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stk d#EF T NDT S8 o5 2
= 249 FaRF YA AL Ad
A2 AE R M=1.823, SD=.346)= 118
AR A M=2.041, SD=.475)%4, NDT
3 Z2H(M=1782, SD=.448)°l WI3)| 53
ZA(M=2.089, SD=.499)°A, 1|l
(M=1846, SD=45NET= EFEZ(M=
SD=452°14 TOT7} f&8HA o 27 UH
o)t}

b
il

A o o

H

Rlaa=
2.025

ztol= NDT 48 o F 2 E2EH{E 219
wel Geixs Aoz Heth WA duEzw
3 NDT 3 oAF Afo]o] Fozg a3E
TAZ R ARy 98 dPATERZ NDT
T3 oj¥o) wet ToT7F o8A GEAEA
ASE & H zkolE Bl 1 A F
HAG "wFoA NDT "8 27 s
& zHolM ToT7b st =@oy 1
ztole AWAA Fdhol] W] AR
oA o ZAthAHd44 T NDT M5
3 27 M=1.735, SD=2329; NDT <3 =4
M=1909, SD=A414, MD=.174, t=3.166, p=.002;
vs. AHEHA A NDT P =2

M=1.826, SD=.538; NDT 3 Z7A M=2.256,

[

Ly r&

T2ERAT 24 Aol fog A32E & SD=519, MD=430, =4.984, p<.001).
7} AAFeEol AR Tl mWE TOTA 9 TOTAA Y] JHFAHL Aol Z2E3HE
H 2. NDT =¥ 0o} T2=H0f WE e ToTe BEHEM ZAu(N=56)
HARY df MSE F P 7/;2)
e 2
A A 1 2.691 3.850F 055 067
23} 54 699
e o
NDT(®B) 1 5.096 33.733%% <.001 384
AxB 1 918 6.079% 017 101
ozt 54 151
EEEREQ© 1 1.745 20.046%% <.001 271
AxC 1 395 4.537% 038 078
o=} 54 087
BxC 1 003 033 856 <01
AxBxC 1 001 001 985 <.001
2t 54 .100

t <10, #p<.05, **p<.01, **¥p<.001; NDT=Non-Driving Task
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27 wet A
2 Bt &
o we} ToTolA 2
LA Age =
2 M=1.776, SD=383; 3
SD=2383, MD=092, =1.469, ns), 1l
Ao E SatEZo B3] THEZ
FostA =9 TtoT7t BEHJHIAE
2 M=.1911, SD=516; EZEE M=1.172,
SD=469, MD=261, t=5.373, p<.001).

L

ot

$E olmojAel FE HARO] ot Folz it =2l it

A3 AL A AdRsr o tig 24 4
IHE 3), AT FEIRIS54)=22.332,
p<.001, 17,=2531¢} NDT 3 ofFo] F=a7}
[Pillai’s Trace=.128, A1,54)=7.92, p=2007, 1’ ,=
1281 ¥ ZEREFRE 2 Fa IHpillai’s
Trace=.485, F1,54)=24.700, p<.001, 1’,=.285}
7h B skt &, BAA A Fatol A
o] Zpolof thal ABF TGS 25.3%, NDT T
AH= 128%, EE2ER/E 2L 285%F A
Btk e ARSI NDT £ AR
Atolo] o] EAE EINPillais Trace=.153,
F1,54)=9.779, p=.003, ’,=15317} F2l3tH 3,

(SINESRESgut o) G EREHE 2 Aold o|ddE
2+-8- GIPillai’s  Trace=..054, F(1,54)=3.083,
AP Ao Qg o]Fo] FEOE p=085, 1/,=.0541= fro&EC] AAKG%)
AR A FAES FHste AAHANA A o ZHFA SAHOE AN G Ui
H 3.NDT =9 O{Ret E22HE0 IE F4UN NYFote HIYEH ZIHN = 56)
HARY df MSE F P 7/12)
A 2t
AH A HA) 1 17.151 22332k <.001 253
23} 54 768
e
NDT(B) 1 9.551 7,923 007 128
AxB 1 11.792 9.779%* .003 153
23} 54 1.206
23R 1 18.976 24,700 <.001 285
AxC 1 2.367 3.083F 085 054
ak 54 768
BxC 1 5.556 7.064* 011 116
AxBxC 1 7.034 8.942%% 004 142
23k 54 787

t <10, #p<.05, **p<.01, **¥p<.001; NDT=Non-Driving Task
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123 NDT 3 oF¢ =233 E =1
Alolo] o] AT A2 F IHPillai’s Trace=.116,
K1,549)=7.064, p=.010, 7’,=1161% 23ttt
w3 A8 Fdy NDT 3 o @ T2 E
A= 274 Aol AddEAE & IHPillais
Trace=.142, F1,54)=8.942, p=.004, 1’,=.142}7}
froetith AR NDT 73 o F 3 &
2= 249 FaW FYAE A& A
WA ISR m=1.416, SD=292)= 1L
BH-A2 A m=3.147, SD=..540)%4, NDT
153 2 (M=2.098, SD=1.006)° HI3l| &
Z7(M=2528, sD=1.259)°A], 18] g
MAEZ2(M=1.892, SD=1.006ET= EZJEZ
(M=2.734, §D=1.133)914 A=A 2¥3s}t o
F7F frestAl w371 wolth

ANA A Rstel] i dEEI NDT

o
.

&

S R B mREgE 27 Aol Ay
48 &L Folar) W o &
FAHow Annr] dla 7 dgvEe

NDT 3 oF9} E2szts AP°H l%%
A48 adE AT WA,
ol Ao AAlA 2] st ﬂlﬂ NDT &
g ofFe} SRIFLE Alo]o] o] T ARG
9= 243 A3 =2E33s 219 F8
I froSFATHAL,26)=43.376, p<.001, 1=
6351 &, AdAA JEe NDT 3 AR
o= AAglo]l ISR (M=1.103, SD=.238)%
e EREEWM=1.732, SD=.487)°142] Zof
& 39 o] s FostA = HAA
A HeE B

ol9t= thzxog nHLAA F o)A
= NDT 8 o598 FEIHRI,28)=13.019,
p<Ol, 1,=3171, T2EH{E 9 Fa3
[R1,28)=25.081, p<.001, n’,=.4731, 18
NDT 3 oF-9f =283t E Alo]ef o]}

_\_4
Y

_llN

528 BIHR1,28)=10.782, p=.003, 1’,=.278}
7F B ot A el Ag
Frolgt NDT 38 offe} =233 % Abo]9]
ol AE FHE AFHOE B35 9
3 7t RRERT ZAEE NDT 58 of Fof
wE gAA A Rato Ao ApolE EAEA
1A, ERA = A A Fst
of gk NDT 3 ofFe wE HAH 2
8l e zpol7h FofshAl g3te wHANDT
u|d) 27 M=2525, SD=2.086, NDT <
2 M=2.728, SD=1.079, MD=203, r=.868,
osl, EFREZNHE NDT "I =AW=
2.896, SD=1.335)°l M| T3 Z2(M=3.438,
SD=1.093)91 4 freoletAl &2 BAA 2
B3l o] AAEHATHMD =542, =3.040,
p<.01}

=

AMHE =HOIES}

[ -

A A AT
4, AT FE
=117 ERERE 2] FAINALSY)
=8.180, p=.006, 1’,=.13217} <3+ 3L, NDT
T AR FEINRAL54=3.891, p=.054,
fzi,= 06715 Tl &E2] A SH 8=

FoAA sttt &, AAA A Estol
/‘M Aol thefl AHHTL 11.7%, NDT
g ARE 67%, 181 EEERE 24
132%E ABsth. FEAE G3 FolAe
AHAGI NDT 8 o Abo]e] o]diT
28 EINA1,54)=7.739, p=.007, n’,=.1251%}
ARG E2ERE 223 Ao]9] ojddE
28 BINRA1,54)=5.158, p=.027, 1/,=.08717}
foetanh Mukd oz AR B2
Aol Holege gyste AAAA FHT

o »
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NEFHOA DH2HR Mo 20t Yoz F= MMl F2H

LYTsH0] ofet FoZ M E2EHE 20t

H 4. NDT =¥ 022 T22X L0 IE MHHN ZYRSIo| HEEM ADN = 56)
HAR df MSE F p 7
e 7
A HA) 1 10.096 7.173%% .009 117
2 54 1.407
A v
NDT(B) 1 6.539 3.891F 054 067
AxB 1 13.005 7.739%% .007 125
=) 54 1.681
SREFZ0 1 15.881 8.180%* .006 132
AxC 1 10.015 5.158% 027 .087
L 54 1.941
BxC 1 .887 480 492 .009
AxBxC 1 170 092 763 .002
22k 54 1.849

T <10, *p<.05, *¥*p<.01, **#p<.001; NDT=Non-Driving Task

AA A AP Hat FF2 Hd
(M=2.730, SD=.610)°l H]3}
tH(M=3.155, SD=.577)°1 4, NDT
A(M=2.098, sD=1.006)° B3}

(M=2.770, SD=.825)°4, 181
(M=2.676, SD=719)E U= EAEZE(M=3.224,
SD=1.096)°01 A AAZA 2738} o]

%71 wzolth
ARHYTI NDT 8 o7 Afe]e] o]y
sAg g3s FAHoR Avny] 9 7

AFHEEE NDT 8 oo W& AAF
A Hatol| 4] ztolE AFES T3l Blust
ok 1 Ad, AdeAa FJoeAE NDT
T oo e AAH ZAYGFete] FFo
Al zZpol7h FofstkAl ek WFHWNNDT Pl
& 27 M=2800, SD=.747, NDT &8 =4

M=226, SD=916, MD=.140, r=.638, ns}, 1%
A2 HdoME NDT U5 Fdol vl
T 2A AAA ZGHet FFo] F9
Al B EUThNDT W58 2 M=2,743,
SD=904; NDT S Z71 M=3.567, SD=.929,
MD=3824, =3.116, p.=002]. AAZH ZH3}
Aol et dHEEH EREHE Alold]
A8k7] 9
27 &
2 Fstol e ApolE A AT
A Joll A AlAA 2y
EEEHE 2o w2t o3
fol& Holx &Y™ RIHGEHIEE M=
2,675, SD=731;, E/EE M=2745, SD=1.051,
MD=.110, =426, ns}, LB Aol A=
SAtE 2o Hlg] EREZoA A2 ZPH
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3t A47F fosAl 8 ST EMIER M=
2,677 SD=.856; € EZE M=3.633, SD=.987,
MD=956, t=.3.568, p<.001}.

= 9

B AT Assh AL 1EdE o
3 2 A, AdenA Auol ve) 2

A2 JellA, NDT HFY 2o ]
T8 204, IYa MIERHGE EF
E2oM TOT7h frefsiAl o Al 1y
TOTel et AT NDT 3 of#-of A
ole] folg FEAg Tl ARG =
EIRE 24 Apole] frofdt deztg =3
7F AAFeERol AR T BFolA NDT v
3 200 wle #3230 TOT7} #2
A =glou I Aol AdeA zdol
Hlg) A HAdelM | Ha, Fded
e =238% 240 w2 ToToA
Zol7k fFolekAl e Wk uEexA
i itz ws) EF=RAA
Al =9 Torrh #EEAT ol A
o2 uEedat o] Adedat
of Wz AlojHE A& A=
AP L, 53] 2A7A o]
of o) Az3, A=A Fo7t £

o

= TOT7F ¥ AdE & Sles

A

_ﬁ
N
rlo

Lo

P

ox
|t r_YL

o

[¢]

=

o
tlo

o o L
it 1o % gt
o, gt

>
J of
2

¢

A ALY,

Wu et al(202002] AToll= TheFgh
o FRAES WEoE 377 A&FH 4
oA vt AHol AYE] TH Ze
NDT 35 873 & 459 ToTE £
A A aEAA e FHe A

A wlg) Torrt frolakAl =elite A

Ir

4o E2ERT 2o wE

A sl B =" ToTE il
SAATE ALl A FH YA o
AFEe] Ao ofal AdeAA He
H3) Alojd AFolA o B WIS
JTteE 7HeARS AAET AAR Gold et
al 2016 7 AlE#olAE o] &dtq A&
T F A FH AT dEE oo, 10
2 202 22¢ & FAAEY] TOTE v
s, I A £z A% FHd o

al .

A, Aol QAF olFel AFRIAT} A
NES T3 HAAAA AP FaE 2
HHE3HE Al ZQdHatet AAA ARt
2 FEs goksld oy Zth WA, A
WP o2 AdezAl Fekel vis| 1%
gl A, NDT w48 270l s 3 =
AofA, 181 IERZRTE ST Z oA
AR A47E frefstA w9kt
a8y AalA ZARstl A oY A
S 7 AR HER Al 2Rt Ui
NDT Abg oR9l =23z s A %3 %
Ae TR ARy AxFde] weh 3}
H3lEe gjglo] AL HdexA F
oAM= NDT 8 oo we i =
Rt A Fof g Afol7t HEAE A kot

SR
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O / 347 RO THLTRO| MO o140t HKZ 55 SjTiojitel F2 Tgjeto] chet Foleint £28RE 21t

EEERE 2 gEAT o Aols we 2 1% JAYE NDT 5 o
Hol gitezol] Hs] ER=Zor A Fu ERERE 2 wet ZjE 339
AQRs FEo] fFolatA o wdTh olgke MY AAA A]dRStA fFold zfolE B
zxoz nHLAA o] AAA A4 A F dve AS AT

3= NDT 5738 939 2234 2o = Zhang et al(2022)& AEF A $X4Z}7}

ol ofaf P Witk Jev uHeHA AQES 3Hshs AN Adshe T
Ade FIERoAE= NDT 58 offd w  ZYF3HE NASA-TIXE 53l %7516‘}04 Hl
2 ANZ FAQRs G 2ol fodtA & ST 2 Ay SRAEL AAA A FH
U W ERERAAE NDT 7 2o AR FEE A I AHES
A el o e BAA AR £EE IUEEE oA ¥ 24 vE o
Bt o]y Ade TEERE e T B2 A U Hoe AL THsAnh
ARG mFol dis] AAA AYFstelM 53] o] AFeAes AlE 3yt a7HA
o] Zol5 ZPHLAR NDT 8 oRE & & u Ao U5 2H U LAAEY
FEZoA HsHs nFLH HGAR  TOoT7F “EASE FHE AR FE0
AEAo g e MA F e AE A ° A FHRde AS BFsoh =3
AHgit, Liu et al.(2024b)& A Ao Fol& S

2AH A Z‘?jfo} “l‘Tl?oﬂ o of3 A& AFORFE Aojd e

AT Al FE FoldSE ANEe )
g st edAY AW TR AURE 5
FRPEIN d%@x} gl ws) 1Fe ol K FMITE A% BustEn
A2 Gl A, NDT Bl 2] wa) = olg@ AREE AW A5 8ol FaA
G zholH, 12w gAEREte BT AAHCAA oflE edae Aojd Qs
2ol AAH e £zol o BhT ol AAHIAA Aol AN AojET
TG AAE AGRee] F ABAGT At HoHAFEE @A LA ANE

Ag AL AN S FWSIIAAS AR 47} gads

ol
o>
o 2
fgj
_l
ol
ol
2
i)
ot
oA
1
i)
oo
o g
[EnR
LHoE H

)
2~

z
A
(
]I.?’l_. ==

shol AHeAA Ml s NDT S8 o ) eaAe] T ARel sl
pol me AAH AQnaje] FEA Aol Aee AU
7 RlsA oighd W 1HeAA Agd B QT ABNEL 48T F AIWAA

AME NDT 8 2404 AAA ZAEst = 7} NDTE 354 &= z7o| Hld] NDT
ol fFYsA o ESoh = b el o8l Folrt EAtEE 2, 1
kel 2] AA A Z}u—‘%} Ao 3 RIEZROE ERHEZAN AT
T 24wzt {7k 2olE Kol a9 Aojd AFHhES AAFHL Aojd A
WA 1A JoolAe IR HE]  o]F9 FEAs B3 AANE 33 Ao
THERAA AAA AQFsE Aot folst A Askes ANA, AR G Hat

Al o =8tk oldd Aae AdedA & fosHl o Eokd  doke A

bWy

A=
T

o lo
f
2

ol

- 841 -



o} 4 itk ol A3
%

yol

ol 4o

X

T,

2

2l

ol

o
RO ()

Y
Lo
>

2K
%0,
rr
Mot
E}l_‘
2
il
fu
o
>
=
(o off
o

1z

PG

lo e x
ol
&
=2
&
o
2
i)
F > T
o & o B rx

olX
N
]
=
o
i
N
U )

e

B AT 2 sFHer vy
AR} A& ApF Abolo] b sk
23 F3Aee sl v 22 ARE

HE FQ7F Atk WA Liu et al(2024a)9]
ATFNE ANERSC] THLAAES F
o1zl A&Fd J3oA wEA Qg NDT
7} ohiehd 4879 F NDT SUE 2oz
AR A7.zd ed PEe Ao

=
2831 Pasith nPLAAE AV A
%

=

Mo rio off

R

Liu et al.2024a)E THFSE AHdo] A=}
5 W E AEF oA NDTE T
she A vwsided, 2 A3 AV F
7V E, 83 AVY] T3

>

il

zd PFgS HY F gl%ﬁl(Meng & Siren,
2012), A&F3 Ao NDT T g
nH e HEE oleld A7).2d AF

o} Wetoll M ofsf e

BUHPSE 5 79 A8 oE 33
UG Be FEOE FAN] $ELHOE
o Aol ATHE AF Pl ohh HAH

et al., 2022).
2 AFE A7 geol RaEA 4gkd
HEHAAES o AojA A5 v-33

A g o] %9 AFFAol thsl =

A, NDT 8 oF 3 E2ERE =

THHoR zAst AW ESITHE Aol

ouz itk Iy B dA7e A

A &5 sHoro ATAR &

oAM 2 7HA FrHHer uHd AL

HA, B AFdxs AT
2 o

7 8sks NDTY 3

fo o

YO NowE X A ore X R

2R

pu

NZZ Folob 5 ukgo] 8FEE g 7HA
399 NDT FITS aFsA Ty
A&FY T A Y= NDTY 3
o] theaFst < QU (Zhang et al, 2023), E=3F
NDRT ol we} Aojd QA5 84 st
TOTY AFFANME o3 zfol7h #F
A= 7| A7 ES 183 H(Yoon et al,
2019) FF AFolA= NDTY FEE 2t
of NDT f3ol e a2 apsisiel Ay
E H99% & Aotk Yol B AFA
NDTE AA| dAoA EAAEC] T3

NDT oS Eo} AnEeEZS o]83 2

(a4

4 e
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The Effects of Attention Distraction and Road Complexity on the
Elderly Driver’s Takeover Time and Subjective Workload for

Obstacle Avoidance in Level-3 Automated Driving

Jaesik Lee

Department of Psychology, Pusan National University

This driving simulation study compared differences in driver’s takeover time (TOT) and subjective
workload for obstacle avoidance under different conditions of road complexity and attention distraction in
in a level-3 automated driving. Participants were divided into two groups: young drivers in their 20s and
older drivers aged 65 or older. Attention distraction was induced by performing a non-driving task
(NDT) during autonomous driving, and road complexity was manipulated by varying the number of
vehicles surrounding the drivers” vehicle. The main findings and implications of this study are as follows.
First, drivers’ TOT was significantly delayed in the NDT condition compared to the non-NDT condition
duting automated driving, and in the congested traffic condition compared to the clear road condition.
Furthermore, the level of mental and physical workload during obstacle avoidance through manual driving
after control takeover was significantly higher. Second, this tendency was particularly pronounced in the
older driver group compared to the younger driver group. The results of this study suggested that older
drivers may experience increased difficulties in safe and effective avoidance regarding obstacles ahead of

their vehicle when visually and audibly distracted on congested roads.

Key words : elderly driver, level-3 automated driving, control takeover, attention distraction, road complexity
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