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Deterministic

Human Factors (HF) Eng. or
Ergonomics

v "...Is the scientific discipline

concerned with the
understanding of interactions
among humans and other
elements of a system, and the
profession that applies theory,
principles, data and methods
to design in order to optimize
human well-being and overall
system performance.”
[International Ergonomics
Association]

MR/ EX|: F 7IX| 28

Probabilistic

Focusing on critical tasks

Human reliability analysis

(HRA)

v Which human action can go
wrong?

v How likely is it?

v If it does happen, what is its
consequence?

Providing direct input for

PSA (Probabilistic Safety

Assessment)
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) Accidents are caused by people,
-

£ due to carelessness, inexperience,

nnn and/or wrong attitudes.

Technology and materials are
imperfect so failures are inevitable

a“ Dong-Han Ham (donghan.ham@gmail.com)
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A Focus on Negative OQutcomes
(What Can Go Wrong)
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Organisations are complex
but brittle with limited
memory and unclear
distribution of authority

N4 P
alfunction

V.

(Erik Hollnagel, 2009)
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The Nuclear Accident
Radiation Cantinues To Leak From Crippled Pl

The Nuclear Accident X
Radiation Cantinues To Leak From Crippled Plant. &
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v Safety is the

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

Safety-1 is achieved
by trying to make
sure that things do
not go wrong, either
by eliminating the
causes of
malfunctions and
hazards, or by
containing their
effects.

1-10" =9.999 non-failure
in 10.000 events

Resilience engineering (2/4)

Safety-II 2+
v Safety is a condition

where the number
of successful
outcomes is as high
as possible.

It is the ability to
succeed under
varying conditions.

Safety-1II is achieved
by trying to make
sure that things go
right, rather than by
preventing them
from going wrong.



Resilience engineering (3/4)
Safety-| vs Safety-lI

Safety-I

Definition of safety That as few things as possible go
wrong.

Safety management principle Reactive, respond when some-
thing happens or is categorised as
an unacceptable risk.

View of the human factor in Humans are predominantly seen

safety management as a liability or hazard.

Safety-Il

That as many things as possible go
right.

Proactive, continuously trying to an-
ticipate developments and events.

Humans are seen as a resource
necessary for system flexibility and

Accident investigation Accidents are caused by failures
and malfunctions. The purpose of
an investigation is to identify the
causes.

Risk assessment Accidents are caused by failures
and malfunctions. The purpose

of an investigation is to identify
causes and contributory factors.

resilience.

Things basically happen in the same
way, regardless of the outcome. The
purpose of an investigation is to
understand how things usually go
right as a basis for explaining how
things occasionally go wrong.

To understand the conditions where
performance variability can become
difficult or impossible to monitor and
control.

a* Dong-Han Ham (donghan.ham@gmail.com)
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(Hollnagel et al., 2013)



Resilience engineering (4/4)

Relationships between Safety-1 and Safety-Il

Resilience

Focus of both Safety-l and Safety-II:
Everyday actions and outcomes-risks as well
as opportunities

Safety
Focus of safety-I:
Accidents and incidents

-3 25 ¢ <15 41 05 0 05 1 15 2 25 3

Concurrent analysis of both
success and failure cases.

Resilience is the intrinsic
ability of a system to adjust

its functioning prior to, during,
or following changes and
disturbances, so that it can
sustain required operations
under both expected and
unexpected conditions

Resilience engineering is the
scientific discipline that
focuses on developing the
principles and practices that
are necessary to enable
systems to be resilient.

The aim of the resilience
engineering is to integrate
both Safety-1I and Safety-II.
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Big data =41

(CART; CIaSS|f|cat|on and Regression Tree)
mm-mm

1 Male 15 0 1 is sex male?

2 Male 8 0 2 Y / ;

3 Female 23 1 3 N is age > 9.57 survived

4 Female 4 0 0 N \ 0.73 36%

e D v
SNHee 31 57t |

. ChfSHO|Z U EM w3 (ded)
X|2tEl (deep machine 0.05 2% 0.89 2%

learning; Alpha GO)
A tree showing survival of passengers on the Titanic ("sibsp” is
the number of spouses or siblings aboard). The figures under
the leaves show the probability of survival and the percentage

of observations in the leaf. o )
Source: wikipedia

o| 25t Jgﬁor IM O Xt= EAH0| H|oH M= 7ts/d0| 1758 =L} (36% vs. 63%)
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1  Sim/Evt Environment | ~ |Sim/Evt Mode ~ MultiplelnitEvent | ~  FailedSys/Comp |~ TimePressure + | ProcConformity |~ |

47181 No Emergency No No Befere diagnosis Yes
47182 No Emergency No No Before diagnosis Yes
N orma I 1'0 47183 No Emergency Ne No Before diagnosis Yes
47184 No Emergency No Neo Befere diagnosis Yes
47185 No Emergency No No Before diagnosis Yes
_8_ XI_ E E A b norma | 1 . 8 47186 No Emergency No No Before d?agnosis Yes
47187 Ne Emergency No No Befere diagnosis Yes
47188 No Emergency No No Before diagnosis Yes
E m e rg e N Cy 5 . 9 47189 No Emergency No Mo Before diagnosis Yes
47190 No Emergency No No Before diagnosis Yes
47191 No Emergency No No Before diagnosis Yes
o o 47192 No Emergency No Yes Before diagnosis Yes
= 7 |_ HA DT 1-0 47193 No Emergency No Yes Before diagnosis Yes
N 47194 No Emergency No Yes Before diagnosis Yes
__||_ g 7 | 7 | olo 9 7 47195 No Emergency No Yes Before diagnosis Yes
AN O . 47196 No Emergency No Yes Before diagnosis Yes
47197 No Emergency No Yes Before diagnosis Yes
47198 No Emergency No Yes Before diagnosis Yes
IE'l xl-A-I _é)l‘ §Ol. O:" 1_0 4719,_9 No Emergency No Yes Before diagnosis Yes
I_l _(ID_I‘ A'l 47200 No Emergency No Yes Befere d!agncs!s Yes
14 O 47201 No Emergency No Yes Before diagnosis Yes
(COﬂfO rm'ty) Ol’ |__| 2 39 47202/No Emergency No Yes sefore diagnosis Yes
47203 No Emergency No Yes Before diagnosis Yes
47204 No Emergency Ne Yes Before diagnosis Yes
IE'l xl. A—l O." 0:" 1 O 47205/ No Emergency No Yes Before diagnosis Yes
N . 47206 No Emergency No Yes Before diagnosis Yes
%:' %II' Ol_l' 47207 No Emergency No Yes Before diagnosis Yes
47208 No Emergency No Yes Before diagnosis Yes
7 | 7 | 7 |- 7 | % O|- Ll 2 12 ‘ 6 47209 No Emergency No Yes Before diagnosis Yes
47210 No Emergency No Yes Before diagnosis Yes
47211 No Emergency Ne Yes Before diagnosis Yes
Feed ba Ck 0:" 1 O 47212 No Emergency No Yes Before diagnosis Yes
. : 47213 No Emergency No Yes Before diagnosis Yes
In fO m atl on 47214 No Emergency No Yes Before diagnosis Yes
x_” a1 O|- |__| 2 959 47215 No Emergency No Yes Before diagnosis Yes
o 47216 No Emergency No Yes Befere diagnosis Yes
47217 No Emergency No Yes Before diagnosis Yes
. . . 47218 No Emergency No Yes Before diagnosis Yes
47219/No Emergency No Yes Before diagnosis Yes
47220 No Emergency No Yes Before diagnosis Yes
47221

47222
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Functional Resonance Analysis
Method (FRAM)

- To predict how - (Functional) Resonance:
resonance may lead to A principle that explains
accidents, we must be how disproportionate
able to describe and large consequences can
model the characteristic arise from seemingly smali
variability of the system variations in performance
- Functional resonance and conditions .

Resilience engineering claims that we should an accident as
emergent outcome rather than resultant outcome; A proper

way for explaining emergence is the concept of functional
resonance, which is the basis of Functional Resonance

Analysis Method (FRAM).




Six Aspects of a

Function:

FRAM Functional Unit

Time available: This can be
a constraint but can also
be considered as a

5pccial kind of resource. Tiisa

That which is used or
transformed to
produce the output.
Constitutes the lin
previoueb functions.

Activity/
Function

Input

® ®

Frecondition

System conditions that
must be fulfilled before a
function can be carried out.

“3 - Dong-Han Ham (donghan ham®@gmail .com)
oy

i

That which supervises or

adjusts a function. Can be

plans, procedures,

guidelines or other
Control fnctions.

That which is
produced by function,
Constitute links to

subsequent function

0 Output

&

Resource 1hat which is needed or
consumed by function to
process input (e.g.,
matter, energy, hardware,
software, manpower).

(Erik Hollnagel, 2010)
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Example of Instantiation of FRAM Model

AIC 1: radio
contact established

Issue

clearance o o Coordination o

to pilot

Team
coordination Pilot

o o o o ATCO

Provide Flight position A/C 1
MET data monitored

communi-
cation

Clearance A/C 1:
Climb to FL100O

AIC 1: radio
contact ulob“thod

Clearance plan A/C 1:
Climb to FL100

©

Flight & radar data o Flight :o:bn AICH @ 0
o

OPS AIC 1 strip marked:
" - Climb to FL100O

o o o o Request from

next sector:
Climb to FL100

FOPS updated

Sector to

o Update o sector o

FDPS comm.

Q (R
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