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[Abstract]

The development of autonomous driving has shifted the driver’s role toward that of a passenger, increasing the need for UX
design strategies that consider driving contexts and user journeys. This study establishes a classification system for autonomous
driving UX factors through a systematic literature review and proposes a dual tagging-based structure to support design practice.
Based on 85 studies selected using the PRISMA 2020 guidelines, 131 UX factors were extracted through qualitative content
analysis with open coding and organized into a six-level UX pyramid, 13 functional categories, and 12 design strategies.
Considering journey contexts and practical applicability, 21 core UX factors were refined. A mobility journey map was developed
to visualize how static factors are applied within dynamic interaction processes. Expert evaluation showed an S-CVI/Ave of 0.86,
confirming acceptable content validity. This study can serve as a foundation for future UX evaluation scales and practical
guidelines.
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HMl/interface design, usability evaluation, or human factors
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Search string A: (“autonomous driving” OR driving. /o &
automated driving” OR “autonomous vehicle*” OR Contribution type: Studies that contribute to UX/HMI
“driverless carx") knowledge via (a) empirical findings (e.g., user studies,
« . " . experiments, observations), (b) methods/measurements
AND (UX OR “user experience” OR usability OR HMI IC3 | (e.q., metrics, scales, structured evaluation procedures), or
OR “human-machine interface” l(c) ?onqeptu?l f'rjameworks/posit.ions. that e)fplicitly organize
« . » « ” « implications for human-automation interaction.
OR “user requirement*’ OR “user need*” OR “user : — , .
. " « " Peer-reviewed scholarly publications (journal articles and
expectation*” OR “user acceptance”) IC4 peer—reviewed conference proceedings). Where applicable,
peer—-review status was verified via the venue/publisher
Search string B: (“autonomous vehiclex” OR record.
« ving” Language and time window: English—-language publications
automated driving”) IC5 | \within the predefined time window (2010-2025).

AND (“user requirement*” OR “user need*” OR
requirement* OR “design requirement*”

OR “UX factor*” OR “experience factors” OR “HMI
guideline*” OR “interface requirement*”)
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Table 2. Exclusion criteria

No Exclusion Criteria
Purely technical focus: Studies primarily addressing
EC1 perception/control/planning/vehicle engineering
performance without substantive UX/HMI/user-requirement
contribution.
Out—of—scope system: Robotics or autonomous systems not
EC2 | connected to automotive automated driving UX/HMI (unless
explicitly transferable and discussed in—vehicle).
No user—centered grounding: Studies focusing on
EC3 | policy/ethics/legal issues without clear linkage to user
experience or interaction design implications.
Non—peer—reviewed sources (e.g., blog posts, company
EC4 |reports, patents, slides, preprints such as arXiv) unless a
peer—reviewed version is available.
For multiple versions of the same study (e.g., arXiv preprint
EC5 | and published paper), only the final peer—reviewed version
was retained.
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H i i 2
8| | emwmin-so | Denmarnilofin P e w38
i Sltagor} s;arc ‘"31(';' - ) Duplicate records removed Seed studies / Prior
g Tota|e=68656u es (n ) (n=15) knowledge (n = 11)
zeﬁrg;)screened » ze:%rgg)excluded
Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval | Reports not retrieved
2| | =151 (n=0) (n=289) (h=21)
Reports d for eligibilit sl Reports assessed for eligibility .
(n=151) Reports excluded: (n=68) | Reports excluded:
Not relevant scope (n = 90) Not relevant scope (n = 4)
Not target population (n = 16) Not target population (n = 4)
Not target approach (n = 17) Not target approach (n = 3)
2 Studies included in review
3 (n=85)
E Reports of included studies
= (n=85)

* Of the included studies (n=85), 28 were identified from databases/registers, 46 from citation searching (backward snowballing), and 11 were seed studies.

2 1. PRISMA 2020 co|o{ 13
Fig. 1. PRISMA 2020 flow diagram
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Table 3. Attributes and definitions of the 6-tier hierarchical UX

pyramid
Phase Definitions
. Essential technical and functional elements required
Functional ) P
for a vehicle to fulfill its intended purpose
) Factors related to trust in the system, safety, and
Reliable ;
security
Features that enable anyone to access and use the
Accessible |system regardless of physical or cognitive
limitations or situational conditions
Intuitive and user—friendly controls and interaction
Usable
elements
Elements that help passengers achieve their goals
Useful .
and provide added value
Emotional enjoyment, relaxation, and personalized
Pleasurable " A
positive experiences
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Table 4. Tag A in the functional category

Tag Definitions

Warning and
notification design UX

Visual and auditory alerts intended to
prevent accidents and mitigate risk

Information-related UX aimed at
reducing distraction and fatigue during
driving

Cognitive load
reduction

User accessibility and
ease of use

UX designed to accommodate diverse
user conditions

UX providing notifications during
transitions between automated and
manual driving

Control takeover

System operability and
intuitiveness

UX supporting intuitive understanding and
operation of system functions

System state
visualization

UX communicating system operational
states to the driver

UX supporting automatic responses and

Emergency response ) S : .
user intervention in emergency situations

UX related to user protection and control

Security and privac
Y P Y over data access, share and exposure

Real-time analysis of the driver’s current
state based on physiological and
behavioral data

Driver state and
behavior analysis

Fatigue, drowsiness,
and stress response
UX

UX detecting and responding to
physiological and psychological fatigue

UX supporting appropriate trust formation
in the automated driving system and
pre—venting overtrust

Trust calibration UX

System failure
response

UX providing alerts and guidance when
system malfunctions occur

UX providing a comfortable and safe

In—vehicle environment | . . )
in—vehicle environment for occupants
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Table 5. Tag B in the functional category

AU ARBREY 240 FxH 2/ 0I5 e 7|gke| ASH EFAAH JHL

PER | SAF | TRU | TOS | AWS | ACC | FBN | EMC | ADA | DAT | AUC | COG
Waming and notification
design UX

Tag Definitions

Cognitive load

Personalized provision of functions or
environments according to user
Characteristics, preferences, and context

Personalization

Objectives directly related to safety
Safety assurance, including accident prevention,
warnings, and risk avoidance

Trust-related objectives, including the
formation of trust in the system,
prevention of overtrust, and trust
calibration

Trust building

UX objectives related to control takeover
(e.g., wamnings, readiness, and
situational awareness)

Takeover support

UX supporting the maintenance of the
driver’s situational awareness (e.g.,
surroundings perception and route
anticipation)

Awareness support

UX that remains usable across diverse

Accessibility conditions, including both users with and
without disabilities
UX related to interaction feedback
Feedback & between the system and the user,
notification including information provision, warnings,

and system feedback

Objectives related to affective
satisfaction, eassurance, stress
reduction, and comfort

Emotion & comfort

Automatic system responses and
adjustments in accordance with changes
in the user and context

Adaptivity

UX explicitly communicating system

Data transparenc ) )
P Y status, operational rationale, and records

UX supporting the configuration of the
scope of automation and ensuring the
possibility of manual intervention

Autonomy control

UX designed to reduce the driver’s
attentional and cognitive burden

Cognitive load
reduction
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User accessibility and
ease of use

Control takeover

System operability and
intuitiveness

System state
visualization

Emergency response

Security and privacy

Driver state and
behavior analysis

Fatigue, drowsiness,
and stress response UX

Trust calibration UX

System failure response

In-vehicle environment

Note. PER = Personalization; SAF = Safety; TRU = Trust building;
TOS = Takeover support; AWS = Awareness support; ACC
Accessibility; FBN = Feedback & notification; EMC = Emotion
comfort; ADA = Adaptivity; DAT = Data transparency; AUC
Autonomy control; COG = Cognitive load reduction.
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Fig. 2. PRISMA 2020 flow diagram

I

4-2 22 2E{E 2X 3 0|FE{Z 2 Al A3}

235 24]74]* A F 7]’4 2t
H 7]°5(What) 171" & Yeh= H
2Elojt} o)== HAx @ oyl /\474] AFeA) A 9 /\]_g b
o4, Aol Ak 57} o] AHgAL Aol A B
olft % IHIM s5S 7o w WHEHIIM =4, 01‘5
5437} A (Why/How)S 918 ZRM7I7E YeRll= AA
e gloroth 2 A+t 7 UX 847 @3] of| 7 e
Sl A S do], ojEl A o we} Aeky Wels: Jix|=
A& FFHoRE AT AT 7 a4 Ao 2709 H

& Fofehe olF B MEEAE A&3Iqlrh ol2jg o
< A AAlE 5Y et 7lsolete A oo whet
& ok UX 71219} misggs W] qreieh. F-A12Q1 o
2, W2, 58, 2Eds g UX 2820 Sae 97
T8 AR AT A s el digk 84 ARSARS] Qb
grel A2l A8Ade FAl 9] A8l Safety 2
Adaptivity BJ2E FAlll 7HIch Bgk AREAL A B AL
& o SelzEld &b B HEoE T8 7 9
A 7Fs 84+ Feedback & Not1f1cat10n¢]— Autonomy
control BlZ1E FAlo] F-oAu-So 24, Ttk 22 A&

\1 (o
o
4
oL
i,
o
P
3
9

http://www.dcs.or.kr



C| X" el = &t5[=&X|(J. DCS) Vol. 27, No. 7, pp. 1973-1985, Jul. 2026

dol 2
=5 A g)slc)

el ol FJke s F55 o)F 7 wlo|eule] st
Z7ke] 2k §FH 02 UX sjehr|se) of 3
;(]E ABH o7 AR} AFAH o B o]F A 7]
o) BHAAE B3talA SIS AT HMI A1) o
o eke sijel AR el 23 + AL B
\=]

26 AT

el Aee) FEA Aloje

AR ASH 9 A-3UYH ABFHUX 2L E5

Ux 22 I:II 7(-|o|

Table 6. Core UX factors in autonomous driving
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Tag Definitions Phase
. ) A feature that detects when the driver shows signs of fatigue or an abnormal .
Automatic deceleration control : : Functional
state, and automatically reduces speed or stops the vehicle
Button for ensuring manual A feature that provides a physical intervention button to allow the driver to .
) ) S . ; Functional
intervention availability take direct control at any time
Provision of multimodal warnings | A feature that alerts the driver through various means such as visual, )
; ; ) . . Accessible
during takeover requests auditory, and tactile cues when a change in control is necessary
Automatllc transition to emergenoy A function that automatically decelerates or stops the vehicle and enters .
mode in the absence of driver . : Functional
emergency mode if the driver does not respond.
response
Automatic emergency braking and | A feature that automatically decelerates and brakes the vehicle while .
h ) T : . ) Functional
lane—keeping functions maintaining its lane in the event of a dangerous situation
Automatic activation of privacy | A feature that automatically switches the system to privacy mode to protect Utilt
mode information during sensitive activities such as phone calls Y
Combined voice and gesture input A feature that enables system operation via voice or gestures even when Accessible
hands are occupied
Error logging and user feedback |A feature that automatically records system errors when they occur and Reliable
guidance notifies users to enhance trust
Explanation of system A feature that provides customized system messages—including tone, .
) ) ) S . ) Utility
interpretation of user selections | content, and frequency—based on the driver's preferences or the situation
Personalized feedback provision A feature that enables users to configure in detail which data is shared with Utility
whom
Configuration of A feature where the system clearly explains the rationale behind its decisions Reliable
information—sharing scope regarding user choices (e.g., manual switching, route changes, etc.)
Explanation and response support | A feature that automatically adjusts the vehicle environment, such as lighting Utilit
in emergency situations or ventilation, to prevent drowsiness when drowsiness is detected Y
Automatic environment A feature that immediately explains the reason when a vehicle suddenly Reliable
configuration stops or takes a detour
Environment transition in response | A feature that automatically adjusts lighting, temperature, and other settings .
) ) o - ) Utility
to driver drowsiness based on the driver's condition or external factors (weather, time, etc.)
. ) ) A feature that simultaneously provides visual, auditory, and tactile warnings
Provision of multimodal warning ) ) o ) .
e when disengaging autonomous driving mode or transferring control to Accessible
notifications A
reduce confusion
Automatic application of A feature that allows users to pre—select and configure their preferred alert .
A . ) ; : . . Accessible
personalized Ul method (visual, auditory, tactile, etc.) in the event of a dangerous situation
Selectable warning channels A feature that automatically adjusts text size and button size based on the )
) - e o - o " Accessible
(warning delivery methods) driver's condition or environment to enhance operability and readability
A feature that automatically adjusts lighting, sound, and interface factors to
Emotion—based system responses | match the driver's emotional state by recognizing their facial expressions, Pleasurable
voice tone, and mannerisms
State restoration after notification | After the warning ends, the system automatically returns to the original
. - . . ) Usable
completion driving display (HUD, etc.) to reduce visual confusion
Priority—based information A feature that highlights only essential driving information on Usable
display the screen
Multimodal guidance during A feature that normally provides guidance via the screen but switches to Usable

context transitions

voice in unexpected situations for rapid communication
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Stage Takeover Request Response Monitoring Emergency Mode Maintaining Control Recovery Support

System requests control System monitors Driver fails to take over; Auto-entry into Syst intai Ul provided for driver to
transfer due to situation. driver's reaction. System initiates fallback. emergency mode. emergency control state. regain control.
System
Response 3 : 3
Multimodal Warning, Status Monitoring, Fallback Feedback, Autonomy Control, Maintains speed limit/lane; Maintains emergency state;
Info Clarity Countdown Auto-Deceleration Error Mitigation Displays status on Ul. Offers "Resume" option.
System | Provides multimodal warnings Displays countdown until Auto-deceleration; Visual/ Executes emergency Status Visibility, Intervention Support,
Feedback (visual, auditory, haptic). transition deadline. i Audio feedback on fallback. | maneuvers (pull over/stap). Continuous Feedback Mode Restoration
User Perceives warning; Moves Checks countdown No response. No physical action; RZ‘;‘;?::: ilnhe Decides to resume;
Action hands to steering wheel. on HUD/Display. Passive monitoring. emergency mode. Presses the recovery button.
User "The warning is “Isaw the “Ididn't grab the wheel, “I lost control, but "Seeing the system U, "l feel ready to drive
Nacrative clear, but | froze for countdown, but | was but the car is stopping relieved the car I realize it's in a safe again, so I'll press the
asecond." too late to judge.” itself. Startled." handied it." state.” button."
Multi<channel alerts are Visual countdowns aid in Even without response, Forced intervention requires | “Invitation to Intervene" User intention must be
Insight affective for attention. immediate situation fallback logic must be minimal intrusion but high design is needed for verified to prevent
. awareness. transparent. reassurance. recovery. accidental re-engagement.
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Fig. 3. Mobility journey map for emergency
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Table 7. Summary of expert evaluation results for the UX

factor framework

Evaluation critreria | Mean ‘ SD | [-CVI
Factor—level Evaluation
Clarity 4.25 0.44 0.84"
Appropriateness of Definition 413 0.47 0.81"
Distinctiveness 4.09 0.54 0.81"
Importance 4.34 0.49 0.88"
Applicability 4.52 0.48 0.94"
Overall Framework Evaluation
Comprehensiveness 417 0.75 0.83
Structural Consistency 4.00 0.89 0.67
Minimization of Redundancy 3.67 0.52 0.67
?ggick))zr;tde%eeiisngxgﬁt Process 4.67 0.52 1.00
Practical Applicability 4.33 0.52 1.00
S-CVI/Ave - - 0.86

“The |1-CVI values for the element-level evaluation represent the
average |I-CVI values calculated across the 21 UX elements.
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