone else

Can’t remember how to do it 
We always do it this way

Idiosyncratic 
(work related)

Has been checked by someone else 

Cognitive 
(individual)

Judgement under 
uncertainty

Cognitive primitives 
(SM – FG)

Reactions to 
information input 

overload and 
underload

Cognitive style

Collective 
(organisation)

Negative reporting

Reduce 
redundancy

Meet “production” 
targets

Reduce 
unnecessary cost

Double-bind

We must get this done
Must be ready in time

Must not use too much of X

I’ve done it millions of time before

This way is much quicker

It looks like X (so it probably is X)
Reject conflicting 

information

Confirmation bias
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Collective ETTO: Stena Nautica

Condition
To prevent foundering after a collision, the ship was divided into sections with 
watertight doors between them. 
Thoroughness
Open and close the watertight doors 
every time you pass through them.

Efficiency
Leave some doors open to make 
passage easier.

On 04:30 February 16, 2004, a Polish cargo ship 
“Joanna” rammed a Swedish ferry “Stena Nautica” on 
the starboard side, after a failed evasion manoeuvre 
The collision created an opening into the cargo deck 
and engine room.  Due to engine failure the vessel was 
abandoned, but later towed safely into Falkenberg.  

On “Stena Nautica”, nine of the watertight doors were open. This had 
incorrectly been permitted by a ship’s inspector. It was later found that 
nine ferries worked in the same way. 
The system for automatic door closing failed because it was activated 
late and because part of the electrical system was not waterproof.

Consequence
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M/S Finnbirch (1 November 2006)

En route from Helsinki to Århus, with a load of wood, 
paper rolls, plywood, and steel products.

The next day, the ship began to roll in a heavy storm 
 and suddenly heeled heavily to the port with a total 
shifting of the cargo, until it finally capsized. 12 men 
were eventually rescued but 2 lost their lives.

Finnbirch sailed on an unfavourable course and speed, in conditions with 
high and long waves. This led to a loss of stability and severe heeling. IMO 
guidelines on how to manage a ship in adverse sea conditions were unknown

Textile lashings were probably used instead of chains when securing cargo 
on two of the decks. Textile lashings are easier to use so lashing and 
unlashing is faster .severe heeling that lead to shifting of the cargo.

Typical loading rate was 30 - 40 units/hour. One  officer had to check all 
cargo units visually, manage the computerised stability program, ballast 
and deballast the ship, and keep the ship ramps in position.

Sailing 
as usual.

Working 
as  
usual.

Working 
as  
usual.
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Work as imagined – work as done

Work-as-imagined is what designers, 
managers, regulators, and authorities 
believe happens or should happen. 

Work-as-done is what actually happens. 

Safety-I: Failure is explained as a 
breakdown or malfunctioning of a system 
and/or its components (non-compliance, 

violations). 

Safety-II: Individuals and organisations 
must adjust to the current conditions in 
everything they do. Performance must be 

variable in order for things o work.
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Same process different outcomes

Success 
(no adverse 

events)

Failure 
(accidents, 
incidents)

Everyday work 
(performance 

variability)

Unacceptable 
outcomes

Acceptable 
outcomes

Function (work 
as imagined)

Malfunction, 
non-compliance,

error
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Increase safety by facilitating work

Success 
(no adverse 

events)

Failure 
(accidents, 
incidents)

Everyday work 
(performance 

variability)

Unacceptable 
outcomes

Acceptable 
outcomes

Function (work 
as imagined)

Malfunction, 
non-compliance,

error

Understanding the variability of everyday 
performance is the basis for safety.

Constraining performance variability to remove 
failures will also remove successful everyday work.
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Safety II – when everything goes right

Safety-II: Safety is a condition where the number of successful outcomes (meaning 
everyday work) is as high as possible.  It is the ability to succeed under varying 
conditions.

Safety-II is achieved by trying to make sure that things go right, rather than 
by preventing them from going wrong.

The premise for Safety-II is the 
need to understand everyday 

performance. 

The premise for Safety-II is the 
need to understand everyday 

performance. 
Safety is defined by its 

presence.
Safety is defined by its 

presence.

Safety can only be improved by 
studying situations where it is 

present!

If the level of safety increases, 
the proxy measure should also  

increase.
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Safety-II: Breadth before depth

Things
that are 
difficult

but go right

Excellence
Innovation
Early completion

Unwanted outcomes Planned outcomes Positive surprises

Focus is on what goes right. Use that to understand everyday performance, to do 
better and to be safer.

Legal / regulatory requirements: No
Organisational functions and roles: No

Models and methods: A few
Formal terminology: None

Experts and consultants: A few
Literature (books & papers): A few

Databases: None
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Thinking about safety

We should think about safety 
in terms of how many things 

go well and how frequently we 
succeed.

A system is safe if as much as 
possible goes right.
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What should we care about?

Numerator

Denominator

The numerator is how 
many there are of a type 

of event – accidents, 
incidents, etc. This 

number is known (with 
some uncertainty)

Care about what happens all the time rather than what happens rarely.

The denominator is how 
many cases something 

went well. This number is 
usually unknown.

We always count the 
number of times something 
goes wrong. We analyse the 
rare events.

We rarely count the number 
of times something goes 
well. We need to 
understand the common 
events.
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What should we be looking for?

Look for ‘work-as-done’ - the habitual adjustments and why they are made

How do people create 
and maintain good working 

conditions?

When we notice 
something that has 

gone wrong …

… it is a safe bet that it 
has gone right many 

times before …

… and that it will go 
right many times in the 

future.

… we need to 
understand HOW this 

happens!

In order to understand 
WHY this happened ...

How do people compensate 
for what is missing?

How do people avoid 
future problems?
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What should we learn from?

Light Severe
Consequences

Occurrence

Infrequent

Frequent

Learn from what is frequent/regular, not from what is infrequent/irregular.

Small improvements of
 everyday performance

Large improvements of
 rare performance

The effects are easier to measure, and can be seen in both safety and 
productivity.
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Towards safe sailing

We are safe if 
there is as little 
as possible of 

this

Safety-I: 
No “lack of safety”

Safety-II: 
Resilient safety 
management

We are safe if 
there is as much 

as possible of 
this

Prevent, eliminate, constrain.
Safety, quality, etc. are different 
and require different measures 

and methods.

Support, augment, facilitate. 
Safety, quality, etc. are inseparable 
and need matching measures and 

methods.
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Thank you for your attention
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