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Abstract : Driver monitoring systems (DMSs) have shifted from simple warning devices into advanced systems capable of
predicting a driver’s condition. However, even as existing DMS primarily rely on in-vehicle cameras to analyze driver
behavior and issue warnings, while some systems provide more contextual information, the effectiveness of such
explanations has not been sufficiently validated. Therefore, this study developed a sentence-based voice warning that explains
the cause and recommends follow-up actions, and evaluates whether this approach improves user acceptance compared to
beep alerts. Quantitative results verify that the sentence-based warning improves user satisfaction and awareness in distracted
driving situations, and that the explanatory nature of the warnings positively influences user understanding and safety
awareness. Furthermore, the findings emphasize the importance of explainability in warning design and provide implications
for user-centered in-vehicle interfaces in Al-defined vehicle environments.
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Table 1 Demographic characteristics of participants
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Table 2 Definition of distracted driving behavior

Fig. 3 Experimental environment

Category Groups N Action Description
Male 16 E . N
Gender ye closure Drowsy driving, Reduced attention
Female 17 Yawning Cumulative fatigue, Precursor to drowsiness
20-24 8 Gaze off-road Scanning around, Distracted driving,
A 25-29 15 Head turning or bending, etc.
ge - -
30-39 5 Looking downward to interact IVI or controls,
Head down ..
40 and above 5 Drowsy driving, etc.
<2 years 14 Mobile phone Checking messages, Entering navigation,
use or other phone-related tasks.
Driving 2- 5 years 5
experience 5-10 years 7
> 10 years 7 3.4 4% 44
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Detection Module Judgement Module

Webcam input iy g Face Landmarker
Frame Capture (30fps) Mediapipe Object Detection
Threshold
Decision Making Criteria
Text-to-speech(TTS) | : GPT-40 API : havi
Audio Output V1| Sentence Generation 1 Label
: T :
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" Generation Module _
Fig. 4 Flow chart of the experiment
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Table 3 Threshold for driving behavior detection

Action Threshold
Eyeblink score > 0.3(both eyes) for>0.2 s

Mouthopen/jawopen score > 0.3 for >0.6 s

Eye closure

Yawning

Gaze off-road Gaze score deviation from baseline > 0.15

Head down Head pitch deviation from baseline > 0.05
Mobile Object classified as “cell phone’ with
phone use confidence > 0.5 for>0.5 s
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Table 4 Evaluation framework and questions for usability test

Variable Question Scale o
Safety contribution
Warning timing
Contextual Detection accurac
effectiveness Y 735
(CE) System consistency
Situation
awareness 5-point likert
System trust scale
System Functional
reliability adequacy 694
(SR) Ease of use
System integration
Emotional reassurance
Relative
Comparative effectiveness
response Cognitive
distraction 5-point
Message comparative
appropriateness likert scale
Task-specific Warning timi
metrics arning timing
Disturbance and
surprise
Advantages
Qualitative Disadvantages Open-ended
feedback Suggestions for response
improvement

Note. Emotional Reassurance, Comparative Response and Task
Specific Metrics were excluded from the reliability analysis as they
represent single-item or conceptually distinct measures, including
emotional response and comparative evaluation, which are not suitable
for internal consistency assessment.
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Fig. 5 Comparison of overall satisfaction scores between warning

conditions (RQ1)
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Table 5 Differences in perceived disturbance and surprise
between warning types across driving behaviors

(RQ2)
Action |Type| M SD A r Z(p)
B | 3.03 | 1237 "
Eye-closure +0.636 | 470 2.702
S | 367 | 1.109
) B | 324 | 1480 .
Yawning +0.576 | 370 | 2.123
S | 3.8 | 1.185
g B | 327 ] 1353
Gaze-off 10546 | 441 | 253
road S | 382 | 1.103
B | 327 | 1376 "
Head down +0.667 | 471 | 2.708
S | 394 | 1.059
: B | 294 | 1499
Mobile +0939 | 618 | 3.551™
phoneuse | S | 3.88 | 1.111

- Type: B(Beep), S(Sentence)
- Effect size (r): small > .1, medium > .3, large > .5.
- *p<.05, ¥*p <.01, ¥**p <.001

Transactions of the Korean Society of Automotive Engineers, Vol. 34, No. 10,2026 1143



gells

Ho
bV
rulru
Ho
5 b
i)
u
~N
rl

1
N
Z

S
Wi

tol(a)= 7 3& ol A
[e}

o
dt of

e
lo,
i
)
Ll
o
=
_°|L‘
o
i)

oX oM ¥ o

_}LEJE{EHEHH;‘JE

=2 o
1o my 1o o g 1o
oF
2
=)
¢
)
HN
2
gy
B
32,
mlo
o
)
o,
)
)

ofl M

o
Kl d
i

|

o
L
=2
=

o rlr

N o (o =&
o gy
ok
of

o
3L
o
u@
2% 4

ul
N

AN X
o
Ho
ol

s 4
o

w

lo,

ol

ol

X
2 2
ok
e

o w0 =

H oo o

b

D odo g KOS > I ox
Shl
)

OEHUO'IN

e Jo

o
ogh
=2
oy g 2 2

3 O o N o o fm

o
v
X
g
k>
>

i)

|o

fru

W

o

y

CON A

OFO

Xow

o &

o fT

b

o b
q o &
o = W

N
Wi
)

ATHr=.618). 3} FA] AFel A =
717} BEE Y (Z =2.708, p = .007, r = 471),
A7} o] Fol A A] F= ”ﬂfﬂlﬁ T%}fﬂ 9]
BT FEHAE Ao R S|4 =
o) ek A stol| A 73 7317} ‘4* ﬁL%
AP =
Attt

&

flo o oy
4
~
B o
N

e
-{NE@E&

4 e Sl o 2

}_,

o5
O

r-{o
=

ook ME 2L oY, |
o 4y

T
o

Oz
o
r

> iy lo

;
L‘l

O
Z
B o

>4
op
ox,
o =

Y ol
b
%o M\
oo o
ftlo Jo

Al

4.3 Q2| 2210| A0l 0|2|= ZHRQ3)
RQ3¢ll whe} CE & 9 ] 4] | 23} o] &) #9143
3} SR G 2] A4 el b Gol o] AgAel 1
= S HESST Aol e Pearson A S
3k Az}, A3t ol &l A LA (r=.585, p <.001)2} A&
%o] /Ré (r = 408, p= 018) & =] /\]_%/H Iﬂr 71—8]— X4 7<4 /\1—_1/}

_4

l‘

A2 Btk OF 87 B4 A, mge folsge
Table 6 Regression results for factors influencing overall
user evaluation (RQ3)
Unstandardized
DV I\% Coeff. B t p
B SE
(Constant) | 1.038 | .783 1.326 | .195
Usability Ea.seofjuse 407 | 156 | 351 | 2612 | 014
Sttwation - 355 1 79 | 548 | 4.081 | <001
awareness

R2 = 464, Adj. R>= 428, F(2,30) = 12.992, p <.001

Table 7 Regression results for the effect of behavior—
message fit on user evaluation (RQ4)

Unstandardized

DV % CoefT. B t p
B | SE

(Constant) | 1.998 | 362 5516 | <001

Usability n]?:s:jl‘;:gt 560 | 085 | 765 | 6.622 | <001
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Table 8 Results of importance ranking for 5 key functions

Rank Category M SD
1 Warning timing 4.09 947
2 Detection accuracy 3.61 1.088
3 Behavior-message fit 3.45 1.348
4 Message clarity 2.33 957
5 Natural voice 1.52 972

R2 =586, Adj. R2= 572, F(1,31) = 43.850, p<.001
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¥(4)=58.255,p<.001
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Table 9 Insight for strengths and advantages, weaknesses and
improvement factors from qualitative responses

Strengths and advantage factors

Category Keywords
Emotional Gentle, Less startling,
acceptability Reduced discomfort
Cognitive clarity Context-aware,

Informative, Understandable

Action-recognition-
based feedback

Action-referencing,
Recognition, Trust, Accuracy

Action-inductive

Guidance, Take a break, Leading

Corrective effect

Self-reflection,
Admonishment, Correction

Expectation Sentence variety,
of diversity Preventing familiarity
Weakness and improvement factors
Category Keywords
. Overinterpretation,
Misalignment N P

Confusion, Incongruity

Limitations in detection

Detect failure, False positives,
glasses, beards

Lack of follow-up action|
guidance

Next-step guidance, Navigation support,

Actionable feedback, Practicality

Increased cognitive load

Lengthy, Requires focus, Fatigue

Concerns about

long-term fatigue

Repetition, Annoyance
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