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A Study on the Helicopter Pilot’s Psychological and Physiological
Influences by ‘Surprise and Startle Effect’

- Comparison by Pilot Certificate (Private and Commercial) -
Seokjong Lee’, Kangseok Lee”, Wontae Park

ABSTRACT

Surprise and Startle are often cited as potential or contributing factors in the cause of
aircraft accidents because they can negatively affect pilots' situational awareness and
decision-making. Accordingly, it is necessary to more clearly understand the effect on flight
safety through the psychological and physiological reactions that occur to the pilots. Therefore,
this study empirically analyzed the effects of Surprise and Startle on the pilot's psychological
and physiological responses using a helicopter flight training device for the first time in Korea.
As a result of the analysis, the ratio of recognition of Startle and Surprise, heart rate, and
respiration rate showed a high difference between private pilots and commercial pilots. This is
analyzed as the difference between long-term flight experience and flight time. In addition to
presenting effective information for improving the education and training field of helicopter
pilots in the future, it is intended to provide basic data for related research.

Key Words : Surprise(&%), Startle(@# &%), Heart Rate(A8), Respiration Rate(28&<), Flight
Training Device(B]¥&#4A])
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‘Surprise and Startle Effect 7} @2lFe 2FAH9] 4220 vjAl= Gl w3t A+ 29

=%%toH, LOC-I Atal= H|9 & = (surprise), 2%
=H(startle), FoATHdistraction)¥ 22 A&,
ABEA 919l IS W= A oE P $FYY A
ol FAA FFE v 4= Atk si3itKTalone
et al., 2015)[1].

20179 59 59 F=9 Wycombe Air ParkolA]
AS-350 FEFH7F 94 H hydrauric failure) &
A Foll AWl &Sk At WA = 3
BALZARIYSI(AAIB, Air Accidents Investigation
Branch)ollA] AlaL Q102 3|8 =& F AZAY &
23t A3)F) gAFA] ke 2EHO| AR Q) 7%
EH(startle) FFS WS Zlol2tal LIHSFATH2].

E3H 20169 10 21¥ Eurocopter BK 117 &
2]FE7F ot SHYEAHIAEMS) AFE 9ol + A
$2 Y=9] Crookwell Medical 254 ol53t
S, A71X] GA 5ol XYsHHA FAsH AAE
AHre] S5 AA dejgH Az A 2 Fa
AAE(GPWS, ground proximity warning system)
0= Qs 7WIARE Ao S5 LAY ATSB
of|A] W3t Safety ReportollA] NVGE 2835t 2%
AP QA 2 FEAY FE Hof| AYste] A
Sk B2 "o & QIgf 2 A7k B9 =H(surprise)
I} AR =H(startle) YIS W Aolztal Agst
AtH3). °lE%, = (surprise)¥ Z&=H(startle)>
ZZA] A% 14 E YapEA o BRI gk 1
A 5= Q7] HZel F37] AL dRle] FA Ee= 7
o] gQlo&7 &= Q851 QItkRivera et al., 2014)
[4].

THAoll= “=(surprise)’ ¥} A& =Hstartle)” 801
= A7 22 LS AT o] 2FAE0] TE 2
2 9u| AR EQI o2 Qs 2FAREC] HHs=
= (surprise)?} ZA&=H(startle)o]] gt BRI} %
FAlel HIA= Gl tiell F=d o =xt o|sfistA &
At 23y, EH(surprise)? AR = (startle)> &
AHo=w of 2 Acle] osf A= A} BREoAE
Zo]7} glom(Rivera et al., 2014)[5], E&(surprise)
3 ZA=H(startle) Alelols =535 Md4, P54
g A 2pol7t Qe Ao FHSIGIrHRivera
et al., 2014)[6].

= (surprise)¥t 2= (startle)S H|P7] Hof
oA A AAXCE 3t A7} o|FofAH XFA}
9] WSEH Fopof| ZFsto] Pt ont, Y
o)FE Bollie 2FA] 71ed 58 958 1
SETAS AR Y o= AlEd E= AE

4 99 5 u71e Hobg wigekA] gkl Gl 44

olct.

ofo] dalFE FIAK] 27 HAd wiXs ol
sl F&siA olsid "a7t St

olof, A= FW Aoz T LoH|dY
AR 2w (surprise) ¥ ZF=H(startle)S 4%
& 5= e FEE Aot dEFH AVRE AL
9 AAE 2F3AH] AlE E Ao wX]E= 7ol o
sto] AF BEA5t1A} stgom, 3T FElFE 2F3A
of A& A5t Aad HJHE AT
Bt ohe}, # A9 7|2A=E AlgotaAt st

ok For
e

19

=]

5
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Y,
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2.1 U&= (Startle)

=L (startle)> BE L3FA 53] B 5= Y=
AIA] Bgt A4=ol] tigt ¥kS{(Martin et al., 2012)[7]
o2 ARl A wiAte} P54 sehe v &
i), APEAR] A Wik & e, 25 5
SO& AAE Hesh| Yol SHloks Ao, 24
E(startle) ¥HSoll= A2] 2 ShARRTE o2} 2}
IR Zgo] EgFETHKoch, 1999)[8]. IATA(2015)&
Startle2 4AQl QI7o] AEHA ¥RE-E Aok
AR FEt AR digh 7] ¥Rgo|d, ©r]&o]1
APl A 9 Q1214 ¥ 2 (9], FAAQ2015)E
AGgt AR A EA E2E o BAE 5 gle
45 SRR Ego g HolsltH10].

REH(startle) 7}, Al = £ A= 59
4 4= 9JoH(Yeomans, Li, Scott, and Frankland,
2002)[11], Fetcho and Mclean(2010)2 7=
(startle)& Fok= kA B2 7Ad 2 4
£ U= Z2= 80~90 dBY] &A1& &9l A= &t
Al g 4= Aok S5t 2], FEeE ASohs A%E
Histartle)Z A= A1} A& AI7He] ko] wet
AP FR2AOE AR o] AEFHA WHG-Z FEsi
AREEOIAl AT Aot BAYsIH(Gillen, 2016)[13],
Thackray and Touchstone(1983)2 &A™ 17
L9 A7 Azol =2E A T Aol His]
o ZxE S99 the A e, v, A%
o] H7t AsE " 7iAbe "ol ArH14]
Gillen(2016)2 Z#=H(startle)2 AX] A& 5|
st 7HQle] oxt 24 ¥ A 2 ol FAEA
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IS mHTk 3192 [15], Martin et al.(2012)&
Q1A Boprt 718 A FE 23t off 28w AR
(startle event)o] HHE= FU ZFTAR] AR 14
9 oapA7go] X Adth= AL TANUCHI16].

2.2 =H(Surprise)

F2 AEskd 9 PeHoz vt ZARsH
(startle) HHARS} WESI= A 02 =F(surprise)
2 PR K5 Aof gt )1x] € FAH ghgoR
o=, o= AA| eol tigt B4 Z|the} Q14 Tt
o] EUA|Z I3t A¥=2 45 =& HHorstmann,
2017)[17). Rivera et al.(2014)%= #H419] 7ol &
Ao}A] = HRE TESHH =H(surprise)o] LAYsH
™, S (surprise)°l] thet 8 AR 219 F<l &

2 #Hoe 4= 212H[18], Horstmann(2006)2 &4
AFA(surprise event)O& A8 279 78%7F X<
Hog P& ookt siitH19]l. IATA(2015)
£ =9 (surprise)} AAIC}E FHE 2tolE A0
2 wolsol= Z2=E[20], FAAR015)= HIAAFE ]
t85t7] Sl 2FAM] BA1A TAo] RS wiA
= Ue AR g AFCE AYsioinH2ll

S (surprise)& 713 &2 A= A& B &
QoA WAL 4= glom, A== AFo] gl =
TS = Ik (Rivera et al., 2014)[22]. Hilscher,
Breiter and Kochan(2012)2 H|3} & oA &gt
AOR Qs 2FAPE 52 & = skl
[23], Casner et al.(2013)2 ZZAP| =5 O
FH A5 F83k= b AFT ool S

AFCH24].

Jor ok

2.3 X}33t =2t (Automation Surprise)

ZZ0)49] AsSHautomation)= auto-throttle,
autopilot, flight director, flight management
system o2 &7 dZ=o] 9% uwj REHoZ
= A0 Ak BFE BASHA Hol

Kochan et al.(2004)2 AFs3Hautomation)7} &
FH0lM surpriseE sk 8 A F sttt
5}IH25]. Dekker(2014)= AF=3} w2k2(automa-
tion surprise) 8015 ARESIAA RFALY 7]dhet
AR AAH] B2 7ol B ARl Axtetar sHlan[26],
De Boer and Hurts(2017)= Zrs3te] 40| &
7¥atod surprised] $-21E E8 oHTHL SFITH27I.

2.4 Surprise and Startle 70 2

Landman et al.(2017)°] AAIE9] AFoflAl Fig.
13} o] =#(surprise)?t & =H(startle) 71d4]
B AT s (surprise) A2-4l2] X9}
Zd(Meyer et al., 1997) 7|91 & 27 7] 2d
(Naisser, 1976) @ tHolg|/Z=Ql9] F/dolE =E
(Klein et al., 2007) 5= sl AARkt g4
Hdlo|t}28,29,30,31].

Aq71A] A2 AEAHA FEE Astimulus)S
Q17| - sfAlsto], B7IRE & 5 AEsial AFsh=
Igo g =] it

o] xel2 = |U(frame)2] NES =t A 7
A3t A=l gt ElofElE 7IRte R shH, Al=E 1A
Sz oA A=) A=, 719, A 59 840 9
o Z=Hstartle)o] WAYSHH 25 IRt S5k
1 HE Y7E AR JE3 P A AgS St
T3y, A=l thgk B2k QINE 4 gl HEE Al
Sk = =H(surprise) FHo| LA A=
(startle) 2tH= slow appraisal IS £ A=)

. A7 Yy

3.1 g4 2Y

2 dFe FELERERE dYEH A A4
THE ST 2FAKls “ATHE 2FAPE gt
o} AIAE AATHE FHESH 2FAKoISH “AdE =
FAPEE gt}) die® WIPEHAA(FID, flight
training device)oll &55to] ulg] +4d AE HY
AUElL 3714 8-S F8sto] = (surprise) 74
A=H(startle) FFol 7 2FA] A4, 2] gt
5ol A= P Hlaste] AF EAskaAt st

Inactive frames Event

Active frame
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respo-nse m
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+
Stress
+

Fig. 1. Conceptual model of surprise and startle
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EbA APAE HRFOR Fig 29 Zo] ALY
< AABIAT

3.2 78 4N

3.2.1 AU2R |4Y¥ =2(Surprise) % ZEhsE
(Startle) Q14!

AlUE| e 3g0] mE A 2FAR] = (surprise)
9 2= (startle) 149 IAE RIS st
o3t ol 7HdE AXstt
- AF7HEH: AV 338 APRS 23ARE
AR 2FAEY] )14] off Zhofl= RoJgt A
o] gict.

- gE7HEHY: AV 38 AR 23ARE
AFGE 2FAEY] )14] ofF Zhofl= RoJgt A

o] Sl

3.2.2 MU22 G¥E =EAQ| B X0|

QR ALR|R 3714 fFo] I Ahg &
SAloh AUS EFAE FHESE 67) Weto] that A
% 5850 7 W@e Holg Falsh] fste] o
83} o] 7HEE Agsknt

- ATMEH): ZE FE

- R HEH): BE FE

Bt At
Y 24 gt
3.3 gYHE

3.3

g 2 EIHR

4% WP § 3082 Adsigen], 4% W
A BE AR SHA 19 BeT A g
g 2342 TS

| saus | [ zawe |

ek 3 HE AL
e @ Uninformed Surprise
E=J0
N @ Uninformed Surprise
wolkay —E and Starle 1. Heart Rate

@ Informed 1
Izh/

2. Respiration Rate

g HE HE ALze
Argl g @ Uninformed Surprise
B

e ® Uninformed Surprise
2ot and Startle
SHE ® Informed

Fig. 2. Research models

332 4

A9 XTHRIAl 37HA] 89 AF HY AV
Agst7] 9l delgE BPEAYAE o8kl
=W ek 9 ORIzE AeiEE 2P IARIA &9
Fil 9l Bell-206 B413 AW-109 F4]S o]-&a}3]
H, o] AAEL FENFTHASALTTH)NA <
S2 Hol 2FAMY] 9o €8st 9lom, vid
718ARE Bote] e AEiE fAskL k. E3
AU 2 2§30l ARERE A7t A5 HEHA 47
Z Movie MakerZ 30% 59 AAIE 4= U= HY
Sloj Agof ARSI} AlE A8 S7|(WINTACT
WT85 model)& AH&3te] 80~85dBY] =712
EoA ANAE AFsto] AAlsilch. 181, AY
719 Al 9 5845 S74517] 918 BIOPAC
Systems, Inc.2] BSL(Biopac Student Lab, MP 36)
AAE 71715 ARSI

oot

XI‘H|

==

[}

Ll

ol L

|o

A3 WelgE 2B 229 AYE Wel
B HlPEAGNE ol3to] 20219 59U 197E 69
30971 4P stk Y A A 2L 58

A T= & A I7HeIA == (surprise)t 2%
Ed(startle) Aol ek HES AAISIIHH

3.

w

=28 HIY AUER

4 A

A Zofxk= AAMITRI(VER, visual flight rule)
< A85to] Fig. 31 Zo] #E FFH|PE 33| 4AA
gt Ao HBAEE, 1= 2 E=F {A5H
Final A< 3}3L 52 2NM A 2|-ojlA] Alute] e
1, 2, 3 A% Fofgith AUE|e 12 AHu]|1A]
=% (uninformed surprise)©& engine-failure?]
H S dlazglo] Fofsta, AlUQ 2+ AHA]
1A =37 Z%=H(uninformed surprise and
startle) 02 AU Q. 143 o|11glo] engine-failure
A A A (HeAE)E A Fojgith AlvE
2 32 HHIX|(informed)Z AFA°] engine-failure
A% A disl 1AE sto] FET FHARE S
w, A HF 7k v A Al 2 2FARE o7

Al

Z0] v|gugol HAIH 3F emergency procedures
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4

2 379] $7¢ 2FELE SPSS(version 26.0) EA
D2 IS olgsto] BAE QL AuE|ed AY F
oJ2}9] =H(surprise) H 2= (startle)oll gt Q1
A19] HE Ay et A 2FAR AlUEL H
Bl A7t YA Loty ot RI=E Ao
1 7HoJAlE A% (Chi-square test)S AABIFH. T
b ESEEel AYFEH 2FA AAER AY HY
AL 371 §8E 27 H85to] 67H2 x3)E +
AE Aol i Auke 2 5 8R9] Wi Alols
2RI57| fJste] YUHiAEARE (one-way ANOVA)
4 Scheffé AFHHS AAGIAL

o

i

4.1 MLl FE TS| Q14 Zi}

Table 1 Autelo 249 914 Z%E et
@ Zolet.

4.2 710[ME 8 At
4.2.1 AU 1(Uninformed Surprise)

AAE 2FARE AU Q. 19] gk Q14](Surprise,
Startle, Both, None)2] TAS olE7] sf X &
gt Axt X’=12.705° p=.00522 YEPHITHTable
2). FOE 0.05 7ol BARCE FosHA U
ERgo] wet AR7HE 717, ti"rdol A E Sl
weba] AAE ZFARE AUE 2 19] Q1A ofF 71
= gt d3dol e A& HE Ak

AUl Q. 19 tisf A7H 2FAR= EH(surprise)
Q1419] HlE&o] 10%(66.7%)°E 7} =2 Rleg K
Ark 9HH, AFYE 2FAMY] HIEE 4o E YEHe
] o}F# BhE- HolA| gk HlEo] 8H(53.3%) 2=
E2 Rles Bk

4.2.2 A\U2|2 2(Uninformed Surprise and Startle)

AAE 2FARE AU Q. 20] thgk Q14](Surprise,
Startle, Both, None)Q] TAZS YolEr] Yafl X* A
3t As}, X?=7.538" p=.02322 YERITHTable 3).
FY4E 0.05 7104 BAZCE FYsHA yehd
o wet AT 717}, ti"7Hdol A= Qi wet
A AAE Z2EZALF AU 29] Q4] ofi 7ol
ezt Aadol Sl A2 He Ak

Aluele 20] tisf AF7HE 2FAR= Both 91419
H[&o] 107(66.7%) 22 7FF =2 HIEE Helomn,
s (startle)2 38(20.0%) 202 UERGTE ¥, AF

Table 2. AlLt2|2 1 #FE Znt

Table 1. AlL{2|RE ZFAL| Q1A ZHu} AlvE el
78 4
A7 Z2AH159) Arde Z2Z2AH159) Surprise | Startle | Both | None
TE | sur- |Star- Sur- |Star- HE 10 4 1 0 15
prise| tle Both \None prise| tle Both |None A7HE -
Aelel: } 54 5/*;] 667 | 267 | 67| .0 |100.0
A 0,
Uninfor- -
med | 0| 4|1 )2 4 W [ 4 1 | 2] 8|15
Surprise ;]' Oﬁ% 2
AREED: =54 o | 267 | 67 |133]533 1000
Uninfor- .
med | 5 | 3 /10| -|2]10]3] - e | 14 5 13| 8 |30
Surprise A A7
and ps 46.7 | 16.7 [10.0|26.7 |100.0
Startle (%)
A2 e3: slalils|il1]-1n 7lo| A& Pearson 7}oIAIE(12.705%), AHE=(3),
Informed A4 AL FY9EE(005)
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Table 3. AlL2|2 2 AY Zat

A2
T3 W
Surprise | Startle| Both | None
wE |2 3 (10| 0|15
A7
=l X(d/xj] 133 | 200 |66.7| .0 [100.0
2} 6
4 WE | 2 03015
e —
A A 55| 667 |200] 0 |1000
%)
e | 4 13 [13] 0 | 30
A .
T 133 | 433 |433] 0 |1000
%)
7tolAF | Pearson 7IOIAIF(7.538%), A=), A
A3 Fo2RE(.023)

P& 23 A= startle)?] HIE©] 1078(66.7%) 2
2 7P} =8 BEE B9 on Both 914]9] Hl&L 3
(20.0%) 2.2 ol HZHA=o] t dulstA 283t A
oz wEch

4.2.3 ANUEL 3(Informed)

AAE 2FARRE AlLE| 30 gt /14(Surprise,
Startle, Both, None)2] #AS Lolxr] 93 X* A
A3t A3l X*=9.127° p=.028% UERFTHTable 4).
FOE 0.05 710l SAXCE FoshA Lehd
off w AFIHE 712, tig7Hdo] =gt whet

Table 4. AlL2|2 3 Z#H ZAut

A3
e A
Surprise | Startle | Both | None
iz 6 3 1 5 15
s
234 T 400 | 200 | 67333 1000
x]_ (/0)
4 we [ 1 o] 13|15
A8
z2AH AA
w | 67 6.7 | .0 |86.7 |100.0
HE 7 4 1] 18 | 30
A .
Z(%jj] 233 | 133 |33 | 60.0 [100.0
ZFolAF | Pearson 7FR]AIE(9.1279), A=), A
A% FJEE(.028)

A A 2FARE AUEQ 39 Q14 off Thofl=
ezt Aol e A o= HeAlth

AU Q. 30 tis] A7He 2FAR= =" (surprise)
Q1419] Hlgo] 68(40.0%)°= 7 =2 Wl s B
om ol QA4S SkA] 2 HlEo] 59(33.3%)2
2 Yepgth v, AGE 234 = surprise)d]
H|go] 1H(6.7%) 2= Yehtom o2 Q1A1g 517
%2 Hlgo] 139(86.7%) 2% 7H A YEiTh

HX
(=N}

A

100

4.3 LHUBLAEM I A}
4.3.1 Met2(Heart Rate)

ZZA-AUE Q. 79 7ol Ak W] Xol7t
A=A AF AT, F=12.829, p=.0002& {oj4=x
0.001< 7I€oR SAXCR Rt Hebatt. ot
A AR 712F, dig7iAo] AEEo] (RFAR-A|
UelQ 53 7hol| Aldk: 8o Zjol7} Qe il & 4=
Qltt. Scheffe test A3}, AMFE ZZAFAIUZQ 32
k7L Bt 75.73, A7HE REA-AIUEIQ 2= B
T+ 99.200% AAOR =2 Xjo|E HrKTable
5).

4.3.2 5%(Respiration Rate)

ZFA-AUE L f9 7ol 55 Hy9] Apoly
Q=R AA AF, F=27.556, p=.00002 Fo+&

-

Table 5. A8t AN Zit

&S
= =
= = post
n | B ax | 7 P I-hoc
A7+~

Aupeleqs | 15 91.00] 8.03

A7~
Ay e2P
748

A2l 23

A1
/‘]‘4'3121(1 15 7960 11.80

15199.20| 9.48

15180.13| 7.70

12.829].0007| £>b

> (B ot i

A8~
AU Q.2¢
A8~
Ay Q3

15189.47 | 8.80

15(75.73]10.94

*p<.05, *p<.01, ™ p<.001.
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0.001% 7I&o& SAXCR RofstA Ykt o
A A7 712 di"7do] e o] (RFAA]
U e 79 1ol 385 Hete] ZJol7t ek L &
At} Scheffe test 27, AFGE ZEAAYEQ 3
3557 B4 19.80, A7 2FAAIUEL 2= B
T 29.330% Ao &2 XJolE HYTHTable
6).

V.2 B

2 A= YFH AR 9 ARNE 23AF i
o= HPTAYAE o835t A H|FY AvEe 37}
oto] = (surprise)dt A& =T (startle) I
Ag 9 Ao rlX= JFRS v, g1
5t7] fJste] AF AT
24 243 ZAA, A HF AU §33of Hhigt
A7He 2F3AF E ARG 23] EH(surprise) ¥
REH(startle) 14 A= AU 3714 53
HE §o4E 0.05 7104 SAZLE FosHA Y
Epgo] whet tig7hdo] g o] foJgk Aol 9L
= Z0= UEsith 14 AifoA= AR 23ARRE
AAE 2FAPL Wi @A Zol7 AR o=
EA AT A7HE 2FA] HIS] AFGE 234 @
717t FA5) 2 v FHY Ao|= waEH, 5],
AU Q. 3(informed)2 ARAO] H[AMAIS o] wHAYE

Table 6. =

;

o
SEHP- A
TE B=
- = post-
n| %L HAE £ P | hoc
A7He-

Aupeleqs | 15 |2447| 2.61

Aﬁf@ 15(29.33| 2.26
=| 8-
= aees 15(20.93| 2.43
-l 27.556].000™| Bb
EN A]ﬁ]ad 15122.87|2.77
A8
Apeioe| 15 |2653] 3.18
Aﬁ%‘i‘af 15 |19.80] 2.40

*p<.05, ™ p<.01, **p<.001.

Zolgtal IAE FIoE ATRE 2FAY] 66.7%7F
E(surprise) = =T (startle) 0.2 QA4S0
H, AL 2FALY 86.7%= A4S ofA] ot
=4, At 5855 AAAE 2TARF AU &
Yol i AY A, BT Fo4F 0.001E 7EeR
AR ROSHA Uehd the7Ho] xfEiE|o] 244
H 23AR AU /9 7] Adk W 554 Het
9 Zo)7t QU oH, ARG ZZAPE ARYE ZFARE
oAU e FPEE BE 52 $AE B 59,
A4 2 1(uninformed surprise) ¥ 2(uninformed
surprise and startle)olA] AEke9] Hyto] X7k
ZZAPL AFLE ZBAIET 10% A =4 et
ol AiE o= BIgAIZE & A o] BEsto] v}
3 WA = A AF0] A Ee B
oflA AJgRlAle] A0 R HAFER}t o] JFRS vl
F7] HEQ] Aoz EHHrt

G Aol e AR AXRES thaat Zr A
Y 29AANN = surprise)¥t ZE=H(startle)
9] JFl itk NdS =Ystar EHSH] fste] 55
A AL HH(CRM) H A 7|9 2S{(EBT)ol =35t
of WSo] =T UNTFA 2FAES WY
o2 v71&d 28 T3 =Y (surprise)¥ Z2H s
(startle)ol] SJ3t H]olIE vV 9] E=YS AQKH
Hp QIeKEANZE, 2021)[32]. B AF9] AARoZE
YT HMIPETHALAE oldst] A Al A
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