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A study on Pilot's Behavior in the Automated Cockpit
B. H. Kwon, C. Y. Kim

Abstract

The objective of the study is to analyze the pilot's behavior such as preference and
management technique to the automation of aircraft through Flight Management Attitude
Questionnaire(FMAQ) survey. Participants in the survey are grouped in rank and nationality, and
attitudes of those groups toward the automation are analyzed. Previous empirical studies have
demonstrated large cross—nation differences in attitudes regarding task performance across several
work domains including aviation. Analysis of the survey shows that the pilots in Asia region like
the automation and its usage more than the pilots in western and Oceania regions. The trust in
the automation is higher among glass cockpit pilots than among the conventional aircraft pilots.
More foreign pilots than Korean pilots believe that the automation may deteriorate their flight
skills. While more Korean pilots than foreign pilots agree that their flight skills can be kept by
manual controls. The pilots also feel that the automated cockpits would require more verbal
communications between crew members. For improving the automation management skills and the
effective automation wusage, the Situation Awareness training and Crew Resource

Management(CRM) training are strongly suggested.

Keywords : Automation(ZxF%3}), Glass cockpit, Automated cockpit(x}53® ZZ£4), <tAA,

g4
LA &

1. 97 W7
Qzte] 7|5 W P A 1009 de] AWl 7] FFVEL ZFTAIEY FFT 7e
ols) 9Eo] ko oy 7px Q9o g Almryl FAs Y. 2y 24 AlA dAdS Ay g
T 7lEe] E5A wdel d<lof 3] Aol 04 9o gdoF gt At FHdd AuA
o2 QA gglo] 9Jgt Ala W& molHTha & 4 vt Iy A YASke] AuTAE o
3814 ¢}, 2004 ¥R E Boeing A2 9)5HA 19590l 4 20033 7H4] BFAISF 18671 2] Ala B4
Z olo] B3l 501S A3 1367 T oF 62%7F 91F 0l o3 Alnz B k(2% -1)
« |gkaly B777 7%

4
ot
m of
=
e
Rl
oot
ol
Mo
gt
Lo
i)
Rl
4

re —+
1E o
_>‘i -
Ry



7] ARAES 1A 29 A 2~ElS Fjuralgd om
FHZoll= o] v ARA S A3t Al =F 3 =+ A Eloﬂ upet ApEsh Al 2" Al
2 1S wrodA nlg) kIt gE&Ael 7loE & $tvh ey AEst AR W
o 43 <14 o gt JEEE =9 AEZE Errorgs
Eo] zEst A2l Al FRLE] 1]

2}

]
ZS|

-0,
1 o
ft
ro
=
>
kl
Ll
Sl m-m
o
N
do
:O{:,I‘
>
offt
oty

é
N,
-0,
i
é?:
L
1
ro
>
k]
3
ﬂVL
§
B
w ks
% ot
ol
N,
2
L
_,>L
1-)4
of\
>
]
o,
ins
—
oft
o
Ex
of o
o
2
oX
ftlo
9,

AL 253} }\])\Eﬂ A = 27}0}
937 299 Avez 4Ho] Ao, of AL
7 oaAE QA7) goldnks A% W@ FE Atk A
om AFse AU Bahw glor oW §H
A A= AT Texas thdtal agolw W

3
Research Project ©9¥0]7]% 3 Helmreicht FMAQZE o]&3le] ZFAIS o U3l A& ZAE 3

% T
Z2FAE] CdYE & 2As)

)

s

=

ths Hofstede®] #3} & 283t F4I8I¢lom 53] Agste] g Ada=s NAF 47}
A8 At & FJdo] & A3EE YER L 5 (2]d Fosiglth. B A gl o8t ¥
wokE Xl oY FTHY AN Gl G Aol BEE HEoA FURE AvkE AojH &
Holal vk, mp7A R 71 B2 ghe] Apo]HuEnt ofue} 159 wjA o] oSt AFolH &
Holal 9t ol& E3HA Aol W E St B AFE old ATE WP R digtdEeA
ok 5 A 23 SHYES gz A% The Flight Management Attitudes Questionnaire

A AEZALE Hlusle] 8 5 U5 HE ¥sE d9Ea

<E 1> Al 24 89l

0% 10% 20% 30% A0% 50% 60% 70% 80%

Flight Crew 84 62%
Airplane 19
Weather 16

Misc./Other 7

Maintenance 5

Airport/Air Traffic Control 5

Total with 136
known causes

Unknown or 50

awarting reports *As determined by the investigating authonty,

Total 186 percent of accidents with known causes
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<E 2> 33F7] Type'd Al1&[3]

Hull L

X2 rlo b N -

4§57

Helmreich,
A9 o458

d 4 Sk

Not flying™
707720
DC-8

]
[
[T ¢

a3
124

9.15

14.56

727
737-100~-200
DC-8

BAC 1-11
E-28

1.10
133
128

T4T7-Early
DC-10
A300-Early
L-1011

Concorde

MD-80/-90

767

757

BA=146, RJ-70/35/100
A0

A300-600
737-3004005600
A320/319/321

F-100

747-400

MD-11

CRJ-700~200

Al40

A0

77T
737-600/~700-500/-900
Il

F-70

-

Total
Hull Losses

6
Hull loss accident Rate per million departures
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Generation: Airplane types are classified by generation groups in order of introduction to service as follows:

First Second Early Widebody Current

707,720 727 747-100/-200/-300/SP MD-80/-90

DC-8 BAC 1-11 DC-10 767

Comet 4* DC-9 L-1011 a7

C\-880/-990* 737-100/~200 A300 BAe 146, RJ-70/-85/-100

Caravelle* F-28 A310

Mercure® Trident* A300-600

WC-10* 737-300/-400/-500
A320/319/321
F-100
F-70
. . i 747-400

* These types are no longer in significant commercial service. MD-11
A340
A330
T
737-600/-700/-800/-900
i
CRJ-700/-900

Aa 2T F27F E4F o]F AEst AlaHo] xFo] B
g Yol 9t Errore EAAT AFstE e E g2 ZAFEC TS E}(Execum/e
Summary'Report of the FAA Human Factor Team).

Sarter?t Woods(1992, 1994)el 9J3to] ‘B2 xFAEC] FMCS &4
B A4S shal JrbE Aol #EE oW AN Ko FAE &85}
’\E“O] A AEeE Fo HF AstE fEeksitt. ole 53] Assl Al ~Hlo] o}

A# 7 ALEYE AS US FEYAT Ed

0% A0 QAR A ALE FUE 25 AL

(]

1

L

4. AF8] 7%
A58t AlzEle FA FESE vy ol 37MA TR FEE 4 vk o A2 #E UlE,
%% 7]%, =Y E % (Monitoring) & 7 H.(Alert) 7] %5 o]t}

7} 39 7%

7 715 = dEA e A28 FMC(Flight Management Computer)o]t}. A& % H]g A&
2} 3 (Flight Plan Data)E g€sld HZA mxe £% 208 A|zro] AALE ™ TOC(Top of climb),
TOD(Top of descent)?} A|AE T} H& F = WAL 7] 3|9 (Weather Deviation) Aloll= X
&0l vPARI AFH 3 A 123 (One Engine Failure)Aldl® HA 129 &% AR 5ol
Al
. 2F 7%

nnw uE AFAAE T/ Awb AusEE S g 48] AdNE 4519
[}

Throttles control®} ¥] &7 Z(Altitude, Track) ZZ<& &jo} GPE} wkel -3k FH-o] o] AL AS
Z%F dvd fgA 28 d Aol HFgmm volx ATC {ubs A HAY 549 A48 1
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T A= A4 (Radio)d] o=

A HAtk. 53] VHF Radio’} A A] ¢+ HF Radio®4!
= CPDLC(Controller Pilot Data Link

el B oabddd &gl Aldelor flovt HA
ks

Communication)& %3l ‘283 2T & TS

L& &
1. FMAQ ¥4
7h A 8%
<E 4 Fg4E £
Rank Frequency Percent Valid Percent Cumulative Percent
Korean 373 32.7 32.7 32.7
Captain
Foreign 157 14 14 46.7
F/O Korean 580 51.0 51.0 97.6
F/E Korean 28 24 24 100.0
Total 1,138 100.0 100.0
<E 5> 7 7]%E X

Fleet Frequency Percent Valid Percent Cumulative Percent
F100 57 5.0 5.0 5.0
A330 140 12.3 12.3 17.3
CTN 6 5 5 17.8
B737 148 13.0 13.0 30.8
B744 428 37.6 37.6 68.4
B747 79 6.9 6.9 75.3
B777 128 11.2 11.2 86.6
AB00 88 7.7 7.7 94.3
MD11 54 4.7 4.7 99.1
MD82 10 9 9 100.0
Total 1,138 100.0 100.0
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A B &80 wet AgE, T, SAEE 241, W7k a3 F2DE Ure] 48
Qdow 7 BE Wa2 9% F#H(significant association)(K5%)0] 3 2As o s I3
AT X-6, X7 AEs AR dAAA/AFA dig HEet A3 B FE O

g ulgoltt. E-69A Solgt He Awd ® ZFAdA= By @e uisyl Z8sit
'(Automated cockpits require more verbal Communication)ol| 4] 33.8%7} '“&2]'slt}ar 53} o).
a8y ZES vtol 'UE AE vld el #-ste] 1F FolX(standard call-out)dE A&
PR &t}'d feel that the standard call-outs related to the auto pilot system are
unnecessary)&ti $F FE A= 87.8%7 'Y A 'S st T FEIF SHAY WG| &
2pol7t k. & '¥F  Fol(Standard Call-out)'e Wr=x] Zedd] 'S4 ti3H(Verbal
Communication)'s ¥M2 QT 2=ty Qyztels Aot} ogst o)A §o3le] HF-2<Q
A4S 8 2o

<E 6> 253} AHS] FAQ/AZE e =

Attitudes about Realistic/Discretionary Use of Automation

Handling the automation was more difficult than | |
flying during training

Automation should be used at the crew's | |
discretion ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Automated cockpits require more monitoring | |

| feel free to select automation level any time | |

I feel that the standard call outs related to the [ 1
auto pilot system are unnecessary ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Automated cockpits require more verbal | |
Communication ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Flying proficiency maintained by disconnecting | |
automation

There are feathers of the FMC that |l do not fully | |
understand ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Use of automation may cause loss of flying skills | |

I I I I I I I I I
0% 10 20 30 40 50 60 70 80 90 100
o 9

‘I:Iagree Oneutral ODisagree {

ZsstE 2FAAAE By 22 A3 syl Faslth(Automated cockpits require more
verbal Communication)' @50 tjste] 2FH zto]He YelA] groy SAEEZE 71 &4
ZFA FERE 10/ HH R e 5 5
o] S (Disagree)' S 3+ H]E | =%t
"= 2 2E23 BHste] 53 Fols & I QA4S »7)x &=t} (I feel that the standard
call-outs related to the auto pilot system are unnecessary).'8}al 3+ FEd A= AFEHE= 714,
SAEEE A Y, 7ISHEEE BT47T 2FAEC] T (Agree)'E B G HlEo] HTh e
AeaE Z2EAAAAE B we Y-S gda2 vl (Automated Cockpit requires more
momtormg) e el 81.8%7F 52 (agree)'E %U‘r o] & AA AR EXF B
W AFHEE FV)%(F/0), AEEE 1EA, SH4EEE ofxg ), V|FEEE A330FRFTAIE
0] 5 (Agree)'E Wol MY Wi AFHEEE 7, E2EEE NS, TH4EEE ozt

ro

EEAEC], 7|FHEEE MD82 2FALEC]
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7|ZERE MD11ZZEAIS] ‘B9atA] ¢ (Disagree)'s @o] HAElst}. o] ZgHor B

s ®HH zEstE 2F;AA Hade] ®FE FolF-(Standard Call-out)'¥ 'EUE

(Monitoring)'& WF=A] e sty 18 &F7](Conventional Aircraft)oll Hla| o @& '§A o

(Verbal Communication)'s ZQ38}#] ¢tia Aztsts= Aotk A53t il REAE 23 &
2 o=

QJEO] 318 F,HEE— 751
z

X-TolAM = 'a&4d 2FTAE AlFE e GulE 3 ALg-skt) (Effective pilot always uses
the automation tools provided)' &3 'Y= H|& F 7153 Ho] 2535 ALl =85t
9lt}h.( try to use automation as much as possible during flight)' @&+ H] 523 & J,] St

B80% AE7F ‘FHE st dout 'Z}—*}CQ AseE sAEtE AL HdloF ghh.(Pilots
should avoid disengaging automation)' &EM = 52 (Agree)' 7} 50%% o153 Yt} T3
Ap53ke] Abgo] vld 7S ABAIZL 4 dvh.(Use of automation will cause to lose flying
skills)' o= 33.2%70] 'Sol(Agree)'S 3oL} % WS =5 W3 7FS §X3n
1t} (Maintain flying proficiency by disengaging automation)' 3Eo| A 71.3%7} 59 (Agree)' &
SEE et

AgAow AARW WHES) Abge] WA G AskE Al FHolA E-8ol A9t o] A

|
i ERAAE 71, 53 BRAAE ARdEGEY, £F) 24050 'Fo(Agree)'E AEEtaL St
o] FE& 1998 W] 24% 'Agree'HTH °F 9% 53 33.2%7F 'E2(Agree)'d A Hold wh

(o0

Fo}. E3] 959 7| HEL F41%7) 59 (Agree)'S AE st Qi)

<E 7> ASE H] FE

Automation Over-reliance ltem

| would deal with a same repetitive abnormality
via memory rather than follow the procedures

Automated aircraft are more safer than the
conventional aircraft

Effective pilots always uses the automation
tools provided

Pilots should avoid disengaging automation

My alrline expects me to a always use
automation

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100
%

Hagree Mneutral ODisagree ‘




Aedhd 2FANA e A Biiee] B A7 9

T vygS E& By 7S X8 Yt (Maintain flying proficiency by disengaging
automation) gt FEo| A= =9l 7[F o] o= FHuHTE & B & (77.5%) % 'Ell(Agree)'E A

ot 71TEEE HAle 282 7 (Glass Cockpit) &8 7] oA ©A ] v 8-S 3}= B737-800/900

F87] 2EAS0] Fol(Agree) S Wol A e g,

<E 8> AF8Y Ahgol MY 1F A% 2e 54

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

\ \

= KOR *

% L

© FOR [

T | |

= KOR

T | |

T KOR

‘I:IDisagree mNeutral OAgree ‘

99 ol e @Al AT v skl dial W7 2 e A el A A A
& F= dart bEs 45 FE7M AAEE A5 w240, 0 would follow the displayed
procedures in the aircraft when there is an abnormality even if it differs from my knowledge
on how to deal with the abnormality)' 2= 53 'Y= Fox AJZF ¢kol]l A8 2153} =5
S AR F9E =R &=t (A feel free to select the level of automation at any given
time)'2h= FEoM = A5, I3 W Axe gldoy 718 oA B777 2FAME] 59
(Agree)'S Weol Agstlt). o= B777%& 719 Absstd digh =A< AE A2t =55
Bt B 4 9loh

<E > FF HAE T3 1Y 7F /A

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

KOR

Captain

FOR

KOR

F/E | F/O

KOR

O Disagree W Neutral O Agree ‘
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. 2 =
2 AFA 2FAEY AssE 2FHNAY HEE AHEYT. A $HE 2TAES Al
B2 719k Hek Glass Cockpit &F7] £F oAFoA = zlo|ntiE 312 549 TS
g e Zlor dddn. AEste] o Aok o= UEhy

Helmreich7} 19961d o]Z o 2FAIES WIS 2 2ALSE AF5 oA BolFE k(e
2 Ao 2 Yegh. o] olAloldd A 7MY &2 FARA Asste Ui dixe A= =2
ANE K

N

AN
-

Helmreich d? o o]shd Hofsteded| &3} 21 & 7159 A=t A A7t Absst dar=9
FHAATE 2 Aoz dHA dn (E-10)

<X& 10> Hofstede data®} Pilot data2] A-&#A[4]

Pilot composites Hofstede’s data

IDV PD UA MAS

Independence 92% 81 56" -14
Command -.86** J9** b1* a2
Like/ prefer Automation - 74 T4% 63** 22
Rules & Order —.88** 67 47 -10
My stress 60 717 23 =12
Relations -24 .10 11 .07
Rewards 32 -.04 -23 15
Others’ stress .07 -09 -.30 -27

Note: Hofstede’s dimensions were correlated in this sample of 22 countries as follows: IDV

and PD, r = —.78; IDV and UA, r = -48; IDV and MAS, r = +.02; PD and UA, r = +.29; PD and

MAS, r = +.21; UA and MAS, r = +.38.

*p<.0%;*p<.05

ekt 2EA A A A 2 Fohel So ABE HESE AOR B & Ak
Aestz A% WY 7o Astel] i AielA 50.5%9 2FAMEC] 1

33%2] ZEAEC] ZE*BH SHsklth AAE TS 84 ke SHol

o] 43.45%2 VFERta 9ol [6] 7] FA1ol Bate] 4Bt 2 BAVL 5 g
W 69.5%7} %71@% FTINE £% 2250 13 BYsn Aok

Te 84.47%2 UEN] 2 AAE wola Q. =3 277 A dF
oel 83.1%7F 1ka SRS 8 AEOIM AFE ew AL =

a3 Qe Aow Adem glon nEw A5sE FIE SFAR o

3 S Qo 2FAME ] 253 A]2ES disengagests Aol tiE] 28.8%7F ¥

Hofstede9] &3} a4 5 ‘B34 33)'= Helmreich Aol A9l o] ¥ Jg&S FX

vetgth 2y 2FARE S Absskel A2l SEd gk sile] B Ao

U v et A= FMColA dadt ARE A&38] 78 & qvbs A

Frod sF9S Asst AHES AR dobel 88.7%7) ‘AR W R &

olafstA] Hsh= 7] o 1‘% mode”} Ath ol 51.7%7F ‘L&A vk i SR EE"J ‘Ur‘—E ojd gt

A= AHE3t A RS ARsted FAA Fevh o g8 87.1%7F

2

-
ok



AEstE ZF A AL Blko] 3 A+ 11

ol Z2FAF F8 3 FAEE S Hola Qo) 3 H XFAELS AFdE 2T HAAM=E HE T AL
2F0] FoshH o]Hd JAAT WAL WadE = vz B3 gtk S A5 322 A3
(Cross—check)7} ®t} ] HQ(80.9%)3t3 A58} AlAvlS ZFAF Aol 93] AH-8(74.3%)% o] oF

st B Q)

LI EEAEE BAA G ) AF WA ol 2 5 slow] 4B} )

o elol Al AASAY AGAA LA BHE ehin ek ol AT ARl Ao

Aeksl ALt 448 4 998 4ol AL 5 A ALY AEHR A 234 AP A5 2

2 94 Belel I 4+ Slehe Hel Al Fedelonon o1 B A BUoe 45 04

e AT STAL S 488 T F 9 CRM W& Faaor A4 o el (BrronE
e
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A5 9 AT 95

Contents Area

Item

1. T am concerned that the use of automation will cause me to
lose flying skills.

2. There are modes and feathers of the FMC that I do not fully
understand.

3. It's easy to forget how to do FMC operations that are not

Automation Concern performed often.

4. Under abnormal conditions, I can rapidly access the information
[ need in the FMC.

5. Handling the automation-relatedequipment (EFIS, FMC etc.) was
more difficult then the actual flying component of the flying
during fleet transition training.

6. Pilots should avoid disengaging automated systems.

7. 1 regularly maintain flying proficiency by disengaging
automation.

8. 1 feel free to select the level of automation at any given time.

9. My company expects me to always use automation.

Automation Discretion

10. The effective crew member always uses the automation tools

1

1

provided.

1. Automated aircraft are more safer then the conventional
aircraft

2. There were too many unnecessary automation systems in the

cockpit.

13. Automated systems should be used at the crews' discretion.

Recognition of

Communication Effects

14. It is difficult to know what FMC operations the other crew

1

1

1

1

member is performing.

5. Automated cockpits require more verbal communication
between crew members.

6. Automated cockpits require more cross—checking of crew
members actions.

7. 1 feel that the standard call outs related to the autopilot
system (e.g. altitude, heading, and change in speed) are
unnecessary.

8. Flying highly automated aircraft alters the way crew members

transfer information.

Automation Preference

1

9. I prefer flying automated aircraft.

20. I look forward to more automation the more the better.

2

1. I try to use automation as much as possible during flight

operation.
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Follow Procedure

22. 1 would deal with a same repetitive abnormality via memory
rather then follow the established procedures (e.g. QRH, FCOM,
FOM)

23. 1 would follow the displayed procedures in the aircraft when
there is an abnormality even if it differs from my knowledge

on how to deal with the abnormality
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