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Recently, Live-Virtual-Constructive (L-V-C) integrate training system has proposed as a solution for the problems such as
limitation of training areas, increase of mission complexity, rise in oil prices. In order to integrate each training system into
the one effectively, we should solve the issue about stress of pilots by the environmental differences between Live and Virtual
simulation which could be occurred when each system is connected together. Although it was already examined in previous
study that the psychological effects on pilots was occurred by the environmental differences between actual and simulated flights,
the study did not include what the causal factors affecting psychological effects are. The aim of this study is to examine which
environmental factors that cause pilots’ psychological effects. This study analyzed the biochemical stress hormone, cortisol to
measure the pilots’ psychological effects and cortisol was measured using Enzyme-linked immunoassay (EIA). A total of 40
pilots participated in the experiment to compare the differences in pilots’ cortisol response among live simulation, virtual simulation,
and the virtual simulation applying three environmental factors (gravity force, noise, and equipment) respectively. As a result,
there were significant differences in cortisol level when applied the gravity force and equipment factors to the virtual simulation,
while there was no significant difference in the case of the noise factor. The results from this study can be used as a basis
for the future research on how to make L-V system by providing minimum linkage errors and design the virtual simulator that
can reduce the differences in the pilots’ psychological effects.

Keywords : Cortisol Level, Flight Environment, Live-Virtual-Constructive Integrate Training System, Pilots’ Psychological
Effects, Stress

Received 7 December 2015; Finally Revised 27 January 2016;
Accepted 5 February 2016
¥ Corresponding Author : hjseol@cnu.ac.kr



- Cheolkyu Jee - Youngseok Hong

Jinju Kim - Sungho Kim - Hyeonju Seol

32

A E7}A] Live-Virtual A&l o]

M

M

1.

Folol whe 23419l 4

To
o

g

o}

FEel #50 %

~

;01_
_Eﬂ

JJJ

7l

o|J

ATE

A A o)t} 7]¥ Live-Virtual Al E#|o] Aol o3k

2 ArAgE 98 <

AL

P71 91 el AlZE oz 748t

9

= A

Fol 7] 70k Live, Virtual, Z22] 32 Constructive A&

o]

o]

o)

bR

=]
oji

. & Live-

T AT,

L
L

the

=

o]
™

o

Nir

B
5

A

ol

o], Virtual

T
o

el A

AL

A

I Yo Live A& 9]

‘.m.o

sosigleh. 2EADE A A W

o], 18] 1 Construc-

™ NF o
NE

I R s
T o
B
= ok oy
‘U|‘L|1
~ o <
° w £
C-
A e 3
K Mo
lotﬁ
M E
(<
= 3
TR 2
EﬂAl7u
iﬁﬂoﬂa
Tl Jjo OB
{H X o
™ o) o
S o) %
o N of
o RK
Lt,l__/l;oﬁ_
"R N
do | o
otﬂ_u‘_mo
ﬂ%ﬂr
T A
B = K
o ™ T
mH e
7 B
T
fan} —_—
s O 9
X T —
NS
o T b
E@gﬂ
OfJZHﬂD
T o Hr
T
T 5
Haoﬂ
Nﬂ}
o ® P
Bl

)

o
ofpy

;OT._

o

o7
I

ZEANA S A

$Hom

AANAZ &
7] JhetE PEA A} 2=

<
RN

biel

0]

B

oj

BN

IR

55

3
T

AF7h WrEA] S asofof gl

i3

YA S5 AA A o

£

f
L

B Al A

ol Live A

3

3, AA &

wir

< i 9lon, Live AlEH ol

_Z‘.#
=
o
B )
oy
)
> 5
= o
m
o T
< T
o~
w o
7 A
B
o
)
2 o

| 71 A9
]_

oW g
93
AE
—=

=
=

2ol
e}, o

3|
il

HHE O 2 2FALe] 2~EF

_(,)_
A Lrobw a2}

e
X
9]
=1
=

T T
ﬁ_.]LoEmuL
5 =
=
B E
<o
o F A
.wgﬁ@
— ___ Mo
x oz M
XK T
ﬁioﬁu
%é_%
~ B
o X
fo=gl 0
o7 =
B
e

0
T % 2
o g 4
Y
TSI A
T M

ﬂo
B

|
file)
A
H

oj
i

o
ﬁo
B
W

B

e

Al A st}

=
-

A =Zo uf

o
M

=
o}J

N

w|

B

!

B

o
oF
ojy

&

EAe) AAH FAE HoldE 145 7]

o]

—_
)A
Mo
N
‘umo
~
)
R
=
o
Ak
MJ
T
s
v
e
o
Wk
=/
)
-
B
]
o .M
oy
NTIN
o %
N
PR
"X
=
IS
< o
™ o
R Mo
By
o M.W
3
o Ak
T W
%o 0
x =
o)) oy
T T
o Wr
= o

1A

Al "k Live AlEo]Ae] 7|24 0%

A&

B

ol

o|J
—~

)A
™

I

ﬁo
w

of o

Eal

o e 2FEA 2EY

Al7] 3L Virtual A

sy

ofy
el

2 AAL

A=

ojFol7] 9

Ha0s

o

~
3
©
<
o}J )
P 5
N o
P
T
™
= o]
O -
1= ﬂuL
3
o
53

: 800417, A

Ao yol= 2k 30.5+4.54),
] 11

s

(



Analysis on Causal Factors Affecting the Stress of Pilots by the Environmental Differences between Live—Virtual Simulation 33

2.2 A=

AT E 7IEAT B AA 234 O Az
A ATE viE o R EES AA Live AlEHE oA F
a3k FAH8NY FEHNEE, Ag, 283 FHEES
274 Virtual Al E#EOIHE H53 2FAPl Al 48319
S wf o A GFES nR=A] Gotry] $Ekd
ZgAo] A% 9 HAExAIE gt Ade T o
FAYER o AR AT A AY A¥ERE 4
Aol s Adrgsta e wEl AT e xfo| 7}
Ae T JdormE A4 7-8A7H S HEEE 59
o 3289 A 240 F ddWsyt A YEfde
Aol vk 71EATE RO E BE APAE 13
Aol A 17A1 = Al gkat Tt

A8 Ahe THEE AP A4S FF-TYsd
oA et on g, GuFgo] #ek AP HA
AFu| s ete] ojn| Aol x] o] Fo [t} FEIMEE A
g2 FF TR Bista s HA 2on| g
F7]Q1 ATFS-400(Authentic Tactical Flight Simulation)
& &&ato] WP AT <Figure 1>0] HEFHA ATFS-400
< AlEYold AolA ZFAE FdstE 22 9
AT FAE SRS R S Algete AlEdelA
O 2 Virual Al EH o] 2ol wpe} FEMEEE Fo
FAS A 2TAE oW Aeld HEtE zheA] o
g AHE £ odth 2% AP vd F 2T i
2SraEe 71Fvth o)z QhANE 80~100dB A ==
7% AT ANE ube o &[3], Virtual Al B o] Ao A 7]
BAoR AFen Y AFE7] 22 A dAFE 2GS
S 80dB= A7gate] Faetsitt Agn 8ol ek AEe
ti7]qte] wstel 2o ugsg o Qs 2-gafopnt 3f
= Aantaa Al GosuitE 2t YubAE ¢l Virtual
AlEH IS &G flo] T ES otk AERAE
71E AAE AEzAE gl BAE A Alge AE
ZAME ol gatlom Y A A%, AT, FA/eToN,
H A ZE 5 9 A PR HAA zpelE ghetetr] ¢k
$E2 F8Hrt

<Figure 1> ATFS-400

FAZ2E|E 42 Enzyme-linked immunoassay(EIA)E ©]
gato] EA AT B AHA7= Al EHOIHE 204
gesta o & 53 FHol AFHsA ol T 4
ol 2EF L =FHAS W 258 F A2EE T
7F HaAel =it 71 ATEAE v 2(10]
AR Adoltt Y-S & HEs § of AT
woll AAAA 28 AE F58te] AFAA o™ Haol
TrE Bs 94 Egste] 20ToAA WsES 3
7} Salimetricso| Al A58k AaLE we} A8k

2 0.052 AHgsiinh A
A A}

F18

1
o

1=
U

T fo
)
ox
BN

N
:
o X l‘;

==
L

= .

ro,

o

U ot

o,

:?L_"
Mo 1x o © hU T omr 12

o md ML

o
1)
fr
Ne)
wn
X
>
)
_l
N
o
e
2
e
‘O, o,
ox

1B 7

% o= AAHAH. 2}

o\ fo
2 N doomx
B f
K

ro
BT A D )

5 zd
87, 2549 2370, A 1670]t}
E7Hs dlole % ol A& At

M B4 s,

&3kl

©
)

B ape 4
£ Yolry| A8 FHIEE, &9, 183 FHEE-
Virtual A& oo &3 A5 Kim et ]
33k Live Al Ed o] A¥} Virtual Al & o]AS g3
o ZFARS] 2EY A folE EAg A A} Bl
A3} T} <Table 1> Kim et al[7]91A] =383t Live A
glo] A Virtual Al &0 (He] 2B~ SA A 2
2 AT FHIMEE, Ag, 1Eal R AE-S Virtual
AlEdoldde] &3 AyE Yepdn 7|E A 2
Live AlE# o)A Al Z2EA7F W 2E# 27} Virtual Al
oo Hl&l oA =2 Zoz gty gt Egh
Virtual AlE# o]0 F7IEEE 718 745 2 2EE9
o At 6.944ng/ml(Z 2L : 10.653ng/ml, Z A : 3.812ng/ml)

2 e, 288 2 499 a2EE g Bit



34 Jinju Kim - Sungho Kim - Hyeonju Seol -

4.529ng/ml(Z| 3L : 6.088ng/ml, A : 3.216ng/ml) o= JE}
won, AuE et @ 4= P 5.695ng/ml(H L
7.996ng/ml, A : 3.547ng/ml) .= LFEFRET)

<Table 1> Cortisol Analyzed Result According to the

Environment(ng/ml)

Lve | Virual | G-f0rce | Noise | Equipment
Max | 1057 | 9.67 10.653 6.088 7.996
Min 1.40 1.88 3.812 3216 3.547
M 5.58 4.50 6.944 4529 5.695
SD 2.08 1.79 2.553 0.973 1.728
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<Table 2> Analysis of Variance Result for G-Virtual, Live, and
Virtual Group(ng/ml)
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<Table 4> Analysis of Variance Result for N-Virtual, Live, and
Virtual Group(ng/ml)

Sum of | Level of | Mean N
Square | Freedom | Square F value  Significance
Between |5, 16 2 17.08
Groups
. 8.71 0.00
Within | 09 67 56 1.95
Groups

<Table 5> Post-Hoc comparison result for N-Virtual, Live,
and Virtual group(ng/ml)

Sum of | Level of | Mean N
Square | Freedom | Square F value | Significance
Between | -, 55 2 1377
Groups
— 2191 0.00
Within 153 54 87 291
Groups

{Table 3> Post-Hoc Comparison Result for G-Virtual, Live,
and Virtual Group(ng/ml)

M 95% Confidence
ean ignifi Interval
Difference Significance

Lower Upper

Live-

G-Virtual -1.003 0.078 -2.093 -0.086
Virtual-
G-Virtual -2.866 0.000 -3.956 -1.777

Mean 95% Confidence
ianifi Interval
Difference Significance
Lower Upper
Live-
N-Virtual 1.492 0.020 0.199 2.785
Virtual-
N-Virtual -0.451 0.574 -1.523 0.621
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<Table 6> Analysis of Variance Result for E-Virtual, Live, and
Virtual Group(ng/ml)

Sum of | Level of | Mean N
Square | Freedom | Square F value | Significance
Between | - ¢ 4 2 29.16
Groups
thi 11.71 0.00
Within |6 67 79 249
Groups

{Table 7> Post-Hoc Comparison Result for E-Virtual, Live,
and Virtual Group(ng/ml)

Mean 95% Confidence
ignifi Interval
Difference Significance
Lower Upper
Live-
E-Virtual 0.246 0.853 -8.405 1.3321
Virtual-
E-Virtual -1.617 0.002 -2.704 -5.310
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