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Intro to Human Factors

Errors, Violations & Accident Causation

Case study: L-1011&Yanky 72

Case study: Piper

November 09, 21 | Human Factors Analysis & Classification System (HFACS)

HFACS 2.0 Case study

HFACS 7.0

HFACS 7.0 Case study
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November 10, 21 | Maintenance Human Factors

Case study: Pen Air N686PA

Case study: Crossed Wires

Case study: The Right Connections

November 11,21 | HFACS- Maintenance(ME)

Case study: MD-88 HFACS-ME

Spatial Disorientation and Illusions

System Design and Operator Error |

November 12,21 | System Design and Operator Error 11

Wrap-up and Presentation of Certificates
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The study of human factors in aviation began in earnest during World War Il. As the
war started, the RAF was losing as many aircraft to pilot error as they were to enemy
fire.
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Ancient HF

Early Egyptian dynasties made medical instruments, tools, weapons and
household equipment that illustrated ergonomic principles.
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2 FERE i (Reaction Time)+Hf2EHE fH] (Movement Time)=[=|FERE [ (Response Time)

Reaction time
+
Movement time

Response time

2.2-3 Hick’s Law
[FRFAHE S ERN G BIEEGER - P BN R IR R B S 7 U &
Fl ¢ PO ER R -
PERI - VRIS FEIS ] > P S et BT -
RDSGRIE - SRR E N S R ]
BiE - BEiEi e - SERE TR -

BRER e ERAER > IR -

7



A IS (N Z RS B AEH - e RV B % - BINFLCHERIGHN
JERFRETIIRAIIR S - AOATERIAYES - ZoPE(EAGIN R R aC il R S RS ERF T =
MRS > HEEH M/ - L eI DABRARE] - A BINZRERENES > FrUE—F9H
EERERVER] T AN R R A A A Y IS AR AL -

L NBINZR Z 02 Paul M. Fitts » f2— L OERERSE - F BRI AR S

FRSRBIEE T - PR HAY Fitts’s law--—({BE A% G 8 LU A fe TReEE
FRRITEN T R B 2] ARSI AT R AR - & HARE AR EERT 5 A7
H/8E B EAR - 775 AR RER DAEE

FELE > 2y

WEBIERAY AN RREL » AT/

T NBEENHY

FiE > SRR AR Ry i B RIRT T i 78 5 Y A\ B i B B SR AU 2 — - Fitts 1842

TR

FABLHRIR 2~ [E (B o5 S04 T B8

HUMANS SURPASS MACHINES IN THE:

detection

perception

Judgment

induction

Improvisation

longterm
memory

= Ability 1o detect small amouns of visual or acoustic energy

« Ability to perceive patterns of light or sound

= Ability to improvise and use flexible procedures

= Ability to store ver]y large amounts of information for long periods
and to recall relevant facts at the appropriate time

= Ability 1o reason inductively

= Ability to exercise judgment

MACHINES SURPASS HUMANS IN THE:

+  Ability t respond quickly to control signals, and to apply
great force smoothly and precisely

= Ability to perform repetitive, routine tasks

+  Ability to store information briefly and then to erase it completely

. "\bllll)‘ 1o reason deductively, including computational ability

+  Ability to handle highly complex operations, i.c., 1o do many different
things at once.

HABA-MABA (humans-are-better-at/machines-are-better-at) » £ A

Fs N IRZRAI eI s i /g -

Humans Excel In Machines Excel In

Detection of certan forms of very low
energy levels

Momtoring (both men and machines)

Sensitivity to an extremely wide variety of
stimmuli

Performing routine, repetitive, or very
precise operations

Perceiving patterns and making
generalizations about them

Responding very quickly to control
signals

Store large amounts of information for
long penods — and recall relevant facts at
appropnate moment

Storing and recalling large amounts of
mnformation in short time periods

Ability to exercise judgement where
events cannot be completely defined

Performing complez and rapid
computation with high accuracy

Improving and adopting flexible
procedures

Sensitivity to stimuli beyond the range of
human sensitwity (e g, infrared, radio
waves)

Eeacting to unexpected low-probability
events

Doing many different things at the same
titne

Applying originality in closing problems

Exerting large amounts of force smoothly
and precisely

Profiting from experience and altening
course of action

Insensitivity to extransous factors

Performing fine manipulation, especially
where misalignment appears unezpectedly

Repeating operations very rapidly,
continuously, and precisely

Continuing to perform when overloaded

Operating in environments that are hostile
to man or beyond human tolerance

Feasoning inductively

Deductive processes

2.2-4 Fitts -1 HABA-MABA
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Reason’s Swiss Cheese Model

"a trajectory of
accident
opportunity"

2.2-5 Reason Z#57 1 ¥ 1L =] fE AT

INFORMED CULTURE FLEXIBLE CULTURE
Those who manage and operate the system have A culture in which an
current knowledge about the human, technical, organisation is able to
organisational and environmental factors that reconfigure themselves
determine the safetv of the svstem as a whaole. in the face of high
i tempo operations or
REPORTING CULTURE certain kinds of danger -

An organizational climate in which |—  SAFETY |1 often shifting from the
people are prepared to report —v| CULTURE [\w— conventional
their errors and near-misses. hierarchical mode to a

17 T T flatter mode.

JUST CULTURE

An atmosphere of trust in which people are LEARN'“Q CU_LTURE

encouraged (even rewarded) for providing An organisation must possess the
essential safety-related information, but in willingness and the competence to
which they are also clear about where the line | | draw the right conclusions from its
must be drawn between acceptable and safety information system and the
unacceptable behaviour. will to implement major reforms.

2.2-6 Safety culture
53—{ir Robert Helmreich 4 Ji{ B BLAR T 5P Ra 0 BREL 50 > HIEL4H B
JREH (Crew Resource Management, or CRM)HYSCEERFFTE > S AFRFRIAE

AR A B E R - FERIEAENT 7 B S AN (3 4 CRM RREREIAGHII SR -



AT AR Ry 22 7 S P B (LAY Ry B g 3 P (Threat and Error Management,
TEM) > t/& 1 Helmreich % —FATE 1L -
THREATS
VY VVVVVVVY

Threat Management Strategies

ERRORS
VvV

RESIST

(systems and procedures)

- -
\~, ~

RESOLVE
(CRM skills)

v
CONSEQUENCES

2.2-6 Helmreich %1y TEM f&A1
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TS AHE B R - SO Ry RETIIRTEHTFE (Obedience to Authority Study ) - Milgram
PR Ry REE E A FOREEAR S K A KB R B s 2|
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Milgram ZHZ ezt IET T E(EEE - GERICRREIE(EEREEZ A FH
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Defining Human Factors (and Ergonomics)

Human

Factors

Engineering
& Design

2.2-7 NRRZEZAH R

2.3 EHRRTE R

HHY N RN A — (s A E B2 AFRE - R (5 — i
A NMEREHMEE A > FREHBERE A B L -SRI AEN >
PRN R i N B N EZ BN mZ= -
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Artentional slips
of action
Skill-based slips
and lapses
Lapses of
memory
Errors
Rule-based
mistakes
Mistakes
Knowledge-
based mistakes
&
& %
ép S °°,,>
& & %,
S %,
¥ \QP 2
E %
& 2
< Effickency
Safety e Pressure
Pressure
Least
/: Effort
\ed Pressure
™ g £ - Ooeat et n, % Nty ) W A B w1 Pt of e
2 armmes v s 4 2 T 4 Th
D S s ey i an 140 590 By 4
L2 L i s can 5 4 12138 4 B s O Workload Boundary

2.3-1 NRINZRE AR IT7A

Functional Resonance Accident Model

2.3-2 Functional Resonance accident model
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Root Cause Analysis

Detaling Process Map

nghtmg the Sh|p Bunldlng a Process Map fur the Costa Concordia Salvage

N S 31 s et kg O s v b S o
4 b e edstearan A (1R o s b s 11 #

Maeren

ot
e eo

ot h
Saraerra
ot juras

el
e naaet

[Vt
mm e ;.e..- u -
anam e

el
B ]

..W....
’ o w.- ;

e LR )
A

23 s
e vl

Soeraus acomt <
semmoe st e

e S H B ==

==

2.3-2 Root cause analysis

~ Perrow’s Normal Accident Theory

System where one element
may impact another

Interactions

Linear Complex
‘Ea *
= Da*rns P " Nuclear plant
Power grids . DNA *
*
& Nuclear weapons
Some continuous * Airerat . ety
processing, e.g. Marine transport Chemical plants
drugs, bread *
* Space missions
Rail transport o
il * Milicary earfy
£ Airways | | 2 warning
B
3
S * 3 4
Junior college *
4 Military
Assembly line adventures
production
* *
Trade schools L Mining
Most R&D irms.
2 * manufacturing i
3 Single -goal agencies (motor Multi
4] s ulti -goal agencies
vehicles, post office) Unversiy (Weltire, DOE, OMB)

2.3-2 Perrow’s normal accident theory

System where 2 or more
failures may interact
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2.3.1 Reason’s Model

AleE 20y LAY | (Swiss Cheese Model ) » 2B Y James
Reason Ff%HL 1990 FfriEtt - Reason AR RECEEFEHHYIRIA > #B ] Lo A0
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1. s

2. AuelE
3. ALEIT RIS

4. RNEENNTRAG
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Reasons “Swiss Cheese” Model

Preconditions B an g!

2.3-3 Swiss Cheese Model

2.3.2 SHELL Model

SHELL Model {{k ICAO 9859 55304 (‘&) frak » 2—H AR
Syt AR A EAF ARG TR - 552 Elwyn Edwards f#--1F 1972
P& » 122K Frank Hawkins #1182 (B0 R AR UELHAVASH  SHELL Model
PN (Liveware) RyHurs » PEET ABLA (Liveware—Liveware ) ~ A BTG

( Liveware — Software ) ~ A\ Bfiff% ( Liveware —Hardware ) DL A BiFgE

(Liveware —Environment ) [HIfY 7 Ehff{% - SHELL Model AT » K528
NIRRZ Rl FrLAGR 5 O EAH R 3 0 b > AR AR A - A
B R0y » o3 AELPUEAH R AR 73 58 BEN R S AEBTE - & B EA PUqE
SR 5y 2 IR iR SO ROENC & - 1 PTRE LB Ryt ana 4= f » BIA ]
RERITT 34 A2 SR - ISR AVIRBEEN 2R - 127 - BHESUFE - B E
TESERR PN —E05) - THASAIENIE A4 - IR0 - B & SR
R EPYIRE - BRI E NN SR MRS . MW G /ER - ARLZHEFTA
BRI EA RN ABIORITIAL S ~ TRRATFI4EE N 8 ~ BEATERAES -
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S

N-EEE(Liveware-Hardware)

A -HREE (Liveware-Software) A (Liveware)

B2 (Liveware-Environment)

¥

A- A(Liveware-Liveware)

2.3-4 SHELL Model

2.4 Errors & Violations

REIMTZE FR TP ARBNREHRE - PR E R (TR R EEM - [NRyiELE
REREBEM > 515% TR H SV ENE o INTERL 7 Sy - AL - ok

ar LR RN FN N Z R EAYEES -

FTaBHYJCER » Reason FUGKFZEFR Ny > R P EIEH A L2217 R - tHlE
fEIEH I R TENECRE - S (EfTBECHR E BAVEERVE S » BUERAEZEE]
PR EEAYAE R - BME RS A A S SasU 2l i Rl RAYA - trgeEr s A= ket -
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1.

BUTRM  ERTEEAVE - BEEfEsTEEEGEN B TRE LA
SR TR Rty I I S35 (Skill-based error) © 78 ] DLFFAH 73 st
J(slip) ok (lapse)
PR L B CORREERGTEEEM” - BITEBTEAVSES 5 FIARE
Fr R ERTREE TR 2 A RIRERY > (AR T b I B 2 T B ARy
BITIER - HIECEAEIRE b iR EGE NGt T » 7R T 45 SR TR
TR EdEE ETIEARVAE R » ERRAVIR L ERRAE -
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THYPER BB R R 3 AT T - AR R SR %
e o BERHNIRE R -
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Fr R ERVETE - AR BETEAFIAEE ~ A2 - il - EREER
IMASEEAY AT - SO Rybeia(Mistake) - $&5R AT DL Wi dH © KR AT
$85%8 (Rule-based mistake) B4/ 5% 145 2%(Knowledge-based mistake) ©
AN EEER © & APTHENMEF RIS EEERRR » 302 R A%
B NG E sURSEFA R R P —ER AR A R -
5 ST 25 G K2 R YRR - AR FE AR SE SRR N
SEIRAER T ERAYAAN  EECN BEERAVEA - S (EEHAIE
HIFE SR -
HIEkmEAYEERR - B ASLHE P AR B L ECE N PR B
TEEC A AT LA G E Y — B AT DU R - A e
AR P A Y RIER AR g R - a3 SRR RIS AT R BAE T » &5
FREMEAICERTE R ERAER - STFTEEA A &R - WK
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\
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0

=(i{3

17



BERCHH IEHERYRIE - 2800 > FEFTRERMAIR - SRR A TRAHFH]
BIRBGERAEIR MEHETE - NI E RN - B R

HIFY$EER ©
| EXECUTIONFAILURES | PLANNING FAILURES
SLIPS LAPSES | | RULEBASEDMISTAKES | | KNOWLEDGE BASED MISTAKES
Attention: Memory: Two causes: Many causes:
- Double-capture slips -Omissions Mi P - Confirmation bias
- Perceptual confusions - Repetitions lsa?plt@m geigod i - Selectivity
- Interference errors -Reduced -Application of a bad rule -Out of sight, out of mind
-Reversal Intentionality - Encystment
- Misordering -Vagabonding
- Mistiming

2.4-1 NEgHE 2 5140
BN ESFOAMR - BOR ~ 1273072 2 HERTH AT R ER R
ANARE Ry « SERARIERLZ MIRTIRAERIER - BHERGER  MssRrARE - #2
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MR SEERIRANET 24 -
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Behaviours Analysis Flowchart

Start

Ensu re a ‘Human in the System’ investigati on has been completed by trained investigators and the subsequent
Evel r Guide.

t Review Group (ERG) consists of trained members who use the FAIR® 2 Use:

Was the consequence e

and substantialand & as intended? s e
unjustifiable disregard
for risk? NO
NO
Recklessness
; Was the acti h
Were the rules . ilable and ; vas ‘b e :;“":‘ -, Violation for
intentionally broken?  YES and incelligible B o . ™ organisational gain
correct? organisation ’
NO NO NO
Violation for
Was a correct plan of
tion selocted? TEs Error SR
NO
Mistake Was the
the time outsi de of s Situational violation
normal pra

Figure 3: Behaviour Analysis Flowchart P

Routine violation

FAIR® 2 System : Version 2.1 : Deces 5 : © Baines s Limited

. 2 4- 3 FAIR2 Behaviours analysis flowchart
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complacency fatigue stress
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lack of awareness
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pressure

=4l

norm
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