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A Study on User Perception and Response to HMI Visual
Displays based on Eye-Tracking
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Abstract

This study aims to verify whether the expert feedback-based evaluation design of a mobile driver HMI, proposed
in the study "Development of Mobile-Based HMI Guidelines for Autonomous Vehicle Passengers through Usability
Evaluation", can elicit similar perceptions and responses in passengers of Connected and Automated Vehicles (CAVs).
Previous research developed designs based on expert intuition, accessibility, and alignment with user requirements;
however, such designs lacked sufficient empirical validation. Accordingly, this study conducted a usability evaluation
of early-stage design directions, confirming that expert-based criteria are also applicable to CAV passengers. Passenger
gaze and information delivery were analyzed to assess the HMI’s applicability in autonomous driving.
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Step1 Research Methods

Initial HMI Design (Type4)

“ LAR(Look Around Ring)
guides attention and vehicle approach

B Motion

Recognition, visual preference evaluation

Icon

supports understanding of the text

BJ TextMessage
indicates the vehicle's next actions

Reconstruct three initial designs as videos, group by visual info, evaluate
perception and compare with feedback HMI.

Step 2 Experimental Procedure

Eye Tracker .
Tracks the occupant'’s gaze to
record perception and response

Driving Display Device
Video simulating the driving environment

H—/

Mobile Device (HMI) R
Experiences the HMI design firsthand

n Camera
Filming of the experiment

Step 3 Experiment Process
@)
<&

=i

Tracking Data

*Example image

Interview conducted

?
cm=s | Hee|<BEY

Participants in the real-vehicle autonomous driving testbed wore an eye
tracker to explore and select HMI interfaces, while gaze data and interview
feedback were collected.

Step 4 Data Analysis

Initial HMI Design (Type4)

Feedback HMI Design

.

The study aims to validate the mobile interface design by comparing user
responses and feedback, and to propose new HMI design guidelines.

8 1, A7 ok
Fig. 1. Summary of research
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Initial HMI Design and Structure

H LAR(Look Around Ring)
guides attention and vehicle approach.

u Icon

supports understanding of the text.

o
R
o flo

Text Message
indicates the vehicle’s next actions.

Bl 1con + Text
Simultaneous display for mutual understanding.

The experiment was structured with four HMI evaluation factors: visual
position, LAR motion, icon style, and icon-text layout. Three driving

scenarios intersection departure, deceleration for collision avoidance, and
lane change were presented in one cycle for evaluation.

a8 2. =7| HMI Cixtel ot e ¥ =X
Fig. 2. Initial HMI design and structure
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Eye-Tracking Distribution of Participants

Shows the testbed setup and eye-tracking data. Fourteen participants with
over three years of driving experience participated.
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Fig. 3. Eye-tracking distribution of participants
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Validation of the Initial HMI Design

LAR Option

Best Option validate

LAR2 - 8/14 chose
v Expert feedback

Icon Option

Icon 3 -13 /14 chose
v Expert feedback

The experiment was structured with four HMI evaluation factors, visual
position, LAR motion, icon style, and icon-text layout. Three driving
scenarios intersection departure, deceleration for collision avoidance, and
lane change were presented in one cycle for evaluation.

JO%l 4. 7| HMI ElXfel A W
Fig. 4. Validation of the initial HMI design
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Response Sheet [ B. LAR Theme Preference and Perception Evaluation ]

Q. Which LAR theme (1, 2, or 3) was the easiest to view and recognize? What is the reason?

E Theme1is easier to view.
I} LArRArea .

Bl Option 1. Options 1and 3 were both good, but 1 was better for situational awareness,
and its pattern made it more comfortable to use.

Theme 2 looks good,

A.LAR

{Look Around Ring)

B think Theme 2 is better because the motion is smoother.

Ithink option 2 was the best. Option 1 felt a bit blurry, option 2 spread strongly and drew attention
well, and option 3 moved forward, which made it a bit harder to perceive.

I prefer option 2. The wave-spreading motion was easier to view.
LAR2

@ think option 2 is better because it shows a motion in the center when there's a notification,
making it easier to notice and understand.

B Ifound option 2 more comfortable. The motion feels more intuitive

B Option 3's forward motion makes it hard to perceive as a collision warning, so | think Theme 2 is better

B LAR Optlon W 1think LAR Theme 2 was recognized more quickly. The moving motion caught the eye better.

B | prefer option 3. Option 1 was hard to see, and options 2 and 3 were both okay, but 3 was clearer for
indicating that there's a car ahead.

B 1 prefer option 3. The forward-spreading motion draws attention, so | like it better.

B.LAR Theme -~ LARSZ ; ; ; -
B The easiest to view was option 3. Option 2 was better for recognition, but the motion and visual

simplification in 3 made it easier to look at

B Option 3 was the most comfortable. It stood out from the background, which made it easier to view.

[ C. Icon Style Preference Evaluation ]

Q. Which icon style in Videos 1, 2, and 3 was the easiest to understand and recognize?

Icon1 B thinkit’s the firsticon
Icon 2 Hl The second icon is easier to understand
C Icon O tion Bl 'con 3 was the easiest to understand. The 3D style was the best, and it helped recognize situations
P like intersections well. However, for collision warnings, option 2 was better.

Ithink option 3 was the best. Overall, option 1 didn’t convey the situation well, while options 2 and 3
seemed designed according to the context, but 3 felt more immersive and made the situations clearer.

B !prefer option 3. It looks more three-dimensional, making it easier to understand, and it's similar to
traditional navigation icons, so it's the quickest to grasp.

B !prefer option 3. Option 1is more visible, but 3 matched my current situation better, so it was easier
to understand

option 3. The 3D style makes it easy to view, and it explains the situation well.

B !thinkllike Theme 3. Compared to icons 1and 2, icon 3 seems to represent the situation better,
lcon 3 almost like an emoji

Bl The third one. | think I've seen this kind of style a lot in navigation

I think option 3 was easier. Option 2 felt more like just an icon rather than conveying the situation,
while the icons in 3 were similar to the ones currently used and familiar, so they were easier to view.

Option 3 is the most intuitive and easy to understand. For collision prevention, even if nothing is
immediately ahead, the icon indicates that something is there, and when approaching an intersection,
it shows which direction to go, so 1 think 3 is better.

Option 3. The illustration was more intuitive and easier to understand.

Icon 3 best represents the driving situation since itincludes the lane.

Icen 3. Its 3D design makes the driving environment and situation easier to understand, and it's the
most similar to the navigation icons I've used before, so it felt familiar

3% 5 AEe 32 SH U8 24

Fig. 5. Response summary of participants
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Final Mobile HMI Design Guideline

F - ollERAS SWOE -

Size Itis applied with a size that accounts for 50% of the total screen area based on mobile screen.
HE Divide the vehicle in eight directions to divide the warning level into three stages, depending on the
distance and speed of the approaching hazard Display. (Using morphological motionand color change)
bt R The color of the motion representing the hazard is shown in a red series.
Access Motion
In‘formatlon Even in general situations that do not represent risk factors, a monotone displays motion indicating
Display that you are activating, rather than just adding color.
Area
+ LAR motion should convey caution more clearly; consider using a pulse or vibration motion.
Additional Additional features allow you to adjust the transparency of the vehicle access information display
proposal area to check map information according to circumstances. (Touch: Translucent ON/Translucent OFF)
Expression place H Centrally placed within the vehicle access information display area.
. Size B Textinformation is displayed in 15pt.
Text Text Maximum range Limited to 70-80% of the information element display area within the vehicle access display area.
23
Sentence In combination with voice, a sentence type of short answer structure is applied.
Color emphasis + When text information is presented alone, key words should be highlighted in color to improve readability.
Expression place El Centrally placed within the vehicle access information display area.
: Size Appliesin a size of 22mm X 22mm.
Icon Icon
’ Color A color that distinguishes each characteristic of the icon is applied, but consistency is applied with one tone.
Design Designed in a form that can be intuitively understood by applying ISO regulations.
Expression place Hl Centrally placed within the vehicle access information display area.
2 Proportion B The ratio of the size of the icon information to the size of the text information is applied at 76%. (text :13pt)
4 Text
+T§::1 = Maximum range Limited to 60-70% of the information element display area within the vehicle access information display area
3 Disposition B Textinformation is located below icon information and center alignment is applied for the two information.
Distance The interval between text information and icon information is applied as 20% of the length of the icon.

3%l 6. HMI CIXrel ZtolE2fel et
Fig. 6. Refined scope of HMI design and guidelines
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