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Abstract

Background  The driver’s psychological state while driving directly influences key aspects of driving
performance, including attention, judgment, and reaction speed. Negative emotions such as anxiety,
stress, and confusion can heighten the risk of accidents, while excessive relaxation may lead to dangers
such as drowsy driving. In this context, supporting drivers in maintaining a state of psychological comfort
while driving emerges as a critical factor closely tied to road safety. Accordingly, this study proposed five
UX design concepts for driving comfort enhancement and verified their usefulness.

Methods This study was conducted in four stages. First, we derived the definition and structure of
driving comfort through literature research. Second, we benchmarked existing vehicle comfort-related
functions and identified requirements based on actual driving experiences through semi-structured
interviews with experienced drivers. Third, based on a customer journey map, we brainstormed to
generate multiple ideas and selected five core comfort-supporting user experience (UX) design concepts
(Happy calm, Smart ambient light, Head-up display (HUD) lane-width guide, Smart room mirror,
and Sliding sun visor). Fourth, we implemented the concepts in a unity-based simulator environment
and experimentally verified the comfort effects through galvanic skin response (GSR) and subjective
evaluations.

Results The experimental results showed that under conditions where the comfort-supporting UX
design was applied, the arousal levels of the participants were significantly lower and more stable in terms
of GSR and skin conductance response (SCR) indicators, and the stress recovery time was also shortened.
In the subjective comfort evaluation, the scores were significantly higher when the UX design was applied.
Notably, the sliding sun visor and HUD lane-width guide received the most positive responses in the user
usefulness assessment.

Conclusions  This study establishes the concept of driving comfort through literature review and
empirically demonstrates the effectiveness of comfort support strategies that integrate various approaches
such as emotion regulation, cognitive load reduction, and situational awareness support. Future research
is needed to verify long-term effects in real road environments and to develop personalized UX strategies
tailored to individual drivers.
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Figure 1 Model of factors influencing driving comfort

www.aodr.org 193



3 oo _ o [

SR A A= AR AP, A, 7o B4 919 1A 5 FA Aol DAl Qo] AFAL
FFE v} whebA] AT &4 P5o AT AES olsfiche A2 R S Sl UX HAle] 4]
7]dro] Hrt.

AR AAE 7H] 244 AF AollA BEo]3E e s AlZto] =8 Zth(Zhang et al., 2020). °]+=
AR A o] AAH AYE FEsHA ARt FFHE A6tA7]7] i Z 02 sjAHet. ofuf £82 779
A& g3l weh I JFE =24 Yepdoh, £ 9] 4% = oF RS 21 A4 fA 9% 1F
T2 ol Fofoh, FE AE AR B2 Ay Boks Holu Hold &4 iR W2 e f&S
yetdti(Jeon et al., 2011). £ JA| BA4F A9 gt §F0 2, B9} SASH &4 58 A=

9
z A, 2= olEdt 8 AstE UASHA Fshe Bl ATkl dtrk(eon, 2016). EI, 3}

H.l

2 Ao}(Jeon & Croschere, 20150 &% AFelo] £A7E 2 Alzbo] S7b5har 91 the S5} Leixl
Aol YL BT ol &Fo] 91X A2l HEE AT FoAe BAIA, LA} A2
O

Rk Abo] HAAS A % 922

S84 A I FES Havt ok, PESG HAL 9 Ao digh vhg AE oA
A/ A7 H(Zimasa et al., 2017), 528 Hufe} o5 2 9 58E Hojrd

(Steinhauser et al., 2018). 0] X8 A} o] 74 s

o= obd &4 o] A 24 5ol A IF

Ho

o
nz oo M 2

2 el
AAH LR olsfslr] $loiAl= Aelshd 74 mdef oigt 1;}0] 2ottt 44 4
245 HA(Russell, 1980)2] A1-ZHd(Valence-Ar

Ao FRo A LS AR T 5 XéE% 7 A4 AEA-AA 4
uebdict, o] & 2o 2 Foll thkd A4 AHE 2xbd Hxg Ao AXAE S gloH, o=
Wt A 7MY A E Aok o 98¢ 24 &2 ATttt

1l

3
b=
w
=N
B
i)
rlo
3]
do
=
=
a
)
1o
My
o
o
oX p
o
i,
i

oX —r
L
B
1o

JOA

JE2AXA-E£2] & (Yerkes & Dodson, 1908)e]] =W, Q17ke] =8 582 ZJ(Arousal) =3+ JUA}
T4 Ao ek A 0] A AdeellA] KA fefo] o]FolA ], ZHJo] AUAA FAY oW
A3zt AshEct, o9 Sk, ZoleF A(Cai & Lin, 2011 LAAFe] 744 Aol 28 A% 710 #AAS
AgFog BAsAE|, $3t 5] 247 384 FA7E At AeolAl 7 S<=gt At vebdS
Bkt T3, Beke S(Braun et al., 2021 71E EJL FH o2 B, okl 249 HF

~—a-
2108 37459 2143 thh e FHH 3A 239 2T 4HE ANt

o
31 Z(Happy-calm; Gomez et al., 2004) ”EH* _3}n1 Flgure 204 A A (Valence) %] 24 o
ZFA(Arousal) %2 7+ 4 o] TASHE 2 Ao skei.

ﬂd
HN

194 Archives of Design Research 2025. 11. vol 38. no 4



Arousal

T

+ Activation
Fear Surprise
Anger
Happy
Disgust
€— - Negative Neutral + Positive —> Valence
orEZH
Sad (Happ;)C:Im)
- Deactivation

2

Figure 2 Emotional position of driving comfort in the Russell model
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Table 1 Requirements for improving comfort in various situations
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Figure 4 A virtual driving course with nine discomfort-inducing scenarios and 16 events.
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Table 3 Driving comfort supports in Table 2 for each scenario in Figure 4
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Figure 6 Implemented car simulator
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Figure 7 Experimental procedure
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Table 4 F-statistics and p-values from ANOVA results for GSR data (**p<.01, *p{.1)

GSR
Factors " =
DF Avg. SD #Peaks Time to stabilize
. 260.72 23.65 7.66 4.00
Participant 39
.000** .000** .000** .000**
0.95 8.42 4.57 0.13
Support 1
.330 .004** .033* .720
9.82 22.20 69.71 19.68
Event 15
.000** .000** .000** .000**
. 237.52 39.40 1411 4.32
Driving Order 1
.000** .000** .000** .038*
Event x 2.34 2.07 - -
15
Order .003* 009 - -
Total 1262
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Figure 8 GSR average, standard deviation, peak count, and time to stabilize by presence or absence of driving comfort
support. The same letters in the graph indicate no significant difference at @ = 0.05 according to Tukey’s test.
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Table 5 F-statistics and p-values from ANOVA results for SCR data (**p<.01, *p{.1)

GSR
Factors ion i
DF Avg. sD #Peaks Duration in
unstable
. 0.91 26.88 21.75 1.86
Participant 39
624 .000** .000** .001**
0.23 4.86 2.44 3.81
Support 1
.632 .026* 119 .051*
8.50 11.41 78.37 33.78
Event 15
.000** .000** .000** .000**
B 2.32 35.48 0.39 7.47
Driving Order 1
128 .000** 531 .006**
Eventx 15 213 0.95 - _
Order .007%* 503 - -
Event x - - 2.73 2.01
15
Support - - .000** .012**
Total 1262
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Figure 9 SCR average, standard deviation, peak count, and duration in unstable by presence or absence of driving
comfort support
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Figure 10 Interaction plot of SCR duration in unstable between support and event
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Table 6 ANOVA table of subjective comfort rating
(*p<.01, *p<.1)

=& FZHELS, E16)91A % A 7Is(&2told Alutol A et 2% 7ol &)9)

DF AdjSS AdjMS F p
Participant 40 795.74 19.894 12.05 .000**
Support 1 147.65 147.649 89.47 .000**
Event 15 1532.72 102.181 61.92 .000**
Driving Order 1 50.21 50.210 30.42 .000**
Error 1254 2069.51 1.650
Total 1311 4591.74
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Figure 11 Usefulness of the driving comfort supports
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