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[Abstract]

V2X is a technology that enables communication with each object centered on a vehicle, enabling safer and more comfortable
driving through periodic data exchange between connected objects. In a vehicle based on V2X communication, a user interface is
required to convey the collected information to the driver or passenger, who can then make necessary driving decisions based on
such information. Spatial compatibility, one of the concepts applied in interface design, refers to the congruence of the location
between the stimulus and response. An in-vehicle interface with spatial compatibility can improve traffic safety by conveying
orientation information of mobile objects in road traffic. Therefore, in this study, for the design of an auditory interface with
spatial compatibility in a vehicle, we conducted experiments to understand the user's perception of the direction of movement of
sound. The experimental results confirmed the perceivability of sounds with three movement directions: straight, rotating, and

intersecting, and derived sound features that are effective for perceiving each movement direction.
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Table 1. Categorizing the sounds used in the experiment

Effective Sound

Ambience Sound

Definition Directional Sound
Type Beep, Synth
Difference Length , Frequency

Noise while Driving
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Table 2. Number of participants in the experiment

Age 20s 30s 40s

Male 19 6 1
Female 14 8 2

Total 33 14 3

AA(session)e] Byt 3 Agjo] WakAd Q1x] o
5 54 IAEikert) H =2 ﬁﬂ7};}9311} =
&l ~Fo(latin square)= ©]-&3}o] a4 o

°|

A5

3

O:
>4 (i 4z
o g o

i

2 rlo o

2}

1

¢

X

AAeR Ao Jepdrin

O8 2. A3l ARBE ARRES| OIS ek (RIFE AM, 5|H, wAl)
Fig. 2. Direction of movement of the sounds used in the
experiment(from top to bottom: straight, rotating,
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Table 3. Experimental results with beep sound

intersecting) Number of correct | Percentage(%)
Straight 9 18
Al 12708 2AE aRRe #, ¢, S A4 i = =
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Table 4. Experimental results with synth sound
Number of correct Percentage(%)
Straight 24 48
Rotating 18 36
Intersecting 15 30
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Table 6. Results of a two-way ANOVA on a survey (p<0.05)
Type =
Source Il Sum of | df IR F Sig. e 0%
Square
Squares
Corrected | 45 1002 | 3 | 13.367 | 11.279 | 0.000
Model
Intercept | 3633.120 | 1 [3633.120/3065.749] 0.000 o i
Sound type 9.720 1 9.720 8.202 0.004
Sound 35380 | 2 | 15.100 | 12.818 | 0.000
Directionality
Error 350.780 [296| 1.185
Total 4024.000 | 300 0% "
Corrected <
Total | 990-880 |299 a8 4. M3 A3t Qo
a. R Squared = .103 (Adjusted R Squared = .093) Fig. 4. Summary of experimental results
E 7. 22[9| dekMof w2 oIX| ciEH|w
Table 7. Perceptual multiple comparisons for sound directionality
Oo 1 1
, (,l) , . (fJ) . ~ Mean Std. Error Sig. 95% Confidence interval
Directionality Directionality Difference(I-J) Lower Bound Upper Bound
) Rotating —.53* 0.154 0.003 -0.91 -0.15
Straight -
Intersecting —.76%* 0.154 0.000 -1.14 -0.38
Rotatin Straight .53* 0.154 0.003 0.15 0.91
9 Intersecting -.23 0.154 0.329 -0.61 0.15
Intersectin Straight .76%* 0.154 0.000 0.38 1.14
g Rotating 0.23 0.154 0.329 -0.15 0.61

Based on observed means. The error term is Mean Square(Error) = 1.185 The mean difference is significant at the .05 level.
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Table 8. Homogeneous subsets for sound directionality

ekl Chet S

o oo

Subset
Directionality N
1 2
Straight 100 3.05
Rotating 100 3.58
Intersecting 100 3.81
Sig. 1.000 0.329

Means for group in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 100.000

= b
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B Y FR 02 Aolrk s BTHE 9).

9. MA ARREQS| MY ZI 241 (N=50, p<0.05)
Table 9. Analyzing experimental results for synth sounds
(N=50, p<0.05)

Sound_Directional M Scheffe

Synth_Straight(a) 3.38

Synth_Rotating(b) 3.80 Invalid
Synth_Intersecting(c) 3.80

W SR 7 FOR Aelh 292 ol ek WA
e A e dolh e vl ge] e Al
R e LR R P EEEES SEREDE)

O, ]38 3 =) AR ol T b o] 17 €A A
g Ak el s 71 A ek,

N | AL s g A AR BARAS B
FAA 02 BAF At 4ot ik D 8 ggel g9l
A4 Apol7} 78 LhebEThCE 10),

T 10. H|Z ARRES| AE 2ot 24 (N=50, p<0.05)
Table 10. Analyzing experimental results for beep sounds
(N=50, p<0.05)

Sound_Directional M Scheffe
Beep_Straight(a) 2.72
Beep_Rotating(b) 3.36 a<b,c
Beep_Intersecting(c) 3.82
A A3 FYARA ANH O Aol o5 WPAel
gk 1A= Al FEW AR ETH £ A3E AUARE, 1L
A olF WS FA] s vz W= Ahgeg
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