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A Accident causation models
A Accident analysis methods: Accimaps & HFACS
A Case study analyses

A Future directions
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A Person approach (or old view)
-Errors at the Osharp end2ad

- Errors result from psychological/physical factors within
iIndividuals

- Individual focussed strategies and countermeasures
A Systems approach (or new view)
- Error as a systems failure

- Human error as a consequence of latent conditions residing
throughout the system

- Systems-based strategies and countermeasures
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- Error as a systems failure

- Human error as a consequence of latent conditions residing
throughout the system
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NIt 1 s essential to exam
equipment, the crew, the social structure,
learning and training, cooperative activity, and
the overall goals of the task. Analyses and
remedies that look at isolated segments are

apt to lead to local, isolated improvements,

but they may also create new problems and

di ffirculti es at Normen, 1990s

p.2)
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Latent and Active Failures Te @A \ACCIDENT

Unsafe Acts

Psychological Precursors of
Unsafe Acts

Line Management Problems

Fallible Board Decisions and Policy

Reason, J. (1990). Human Error. New York, Cambridge University Press.
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Government

Laws Regulators,
Associations

Regulations
Company

Company

Policy Management

Work

Hazardous process

Changing political climate
and public awareness

Changing market
-¢— conditions and financial
pressure

Changing competency

-— 3
levels and education

Fast pace of
technological change
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Safety is an emergent property impacted by decisions of all actors, not
just front line workers alone

Threats to safety are caused by multiple contributing factors, not just a
single catastrophic decision or action

Threats to safety can result from a lack of vertical integration across
levels of a complex sociotechnical system, not just from deficiencies at
one level alone

Lack of vertical integration is caused, in part, by lack of feedback across
levels of a complex sociotechnical system

Work practices are not static, the migrate over time and under the
influence of financial and psychological pressures

Migration occurs at multiple levels of complex sociotechnical systems

Migration of work practices cause system defences to degrade and
erode gradually over time, not all at once. Accidents are caused by a
combination of this migration and a triggering event(s)
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A Aviation accident investigation approach
A Based on Reasonds Swiss Cheese mc
A Applications in arange of domains

- General aviation

- Maritime

- Mining

- Rall

- Road transport
- Construction
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UNSAFE SUPERVISION

PRE-CONDITIONS FOR UNSAFE ACTS

Failed t PRECONDITIONS
correct a FOR UNSAFE
problem ACTS

Adverse
mental
states

UNSAFE ACTS
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ERRORS

VIOLATIONS

Skaill-based Errors
Breakdown in wisual scan
Inadvertent use of fhight controls
Poor technique/ airmanship
Crwer-controlled the aircraft
Omutted checklist item
Onutted step in the procedure
Orver-reliance on automation
Failed to priontise attention
Task overload
Negatrre habit
Failure to see and avoud
Distraction

Routine
Inadequate brefing for flight
Failed to use ATC radar advisories
Elew an unauthorised approach
Viclated training rules
Filed VFE in marginal weather conditions
Falled to comply with departmental
manuals
Violation of orders, regulations, SOPS
Faled to mspect arcraft after in-flight
caution Light

Decision Errors

+ Inappropoate maneuver, procedure

* Inadequate knowledge of systems,
procedures

» Exceeded ability

»  Wrong response to emergency

Perceptual Errors

»  Due to visual illusion

« Due to spatial disonientation/ vertigo

* Due to nusjudged distance, altitude,
atrspeed, clearance

Exceptional

» Performed unauthorized acrobatic
maneuver

Improper takeoff techmique

Failed to obtain valid weather brief
Ezxceeded linuts of aircraft
Falled to  complete

computations for flight

performance

Accepted unnecessary hazard
Not current/qualified for flight
low-altitude

Unauthorized
qebatalialsy

Canyorl
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CONDITION OF OPERATOR

PERSONNEL FACTORS

Adverse Mental States

Loss of situational awareness
Complacency

Stress
Overconfidence

Poor flight vigilance
Task saturation
Alertness (drowsiness)
Get-home-itis

MMental fatigue
Circadian dyschythmia
Channelised attention
Distraction

Adverse Physiological States

Medieal dllness
Hypoxia
Physical fatigue
Intoxication

Motion sickness
Effects of OTC medications

Physical, ' Mental Limitations
Visual imitations
Insufficient reaction time

Information overload

Inadequate experience for complexity of
situation

Incompatible physical capabilities

Lack of aptitude to fly

Lack of sensory input

Crew Resomrce Management

+ Failed to conduct adequate brief

» Lack of teamwork

o Lack of assertiveness

s+ Poor communication/ co-ordination
within and between aircraft, ATC, etc.
Misinterpretation of traffic calls
Eailure of leadership

Personnel Readiness

» Failure to adhere to crew rest
requIrements
Inadequate training
Self-medicating
Orverexertion while off duty
Poor dietary practices
Pattern of poor nisk judgement

ENVIRONMENTAL FACTORS
Physical Environment

Weather

Alutude

Terrain

Lighting

Vibration

Tomins in the cockpit

Technelogical Environment

» Equipment/controls design

»  Checklist layout

»  Display/Interface characteristics
*  Automation
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Jenkins, D. P., Salmon, P. M., Stanton, N. A., & Walker, G. H. (In Press). A systemic approach to accident
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Root causes leading to poor performance or judgement
Inherent risks that cant
Overtoad be controlled with l;!
* Lack of personal capachy thanging the naturs of the
* Poor physical or mental concition | aoww | 1. Lack of Parsonal Capacity 10. Poor Situational Awareness
+ Arcusetroslston lspabed ooty a, Physical a. Availability 14. Choosing to take a Higher
* Mismatch of skilg sxperience o the . b. Mental b Seleclive percept ad i
task (Hard 530y meta) 5 PaarPh X seteclive percepuon Level of Risk than Neadad
* Task Yoo Large o Poorinsyuctor i POO.‘ hysical of Mental ¢ Selective focus a. Physical comforf ease
* Traps in the workplace performancs N C‘Jnd_mon d Frequency desensitvity b. Mental ease
] it d fiiucrniatuod 2 = Nl 8 Wy 2. End of session ¢. Emotion confor ease
Bl 3 f b. Sickness f. Transfarrad rasponsibility 6o needs
0 plan o | ¢ Ph a1 S d. Personal ego needs
Poer concentraion " g3 1 TG B g. Concrate information e Others' needd values
* Actans without thinkng 8| y d. Mental fatigue 11. Inaccurate Assessmant of 1 Personal goald values
*Forgeting E IA EMotivation | s 3 iy
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A Lyme Bay Kayaking tragedy
A Ripswing incident

A Entrapment and near drowning incident
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A Introductory open sea kayak activity
A Initial capsizes

A Group becomes separated and swept out to
sea

A High wind and wave conditions lead to further
capsizes and abandoning of kayaks

A Delayed rescue
A 4 students drowned
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Instructor root causes

A Mismatch of skills/Experience

A Equipment traps

A Environment traps

A Poor judgement

Managerial root causes

A Poor safety management systems
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Government policy and
budgeting

Regulatory bodies &
associations

No government
legislation to

control activity
centres

Absence of an
outdoor centre

regulator or
licensing body

\__—

Accreditation body
failed to inspect
sea activities at

centre

Lyme Bay incident Accimap

\J

Inadequate

Company

management safety employed emergency centre manager to County Council to failure to follow staff used by Southway
Local area Government ignored letter procedures instructors without procedures ensure canoeing inspect centre handbook for in planning of trip
planning & budgeting, regarding poor recommended was being safely recreational

Company management safety procedures

lk‘\\\.

).
%é\&g

Company

BCU qualifications

Inadequate

Failure to supervise

taught by centre

Failure of Devon

Southway staff LEA checklist not

activities

\\\/\/\ S

|
(RERTETES Exerclse Failure to \ Required ratio of Coastguard given
IPEGIZIER Aot sultable ascenam canoe competent Poor
P wrong information
Centre manager qualified/ for nowces instructors to communication about missing
Technical & operational ignored oral expe"enced for students not met students
warnings exercise

management regarding poor

safety procedures

Sludenls given
.i-\‘ inadequate
Failure to (] training e.g. no

No advice given
on group

instructed

Poor
understanding of

Coastguard
not informed

Oversight by

check weather capsize dill organisation not to inflate offshore winds & until 3.07pm Eeasotad
forecast T v lifejackets affect on canoes
‘ 7 1 II AW \
Teacher é D Cockpits e 7 Delayed,
e ENED Teacher Inability to right Groups swept filled with anconment Itz
unsuitable ] (sl i of canoes search and
i for novices ' capsizes capsize out to sea water
Physical processes & actor continually kayak rescue operation
activities 7 A A A m
Students/teachers Rafting Loss of contact Capsize of _ Failure to
inexperience of ‘ Student together of between flooded initiate in-water Drownings
operating canoes ——» capsized group groups | canoes procedures
A
Y A
f
Failure to supply appropriate equipment for activity e.g. Failure to
Rl D e by infiate -
i i - b lifejackets
Equipment & surroundings - Failure to provide distress flares; J
- Failure to provide canoes with supplementary buoyancy; /
- Failure to provide towlines;
- Failure to provide adequate clothing for students;

- Failure to provide survival bag;

- Failure to provide whistles for every student;

- Failure to provide coloured helmets;

- Failure to provide canoes fitted with decklines;
( Failure to provide escort boat.

—

Adverse
conditions
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Organisational influences

Resource
management
Staffing

o Procedures
Resource Organisational Culture
. . Procedures/
management Climate Values, beliefs and . A
instructions about
Training Communication attitudes
procedures

Oversight
Established safety/
risk management
programs

S

Unsafe supervision

Inadequate
supervision
Failed to provide
proper training

Inadequate
supervision
Failed to provide
adequate procedures

Inadequate
supervision
Failed to provide
professional guidance

Planned inappropriate

Inadequate crew pairing

operations

crew for activity

Supervisory violations
Authorised unqualified

Preconditions for unsafe
acts

2N

>
~

Physical
environment
Weather

Physical/Mental
Limitations
Inadequate experience for
complexity of situation

Physical/Mental
Limitations
Lack of aptitude

Crew Resource
Management
Poor communication

Personal Readiness
Inadequate training

Technological
Environment

Lack of appropriate
equipment

\

—

NN

Unsafe acts or operations

Skill based error
Inability to right
capsized kayak

Decision error
Inadequate
knowledge of
systems, procedures

N
A

Decision error
Wrong response to
emergency

Routine violation
Students given
Inadequate training

Skill-based error
Failed to check
weather

™~

AN

|

for activity

/

‘ -
‘

Group swept out to

sea, capsize and

drown
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Regulations
Company

Company

Policy Management

Action
Work

Hazardous process

Government

Laws Regulators,
Associations

Company

Company

Palicy Management

Action
Work

Hazardous process
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Government

Laws Regulators,
Associations

Company

Company

Eaiiiey Management

Work

Hazardous process
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Safety is an emergent property impacted by decisions of all actors, not
just front line workers alone

Threats to safety are caused by multiple contributing factors, not just a
single catastrophic decision or action

Threats to safety can result from a lack of vertical integration across
levels of a complex sociotechnical system, not just from deficiencies at
one level alone

Lack of vertical integration is caused, in part, by lack of feedback across
levels of a complex sociotechnical system

Work practices are not static, the migrate over time and under the
influence of financial and psychological pressures

Migration occurs at multiple levels of complex sociotechnical systems

Migration of work practices cause system defences to degrade and
erode gradually over time, not all at once. Accidents are caused by a
combination of this migration and a triggering event(s)
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Lyme Bay incident Accimap

budgeting
Accreditation body
) failed to inspect
Regulatory bodies & sea activities at
associations centre
Company Inadequate Inadequate Failure to supervise Failure of Devon Southway staff LEA checklist not
management safety emergency centre manager to County Council to failure to follow staff used by Southway
Local ?rea Govemmem ignored letter procedures procedures ensure canoeing inspect centre handbook for in planning of trip
planning & budgeting, regarding poor was being safely recreational
Company management safety procedures taught by centre activities
A\ ZA N
. a Ay
[
Instructors mix:l:ﬁ:';e Failure to Required ratio of Coastguard given
N i N ascertain canoe competent L wrong information
. . (S rv:jana?er aualitied foinoyices experience instructors to communication about missing
Technical & operational ez O experienced for students not met students
management SIS xercise
sarfee%ard:zgezzorres No advice given Students Poor Soasiguad Oversight by
y p Ealure o on group |ns!rqcted understanding of not informed e guardy
check weather organisation m_:t to inflate offshore winds & until 3.07pm 9
forecast v lifejackets affect on canoes,
72501 AW \
Teacher / [ Delayed
given canoe Cockpits Abandonment Inadequate
AneUitablo Teacher Groups swept filled with of canoes searca and
i for novices capsizes outto sea water
Physical processes & actor continually rescue operation
activities A 44 7
Students/teachers Rafting Loss of contact Capsize of Failure to
inexperience of Student together of between flooded initiate in-water Drownings
operating canoes capsized group groups | canoes procedures
4
A
Failure to
inflate J
Equipment & surroundings lifejackets
J

Adverse
conditions
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Safety is an emergent property impacted by decisions of all actors, not
just front line workers alone

Threats to safety can result from a lack of vertical integration across
levels of a complex sociotechnical system, not just from deficiencies at
one level alone

Lack of vertical integration is caused, in part, by lack of feedback across
levels of a complex sociotechnical system

Work practices are not static, the migrate over time and under the
influence of financial and psychological pressures

Migration occurs at multiple levels of complex sociotechnical systems

Migration of work practices cause system defences to degrade and
erode gradually over time, not all at once. Accidents are caused by a
combination of this migration and a triggering event(s)
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No government
: legislation to
Government policy and e
budgeting centres
Absence of an
outdoor centre
Regulatory bodies & i reQU_laloirJO(;
associations =BT J

Accreditation body

~ A

failed to inspect
sea activities at
centre

Lyme Bay incident Accimap

NN

Company Inadequate Comlpan(;; Inadequate Failure to supervise Failure of Devon Southway staff LEA checklist not
management safety e emergency centre manager to County Council to failure to follow staff used by Southway
Lo area Govemr.nem ignored letter procedures instructors without procedures ensure canoeing inspect centre handbook for in planning of trip
planning & budgeting, regarding poor recommended was being safely recreational
Company management safety procedures BCU qualifications taught by centre activities
= in o
s
“Inslvumovs \\ mixsel:ﬁ; ‘ Failure to \ Required ratio of Poor Coastguard given
{ "N )
Centre manager . qualified/ a for novices )A EEEINEED ‘ mcst:rmug[eﬂtresniﬂ communication ‘v w:ggu;nl;rsmsf:‘léon
Technical & operational 'va:i:f'ngga‘ exn:::rncclsg for VAN —_— students not met students
management regarding poor Students given ~—
inadequate No advice given Students Poor Coastguard
safety procedures < Ll Oversight by
( Failure o (] training e.g. no on group instructed understanding of not informed oo
check weather ‘ capsize drill organisation not to inflate offshore winds & until 3.07pm 9
lifejackets
ecasl P 4 \ affect on canoes
7 T7S%I
Teacher . / AV N\ I )L‘ Delayed,
" A Cockpits "
given canoe Teacher Inability to right Groups swept filled p h Abandonment IElitgu iz
unsuitable d et of canoes search and
. T TS capsizes capsize out to sea water d
Physical processes & actor ly kayak rescue operation
activities A 44 7
Students/teachers Rafting Loss of contact Capsize of Failure to
inexperience of Student together of between flooded initiate in-water Drownings
operating canoes —> capsized group groups A canoes procedures
A
/ Y
r
Fa\IL_lre to supply appro_pna(e equipment for activity e.g. Failure to
- Failure to provide radios; inflate Y,
Equipment & surroundings - Failure to provide spray decks; lifejackets

- Failure to provide distress flares;
- Failure to provide canoes with supplementary buoyancy;

- Failure to provide towlines;

- Failure to provide adequate clothing for students;
- Failure to provide survival bag;

- Failure to provide whistles for every student;

- Failure to provide coloured helmets;

- Failure to provide canoes fitted with decklines;

L- Failure to provide escort boat.

—

Adverse
conditions
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Safety is an emergent property impacted by decisions of all actors, not
just front line workers alone

Threats to safety are caused by multiple contributing factors, not just a
single catastrophic decision or action

Lack of vertical integration is caused, in part, by lack of feedback across
levels of a complex sociotechnical system

Work practices are not static, the migrate over time and under the
influence of financial and psychological pressures

Migration occurs at multiple levels of complex sociotechnical systems

Migration of work practices cause system defences to degrade and
erode gradually over time, not all at once. Accidents are caused by a
combination of this migration and a triggering event(s)
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Government policy and
budgeting

Accreditation body

failed to inspect
sea activities at

Lyme Bay incident Accimap

Regulatory bodies &
associations centre
Inadequate Comlpanﬁ Inadequate Failure to supervise Failure of Devon Southway staff LEA checklist not
Local area Government safety __ employe h emergency centre manager to County Council to failure to follow staff used by Southway
planning & budgeting procedures '"fg:;;:rfe"':;esm procedures ensure canoeing inspect centre handbook for in planning of trip
y >y was being safely r
Company management BCU qualifications taught by centre activities J
n(ixseurﬁ':;e Failure to Required ratio of Coastguard given
o ascertain canoe competent Poor wrong information
Technical . ITITETEEES experience instructors to communication about missing
echnical & operational IR IS 60 KR i
management
No advice given Students Poor Coastguard .
on group instructed understanding of st TS Oversight by
organisation not to inflate offshore winds & until 3.07pm coastguard
v \ lifejackets affect on canoes,
7 2507 AW} X,
- / / N\ 1 oo
5 elayed,
Teacher K Inability to righp Groups swept f(\ilzzkv?/liﬁ\ Abandonment Inadequate
. capsizes capsized out to sea e Sl search and
Physical processes & actor continually kayak L W rescue operation
activities [ \ A
Students/teachers Rafting Loss of contact Capsize of Failure to
inexperience of together of between flooded initiate in-water Drownings
operating canoes group groups | canoes procedures
P
Failure to
. 5 inflate J
Equipment & surroundings lifejackets
J

Adverse

conditions
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A Safety is an emergent property impacted by decisions of all actors, not
just front line workers alone

A Threats to safety are caused by multiple contributing factors, not just a
single catastrophic decision or action

A Threats to safety can result from a lack of vertical integration across
levels of a complex sociotechnical system, not just from deficiencies at
one level alone

A Work practices are not static, the migrate over time and under the
influence of financial and psychological pressures

A Migration occurs at multiple levels of complex sociotechnical systems

A Migration of work practices cause system defences to degrade and
erode gradually over time, not all at once. Accidents are caused by a
combination of this migration and a triggering event(s)
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Lyme Bay incident Accimap

No government

. legislation to
Government policy and control activity
budgeting centres
Regulatory bodies &
associations
Inadequate Com‘pan)d/ Inadequate Southway staff LEA checklist not
safety _ employec emergency failure to follow staff used by Southway
Local ETEE Govemment procedures instructors without procedures handbook for in planning of trip
planning & budgeting, recommended ]
Company management BCU qualifications activities
ir::fi‘emiﬁresl nzlix:&ﬁ:;e Failure to Required ratio of 3 Coastguard given
CREIEL ! ascertain canoe competent O0n wrong information
. . qualified/ rinovices experience instructors to communication about missing
Technical & operational EXPZQSPCCI:: for students not met students
management Students given
inadequate No advice given Students Poor Coastguard CuEiity
Failure to training e.g. no on group instructed understanding of not informed SR
check weather capsize drill organisation not to inflate offshore winds & until 3.07pm 9
forecast v \ lifejackets affect on canoes
7 25071 AW} AN
Teacher g é [ 1 = Delayed
given canoe " - o) Cockpits Abandonment
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A Safety is an emergent property impacted by decisions of all actors, not
just front line workers alone

A Threats to safety are caused by multiple contributing factors, not just a
single catastrophic decision or action

A Threats to safety can result from a lack of vertical integration across
levels of a complex sociotechnical system, not just from deficiencies at
one level alone

A Lack of vertical integration is caused, in part, by lack of feedback across
levels of a complex sociotechnical system

A Migration occurs at multiple levels of complex sociotechnical systems

A Migration of work practices cause system defences to degrade and
erode gradually over time, not all at once. Accidents are caused by a
combination of this migration and a triggering event(s)
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A Safety is an emergent property impacted by decisions of all actors, not
just front line workers alone

A Threats to safety are caused by multiple contributing factors, not just a
single catastrophic decision or action

A Threats to safety can result from a lack of vertical integration across
levels of a complex sociotechnical system, not just from deficiencies at
one level alone

A Lack of vertical integration is caused, in part, by lack of feedback across
levels of a complex sociotechnical system

A Work practices are not static, the migrate over time and under the
influence of financial and psychological pressures

A Migration of work practices cause system defences to degrade and
erode gradually over time, not all at once. Accidents are caused by a
combination of this migration and a triggering event(s)
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A Threats to safety are caused by multiple contributing factors, not just a
single catastrophic decision or action
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levels of a complex sociotechnical system, not just from deficiencies at
one level alone

A Lack of vertical integration is caused, in part, by lack of feedback across
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A Work practices are not static, the migrate over time and under the
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