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ABSTRACT

Objective: The aim of this study is to investigate effect of driver's cognitive distraction on driver's physiological state and
driving performance, and then to determine parameters appropriate for detecting the cognitive distraction. Background:
Driver distraction is a major cause of traffic accidents and poses a serious threat to traffic safety due to ever increasing use
of in-vehicle information systems and mobile phones during driving. Cognitive distraction, among four different types of
distractions, prevents a driver from processing traffic information correctly and adapting to change in surround vehicle
behavior in time. However, the cognitive distraction is more difficult to detect because it normally does not involve significant
change in driver behavior. Method: A full-scale driving simulator was used to create virtual driving environment and
situations. Participants in the experiment drove the driving simulator in three different conditions: attentive driving with no
secondary task, driving and conducting secondary task of adding numbers, and driving and conducting secondary task of
conversing with an experimenter. Parameters related with driver's physiological state and driving performance were measured
and analyzed for their change. Results: The experiment results show that driver's cognitive distraction, induced by secondary
task of addition and conversation during driving, increased driver's cognitive workload, and indeed brought change in driver's
physiological state and degraded driving performance. Conclusion: The galvanic skin response, pupil size, steering reversal
rate, and driver reaction time are shown to be statistically significant for detecting cognitive distraction. The appropriate
combination of these parameters will be used to detect the cognitive distraction and estimate risk of traffic accidents in
real-time for a driver distraction warning system.
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2. Method

2.1 Participants
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2.3 Design and procedure
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3. Results

3.1 Physiological state

AR A glol AFAN sk At
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Table 1. Comparison of driver's physiological state
between attentive driving and distracted driving
with secondary addition task

Driving

All | Male

Driving + Addition task
Female | All | Male | Female

Parameter

PPI
(sec)
GSR
(1)

0.7191 0.740 | 0.686 | 0.678| 0.680| 0.675

712 | 8.07 5.63 794 | 8.63 | 6.85

Left pupil

560 509 | 638 | 626 | 600 | 6.67
(mm)

Rightpupil | 5 55 506 | 632 | 626 | 600 | 667
(mm)

el whe Ao)F 1) $5te] FAHHOR TR of
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Table 2. ANOVA results for gender and distraction on
driver's physiological state

Parameter Source DF SS MS F p
Gender 1 0.015 | 0.015| 0.730 | 0.396
PPI Distraction | 1 0.022 | 0.022 1.083 | 0.302
G XD 1 0.010 | 0.010 | 0.504 | 0.480
Gender 1 | 76.141 | 76.141 | 7.755 | 0.007
GSR Distraction | 1 | 13.640 | 13.640 | 1.389 | 0.243
G XD 1 1.824 | 1.824 | 0.186 | 0.668
Gender 1 116323 | 16.323 | 12.941 | 0.001
Leﬁ Distraction | 1 6.075 | 6.075 | 4.816 | 0.032
pupil
G XD 1 1.684 1.684 1.335 | 0.252
Gender 1 | 16.134 | 16.134 | 9.029 | 0.004
Right [y raction | 1| 7.083 | 7.083 | 3.964 | 0051
pupil
G XD 1 1487 | 1487 | 0.832 | 0.365
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Table 3. Comparison of driver's physiological state
between attentive driving and distracted driving with
secondary conversation task

Driving Driving + Conversation task

Parameter
All | Male | Female All Male | Female

PPI
0.719 | 0.740 | 0.686 | 0.681 | 0.694 0.660

(sec)

GSR
7.12 | 8.07 | 5.63 7.81 8.57 6.62

(1)
Leftpupil 560 1509 | 638 | 630 | 606 | 668

(mm)
Rightpupil | 5 55 | 506 | 630 | 628 | 603 | 667

(mm)

‘Je] mE ol E ®Y] fste] FUHH O R FoRAE of
b e dish o] RAREA S TSIt Table 4). &
A A¥, A5 e dEY BAr Y] wEk fost
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Table 4. ANOVA results for gender and distraction on
driver's physiological state

Source DF SS MS F p

Gender 1 0.033 | 0.033 | 1.583 | 0.213
PPI Distraction | 1 0.023 | 0.023 | 1.080 | 0.302
G XD 1 0.002 | 0.002 | 0.081 | 0.777
Gender 1 | 82.235 | 82.235 | 8.945 | 0.004
GSR Distraction | 1 9.440 | 9.440 | 1.027 | 0314
G X D 1 1.016 | 1.016 | 0.111 | 0.741

Parameter

Gender | 1 | 15464 | 15464 | 12.434 | 0.001
Lefl "y traction | 1 | 6817 | 6817 | 5481 | 0.022
pupil

GXD | 1| 1975| 1975 | 1588 | 0212

Gender | 1 | 15482 | 15482 | 7.922 | 0.006
Right [y iraction | 1 | 7.462 | 7462 | 3.818 | 0.055
pupil

G XD 1 1.694 | 1.694 | 0.867 | 0.355

3.2 Driving performance

S Bk, AFRTIATE FapabA|
s A% g4 YA S ek
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Table 5. Comparison of driver's driving performance
between attentive driving and distracted driving with

secondary addition task
Driving Driving + Addition task
Parameter
All Male |Female| All Male |Female
Velocity
SD(m/sec) 1.12 | 095 1.39 1.48 143 1.57
Acceleration
SD(m/sec?) 0.198 | 0.180| 0.226| 0.207| 0.187| 0.240
Steering

reversal rate | 54.33 | 64.27 | 38.71 | 75.50 | 82.27 | 64.86
(times/min)

Lateral
offset SD(m) 0307 | 0.283| 0339 0292 0.265| 0.333

Response

. 2.16 1.99 | 244 | 236 | 2.18 2.64
time(sec)

el e ApolE K| flete] FUFA o FoEAt of
H-of el gt o] ikt As 388ltH(Table 6). &
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Aol 7t f+eJ8HAl Wb tH(p < 0.05).

Table 6. ANOVA results for gender and distraction on
driver's driving performance

Parameter Source | DF SS MS F P
Gender | 1 1405 | 1405 | 3227 | 0.077

Ve;‘]’;ity Distraction | 1 1820 | 1.820 | 4.178 | 0.045
GxD | 1 0372  0372| 08550358

Gender | 1 0042 |  0042| 12070276
Acceégaﬁon Distraction | 1 0.002|  0.002| 0.055 0.815
GXD | 1 0.000 | 0.000| 0.008 | 0.930

Stcering | O€nder | 1| 7900058 | 7900.058 | 11488 | 0.001
Reversal | Distraction | 1 | 8335.643 | 8335.643 | 12.122 | 0.001
rate G XD | 1| 283643 | 283643 | 04120523
Gender | 1 0.060 | 0.060 | 4.683|0.034

0;22?;}3 Distraction | 1 0.003 |  0.003| 0261|0611
GXD | 1 0.001 | 0.001| 0.0910.763

Gender | 1 3524 | 3.52423.198 | 0.000

Retsi‘r’:l):se Distraction | 1 0648 |  0.648 | 4.266 | 0.043
G XD | 1 |5260E-05|5260E-05 0.000 0985

Table 7. Comparison of driver's driving performance
between attentive driving and distracted driving
with secondary conversation task

Driving Driving + Conversation task

Parameter
All Male | Femal All Male Femal

Velocity
SD(m/sec) 1.12 0.95 1.39 1.59 1.28 2.08

Acceleration

SD(m/sec?) 0.198| 0.180| 0.226| 0.270| 0212 0.361

Steering
reversal rate | 54.33 | 6427 | 3871 | 76.92 88.55 58.64
(times/min)

Lateral
offsot Sy | 0307| 0288| 0339 0251 0231 0283
Response |y 16 | 199 | 244 | 237 | 219 | 266
time(sec)

3o APEel IR o AR 5

4 2, AT HEA, £ 2305, AR ) A
A SR, WAL R A ttolie] et 519
3k 2

Table 8. ANOVA results for gender and distraction on
driver's driving performance

Parameter Source | DF SS MS F p
Gender | 1 6464| 6464 | 9.916 | 0.002
Veé‘gity Distraction | 1 4401|  4401| 6752 0.011
GxD |1 0.558 0.558 | 0.855 | 0.358
Gender | 1 0.162 0.162| 3.380 | 0.070
Acceé%aﬁo“ Distraction | 1 0.120 0.120| 2.503 |0.118
GxD |1 0.046|  0.046| 0.960 | 0331
Gender | 1 |13158.131 |13158.131 | 19.013 | 0.000
rei;‘;:;“rie Distraction | 1 | 8357.729 | 8357.729 | 12.077 | 0.001
GxD |1 80729 | 80.729| 0.117 | 0.734
Gender | 1 0.046|  0.046| 4368 | 0.040
Olf“f"s‘zrgg Distraction | 1 0.054 0.054| 5.143 | 0.027
G XD | 1 |5213E06|5213E-06 0.000 |0.982
Gender | 1 3.669|  3.669|22.882 | 0.000
Refifl‘l’ense Distraction | 1 0.737 0.737| 4.594 | 0.036
GxD |1 0.001 0.001| 0.006 | 0.938

4. Discussion
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oA F7ekd=), ol A} -7 48 o] A}
e gxgoz Btk o8 Ad3YAT (Liang et al., 2007;
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