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Session 1—Course Introduction & Overview
Session 2— Introduction to ATS Safety Management
Session 3—Safety Management Systems 1n ATS

Session 4—Introduction to Human Factors i1n ATS

BT FU (10 5] 11 V7B 8

Session S—Introduction to ATS Safety Investigation
Session 6—Human Performance Considerations
Session 7—Practical Resource Management

Session 8—Maintenance of Operational Standards

8Y= F! (10 ] 12 F!/ B 8= )

Session 9 —Risk Management in ATS
Session 10—Understanding Human Error
Session 11—ATS Risk Management Exercise

Session 12—Human Factors Models as Investigative
Tools
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Session 13—Systemic Occurrence Analysis Methods

Session 14—Communication Skills 1: Presentation
Skills for ATS Investigators

Session 15— An Introductory Investigation
Exercise

Session 16— Introductory Investigation Exercise
continues

17:00—Escorted visit to Singapore ATC Centre & RCC

18:30—Course Dinner at SAA-Hosted by Singapore
Aviation Academy
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Session 17—Cultural Considerations 1n ATS
Operations

Session 18 —Enhancing Safety Culture
Session 19—An [ATA Perspective

Session 20—The Organisational Accident: A Case
Study
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Session 21 —Investigating 1n Practice : [CAO Annex
13 requirements and experience from the
Singapore Air Accident Investigation
Bureau (AAIB)

Session 22—The Legal Perspective : Air Traffic
Control and the Law

Session 23—Practical Case Study (Runway Incursion)
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Session 24—Practical Case Study continued (Runway
Incursion)
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Session 25— Interviewing Skills for Safety
Investigators 1

Session 26— Interviewing Skills for Safety
Investigators 2

Session 27— Interviewing Skills for Safety
Investigators 3

Session 28 —Danger on the Ground - Case Study: Milan
Linate

Session 29—The ATS Safety Audit Process
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Session 30—ATS Investigation 1in Practice

Sessi1on 31 —Communication Skills 2: Report Writing
for ATS Investigators

Sessi1on 32—Danger 1n the Sky

Session 33—ATCO Emergency Procedures Training
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Session 34—Major Case Study: A Systemic
Investigation Introduction and
Briefing ~ Course members work in
assigned syndicates to conduct Major
Investigation Exercise

Session 35~38—A Systemic Investigation
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Sessi1on 39~40—A Systemic Investigation continues

Session 41 —Presentation of Investigation Team
Reports

Session 42—Course Conclusion
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Traditional Concept (Event Oriented)

==




{

~ An SMS must -

be documented

be able to significant

from providing the service

specify the that are to be
employed by the operator to manage
the risks and

be able to safety outcomes

: Eléfnenfs

4 =g=

Commitment and Objectives

Management, Accountabilities,
Responsibilities and Communication

Hazard & Risk Management
Process Documentation

Employee Monitoring Programme
Training and Education

Safety Performance Measurement
Audit and Evaluation

4 =g

PANS-ATM Safety Provisions

An ATS safety management programme

should include:

Monitoring of overall safety levels and
detection of any adverse trend

Safety reviews of ATS units
Safety assessments of system changes

A mechanism for identifying the need for
safety enhancing measures

4 =g

- PANS-ATM Safety Provisions

PANS-ATM safety management provisions
also specify:
Circumstances requiring safety assessments
Factors to consider in undertaking safety
reviews
Requirements for incident reporting and
monitoring of safety

(). E‘??F‘éiﬂﬁi’iﬁﬁ‘%ﬁlﬁ’ﬁﬂ/ M ERPE ﬁ%’ﬁ( Introduction

to Human Factors in ATS)

?%%ﬁi%%WW%*%Wi%PZ
L. 5 - 71 1989F 3% 4 IVFlying Tiger ETH%EG

7 - ﬁﬁjﬂfﬁﬂﬁéﬁ?ﬁ £ Mdescend two four

zero zero( MEZ2400MN) 5 - BRLIEIET] LY

fL Tdescend to four zero zero( ™ [E =400

PO L RIS 3T S



SYREE

). Fi R -

3. TAHssE -

4. W SERR] S AT R 8K
PRI T 22 sy 2 %‘Eﬁ P EETN R N
UG  SEey ST BRI
ERNIN O CEE L R
e ”*@%’Twi@ﬁ SRy
2 AR L?nf”ﬁf

5. e R -

6. Y[ PR ERL ST ?F'E?El%l“ IR
PGPV R AR > [ (72
BB B [ J&F IES ﬂjp[ ,
BARCRLEIS S g B B AL R

ﬂ(r a7 IR e

7. MBS (HMD)

S AR B
9. HiFE -

10 FrfropuEtt A 2804 F'&?}?Efa'ﬁ@ » Al

11



=0
P
Rl

F"J?FW%

;EH‘IEI\JHE]*’\‘
R PP T B
Y R A

ﬂﬁ"FI\Jr[‘&tﬁ R
EIYT@EI 'FL A=

W~ [ R

B SRyl = azfﬁﬁ_ﬁl?'g[ﬁlﬁ UEIHE o

‘ ... Key Human Factors Issues ME:
in ATM

« Communication

» Management and impact of change

» Situation awareness

» Fatigue, stress

» Information processing and perception

o Culture: national, organisational, professional
» Human-machine interface (HMI)

+ Design - hardware, software and environment
» Error management

» Impact of new technology

A

4

Costly Examples of ¥
Ineffective Communication —

Tenerife accident, 1977 - 583 fatalities

FO: "Iz he not clear that Pan American”
Capt: "Oh, yes"

Flying Tigers 747 cargo flight, 1989

ATC: "Descend two (+o?) four zero zero”

Avianca Flight 052, into JFK, 1990
FO to ATC: "I think we need priority”
“"We're running out of fuel, Sir”

4 Communication Errors 0.
in Aviation - Examples e

Similar Call-signs
Alpha-numeric errors
Procedural errors
Overly-complex communications
Inadequate responses and poor
discipline
Hear-back problems
Mind-set
Workload

12

What is Stress?

The body's response to a
disturbing situation
Unexpected
Anticipated

Stress is a vital adaptive mechanism

Stress affects us both physically and
psychologically

Stress effects are cumulative




®
aacne Short term and long term effects  ggm

» Short term effects (acute stress)
< Individual performance may be disrupted
+ Team work may deteriorate
+ Safety problems can result

» Long term effects (chronic stress)
< Increased risk of cardio-vascular diseases
< Increased risk of gastro-intestinal

problems

> Increased risk of sleep disorders
= Burn out

A

4 Causes of Task /
Operational Stress?

Too much (or too little) to do
Time pressures

Unclear or conflicting goals
Interruptions

Design of the work environment -

= Not enough people to do the work, lack of
information; poor tools or equipment

» Conditions - workplace, environment
Team & people factors

* & & 9 @

meane - \What do we Know about sleep? e

» Sleep is a vital physiological function
» Humans have two distinct phases of sleep
+ Rapid Eye Movement
+ REM longer, more regular as night goes on
+ About two hours REM/dreaming per night
<+ MNon Rapid Eye Movement
* Quality of sleep is as important as the
quantity
» With increased age, sleep becomes less
deep, more disrupted, and the total of
nocturnal sleep decreases

What do we know about the
body clock?

» Human bedies run to a “circadian rhythm"”
(circa = about; dias = a day - approx. 25 hrs)
* In a 24 hour day, there are two times of maximal
sleepiness, when the body core temp is lowest
= about 3 to Sam, and about 3 to Spm
» Our body clock (located in our hypothalamus) cannot
adapt quickly to new time zones, or to duty/rest
schedule changes
=+ "jet lag” - gradual and uneven adaptation of bedily
rhythms
> shift work - working against the circadian clock
» Adaptation to eastward time zone changes is more
difficult than westward, as this goes against the
tendency of the body clock to lengthen the day

(= ). SHEL #5%] (SHEL model)

1. SHELL Mode * S I'x?vﬁfi'?%(SOftware) H R
fl(Hardware) ~ E fCAEUf(Enviroment) ~ H
F< * (Human) = "] SHEL Mode Fi*l'J47iili-#3k 3%
I 7 T AL R L PR R

R -

J

2. SHELO Mode © 319 SHEL B » 0 i
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3. Reason-Based SOAM Model : [F=£% EUROCONTROL
(45T SWISS CHEESE MODEL S {1 s sl 1 80
Atk
(1).?@5&'[‘??3]54 (Latent Conditions) : “ljﬁlﬂ[m
1I§7FE'F7RJEJ[4\' # (Organisational and System
Factors) ® ‘[‘Ej i?i R Z (Contextual
Conditions) » L 2¥ gﬁggﬁdi'iﬁ'jﬁf'ﬂﬁg
Jes T AR kD o YN A i FRLIFE
e flag P o BEES T o~ [ = [RIEERL 2
[ [?*iﬁfiﬁ’@%%\'ﬂ?ﬁﬁ g F o
(2). 2 BV~ (Active Failure) : [15%
= SRR AE BRSO S P R
EEHR iﬁ* ﬁﬂﬁj A8 =+ ﬂﬁﬁﬂi’iﬁﬁiﬂ - E'fjﬁff
53 (Human Involvement) - ffij =" kb Af 150 ff

I At = R Y SPRTAIES SRS B

s - Ft[gﬁvo
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(3) . g+ T (Limi ted windows of
opportunity ) * ig IR RLEERD 1 [F 5
A la%ﬂlﬁ U HERL I RER S 3 (Absent
or Failed Barriers ) » EIDRfZIEAER -

(4) P TRl - R g i E
CEIFE MR PR E o P R R

"last minute control measures ; °

A A
The SHELL Model ® ‘ SHELL Model:

e ATM adaptation =

Sorrware
Harbware
EnvironMENT
Liveware
Liveware

Risks propagate at the interfaces

Efforts should be directed at improving coupling The SHELL Model
between the components (adapted after Edwardis, 1972)

15



4 Expanded SHEL/O Model: % 4
SHEL + Organisational Data ey s REBSON-based SOAM Model

Organisational

juman
and System Factors nvelvemen
SUP o

0
n 0 People, Task, O
@_ Envwronment
’ D
..  Active Limited window/s
The SHEL/O Model T_ -
Organlsatlon {adapted after Ecwards, 1972) Latent Conditions Failures OF OPPOTUNMY (o gopted from
I S

(. r%‘g‘[ . E.ﬁﬂ/?ﬁ%ﬁf@ (Interviewing Skills
for Safety Investigators)
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4 . % 4 . . X
oo o e @@NEral Principles e . Starting the Interview H
PREPARATION s everything... . .
o TIMELINESS Memories are perishable Set the right tone for cooperation:
. f{ Risk of contamination Introduce yourself
LOCATION Use enviﬂonmenml cues to Non-threatening environment
aid reca . Establish rapport
RAPPORT Put at ease; being recorded
is uncomfortable Describe your role and the purpose
STATUS De-emphasise officialdom of the interview, eg.,
and/or rank
LANGUAGE Avoid aviation jargon, “to find out what contributed to the event, so we can
technical terms and prevent the same thing from happening again”
acronyms
g?.ngNAL Atl:g?\?u:ioorn anxiety, stress, « Check that .i'r's ok.c(y to take notes and / or
record the interview
: [ ATSSMIc iR
4 . b N 4 Paraphrasin ®
o Open-ended Questions i P 9 e

Examples
Tell me again what happened after...?

Can you describe what you saw next?
What happened then?

Can you tell me what the aircraft was
doing then?

Can you_ describe your workload that
morning?

What can you tell me about his
behaviour around that time?

20

Definition:
Re-stating in summarised form

Used to:
Clarify what has been said

Confirm perception:
that the message received
was the message sent

Demonstrate active listening i
and concern to hear accurately i




‘ . %
... ~[EncouragingResponses "

Definition:

Any verbal or non-verbal means by which
the listener encourages the speaker
to continue talking

Used to:
Listen, actively
Indicate 'tracking’; following and understanding
Encourage further comment
Indicate support or empathy
Aveid influencing the direction of conversation

A x

4 Paraphrasing

Examples:

You saw the train approaching, then heard the
screech of brakes, before the car ran into the
fence?

You're saying he was quite upset
about failing the test?

You said there was a flash,

then a loud noise?

If I understand you correctly,
his behaviour was the same as
usual that day?

—— I —— T
\ A _
/ : : % x
Leading Questions vt Other things to avoid mm

Definition:
Questions that anticipate the answer

Used to:

Check perception and
understanding

Test reaction to a proposal

Establish agreement or
disagreement

Negative questions (keep positive)
you weren't overloaded, were you?

Multiple part questions
(keep it simple)

did you...? and was it..? and if so, .. ?

e 36

s The Cognitive Interview

Memory enhancement technique
Involves

"peinstating the context” of the event

Involves a patient and detailed review
of activities preceding the event

Recalling the event in a different sequence
eg., in reverse
Reviewing the event from different perspectives
eg., as if replayed via surveillance camera tape
Increases the quantity of information obtained
Does not jeopardise witness credibility
(as hypnesis does)

Fisher & Geiselman

P Other tools: =9

Ask the witness to draw the
scenario

Use Bullet Points on Whiteboard
Use ‘'models’
In situ ~ point to location, etc.

Ask what they think happened

(Z1). r%‘g‘[ ﬁ%f, # B (Report Writing for ATS




Investigators)
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Our goal?
8 Through a Statement of
To produce a report that is a
, Facts
systematic )
logical Analysis
and well presented Findings
Recommendations

22




(). F'F53H (Uberlingen Mid-air collision over

Lake Constance, Germany 01 July 2002) (fffiF= )
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Case Study iy Accident Summary

- . - - On 1 July 2002 at 21:35:32 hrs UTC a collision occurred

Uberlingen Mid-air collision between a Tupolev TU154M, which was en route from Moscow

over Lake Constance, Germany (Russia) to Barcelona (Spain), and a Bozing B757-200, flying
01 July 2002 from Bergame (Italy) to Brussels (Belgium).

The collision occurred at FL 350, to the north of the town of
Uberlingen (Lake of Constance) in southern Germany.

Both aircraft were flying according to IFR and were under
control of ACC Zurich (Switzerland).

Weather was clear, with some cloud layers, but good visibility

Both aircraft were fitted with TCAS 1T, Version 7 (ACSS)
which worked ‘as advertised.

Both aircraft crashed and were fotally destroyed.

There were a total of 71 people on board the two aircraft,
none of whom survived.

26



A

Y Factual information: ®
Sequence of events

SIMGAPOIL AVIATION ACADEMY e e
uTcC min:sec Event
21:26:36 8:56 B757-200 climbs to FL 360
21:30:11 4:54 TU154 M initial call to ACC Ziirich in FL 360
21:34:42 0:50 TCAS of both alc report conflict , traffic, traffic”
21:34:49 0:43 ATC instructs TU154 to descend (expedite) to FL 350
21:34:56 0:36 The TU154 crew initiates a descent. Simultaneously a

Resolution Advisory” of TCAS of both alc occur. The B757
shall descend; the TU154 M shall climb. The B757 follows that
command; the TU154 continues to follow ATC instruction

21:35:10 0:22 B757-TCAS ,Resclution Advisory” te .increase descent”

21:35:24 0:08 TU154 M-TCAS ,.Resolution Advisory” to ,increase climb”

21:35:32 0:00 Collision @ FL 350

! "

4 . .
Factual information: ATC

» Although in German airspace, Zurich ACC was responsible for ATC

» The ATC system in Zurich was being operated in ..fallback-mode”
while work was being carried out to re-arrange the airspace
sectors

+ The visual mode of the Short Term Conflict Alert (STCA) tool
was not available - however, the controller on duty was not
aware of this

- Horizental minima was 7 NM instead of 5 NM

- Direct telephone lines were not available

» One controller was covering two work stations: The second
controller was in the rest area.

» Upper Area Control Centre (UACC) Karlsruhe realized the danger
of collision via their STCA and tried to phone ACC Zurich.
No phone connection was possible.

4 1. Defining %
Absent or Failed Barriers

Describe the “last minute” control measures which failed
or were missing, and therefore did not prevent the
occurrence

:“ NS
409

Check Question:

“Does the item describe a work procedure, aspect of human
awareness, physical obstacle, warning or control system, or
protection measure designed fo prevent an occurrence or
lessen its consequences?”
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Collision between B757-200 and TU154M showing the
relative positions of the aircraft at impact

Tugolew TU 154
Track 274

o4 2. Defining
Human Tovoleg ot

Describe the errors and / or violations (actions or
omissions) by a person / people at the scene which
“triggered” the occurrence

Check Question:

“Does the item
describe an error

and / or violation that
took place immediately
before, and contributed
to the occurrence?”
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SINCARBAL AVIATION ACABEMY

Contextual Conditions
Task, Environment and People

« Latent Conditions that existed prior to and at
the time of the event

> They set the context for / allow the event

« Have a direct influence on human actions
(errors and/or violations)

» Include aspects of:
> the task
> the work environment, and

> people’s physical or emotional state,
knowledge & attitudes and capabilities

/ 3. Definin %
Contextual Con

SINCARORE AVIATION AEaDEMY

itions

» Describe the context of
the event ~ the conditions
existing immediately prior to
and / or at the time of the
occurrence

» Check Question:

“Does the item describe an aspect of
the workplace, local organisational
climate, task demands or a person’s
attitudes, personality, performance
limitations, physiological or emational
state that helps explain their actions?”

A

4 Organisational Factors R

SINGAROIE AVIATION ACABEMY

The organisational and system factors (failures) which
created, or allowed, the prevailing
‘Contextual Conditions’

-

Training
Workforce Management
Accountability
Communication
Organisational Culture
Competing Goals

Policies and Procedures
Maintenance Management

Equipment and
Infrastructure

Risk Management
Change Management
External Environment

-

-

-

.

-

.

-

.

.

-

-

SO 4. Defining :
Organisational Factors

» Describe the organisational and system factors
(failures) which created, or allowed, the prevailing
contextual conditions

s Check Question: =

3

“Does the item describe an aspect =

of an organisation’s culture, systems, =
g SMS

processes or decision-making that
existed before the occurrence and
which resulted in the relevant
contextual conditions or allowed
those conditions to continue?”

(IYTT1]
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SINEARORE AVIATION ACADEMY

‘Immediate Causes™

The following immediate causes were identified:

» The imminent separation infringement was not noticed by
ATC in time.

» The instruction for the TU154M fo descend was given at a
ftime when the prescribed separation to the 8757-200 could
not be ensured anymore.

» The TU154M crew followed the ATC instruction to descend
and continued to do so even after TCAS RA advised them to
climb. This manoeuvre was performed contrary to the
generated TCAS RA.

From BFU Investigation Report, May 2004
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4 “Systemic Causes”™

The following systemic causes were identified:

» The integration of ACAS/TCAS IT info the aviation system was
insufficient and did not correspond in all points with the system
philosophy.

= The regulations concerning ACAS/TCAS published by ICAO and as a
result the regulations of national aviation authorities, operations and
procedural instructions of the TCAS manufacturer and the
operators were not standardised, incomplete and partially
contradictory.

» Management and quality assurance of the air navigation service
company did not ensure that during the night all open workstations
were continuously staffed by controllers.

+ Management and quality assurance of the air navigation service
company folerated for years that during times of low traffic flow at
night only one controller worked and the other one retired to rest.

From BFU Investigation Report, May 2004
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SINGARBAE AVIATION ACABEMY

A

4 Systemic factors

» Industry wide issues

- Integration of ACAS/TCAS Il into the aviation system
has not been properly carried out

- Different, incomplete and partly contradictory
procedures

=+ Lack of standardisation
« Air Navigation Service Provider
=+ Lack of an integrated safety management system

-+ One controller only on duty at ACC Zurich has been
tolerated for years, insufficient number of controllers

= Lack of redundancy — mutual monitering; coping with
unforeseen traffic occurrences

> Inadequate defences to protect the system from the
consequences of human error

SINEARBEE AVIATION ACABEMY

4 | ¥
Primary lessons from m
this accident

o All the major contributing factors were human
in nature, both at the individual and
management levels

s As with virtually all aviation accidents, the key
contributing factors to the Ueberlingen
collision were present before the collision, and
could have been identified and rectified

» Emphasises the need for comprehensive
integrated safety management systems

EE Profossional
enltura of ATCOS
egarding rest while
resterest fac duty

EE/ 00 TCAS manufacturers)
“Plot Guide” not axplicc

EE/TR TUIS8crew's
TCAS traming

WM AMER management i

ATCD on duty alane and
covering two warkstations

SOAM Analysis
Uberlingen
mid-air collision

e —
(" 2urien aTcO:
delayed

WIN/OC ANSP management
talaratad centrollars rasting
during low UaMic night shift

01 July 2002

[.m:u distracted. focussing
amention an other aircraft

L eonflict |

late, unexaected arrival)

ATED not aware systems
MM Maintenznce down far maintananee
Stundararemorcesrot | | [ A0 )
RM Rick susilable o ATCO [STCA. instruction 1
Manggement automatic correlatian, etd TULste
= dezcend
= p—— J
00 Communication ATEO na
o additions! SV and
Ll ATCO technical exgert
€ Equipmant Radar retum update tme
and Ifrastructure 12 seconds
E

*Mic-air colksion
Bosing 757-200
& Tupolex
TU-158M over
Lake Canstance.
Germany

Extended TAM
~ Adjacent
ATS Unit

71 Fatalities

*Both sireraft
destrayed
sDamaze to cpen
field & forest

doven for maintenance
Karlsrube unable to warn
Zurich ATCO - phane down)

Karlsruhe unaware of

emergency contact Nos

[ Tuiseec
obeys ATEO
instruction,

ignores TCAS RA

*Reputational
damage

TU 154 crew s training led

) them to give ariority to
ATED instructions rather
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> (T o
OTHER SYSTEM ORGANISATIONAL CONTEXTUAL HUMAN ABSENT A
FACTORS FACTORS CONDITIONS INVOLVEMENT OR FAILED
BARRIERS =

A

SINCAPOEE AVIATION ACADEWY

The BFU Final Report on the
Ueberlingen collision was issued
on 19 May 2004, and is available

for download at:

www.bfu-web.de
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0545

0900

1000

1030

1145

1230

1500

1515

1700

Singapore Aviation Academy

ATS Safety Management and Investigation Course

10-21 October 2011
DAY 1

Monday 10 October 2011

Course registration

Course Welcome and Opening Ceremony

Welcome Refreshments

Session 1
Course Introduction & Overview

e Course orientation and objectives

Session 2
Introduction to ATS Safety Management

* Key issues
Lunch

Session 3
Safety Management Systems in ATS
e Common elements
e Regulation
* Measurement
* Safety Cases

Refreshment Break

Session 4

Introduction to Human Factors in ATS
¢ Human Factors origins and objectives
® Human factors activities
o Keyissues in ATS

End of Day 1

SAA & Singapore Ministry
of Foreign Affairs

Brent Hayward &

John Guselli

John Guselli

John Guselli

Brent Hayward

SAA ATS SMIC 2011
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Singapore Aviation Academy
ATS Safety Management and Investigation Course
10-21 October 2011

DAY 2
Tuesday 11 October 2011

0900 Review of Day 1

0915 Session 5
Introduction to ATS Safety Investigation John Guselli
ICAO Annex 13
¢ Purpose and objectives
* Role of the ATS investigator
e [nvestigator qualities and ethics

.

1030 Refreshment Break

1100 Session 6
Human Performance Considerations Brent Hayward
* [nformation processing
Perception / Memory
Situational awareness
Decision making
Communication
Stress & Fatigue

¢ & & & @

1230 Lunch

1330 Session 7
Practical Resource Management John Guselli &
Practical Resource Management exercise Brent Hayward

1500 Refreshment Break

1515 Session 8
Maintenance of Operational Standards John Guselli &
Applied Resource Management exercise Brent Hayward

1700 End of Day 2

SAA ATS SMIC 2011
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0900

0915

1030

1100

1700

Singapore Aviation Academy

ATS Safety Management and Investigation Course

10-21 October 2011

DAY 3
Wednesday 12 October 2011

Review of Day 2

Session 9

Risk Management in ATS
Components

Likelihood and Consequence
Categorisation

¢ o & @

Practical Exercise
efreshme ‘eak
Refreshment Break

Session 10

Understanding Human Error
e Principles of Human Error

“We all make mistakes...”

Errors vs violations

The “Inside” view

e & @

Lunch

Session 11
ATS Risk Management Exercise

¢ Practical risk management activity
Refreshment Break

Session 12

Human Factors Models as Investigative Tools
o [ndividual vs Systemic approaches
¢ SHEL/O ~ The expanded SHEL model
e Reason's “Swiss Cheese” Model

End of Day 3

John Guselli

Brent Hayward

John Guselli &

Brent Hayward

Brent Hayward

SAA ATS SMIC 2011
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0900

0915

1030

[ 100

1200

1300

1500

1515

1700

1830

Singapore Aviation Academy

ATS Safety Management and Investigation Course

10-21 October 2011

DAY 4
Thursday 13 October 2011

Review of Day 3

Session 13

Systemic Occurrence Analysis Methods
* Human Involvement
* Contextual Conditions
* QOrganisational and System Factors
* Barriers ~ Absent or Failed

Refreshment Break

Session 14
Communication Skills 1:
Presentation SKkills for ATS Investigators
s [Effective communication to
management and staff

Lunch

Session 15

An Introductory Investigation Exercise
“The John Hawkins Affair”

Refreshment Break

Session 16
Introductory Investigation Exercise continues

Escorted visit to Singapore ATC Centre & RCC

Course Dinner at SAA
Hosted by Singapore Aviation Academy

End of Day 4

Brent Hayward

John Guselli

John Guselli &
Brent Hayward

John Guselli &
Brent Hayward

Raymond Seah
Senior ATC
Manager
CAAS

Delegates & Guests

SAA ATS SMIC 2011
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0900

0915

1200

1400

1500

1515

1700

Singapore Aviation Academy
ATS Safety Management and Investigation Course

10-21 October 2011

DAY 5
Friday 14 October 2011

Review of Day 4

Session 17

Cultural Considerations in ATS Operations
The influence of national, organisational and
professional cultures

Refreshment Break

Session 18
Enhancing Safety Culture
“Safety Culture Evolution™

Lunch

Session 19
An IATA Perspective

Refreshment Break

Session 20
The Organisational Accident: A Case Study
“The Drvden Accident” ~ Review and Analysis

End of Week 1

Brent Hayward

Brent Hayward

Gordon Griffiths
Assistant Director
IATA Asia Pacific

Brent Hayward

SAA ATS SMIC 2011
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Singapore Aviation Academy
ATS Safety Management and Investigation Course
10-21 October 2011

DAY 6
Monday 17 October 2011

0900 Review of Week |

0915 Session 21
Investigating in Practice Chong Chow Wah
ICAO Annex 13 requirements and experience from the  Senior Investigaror
Singapore Air Accident Investigation Bureau (AAIB) AAIB, Singapore

1030 Refreshment Break

1100 Session 22
The Legal Perspective Tan Siew Huay
Air Traffic Control and the Law CAA of Singapore

1230 Lunch

1330 Session 23
Practical Case Study John Guselli &
(Runway Incursion) Brent Hayward

1500 Refreshment Break

1515 Session 24
Practical Case Study continued John Guselli &
(Runway Incursion) Brent Hayward

1700 End of Day 6

SAA ATS SMIC 2011
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0900

0915

1415

1545

1600

1700

Singapore Aviation Academy

ATS Safety Management and Investigation Course

10-21 October 2011

DAY 7
Tuesday 18 October 2011

Review of Day 6

Session 25
Interviewing SKkills for Safety Investigators 1
Witness interviewing skills

Refreshment Break

Session 26

Interviewing Skills for Safety Investigators 2
Seeing isn't always believing

{Witness interview simitlation)

Lunch

Session 27
Interviewing Skills for Safety Investigators 3
Positive model: Witness interviewing in practice

Session 28
Danger on the Ground
Case Study: Milan Linate

Refreshment Break

Session 29

The ATS Safety Audit Process
* Operational
* Human Factors issues

End of Day 7

Brent Hayward

John Guselli &
Brent Hayward

Brent Hayward &
John Guselli

Brent Hayward &
John Guselli

John Guselli &
Brent Hayward

SAA ATS SMIC 2011
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0900

0915

1030

1100

1530

1545

1700

Singapore Aviation Academy

ATS Safety Management and Investigation Course

10-21 October 2011

DAY 8
Wednesday 19 October 2011

Review of Day 7

Session 30
ATS Investigation in Practice

Refreshment Break

Session 31

Communication Skills 2:

Report Writing for ATS Investigators
e Writing to be understood
e Communicating Findings and Recommendations
& Report writing in practice

Lunch

Session 32
Danger in the Sky
Case Study: The Ueberlingen Mid-Air Collision

Refreshment Break

Session 33

ATCO Emergency Procedures Training
“ASSIST” ~ courtesy of EUROCONTROL

End of Day 8

John Guselli

John Guselli

Brent Hayward &
John Guselli

Brent Hayward

SAA ATS SMIC 2011
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0900

0915

1030

1100

1230

1330

1530

1545

1700

Singapore Aviation Academy

ATS Safety Management and Investigation Course

10-21 October 2011

DAY 9
Thursday 20 October 2011

Review of Day 8

Session 34

Major Case Study:

A Systemic Investigation

Introduction and Briefing ~

Course members work in assigned syndicates to
conduct Major Investigation Exercise

Session 35
A Systemic Investigation
e Jnvestigation commencement and planning

Refreshment Break

Session 36

Systemic Investigation continues
* Data gathering ~ interviews

Lunch

Session 37
Systemic Investigation continues
¢ Data gathering ~ interviews

Refreshment Break
Session 38

Systemic Investigation continues
* Data analysis

End of Day 9

John Guselli &
Brent Hayward

Svndicate work

Svndicate work

Svndicate work

Svndicate work

SAA ATS SMIC 2011
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0900

1030

1100

1200

1400

1600

Singapore Aviation Academy
ATS Safety Management and Investigation Course
10-21 October 2011

DAY 10
Friday 21 October 2011

Session 39
Systemic Investigation continues Syndicate Work
*  Preparation of investigation team reports
e Course members work in syndicates to
complete Investigation Team presentations

Refreshment Break

Session 40

Systemic Investigation continues Svndicate Work
e Preparation of investigation team reports

Lunch

Session 41
Systemic Investigation:

Presentation of Investigation Team Reports Syndicates

Session 42

Course Conclusion SAA, John Guselli &
* Course evaluation Brent Hayward

o Feedback

Presentation of Course Certificates SAA &
Singapore Ministry
of Foreign Affairs

Close of the
2011 ATS Safety Management and Investigation Course

SAA ATS SMIC 2011
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Nunes, A. & Laursen, T. (2004) Identifying the factors that led to the Ueberlingen mid-air collision: implications for
overall system safety. Proceedings of the 48™ Annual Chapter Meeting of the Human Factors and Erzonomics Society,
September 20 - 24, 2004, New Orleans, LA, USA

IDENTIFYING THE FACTORS THAT CONTRIBUTED TO THE
UEBERLINGEN MIDAIR COLLISION

1 2
Ashley Nunes” & Tom Laursen

lUniversity of Illino1s, Aviation Human Factors Division
Savoy. IL

: Skyguide, Air Traffic Control Operations
Zurich Area Control Center
Switzerland

On the night of July 1. 2002, a Boeing 757 collided with a Tupolev-154 at 35,000 feet, resulting in 71
fatalities. Initially. this accident was immediately blamed on two mdividuals. First, the pilot of the Tupolev
aircraft whose command of the English language was questioned when repeated descent instructions from
ATC were not immediately responded to. The second individual was the controller on duty, who was
accused of not exercising the abilities needed 1n order to detect the presence of a conflict between aircraft
and resolve them. In this paper, we provide an analysis of the event. highlighting fundamental human and
system errors that occurred that night: errors that contributed to the worst midair collision in recent history.

INTRODUCTION

The primary goal of the air traffic control (ATC) service
1s to provide for the safe, orderly and expeditious movement
of traffic through the national airspace system. In performing
this critical task, the controller relies on a variety of tools that
include but are not limited to a radar screen that provides a
top-down view of the airspace, an assigned radio frequency
which may be used to communicate with the pilot and various
forms of conflict alert systems that provide notification of
potential aircraft collisions. This synchrony between man and
machine has for the most part ensured that the cycle of air
safety is maintained. On the night of July 1, 2002, this cycle
was broken when a DHL Cargo airliner collided with a
Bashkirian Airlines jet over German skies. This paper
represents a systematic effort on the part of the authors to
identifv the underlving ‘human’ and ‘system’ factors that led
to this midair collision, bridging the gap between theory and
application, in an attempt to illustrate that systems can and do
fail, sometimes with devastating consequences.

Known Sequence of Events

The Boeing 757 (registered to DHL) was en route from
Bergamo (Italy) to Brussels on a heading of 004 degrees at FL
260. The Tupolev-154 (registered to Bashkirian Airlines) was
flying from Munich to Barcelona on a heading of 254 degrees
at FL. 360, correcting 1ts heading twice within the last minute
to end up on heading of 274 degrees. Both aircraft were
equipped with the Traffic Collision and Avoidance System
(TCAS) and their trajectories put them on a converging course
at a 90° angle in airspace above Lake Constance, Germany.
Under a contractual agreement between the German and Swiss
government, this airspace was under the authority of the

42

Zurich Area Control Center (ACC). After making contact with
the B757. the Swiss controller 1ssued two clearances to the
B757. First he cleared the B757 to climb to FL 320 and at time
21.26.36 to climb to FL 360. At tume 21.30.11 the T-154
called in. After that, the Swiss controller did not initiate any
contact with either aircraft until just seconds before the TCAS
system aboard gave both pilots a traffic advisory. Following
this, the controller instructed the T-154 to descend from FL
360 to FL 350 to avoid collision with the B757. However, the
TCAS on board the T-154 and B757 mstructed the pilots to
climb and descend respectively. After receiving contradictory
instructions, the T-154 pilot opted to obey controller orders
and began a descent to FL 350 where it collided with the
B757. which had followed i1ts own TCAS advisory to descend.
All 71 people were killed.

B

@
COLLISION POINT

TU154 Bashkirian
DME-BCN

B757 DHL
BGY-BRU

Figure 1: Trajectories of B757 and T-154
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At first glance, knowledge of the timeline of events would
suggest that there were two indrviduals who were solely to
blame for the accident. Firstly. the Russian pilot who
disobeved his TCAS system and followed controller
instructions to descend instead of climbing. Second and more
importantly, blame should lie on the controller who was fully
aware of the presence of both aircraft in his sector but waited
for more than four minutes before issuing a descent clearance
and a traffic information report to the Russian pilot. The
controller’s most important task 1s to ensure safety in the
sector. The controller failed in that task: or did he?

Identification of Contributing Factors

Contributing Factor 1. Single Man Operations

On the night of the accident, there were two controllers on
duty working. Only one controller works at a given fime,
while the other controller 1s on break. an accepted and long
standing arrangement. The presence of onlv one controller
working the radar screen represents one of the underlyving
causes of the accident, namely lack of supervision or
assistance in safety-critical situation. This Single Man
Operation (SMOP) was a controversial procedure
implemented m 2001, despite numerous protests from the
controller union. Whereas during the day there are a greater
number of controllers on duty, making it easier to catch
potential errors, the policy did not specifically state that the
SMOP should not be used at night; a period during which
staffing levels are extremely low, making it harder to catch
errors. This procedural lack of clarity puts greater monitoring
burden on the controller at night. Procedures did state
however, that when the SMOP 1s in effect, a conflict detection
system be on and fully functional. The Zurnich ACC s system,
known as the Short Term Conflict Alert (STCA). provides the
controller with a two-minute alarm. which visually indicates
the presence of a conflict.

Contributing Factor 2. Downgraded Radar

On that night, maintenance work was being done on the main
radar system, which placed radar services in their fallback-
mode. As a result, separation minimums between aircraft were
increased from 5 miles to 7 miles (corresponding to
approximately one minute). The fall-back radar mode also
meant that the STCA was not available. Here again. we
identify a contributing factor to the accident. Given the limits,
of human perceptual ability (Hopkin, 1995), controllers may
rely on conflict detection aids to help them identify potential
problems before they occur. Unit procedures specifically
mandated that the STCA be available when SMOP were
taking place: but it was not.

Contributing Factor 3. Dual Frequency Responsibility

The en route controller 1s generally responsible for monitoring
an assigned frequency using a single radar display. However,
at night, 1t 1s not uncommon for sectors to be amalgamated,
resulting in the controller having to monitor more than one
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frequency. The division of auditory attention across multiple
frequencies does not result 1 any performance costs that
warrant concern given the low traffic load observed at night.
On the night of the accident, the controller was monitoring
two radio frequencies, the first used by en route aircraft and
the second for aircraft on approach to the Friedrichshafen
airport (FHA) in Germany. There are two important 1ssues to
note here. Firstly, arrival traffic at that airport at night was
extremely rare. Secondly, the controller chose to have the
radar information for traffic approaching the airport displaved
of a separate monitor. As a result, the controller had to
monitor two display consoles that were separated by over a
meter, resulting in the maintenance of divided attention for a
sustained period of time. As fate would have 1t, there were two
aircraft on approach that night to the airport. The controller
had earlier coordinated the approach for the first aircraft to
land on runway 06. Following this, the second aircraft on
approach requested runway 24 at FHA  In order to provide this
clearance, the en route controller first had to obtain permission
from the airport tower. To do so, he had to use the automated
phone system

Contributing Factor 4. Phone System

The automated phone system used in the Zurich ACC enables
controllers to communicate with one another at the touch of a
button. In addition to mter-facility coordination, the controller
can also communicate with ATC facilities in Germany to
coordinate local approaches such as that to the FHA airport.
On the night of the accident the main telephone system was
also out for maintenance and the back-up system had a
software failure, which no one in the company had noticed,
not even during tests run three month before the accident. As a
result, when the controller tried to contact the FHA tower to
inform them that the second aircraft was requesting a different
approach, he could not get through. Given that the phone
system had worked perfectly since its implementation (more
than four vears ago). the controller had a high degree of trust
in the system and as a result did not think the system had
failed, rather believing he had dialed the wrong number. He
continued his attempts to reach the FHA tower while
neglected to maintain his usual scanning pattern on the other
radar console, which depicted the B757 and T154 converging
at the same altitude. The severity of the malfunctioning phone
system cannot be underestimated. Two minutes before the
collision occurred, controllers working the Upper Area Sector
at Karlsruhe, Germany noticed the situation unfolding, given
that their own STCA had gone off. and tried to contact the
Swiss controller to warn him. Despite numerous attempts, they
could not get through to him because of the malfunction in the
phone system. The controller’s communication with the
outside world was essentially cut-off. The next line of defense
at this point was TCAS.

Contributing Factor 5. TCAS

TCAS 1s designed to provide not only traffic advisories but
also resolution recommendations to aveid a midair collisions
and it was in fact this system that alerted the pilots of both
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aircraft to the pending conflict a full seven seconds before the
contreller, who was busy vectonng another amweraft m for
landing uzing a ssparate radar screen. After the palots ware
alerted to the collision, the TCAS mstucted the DHL palot to
descend and the T154 plot to climb. However, note that the
T154 had already been mstiucted by the controller to descend.
Thus cheiee exacts that two technieal 1ssues be considared
Fustly, TCAS does not prowads the contreller with mformation
regarding resolution adiisories: the pilot enly knows these
advizonss. Therefors, the confroller had no way of knowmg
thiat the svstem had mnstucted the T-154 to climb, resuling
an ‘honest’ decision ermvor (Shappell & Wieggman, 1997} on
the part of the controller. Second and more mepeortantly, TCAS
doas not account for situztions where one of the aireraft does
not follow itz metmetions. In the present caze, T-154
dizobeved 1tz own TCAS mstructions to climb (the pilot opting
to follow controller instrections) and descendad to FL 350,
The result m the B757 cockpit, was an insheetion to increase
the rate of dascent rather than remaining level at its origmal
altitude of FL 360, Had thiz been done, safe separation would
have been mamtained. Thes inabality of TCAS to make the
controller aware of what resolution advizories wera 13mmed fo
the plot or accoumst for the execution of altemative actions by
the pilot reprasent major linutations of the system; limitations
that we postulate plaved a rele m this event. Another plecs of
the puzzle is to imdarstand the palot actions before the
collision

Diata analyv=is suggasts that whereas the B757 pilot followed
the TCAS advisory to descend, the T-154 palet opted out of
followmng thos advizory to climb and followed contoller
mstruetions to descend. Tis raises the 1ssus of whoy the pilots
of two saparate aircra® would respond to the system m such a
diffarent way. When presented with conflictmz information
betwesn ATC and TCAS, Ewropean pilets are advised to
follow TCAS whereas Fuzsian pilots are trained to take both
mito account befores rendenng a decizsion. In most instances,
thie latter group will follow ATC. Thiz may help explam wlhy
the B757 pilot (whe was Bufish) and the T1354 plot acted in

the manmner ohsarved.
A CLEARER® FICTURE

In light of tas mformation, ons now gains a clearer
pleture of what exactly happenad that mght When the second
contreller laft the weoikstation to take a break, the first
contreller was working has shift wathout any assistance.
Motwithstandimg 1z5ues velated to lack of supearvision and
vigllance effects that are associated with memtormg wmdar low
traffic [oad (the offects wioch may be magmfed at mught], the
prmary conflict alert systemn, whose use was mandated i that
situafion was tumed off. The dynamic event began at 21 2008
when the controller made radar contact with the B737 as it
enfered the sector at FL 260 Sheatly thereafter the B757 was
cleared to FL320 amd at 21.26.3€, the awrcraft was cleared to
clunk to FL 260 as per the pilot’s request. At tas point, the
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controller had not made radar contact with the T-154 until
21.30.11.

After both ancraft had entered the sector, the controller
became preccenpred handling the approach of an awrczft
(Aarbus A320) to a separate anport that required hum to wse a
different 1adic frequency and more importantly 2 diffevent
mentor: this act in iself pushed the linits of divided auditory
and azual attention In handling the approach, the controller
had te eall a tower using a phone system that had been reliabla
simce 1t was msfalled As 2 result the contreller had high trust
m the svstem, Therefors, when the controller expenienced
preblemes using it, he did not question its effactivenass but
rather ks own zbilities m using the systems. First the controller
experiencad an automation surprse (Dekker, 2002) and thos
razulted i cogmitive tmmeling (Wickens & Hollands, 20000
on the part of the controller as he stuggled to get the system
towork in one workspace, while neglacting the radar sersen in
another, a radar screen that depicted two aireraft converging at
the same altitude. In Karlsruhe, which has overlapping radar
coverage with the Zuich ACC, the STCA went off at
21.32 34 At thas point the controllsr working the sactor
notfied his superviser and fisd in vain for over a nuntes
(from 21,3336 t0 21.34.45) to contact Zunch ACC to notfy
the controller of the pending conflict, but was unable to do so
given the phone system malfimetion. Mote that as per standard
procedure, whereas it would have bean possible to use the
waorldwide emergency tansmmssion code of 1215 to waim the
atrcraft mn question directly of the possible collision, this
requirad prior approval from the Zuaich ACC (which ewmzently
had responsibility for the airera®), and thos was not pessibla
for the aforementioned reasons.

When the controller fmally noticad the conflict, he
mumediataly nstructad the T-154 a0 21.34.49 to descend not
knoweimg that the aucraft’s TCAS had mstuected the pilot to
cliunk. Thas lack ef knowledze represents a possible design
flaw in the TCAS systern, which does not provide the
controller with sufficient information zbout aireraft maneuver
recommendations, laaving the controller “cut-of-the-locp” m
terms of knowing the palot’s percerved mansweer cholces.
Smmular design “flawes” also led to the TCAS s system’s
mabiality to account for non-compliance on the part of cne
user, evident when it continued to inshuct the B757 awreraft to
meraase its descent 1ate even after the T-154 had begum to
execute the same mansuwver, putting both aircraft on a eollision
course. Finally, cultmal differences led the crew of one
aurcraft to followmg TCAS recommendations and another to
1gnare i, tnder logh temporal pressure. This senes of events
culminatad in the md-air eallision.

Other Factors

It 15 muportant to note that the factors wentified here ars
by o means comprahenzive. There were m fact many other
elemsents that may have contributad to the aceident. For
examiple, one 135us has been that the fact that the aural STCA
that sovmded when both ameraft were 8.5 mm (32 seconds)
away from one another was not heard by anyvone 1 the comtral
Toom, ralsing concern over its audibility. Although tus 1z 3
valid arzument, it 15 worthwhile noting that the aural STCA
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system sounded at 21.35.00, well after the controller had
already started reacting to the evolving conflict situation.
Therefore, in the event that someone had heard the alarm go
off, it would have only pointed out the urgency of the
situation: one which the controller had already started dealing
with. Therefore, the factors listed above are what we consider
to have contributed substantially to the event and the
absence/reversal i any one of them may well have averted the
collision. For example:

*  Had the first controller not been on a break (Factor
#1), the impending conflict may have been pointed
out a lot sooner, giving more time for conflict
resolution.

*  Had radar service not been downgraded (Factor #2).
the STCA system would have provided the controller
with over a two-minute visual warning of the
collision instead of the 32-second auditory alarm that
he recerved.

Therefore, 1t 1s a reasonable assertion that whereas there were
multiple factors that contributed to the mid-air collision, the
effects of some of these factors were more profound than
others.

CONCLUSION

The mid air collision over Ueberlingen, Germany on the
night of July 1, 2002 1s the worst in recent history, and many
of the factors that contributed to it (such as communication
shortcomings), mimic those of seen 1n previous mid-air
collisions (Zagreb, 1976; Delhi, 1996). Analysis of the event
based on technical reports and operational experience, clearly
shows how multiple human and system factors can conspire to
produce the observed outcome and it provides empirical
support for theories that highlight the difficulty associated
with divided attention across single channels, trust in
automation, and decision-making under time pressure. And
ultimately, it 1s testament to the supposition that in this
profession, time 1s a luxury that the controller cannot afford.
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