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21 *EPRE %‘g‘- Investigating Human Fatigue Factors
2.1.1 F??;F'Eﬁﬁ
Eﬁf‘gﬂ 22010 # 9 F| 28 [ 1= 29 [!

i*‘ﬂ&lﬁ F B NTSB 7"7jfif| 1-=-NTSB Training Center/ 45065 Riverside Parkway

Ashburn, Virginia 20147

T~ = - 20104 9 F| 28 [

v

9:00 am - 5:30 pm

FAH T /7 (Introduction)
2) FFEA I‘;{&FH SZ aﬁkr%?i(Exermses Interviewing for Fatigue Information)
3) PN~ RPN E Iﬂﬁﬁﬁ,@(SIeep, Sleep Disorder, Circadian Rhythems)
4) #mA g (Alertness and Performance)

5) & [N%,»Efak(lnterwewmg for Fatigue Factors)

[|4

”F'?[ L& 595 55 r(Speech Analysis for Fatigue)

)

TN - 2010 F 9 F[ 29 [
9:00 am - 5:30 pm

1) %@ﬁﬂ&?ﬁ-ﬁ%ﬁﬁﬁﬁiﬁjE'J(Exercises-AppIying interview skills)

ASC-TRT-10-12-002 3



2) %;@Szlﬁﬁ%b?%ﬁﬁ . F‘l@iﬁﬁﬁ@ 13 (NTSB Human Fatigue Investigation

Methodology)
3) W qﬁfrw @%ﬁ(ln Depth Fatigue Accident Investigation)

4) JuTg s RV [a&llﬁjﬁié’w =ZFE f{ H % (Fatigue Countermeasures and NTSB

Recommendations)
212 PFER

2.1.2.1 %55 (Fatigue)

B AR R R (R Sy (Fatigue) , T EVES - [ R
HOE 7[RI SF v Al VS o P FEpuRl o O SR S KRR - TR R
(tiredness) F4EE= (sleepiness) [FGRFE » (50 EERAT] 7 sl SRS > 4
T 5 AR SV B > PR RIS o
(1) Fatigue is the state of tiredness that is associated with long hours of
work, prolonged periods without sleep, or the requirement to work at

times that are’ out of synch’ with the body$ biological or circadian
rhythms. (Dr. William Dement )

(2) Fatigue means an increased level of sleepiness associated with impaired
cognitive and/or physical functioning that may, as a consequence, result
in an elevated risk of error or accident. (AC SUR-001, Transport
Canada, 2008 )

(3) Fatigue is defined as a subjective feeling of tiredness that makes
concentration on a task difficult. (Dr. John A. Caldwell )

(4) Fatigue is a state of impairment that can include physical and/or mental
element, associated with lower alertness and reduced performance.
(Melanie Todd )

(5) Fatigue is an experience of physical or mental weariness that results in
reduced alertness. (TP 14573E, Transport Canada, April 2007 )

2.1.2.2 WRVEIN (Causes of Fatigue)
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2.1.2.3 W:55p9RY% (Consequences or Effects of Fatigue )
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dz”é‘ﬁ%ﬁé'iw&l“? R L 1 G A e P SR, imu[ ZT%E

T (DA s SR R (NG S VSRR D 1B A e S R S VY
V5Tl = FEREELL B YIRS 3.1-1  RHE VAL - F:j,q%lﬁ;—ﬁ L= %B
VB SR BRI G LT AR o A R L

P i s s -
1. E’J/?g']\f_kf%’vj{& ( physical symptoms ) ;
2. o Tl[fk’%%}{k ( mental symptoms ) ;

3. I?En\ & (emotional symptoms ) o

"]
E .
2 e Yawning
E‘ *  Heavy Eyelids
> . Eye-rubbing .
@ » Head drooping E *  More quiet or withdrawn
3 *  Microsleeps 2 than normal
E‘_ £ . Lacking in energy
-E + Difficulty concentrating j‘,‘ + Lacking in motivation
on tasks 5 to do the task well
" . Lapses in attention g +  Irritable or grumpy
£ . Difficulty remembering = behaviour with colleagues,
2 what you are doing E family, or friends
E‘ . Failure to communicate i
> important information
E . Failure to anticipate
3 events or actions
5 o Accidentally doing
= the wrong thing

*  Accidentally not doing
the right thing

Symptoms of fatigue

i 3.1 gy
2.1.2.4 %R (Body Clock or Circadian rhythms)
B R E M N R SRy ﬁ&ﬁlﬁﬁi&ﬂfkj | e R [

BIop « RS PR ~ 3112 ] (digestion) ~ {##2%:31% (hormone production) -

?E}LEL (Body temperature ) 57> — 4| ?l[" 24 JEﬂjt"— F'ﬁ Frﬂ #7” Circadian

! TP 14573E, Transport Canada, April 2007 -
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rhythms” o [f 3.1-2 £ ~ K7ERE - FI[*) 0@ F; fo N R o E‘IJ'*"T
A o ) - ;‘Tﬁﬁzﬁﬁw’ﬁ?ﬁﬁ[%[ﬁgﬁ?ﬁ : E,g{*ﬂé@ﬁ@ CEET LS R I \3]:%35{4
R ESRTE S CIEEINE A S RN E L

RS S [ EOPRIE IR 1R S LU R R R T ET 28 =
27 | LY IR [RL ~ S R T - 2 TR R
VA B e SRR o L PR E R LR e
e 1P IR S LS IR STy - F T (I B REPRER R
7 (0900-1700) #¥e (2200-0600) » 2 UK i< ol L1 OB RATRAE: -
R AR TS [ T (SR T SRR A

90%'] I @wﬁe

/ \C
/ ~

0600 0900 1200 1500 1800 2100 0000 0300 0600

[p' 3.1-2  AFTRLEFERg ] A

2 «A Fatigue check-card for mishap investigation”, James C. Miller, May 2005 -

ASC-TRT-10-12-002 7



100 CerrEEEETTEET e e EEE 100

|
! : ’ ! l e 80 5
| | | =
@ | e £
g L] L1 G
o e 60 - |
rd | R
S i | 2
1 IS |
E | 1 { 40 -g-
S B B 3
. == B 20 2
| e O R SR O
: 0
0 5 10 15 20 25 30

Nights
— %Eff — %BCL

Figure 4. Effects of a 12-hour work shift change. Two aspects of cognitive
effectiveness during the 8-hour nocturnal work period: the average predicted
cognitive effectiveness for the 8 hours (%EfT, left axis. black line) and the
proportion of the 8 hours during which the predicted cognitive effectiveness
would be below 90% (%BCL. right axis. magenta line).

[fl 3.1-3 [ 17 e T A R G s
2.1.2.5 pEEREIE (Sleep Inertia)

[ AN (sleep inertia®) it EFHL ¢ "the temporary disturbance in performance that
often occurs immediately following awakening ( * 25728 98 1/ [ s ] 1 B > 7
58T Vo= J‘:* S VEE R - > »

o AT LR 158 T A

® Folkard, S. and T. Akerstedt (1987). Towards a Model for the prediction of alertness and/or fatigue on
different sleep/wake schedules in Contemporary Advances in Shiftwork Research (Eds. A. Oginski, J.
Pokorski & J. Rutenfranz), 231-240, Medical Academy, Krakow.
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2.1.2.6 W %‘j?"dl

%[ﬁj«l[ﬁ&[j\@ﬁiJ:?%ﬁ F'I%’T (NTSB) FTT'J&“‘ 3@‘?"}[ “Methodology For
Investigating Operator Fatigue in a transportation accident” - i ?‘ﬁﬁ[ E‘IEJ iﬁy%j\, Eﬁ il

» FI B I ER STy > 2 3% THEG 2006 & 06 £] 02 [ ! - ”F“”F' :@‘»sf»r,'
ﬁ*ﬁ’ﬁf’» CErRPUE T ETE RS B Y ?FTJ[ e HE TJ@ Fr '/*[%’ﬁm‘“ﬁ’ NTSB 3
= ;I/I%f@ i@f, » 2 NTSB * £ (human performance ) ﬁi%gf%ﬁﬁi % EFI-EFE—,T
[y o £ lﬁﬁgﬁ i@f, jﬁ[ﬁ;’} »NTSB (7 {#~5£1990 & I%ﬁﬁ? JEr~KHi(major accident )
B B B SRR S5 S S i
B 7 9 ?F“ff‘ﬂ ( fatigue indicators ) » ™ F[%‘Jﬂ ([t 9z 27 ?F[?Fﬁ VBRI
(evidence sources ) - FEZEl /5 i/[l&%ﬂ 3.2-1-3.2-2 ¥ 3.2-3- NTSB %4 &F 1 (2010)
DT R M AR 1 s PR 2T R

SR ,"eg@asr_ﬁ RN S

Fatigue Indicators

0% 20% 40% 60% 80% 100%

Performance Errors
Recent Work/Rest History
Circadian Factors

Time on Task/Time Awake
Medical Issues
Self-Report

Organizational Factors
Appearance/Behavior
History of Fatigue

General Work/Rest History

Task Factors

i 3.2-1 AR
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Evidence Sources

20% 40% 60% 80%

Records

Operator Self-Report
Interviews with Others
Time of Day

Data/Voice Recordings
Wreckage/Reconstruction

Medical Tests

' 3.2-2 s VB TR I A

Fatigue Indicators
Predisposing Factors Manifestations

Performance Errors

il Recent Work/Rest History
ol General Work/Rest History
Time on Task/Time Awake

Organizational Factors
Appearance/Behavior

@l History of Fatigue
Task Factors

a8 Medical Issues

il Circadian Factors

Records

Operator Self-
Report

Interviews with
Others
--nn-------
Da13N0|ce

Recordings

Wreckage/Rec
onstruction

Medical Tests

Evidence Sources

i 3.2-3 S R IR
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1. JF'JtlF",?Fl“ [F‘, (Initial Screening Question )

I EVE - e PR Hﬁm 3 A1 ( Detailed Methodology ) :

® BRI T2 PR IR TP Y

® dijprad VIl B 2 SR (SR (reduced alertness) :

° Q&ﬁﬁéﬁ% = S EPGRYT- VEE  SIRORLR - FRET

¢ wm gﬁﬁ SRR R j'm it (inaction ) p¥#=-= (inattention )
*I/ ?EJI/

2. ,JF gnElEl[J ( Detailed Methodology )

P FAFISRAT 7 2 AN 2 T Pk 4P S RS IR e
?[T@ﬁ&' [x=" (circadian factor ) - ﬁﬁ@‘/aﬁ%ﬁ.ﬂj il (time awake ) ~ R ~ F9 /%
SIS SRR SR T A
ANEE 5 A% (MR 50400 AT Cperformance ) - 7 £33 (behavior ) - £/
9t Ik g (appearance ) fffrglrjﬁ; Y R -

£ FEHAR S RO TN 16 5 A D T
- PR BE AR RS I SRR S ST
A I COALENLY 2 R RO I

1) ﬁlﬁrﬁﬁﬁ%ﬁ”ﬁ*ﬁ?ﬁﬂ/ VR RS
A. [EP3E! (Sleep Length)

BEP © (MR ST D T2 ) R R S - i
TTl L VISR SR SIS SR € i acute) R (chronic
sleep) =P T kL (sleep loss) ;V‘I‘?j% °

q%[' 3.2- 44,“5—1 P2 LS ZﬁFI Hi[l IR fyEE s Y, Ef;‘g@@%g%ﬁqjj—/\g

* R ¥F : Van Dongen et al. SLEEP  (2003) -
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WH 5L -

acti .
200 Objective 0 S.ubj.ectwe _

KSS subjective sleepiness

15.0+4 30 -
1001 20 @h TIB
6h TIB

5.0+ 1.0 -
0.0 00 1T 8h TIB

deficits
FrrrrrryrrrrrYrrnren FrrrrY T rvroroTrTra
BL 2 4 6 8 10 12 14 BL 2 4 6 8 10 12 14
Days of sleep restriction Days of sleep restriction

[fi! 3.2-4 = EAH ] < \@F‘ir?";{lﬂ feits - Vﬁ*ﬂ}d (!
TPRITVEH T
o éﬁﬁf‘ﬁﬁﬁ?ﬂifﬁgﬁﬁ PG T
v %}%_L ﬁ' DIRFRRRTE] ~ TETRR ]~ W IR E R R R
L SR A v h 2 I o L T g = R U (e
v Q*ﬁ’y’“"]ﬂ% B Cnap) > [ ~ F§RELSE IR RN 2

° “‘%lﬁjj %rlg aﬁ? E e S g&?_g CESE LR ﬁ‘]}?ﬁ?ﬂﬁ FYERE
Jﬁﬁq%ﬁﬂﬁ%L@“ﬁwgﬁwﬁE

o MR wﬁgaﬂxﬁf% AP RS T ﬁgﬁlfjwj.lglé,ﬁb_[:
ﬁ%%%@ﬁww%&~-ﬁwﬂﬁfaﬁﬁ%ﬁiﬁgw%fﬁﬁmﬁmﬁﬁo

B. ﬁ:ﬁ%p@ﬁ it (Time Awake )

PE + (RT A IV IR R G T BT TR G
SR R BN TR

[fi' 3.2-5 B o BRI S psha - VRN > RN ISR - F N 13
Ef %o LHVRIPEE S TP ﬁlﬁjg AR E A G BT

ASC-TRT-10-12-002 12



@
o

I Human-Related
Airline Accidents

o
o

n
o

N
o

Relative Numbers
w
o

\
E\

-3 46 79  10-12 13 ormore
Time on Duty (hours) Sl

q‘aﬂ' 3.2-5 KHMESELVHEEERIE flﬁ@?ﬁﬁ%ﬁﬁ fil Tﬁ?ﬁf’ﬁ [ q?ﬂ'
C. 7B/ & VEER (Fragmented/Disturbed Sleep)

B ¢ D S AL ) T ESRI CFRR R PPk o o Ny
U Clisfhads VBRI ISR ) VR~ R IR I E S 9t o BRI L Y
R TR

EYRFVE T

o (MY a%@V%ﬁﬁ%$ﬁmﬂWE@mmT4%a Gl
A+ B G 5T PN (A R (g J?)

® PRI SR L IR
¢ BEFCRUAL T LT T T IS T (N o BT e - B -

T

v mpr BT I/Eﬁﬁ%%jrj“&ﬁl;ﬁ [?‘ﬂ;dﬁll——i‘l HES- 5 1@? ;I/'[ﬁﬁy/?
D. %‘[&Qf@if’@ (circadian factor)
R IR o D R SR S A (R R
[3%5 iﬁﬁ%ﬂm@ﬁﬁ%— 447 00:00 [1-06:00 [ » “Hj HILRL 03:00 [Hf = 05:00 [ © - [
Elh 15:00 Ef -17:00 Eﬁ ANIES Flﬁﬁ*rfﬁﬁg* ﬂ:TJ%JT’TﬁFf\_ s % Eflff.&j/t‘f = s
PRI (TR | IR 2R (RS -
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E. EEEH:I%‘\ Fﬁ%iﬁ‘ﬂjﬂaﬁl%ﬁlfﬂ% ( Sleep Disorders®, Health, and Drug Issues )

BEP ¢ BB EPRL A PRI BRI ) - T P R
BB = ENE S iR

BPRIFVE T
® RIS R
VSR T T b B R R [ 2

v %ELiﬂP A A (R B EL BRE  F E S R R
Ez‘ﬁ.}ﬁl 1?%\'

v J%Lﬂ7*iw%“%ﬁw*%%@ﬁ RS T £ 2 )
iR ﬁwwmo

v %‘tﬁl RLA P F A //%EEE“FE% UG

® IS B4 I/%j,f}ﬂ (toxmologlcal substances ) ﬁ@“ﬁy IRl IR
F E*""E'ié*/ IEREEIEXE S

° “‘%lﬁf M RPHAIZI et BT BT B * 1 - BB R SR
IgH] ’FEITW‘?’J J{*/JH [FUSIE SEPEE 2 s iﬁ%‘ﬁlﬁ&ﬁ ?L

O LTI | Wi EG D AR £ e ﬁﬂ&ﬁﬁiiﬁéﬁfiw &S
fip

F. HYEFEPUE VPR

© UM BT [SESR  ES Fi RIS - M ST R E
i [ﬁaﬂs e

® LR G TR O R R e R

® ﬁfﬂ_}“aﬂ‘ 5 *Pﬁ v (PR (55 IR S J[L@?ﬂ‘[ B F

Fl‘/ S5 'ﬁﬁ e N AR U Iﬁﬁﬂ SRR @@*ﬁjﬁ‘/*

* (ERCRIET B~ B Ffa%fb TP RN T A
I#Tqra'ﬂqﬁ-sr’g[ Eﬁ I/ [?‘11}&;;7{% o

o Eﬁvjﬁ%‘ﬁﬁ%r)’r@jﬁ/—' F&;FEIETFJ*'?& I/%FI_(;;}Q :Wf ETFJ@ Vﬁ'?ﬁﬁfl
Pyﬁmq

® {91 : Insomnia ~ Obstructive sleep apnea ~ Restless legs syndrome = -
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(@) URTRE AR T TR PV BRI R
YEE- = bﬁyﬁl ﬁ:j/@gﬁwﬁﬂ/?}ﬁgiﬁﬁrﬁ & ?Jﬁ)ﬁ

A. r%‘g‘, %}%j/%ﬁ#%fﬁ ( Operator Performance)

FH *[J'ﬁ‘%‘n‘ﬁ[ EfGuE iﬁ?ﬁﬂj N %ﬁﬁr%fﬂﬂ/?\,?@%;'/ 1375l

EYR[ZVH HEE

® [MEG VIV HERRR ?I I'FHEJ&FTS‘ ﬁq%@‘l ’?f%x*ﬂ?l T B ?ﬁﬁ?&ﬂ?' I
v PSS - T R E R

B [F[JE%E@ Eﬁ’ﬁjﬂ;[/ I’ﬂ% ;

Efij“ﬁi“ TOERED IS H R Y T ERED S

Eaa) NI cRR TR R i L i S (SN ‘lﬁ e

T ﬁ%ﬁ@ﬁ%‘ﬂféﬁ\ﬁﬁ'}ﬂ/ Rf‘q ’ E‘?]?'I“é;’éﬂg?ﬁ?*ﬁﬁ S AP

o

DN N NN

B. %‘3‘[ SRV 1S EER (FE= Y 1Bk 41 (Operator Behavior and Appearance )

B ¢ [ R S SRR S B s
5 AR E G AR B  L HR S E

(sleepiness) » 79[l : Micro-sleep - Visual fixation =~
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FFINTSB 2 % ¥ 4453

WVersion 2.0
6/2/06

NATIONAL TRANSPORTATION SAFETY BOARD METHODOLOGY FOR
INVESTIGATING OPERATOR FATIGUE IN A TRANSPORTATION ACCIDENT

Initial Screening Questions
If any of the following is true, proceed with the detailed methodology:
* Does the operator’s 72-hour history suggest little sleep, or less sleep than usual?
# Did the accident occur during times of reduced alertness (such as 0300 to 0500)?
e Had the operator been awake for a long time at the time of the accident?
* Does the evidence suggest that the accident was a result of inaction or inattention on the
part of the operator?

Detailed Methodology

It 1s important to establish two factors before concluding that operator fatigue contributed to an
accident. First, determine whether the operator was susceptible based on sleep lengths, sleep
disturbances, circadian factors, time awake, and/or medical 1ssues. Second. 1f 1t 15 determined
that the operator was likely experiencing excessive fatigue, evaluate information concerning the
operator’s performance, behaviors, and appearance at the time of the accident to determine
whether they were consistent with the effects of fatigue.

A finding that the operator was susceptible to the development of a fatigued state in the absence
of performance or behaviors consistent with fatigue should not be used to support operator
fatigue as a probable cause or contributing factor n the accident, but may still be an important
safety 1ssue to be addressed mn the accident report.

Part 1: Determine whether the operator was susceptible to fatigue.

Sleep Length

Determine whether the operator had acute or chronic sleep loss by documenting sleep/wake
patterns for at least 72 hours before accident and learning about the operator’s “normal™ sleep
habits.

& Ask operator:

o Describe your typical sleep pattern of when vou go to bed, awaken, and how much
sleep you get during days off.

o What time did you fall sleep the night before the accident? What time did you wake
up? What was the quality of your sleep? (Repeat for two nights before, three nights
before, etc.)

o Did you take any naps? When, where, for how long, and why?

¢ Interview family members, hotel staff or other witnesses who can help complete the
operator’s sleep/activity schedule before the aceident.

¢ Use receipts, cell phone records, work schedules, log books, alarm clock setting, or other
records to help complete the operator’s sleep/activity schedule before the accident.

ASC-TRT-10-12-002 16




Fragmented/Disturbed Sleep
Determune if the operator’s sleep was fragmented (e.g., multiple sleep episodes per 24-hour
period) and/or disturbed (e g awakenings during sleep due to mternal or environmental factors)
m days leading to accident.
e Tse sleep/wake mformation collected in “Sleep Length™ to examme the lengths and patterns
of sleep episodes for split sleeps or daytime sleep.

s Ask operator (or determune through mterviews with family members):

o Are there factors i your environment (e.g.. noise, light, phone calls, etc.) that

mnterfere with your sleep?
o Was your sleep pattern different or disrupted in the days leading to the accident?

Circadian Factors

Determune if accident happened during a circadian low point. The primary circadian trough 1s
approximately midnight to 0600, especially 0300 to 0500, while a secondary “afterncon lull”
occurs at approximately 1500 to 1700, Also, determune 1f the operator suffered from circadian
1ssues due to recently crossing multiple time zones or to rotating, inverted or variable work/sleep
schedules.

Sleep Disorders, Health, and Drug Issues
Determine if sleep disorders or other medical factors (e g . disease or drug use) were present mn
the operator’s history.
s Ask operator:
o Do you have difficulty falling asleep or staying asleep?
o Have you ever told a doctor about how you sleep? If so. why. when, and what was the
result?
o What drugs/medications do you use regularly, and did you take any 1n days prior to
the accident?
o Do you have any medical concerns that affect sleep (e.g., chronic pain. GERD. etc.)?
e Review operator’s toxicological results for substances that may affect sleep or alertness.
e TIfapplicable. have the operator evaluated by a physician who specializes in sleep medicime.
e Other evidence sources include the operator’s medical or pharmacy records, or any drugs or
medicine found within the wreckage.

Time Awake
Determine how long the operator had been awake at the time of the accident, using interviews or
records to estimate wake up time from most recent significant sleep before the accident.

Additional Suggestions

¢ Check work records and records of previous accidents/ineidents (including DMV and/or
msurance records) for evidence of prior falling asleep during velucle operation.

¢ Determune what kind of training the operator had received regarding fatigue management.

e Review operator’s environment and tasks for unusual conditions on the accident day that
would depress arousability, like low lighting. operational delays, or boredom.

¢ Determine whether representatives of management of labor union parties have indicated
complaints of operator fatigue in the recent past?

ASC-TRT-10-12-002 17




Version 2.0
6/2/08

Part 2: Determine whether the operator’s performance, behaviors, or appearance were
consistent with the effects of excessive fatigue, and whether their performance or behaviors
contributed to the accident.

Operator Performance
Determine whether the operator’s performance was consistent with the effects of fatigue.
¢ Use available evidence to determine whether the operator’s performance was deteriorating
prior to the aceident. For example:
o Dud the operator overlook or skip tasks or parts of tasks?
Was there steering or speed variability?
Did operator focus on one task to the exclusion of more important information?
Was there evidence of delayed responses to stimuli or nnresponsiveness?
Was there evidence of impaired decision-making or an inability to adapt behavior to
accommodate new mformation?

o ooo

Operator Behaviors and Appearance

¢ Determine whether the person’s appearance or behaviors before the accident were suggestive
of sleepiness/fatigue, as based on witness interviews, operator report of being tired, audio or
video records of the operator’s behavior.

18




Sleep/Activity Log

Use the key at the bottom of the page to depict the time of the crash and the sleep/wake/duty times for the pilot in the days leading to the crash. Start with the day/date
of the crash fill in the 3 preceeding days along the left. Then. interview the pilot about the time he/she began and ended each duty period and sleep period for each
day before the crash. Include naps as well as main sleeps. Enter any comments in the space below the timeline.

Accident Number: Accident Date: Date Completed:
Pilot Name: ASI Name: Source Codes:

Time 1] 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 13 19 20 2 2 23
Day: L T T T T T L T T T T T T T T
Date:

Comments

Time 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 13 19 20 21 »n 2
Day: L e e e e e e e e P e e L L ]
Date:

Comments

Time

0 1 2 3 4 5 6 i 8 9 10 11 12 13 14 15 16 17 13 19 20 21 2 23
Day: [ T T T T T T L L LT T T T T LT

Date:

Commenis
Time o 1 2 3 4 S 6 7 8 9 10 11 12 12 14 15 16 17 13 19 20 21 22 2
Day. LT T T T T T T T T T T T T LT
Date:
Comments
EXAMPLE
Time 0 1 2 3 4 5 6 7 8 ] 10 11 12 13 14 16 17 18 19 20 21 22 23
Day: AilNENERENRNARANRERARININENEREE LT T T T LTI
Monday centdb l x
Date: Awakened by
2/18/08  |comments phone call Nap on sofa
KEY: J, = went to bed T = woke up = on duty x = crash
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2.1.2.7 ?F}‘:F’] Pk s
”F‘?{ si#T (Speech Analysis) [F#F5F157 T’Tﬁﬁ‘ B4 z%ﬁ@%ﬁ l/ﬁf@'r (nature of

voice sounds ) Tﬁ’wﬁ‘[ qu, i (whole pattern of information ) » 2|kl € Eﬁ I Epes
PR o HUER [ ERIRAT o 190 Es ]y (stress) ~ Ui Canxiety ) ~ T [EEfR
(workload ) ~ jf'ifiE (alcohol) ~ =5t (hypoxia) &7

q&ﬁ’ﬁ'ﬁg‘ Ef Frm o i B e 22 '1J7L|J¥h§ﬁ$ gV S %Lrgli_/mew@ 5 By
— e T AR TR B T VR A R D At
Y RRfAS TP et~ TR O TR RS ) ~ IR0 CERAE TRy - 3
KN~ P (PR ) Bl e (%ﬁﬁﬁ@@'l@w (eI I
@?‘?ﬁ (@?‘?ﬁ LE %ﬁﬁﬂ?‘fﬂ) = HERLY ST T ‘ﬁ'ﬁ‘% b iE ELRE o
TRARIS AR - G PRl IR AR AR TR AR
o BT BRRELE » RR T RIE E ﬁ V2 g R
L i g U IR i | P '/41&%3*&&%% AR > R
B RN SR b
NTSB S pl i Py IR I g 3 AT R - IR Rl d st G 2 755
BRI 5 — PIREERL S I B TRl A8t el 1 2RISR -
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2.1.2.8 W %%&“SAFTE

”Sleep, Activity, Fatigue, and Task Effectiveness” (') ™+ Iﬁfﬁ SAFTE ) Dr. Steven. R.
Hursh Frf] 58 9 2% %Wuﬁ;ﬁ > YUt 3.4-1 = ol R PR T Ay R
(circadian process )~ = a3}l ( sleep regulation process )~ W R EN % ( sleep inertia )

¥ I?J;UH:J 17s¥E3% 1 (Cognitive Effectiveness ) j/?@%?%%fﬁ o

Sleep, Activity, Fatigue and Task Effectiveness Model

DYNAMIC
SiEer CIRCADIAN OSCILLATORS | 2yiiaM

REGULATION -~
PERFORMANCE

MODULATION

SLEEP DEBT
FEEDBACK

N
SLEEP ACCUMULATIC
(Reservoir Fill)

SLEEP “QUALITY"
FRAGMENTATION _~

e

qéﬁ'34 -1 WA %F‘rﬁﬁi “L.SAFTE
T T‘Jl”“ < PATEALY = R AR r?ﬁﬁ@ﬁ{@ ( cognitive speed ) | -
3E[L 3 £ ”Psychomotor Vigilance Task” -

qgﬂl 3.4-2 {7 PVT Vs - (7 '\E*‘E%Ejjfﬁl ﬂﬁiﬁ‘[ﬁ”’ ﬁ FEE L PVT )3
AL R LR 5 T e - SRR
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no sleep deprivation = stable cognitive state

RT (msec)

§ 10 15 20 25 30 35 40 45 S50 55 60 65 7O

sleep deprivation = unsiable cognitive state

RT (msec)

3 10 13 20 25 30 35 40 45 30 55 60 65 70

consecutive RTs across a 10-min PVT performance task

[ 3.4-2 PERRTILEISI LS Y PVT ]
21.2.9 S (T E-FAST®

F w T YO (A - R R FAST SR )

i ST U R I B ﬁﬂ?%%?ﬁ%? B

SV o

FAST- Fatigue Avoidance Scheduling Tool [ Eﬁﬁ ”jjpj‘ﬁﬂ F‘? EIRIFE P
ML (sleep restriction) ® 2 [*&Eﬁﬁfﬁﬁf (inneofday) J[38 ~ tﬁ;ﬁiﬁ%tfﬁ?F%?;V

fgh (= (performance change ) - FAST 5 g HFJT?&EFJ ( Performance Effectiveness ) |

fﬁ@fj/ 1k [ {ABCDr. Steven. R. Hursh ffi] 5% 7 "Sleep, Activity, Fatigue, and Task

Effectiveness (SAFTE ) 7fgi=t o

FAST fH{l ey (=R lﬁﬁﬁﬁ%ﬁf%ﬁi PEV 2 [R5 Vet i 0 9 55

Brd |55~ £ Chuman error) o

KL FAST fiCfiifl1 > %[l FAST V77 -

FAST Rationale

6 4 a7~ fo1 2% FAST START GUIDE - July 2006 -
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The Fatigue Avoidance Scheduling Tool (FAST ) was originally developed for
the United States Air Force. By the 1990%, the technologies of modern air
warfare largely eliminated the constraints of night and day. Aircraft guidance
systems and smart munitions permitted us to exploit the cover of night.
Mid-air refueling methods permitted long duration flights that could take
aircraft halfway around the world and back. It was tempting, then, for
commanders to plan operations that exploited these systems for maximum
surprise and intensity. Nevertheless, air operations still required the
participation of human pilots, controllers, and ground support personnel. The
human brain cannot function for long periods of time without severe
degradation nor is it immune to variations in attention produced by day and
night conditions. Fatigue is well known to degrade performance; and while
countermeasures can temporarily extend the performance of crews under
unusual circumstances, in the long run there is no substitute for adequate
sleep to refresh mental capacity. This realization led the Air Force to develop
a computerized fatigue prediction tool, FAST, to guide mission planners to
minimize the effects of fatigue on human operators.

This need for a fatigue prediction tool is shared with commercial
transportation and industrial operations that often operate around the clock
and for extended periods of time. A great deal of research has been done to
study the limits of human performance under sleep restriction and experts can
advise on how to best utilize employees to avoid the disruptions of day-night
rhythms and fatigue. Unfortunately, until the development of FAST, there was
no system to aide shift/crew planners to automatically consider the lessons of
sleep and performance research when planning operations. The FAST
program uses a computer model (the SAFTE model) of human sleep and
performance as the basis of a fatigue avoidance decision aid for operational
planning. This scheduling system permits a planner to evaluate the relative
benefits of various schedules that will achieve operational goals. With this
computerized system, optimal performance can be arranged at critical times
and degradations can be avoided, scheduled at times of minimal workload, or
at times when they will potentially have the least impact.

The commercial version of FAST was developed under contract with the US
Department of Transportation and includes many features not included in the
first version of FAST that was developed for military operations. Most notably,
AutoSleep, multiple time zones associated with international travel, the
schedule Grid, and the fatigue factors Dashboard. FAST has been validated
for prediction of accident risk in railroad operations and recently been shown
to predict the severity of accidents as well, with accidents occurring with
effectiveness below 77 having an 86% increase in risk, considering both the
likelihood and severity of accidents.

FAST » fivst £ 53l ( predictions ) T— 'J&_H J 1%5' 75:” %i'— *Fﬁt g ﬁ‘/*ﬁ‘j 'J—WW
1 MR [Eﬂi? - F[I’fbjf/\:ffﬁﬁ?ﬁ YR TETERE o SR R R FAFIT: v
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2 [

E]

1.

PR RRTRAI ) > R PR R B2
oLzt l'ﬁﬁi?;“”ﬁj b PV RN RS 8 L - SRR b G
SRR

PR B RIS S e R Py A (sleep disorders) - 1 FHFZE%JFF
(narcolepsy ) ~ = 3 p= Pk?ﬁﬂ; (sleep apnea) » FYIl ™ [RYEF 12 I A (1 1 B9
Sl
PR AR AT A RS T TR S i R
PR T S IRy R R O J3=jw%~ﬁqﬁ ?BE,H
T | ARG o SN BRI Y [ AR AR E G (population
error ) i i [R A LRy b A ISR SR E bR S VORI R T R
B S

P ALY SR RS Rl T~ ST LR J e
TR T 15T E R B i 1009 VAR A IR A

17954

P FTHRLLY AT » GEEET IS L e SRR TR T
(S 5P » 1D SRR I (LY e
(545 22 i s

L8 BRSSP (sleep ) M| Tl AjERA [ (circadian rhythms)
SR By ﬁrﬁwﬂ%ﬁm PR AR RS RO B
iﬂ‘&ﬁgﬁﬁﬁ Y

PSR L T 1 ¢ PRIRAR Y TR AT H e R
i (excessive workload ) ~ BEP2EY 2% ~ {49 55 (38 4 5f% (chronic fatigue
syndrome ) ~ Sy i (hypoxia) ~ il (acceleration )+ 11 ~ M B
P * Bl -

; e

=3 (schedule) EL % %¥F
Far FIT N 3.5-1 0 SRR R - g - EIRRR - R R
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2.

ﬁﬁﬂﬁ}ggl AT ERL A RIFIZ]” Use location information” " Automatic

phase shift enabled” Exﬁgﬁjﬁb ;

” Use location information” : L#ﬁiﬁtjg',% 2 FA ’:’[”T“EJEIU?’E?« ('schedule )
’[;‘I[’%T':’E’-jﬂf?[ﬁj— f[ﬁ'E\ﬂan;'/éﬁ?Ej (= shift Work)’LF'dE%lj%[T&@'ﬁ@(circadian phase )
NP AR A

” Automatic phase shift enabled” : Fflﬁijg'[% 2 R R E'J?EF%B?‘{L_’LV
?[?zéﬁﬁﬂ (circadian phase ) -

Schedule Properties

(] 4 | Cancel ‘ Press F1 for Help

Schedule Name
schedulel

Descriphon

|
Starting Date | 4 ;5 /2004 - Duration [days) |7

v Uze location information

v Automatic phase shift enabled
Schedule Ongin: CHICAGO IL OHARE: ORD

Latitude Dearees |49 Minutes |59 N - #1953
Longitude Degrees [g7 Minutes [54 " LI -87.900

Zulu Delka [hours) |

Enter latitude and longitude information or select from list
t* Cities |CE[ICAE:J 1L CHARE ORD LI

" USAF Bases

[fif 3.5-1 ARG ARy FI

T [EEEERRE (work intervals = sleep intervals ) AFRHEYH]

FAST $Li 781, i 7 [(Sepafll (BRLEWE] i 3.5-2 KR4S -
[ﬁ[ 3.5-3 m@%;xﬁ -

[F .7 2R i ™ | Pk 0 I ] Base time ) S SRASREEG ] ( Zul
time ) ;

PP I PR T -
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& Edit Sleep and Work Intervals: Sample Train Operator.fas

) Add Interea | Inzert Intersal |
Timebaze
Cance i Hame [base time] Dielete Inkeral | |
" Zulu
Sleep [ntervas Woik Intervals
[ray |Date |Start |En:| |Durati3n |Envimnment s Da}l |Date |Start |En|:| |Dufatim ”
-3 12/29/03 0000 0700 420 Euxcelent 01,0104 21:00 09:00 720
-3 12/25/03 2300 0700 480 Euscelent 0 5|EI'| AB/04 JlUE 1] J|1EI 45 J|E2E j 0
-2 12/30/03 2300 0700 480 Encelent 01,/08/04 0915 10:45 a0
-1 1242103 2300 0700 480 Euxcelent 8 01,/09/04 (600 1730 B30
1 01./02/04 10:00 1200 120 Encelent 9 01,1004 (&0 2115 915
1 m.m2/04 2300 0700 480 Euxcelent 10 0111404 10:45 19:30 525
Z 01.,/03/04 2300 0700 480 Excelent 12 01,1304 0300 11:15 435
3 01./04/04 2300 0700 480 Euxcelent 13 01,/14/04 04:15 09:45 330
4 01./05/04 2300 0500 360 Escelent 14 011504 11:15 0730 5
5 01./06/04 2300 0700 480 Escelent 14 0150 2015 0300 a5
3 0704 2300 0700 480 Escelent 15 A6/ 15:00 0330 a0
7 01./08/04 2300 0500 3E0 Escelent el 021/ 0815 1730 s}
=] 010904 2300 0500 360 Escelent M 01 42204 10:00 19:15 RER
g o1 A0/04 2300 0700 480 Escelent 22 0142304 11:45 2200 E15
10 o1A104 2300 0700 400 Eucelent 23 0142404 11:20 19:30 440
11 01204 2300 (eul] 180 Escelent 24 01 42504 04:45 14:45 Ea0
12 mAa204 2200 0215 255 Escelant 25 01/26/04 1620 0200 E30
1z 014,04 10:45 1200 75 Eucelent 27 0142804 1245 0345 540
13 n.14.n4 181N AN RN Furalant w R 0142904 1R [R-3N ainl™

H%Q‘ 352 “""E%Eﬁ?& TR ﬁ?“ EAGDE %Fﬁﬁ?j I

o DobStone 1 2 Rotation revised. (e

ox Cepy to Ogtot | Cancel | bkt e inseiion )t tabie it sy 15
= = P21 e sk feon st e (T i tadbesc o schadbe ey
Tmezate  Homa e o] A o

o o0 000 o0 120 0 ) o0 oo

Blue = Sleep
Red = Work

[ 3:5-3 1 M=ol * () = R E
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Eﬁfﬁﬁ?& FIgY fﬁ[%ﬁiﬁ: ( Auto Sleep Method ) :

fia * VTR 3.5-4 5
B BRI G T (R PAST [ | IR T R B ERL
it B 3 R P | -

Auto Sleep Options

QI | Apply

Cancel

Period for Auta Sleep calculation

i Entire schedule

RBestore defaults

Commute time (Hrs)

Marmal bedtime 2300 -
1 -

Minimurn sleep duration (Mins)  |gn -«

badmum work day sleep (Hrs) |3 -

haximum rest day sleep (Hrs)

Forbidden zone

1200 | 000 +|

[ 3.5-4 PR IR TLRC T
Eﬁ%ﬁ%ﬁ%@* ¥ (waypoints =2 critical events ) *

IR 355
HwT%ﬁ:ﬁﬁ%w%%@%wWWW§’w%ﬁagﬁﬁﬁw,%wm
T T W

FAST JiL6H 7 [Pl S i (D11 - SIETFS ) V™ 2 » iy %
ﬁj}{‘#ﬁjﬁg@% %I%H[%ﬁ\ o
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Cefine an Event

Diete | 10/07/2007
Time D236

Ok Cancal |

Diascrgtion (20 charschar e
|Enter a deszcription hers

EWEMT TYFE

Define an Event

(™ Critical ewvert —
- _ oK Canoel Cate | 100072001
BT Time [ 0Z3Z
Deschnpiion (50 character mees)
CEAR ANTOMNID TH: SAT
EVENT TYFE
(" Crtical eveni
@ Weepont  WWSWpoin locaion — SAM ARNTOMNID TH: SAT
Latituds Dieg |Eg fin |3E |N j 29.533
Longiuds Dizg |59 heditn |29 |W ﬂ -88.457
@ Cities |zan awrowio T saT |
(" LISAF Eases
e 7] (—‘»\ -~ 44; - -—1l
[ 355 [k [—F%%%éq VR O E
Lol SN S

° Iﬂ%j:%agﬁ?‘* vk > FAST FHT L'Hﬂ”f%iﬁ ( Performance Effectiveness) {%Eﬁﬂj i5!
I/ igh EFFJI/ > T [ﬁlsg Na'E hJE;liﬁl ; {/p&g\l 356 ;

° Q%\l 3.5-6 f[1 > F ) < flAsLEs FI?E[J SEEE Ff*ﬂ%"w [JJI/ R P g
HH - R '/QF?W%IF‘ e¥E S AT HQE“I,I Eff R T R ILEﬁF% e
R T BRI A TS gmﬁ%iaﬁr%ﬁ FER AT
G [Eaiﬂ“[ﬁ_“'g:] —j" e E[[ F D ITRCEFE WF?}"'I I/EJJTFE, &FF
I (S) g )~ #Eﬁ 5 1FJYE&IF' J‘fﬁ&*'

® JE: (Green Zone) Ef% @?Fj‘ﬁ%zﬁ' “J<¥% 90%-100% > ¥ FEHI A J}f“riiﬁlfge
1;/‘[#@. > MRS 1 ﬁ'J MR HE 8 JEHj AT E”EEKEI& ’ E‘F l‘EEﬁM

DR R EE

® ?ﬂ B (yellow Zone) : gl%ﬂ%ﬁﬁiﬁhﬁ‘# 90%-65% > {,%ﬁ?’fizﬂfédﬁ?ﬂ—“ﬁﬁ

gjr » TSI 2 A 5 PR I""“EF&HI l/rm&ep%t 77.5%; Vq\FJ}f“SFF‘?&—E 7

ﬁarmﬂ@ﬁﬂ&\ (criterion Ilne) P F R SIS R R ﬁ'ﬁ
o~ }]b{" MH AR /1Fj}f“sr%t<$l jwﬂﬁ FAST [[1] {folagi#s A [SAT
T JF—L A4S BCL (below the criterion line ) » ’51 L E [ﬂ FEjl 1FJ}'”¢§E<?F£
F{éﬁﬂj A1z I’Eﬁﬂjﬁgflll%f" BCL Vi3 F[ﬁfuﬁ@

® "l (redZone): l%tuﬁ*ﬁi%' “[<¥& 65%) |~ > E[nFJ}*“Ti%TédJ‘?LF‘fE&.E\ﬂJ? ’
?‘ﬂ “‘IEUJ"‘FI B "/;E”*” ﬁ' PSR | EN??FE*‘EE%EJJ‘ DagiEspE s Mk
E\JJ‘F ik Fj 5 50%])°) &
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) [

Sleep

| Bwvake at cursor|

[ifark / Off at cursor]

Effectiveness at cursar]

-
i

on
=

Effactiveness (%)

26

Wiark
Sleep

Baze

100 |—

6 hr Phase Advance: 14:188 A W Eff:95.83 Res:2613.60

=10 x|

Tue
050101

Wed Thu
05020 05030

1_"Ed_ciﬂl_| Sun Mon
Sleep Reservoir &t cursor 05060 050701

/ wm

Q/\ [Effectiveness| [Sleep Reservoir|

Sleep Minutes| [Wiork Minutes |

{Dark

-y

T T T —L T T T
006 12 13 00 05 12 18 0D OB 12 123 00 06 12 18 00 OB 12 12 00 06 12 18 00 06 12 18 (

|

L4

[fi! 3.5-6 U RIFT fraeh 1 ! e A

;ﬁ}'ﬁ,ﬁlﬁlﬁﬂéﬁ

FAST ﬁ‘ﬁé}ﬂ’?ﬁl H 7 SAFTE 514 »

GRS G PVT

A (BRI IR AOPREE - PVT frfgrseH g
W’FE'F—TJ‘I? » YPIR 3.5-7 o SRR I > 2S-SR G R iWFE‘FTJ??

G E1E S
}VV%%[TFITE JEJ

FAST Mean Cognitive Test Battery
Effectiveness Reaction Time Throughput Lapse Index
(% PVT Speed) (% Baseline) (% Baseline) {(PVT, 1=Mean Rested)
100 100.0 100.0 0.2
95 105.3 99.0 0.8
90 111.1 95.5 1.5
85 117.6 91.9 2.3
80 125.0 88.3 3.1
75 133.3 84.8 4.1
70 142.9 81.2 5.2
65 153.8 77.6 6.5
60 166.7 74.1 8.0
55 181.8 70.5 9.8
50 200.0 66.9 11.9
B 3.5-7  F A AR ﬂaT'*FTaJ [
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FAST Fﬁrﬁ CHLH U5 F;f“r%%lfﬁﬁy[ﬂ :

Effectiveness, a score based on predicted speed on a psychomotor vigilance test
(PVT).

Mean Cognitive, a score which approximates the average cognitive throughput
on standard cognitive tests (average speed of mental operations as a percent of
rested performance).

Lapse Index, a value that represents the likelihood of a lapse in attention relative
to a well rested person (see Lapse Index, above, for more details).

Reaction Time, a value that is the average reaction time, expressed as a percent
of the average reaction time of a well rested person.

Reservoir, the current level of the sleep reservoir expressed as a percent of the
full capacity.

P9 FAST - @i 558 POFFRI I

Recent Sleep in the Last 24 hrs, which is the totals number of hours in the
previous day.

Chronic Sleep Debt, which is the cumulative number of hours of sleep that have
been missed since the last time the sleep reservoir was full.

Hours Awake, which is the number of continuous hours since the last period of
sleep.

Time of Day, which is an evaluation of vulnerability to error based on the
person’s own adjusting circadian rhythm. For a person with a normal bedtime of
2300 hrs, maximum vulnerability is considered to be between midnight and 0600
hrs in the morning. Times are shown in Base Time Zone but are always adjusted
to the person’s own rhythm.

QOut of Phase, which is a measure of the degree of desynchronization of the
person’s own circadian rhythm relative to the optimal phase for the current
pattern of sleep and wakefulness, measured as the number of hours out of phase —
a measure of “jet lag” or “shift lag”.

FAST (7] H%ﬂ 3.5-8 » HFIEH ~ Eﬁiﬂ FAST a‘hET,h Q_Fii'fizflf'ﬁﬁb@ ’?‘/Wﬁ'ﬁ)ﬁ{f’[
o T S TR = (R e i 24 ]
PR B 2.48 7] [ [SORRED 8 I B IR 9.24 ] e 8
I SR 17.52 /] B BORIEY 17 P - Py A
JI‘F | TEHT % %’Eﬂj‘% % [EE%F2233 -0433 EJJ:F E\ﬁj?—;i £5 0.65 'J‘E\ﬂfﬁﬁ KT 3 'J‘Eﬁ o
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) Fecent Chronic Hours  Time  Outof
Effectiveness  gleep  Debt Awake ofDay Phase

®KNK

Ferformance Fatigue Factors
Effectiveness T"I]:-i Sleep [last 24 h) 243 «8h
Mean Cognitive | 812 Chronic Sleep Oebt = 324 > 8h
Lapse Index 5.3 Hours Awake 1762 »1¢h
Feaction Time | 14434 Time of Day 030 2233-0433
Feseryoir 7122 Out of Fhase 0ES *3h

[/ 3.5-8 SFFS AL WL S, H&Wﬁlrﬁﬁ

R e
PR S AT LA Y AR BRI~ T AR VYA -

3.5-9 k%~ Y ffsr FAST - HOR IV apdsA ol - 2= Tk
E‘l*zlajg)%ﬁ , E[* ”‘JjjJ‘/\EE“EM N BEE‘ ’ [l‘js:ﬂl 3.5-10 - FI[E”:P?E[HIEIE‘[ Ix?‘i”ﬁ&@_[
FHEE o

Continuous FAST Blood Alcohol
Hours of Effectiveness Concentration
Wakefulness
18.5 77 0.05
21 70 0.08

22 hours awake =0.08 BAC |°°

o
-
I
EEEEEEEEN

0.08 BAC==ssssss

&
"
i

3
=
S
s
‘t
@
o
S
-
==
)
2
=
®
=

blood alcohol concentration (%)

——

E. L= 1A

hours of wakefulness

[ 3.5-9 AL5et s aéfpff?

"ML eV e YFES - Dawson & Reid (1997«
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" 48'N 106°
39 Han 40Tue 41 'Wed 42 Thu 43 Fri H5 45 Sun 45 Man 47 Tue 40'wed 49 Thu E0Fri 5154
020904 021004 01104 021204 021304 021404 021604 021604 021704 01804 1 004 022004 022104
100 1]
. J\'/-\ M N\ M
a0 f_/\\ {'\/\
I
T \ 0.0
- N
@6
&
o [ ) Fecert Chronia Howis  Time  Outef
E=l] Eflestivene=s  gjeen  Debt  Awabe o Day  Phaze
b o m
i}
40
Perlormancs | Fatigue Factors
Efectivarness | 527 Slacp [lact 24 h D
n Woan Cogritive 767 | Chroric Slecp Daat | 1161 + 2h
Lapse hiden T4 Haws Avake 067 i 1Tk
a0 Reaction Time 9525 | Time of Day 0754 000+H0E01
Rieserucit 4% Out of Phase 2% 18k CRITICAL EVENT
v Hide v Colizion with train taking siding
10 07:54b
ek E—
Sleep | |

<

T T T T T T T
OB 1212 01 05 12 12 00 05 12 18 00 Ok 12 18 00 O 12 18 00 OB 12 78 00 0OF 12 18 00 OB 12 18 00 Os 12 18 00 0= 12 18 00 OB 12 18 00 Ok 12 18 00 OB 12 18

sausearks |oyoo)y poojg

73]

il 3.5-10 i o Y R )
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22 TP
22.1 PR
Eﬁﬂﬂ :2010 F 10 F| 4 f1= 5 |!

i*‘ﬂ%ﬁ F B NTSB 7"5jfif| 1-1=-NTSB Training Center/ 45065 Riverside Parkway -
Ashburn, Virginia 20147

S FL i
PUL H BT PR S B A S 1
B PR A %L?Ff* TR N 2 IR T R T
SR

o St [

o E“{%’fﬁ‘ﬂ‘&ﬁ"ﬁt’l‘ﬁ A4S

o T HITIT R R

° sﬁlqk‘&#[ii”q&fﬁﬁﬁ VIE]

® X hEifErd “*F I7J’JEFT
AR
ST~ 2. - 2010 5F 10 k[ 4 |1
8:30 am - 4:30 pm

FAH T /7 (Introduction)

2) Fﬁf’iﬁlﬁgﬂﬁl%i(The Cognitive Interview)
3) w7~ E(Social Dynamics)

4) 5 'I*‘Fé’?‘iﬂl(Memory and Cognition)
5) %@ﬁ?ﬂExercises)
57 - 2010 F 10 F| 5 !
8:30am - 4:30 pm
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&= F%Bé‘i(Witness Questioning)

2) HmR F“(Practlcal Exercises)

3) ‘Zﬁim(Communlcatlon)

4) éﬁ?@”ﬁﬁc%’#&@equencing of Interview)

5 % 7J’TE]‘(ACC|dent Case Studies)

6) Fjiﬁlmﬁ% F:’I [’FL[(Post-Interview Assessment)

7) '] (Practical Issues)

77

Ronald P. Fisherfﬁ‘H » RS PUREE T [BIE 25 (Florida International University)

S P IR TRIREEEAT WITRER F o fTAA 40 Ryl Tl S
Hw?l/ ’33 f/,g_{%rﬁ
2.2.2 SRR
2221 SRH Y RIS
FHHI P R RS - RO - PR ﬂwAm@§§
T OFH BB o BT P R R IR A

%Fﬁﬁwu Jﬂwﬁﬁﬁﬁfgﬁﬂﬁﬁﬁﬁﬁﬁ%§°
2.2.2.2 Question-less Interview

m “Question-less Interview (7 ?Ej%] JFfLS) RIS EJIUI‘UJ‘{‘\—‘ ! lsﬁsﬁzﬁb
,éwg i~ fﬁg??k@fwu ST ,Migagm;aﬁgﬁj Sy
&kfwvﬂﬁiﬂ‘k ﬁaﬁi:[ﬁ ujci%ﬂWQ%ﬁVE Edﬂig}éuo
]:JF”‘% F@Flﬁﬁ JAET A F[F%I— (= 3 o =l A SR %F[fjﬁﬁ SN[ L
e L TR R - PTIAVRIELY R ERER TR
SR S 4 Y L -
i H }}%%Jﬁf%&ﬁﬂW@ﬁ’Tmﬂwﬁ’@@wﬁgﬁamw
FA« JFL }w’*lﬁﬁel DA [HI’FA‘I“%»E.[E\[ nggjm_ FIL 158 - —'l T,ﬁ;glj F[H\ E
BATIORLY - IR 3 SO O PR ORI A B

34



(Bl > PR E I AR VHU i3 SRL B " R > R R
i i i i I

[y e RO - -
A 2 OB~ A ﬁ*b‘iﬁ% C PEHSHIEROE] -
FlLﬂfl l‘?j]qkﬁl[jf/\ Ty %‘LJ éﬁ FL P Efﬁifr SHEH ey L
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