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A Study on the Helicopter Pilot’'s Workload Influences by
‘Surprise and Startle Effect’ in the Abnormal Situation

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

ABSTRACT

An empirical analysis was conducted on the workload of helicopter pilots flying in high-risk
flight environments such as ground obstacles and weather effects at low altitudes. To evaluate
the workload, an independent sample rtest was performed using the NASA-TLX evaluation
method most suitable for the aviation field, and the workload score was calculated by applying
the analytical stratification method (AHP) to compare and analyze private and commercial
pilots. There is a significant difference in mean between private and commercial pilots and the
result of work load was obtained over 70%. This paper studied the 'surprise and startle effect’
on the helicopter field for the first time. In the future, it is intended to contribute to the safe
operation of helicopters by presenting a method for effective safety management by utilizing it
in the field of education and training for helicopter pilots and providing basic data for
preventing accidents caused by human error.

Key Words : Surprise(&%), Startle(@® &%), Workload(Z95-3}), NASA-TLX(ZH4H3} H7He),
AHPEAZ AZ387]14), Independent Sample +test(EHEE + A74)

.M B 2ol AHE o =EH A= K Surprise

and Startle Effecty o2 A3 whe] s)4s5t4} 5t

+F T 2T 3R 2o vl B B A = 79 "Eo] HAIAY Exto] o] g Al

Zhol AAEAY A5E A= A3 AgARA P37

ieceivtej 22% I;E)r. 22002222 Revised: 11. May. 2022, A= z#st 4 Qe 28 ks 4 g=og
ccepted: 23. May. = =

* RERFHUNSAIRT) PIVIUET, Bk el e aeastarde) Whieh whghs dies.

szostae|sta} vk 2 EH(surprise)Z A F2t Ao Higk A H

" AT YEREER QA W05 HolEH, ol 4] Bel tiet

ﬂé}xix} E- ma1l kasulee@hanseo ac.kr AF 7|gie} Qlalzke] Holx|z olet Avlz ZES

AARF v‘a‘ EHO}—TL g FHE 236-49 N
Z#f8ItHHorstmann, 2017). °l& 7k A=<

oo erciot PEL



Rty

HlgA ol st Al o] Wekge 2540 Agnsiol) vA Jue] Tt A 45

HhgolH AFH 2FAE Y = glth

20184 5€ 59 ¥=2] Cumbernaula Airporto]l
A Robinson R44 AFE7t A U= AlFH
9} FESk= Al SISt A= FTAIRARY
L3I(AAIB, Air Accidents Investigation Branch)+=
ARl gRlo g Qo Q= EFE7E AHle] FHE
ulg] 255t A7 FA YFEE AATHA g
A AR 2 HgS sitt R AFHE Fi=
A AAs= YoM 2FALS] A= (startle)] B
For 2FYZ st AFEet FE6IHL
e =

Rivera et al.(2014)2 =3 (surprise)} Z& =T
(startle)> A F2A AGS Walfd 4= o, &Y
o] Exdn 22 A FsKworkload)oll 93k vl
A 4 ok 5k Rahim Daud Agha(2020)= &
ZAP} HY & Z:surprise) ¥ A=K startle)
Faoll s 4A] B, 2FA] 58 2 A}
(workload)oll F44Q1 FFE mAH, &3] #IBA
FgoMe ZdREsHworkload)7t IA F7kraL
519.0H, Braby et al.(1993)2 ZAEs17F AUAA|
EOH Q1 o7t Al E fUT 4= 3lor, o] ¥t
of UE 2ow AAXE HAAA 14 279 A
o] Htk1 s}t Valerie Gawron(2008)2 “THAt
AAte] BlE fAoks FFE 2FAY AdHst
= 0914 10071A19] HIzoj|A 70oet 2kl Sk3ict
o= o] - 25 IAollA] T=jal thRES] R A
2R3 AFE AR HFo|A =2 &
Az AE ouigith

mEhA] Q1F Q7o) o3t Alal HAEo] =2 FY
Fote] oA H|gol= APFE ZFAY A
slo]l gk olsi7t Haste, ZYFst HrHE s v
FET=olA NI o) o5t ths B7REH
o= ARl AlZAdo] =l AMGS] W T} e
o= Qlsto] daf ggEokolA FHsHA ARgstar
Ue NASA-TLX 7RIS Z&sie] 245190t
(Gawron, 2000).

2 d7e 94 a7t EFE 23A dides
DOHIPSHAGAE o83t A H|PS Foto] =
T} Z#=T9 9 Surprise and Startle Effect) ©]
T 2F3A] A8 2 A vA= A+ 2%
£ 7|22 AActe] dEH v Aol =t
=T 94K Surprise and Startle Effect) o] &
FAL] ZGFEsto] vA= JFol el A5 245kl

A Som, B Aekgd 240l LT Holo

i
4z
ol
2

g, s D Aok, 244
£t 2olN 2ElT glon, slae] s
AR gof2o] e AT AL Hlago] 2

W EA0)Y L SHolH 5 e

o, SN 5 AMSARIOl cheyshA £8%l3 ek
Ho 9% A B HlgTgelA MEE 0w v

9 542 7T glom, mgelo] ujs) g

219 WAH D AL H95 5 Bolol
nxsin PEH £49 A23 2150 ol Welge
L P AR ol e TR A

7+ <k HlaA) QPR 919 1B o] 7T Kwon,

F2 AAEPYACR MBS o] Wt o
o NFAZI A7|Re A&How 4T elsor 3}
7] uhgo] 2A4e] BAA, AAA Mol Z7kE 4
oIk, ol WelEH 2FA e 547
£ fQloz 2galo] ebaedol AL Qo] At

I L

2.2 ZAHSH\Workload)

ul=r AT (FAA(R005)2 AAHSE &Y
(BA1A G/ EE= SA2)E 6= 719 58} o
T ZA9] o HHE AAY E AR 94 FF
7H9] #A'R Aolsl¥ o, Sweller et al.(1998)=
ZARRsIE HE A7 ol wEt £ AIFHA A
SE= XA E= Fogo] It Ao JoE,
AFEAE g7l Sl A sfof she Rt TLefet
875 FFA7I= 71Q1Y 58 Aol sieich

ool 2FAR] AdR6= AlS St ¢
St= TS 25 o AYE Y 5 URE
ZFZAPIA Fagt Fo8n 71e9] Hrg AJosial
Sm(Mauricio et al., 2021), 2FAP} £85t= =
Aol Ho|mol $YE= AAC] Frof wt ABet G



46 oA, o4, Hhele

Vol. 30, No. 2, Jun. 2022

g wrom v|gY Zo] 3 R7iolu A wet
TFErL Skt Gawron et al., 1989). &3, 2FA
O] ZrAR o= thefRt Bl FEIE s EekAl &
AHSIE AlZsiay], o]F 2 &7} o] FAQ 17}
7V W H|g dAlA 2FAL FARSPT STt

otZtHYlonen et al., 1997).

Fig. 12 Dick de Waard(1996)7} A|AIg 2] &
T, AT 9 AQRSE 119 AT IAE HolFe =Y
olty. DYYRH CHY7HA o7l FEo 2 FEsto]
2877t S7Ktol wet AAAAre] A sstel At
o "Xz JFe Uehdct DYFolM= JFL_+7t
Al ZrdRsto] vls] At Wi AA Yeh=

g, ol ARk 27] g Qo gt A & 5
59 7% 5 Add Aol ¥ gol w7 HE
ojt}y. AloJA A3YoME A&EHoE AJLHS

gl wiet Aelazo] Gie ollle 9 el
o IARIPE e A 29 JIA e
29 4 ek e A3HREE AAAT A
o2 Bkl s A} ot Aol
BN F453] At Astsly] Aardiet. Cgdol

A sl W02 Qlstel Aot A v
Mt P e 52U Hojzt,

2.3 NASA-TLX(National Aeronautics and
Space Administration-Task Load Index)

NASA-TLXE AHAP7} thagst °J7J—7l A |IEHe]
A AAgH o g ZAzto| thak =3 0] ZHjyst Hr}
£ T & = APt B7F Ttolth 1980t
NASA Ames Research Center(ARC)9] Sandra Hart
7b Folet R vhHE AEXE 7R3 NASA TLX=
LY FHAG 38 Eoli] FHARI ARYFSIE &

| __ | ' ' .
S | : 2T
High'y | A
] H ¢ H
Voo : A
. ' ! !
n E— I, H
o1 optimal S0
'\ | Performance | /| 1
AN Y
1 \ 1 1 1 1
4
A Y A
] . 1 I 1
| % .{/ Workload !
Low ;| PTSm——— ; ' H
p [a1]| A | a |8 c
Demand

Fig. 1. Relationship between task demand,
performance and workload

ol7] SRt #Zo] HSIH o] Bt 7IHE FAA 8
(mental demand), €41 8- physical demand), Azt
24 Q- temporal demand), = (performance),
¥ i effort), & FE(frustration)?] 67k
37t FEoR 7t o gt 7ISAE AHT At
A= o] F APt F-E ZETITHNASA, 1986).

Workload=(B1W1 + B2W2 + B3W3 + B4W4
+ B5W5 + B6WG6) / 100
Bi : AH|E F3 Foizl 7HA|
Wi ZF 9] 2dF515H0~100)
D 1-6F A=

o))

NASA-TLXE Zi5ste] Aug Adsio] g
o] AiRslo] Fe viAE 7 Ago] B4 9 A
% 7]oje] that Hgk xga Az, A =
o Aqlnst B} Eow el olgsm ek

A7

3.1 g 2Y

2 dA7= FENSHRERE dYFE AR A4
Y= F5% 2FAKels “ATHE 2FAFE gt
o AFE AAFTHS FST Z2FAHolSH “AGE =
TAE gtit}) ddeE HIPEAZA(FTD: flight
training device)oll &55to] ulg] +4€ AE HHY
Ao 3712 8L A-8sto] ‘Surprise and
Startle Effect' 7} 2 2FAK] 2YH5Kworkload)oll
U2 JF= vlaste] AF AR} shgich. wet
A AYPALE BlEto 2 Fig 29} o] AFLRFS A
ATt

sans | B }
[eomzaan uu

HlE Adze 1| =

(Uninformed Surprise)

1. Mental Demand

| 2. Physical Demand ‘

DodeEuYR dd | 3. Temporal Demand
H[Z A[Lf2]|Q 2
(Uninformed Surprise
| _and Startle)

4. Performance

|| 2oumzamx Ay
SoTEEEE TR

BlE ALf2|e 3 |
(informed)

5. Effort

6. Frustration

Fig. 2. Research model



ARG LYY

HlgA ol st Al o] Wekge 2540 Agnsiol) vA Jue] Tt A 47

3.2 78 44X

B ATE Yol AN AF ATRFES B
chas} 22 S ST, S A8 =
FA9 IS ZFAER 247 49 vl Ao 3
M) §92 Agsle] FHuAe HAH 27, A4
A a7, AE 87, Y%, v @ 249 4 3
e Aol BIS] Siste] Thet gol H4g 4
A9,
- ARFPHHO) : F
7 glek
- YAPEHD) | W 3 SEuse] B Aol
7 g

\

Ol

L
(o)
o
_It)
'
3
1o
o,
el
)
S

0%

2

AR TR

w W

3 &
3.1 4

0%

A s AR Be AME AHSEE 24
R AelEE 234 S HE dEke Bl 3T
T T 30PATHE 234 159, AE 2FA 15
)= AdAsken, A W7HAlA dRlFE BY
HRAAE o183t 3714 7] Ad BF AU
S 28313t HfEHAA = = dista © 1zt
2lFE 2IFACNA F8L U= Bell-2063%
-109 F4Z ol8sti e, o] AAE2 FEILE

52 ot 2FA] Edof &3l 9lor,
d F718ARE S5te] 2] AHE RAISHL At

S

fo Hor of,

o

it

=

ARE FFAE 2 A48 delge gEEN

o Fastel AtEle 371K 999 4 Hle o
o] Aelwsto] diet YES AXsteTt A vl
AAREgAoR B AN 38 YA, 2

F2 T A2 oA AU 1, 2, 39 A
Holgith, AlU4E]2 12 Uninformed Surprise® <l
R a7o] v oarglo] Fofshal, AuEe 2
£ Uninformed Surprise and StartleZ A|4&]Q 1
A daglo] X g F A=F(dTAY
9 F1g 5= A Fofgtck(Fetcho, 2010). Ak
22 32 Informed® MG Aol sl Ao
ZZAPIA o] SES SHAES 1, AY ]

Yol HA|" g Emergency ProceduresE 43

3.

3.3.3 d=X 714

2 Ao ARE AEA] NASA-TLX+= 7] Fa¢
Z=H(National Aeronautics and Space Admini-
stration, NASA)OAl 7Rdst 2HdRsl HrpHos
GTEopA Q1 aRloz BsH= FF7| ALl
FFS A= 8= et AR SEEE 9
oh AR S 2FAM AJRSEE SstaAt 67
o] 7t =R AAH 8, AAF 8, A Q

e, 9, FER skl 7 R 9 A
Z(EYSHA F8-=1, ot H 58=3, 4T3 H T8
=5, M- o 58=7, ddiFo= H F2=9)9] Aty
WE Foto] SHHEE 5Tk

4
2 719] $7¢ zFELE SPSS(version 26.0) EA
Z2IHE o]&ste] BAETE SHHER 2FA
AAEE AY vy AU 37| 43S 47 A8
Sto] AE 9, A 2, AITHE 8, Sk,
3 9 FHo Bt Aolg FIstr] Ysto] SHRE
4S AAsHt E3 ARRste] HbE A
QlaiA AFE 27 8HolA AluEled A
ARE AAISH] 67] =l gt 9F Hr R FA
A IH(AHP)S] HHH|nE Foto] 7RsAE
, SR I A5 Bl A= Sle
FotaAt G HlE g2 10% HREe=

ol FI-E
o

—

17

i
0

N
It

9
[t

lﬁ

(R
i
_?L
38,
lo
B

) rugu
u
[o

.—v“rli
‘T

4.1.1 ™A 27 (Mental)
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Table 1. Independent ¢ test results

B HEEHAL 3
T t%k pak Hu7hd

g | oAds | ke | Ade

AL 1 16.0667 13.5333 1.83095 1.85333 3.814 .001 A=

Mental AU 2 18.4667 16.8667 1.55226 1.68466 2.705 .011 A

AYEe 3 13.6000 10.5333 1.76473 2.06559 4.372 .000 A

AlUE L 1 16.2667 14.2000 2.01660 1.14642 3.451 .002 A

Physical AU 2 18.6667 17.8000 1.54303 1.52128 1.549 133 71Z%

AL 3 12.8000 10.4000 2.54109 1.80476 2.982 .006 e

AUl 1 14.4667 11.7333 3.20416 2.43389 2.631 .014 A=

Temporal AL 2 17.6000 14.6667 3.20268 2.87021 2.642 .013 AR

AlYEL 3 11.2667 8.3333 3.17280 2.22539 2.931 .007 e

AUEe 1 8.8000 11.6000 2.65115 1.95667 -3.291 .003 A

Performance| AUl 2 6.8000 9.4000 2.56905 2.09762 -3.036 .005 e

AlUE L 3 10.6000 14.6667 2.92282 1.95180 -4.481 .000 e

AL 1 15.4667 14.6667 2.06559 2.25726 1.013 320 712

Effort AU 2 18.0000 16.7333 2.07020 2.34419 1.569 128 71z

AyEe 3 10.8000 9.2667 3.02844 2.01660 1.632 114 717%

AlUE L 1 14.7333 10.4667 3.28344 1.50555 4.575 .000 =

Frustration | AUglL 2 17.2000 14.2667 2.67795 1.70992 3.576 .001 A

AYge. 3 11.2667 7.4667 3.84460 1.35576 3.610 .002 e

"p<.05.
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Fig. 3. Scenario 1 (mental) results Fig. 4. Scenario 2 (mental) results
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Fig. 6. Scenario 3 (physical) results
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4.1.4 =3 (Performance)
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FAM Bt o]zt Ao et £ BARERE -3.291,
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Fig. 9. Scenario 1 (temporal) results
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; 4.1.5 =3(Effort)

AU L 1(effort2 A7HE LAY 23A419] 3
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714eta, AFIHE = @‘& 7t 28t Apol7t Gl
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Fig. 11. Scenario 3 (temporal) results
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oA mF ARAHEE J12stL, BEstEe  Ae
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Fig. 13. Scenario 2 (performance) results
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Fig. 14. Scenario 3 (performance) results Fig. 17. Scenario 3 (effort) results
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4.1.6 ZHH(Frustration)

AU 1(frustration)}> A7HE 9 AGE 25
A9 Bt Apo|7} QlAlol gt ¢ BAIRRE 4.575, &
9gE .000, AUl 2(frustration)®] ¢ SAG
3.576, f9€E .001, AL 3(frustration)?] ¢ &
AL 3.610, FE 00202 FoleE 0594
HE A5E7HE 717k, gErhEel F A 1 &
OJgt Zfo|7t Q= Aoz EAFQIcHFig. 18-20).
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Fig. 18. Scenario 1 (frustration) results
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Fig. 19. Scenario 2 (frustration) results
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Fig. 20. Scenario 3 (frustration) results
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32 JA4E A5 S 234K FAE 8
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AR} H= 2ol HYPoH, ARE ZEAR= HAIZ]
[P LHFYPLHAIEE @ HERENAAY g =0
2 Uehdth M 234 AMGE 2FARE B4
Aol 9] et ARRIAES B9 SHFE oAb,
83 AEg vdRA] P Qo FAH 8
Y £oZ 22 JpE BHYoY o kg X
TAE FEo] B2 ALE HQl v A8 2FAE
£ FEoA F2 AEE B ol= v Ado] 4
dHog BESt Mg 2FAPE HIZA d-goll digt
AdE Qs #HA o] Hp7t Eob AGE 2FA
o Zpo|7h gt Ao R EAETHTable 2).

AUE o RS A Ak 2, AlUEL 2)
AUE L DAYE Q. 3 oz vl ARt Yz A=
< A Bt AvER 27t 7Y =90t TR
v AR Rojgh AU Q 10] E9koH, i v
LS Aol FAEol weEt AF E8) 9 vjE] %
2] AAE AZtote] AU Q 304 7t 3 AR
ol Vet A7HE 2FAR= AFGE 2F3At] B
v A9 7|7to] H1 FHH vPAZIY Zjol=
el vl A% A Al Aok o] Zash gAd g
T =8 £F 9 oA & lolg Hof 2ot
7} &9kt Table 3).

V.2 B

B A7E Aol AhE 2L AAS 23 Y
o vPTAYAE ol g3 A WY Atele 37

Table 2. workload results

oo Workload(3)

o A 2FA | AUE 2B
AU 1 71.444 62.986
Adee 2 85.915 78.767
AUEe 3 43.842 47.757
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Table 3. Weights and workload results

_— 7F A (weights) Bt de 24 RsKworkload)
A7+ A& A7 S A7+E AE
AUElL 1 0.338 0.339 1533 16.40 25.908 27.798
qAA e | AYER 2 0.372 0.345 17.00 18.53 31.620 31.964
AUE e 3 0.290 0.326 11.87 13.73 17.212 22.380
AU 1 0.028 0.039 16.33 14.40 2.286 2.808
ARE o | AUEL 2 0.058 0.049 18.67 16.20 5.414 3.969
AuE R 3 0.026 0.029 12.80 10.53 1.664 1.527

AL 1 0.071 0.073 14.47 12.53 5.137 4.573
A e | AUEe 2 0.098 0.096 17.60 14.67 8.624 7.042
AvE R 3 0.060 0.070 10.47 9.67 3.141 3.385
AU 1 0.141 0.182 8.80 11.60 6.204 10.556
s AUFL. 2 0.254 0.222 6.80 9.40 8.636 10.387
AL 3 0.061 0.138 10.60 14.67 3.233 10.122
AU 1 0.244 0.207 15.47 12.47 18.873 12.906
vy 5z AUFL. 2 0.256 0.221 18.00 16.47 23.040 18.199
AL 3 0.193 0.174 10.80 9.27 10.422 8.065

AUEle 1 0.177 0.083 14.73 10.47 13.036 4.345

e 4z AUFL. 2 0.180 0.101 17.20 14.27 15.480 7.206
AL 3 0.145 0.061 11.27 7.47 8.170 2.278
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