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In recent years, driver information systems (DIS’s) became popular and the use of DIS’s increased significantly.
A majority of DIS’s provides touch-screen interfaces because of intuitiveness of the interaction and the
flexibility of interface design. In many cases, touch-screen interfaces are mainly manipulated by fingers. In this
case, investigating the effect of touch-key sizes on usability is known to be one of the most important research
issues, and lots of studies address the effect of touch-key size for mobile devices or kiosks. However, there is
few study on DIS’s. The importance of touch-key size study for DIS’s should be emphasized because it is
closely related to safety issues besides usability issues. In this study, we investigated the effect of touch-key
sizes of DIS’s while simulated driving (0, 50, and 100km/h) considering driving safety (lateral deviation,
velocity deviation, total glance time, mean glance time, total time between glances, mean number of glances)
and usability of DIS’s (task completion time, error rate, subjective preference, NASA TLX) simultaneously. As
a result, both of driving safety and usability of DIS’s increased as driving speed decreased and touch-key size
increased. However, there were no significant differences when touch-key size is larger than a certain level (in
this study : 17.5mm).
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Figure 2. Experimental environment

Figure 3. Simulated driving software
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Figure 4. DIS prototype
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Dependent variable Definition
Task
L completion Time needed to complete a task
Objective time(sec)
. Error rate (INF+IF)/(C+INF+IN)
Usability Subiect
of DIS ubjective Subjective preferences about the five-sizes of touch-keys
preference(point)
Subjective Overall workload score based on a weighted average of ratings on six
NASA TLX .
. subscales(mental demand, physical demand, temporal demand, performance,
(point) .
effort level, frustration level)
. Standard deviation of lateral position of the car which the participants were
Lateral deviation(mm) .. .
driving while they performed a task.
Velocity deviation(km/h) Stapdard deviation of velocity of the car which the participants were driving
while they performed a task.
Sum of the durations from the time when the participant’s eyes left the
Total glance time(sec) | road and to the time when the participant’s eyes left the display to look
o back at the road
Driving - - - ,
safety Average of the durations from the time when the participant’s eyes left the
Measures | Mean glance time(sec) | road and to the time when the participant’s eyes left the display to look
related to back at the road
glance . Average of the duration from the time when the participant’s eyes left the
Mean time between . . . ,
display to the time when the participant’s eyes left the road to look back at
glances(sec) .
the display
Mean number Average number of glances while they performed a task
of glances(times) & & yp

Table 2. Subscales and definitions of NASA TLX

Subscale Extreme point Definition
Mental Demand Low/High How mugh mental and perceptual activity was required(thinking, deciding, calculating,
remembering, etc.)?
Physical Demand Low/Hjgh How much physical activity was required(pushing, pulling, turning, controlling, etc.)?
. H h ti i feel h hich th k k
Temporal Demand|  Low/High ow much time pressure did you feel due to the rate or pace at which the tasks or tas
elements occurred?
Performance Perfect/Failure How .successful do you think you were in accomplishing the goals of the tasks set by the
experimenter?
Effort level Low/Hijgh How hard did you have to work(mentally and physically) to accomplish your level of
performance?
Frustration level Low/High How insecure, discouraged, 1r.r1tated, stressed and annoyed versus secure, gratified, content
and relaxed did you feel during the task?
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Figure 5. Experimental process
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Table 3. Mean values for measures of usability of DIS

TR EPTREREPREPEEEEL T2 55

Driving speed(km/h)

Touch-key size(mm)

0 50 100 p-value 7.5 12.5 17.5 22.5 27.5  p-value
Task completion time(sec) 3.76 5.74 6.86 < .0001" 7.98 5.63 4.95 4.41 431 < 0001
Error rate 0.04 0.04 0.05 0.0753 0.15 0.03 0.01 0.01 0.01 < .0001°
NASA TLX(point) 2566 4400 53.12 < .0001° 5931 40.09 37.56 34.95 3273 < .0001°
Subjective preference(point) - 6.13 44.04 73.46 75.11 70.57 < .0001°

" denote a significant difference with a = 0.05.
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3.2.1 #9 #HA OJSHA] FUTHAFE a=0.05).

¢ Habe FYEE D HA T A7) tiste] Fost At
(9 a=0.05). SNK 4 A3, FFEE7F 50km/h, 100
km/h & w 9] 2 H2l= 77 215.03mm, 320.98mm E T3 &5
7t 37METE e kst At =@ HA7l A717)
AATE ¢ dA7L Fase A0E UYEETH(<Figure
10>). E1A17] 2717} 7.5mm¥ 9 9] 25 HAH= 361.90mm =
744 oM, 125mmY W= 277.64mmE 1 FHE oY ®
g 17.5mm, 22.5mm, 27.5mm¢] #-$- A2k 22 250.43mm,
226.27mm, 223.77mm%] 2.1, ©] & Ao]d & 93 2}o|7} 9l
At 39, FYPEE 9 HA T 2719 AEAEL2 F93kA
% ITH(F S+ a=10.05).

Table 4. Mean values for measures of Driving safety

18
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1.2

1
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0.6
04
0.2

o 4

225 275
Touch-key size (mm)

Velocity deviation (km/h)

Figure 11. Mean velocity deviation for touch-key size

Driving speed(km/h)

Touch-key size(mm)

50 100 p-value 7.5 12.5 17.5 225 27.5 p-value
Lateral deviation(mm) 21503 32097 < .0001° 361.90 | 277.64 25043 22627 223.77 < .0001°
Velocity deviation(km/h) 0.90 1.14 0.0018" 1.52 0.99 0.99 0.87 073 < .0001°
Total glance time(sec) 3.88 3.91 0.4898 7.58 3.72 3.01 2.69 246 < .0001°
Mean glance time(sec) 1.31 1.00 < .0001" 1.19 1.23 1.15 1.16 1.06 0.0282°
Mean time between glances(sec) 0.61 072 < .0001° 071 0.66 0.68 0.65 0.63 0.0027"
Mean number of glances(times) 3.47 432 <0001 7.00 3.56 3.17 2.84 2.89 < .0001°

" denote a significant difference with a = 0.05, no interaction was significant.
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3.2.3 Glance

(1) glance A2t
% glance A 7HE FH L0 tiste] #oJ3kA] gggton, ¥
A7) 719 thate] o AT % a=0.05). HA7] 2
AN ARSE = glance A 7+& 7+ BH(<Figure 12>). B A
7] 2717} 7.5mm¥ W 9] F glance Al7HE 7.58% 2 71 F1 o
o, 125mm¥ W 32EE I HE o9tk HA7] 2717}
17.5mm, 22.5mm, 27.5mm ¥ 9] Z glacne N B 7 3.01%,
2.69%, 2462909, o] & Apolol= @ 2oz} YT

3, FPEE 9 HAY 2719 1E %—8— TrojskAl sk
HA 2 0= 0.05).
a
g 0]
2 ]
g ]
N

225 27.5
Touch-key size (mm)

Figure 12. Total glance time for touch-key size

(2) B glance A7t

W glance A7t FAEE 9 B A7) 27]9f it 9
FATHFYFF a = 0.05). SNK 24 éﬂr, %63?}57} 50
km/h, 100km/h v} o] B¢ glance A ZHE 22 1312, 1.00%
2, FYELT} SHEFE fY8HA 1 iﬁ}
7] 3717} AAGFE ¢ glance A HE 2F TAde
HAthp =0.0282). 34, FPEE 9 B 7] 2
&2 T otA FUTHFTAFFE a =0.05).

Q) B TEFAAL

Wit EEFAANTE FAEE D HA I I7] tste] £
3 ATH 2 4F a = 0.05). SNK £4 JJr FY&57} 50
km/h, 100km/h & w1 FHF 2 FAANFE 27} 0.61%, 0.72
22, FYETT} FNHEFE FYEHA % W?&E}. w3 E1
A7 AN ARATE B EE%AIW KNP A
P E%E}(p 0.0027). 34, FYP& 5 2 B X7
SAEE 5 FUTHATY T a=0.05).

E)
EME

LFI[‘
Bl ox

(4) B glance 315

1t glance 37 FHEE D HA I 2719 tiste] £
FHTHFFF a=0.05). SNK 24 A3} 847} 50km/h,
100km/hY ® 9] B+ glance S 2H7F 3473], 4323 &, F
Y& 27} SIS E s &7}8}9‘;5}. T3 HA7| 27
7V ARTE B glance e HAshe A 0E YENG

(<Figure 13>). H1X7] 27|17} 7.5mm¥ W& 7.003 2 714 2
A0 2 YElt} 38k 12.5mm, 17.5mm, 22.5mm, 27.5mm ¥

9] ¢t glance A 4= 47 3.563],3.17 3],2.843), 2895 2 7+
A3l AFE BY o, ofF Aol 9 a 2tol& T
g, FAEE 9 HA 7] 2719 n5Age FootA &%
WA 4F a =0.05).

alllt

225 27.5
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Figure 13. Mean number of glances for touch-key size
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1997; Bender, 1999; Colle and Hiszem, 2004) 2 &0} 7]7]9}
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