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Comparing the Effectiveness of Student Pilots’ Flight Capability between

VR Display and Aviation Training Devices
Seung-Bo Lee’, Sung-Sik Park”, Jin-Kook Choi”

ABSTRACT

This study compared a traditional Aviation Training Device (ATD) with a Virtual Reality (VR)-
based flight training environment to examine the efficiency and quantitative evaluability of
student pilot training. Conventional ATDs have limitations in providing a realistic cockpit
environment during the initial stages of flight training due to restricted fields of view and low
levels of immersion. To address these constraints, a VR-based training environment was
introduced, and both systems were used to perform an identical Visual Flight Rules (VFR)
traffic-pattern scenario for comparison. The experiment was conducted with student pilots
majoring in aviation, and physiological responses—including heart rate (HR) and blood oxygen
saturation (SpOz—were measured during flight tasks as quantitative indicators. Through this
approach, the study evaluated the extent to which a VR-based training environment can
provide training effectiveness comparable to, or exceeding, that of a conventional ATD in
early-stage student pilot education.

Key Words : VR Display(ZPI@ASEAN), Aviation Training Device(H]3EHAX]), Visual Flight
Rules Scenario(A|AH|Y A|Le]Q), Heart Rate(49<), WorkloadZrd £-3h)
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A 7I& 715t 25 7|0l FARslaL Qitk. tiEA Al
2= ofEHHZZ(Apple Vision Pro) 7|9k 2FAL &
A g 2 AY K 718 3D AEH]E|(CAE Prodigy)
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FTAL A 2 wS T 1wdle wEA HeE
RoH, FHME 2F 1 ¢ a7t 9] F
7Fstar Qlet. St g b3l SA(Korea Trans-
portation Safety Authority, 2024)°f] W29 < 5
Azt (2020~2024%) =W 2FA AES HEA =
I 195 IR AAAE Holu IEAE Hoith
ARAE 2FARE 2193 22900 242 - 14.9%,-14.4%
AAastdoy 234 +31.8% 249 +10.9%= IA &
7iel £33 JBAE HITh ARE 2FAF EZE
2287 ZAFOU, 231 +14.4%, 20244 +4.5%
5 HeslitiTable 1).

A =] FIEFA A ARSI
ZF 19702 F/d=]of 9lem, o] F et 1171, HEW
S 17l 337] ARBAIEAl 1] HE E D)
Fo] Zgt|o] qitt. o 7|¥2 HF FENEH &
FHAENS7|IHATO, Approved Training Organi-
zation) 2 & QI7F=|olSlth. &3], QI7HE FFH F
70 7182 RO|u[PEHAGX(FTD, Flight Training
DeviceYg &8oto] HFTANYS #HPstar ot
(Korea Transportation Safety Authority,. 2024).
HPEH oA EEEE 7|EHPSHALRATD,
Aviation Training Devices)= A 37| 3ol A
o¥l7] o3 AX 99 S HdsHA ARst
o] MY ZFAPL T BIPARE vHEH o= Sy
T 5 UeE F= 8% S oty E7E 71
W} 7] 14, Bl A 5 AA HE 5 F9st
7] ol Tt A HO| oA FETCEH
79 ZET PdE SAlOl &Y 4 Stk SHA|
T 71E 71 2HBEAZA(ATD)= Ak Al |
et F2 EFHo R Qls| e ZFAMIA AALt
AR =297 Agoke © ATt Jlew, 3], A7

A2sge] Aokzto] AlgtElo] QlomE 2EA A

]

FoR o ARES IIsh Hgsks 27 ulY
ADA ] AABPY(VER, visual flight rule) &
Aleko] WErKJung, 2020). °]& I8f, &4l H]
3 9 F7 Q1A Fo] FEI| o]Fojx|A] F
o] ZARILE. o]AY A7 71E HPTHAA]
e B 7Hs3HA] olry] g, B Ftof|A
Y ZFAIA VR HPTHAAAR AREE Al
FAFo =N 5] BRIEE &5 AH
2L AL FHE AFsideh B3 FARE =7 f
Hlo|AE Zhg8sto] S 2FAR] AHE(HR, heart
Rate) Ho[HE #&, 243024 &3 T 234K
A=} ARARESIE(SpO,) WIS HHZ HojE=
B/t o] B9, ol AT VR PRI
7} 712 7|E6PSTAGA(ATD)Y] HAE FEsto]

YT aAT 2FAR sk BRI o 7]
olgh & QEAE Yol A} Bt
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QA F-5Kcognitive load)= S5AF HAIE 5
Sk IFollA tE= QARF AHHL] gol 7HQlo]
74 QIR f£9] &2 2 o sk 414
Bhe oujstk(Sweller et al., 1998; Kim and
Kang 2018). 1IR3} o]2(cognitive load theory,
CLT)Ol w2, Q17k9] 2471 (working memory)
2 A4 AJHeE dojd HJHE =HHos AT
o = 7IAE FAEEILH, ES A7) HE=
FARMQ &2 71 71711 A= 2Reldt=
Holt}. 2] 7199] 583 EY2 Al &5 7t
A2 QUct.(Sweller et al.,, 1998; Oh et al., 2010).

Table 1. Annual growth rates of commercial pilot and private pilot certifications as of 2024

A8 £EA 748 254}
A= (commercial SHE%) ) ) SHE%) A= A
pilot) (private pilot)
20204 1,052% - 501% - 1,533%
20214 8957 V¥ -14.9% 494 V¥ -1.4% 1,398
2022 7667 V -14.4% 4317 V -12.8% 1,197
20234 1,010 A +31.8% 4937 A +14.4% 1,5039
20244 1,120 A +10.% 515 A +4.5% 1,635
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e VR Displayst HBEAHNE 0183
Jeims 3 5 BN ReEs QX a7

1SS JE AP B&o| AotE sy e
AastA dok

QA RSz A Al 7HA] 7 84= R A
A, WA QA H5Kintrinsic cognitive load) & I
A AAQ] dolmel B, 8= X]4] 20 9
of 2Qdh olE S0, oA 2F ARt =2 F
s 395k H|Y 7152 2d40w w2 YA

FolE Rt
=4, AA  AX|FSHextraneous cognitive

load) = k5 A9 AA] 4], & &4 24, 2
Elgjo]lx g & ofF aflew QI AR &
a3t G, ARk Alokz, HI@UAR] AlEold

U 52 I #oiE S/ sk BEE Ao
Z o

o e

=
= N2 JEE 7]& A7upof] Bedelal sk =
£ A3slr] 93t I wEog sigol A R
A= A g8k st (Sweller et al., 1998; Oh

A
(situational awareness), &% Y48 @t S thofst
QA &5o] FAlOl 57| g2ol =& ARFEs7t
67| & &Y FFoltt. &3], olF ZA(dual
task) Aot AIZHH -4 HE7T BERHoR g
= v gAelA= WAE Roiel oA Fsirt
Z7kste] Q1A 24 7150l AskE 4= 9leH, ol &
EfA 37F HE 53, AR A eRfE ool &
QtHKim and Kang, 2018).

SHH Z2ZAL] QX RolE A os melsty] ¢

2,
i
)
rie

A AL EXSHATE HIY R EE 0|85t
AL I {§RA] Af, 2FF 22, AA| olE A
Lo A2 2F A5 7IHeE Brleks R
H|ZEHolgk= ARo] glov, QIAFRsIe] mAgh A
35 FHo] ¥HYsh] ol¥tHjung, 2020).
AEPHC|=(HRV) 71¥F 42 ECG-PPG 5 A
ASE gEoto] Q1A Hotg 7ol W0 E Hlw
A =& FSeE Ho|Agh ] 2-go] Htolut A
Al FB7] EHolA A5 FE7} ofgoh= EAKo]
ZA gt Lahtinen et al.,, 2007; Kim and Kang
2018). wEbA 2FALY] Q1A Hols Hr gt

motslr] flafiale thFst A4St BlgY 4238
£ A &8st BFHE ol Bagh Aotk

B Ao 2] Q1A HokE &} Hotol
o19) 7o Aosta, olg AHFH oz Hyrlelr| 9
3 Algp(HR)9 ARAZSHE(SpO)E AJEjsha] A&
2 2gsi9it}. AgolAe s 2FAE 2 E vg
AUE g sdoks B vl 9 FHot AAAS
glolelE BAlo] ste] B4t &3] 4ldke
HRE F8 AXEE A3t olf= AEHR)7}
ECCHIAR) Asa2Re AH AEsle= 12 A w
SOz, 2FAM] =7 FEe7HERL ARE
o} HstE 775 wrgsy] el A¥HR)=
4 Wsht AEHA aQlo] FZHF o gk &
A& 7 BE, 7|1ZHPEAZR(ATD)S} VR HPE
AR 7+ A F zlolg Hlwsh= bl 7 Fglst A
B2 Fsoich g, ARt TP AthRsie
(SpOyell FHAQl Wshs zichs 73t Aol
H1g vhs glov, dR dAFoxe 2] Kot aF
o] Histe o 5F el Y A&AFA o] TA W
52 & %o] SpOyt HRA A NuE &8E &
IS AAIZFHHeo et al., 2015). o]of wet & A
TFoAE AEHR)SE T ARARSIE(SpO)E F
7HHom Aoz T 5 3o AEF vk
Zolg Hrh tptHog HESIIAL 59t

n. 2 £

—

3.1 HOoHIYSAYX| THL

[

(FFS, full flight simulator)= &% 849 35719
ZZHZ 71A, A7], AR, AA 5ol tig A 715
T HP9] 5 D B4 5ol AA F7Ie A AR
2 & JES 1Kt gAolrt. HIPEHLA|(FID,
flight training device)= &4 689 &3719 25
Ag 7IAA7), AR ZA] SOl tigt 22 7153} H]
9| 45 U EA 5ol AA FF7Iet fASHA AHA
g3 $ JT=E et ZXolrt. 7|EH|PSTAHAGH]
(ATD)= HLOJB| A9} HIFZAGAE ATt =&
FARA 2F3APE E-ck AR F571e fARE &
7ol AEE 4= Sl=F QK A2 BRItk E3L
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FELFYE TA] A 2024-5065(Lo)HPEALA] 2]
871 Azl w2d RomPeAGA= AFH|Y
AL AZIAH A 0= EX 13 o So]
2 AlESkelal it BIF7] HOjH|y A S5 A

54, B5H. C59, D5a2o& F&EHch HgF7] H]
PEALA 552 454, 554, 6od, ToulE

3.2.1 Aviation Training Devices (Red Bird SD)

7] E8|PE AL (ATD)= Redbird Flight Simu-
latons, Inc.olA4 A2t Redbird SDE, FAAS] LOA
S W2 AHlolt}. o] FA= FAA AEA AC
61-136Bol HAIE 71Eo] web ¥y AxKflight
procedure), Al7|8]3(insturment flight), H]PZEA}
(emergency procedure)s9 TS +HL & A&

£ A= rhFig. 1, 2).

3.2.2 VR Display

VR H[YEdH &4 7S oto] Varjo Aero VR
Displayg AR8sIth VR H|SEH 42 Varjo
Aero VR HMD, 2}o]= mUE|(9}5 Ao} B%8), 8
A(Yoke), 28E(Throttle Quadrant) @ ¢ Hg

Fig. 2. VR head display

(Rudder Pedal)@ :rL*ﬁ]-oﬂ‘:]' ol 2% AY I
H] S Eoff SHERTA H| S22 of| A =
AA 57 25 ‘rr/‘}c’]' = g Al L R
Y AYE 2= & Sl VR HIg —EJQ' 17} 7143
SR (ATD)S} Hlwsto] v 45 58 9 =¥

Bsl(AEe} Ak asle WshE B

HAA(ATD)2F VR HIBEAGA] & A
152 Hlﬂ —Eﬁ#ﬂ Ho}f’q =4 K Eﬂﬁl}cﬂl
3]

3.4 &g 24
A, 7| 2uEd

o2 wigy

A(ATD)2F VR H|FZHA|
33 a7E HFHoz ulwsh] Y,
SRl

718 BEAGAATD)YN F55te] moul AlLte]
98 Sust, 4Y F Y 2FAY Aot Ak
woke A HRE 2SN ol %, VR HBEAY
Aol g5otel FY Bl At o2 St A
u ARl ALATSHE RS ZAslec oloh g
23 AP Fole] 2 7| RuPTAAATD)Z VR
Sl ERAOIAS) Fela] uhe Hole] A Bl
7} FRstES: Soich

Doy AUE|e2= IE AAHIY(VFR) =4
519] T% AF(airport traffic pattern) B3 AL

£ &5ttt oid AlvEes APHE 2FA
(PPL) &9 oA 95= 712 HARE, 45
(climb), 4%HY|¥(cruise), dFXHdescent),
(approach) & 712 2% 58< QAXNCE B71%
& Slthe Mol £A+ HZof| Agtsich

o] vy A HApe AA 7 ARE wrgsto]
Upwind, Crosswind, Downwind, Base, Final & 5
A Fe R sttt AdoAs FAEHRK]IB)
RWY01 EAE 7|20E AUEE HAHeH,
A7 AholA 5L v, A, 71, 712 59
714273+ Go Around §lo] 5 BATHE 2-8-510]
58 A3 7+ A WA HassiA

2 AYEE 2Z2A) 2+ 8|8 7oA heading
A, altitude ¥4, speed Al°], £F FFA(con-



A=Y E LN

VR Display®} BIFEAFAE o83 XIS 2569 i Hla I+ 247

trol stability), 2 9 AEg=E dEHer &
st AA=AHFig. 3~6).

olfgt 2 TAE 2F dolke ¢ QAXF 2
9] Aol& ol E AAE Aot} 7 vy dAME
Aed WS B4 o 29 9 5 T 2%
ALY AHk(heart rate)?t AFAESHE(SpO)E A
7rog F3silom, olg Higo R 7|EH|PeuA

L5NM l DOWNWIND | L5NM

95KT /1,100FT

90KT /950FT

90KT /650FT

PTNALT : 1,300
PTNSPD: 100K

FT
T

T8KT /500FT

the ATD

Fig. 5. Heart rate and SpO, measurement in-
the VR display

Fig. 6. Heart rate and SpO, measurement

A(ATD)SH VR HIFERAA 7F 25 A3
S wish A% AuHoR vt

A3A wE

7128 PEHAZLX(ATD)Q} VR H|FEHZA| oA &
gt AJAHEY(VFR) AHBERE Sa8st shSol
AAEES glolg Gzt Wy 2slgon, 1 2A7ke
Table 29} Table 3° A5 THn=120). Hl°

A A3t VR 8|S S|4 7|28 HF A
ATDECT} Mukzoz vko x99 wolr)
MBEAYA oz e HeE 14 o)

l‘l

g &2
SIS
ol VR

A SYEIYSS HojFy, T 34 7F ZFHs] 2]

7 EABIR=E dvldith
Arud oA A ukg sfEe £ 59 3o
=

A FARBH YRt 7HY =2 AErHR)E 2=
A (final) GAONA =R, I thFOE base
74t upwind 77+ 402 =A U cross-
wind 1A 7HE WA UEdth ol 2= Axpt
7V w2 2% Folet AR wihE 85k HEg o
Al Wrgsk= Aotk

gbA, ARESIE(SpOy)= ATDSF VREA| H5o]
Al & Wso] YERA] gigkon, & M98 kg3
Q1 AYH $2(95% ool A=A FA=IT A
A Q19 A9 AAESIE o] AR 95% ol4o]
o, 95% olsk= AT o] AH=E IEA Stk

£ APl F1E GRS Hol Ak B W
shuct 7t 2@ ol e7E 2 et Frol

oo oJaf WHgt Aog whEch
208 Ago] ofgt SYRFIAES A §HE
S o¥ulix] EAREA(two-way ANOVA, analysis

of variance)g E3f A& BASIQth o] Quljx] B4
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Table 2. Heart rate and SpO; in the ATD

BRIEFING UPWIND CROSSWIND DOWNWIND BASE FINAL
AbA Ak Aba Aba Ak Abas
TR | A — A wohe AR ot Al o Ak ol A nohe
A-1 95 99 94 99 83 99 94 98 97 98 105 99
A-2 83 99 91 98 92 98 88 98 9 98 98 98
A-3 79 929 86 99 80 98 87 98 92 98 99 99
A-4 83 100 80 96 78 97 79 97 86 97 95 98
A-5 75 100 74 99 77 99 74 99 83 99 81 99
A-6 70 100 66 98 61 99 67 98 76 9 83 99
A-7 70 98 70 98 72 99 72 98 74 98 78 99
A-8 85 99 90 98 94 99 85 99 85 99 90 99
A-9 75 98 75 96 79 96 78 97 80 97 84 97
A-10 92 99 84 97 81 97 87 97 84 97 89 98
B o 80.7 99.1 81 97.8 79.7 98.1 81.1 97.9 85.3 98 90.2 98.5
Table 3. Heart rate and SpO; in the VR display
BRIEFING UPWIND CROSSWIND DOWNWIND BASE FINAL
Ak Ak Ak Ak Aba Abas
& | A i Ak woh A . A woh AR o A e
B-1 80 99 91 99 82 929 86 99 88 99 87 99
B-2 83 99 86 99 72 98 75 98 78 98 80 99
B-3 72 99 66 98 70 99 71 98 72 99 82 98
B-4 73 99 73 98 73 98 74 98 74 98 78 99
B-5 71 99 80 99 77 98 80 98 87 98 82 98
B-6 54 99 68 99 71 100 68 99 71 100 77 99
B-7 66 99 71 99 72 99 68 99 71 100 81 99
B-8 79 98 74 99 79 98 77 78 80 98 81 98
B-9 72 98 80 98 77 97 81 98 86 97 86 98
B-10 84 100 83 98 83 98 85 98 92 97 93 97
| 734 | 989 | 772 | 986 | 756 | 984 | 765 | 963 | 799 | 984 | 827 | 984
Aol F 79| =HRa7 shute] FEHe] K= 7goto] olHiA] FAREARS S-aYsISIT
JEFL FAlO Bafstl, 2k Sguse] & avet T W A BARAS Sk 9 03 Bate] BU4
o 719 A2 AE aE HSSHe B4 7I¥elH. oY of] thgt Levene G4t BAS Sttt F¥l 5=
HX] EARRAE Bl ofH 7oA ofd Axpr} et A FA44 AL T 7N ol IFol HisiA EAtol
rbe UAHoR sjofet 5 giek ol el Y BYLLE HAsk: otk o] TejH T A of
e B X E4EY(one-way ANOVA)TH g ADCETHIEEA E vPEAGA)oNA A ¥

g T 7] AdolA ot AolE Hlwst, WaE 7t
o] ¥ e BAsk: dl ARgE 2 AtolAe A

HA =i (82D YA (briefing — upwind
— crosswind — downwind — base — final)°e|1 &
HA S (892 Hgesi=x] (ATD 4 VRIZ A

(E2yEso] 240o] &
o)y SAEE
we A

o

FAE AHsk= WHolth

iC)

=

o

Loy
i
)
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Table 4. Levene’s homogeneity test

F-value dfl df2 p-value

921 11 108 523

23 F-gt H e 47 921 9 52308 &
A=]o] Levene SEAF A9 AR 7HA(HO: A=H]
P & 22 vPEAGA SRl wet sHI2FA
o] AElee] 24k FAPESDE 95% AlFeEd] 1
Aeske Ao e mEbA 0441}}—1—’&
W3S I & oluiA EAESe —r““OP‘ﬁE‘r
Table 5°= oAl 2424 Ax7t AA= A
O AREA Aol wE} A|eAe] wet sy
FAEY A= 99% AlEEolA FofRt Zlol(F-
Zr 4.084, F9=E .002)7F & Aoz HEPEHQCH
ot HIPETHAACl met SPYEFTAEY] A
99% AlZrEollA frolet Zpol(F-gk 14.130, oiete
p<0007t e Aoz FAE. vlRPEA] we
TEE BPERGA 9 5~WO1] et Aol oot

EEATO] S0} 68 SRR Aol S LEhigl
. clet RIS Pl A SRel Ak
T} BARAG Fie EAR0R Soulst Xjolt

B QRIhF-Zk 204, 2IE 960).

Fig. 72 ATDS} VR H|EAGAN P42
F RWY 01€ 71202 FAg VFR ZZH]Y ALtk
s ﬁ*%} w) e B 2S4S olgujX] B

24 Ane Jdne =48R et

VR HREAIANN 7|5E BE AR 7]
ARG (ATD oI R} e ghoz Yeht, 27]
4 O] VROl HUfH0 Se) ool 42

fe

Hor

Table 5. Two-way ANOVA (n=120)

90.00

85,00

80.00-

75.007]

Group
— ATD

g
o= J‘l?LH—L—

(SpO=
ofulgt o7} &

oW B el e} A 3 EEE}E

T T
Briefing Upwind  Crosswind Downwind

Fig. 7. Two-way ANOVA profile

o o1 47&01 :
Az i

-+ ok

?lﬂxl

o] k= ArdHste] Atelof 7

V.2 B

4.1 @70 Qo
VR Ao Bat A s
e AiE Holk ase Hi¢

T T
Base Final

T = A %3 ASF AR B Al F s
$4 1y 2.243.225 11 203.930 3.234 .001
ehl 773,289.075 1 773,289.075 | 12,262.355 .000
S AIA) 1,287.675 5 257.535 4.084 .002
HIPEATA|(B) 891.075 1 891.075 14.130 .000
(A x (B) ZAaz 64.475 5 12.895 204 .960
Q3 6,810.700 108 63.062
4A 782,343.000 120
4 A 9,053.925 119
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8 8915E 8RR thaat o] g 4 gl
A, SPYxFAEC] ATDE WA BIFstal 1 o=
of VR HIFF7] wizol, ATDOIA FAA7F 4=
o] VR B[] B ﬁﬂx—‘l S THE 5 2
o A4, P 2FAES B7RE Geistol BAE A
EfollA] w71l 0“35%/\%% AoEEA B2
st Y mdEAES e I8 Bae B
SHARE, 2 AgolA = ”WH VR H[@oA= o]y
ATD ¥3S Ed B7hhe A Aeeir g 1%
P2 = 3ok AA, VR Hlﬁé‘@} 1 SHIEFAES

AAISHA =2z 19| H|gJo] ZUdk= Aol
Uehdrh o]F o]fE VR EPoA SHYRFARSO]
& o A4 Fgto] itk motH. ol &
A3 Hawthorne studies)Z= Sf4E 4 Ut} T
A= RS0 A5 ot Ascle AdAEC]
st} & 5ol FYHET= Aolth sHx|v B
50| Al AL PELSTE AIAE2 1S 9
SHA| "ok Aotk

Fig. 7014 55 welt Z3k= BI2 Briefing 97
oA Upwind ©AZ o5& mj ATDS} VR B3 A}

olold SIRTAY At 5Bl Aol

Uehiiths Aotk WA F1tellA= ATD 2 VR
‘ﬂﬁﬂoﬂfﬂ 0“3—%01\1*—4 AEkeE A9 fARE A5
32 8-S HoFlth ATD vlgge] 4¢ 2y
‘%_?74]9} Upwind ©A|9] 4ldks= Zjo]7h A 9] yehtA]
oFokt. SEAIYE VR H|YQ] B¢ SHRIRFAREC] B
3 o]% Upwind A%oIA VR 25 B3l 254
oA Aok AAIRL FARRE AlFElE Eal ATDO
Haf) AiE oz ol 9 A5agolA] IHEUS M
A AZE 09] J7F 9 o|F A5 IAolA A
HOoF 2 Ak ASES HolE AoF wrtdnt
ZAEHA (Base — Fmal)°1 |4 SRZIAES AR
g0l woe AL thEE AASkL 7] Wi,
25 gAolA 118 847t WobHal o2 QI 4

Ut 343 A5 Aom gt
4.2 A7 AN U FF A7AE

W ofuhz ATDS} VRO] 545 @0l Al 4uk ol
9 Zo| B% ZolE 4 U Aok Teh $4 o
TolAE VR B534E S7Hste] 44 W89 Aol
W5 @7e "ast 9 Aol

FF AP ARUL] HEHED S Sk
sto] 72 44 Aglolt). Yez £FAE| B
28e sH F5 olfrt AR Hgel gdold FH
el 9 WstES s gRtoltt. et F4 o

mlm

l‘

TolAe SHESAES Y W Hege —;—,w %
Yot AP WS F45] 5 %S Birow
H

T-25to] ATDSF VR H[go] m&
Bl FAs) B} <t

A WS Holg

J

AL AL
E AR 20259 WS 9 FPELO] Yo
Z %5 RISE AlE|9] AUS ol £3= g A154]

JEAIAARISE) 2=AE302] ZTIEH2025-
RISE-11-004).
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