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Abstract

Using level-3 automated driving simulation, this study examined the effects of before-after the obstacle
avoidance(BOA and AOA, respectively) and driver age group on situation awareness, control transition time, and
vehicle control performances.The results can be summarized as follows. First, the situation awareness of the
participants was lower in the BOA section compared to the AOA section, and in the older driver group compared
to the young driver group, and this tendency was more evident in the BOA section. Second, the control takeover
time was significantly slower in the older driver group than in the younger driver group. Third, in all four vehicle
control measures, worse performance was observed in the AOA section than in the BOA section, and in the older
driver group than in the young driver group, but the difference between age groups in vehicle control performance
was larger in the AOA section than in the BOA section. These results suggest that in a situation where the driver
takes over control during autonomous driving and avoids obstacles by driving manually, the driver's situational

awareness and vehicle control may vary depending on before and after the obstacle avoidance.

Key words: Automated Driving, Obstacle Avoidance, Situation Awareness, Control Transition, Vehicle

Control, Driver Age Group
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Stage I: Pre-Exp.
Participants enter into the Lab.
Experimenter describes
= general procedure of the Exp.
= driving simulator & level-3 automated vehicle
= NDRT, situation awareness task, and driving

requirements

Stage II: Practice

Driving level-3 automated vehicle
Control transition

= takeover & handover quickly and accurately
Identifying and avoiding hazards on the road
Situation awareness task
Drive simulator vehicle as instructed

= Jongitudinal control

= |ateral control

|

Stage lll: Main Exp.
Drive Level-3 automated vehicle in driving simulation
environment
Perform NDRT
Takeover or handover the control when requested
Identifying and avoiding hazards on the road
Perform situation awareness task as driving(maintain
vehicle's driving speed and lane position)

[

Stage IV: Debriefing
Q & A about EXP if necessary
Additional paperwork

Fig. 2. General sequence of the study
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3 AEE A AHF GG G E 39 A& AIH
(before and after the obstacle avoidance: BAOA)S] =%
o] wet Aeldk 2F 7} Table 101 AA o] Uct As)
A2 HFE EA A, AHF T FEIHF(, 68)
= 20.61, p < .001, 7 = 2319} BAOA®] FaIHF(1,
68) = 11.28, p < .01, #* = .14], 182 AHFH G}
BAOA Alo]9] 528 S 3HF(1, 68) = 5.36, p < .01,
it =077k B frelstith. i HTha BAOAS] 5
37t el A AN M = 8339, SD =
12.03)ell B]8l] 228 72} Jeh(M = 68.21, SD = 15.71)
o], 71232 AOA T-7HM = 79.82, SD = 18.71)E.t}=
BOA T7HM = 71.79, SD = 19.12)°l| 4 Z23kel2] 4=
7F FrolstAl Wekr] wiiolvh AR H @I BAOA Atel
o] frojet Asae a9E F o FAFCRE ets|
913l BAOA 778 =E Aol A4l A Aol
£ SHAY H5s T8l vasisith 1L A3 BOA
TF7H ACA 7+ Bl Al A xl kel Bls|
IR Je] AFslA FEt frelaA weke
L 71 Zpoli= AOA 71l s BOA 7HllA H itk
(BOA 7k mean difference = 20.71, ¢ = 537, p < .001
vs. AOA 77} mean difference = 9.64, t = 2.22, p <
05). BT BAOA Atolo] #o)st s 2hg a3t
NA FEEE E E FHE 842 Joe] A4
BOA 77+ AOA 7ol A 73312 Aol A
Zpo] & Kol 2k Lmean difference = 2.50, ¢ = .39,
ns) L -AAF Heke] 39 AOA 774l H]El BOA
T A o3l dslA] At AstE e Hol

THmean difference = 13.57, t = 3.56, p < .01).

=

re 4

Table 1. Situation awareness scores(%) according to driver age group and before/after the obstacle avoidance

Age group(A
Before-After the ge group(4)

Obstacle Avoidance Young Old Total t-test ANOVA
(BAOA)
M(SD) M(SD)
Before(BOA) 82.14(14.31)  61.43(17.77) 71.79(19.12) t = 5.37%**
After(AOA) 84.64(15.18)  75.00(20.78) 79.82(18.71) = 2.22* A: MS = 8063.62, MSe = 391.35, F' = 20.61***
BAOA: MS = 2060.05, MSe = 200.30, F = 11.28%*
Total 83.39(12.03)  68.21(15.71) A x BAOA: MS = 1072.55, MSe = 20030, F = 536**
t-test t=.39 t = 3.56%*

Note: *p < .05, **p < .01, **¥p < 001
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Table 2. Control Takeover time(TOT, sec.) and handover time(HOT, sec.)

Age group(A
Before-After the ge group(4)

Obstacle Avoidance Young Old Total t-test ANOVA
(BAOA)
M(SD) M(SD)
TOT 1.51(.68) 2.09(.63) 1.77(.71) = 3.64%*
HOT 2.13(.68) 2.39(.64) 2.24(.64) t=174 A:MS = 6.035 MSe = .68, F = 8.96**
BAOA: MS = 7.24, MSe = .15, F = 48.00%**
Total 1.82(.61) 2.24(.55) A x BAOA: MS = .829, MSe = .15, F = 5.50*%
t-test t=623%F% = 367%*

Note: *p < .05, **p < .01, **¥p < 001
4.2 MoiH Met A7t

TOT®F HOT®l| th gk 4] Z3}= Table 2¢1 4 2] =
of Aok B4 A3}, AT FEIHAI, 68) = 8.96,
p < .01, = .12]2} BAOAS] FE (1, 68) = 48.00,
= 417} 5 fFostanh AA Alold
JE 42 Ak = 1.82, SD = .61)°l
Hlsl] 73812 JeHM = 224, SD = 55)°1 4, 18]
TOT(M = 1.77, SD = .71)X.t}= HOT(M = 2.24, SD
= 647} FY8HA © =gk Iy AEHG
BAOA Ate] €] o)t 4328 a3 F(1, 68) = 5.50,
p < .05, n* = .08]7F AlAbetRo] olE g Ad =
w2 AW AZE AR A ] ANHA Zfol= AR [T
3} BAOAS] =3t §7d°ﬂ et dep = Al
th AR, FddAa Joi 1H-&H2 F
5ol 4 TOTO B8] HOT7} §-2l8HA Z7tsel7]& &
F K HA A J: mean differendce = .62, 1 =
6.23, p < .001 vs. 22 A2} T mean difference
= 30, 1 = 3.67, p < .01) A|ofA o] A= AR
S HOTO A 9] 2ol 7F f-o]8kA] 229k A (mean
differendce = .26, t = 1.74, ns) Alo]d A4 ZANAM =
AR Fekel mlsf) 2252 F kel A ¢ TOT
7} f2)8HA ©) =% tHmean differendce = .58, ¢ = 3.64,
p < .01).

p < .001,
Ag Ak A

r:i

A A HAM, BElola At B# Aoy 2 7}

= W ARE 9295 BAOA 0 net Ael

WA, A SHEE Us £ A3, Andwe
Fa A1, 68) = 31.46, p < .001, 7 = 32]¢} BAOA®]
FaIHA(, 68) = 1622, p < .001, 772 = 1917} frelskd
o AR F T BAOA Ate]e] Ao 2§ B3k 9
SR QEITHE(L, 68) = .28, ns]. d%ﬁxKM: 55.73,
SD = 4.82)] ®laf 317 -2} Hh(M = 48.84, SD =
544)0] AR fFelsiA o A A8k
AFH7A 5 Alojd AOA F7HM = 53.71, SD
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Table 3. Driving performance according to driver age group and before/after the obstacle avoidance

Before-After Age group(A)

the Obstacle

Dependent

Youn; Old =
Variables Avoidance = Uizl I-test AINOES
(BAOA) M(SD) M(SD)
Before(BOA)  54.82(5.05) 47.65(6.12) 51.64(6.57) t= 5.36%**
Driving soeed  ATET(AOA)  56.64(5.12) 50.02(6.02) 53.71(6.41) =497+ A: MS = 1638.55, MSe = 50.08, F = 31.46***
« ngq /hf BAOA: MS = 151.59, MSe = 9.37, F = 16.22%**
Total 55.73(4.82) 48.84(5.44) A x BAOA: MS = 2.60, MSe = 9.37, F = .28
t-test t= 3.52%F ¢ = 2.44%
Before(BOA)  2.20(2.07) 3.94(2.45) 2.97(2.40) ¢ = 3.23%*
Brake oyt AfEr(AOA)  30(40)  .56(.52) A2(47)  t=236% A: MS = 3470, MSe = 3.15, F = 11.02%*
% P BAOA: MS = 23994, MSe = 2.11, F = 113.81#**
o Total 1.25(1.20)  2.25(1.32) A x BAOA: MS = 19.04, MSe = 2.1, F = 9.03**
t-test = 6.70%% f= 7.94%%x
Before(BOA)  .72(.05)  .74(.06) 73(05)  t= 140
- After(AOA)  .65(.06)  .73(.07) 69(07)  t=491%*% A: MS = .08, MSe = .004, F = 20.62%**
Lane (drfl;‘a“on BAOA: MS = .06, MSe = .003 F = 18.61%**
Total 68(.04)  .73(.05) A x BAOA: MS = .030, MSe = .003, F = 9.44%*
t-test t= 6.5]%** t=.72
Before(BOA)  2.65(1.84) 3.70(1.17)  3.12(1.83) ¢ = 2.45*
Steering wheel  After(AOA)  2.52(1.22) 3.82(1.23) 3.10(1.38) = 4.40%+* A: MS = 47.71, MSe = 3.70, F = 12.90%*
variability BAOA: MS = .003, MSe = .92, F = .01
(deg.) Total 2.59(1.47)  3.76(1.21) A x BAOA: MS = .529, MSe = .92, F = .57
t-test t=.78 t= .39

Note: Note: *p < .05, **p < .01, ***p < .001

Pillai®] Trace %= ©]-&3td A sksth &4 23,
Ag Ao FAIHAI, 68) = 11.02, p < .01, i = .14]
°} BAOA®] F= #HPillai®] Trace = .63, F(1, 68) =
113.81, p < .001, * = .63], 1212 A=A} BAOA
Abol o] AF% 2H8- & 3HPillai2] Trace = .12, F(1, 68) =
127} 55 relshalnh ARt
frole FRaRES I Jd

9.03, p < .05, * =
BAOA?®] o]&jgh

(M =125, SD = 1.20)°l ¥8l] 22582 Je(M =
2.25, SD = 1.32)° 4, 18]3L AOA TF7HM = 42, SD
= 47yl Hv]al BOA 7HM = 2.97, SD = 2.40)° 4 B

dola g kel FelshAl B =371 "otk AR
Tk BAOA Abol9] ojeh e ahg axs 7A4 2
E A9 HE7] 98] BAOA THEE AR he] Bl

A A= 2pel S Hlalskdth 1 Axh BOA ik
AOA 77t Bl Zd Ak Aol vlel] a4

A Aere] maolz gl frelahl Egkout 1
2oli= AOA 7kl Bls] BOA -7kl A f<fskA d
=X THBOA -7k mean difference = 2.97, ¢ = 3,23,
p < .01 vs. AOA 7} mean difference = .26, ¢ = 2.36,
p < .05). T3 AHHTHEZ BOA +7H} AOA +7F
Atolell A Belol = dHgke] 2|7t A=A A 2
e B Fd2AdA el Aol BOA 77+ AOA
T27F Byola oY

=6.70, p < .001)°l| Hv]a} &
(mean difference = 3.38, t = 7.94, p < .001)7} A&
= ¢ 3tk

% ZFo](mean difference = 1.90,

A2 e 71 Apel

4.33. AU SIX| BLH

A4 %—owiﬂa Auh} oGRS Ueh

W AR S92 Wagel thek B4 A3k AR
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o] FaIF(, 68) = 20.62, p < .001, 7 = 23]<}
BAOA®] FE (1, 68) = 18.61, p < .001, * = .22],
IE]2 AEH T BAOA Atolo] s A8 & 3HA(1,
68) = 9.4, p < .05, ot = 1217} ¥ frolatinh Awt
Ao g HALHA M = .68, SD = .04)°l] 13
TBHSAA HM = 73, SD = .05)°1 4], ZL2]3 AOA
T7HM = .69, SD = .07)° 1]3] BOA +7HM = .73,
SD = 07)el14] 2R 912 Mabgdo] felakA o Fith
ARAd] 912 WAkl o gk ARG T BAOA Aol €]
Fost deg avE FAFHOE AHET] Sl§
BAOA F7HEE AF e XA 912 WLk Abe]
£ ¥ w3tk 1 A3 BOA Akl s & ARgdd
Atolell A AW 914 WAk €] xpol 7} frefabA] sk
S WFA(mean difference = .02, # = 1.40, ns) AOA -7}
NAE A d-xF Getol] wlal 2 dxF Jeko] A}
Al 1A sk dol 28l B ZTHmean difference
= .08, 1 = 491, p < .001).

4.34. ~E|0{2] & 25 A

A A $1A] WA PR AR 2E oY 2
7P o] A= Aol viek 2 A%XJH T et
st F8oh ARSEE S A oItk At
Elojd & o] Mol S5 Aheke] 44 994

[e}
Zobg oz Exgch

g E9HA = A& Yk 2Eely
7% WAk el tisk B4 A, ARy Fax
[F(1, 68) = 12.90, p < .01, * = .16]%F F<]38t3 1,
BAOA®| FAIF(1, 68) = .01, ns] & A=HHG}

BAOA A}ole] 2o 28 S (1, 68) = .57, ns
T freolskA etk AR T Fa o tﬂf&
2 A3l BOA 7743 AOA 77+ B0l %
kel sl A2 Fe] 2ol E % 7t €]
HAdo]  FosiA E=USHBAH  X71: mean
difference = 1.05, r = 2.45, p < .05; AOA 7} mean
difference = 1.30, 7 = 4.40, p < .001) ©]&]3+ AHFHHZE
zfol= 7 BAOA T-7Fel wheh fejsiAl 2kl 7t e

e ohgik

T
Mo bo

FE
Mo
)
2

Mo
)
= 2i
s
ko
—M

= 9
F0 2] 32 21 tHGoodall, 2014). A 7Hd wo]
HEHL = AEFY A8 3otk o] e
& ol wet A 244 Aol
oA Zpekell gk AlojAe] LA HAEEE= Aol
AVl &7} Abele] FoAtg FEe AAske T2
Sk Q Z~o]t(Hamdan et al., 2022). A|o]d A3kl sk
71E AFES Aol HEe] 584 5, +AA 9 AV
Atolo A Aol H o] A&stA o] FoH F e
ko] FARIAC sl FE 2 WEFost
(Yoon et al., 2019; Huang et al., 2019; Politis et al.,
2015).

Ao]H H3lo A o] a84S =o]7] 913 TOR HH

AA Aol i AA A9 B4 o Fee AE
Hojof sh= R Aol Agke] exAke] AR A

g Ael ow g JaFE mA=A o e AolthSo
et al,, 2021). 53], AVEFE 2] TORS AV el %
Nz 2dH 22 1055 A Foidvdes He
I8k Aoll=

ARy 78S

Fe AEAY FAFE) Fqol FhHo2 o A2
& Jrke BE gestw g 33 o)t ol F ol



101

12t XFSH X0

—

Ap Achof TE JEela

o 4u

=
=

A7)

o
R

L

R

ol 4]

ke
T

CEIBEERY

Aele} AapAlofol] o g

ol =

=3,

T

A=

1=
24

T

Aol o

B

B

l
BOA
&
T‘i‘

Fel
A el vls) 33 eA4 WA o)

Ao g ok 53] Foll=

-
3t

1

BA

T

L
Z

BOA 712
E'_:l'

2o WA,

o] ol eie o)

=

glol=L =gkl A ] Aol

| BOA Z7ZoM o 7o) =3

[

F7EA}

2} Feroll A, 183 AOA 77+ =

322U BOA F£7H A o7

Z
L

A o
= A2 HE o= J%= NDRTZ
X3

<)

0

24

1 & =27
&

‘]

2} Aol A, 183 AOA 7R TH
A

al

0

i

ake]

=

_"
vl
=
2l
__?_

Z

FRFAA ol
3

1=
LI

[e)
RN
%

e
Aol ]3] BOA T3l Hao]2L gjeigte] Anbae

Z NDRT7} FAIZ 85 o] &xAke] =207t &
BOA 7t} AOA 7tel| A 2] Bdlola ¢

U
BAOA
E
el Al
ol 1]

]
8 A7

R

e &
T

o)
7t 875 24

i}

AOA 7} H]

H

_"

7%
Tl

L

A2} el M, 123

i

K

O %

fLN

A B =3k 18y ol

S

°] BOA 7+ AOA 7+ &

A

O]

SRR
‘{[:
94

N
o

]_

TF

3|

I
°

=

§ BOA 7k 41 43314 157} o

PR A A

]
}

NI

@3k 73 A2 Ak ZFo|A TOTO)

1A
A A}
HOT7}
Aold &k A 7bol| A o] AutA z}o]

el

Ie]
=
L
A

]_

H|5] HOT7} 59

& Aol <l

#71 A}

9/]

L

L

L

=)
[e]
o
Sk
] Z

P Siskek el 309 BAOA Alele] 4
7S

A79) Az} A4}

Hol7]

A, A& AFOZHE TORC| &g

Q.
[S)
o

e

o

=~

)

&

q

Q4 57t o shgkort 1 )

1 BOA +7FllA o Fo) gk

o

ol 71

AOA 7}l H]

B

=
Aol A A

)
s
o
=
-
1:

T

79 BOA 77+ AOA T-7F Ato]o A
kel

TOTH t}

] ol
How

fsi3

3y

[e)
(¢}

o
<
2

ﬂ.wo

Hl =52 HOTY tisiAe A

3|

AOA 7kl

f

R

3l BOA T-7Fell A 2Hdu] 914

(¢}

I H ek Zev A8 99 9 BAOA Atol

)

S

_"
AOA 7ol H]
o] f9

]_
ER SRR IRE R RS B

Aol g
Aol ol 2R TH

R

1

344

o

9

o

Ein

w7 Aol 7t
A7 A e AB TR Ffol



102 Olxi4

o] XA 1A WAk o] o] Ikl A fosHAl

Ak 538 AdeA2 Je] A9 AN ES 39

o] Foll= AW 912 WAl fFolsiAl Aaxdh v

T AR Ao M= o] at Adko] BAE R kot

t} o]y Axt= 1H AR} o] A A ES
g

= BOA 1A folahl B Ao A54E K
Qi) oleld Aee z%%@x}g—o Aeeks 20

2016). =, 193%{4%} o] Aol 923 Fo) e
CEEI L § Be X
S48 i shetol= Ay

j h %
A Z1&olA EHIL o] WiEell Fely sl A

fvio]

Fokd Wi TOT®] 735 A

IR ol A %«l"o#?ﬂ O =gtk o] AL 17
SRAAE] AP
shift)ol] A1 9] o5& wF
Aoltt. £ AP s EE AFZ7HAelA TOR 4
BI7F AAE 7] o]l =3 &5 BF

NDRTE F8dh= =5 TOR 47} AlA 5 H NDRT
FPO B HEH AESHA Ao Qg WO R FOE
Agste] Aol Aol e 3T EE AASITh

71 Sl(attentional

A2 s & s
3]
=

09, >
ol
O

AHgshoF B

NDRT 43 0.2 7€} xﬂo%:ﬂ A5 WEOT A&
Fo8 Qg of sk 2

=
=
BEAY S 243 B2 d7Ee] HHlRol 1L

Lo

3
SANES 24 ol9)9] olRH AAZTE YR &
AFAZ A&l o2 Adeks o) P2 o4

2= vlE] AtE o2 o A5t e] l=dl(Freund
Smith, 2011) & A+2] A= o]k A A2
ol AR5 Ao Helth
Ul 712 AFgEAl SRl gk e ShellA =
ojgh iAol Alejd A Y Rt R
AOA F7FH TH= BOA %Lﬂoﬂ*i I3 AR
HER O 1812 JuolA o Astd s
At 53] 2AFEA Faol e AFHEIE 2ol
AOA T7FHETH= BOA #7HollA B FElatqit 4
2o g ~Eloly @ 7tk WS AlQ)stal %24
A ke Al el vs] ACA FIHETHE
£o7t Y =33, AR
25 o ok old 4
o] FefES 3?4?46}71 fla o
, Byola ¥
sl om, x5kel 3H 9IXE AA WAl
AlAFgeh olE gk 2 HEe A 3e 2

@

b

rr

=

.

BOA 7 oA Ha 4

X
rir
kl
o
Mo
Y
2
i)

>
>y
il‘,
Ho
=y
o
8,
k]
nj
r llJ

sl =

B
bt
o w2

S RN

2
i)
o rlr

2
&
lo
=2
=]
B
N
=]
f|rt
o

2 Chen et al., 2022). ©]& 3k
[ IR e P e R i R B i i e
A QI o] 59| Holl= 3] ulol thsf
o= Zo 2 Kol &,
Azl s AlZF §Fo]
T ¥ Axsfiv= A
(Rendon-Velez et al., 2016)7Jr I E AR ko] Hol
= HhSE oA XA (Caird et al., 2018; Gasne et
al,, 2022))2 THA 02 FEshH H Aolale] 117

iy,
:\_l,
il
of\
e
_O|L

2
=
:olé
2
2
»

|o
utt
o
58
lo
ot
afl
o
oﬁ

T A}
ol
Mo
2
X
i
rlo
o
rlo
Mo

R4 ATE A% Aol Foizl Aol 356l
A oA Aol Wal AUA o o ¥ FFe
A S AR olR e ABANNA Y A5}
2 AAEUL FAE Atk

B A7E B4 Bol HIHA 2gkd eux
ARPDE Aol A% o Fe] LA 4T 2
AeEA] e Aol 2 ﬂoﬂ% 35 o)A F2h3 ol F



SEEE FHE ?ﬂl*l } l 213k TOR AKX %
e ARbE o' 7Hd @ol AR EE FEd vk o}
Yzb ohE TOR AH el His] ¥ Al<&3 TOTS
olFo] Y= A0 2 HIEI 3] (Yoon et al, 2019),
o]Zlo] £ Ao A o] s TOR FH AlF s A
g3tk o]fo] 7% 3ttt Z#uk TOR FE A A] 2] o]
o] wheket ak JRQle] HAeu 54l uwhet
TOR BE FFe] Az a3, a&dellA ztel7t
s & d& ZAeolth oE E9], Brandenburg &

Chuang(2019)> +dA=°] 7} TORE = Eo]
Av 2oy & %Q A1 Zkshel e €] TOR HH4s
O As gt 2 Baskh meEba 35 AolA
T TOR FH AF B2e F o thdstst & 79}
AV Atole] 8-S vws] B FoUt g
T3 2 el A TORZ HOR HHEE ZOPOH
9% o]} Fol & 37 9% o]Fo] AlH|A
Al 22k 4R Aol whet ol
o thgk Al el A Apol7t ks RS
21517] Sl A= TOR AE A A A

st oUt g Alolth o]g FASHAl ¥ A
T £ BT ARSSHE ©d st JE 9] NDRTE 3
= AAR7PAA 2stdite AR sl ok
ol wel TOTY S804 2] Z}o]
AFE I sH(Yoon et al., 2019)
NDRTE #438Hs 845, A9 AAl Wi} vk
el w2 a3E

m{uﬂm{nm
o
2 5 £

il
an

ot

o oo o B
o

ol
S
X,
o

0,

ofr

]
=

m
oz

-
2
2

pa

Wi

REFERENCES

Brady, B., Eramudugolla, R., Wood, J. M., & Anstey,
K. J. (2021). Association between decision-making
under risk conditions and on-road driving safety
among older drivers,
622-629. DOI: 10.1037/neu 0000754

Neuropsychology, 35(6),

Aol WE el AFEH xtol 103

Brandenburg, S., & Chuang, L. (2019). Take-over
requests during highly automated driving: How
should

they be presented and under what

conditions?. Transportation Research Part F:
Traffic Psychology and Behaviour, 66, 214-225.
DOI: 10.1016/j.trf.2019.08.023

Caird, J. K., Simmons, S. M., Wiley, K., Johnston, K.
A., & Horrey, W. J. (2018). Does talking on a cell
phone, with a passenger, or dialing affect driving
performance?: an updated systematic review and
meta-analysis of experimental studies. Human

Factors, 60, 101-133. DOI: 10.1177/0018720
817748145

Casner, S. M., Hutchins, E. L., & Norman, D. (2016).
The challenges of partially automated driving.
Communications of the ACM, 59(5), 70-77. DOI:
10.1145/2830565

Chen, F., Lu, G., Tan, H., Liu, M., & Wan, H. (2022).
Effects of assignments of dedicated automated

inter-vehicle distances of

vehicle lanes and

automated vehicle platoons on car-following
performance of nearby manual vehicle drivers.
Accident Analysis & Prevention, 177, 106826.
DOI: 10.1016/j.aap.2022.106826

Clark, H., & Feng, J. (2017). Age differences in the
takeover of vehicle control and engagement in
non-driving-related activities in simulated driving
with conditional automation. Accident Analysis &
Prevention, 106, 468-479. DOI: 10.1016/j.aap.2016.
08.027

Collet, C., Guillot, A., & Petit, C. (2010). Phoning while
driving II: a review of driving conditions influence.
Ergonomics, 53(5), 602-616. DOI: 10.1080/
00140131003769092

Cuenen, A., Jongen, E. M., Brijs, T., Brijs, K., Houben,
K., & Wets, G. (2016). Effect of a working memory
training on aspects of cognitive ability and driving
ability of older drivers: Merits of an adaptive

training over a non-adaptive training. 7ransportation

Research Part F: Traffic Psychology and Behaviour,
42, 15-27. DOIL: 10.1016/.trf.2016.06.012



104 Olxi4

Curran, P. J., West, S. G., & Finch, G. F. (1996). The
robustness of test statistics to nonnormality and
specification error in confirmatory factor analysis.
Psychological Methods, 1, 16-29. DOI: 10.1037/
1082-989X.1.1.16

Eriksson, A., & Stanton, N. A. (2017). Takeover time
in highly automated vehicles: noncritical transitions
to and from manual control. Human Factors, 59(4),
689-705. DOI: 10.1177/00187208166 85832

Eriksson, A., Banks, V. A., & Stanton, N. A. (2017).
Transition to manual: Comparing simulator with
on-road control transitions. Accident Analysis &
Prevention, 102, 227-234. DOI: 10.1016/j.aap.2017.
03.011

Feng, J., Choi, H., Craik, F. L., Levine, B., Moreno, S.,
Naglie, G., & Zhu, M. (2018). Adaptive response
criteria in road hazard detection among older
drivers. Traffic Injury Prevention, 19, 141-146.
DOI: 10.1080/15389588.2017.1373190

Freund, B., & Smith, P. (2011). Older drivers. In
Handbook of Traffic Psychology(pp. 339-351).
Academic Press. DOI: 10.1016/B978-0-12-381984-
0.10024-4

Gasne, C., Paire-Ficout, L., Bordel, S., Lafont, S., &
Ranchet, M. (2022). Takeover performance of older
drivers in automated driving: a review. Transportation
Research Part F: Traffic Psychology and Behaviour,
87, 347-364. DOI: 10.1016/.trf.2022.04.015

Gold, C., Dambock, D., Lorenz, L., & Bengler, K.
(2013). “Take over!” How long does it take to get
the driver back into the loop?. In Proceedings of
the Human Factors and Ergonomics Society Annual
Meeting, 57(1), 1938-1942. Los Angeles, USA: SAGE
Publications. DOI: 10.1177/1541931213571433

Goodall, N. J. (2014). Ethical decision making during
automated vehicle crashes. Transportation Research
Record, 2424(1), 58-65. DOI: 10.3141/2424-07

Hamdan, A., Talj, R., & Cherfaoui, V. (2022). Transition
management between an autonomous vehicle and
a real human driver, in a context of take-over

request. IFAC-Papers OnLine, 55(14), 65-70.

DOI: 10.1016/j.ifacol.2022.07.584

Hoc, J. M., Young, M. S., & Blosseville, J. M. (2009).
Cooperation between drivers and automation:
implications for safety. Theoretical Issues in
Ergonomics Science, 10(2), 135-160. DOI: 10.1080/
14639220802368856

Hu, W., Zhang, T., Zhang, Y., & Chan, A. H. S. (2024).
Non-driving-related tasks and drivers’ takeover
time: A meta-analysis. Transportation Research
Part F: Traffic Psychology and Behaviour, 103,
623-637. DOI: 10.48550/arXiv.2405. 18667

Huang, G., Steele, C., Zhang, X., & Pitts, B. J. (2019).
Multimodal cue combinations: a possible approach
to designing in-vehicle takeover requests for
semi-autonomous driving. In Proceedings of the
Human Factors and Ergonomics Society Annual
Meeting, 63(1), 1739-1743. Sage CA: Los Angeles,
CA: SAGE Publications.

Ko, Y., & Lee, J. (2023). Takeover time and driving
performances by driver’s age group, types of
non-driving related tasks, and road complexity in
automated driving. Journal of the Korean Data
Analysis Society, 25(3), 1177-1192. DOI: 10.37727/
jkdas.2023.25.3.1177

Korber, M., Gold, C., Lechner, D., & Bengler, K. (2016).
The influence of age on the take-over of vehicle
control in highly automated driving. Transportation
Research Part F: Traffic Psychology and Behaviour,
39, 19-32. DOI: 10.1016/ j.trf.2016.03.002

Lee, J. (2021). The effects of road type and driver’s age
on simulator sickness. Journal of the Korean Data
Analysis Society, 23(5), 2365-2380. DOI: 10.37727/
jkdas.2021.23.5.2365

Lee, J. (2022). Differences in detection response and
driving performance of middle-aged and elderly
drivers according to stimulus location and road type:
a driving simulation study. Journal of The Korean
Data Analysis Society, 24(4), 1543-1561. DOI:
10.37727/jkdas.2022.24.4.1543

Ma, Z., & Zhang, Y. (2024). Driver-automated vehicle

interaction in mixed traffic: Types of interaction and



e oM 2R oz =

drivers’ driving styles. Human Factors, 66(2),
544-561. DOI: 10.1177/00187208221088358
McKnight, A. J., & McKnight, A. S. (1999). Multivariate
analysis of age-related driver ability and performance
deficits. Accident Analysis and Prevention, 31(5),
445-454. DOI: 10.1016/ S0001-4575(98)00082-7

Namkung, K., Yoo, C., Jeon, H., & Pan., Y. (2020).
Auditory user interface design guidelines for control
transitions in the conditional self-driving phase.
Journal of Next-generation Convergence Information
Services Technology, 9(1), 49-59, DOI: 10.29056/
jncist.2020.03.05

Navarro, J., Frangois, M., & Mars, F. (2016). Obstacle
avoidance under automated steering: Impact on
driving and gaze behaviours. Transportation Research
Part F: Traffic Psychology and Behaviour, 43,
315-324. DOI:10.1016/j.trf.2016.09.007

NHTSA, (2013). Department of Transportation Releases
Policy on Automated Vehicle Development. National
Highway Traffic Safety Administration.

Peng, Q., & Iwaki, S. (2020). Visual attention of young
and older drivers in takeover tasks of highly
automated driving. In Human Aspects of IT for the
Aged Population. Technologies, Design and User
Experience: 6th International Conference(pp. 210-221).
Springer International Publishing. DOI: 10.1007/
978-3-030-50252-2 16

Politis, 1., Brewster, S., & Pollick, F. (2015). Language-
based multimodal displays for the handover of
control in autonomous cars. In Proceedings of the
7th International Conference on Automotive User
Interfaces and Interactive Vehicular Applications,
3-10. Nottingham, UK: ACM. DOI: 10.1145/2799250.
2799262

Reimer, B., Mehler, B., & Coughlin, J. F. (2016).
Reductions in self-reported stress and anticipatory
heart rate with the use of a semi-automated parallel
parking system. Applied Ergonomics, 52, 120-127.
DOI: 10.1016/j.apergo.2015.07.008

Rendon-Velez, E., Van Leeuwen, P. M., Happee, R.,
Horvath, 1., van der Vegte, W. F., & de Winter,

H2ot 2TR Aol M2 EelA IFSH o

105

J. C. (2016). The effects of time pressure on driver
performance and physiological activity: A driving
simulator study. Tramsportation Research Part F:
Traffic Psychology and Behaviour, 41, 150-169.
DOI: 10.1016/.trf.2016.06.013

Risser, R. (2019). The Safety of Intelligent Driver Support
Systems. Design, Evaluation and Social Perspectives.
CRC Press.

Saito, Y., Raksincharoensak, P. (2016). Shared control
in risk predictive braking maneuver for preventing
collisions with pedestrians. I[EEE Transactions on
Intelligent Vehicles, 1, 314-324.

So, J. J.,, Park, S., Kim, J., Park, J., & Yun, L. (2021).
Investigating the impacts of road traffic conditions
and driver’s characteristics on automated vehicle
takeover time and quality using a driving simulator.
Journal of Advanced Transportation, 1-13. DOI:
10.1155/2021/8859553

Urlings, J. H., van Beers, M., Cuenen, A., Brijs, K., Brijs,
T., Jongen, E. M. (2018). The relation between
reinforcement sensitivity and self-reported, simulated
and on-road driving in older drivers. Transportation
Research Part F: Traffic Psychology and Behaviour,
56, 466-476. DOI: 10.1016/j.trf.2018.05.021

van der Heiden, R. M., Igbal, S. T., & Janssen, C. P.
(2017). Priming drivers before handover in semi-
autonomous cars. In Proceedings of the 2017 CHI
Conference on Human Factors in Computing
Systems, 392-404. Denver, Colorado, USA: ACM.
DOI: 10.1145/3025453.3025507

Wyche, N. J., Edwards, M., & Goodhew, S. C. (2024).
Different deployments of attentional breadth selectively
predict UFOV task performance in older adults.
Cognitive Research: Principles and Implications,
9(1), 42. DOI: 10.1186/s41235-024- 00569-3

Yoon, S. H., Kim, Y. W,, & Ji, Y. G. (2019). The effects
of takeover request modalities on highly automated
car control transitions. Accident Analysis and
Prevention. 123, 150-158. DOI: 10.1016/j.aap.2018.
11.018



106 OIxHA

Yu, D., Park, C., Choi, H., Kim, D., & Hwang, S. H. YA 2024.07.16

(2021). Takeover safety analysis with driver monitoring T 2024.08.23
systems and driver-vehicle interfaces in highly AR 2024.09.02
automated vehicles. Applied Sciences, 11(15), 6685.

DOI: 10.1177/0018720818814963

(©) 2024 (by) the authors. This open access article is distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided that the original
work is properly cited.



