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factors) , BEREAMBZEH S LAITARS  RERMEZAR X
RZHEEBHEER.

RIFEUL "TARBRRDINMEBERRK (HFACS), AEWEE , ERAR
ZERRHEARNERXAEERACARREZRERHTE "ASC-
HFACS. , 7 MBIAMBEZ® 33 HEW , FERRIMERRRBELRS
HESHTHWARRE , IRFHREEABAEERNZS. KRBT
BRER SIBRERABRZZIBARKRBRTHBER TRINRENER,

PRERE#ER L, AR TERTREYIEGRMS . REBOTRREARRER
YRR, BEEEARE, BEEIRABL /| RIZSEEHERR
SEB AN | oI BREMREMRRIBR . TRRFERE,, AESE
MBHCARKRER |, YR ERERSMBESHAEME,

R MERE ; ARKR ; ARRRSERERGR
ABSTRACT

In view of the fact that runway safety-related accidents constitute to
account for the largest portion of all accidents and have resulted in a great
number of fatalities, International Civil Aviation Organization (ICAQ) Assembly
resolution A37-6 urged states to enhance runway safety. According to the
statistics of Aviation Safety Council in Taiwan, runway safety-related
accidents/serious incidents take the major portion (50.7 %) of all types of flight
occurrences. They shared 35 out of 69 turbojet and turboprop occurrences
during 1998-2015, and most cases were caused by human errors. Therefore,
investigations of human errors in runway safety related occurrences will be
valuable.

The goal of this research is to analyze human factors resulted in aviation
mishaps and developing strategies to prevent accidents. The ASC-HFACS based
on HFACS model will be used to analyze human factors to 33 runway
safety-related accidents to explore influence routes within flight occurrences
from organizational management to individual operation level. The content
analysis of the accident reports shows that skill-based errors, decision errors,
and physical environment are the most frequently occurring categories
influencing flight occurrences. The analysis of associations suggest that physical
environment, condition of operators, supervisory competence, and
organizational culture/climate issues are deemed the most potent for accident
occurrences. To reduce the runway related accidents resulting from skill-base
and decision errors in flight operations the “paths to failure” relating to these
organizational and human factors issues must be addressed.

Key Words: Runway safety; Human error; Human factors analysis and
classification system (HFACS)
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—‘ﬁll]

[l

BB A4S (International Civil Aviation Organization, ICAO) 7 2011 & | EMNE X
REEMBTHN "2RBEZSMESE GRSS,  (global runway safety symposium) 3&R7R |
BE S FHBNE 3B5%E 40N AETRBERELER, 155 2 HE AR K& R E /L i
ENREE M, 4K ICAO Z2|EERET , 7 2006-2011 FHIEBELREMBERE S
BEHERE 60% , 2012 £, 2013 F£ X 2014 FH BB 43%. 62%A K 54% , MEZ 2
BAEREREMESHENPESESLEH >4, ICAO B , HRE—BASHWTERR
WAEE | BEERRBRMIDNZEIEMN , b EFERELSAENRE TR 28 ,
# ICAO BHIEKEERLIARLESHNERNER , ICAO ZHERLFE (runway
safety programme, RSP) Wi B LK B EREY WERL/ME (runway safety team,
RSTs) , R A HEMBAEREREANSH B,

BEEMARBEE 6 MEEE. XK, £E. B0, REARGEHEREBHICSGE
2HEARMERNERASREERK BEREEBEEMS 12 ANAEXR 0 HE
AERREINFEA/RE  ATERETR , EEELERARMNTAENEHE  TEEZRN
ARRAZENRE—EEERE UV, EMEAEBHEMEREAZRETZR , KEINZE

BMBABRIER , WL BRARBEELERBBHEY , RRARMEZ SO
(8]

o

BRERREVNEARAMBIAREAZARRRERER , T3 "SHEL EX | |
TReason # X, , UREE "AAEREIMEEERM (human factors analysis and
classification system, HFACS)1 %, HFACS % Shappell 82 Wiegmann®! Frig iz A BE &
FETEREREDEEE | FHEE Reason 19 1y TEMEEMNABKER, Bif, TR
EHEBTEHSSEBEEREENR. T222BE, T22REZTEMRR. EERIRE
ENTRETEAARREHCEE , L SHEL BEXFRERBERABREZFERRMLZ SN
B, HFACS EMBRIES  CRERRLENAENEANIEL , FTRETNMRARRSE
B2 RRADHEREEPH R 2 ER 1112,

RMBERBE  SRHERNWARBEREMN , BIE—FRFIENK , HLBERH
HBLERABER K EARFEUEEEBRER , ITERRHE , My LEROZLE 19,
ARRAREREFERLEHAEERENRBERINEY  RARASHERSHER
FENRTRER, BE, EEHFXNEHAS XS  ERRIEFHNER 14,

HFACS RANBERHREMEHFAENERERHBENABRGRY, BB L —BR
HT—BRHOARRE  #ARLTENEREECRRE , THREUAENERRRE &
EEEREUBRSERNBMHEREE  BRRNBEAOEEARBIENER 1, Kbk
MERARNLZEFAEEZES (Aviation Safety Council, ASC ; BIBREZ®) #E2 ASC-
HFACS RAERERE K RN REEEZLHBEERZALER  BEBRRSE , EER

- 88 -



FEFI HFACS R EZ £ HBEH 2 AR KR

i, BENMVEREFETARERRERSE  HEERINMERBABBREFHA
AEBEE K IRFHRAEEHUEERREZ S,

— ~ XEK[EEE

21 HERETEE

2011-2013 F ICAO AXE 5 BHTWE 1 AR, MEATHRAFZKERERE 5700 20T A
FinZESR 2 ERE RN EMIE , 5 103 4 AERTURBABERE (runway safety, RS)
HEABERREHEEZWER  Fit , ICAO FESERMEMNER L BBEESBN X
ENEXREBENSEH , YNHE RSP BHE—EEZHBERLPNRREEAR. REEBERH
fEBERSHEBASNER ; @, ICAO BEASHEARAZEAUERERNBER
FER,

Accidents by category Accident categories
40
35 Control Flight into Terrain (CFIT)
30 Loss of Control in-Flight (LOC-I)
25 Runway Safety (RS)
20 Ground Safety (GS)
15 Operational Damage (OD)
10 Injuries to and/or Incapacitation of Persons (MED)
Other (OTH)
L Unknown (UNK)
CFIT GS LOCdI MED OD OTH RS ©UNK

1 2011-2013 £F ICAO kEHHEHFKETE ©

it ICAO ADREP 2000 B E Rl 9 45% (accident incident data reporting) , A5 HER
LHBEASHEIRERBE MK 12420

22 ANBRAEZR

ABRRZRUMARANEED., BREl, TASED  SHEBEENA. B, WERES
RENES , FEE, TEZREERZLERREBURSA , BREEZER ],

HERBIBAMZME (Federal Aviation Administration, FAA) BIReE (B 2) A& H ,
#1900 FREAMRFEAMERR  RMABRHENER |, e EEMS BT TS
HTRENKRE  BENENES , EEFRARERBREMEZREBE 2092 B eI HE
Sl , MEAM 80N ABIRARRRFIER , tH L EAMEEEERT , KSEME
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EERARKBRES , Bt

x1

ARRENZEHRBZ T ER 19,

ICAO ML HREHNPERTESE

BEREA

E B

AEXEBEEME Abnormal
runway contact

FMERIEZRE , SRTIEFRERTERREEREE
8,

Any landing or takeoff involving abnormal runway or landing

(ARE) surface contact.

RE ERARE , SERERENEREANE,

Bird strike (BIRD) A collision/near collision with or ingestion of one or several birds.
3 TE 4 REAPHEERTHEANBITEARREREL SN,
Ground collision (GCOL) Collision while taxiing to or from a runway in use.

B3 EEEEPBRENSR.

Ground handling (RAMP) Occurrences during (or as a result of) ground handling operations.
1 it B8 S TR B f & A A i 1 S 1T BRE

Runway excursion (RE)

A veer off or overrun off the runway surface.

HEAR

Runway incursion (RI)

EMBENERNFFERRE  MISATERMZR. EW
AEBHREBEREZEH.

Any occurrence at an aerodrome involving the incorrect presence
of an aircraft, vehicle, or person on the protected area of a surface
designated for the landing and take-off of aircraft.

PR E K
Loss of control on ground
(LOC-G)

i L 7E S T BF K 12 1

Loss of aircraft control while the aircraft is on the ground.

B E ) R 4 R K
Collision with obstacle (CTOL)

AR, RERY RN,
Collision with obstacle(s), during take-off or landing whilst
airborne.

F & REMRIE / BHBE B Y& B R LR IE R E S G B HH B8
Undershoot/Overshoot (USOS) |A touchdown off the runway surface.
e B B Y #4955 5T R RE S A 45 T RE S AR A5 R R

Aerodrome (ADRM)

Aerodrome design, service, or functionality issues are evident.

3 FTRARBEIA 10 £ (2006-2015) RAMZEEHERM BB ENRER 2 E

(causes/factors) , B2 A tHES 2 7

FEB T St BI& S 56.4% (A 48. 7R BB EBR , 7.7%

HEHEMASMMERZHEFNASHR) , BMEREE LS 436% 82 , BREMEEBA S

23.19 191,
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Accident in Aviation

Accidents

48.7%

PR/ WL TR

MRS
RER
TREGE

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

3 2006-2015 FEIEE R AM T EH ERMEN D £ REHEFHE 1

2.3 ABRZPITEEERRR
ABRARDNEBERMK (HFACS), HEBEIZEE Shappell B Wiegmann I Frig iz A
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REAERAETERENEDBEE, ZENRUKEZEE Reason 1 AR 2 EHERE
X TREMEBMARKR) AERER  FERAGE, ARIR, TAZ, MELEE,

HEOBEBEER  UBEWRRAR , FARRIMES MBE4EEBEEEANESREZ
EHRERS , B TEARZRNERNARELERTE  BSSEREEEIRERE
B RZBHABRRSNEABEIE,

Shappell B Wiegmann 1 HFACS &x/Rtaz RiEH o 4 EEHK 17 EFEE , BRER
BRAE4IEERI19EFER 1, BRITFREZL1TA (unsafe acts) a2 PTEER T BEMEKER (active
failures) (B 4) , BT 2 4ERK T8552 (errors). M MBRIEE (violations), MRELERI , "$E35.
BE THATHIEEER (skill-based errors)y . TIRFEEVERER (decision errors)s . THIBARIEEER
(perceptual errors)s 3EFIEE ; M NERRE. B8 "REM (routine) EBRURBEHN

TR (exceptional), R 2 EFEE.

AEETH
|

[
gt ERME

| |
[ ] ] [ ]
s | | vemn | | mem o ,
gast prioe) pre) i R

4 HFACS {88-28 1 fg#g

Bk 2T AL 2TABIEMMRN (preconditions for unsafe acts)a (B 5) 5 HEHH —&E
EBEEXEPENER , @8 7 "BEMHKEE (active failures)s B2 TEEMEKER (latent
failures)) , FERFLFMRAREEZTZLTANT RER, HFACS BAIBERRS 5 3
BED : —ARENEZE (environmental factors) , @& "WEMIIRIE (physical
environment)s . "RIHEAIIRE (technological environment)s 2 FEE ; —BEANKEE
(personnel factors) , ‘@& "HEEREE (crew resource management) s . "B A K EfHAR
M (personal readiness). 2 {8 FIE B ; = RBRMEEMMAE (condition of operators) , L& "R
EROEAMEE (adverse mental states) s, " NMERVEIRAE (adverse physiological states) s .

T3 | OEHRIBRE (physical/mental limitations) s 3 - FEE

Bik 3 TALELHBE (unsafe supervision)s (B 6) SHEEHRLTAEMN TEBHLAR
(latent failures) J BHFIRSMHNEEE  NUBEL "TRLETANIERR, 2BER
, EhaE "REDHWEE (inadequate supervision) 4 . TEFETEERIEIE (planned
inappropriate operations)s . "AREEEIEE HRERE (failed to correct problem) s AR TERH
BE (supervisory violations), 4 {E¥HEH,
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AR 2T RRTERDL

[ ]
BB TE AR
B R -, i l=] PGS,
ety fryme s ﬁf'ﬁ%lmﬁ‘ wmeE || R
| ] ]
REEH REERY L
EREE ATIREE ]
B5 HFACS fSEI-% 2 fE4f L1
R e
| | ] |
P vl [ [e—— \
o iy R SEIES

6 HFACS $&8I-55 3 [@4g (LU

Bk 4 THHEBHIE (organizational influences)a (B 7) REBNEHBBEER S MBI
WEREREHREE Bt RERIEHBEN "MK (latent failures), , RRREE
BEYEBERBEEMTRAABESERERSR , 4FHREBNER, ASREHE.
ABRZI NG REHM, 835 "EREEH (resource management) s . 4R IR
(organizational climate)s . "#A#EE (organizational process)) & 3B FEE,

RIS

[ | |
ik A MR E

7 HFACS t&8!-5 4 [g#g Y

HFACS #&#&#% , BREREREMZHEMRRE , BoHARER HFACS BHRESHK
EREETHREI N, AR EERSEERER 2 ARRF M, 40 : Wiegmann EZ Shappell
02 EAXEBFRERZSZEZEE (National Transportation Safety Board, NTSB) 1990-
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1996 7 MR ZE K EE R 947 ; Shappell & Wiegmann (23] §¥§ 1990-1998 FEBZ @B %
BRIETEEME (controlled flight into terrain, CFIT) E# %247 ; Shappell A 2 ¥ NTSB
B FAA R Z BB #HTH 0 (National Aviation Safety Data Analysis Center, NASDAC)
1990-2002 PFAAMLZE Part 121 & Part 135 KSBERI AT ; Li FA 5 REIGEF A 14 g4
KB 1999-2006 F 41 rRM MM BB RITARKRE R oM Z—BHEALBTEER K
EZ AARERM , FI0 : Shappell B Wiegmann 261 LE8 b3S 1990-1998 &AMz, &
Rz B EREEE , L% 1991-1997 XEIZ2 E EE 1992-1998 B E B FHEiB 16,000 EEH
ZABRELE  BME@ZSE (Australian Transport Safety Bureau, ATSB) [27] i 1738 M
BAEH 1993 F 2002 FRIZRMABABRESHELLE ; Shappell ZA 249 H# 1900
2002 FREER AMZE Part 121 & Part 135 X%,

oAl R e HFACS BX A G2 EERTEABRLESEAERMZEAZER
ETERMZ , B0 : Li 8 Harris2 EARBIZE 2 KEE R HFACS ETEEDHT ;
Li A P8 i ARBERXCESZMESHAES , £/ HFACS R —AXEB5 2
RETERWR. B HFACS THREANBEREHRAE , ZEBIFHEK HFACS EAS
HRAECHDTE  IBREFEHEBERZAREEZFIETI R DoD HFACS 93,

HFACS REEREER. RAMZEREHHAEN , RETRBEZEANEMERLESE ,
filgn : B EREE U530 EREWEEHREE B | DRRKESHESH4FE B89 & |
WIRBLLEEHAETSER , ERTEER @~5 EHEBR) RFIMEFEE 17~ EFEER
%), BB EHNERRRE , B HFACS AR THRENEWF , TEMKE, HE TEM
KB WBREFHEEMERFNRR  EMbUEEEEREERNTEN K,

2.4 INgE

EEMZENE, RN TEES  UAREMZRBRANZ H2T  RERXKNVEREH
RECARE ; HEMS , ARBRAFERNTENFESRANERER , FFZRAEHEHN
EHFFERRARRA. HFACS RESITAARZREIEFTEEB RO A , /AEB
EEERIFE-RORTESESMEBMALARNREER , BRERBEHEEEB
#; B HFACS BEREHRNZRERERF BER) , ZNHEEASSUFRERTTH T
HF, K BFEESZIREENTE  DUREBRRTRES. SEBRERESTRZA
ARRESE (FTERARME. #E. TRZL2FTEZALSRRHEE) , ERBERDE
§E HATARRERAEERY , BEMRETEBRETRE BEMERARREZESE
UREMZeEER  BEZRRDETH T EZBESE,

WEZSBELFREEFBHFERET, BEXLHBSR M SBEERSEE—
v, BRBAERERESEHCMRESED  RARRZRERRARNRELZEHEAS
HEEER TBMREREBMARN , AHRER HFACS HHRZEHELZLEHWHE
HE  BBERARTSITERS , FERRIMBERBERERLABASHTIREZAS
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HE , WA RHBRBES LSRRI TS,
= HRAE
3.1 HREAR

THAERERLESHHATERE 9, REREYH 1998 FHRIULURE 2015 FH1EH
FTEAE 103 HrRMEBW , B 100 4 , HP BWES A 56 4. BEWIRGEE R 13
# MEREZSHBERGTE B4, 550.7% , 2515 ARC5 4. RAMP 14, GCOL
3 RE23#HLAR RI-WVAP3 # HARBE 2 fhEHRLZS L REF B ESHHAERSE,
H ARG 334, SHERRBEFHRR 2,

%2 RESEHFHETERE 1998-2015 FHE RS

=] FRATE - il R
FEEMEER (ARC) 54
90/01/15 |B7695 E& ik Dash 8 Mz
90/11/20 |BR316 MEEEEE it MD11 BB E RS
94/09/02 |B7660 Eih ERAFLE RMERMEE MD90 = BB 2= v,
99/03/04 | CI15233 2 7P EX M4 RS 8 1th B 40 B747-400 EE R RNAKIS
103/12/21 | &M% B-55565 AER T , &b BF R R 5% | Dornier Do 228 | ERMZE 4
HEELR
HERE (GCOL) : 34
90/09/21 |AE737 BE3I%R B-12272 i RfiiE MK50/MD90 | Eb#d L #15
91/07/08 |EF184 EBREFAEREREEBEIRE |MDS3 -/ R
94/07/19 |GE028 SB{TPERIERFHITRAEE ATR72 E S|4 NIIE 3
EER (RAMP) : 14
97/08/16 |BR17 R#EPEERMEABZE* B777-300 XEES LS
WBEME (RE): 23 ¢
88/09/02 |DT2 FBRAMEIT , Fith B i B & B747-SP EEE R RS
89/04/24 |EF1201 EBEkRHHE MD82 EEMZ
89/08/24 |B7815 Eith kB HMiE MD90 = B PR A2 Y
89/10/31 |AE838 &bk {m & B737-800 EENEE MRS
92/08/21 |EFO055 fi & MD82 MY
93/08/24 |EF182 & ith#& {m Hi M98 MD82 b S[RNIIE: S
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| 93/10/18 |GE536 s W58 i 58 | A320 BT |

%2 RESEHEETERE 19982015 FHERHEESH (@)

| Bm | R | omm 0 B |
94/12/09 N99SAM % ith 1% fm /B 1TE BD700 = B PR A 2 vh

| 95/07/14 |EF066 3% 1B it B [ MD83 EEAT T
96/08/22 EF185 MIEIMAISE #h 12 BRI HRE MD82 - SF/N R

| 97/08/15 | CI160 EBE RS B8 | A340-300 Bl |
99/09/02 BR701 3% ith Bf 52 Ei fim i B2 & B747-400 BB E RS

| 10012126 |BR757 B E Ak IS [A330230  |EESEERMS |
100/5/12  BR806 3% ith B {fm Bt M2 18 MD90 EEE RS

| 101/5/16 |FE025 Mes Bk i B | MD82 N |
101/6/20 FREIEMT INA0L3 M B H* B737-800 BB E RS

| 101/8/12 |CI680 bR i B8 [A330-300  |EESEERMS |
101/8/17  AE369 P&3% i fm i i ERJ-190 Bz ik

| 101/0/13 |BR189 SR i BIE | A330-300 EEA s |
103/3/31 Cl6416 % ith B fm i @ B747-400F EEE R RS

| 103/6/16 |FEO6L 3%t B it B | MD82 EREEs |
103/09/20 AE964 ¥ ith B i M & ERJ-190 EREREMS

| 104/02/05 | DA7507 %30 B it 38 | Dornier Do 228 | B 22 36 |
HMZESRRABEAR RI-VAP) : 34

| 89/10/30 |SQO06 RAEEBRAEMMABMAMEL  [B747400 | EEHEEBMSE |
92/03/21 GE543 E#hR{THERETHR A321 B =k

| 100/6/28 |B7642 B KIS ISR 2 BB | Bombardier Dash & | B A 22 36 |

i3 FRIREZELREFMHESHHAERS
BRRR  RNZLB/ERES 0 RAFREE,

3.2 DIRERE

THARETERTREREZLHEBERZABKR , L HFACS BEREBAER (B
4~7) , BERARLTEERE 2 ASC-HFACS RREARAEARRIBME 8 AR , ASC-HFACS #
RELEMN 2008 & 12 AFE 2009 F 11 A , ZITHEBRNEZEE RRFAPERE
RIS KEEET |, k% HFACS B47 1999 £ 2007 FHEc RMERHAERE |, &
EHBAERMNERRAEFRAZALREZRAEHIITE "TASC-HFACS, , fEAABREERHME

- 06 -



FEFI HFACS R EZ £ HBEH 2 AR KR

REEERESE SRERDM, UK

5 A& 4 EEHR K 20 B FHEBEETTH.

HERMREEZBRCHPTE & TARRE,

i 4
I
| |
T HRm/ S S
/RIE
ik 3
RER T ENRE
| | | |
RIS Fuis | | keemesie | | eseoE
BRI el | | Foamns RiE
. i 2 -
= R LT BRI RIS %
|
R
RHRH AR SR
. petretn
B R ) wETE || CENER
sy || DR g fum
R R L
Ere || amme P
R 1
KLU
[ |
e -
| | l | | |
S || e || e | [ mmmmre pepay RIS
Fygisast g || mreE | | maiben | | Eaten

BRR - R BREREGRHE W,

3.3 HFACS RIEESE

8 ASC-HFACS Z2#EE
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KR EE HFACS 2BIRSMEBBRERMRER , BEBRFRECER. ARK
ARIEH RS | FEBEMR 3R,

&" 3 HFACS-ARKRIRIAE s &a i

\ TE \ HFACS- A % % 2818 H 24551
Bk FEE£H1TA (Unsafe Acts)

1-1 AREEER (Errors)

1-1-1
RATIRER SRR
(Skill-base Error)

EEBEITHITRERR
HYIRIERNME , B0 : BEF
i, #iTleE, BAEMK,
BREERRE, RHIENERM
FBEDAILHER B
FEEBHNSETE. B
HiodE, BRMAMAR, HE
BETESHER,

AEWNERESM AR/ EF / BRE
BBF | RERTRERSE / HE
SR ERERR. RBHFR
REMHITHEA / #ABRBR
REE  RER, SEE / REEA
BRI ERREMN
TRITEE | BT 2

BERME  BEKEBSBL

9. AEKBEE R MTEER

10. 8T RET EEE#

11. @5 O E R T iaER

O ~NOoO OB~ WN B

1-1-2
REGRR
(Decision Errors)

EHEESKEMZNIR, 2
A, M 4B ¥ I P IE R B
MRA, FEBEHE |, BEN
ARG TR | REHRM
H1TE , HZTBNTENL
FEORFTEIERAY R DLo REKER
REFHREFAT KD HAR
BEERTEE/,

1R SLAT I SEER

2. BEFHTBRSBRERHER
3UHERMRAZEES REBFHR
RRRN 2 ER S XHR

BT HEER/TIRE RFHIREER
THEZHFIEFTE

BB ERERTETE

1-1-3
HMBRERER
(Perceptual Errors)

EEERBEREASNR
HRESHLE | ERE
EEEFENINT LS
Bk RE R | M
fh SRR R R R R AE,

RN o o

 HRRYIERE ) SE  BE/ZHE /B
BT FE AT EEER

2. [RIZ2 [E K o) & P Y S5 BR
3.ARBREMNER

4 BERENER

5. RERE MR

1-2 # (Violations)

1-2-1
R R ZIER
(Based on Risk
Assessment)

HENTAHER , RXIT
AEREEREEBRFTER , F
@%ﬁﬁﬁ%Z%&Hﬁ
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1-2-2
HEIEELER

(Routine/Widespread)

g\
MEDHEE.

LEESRBEREEEMRS
BREF D R BER

1 RATRRT R

2. REEMETERR

3. RIERENESHRX

4 BRET

5. FE B R EER KRR
6. RECEEBPIAYF M

7. RATHE S ERARE R

& 3 HFACS-ARKERIEE gl (1)

EE

HFACS- A & %< 5518 B EZ&i 5|

1-2-3
gﬂﬁﬁﬁﬁﬁ

(Lack of
Discipline)

LEERBERRSTT
o, THREREmES.

L RERERENER

2. TEHR REME

3. AMBREMNRRES
4. BB AR A 1R 1E

5. RITHFRAT BBV HERERT &
6. EZ T LR E

7. BT RRT

Bk, FTRLTHRHHEMAR (Precondition for Unsafe Acts)

2-1 |REREFE (Environmental Factors)

2-1-1
HARRBEYE
(E353

(Physical
Environment)

W%ﬁﬁﬁ@ﬁ¢%%%
RiE, EHEHEREKKE, ¥
ﬂﬂhﬁ%fﬁﬁ%ﬁﬁ
HHTE, URFEEEZ
E/@ﬂ%ﬂ THERR.
REETREHER.

1. AYl. B, M. KB, KLUKE
QLA RERETESRE, AREX
.M REEYE

4. R RIS EMR., BE, &
5. BARBR

6. BEIRIBS / 1BR, mE. REBRE
TEBYE. BETE. REED

2-1-2
RATRE
(Technological
Environment)

EREE. (FEBF. &
. B RTE% @8
THBAEEOY | &
W, R B EET
KEEUE. REA, B
AEFERE RTBIEE
WITHERE EMEEAR
BARFR LB R,

1 EREZ 2B ERRE

2. BRETRES R

3. EERH AT REE R,
4. BARM. BBILRER

5. A £1R

6. WA, REERBASRENE
TEBREXMS  WFEM, RE, RE
8. AP NEMER

Rl £ A

2-2 B AARKEERPR I (Condition of Operators)

2-2-1
TEHNOEMREE
(Adverse Mental
States)

EHSRYTEBRER
FELHETERBALR
ZERHENLERE, EM
iMﬁmﬁﬁEﬁmﬂ%

E?Bgﬁﬁﬁﬁmﬂﬁ

I_,O

1L EMRFTRENEE , MBEBERE.
2.EBNTE. Lﬁgijﬁb
SEémmﬁﬁjJEEMM
4. BBUETR., BEARNBERR
5. FEREE. TERESR

6. LIRES., BE. Bh
Iﬁﬁﬁﬁ\ﬁmﬁi
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BREFET FW+TAB £-

3 RBE—oA¥=A

8. LE A ENBERKR

2-2-2 ggiﬁ%ﬁﬁ%gggﬁ; 1. R BE 2R ZE
TENEEME B e LLIERBEA N |2 EKFZE. TERTS
(Adverse ZEHBNERRE KW 3 g st s L8
PhySiOIOgicaI iﬁbﬂ?ﬁﬁﬁi&ﬁﬂ’ﬂﬁjﬁbﬁo 4 %%Eﬁ@
States) REGHBREERENHLE 5'%5!%55
RERHRRE, = he
6.178, EEREEMNIBERB
7T EBBTERRCTE  NRE, UE
8. BERSE, ﬁ)&% B, =, Rk, K8
BIESEEUR
#F 3 HFACS-ABKRIEEEHEH (38)
EE HFACS- A & k5318 B E2E 6l
2-2-3 BHENBTEBRNEES |1 BRESEZ2HEEREH

A8/ LENR
)

(Physical/mental
Limitations)

DERED , HET R UREAE
BRAR R 2 B o

Bl HERBIIRIE, KR
RRHE 1 EE ERHEM
MEtnSE,

2. B EERE N AV PRI

3. RERERE

4 BEFBRIBRERRBE
5. %8, MBHEITE

2-3 BEREEEABEE (Personnel Factors)

2-3-1 HENMMENMERFMETHE |1 HAERANRIARBEER RENR
HEERE IJ? BREANER (NERE 2 BRAETE CRELEER RE.
(Crew Resource| 5. BHI8, HIE8) B (W i{HBHRLIE)
Management) %mgz,%%gﬂ #‘f! (W3 sk ki F ] B &R
RESW W8%) & JEH | ware cRmEnE B
- [E B B R I % I AEEEE RUBHADE)
gARmARSREMER, |O THOES RZAMD. TEIES
6. BB AR D EIBFiBRE
2-3-2 BAHBTEERMENERE | LEEIELE / VEFEZAR MR
ERTEREE |[ROBEFTE =1
(Personal EHEEREHRA N TEET 2 KREXFAKERERES KA

Readiness Prior to
the Flight Task)

5 N BEESMEEEE T
B4 | DERR

I AEERAEY
4 TEREHEE
5. EFBE

E=EBH, TRLBRRZE (Unsafe Superwsmn/Support)

3-1 #a’%‘g["éﬂgjzﬁghkﬁ_% BE|L REREEBEERXK / 88

FromBEsk| ZEFP K Eﬁﬂﬁﬁ!ﬂ?ﬁf_ﬁ 2. REEIREBEIE / =5

* ¥ B, RRESRANER. I3 sjeppEeanags

(Inadequate R ER. RBES  ERER ) faryurRnEE

Supervision/ %ﬁgﬁrﬁgté”gﬁgi 5. REEER T LR

Support) ZE=HRL 6. FEEWAK, FTEERBETE
7 BERRMASTHESFER / AR

BEESRKRRTE /| ALIIHE

3-2 EBEIERAEBRETFE HE |1 EBYNEKER / BE

gg{g@&ﬁfﬁt %ﬁﬁ?ﬁg{ﬂggr A%ﬁ{ 2 MERBTE

B2 BT, ERAE |3 158 ) THEEEB

(Plannmt;d BesEEREIFESHRE, BRE 4. REEIR(H4E Bl L;ﬁqgﬂgﬂg
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Inappropriate
Operations)

ﬁ%ﬂ%ﬁ%%ﬁﬁﬁZﬂ%

5. EBAIMAR, MEFH, NRRESE
ZERTE

6. R E#ITIERS B A RFT (4

7 B ERIE S ATE A

8. %%@Eﬁ | BEH | BT RUBTR

3-3

REER & HIEIE
E A FEE
(Failure to Report
or Correct Known
Problem)

EARRARREBEREAR
R

AMERA, EfE R
LZEHRNERK , A
BIITIER,

28
HH
R

%8
ths
i

1L REEEHEE

2. RBEABNTENTA

3. ABRE AR E R R EE
4 BALEWNERRER L ®RE
5. REEFEREEMITA

&3 HFACS-ARKLIRIAR &6 (18)

E&

HFACS- A & <5318 B B2 & 6l

3-4
ERNEEHX
=

(Supervisory
Violations)

EEEREIRMARTER
BBHBER, we, RE. ITH
Eel EXREFSE , MiHE
BRNTAIBE-—RAEME
TENER, EREENTEE
TRAIEETR2ER.

RATLENE R
REBRENT | BREF
RHFTEHWABRT
ERRBRRE
NHRESETEY) | THRE

1
2.
3.
4,
5.
6. BEREIEMASEHER

SEMER, EBWRM (Organizational Influences)

4-1 HESEERYEBEEER|1LEANER (AB) FE :
ERER BUNTBRNEBORR , 8| - A2ER /Gl /JIK T2EK
(Resource R ﬁbﬁfﬁi (AB). B/ &) o) @8FE -
Management) | MR / B BEHBRE | REHE
3 TERRME / RS E
- TERTREE / ERRERE
- REBT A BRI
- REWIERIEC HAEREH R G
4 TRAEESE MR E
5. #E%E , MEMR, EH, KEREE
EERMEH
4-2 EYEETTHERBNOE. |1 ABEBHNG. BER
BB s |E. Bk BESE. B T2 gasaage
o 3 RS2 ARMHBEE XK 3 | gmEsTe. 5 TmgE

(Organizational
Structure/Culture/
Climate)

FIERBRE, ROERKBEE
%

4 ANEER, BAMSRATH

5. HrEEER

6. £EEE

THIEEEE  ERomERSAMN
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RES

8 R EAEMN, WBREW

0. MM ERPY 2 EEB 3L

43 EEEESEAMEAMAYEE || S EAE, Y58, &N BEEER

0mwE géﬁggﬂéﬁﬁﬁfﬁz%ﬂ%ﬁ ) ABMTHBLE. BF. BHES
rganizational N N Ry 81 =, SN =5 =

§%£$a°amdﬁﬁxu&%@ﬁggmﬁ%oj;iﬁiﬁ;ﬁzam

Management) 5. RS MR EE. BEEMRE

6. L EERBLREREE

7. S

ERRIR : Shappell B Wiegmann 223, U.S. DoD 9, 835 2 RMZLAEZEEE 3 RAHFFERE,

34 MRFGE

ARARURLEENAEENETH2ERRBEREAITER , ERERABER
£HHEEW (RS), ML ASC-HFACS EREBNELETHRITRE , RENRKEREERS
MEBSERAALRBRRRZEBIN T —IRBEMEBMRRZED , URASERE
KREENAERBETE, ZSARSNBEMRZTRRE , BUGERBANEEHR
ZBEM (stability) BE—B(% (consistency), FPEERFERFERBUT -

(—) HEZ2MERAEE ASC-HFACS % RMSER

REFFREL ASC-HFACS BER  SETHE W BECEARTEHARREZRES
Wk, WKARENEFEBSEENART, B  ERRBEMRZ AR, BERRE, #E
Lelel 1~Level 4 2 D ¥E X FLL ASC-HFACS BEREITIEE , oA 4 BBHK. EER
20 @FEE , R4 BIMERECBERSHBEASESRALBREREI TR
T8 1 HERMEHNSMEREH

AFEERRBSTNBES , ER—ERENVEERFETARRBRRAREE , &M
REZERRELET oI , JIRERA HFACS REXRZBRRE FEE ZERER
B, MREEEREHBENRAERE 2 BERES H,

82 PBATEEMRE - FMARKRER
PMAEERBEEFOT :
1. RISHEHRE ERREAH, BHHBE, MZELQF. EERITE.
2. YIEFAAKRBREER |, WHREMN HFACS REBALHIT V.
[BI5] . ERHEE LER "TRENITAL 2AREBRER , BE—#HSEEZL
BRERTEHMER Y  FERBAABRRE M,
3. IBERERERE , EFEBEEAN "ERABTHA. BRL BAF,
4. BIBTEBARBRTA BRIABTKITENRERE, BB RHABRBREER
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WIRFFER AR ERE WM.
5. HBEAMAEREAR , U2RU—BREGIR , EEREI TR,

TE 3 BRI EARRRRIRR S THER

£/ HFACS BERIMARERRHN , #ATHBHAEASFMARESE , BthA
REAREEARFER, EXNARUZARBBECERRERAARETRE , ELH
TRZOMBEREZE  WESR 2 HNMRAESAHBETRER , FAARERTGETER
HK , EREREZEWHEER —— R |, BRI ESRCARREZRERNER |
ERAMRZBELZEHBEEHARRARREDN.
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x4 HKEREREZHEEIARRRFEI R

HEBERZ:HBEERARERHRS X
EWEEAY ¢ 2ich RZEATE

al

ABRESIEFERM (Human Factor Analysis and Classification System)

E-o
s Level 1 Level 2 "I:Z?’EI‘?E:S?, Level 4
RELHTH TREGRONERR | | pg o | ERHE e
B |7 _ . arg |T (T | |2 & @ |4 REB
Bw | awm | omm o0 |BORSRIee X% B 8RR S
mEs ¥ £ |2 |8 |2 |8 & g
_ g% (% (2| (¢ |* |5
HIR |8 (& BB |8 |E & |T|%|6|€ (8|2 (€8] |§
AL AL R A A A RE R A A
AL R B AR R AR AR AR A
EIRIEGFIEIB®E|®R|V|\E |2 |R|B|EB|E|H
By B | |F (& |H 2 B g |E R i |8y
| |8 (& (¥ |EW| (% %R EE 5 8 [m
& RO Z B E B B |5 i | B e
B |&E

S 2

(2) RBEPHE ~ AT RS

WA DML (content analysis) =IASEERSHE (frequency distribution) ¥E4T 5 HTEIEAL
W, RSN EBEARAEE K ARRLESHHRERSAERNXXHY , YERUAXFH
EXEHR , REREEFH. NEARTE  HEESERRE D EMMERE. KR
ASC-HFACS BB EAA KB AR , 33 HHEZTSMHBEHRE 20 Eo EEEET
o, BHPEERZEEERESR |, BHREAREA 0, MRHISEARKRER
HRZHEELE  ABRERBEERE-FERES —SWPZLE , HFACS WE—
BFEEE-REERNPHRLZEWTEZR, IE—FEEES—RLB4TPRZELRZ
Ko

£HF () BEEAREEAE. XBEHEEE (IBWEHEE | classification
variable) E¥l , AR EEIE (nominal variable) FXF#1E (ordinal variable) Z&EHZ
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BN O, ZAMREAFHET HFACS L—BRB T —BiRkcBBtRE  HERL
KT vl

_F.\2
x2=ngﬁﬂm“éa) B1=)
ij

Ho | r: RIBRPOESINES ; c: RHUTHESR ;

0; : AEAERRE ; E; - AEFTHERRE,

FHEREARBEWER L EFSBEBOREEY  BXRY "TEBENERE,) RBE—
EREE , MARERE HFACS BRP '8 BRaBRE T —BREZEM, , FHR%HE
— 25 LA Goodman B2 Kruskal Tau(z) BREREBELL (odds ratio) , ﬁ%m?ﬁ&iﬂ&%ﬁ&?ﬁﬁ%
ENmED,

Tau(z) BREUAHEIRERZLE (proportioned reduction in error, PRE) BEM , AREHRE
BYCEBoN , AHEARE XHE Y MBETIUESMELABEE, MERKEE E
HBEAEE) BEH, ARERBREANSELFHBER , TN THBERE , A
Tau(r) RBREEFERESEBNMBEERER , PRE NigEMEA , RR X B v EEE
SR A SRR LR |, R R X B Y BB A 1,

pre=E—E2 B2=x)
1
Hep B : BRAX (BEE) BER Y (KEE) FIEENRE
E,: AREH X (B€1E) BEA Y (KE1E) FIEENRE,
E, = {21 (N_F;*)Fi*JEZ — 12 fl])fl] , Tau(r) _ E1E—Ez
J 1
MERKEEENARNKRATau) WARF , BTN THELLR :
Z{ 12] 1f1] E{ IFLZ
Tau(r) = —— ;JFZ i (3.3 )
N i=1" ix

N

B iR YEEME ;B X SEE ;
FuB Y BEZBMRE ; £, 5 X BIEZBBURE ;
i, BEBER Y SEERN X SEEQEEYE ;
| B Y BEENYE EETY) ;)R X SEENKE EBTY) ;
NBEBEEHE FIEEAR).
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HATau(r) REEZIRBREABHEEENRR  AIEEZERTAA TR 2 ME | KM
eI HN Mantel-Haenszel B§ & Lt (odds ratio, OR) #E , MHETSEHREE (BEIE) HR
BREEREE (KEE) HRNBHE.

M~ R

41 EES

TMREARNBS L BRGHIMTNERBAGRRE  SHEHATITNHEHEAR
BERYD , —MA 26 A, BARBEENIRUVBRFEENDER @, EEHRRES
MEGREMNWTE  F9oEEE (interrater reliability) Fi27 EEEE 5 I 2 B¥IEH
— B, Kappa REERFH Cohen™ 12 IHEZNHEAEEMET S EBEIREN
FoER, MR- EBEBMA, AL EEWAHBARE (Kendall’s coefficient of
concordance) #7E 3 fAU EECEBE AN ER — B, AMAHRZERER , ERF9E
BB, BA-TERER , THAN LMEGES WAL, MEB I RE 58/
BFs ERAMERENER , T2 EEAGETR—BAN —BUAEY , REIESHE
B —RFEET 288 , KR20 A — B EZFEE (Kuder-Richardson reliability) #i&E M
RZHDBEENEEMGTFEZ, ALATERRERABTIMZERNEE —BHENER 8K
A TKR-20 EZEE . ERAERMRRE HFACS 2 BRAREE 2 KiK.

HRFMELE A THEEZET , EERRERAZBAARRIRZERXEAR
D AMRERRBDMEBHLER 6 4, HP 5 VATFHER 10 FUELZRNEZEH
EZEERREERAEE , REMS|I# HFACS ZEIAREM R EMAER 1B , AN
BEERL 47 FERABIHTHARBEHERABZER, —BMERELR KR20EAR
0891, RN 4 NERNEREFSEN -3 , A EERE 2.

42 HFACS FIEE 4 &

RIBMAERETR , £ 20 BFRENBERY. FFREILER  RAFEAS
REZB =R FHEHE , 2BR%E 1 EBR "TRENTHL 2 "HRINRFENER BERR
K%, HFt 283X, £ B EBBEEZLMEASEHRT S 60.798KS ; HRAFE 2BHR "T%
2MTAL 2 TREER, | HFH 20 R, BEXEE 2 Bk TFTRETANEIEAMRR
2 TERRERYEBRME, |, §560.6% ; #TRE 4 BRE THEBKNEE) . 5 3ER
BT ARINEERZE KE 2 Bz " TENOERE BERBHE 15K (B) _T;
BREMSFREREXBESBANE  EBRTHTHEHERERBESERS.
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&5 BRARSH HFACS RBHECR

HFACS E#& / ¥EH R - 353 Bot
FL1ER. TRL2NTR
1-1 AREERR
1-1-1 AR ERY EEER 23 1 69.7%
1-1-2 JRREEER 20 2 60.6%
1-1-3 HIBRE R 3 14 9.1%
1-2 i8R
1-2-1 RRE BTG ERZIER 0 20 0.0%
1-2-2 BEREKEEMEER 5 10 15.2%
1-2-3 ERIHBREMIER 8 8 24.2%

2Bk, FERLETANIERR
-1 IEEE

2-1-1 BARRIR Y IR fR44 20 2 60.6%
2-1-2 HIIRIR 4 12 12.1%
2-2 fAAAR B ER PR &l
2-2-1 TERNOBARRE 13 5 39.4%
2-2-2 NMEMEERRE 3 14 9.1%
2-2-3 £ | LERIBRE 3 14 9.1%
-3 BREEEARED
2-3-1HHEEREE 8 8 24.2%
2-32 FBAMBERER 1 18 3.0%
FEIER., FTRENBASRE
FLARDTHEERXE 13 5 39.4%
32 FENEBRH R 4 12 12.1%
33 REEHRERBECHREE 2 17 6.1%
A ERNEERXE 5 10 15.2%
=4k HRNER
4-1 ERERE 9 7 27.3%
4-2 AR/ L | RiR 1 18 3.0%
4-3 JABHEE 15 4 45.5%

4.3 [EREIRAEIE

HFACS BMEAEREL , ENEHZRERSERBRZRIEFTREL RN KRG
R URARSHKELALRENGHBEKEEEFE 1, HL Goodman B Kruskal Tau(z)
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BREESREHENRE, 2R Mantel-Haenszel BSE Lt (odds ratio) , RIS B EIE (B2
1B) HBEEBHKBR (E1E) SEEBRNWEE (odds), RESEHREE BEE) FTHR.
KEHR (kEE) SEHANSDEE.
AREWERLHBRESHAEMEBEAARBRZBR , REZEALARRZFERNE

LHBRE ARSI MBSBRTFEEHSE 1| BRBEMARREHEZSTERE - "Rl
BREMIEER, BE TRAKRER 2HEAINR , AHEEEMRE D EEE (p<.05) BEEMR
BHERNMKR 6 IR, BEERFEEHER 1| "HINRENERN, EEEEENENERG
218, 2RABHK2 2 "TMENEEMRE BETAERE / DBENREL , B 2EDRIA 4537
B2 6.7, t{E4 0.034 B2 0.051 (p<.05) , AIIEFEFERILL®E (PRE) i 3.4%K% 5.1% ; BEB#&K
FEBHER 1 TRFER, EEEEEVNRENIEBRTE6E , 2ABRIN TTEN
ERLHE SR B TR E RIS ECHREE, , URER 2 0 " B AREREY B IR,

TEMRE, . "TTMENOEMREE, B TE£B / DERSL , B 2N R 4086 E 15928
2B, BN 0.031 £0.121 (p<.05) 2@ , ERFERLEE 31%E 12.1% , HFERIREE
WME 9 BIRETHE o

3} 6 HFACS SIEMREIEMR 1 " RIRIERIEHEIR ) B NRRER | CERRIPNEMER

HFACS B 5 B ik xAest T RE(PRE) Odds Ratio
BEBMR TR MR B | PE B | PE
BESEREER 1 TEARENSER, EEEAEE

2-2-2 MEREEBARRE X

11 B ey 3 2 4,537 0.033 0.034 0.034 NC
2-2-3 &8 | LERE X

11 B ety s 6.7 0.01 0.051 0.01 0.205
BEERYEER 1 TAKER, BERAUER

32 TENERLZHER %l X

1.2 SREEgEEE 4814 | 0.028 0.036 0.029 4.851
3-3 REERE RS EC HREE X

110 Sk 4.086 0.043 0.031 0.044 NC
2-1-1 HRMEEBAY B HEML X

1.2 ShEgEe 15.928 0 0.121 0 4.429
2-1-2 FATEIRE X

1.0 SREEsEEe 5.272 0.022 0.04 0.022 0.28
2-2-1 FENLERE X

10 ke 9.568 0.002 0.072 0.002 3.333
2-2-3 4 | LERIRA X

1o ke 4.615 0.032 0.035 0.032 7.286

1 NC AR FIBRMEHE — KR 0, FEFTEH odds ratioo
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ZHk 6 BEEMRP ZEREERAILERES E >005) ZBEBEITERENRR
BT :

1. T2-1-1 BARREEYEBGRMS, B T1-1-2 REHEHR, 2FE

TERRIREYIBGRGE, B TRERERR, |, HEBME DT =15.928 (p<.05) , 1=0.121
(p<.05), ATIEREFRRILERINA 12.1% , BER 1 TRKRER, cEEFERHMESRE  H
BELE A 4.429 15,

TEARBEEYERG . RIEEEREERRINERRE  HERTKER , 233
EEAREERMEBEHRGNTE  UBFEHEE2E /| VERR. TERAIEETZEN
B, AEE M IREMZ SQ006 ZAEEMEBBMZHEAR RI) XEAH , EHE
BFEERGEEIREE | HRFHEME , 05 AEERN N4 & N5 BTER , REmEIL
B3R, SQO06 MMMEE T #E 05 AMELRHEIRT , X B 05 AMEEREMRBTZA , B
KEER SQ006 RELEIR 05 AMEHEERE , BEBTERATERZ 05 £iiE, i
B 05 £E®R , EEBE (CM-1) BNRTER , BIBHE (CM-2) RinERMAES
(CM-3) WREE CM-1 ZRE, BERELEIERCB L , k@R, KERERES
WEE  BEXERMEE TERRNESRREE 2D , RERMESXEMRTE
BMHEREELR,

LREINAFERBE Y TEARAREEYERG . ¥ TREKER, CEEFE  HikE
BMELNRERCRNEESERSRARBERERZEFRIEEEEZERF, EREI
RRE , RMEHESHMERBERNEELE  ERTEIFSRTIHZER  BRRXRER
BIFETRFAME A IEfREE ; MMEBEFEL "HHEMWN, (CALLOUT) AXNMERR. MR
MEEHMEIRET A REETSBEFMETY ICAO 2 EXR B HIERNIEEABRE 215 R
i, M EEESESI REFRAEHTERRIBEREFSE  EVERMEARTAEEER
B MHEUTHEECEMR G EMBER UGB RMEEBEELARIEIAR/ERLT |
EE Y B E R
2. M2-2-1 FEMLEAME, B T1-1-2 RRER, 2 FE

TRENOEARRE B TRFHERR L, HBBMED T 2=9.568 (p<.05),1=0.072 (p < .05),
AEREFRLERNA 720  HER ITRRHD[ 2 EEXERBERZ  HBE A 3.333

kv
Ho

TRMERNOERE, BEERBTERR  ERIELEHETERRETZ2LEN
DERE , EMEIMELESERW TN  ZESERTERNOERE, UBREMNZE
—hERE (GCOL) EABAEMHAL , EREHMSCHITEBTEEERT , ¥
EREMTRERTRER, XEHMERMMRMEERBEHF S OB  MERE
BTG EHNERETIMMERE  KAEBEREARTHCER, HEEFESNEBE
R, REZMARERERE 2T BB ERIEH F BB —RB BB ha i REH
B BREBHEBESE R, EBEMTZPHE, TERER BN RISHEER
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EASBT, BBZLAHBASRAZBIOBERERER. £REEERENR %
REMERETHARBHERSESE, TRRABNEREEEFEXRIRTERER,
LCEHENA TREMNOEAMREE 5% TRAKER,  HRAMERESERITRGERY
EFERFATE  KMEMEATZEBAEEN , AMEZEZEERSSEARN , HEK
BAECHMEERRAE  CERMEE_EREXROER  ERMEREREHET
2. RMASHTEERABIRREERHERMZ2LEREEZ—. ERERNEES
EEBHERER L THERAZES , BMBHRRZRKREEAE, &RAESREE
BIRER , IFTHRABERAESE , IELEMRARRED , AMBARTIESR, £
EEEBFREHMEBASIEZKEN  TUBEHEBASEAERRZFE  S— KR
RMBERNZE , HREETEEEFEEYE,
3. M2-2-3 4% /| LEMRRGL # M1-1-1 HATRENER, 228

TR DBERREL B THRATRENSERR | HBEBME ST =6.7 (p<.05) , =0.051
(p<.05), AT IERETERILL RN B 5.1% , HER 1 "HANRENSER CEEFERBERE
HEBE A 0.205 £,

M DERNRE . RIEEAEAMITESENEBRROERSD , BRI EUEERT
ERARRZER , 6l HEREBIRE, R{UBEVE , ERE LTRSS H
SE. NEERZE—RHMEE RE) EHAS , ARENERFENHBERRERER ,
AAXB T, IKIZEMTEZT 4SBT (cockpit voice recorder, CVR) B¥ , RAEE A ESE
HREE  REEBARRARMRR , SIS EST ; BERMBFEEBEEETR , R
HERTERBE MR ERNNEATERZMRERER (landing distance available,
LDA) , SEASHRRZ ttaER , BRFHEEMRMEEIER (actual landing distance, ALD) B
InfEsERR, MAMMAEER T£2 /  OENREL FEHE TRINRENERR. | ZEAEAIR
#0218/ B2RRTHEESE M, MERUERE XN B EEEERCRR ; i§it
HERAAERSEARRBERMEABESR OERLE , ARG HMKEIEE ; BitE
BT ZERREME K RAESERIEUFHARNERMKR , BERREEARERBIR
BRAKERE , FERMME R 2 RIRNEE , FREEHEEESLER. REEERZENT
FEAREERMFEMAE , MERMASEREREEEES MR EBRAREIRE , X
REBERMRERRRRERIIGE , BEF / REBERCERER , o %
. RYHE. ERRRREDSBZRES,

fiKi&k HFACS EXNEM , SIRERREETFRETAZERER , T BHERSERE
W BMARR , ARG R 6 Y THATRENTERR, B TRRER) EEEEINRE
ZEEEHRKER K BELERHEBEFENRBEENR 7R, R7TFREBERTFERY
JEAR 1 THTRAERVEEER ) B TR HEBMETERNRE , & 2R 3.918 E 20.398
2, t{ER 0.03 F 0.155 (p< .05) 2 , EMEFERILERIE 39F 15.5% , HFEARKW
9 EARETHET R
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S 1:NC AR RBIBEAME SRR 0, FETEH odds ratio,
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¥ M2-22 TEMEERE, 2¥E Rk 32 TENTRTHSEfH, ¥ 223 £8 /
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1=0.155 (p<.05) , AJIEREFERILL RN A 155% , BB MRS , HBEL A 25.714 12,

THEEZERE / L/ RIRL ZEFEEIITERNOE BE. FZ EESH. Bt
TERKREZEBHERES. XN HERAERNERKNIELE, UEEMZE—FE
EHEEME (ARC) BHAS , EHHRERR . "FHERENERZENHEBLZ
AREM  AEENCHEBEN  BHARREEZMKE , ARBEPGR LB ZPHUH
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AEL, WK SERRNTEZRMZRE 360 XA 320, KFTHEBZRERRF , ¥
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R EREBACEEBR O R T ENEERRMEEREBBMNRIERRKNER, M
NREBERGHABERS. ULRRIR , U BEE, ABBEZIE. 7 ITHEERE,
AEER, BAMENENT  UREBRBHAZEERRLE , REBEERRME
E4E, LERY  BHEHY THEBEE L/ RIZL ETHE  BREBEAREZ
B, URMZEABAERE , BERZ AR KRREENEE RIS XIEHEE,

2. "33 REERERMBECHMNEE,L ¥ M2-22 TEMNLEEME, 28

TREERERBECHWEE, B "FENEERE, | HBBES T »=16.157
(p<.05) , 1=0.122 (p < .05) , AT IEFEFERILE RN A 12.2% , B@EtERz , HBELA 17 12,

TRERESHEECHNEE REASRARTBELETANRRER , UREBERE
MEMBEAR, BiE. IRREARERLEFERKE , REFUEE, Hlm : Bz
NABTHABSRIBHMSCEHEETEE , BER B BISRHFREKE (RE) , £RK
LhiERIoERARERCATHERED . TMEP OB CEBREETR , CM-1 & CM-2
RETRINEBRLEARBBERHIZRE  EMUERER T AESHRETHRE, &
ERARMEES 2R IEERRNRSHERER  CEESHAIEECERENRBE R
BEEIRE 6 SREFERNZILNBERSKEEF. o B RMES SRR HEE IR
BESfRER, AHIREBEREENRITIE , RITHPLCHREE AN ZRER(L
RHMREREEEEH , REAKBEBEENRE , AEEBRRMAEHRRNMESHR D
ZRBEBEFHRTFREEZER B2, ARMZEARREMERMEETEZITH( KEE
HERBECHNEE ) , ERBMAERBTRNEER  REETERRE | BEEE
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BIEEKEREE , REZERIERHT , EREEHTERREETLZLTAREE
FRZENER. UBRERBEAKS —ERE (GCOL) ERARFIFRA , BEH LS
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REHEERRELEH  UBRERERREEHIT  FERBTHSA—EMRE , M
BARE, EDABREEZEREE , BEREXRIBLERE / VBEZRE , REBREHMIELE
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Bk 1 THATIRENEER, B TRKER, FEENRZ TEMKER, H TEBHKLRL
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(0.05>1t 18 >0),
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Z2TAZEBERR , HEEA L TABBERERAZ SHELBEXEAREY  EESRER
HERFR, AMESNT BHRTSERELRLHBEACCHEREN , K HFACS BBK
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BEMRN, 2 TEARBEYEGRG.) . UBRBESTNERRE , 8-SR FEE ,
ZYMRASBEBMRTER (1 E, p<05) 2TERAKRE , HER 1 THAIRENER, &
MRRGEN, BEEEEENENEBERTE S E , BEENMR 3.19%~12.1%2 8 ; EEEEE
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