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[Abstract]

This study is to investigate the effect on user trust and usability of perceived personalization of autonomous vehicle driving
style. In experiment, the participant used the simulator to perform the manual driving first, and then experienced autonomous
driving with personalized message was given or not, respectively. Experimental results show that perceived personalization of
driving style of autonomous vehicle has positive effects on trust in automation, intention to use, and satisfaction. However, there
was little correlation between driver 's propensity to drive and user trust and usability of autonomous vehicle. The results show
that personalization of driving style affects the acceptance of autonomous vehicle positively and suggests the necessity of

personalized service of autonomous vehicle.
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Fig. 1. Driving simulation example
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Fig. 2. Experimental setting

22 7ieE

B 1. 20 JHIs AR ALl

Table 1. Personalized driving style messages

Personalized messages

"Start driving."

"Analyze user driving data."

"Change the lane to pass the front car." (Changing lane)

"The vehicle ahead is far away. It runs at an average of 100 km/h,
reflecting the average speed of driving data."(Acceleration)

"The average vehicle distance at this speed is 80 meters. Adjusts the
distance from the vehicle ahead." (Deceleration)

"Change the lane to pass the front car." (Changeing lane)

"In order to adjust the spacing distance of 60m and the vehicle in
front will travel with 60km/h speed." (Deceleration)

"Change the lane to pass the front car." (Change lane)

"The vehicle ahead is far away. We run at an average of 120 km/h.
"(Acceleration)

"The average vehicle distance at that speed is 100 meters. I am
adjusting the distance from the car ahead." (Deceleration)

"Change the lane to pass the front car." (Changing lane)

"Running at an average speed of 100 km/h" (acceleration)

"End driving.”
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Table 2. Dependent variable, questionnaire items

Item | Component Questionnaire
1 The system increases road safety.
2 The system prevents traffic violations.
3 Safety The system contributes to reduce crash risk.
4 The system supports the driver to detect hazards in
time.
5 The system is dependable.
_6 | . The system is reliable.
7 Trust l,n I am wary of the system. (-)
3 automation T am suspicious of the system’s intent action, or
outputs. (-)
9 1 would like to have this system in my car.
10 1 will not use the system in any case. (-)
—Intention to use
11 I will purchase the system together with my next car
12 1 will consider the use of the system.
13 The system is useful.
14 Usefulness The system meets my needs.
15 Satisfaction I am satisfied with the system.
16 The system works the way I want it to work.

kis %@H&él(Angry driving)’, 1 4 J ‘(Rlsky dr1v1ng)
AWk (Anxious driving)’, ‘FolslE WA
2 pdct A A 91
S vERH, R 71k 212 o
212 A 244 S VRt

(Careful drivin )
< 2dAke] 54
Solste £

- ] L
E 3. MW 53 wol 9 M2 g%

Table 3. Driving style measurements, questionnaire items

Ttem Component Questionnaire
1 Risky Enjoy the excitement of dangerous driving
2 Ageres| drivi Like to take risks while driving
3 ggr WVINg [T ke the thrill of flirting with death or disaster
4 Sion 1 Angry |Honk my horn at others
5 driving | Swear at other drivers
6 Tend to drive cautiously
7 Careful Base, i my behavior on the motto “better safe than
. . sotry’
g driving fOn"a clear freeway, I usually drive at or a litile
Careful below the speed limit
9 ness Feel nervous while driving
10 Anxious It worries me when driving in bad weather
11 .. While driving, I try to relax myself
12 driving  [Feel comfortable while driving (-)
13 Have relaxed mind while driving (-)
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Fig. 3. Driving style of participants

4-2. SN MRS, AR Y| &2 21|

A 71E 2 A o] AT AdS S AlF st
AREZd 1At o) Yl E Bkl Sle)

http://dx.doi.org/10.9728/dcs.2019.20.3.587 592



Q7 3}, £ QA NS AR A A2 Al
F84 AR Q¥ Folule Fabh ebgek AR
= A5} AF st ol G, W SHeM FY 12 Al
£ FAT 5 U9tk o] A2 B ) AR AEFY /)4
o1 115 A 40l 2ol o of 153 71 A

= grEai), 21419) 2ol of
4%¢p4abﬂ55;ﬂﬂqzﬁfwmqm@@@@

AR

7§84 ZHAAE QA8 jste] Eabr) et ekt
), o= Fg A9 AN AL AL FoIAG =R o

el 71046‘]': A= —‘_T'—?L_]‘o]—l“/]—"l TL]—D}-O]_O:] ouq A&

kA Ffo1sly) A E Q3 4250] 7)ol Tk

7] W%z 1alr},
%%@ﬂ%ﬁ%ﬂ%%ﬁ%ﬂﬁﬁ%%@

Fa

s 2

b

L)

2

ox, ol
LN

u

2
2 4

=

owk+:awfﬂ44fﬂmqg
Aol e A5 ghe] wol = =1
AR AA] SAupA 3} AFel o] Hlo] A
) A5AE A5, ol & o] LA
thar $ti37). ololl A ske] &AL

ZpEzpol| T 3k A E| =, AFRAS €14 7F Ak
Az} AUk o 7 LA HFAITL AF T A
=X %8 Ao et on o=
A Euel
B}, vhek 244
A7 ERd
oM, A&7
84¢ Q145
sl 224 elapt o

N
ﬁéﬁ

AN Ho o o

o%
>
o 52
>
o

5-2. 7|0iH

o

QA A AEFY AFA] U@ 2 E
o2 St £ AL Nl g A ol
ISk A7 o o] 011 a1 g)i= Al A,
o) A3 APsApel ek 2o -84 914
o1l Gl GEAE RASSI: WelA <1e)7}9)
A £ o) AaFae) /)% 79 2
:HMQ%aﬂ-ﬂﬂZﬂmﬁ<ﬂ@?b%ﬂ

fUR=3 7426L_§M1 7\].07~'g 7]
o] =g =mo)| A FQlE Au| 20 ol e Mgt
oA olo|7} Qlut. wEat 3t 1% WA AR A Eo]

AL gl B8 S A E ] AEEtHE A

)

i

o
X
i
)
-,
L b
folr i
A;

]
=}

719
=

i&

593

AT 28 walel oIx|E Jlelsprt Alzl Tot ol 82l Tof olXlE Hat
o) Q= A9 AA EAloleha B 4= glek

T AR ] 80k L sl Al A

Falo] 7144 742 W o2k A A 5 A Q1AM 1

14 SbaA, BelA, iRlsle 2o A8t 4E A E A4

ﬂogﬁﬂﬂﬂLﬂﬂ%&@@%ﬂﬁ%@mﬂﬂﬂ%@

o] Qo] ARA o]e)7} glet. of

%zﬂﬂc}*—.@l oJgk A AR1sHr}
ARgAFe] 7|4 = %ﬁé}“ﬂf Aol A o
E=4 oot glom, 84 ApdelME
e 71815l o A AREALel] %
83 7|5k |29 AlFo] T He A
ol A AlAF ] ATk

&2 A%

3 A dlolE S 2
R

5-3. 79| 31| & =5 AT w2t

SAAES

=

o] ] 2

7 Ak o 3 v g4
H]"’Z“l e e Ox}x}oﬂ qu ,1:]/\.,_?{47:]640]
o 419 sl e ¢
A AV3LE F lon, B AFel

o) A 2A} ol Egshel ATE Bt )

7
B 2%t
APl ek MBS

273Gl

& o
ol

Ly =2
ot
of ©
L

§

AFgAS) AZES) -84 412 Qohr] 93] o] el
M F o B ) RS ALgSkglTh Al7tel wet el
2o 7 M= ARt 3] a3 AEw| A, WA W AA
A} ATE P52 Hrt 2.910] H]—Oﬂﬂz] T3} 1A A o]
ATk Schererse] A38]oll M= Bl o® HAAgto® 3
FhAhe] £4 W) S WS AI9kell O, Healey
5] AT E TP A RS kgt e elshy
AT A 2B £ AL AJSAL BF A
Tl P4edt whel Qo] 54 sfel wr} Aed
O MR MSEE SR Ro] asi

whA oz, APl Folxl 7
o] opd 7P AlE e o1& Fal H
O 2, A AT AeAE ol 8%
3730l Hojtk= Aol 7}*‘-‘%91
Y o r AREN e, =4 F
flaia o —;'%ff} SHAZE et mEh 1

TARY, Bk ) Bl
A3 = Nxﬂg} ﬂ—/\]-zﬂ— T3 ,E

0>~
¢
o

i
EE

e, ruo
#0

& ol

[e5

oA

o
>,
oldh
lo

J-

3

nl
3|
]t

-1N o 2 ox
~N

09:4"
o
ol

http://www.dcs.or.kr



CIX|" 285 = s+5|=&X|(J. DCS) Vol. 20, No. 3, pp. 587-596, Mar. 2019

Z#u2sl

[1] Kyriakidis, M., Happee, R., & de Winter, J. C., “Public
opinion on automated driving: Results of an international
questionnaire among 5000 respondents.”, Transportation
research part F: traffic psychology and behaviour, 32,
127-140, 2015.

[2] National Highway Traffic Safety Administration. NHTSA,
Preliminary statement of policy concerning automated
vehicles. Washington, DC. 1-14, 2013.

[3] Wagner, M., & Koopman, P. “A philosophy for developing
trust in self-driving cars.” In Road Vehicle Automation 2,
163-171,2015.

[4] Abraham, H., Lee, C., Brady, S., Fitzgerald, C., Mehler, B.,
Reimer, B., & Coughlin, J. F. “Autonomous vehicles, trust,
and driving alternatives: A survey of consumer
preferences.” In Transportation Research Board 96th
Annual Meeting, Washington, DC. 8-12, 2017.

[5] Honda Xcelerator Startups Demonstrate Future Mobility
Solutions at CES 2018 [Internet]. Available
https://hondainamerica.com/news/honda-xcelerator-startup
s-demonstrate-future-mobility-solutions-ces-2018/.

[6] Scherer, S., Dettmann, A., Hartwich, F., Pech, T., Bullinger,
A. C., &Wanielik, G. “How the driver wants to be
driven-modelling driving styles in highly automated
driving.” In 7. Tagung Fahrerassistenzsysteme, 2015.

[7] Plochl, M., & Edelmann, J. “Driver models in automobile
dynamics application.”, Vehicle
Dynamics, 45(7-8), 699-741, 2007.

[8] Yongkwan Lee, Minho Kwon, Do-Ui Hong, Kyuhyun Sim

System

and Sung-Ho Hwang, "Analysis of Driving Pattern and
Development of Collision Avoidance in Virtual
Enviroment," Conference on KSAE, , pp. 1193~1195,
2014.

[9] Paden, B., Cép, M., Yong, S. Z., Yershov, D., &Frazzoli, E.
“A survey of motion planning and control techniques for
self-driving urban vehicles.”, IEEE Transactions on
intelligent vehicles, 1(1), 33-55, 2016.

[10] Benenson, R., Petti, S., Fraichard, T, &Parent, M.
“Towards urban driverless vehicles.” International journal
of vehicle autonomous systems, 1(6), 4-23, 2008.

[11] Godoy, J., Pérez, J., Onieva, E., Villagra, J., Milanés, V.,
&Haber, R. “A driverless vehicle demonstration on
motorways and in urban environments.” Transport, 30(3),
253-263, 2015.

[12] Waldrop, M. M., “No drivers required.” Nature, 518(7537),
20, 2015.

[13] Ring, T. “Connected cars—the next targe tfor

http://dx.doi.org/10.9728/dcs.2019.20.3.587

hackers.” Network Security, 2015(11), 11-16, 2015.

[14] Payre, W., Cestac, J., & Delhomme, P. “Fully automated
driving: Impact of trust and practice on manual control
recovery.” Human factors, 58(2), 229-241, 2016.

[15] Helldin, T., Falkman, G., Riveiro, M., &Davidsson, S.
“Presenting system uncertainty in automotive Uls for
supporting trust calibration in autonomous driving.”
In Proceedings of the 5th international conference on
automotive user interfaces and interactive vehicular
applications. 210-217. ACM, 2013.

[16] Wintersberger, P., Frison, A. K., Riener, A., &Boyle, L. N.
“Towards a Personalized Trust Model for Highly
Automated Driving.” Mensch und Computer 2016—
Workshopband, 2016.

[17] French, D. J., West, R. J., Elander, J., &Wilding, J. M.
“Decision-making style, driving style, and self-reported
involvement in road traffic accidents.” Ergonomics, 36(6),
627-644, 1993.

[18] Huysduynen, H. H., Terken, J., Martens, J. B., &Eggen, B.
“Measuring driving styles: a validation of the
multidimensional driving style inventory.” In Proceedings
of the 7th International Conference on Automotive User
Interfaces and Interactive Vehicular Applications.
257-264. ACM, 2015.

[19] De Groot, S., Ricote, F. C., &De Winter, J. C. F. “The

effect of tire grip on learning driving skill and driving

style: A driving simulator study.” Transportation research

part F: traffic psychology and behaviour, 15(4), 413-426,

2012.

Ishibashi, M., Okuwa, M., Doi, S. 1., &Akamatsu, M.

“Indices for characterizing driving style and their relevance

to car following behavior.” InSICE, 2007 Annual

Conference. 1132-1137, 2007.

[21] Reason, J., Manstead, A., Stradling, S., Baxter, J.,
&Campbell, K. “Errors and violations on the roads: a real
distinction?”. Ergonomics, 33(10-11), 1315-1332, 1990.

[22] Gulian, E., Matthews, G., Glendon, A. I., Davies, D. R.,
&Debney, L. M.
stress.” Ergonomics, 32(6), 585-602, 1989.

[23] Taubman-Ben-Ari, O., Mikulincer, M., &Gillath, O. “The
multidimensional driving style inventory—scale construct
and validation.” Accident Analysis &Prevention, 36(3),
323-332,2004.

[24] Elbanhawi, M., Simic, M., & Jazar, R. “In the passenger
seat: investigating ride comfort measures in autonomous
cars.” IEEE Intelligent
Magazine, 7(3), 4-17, 2015.

[25] Verberne, F. M., Ham, J., & Midden, C. J. “Trusting a

[20

—_

“Dimensions of driver

Transportation ~ Systems



virtual driver that looks, acts, and thinks like you.” Human
factors, 57(5), 895-909, 2015.
[26] Wensveen, S. A., Djajadiningrat, J. P., &Overbecke, C. J.
“Interaction frogger: a design framework to couple action
through feedback and feedforward.”

In Proceedings of the 5th conference on Designing

and function

interactive systems: processes, practices, methods, and
techniques (pp. 177-184). ACM, 2004.
Komiak, S. Y., & Benbasat, 1. “The effects of

personalization and familiarity on trust and adoption of

[27]

recommendation agents.” MIS quarterly, 941-960, 2006.
[28] Youngsok Bang, Dong-Joo Lee-Yoon Soo Bae. “The Role
of Perceived Personalization and Understandingin the
Adoption of Personalization Services.” KASBA, 40(2),
355-382,2011.
[29] Hasenjager, M., &Wersing, H. “Personalization in
advanced driver assistance systems and autonomous
vehicles: A review. In Intelligent Transportation Systems
(ITSC)”, 2017 IEEE 20th International Conference on. 1-7,
2017.
Scherer, S., Dettmann, A., Hartwich, F., Pech, T.,
Bullinger, A. C., &Wanielik, G. “How the driver wants to

be driven-modelling driving styles in highly automated

(30]

driving.” In 7. Tagung Fahrerassistenzsysteme, 2015.
Yusof, N. M., Karjanto, J., Terken, J., Delbressine, F.,
Hassan, M. Z., & Rauterberg, M. “The exploration of

autonomous vehicle driving styles: preferred longitudinal,

(31]

lateral, and vertical accelerations.” In Proceedings of the
User
Applications..

8th International Conference on Automotive

Interfaces and Interactive Vehicular
245-252. ACM, 2016.

[32] Basu, C., Yang, Q., Hungerman, D., Singhal, M., &Dragan,
A. D. “Do you want your autonomous car to drive like

of the 2017 ACM/IEEE
International Conference on Human-Robot Interaction.
417-425. ACM, 2017.

[33] Gold, C., Korber, M., Hohenberger, C., Lechner, D.,

&Bengler, K. “Trust in automation—Before and after the

you?”.  In Proceedings

experience of take-over scenarios in a highly automated
vehicle.” Procedia Manufacturing, 3,3025-3032. , 2015.
[34] Jian, J. Y., Bisantz, A. M., &Drury, C. G. “Foundations for

an empirically determined scale of trust in automated

systems.” International ~ Journal  of  Cognitive
Ergonomics, 4(1), 53-71, 2000.
[35] Lund, A. M. “Measuring usability with the wuse

questionnaire12”. Usability interface, 8(2), 3-6, 2001.
[36] Hartwich, F., Beggiato, M., Dettmann, A., &Krems, J. F.

“Drive me comfortable: Customized automated driving

595

of o|x|

styles for younger and older drivers.” VDI Wissensforum
GmbH (Ed.), Der Fahrer im 21. Jahrhundert, 271-283,
2015.
[37] Basu, C., Yang, Q., Hungerman, D., Sinahal, M., &Draqan,
A. D. Do you want your autonomous car to drive like you?.
In2017 12th ACM/IEEE International Conference on
Human-Robot Interaction (HRI (pp. 417-425). IEEE, 2017.
Scherer, S., Dettmann, A., Hartwich, F., Pech, T.,
Bullinger, A. C., &Wanielik, G. “How the driver wants to

be driven-modelling driving styles in highly automated

[38]

driving.” In 7. Tagung Fahrerassistenzsysteme, 2015.

[39] Healey, J., & Picard, R. W. Detecting stress during
real-world driving tasks using physiological sensors. IEEE
Transactions on intelligent transportation systems, 6(2),
156-166, 2005.

http://www.dcs.or.kr



CIX|" 285 = s+5|=&X|(J. DCS) Vol. 20, No. 3, pp. 587-596, Mar. 2019

ZEHL(Taek-Soo Kim)

20154 : AA S AF (AFAD

201611 ~2017: &4
20179 ~d Al AATSE JHEhY UXEY AAg

1o

A FoF © User Experience, Autonomous Vehicle, AI, Human-Computer Interaction

A EEs (3FAL A AH
el wol FRUS (74 AR AT (44

%‘\ C 20024 R FAUS (M) ARUA At (b))

ANS i

~ &

200213 ~2006%3: Rensselaer Polytechnic Institute. Department of Language, Literature, & Communication x4~

2006 ~2009'd: F- i stul wt]o] Gt HAEn| o] Ed Bl

201613 ~ 20173 : University of Michigan. ¥ & 13~

20099 ~d  Alr At FRoshY UXE Fus

A Hok : User Experience, Autonomous Vehicle, A, Human-Computer Interaction

http://dx.doi.org/10.9728/dcs.2019.20.3.587 596



	자율주행 운전 방식의 인지된 개인화가 신뢰도와 이용의도에 미치는 영향
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 문헌
	Ⅲ. 연구 설계 및 측정
	Ⅳ. 결과 분석
	Ⅴ. 결론
	참고문헌


