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Objective: The aim of driving simulator study is to investigate interactions between
driver behaviors and the automated vehicles according to non-driving related tasks
modality and traffic density.

Background: With the addition of a greater number of advanced driver assistance
systems in vehicles, the driver has an opportunity to have non-driving related tasks
during autonomous driving. Understanding the implications of such advancements
on driving behaviors and road situations is important for safety.

Method: 20 participants were recruited to measure take-over reaction time, lateral
position, and Short Stress State Questionnaire (SSSQ) under different traffic conditions
of suggesting NDRT modalities. As well as comparing the effects of traffic complex
while doing different NDRT, the effect of NDRT modalities were also investigated.

Results: Traffic density showed minor effects on driving performance and SSSQ results.
However, NDRT modalities have differences: auditory NDRT modalities led to shorter
takeover reaction times and higher task engagement.

Conclusion: For the design and evaluation of human-automation interaction in
conditionally automated driving systems, NDRT modalities seems to play a major role,
compared to the traffic density.

Application: The present results can be used to appropriately design human-
automation interfaces considering NDRT modalities.
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1. Introduction
1.1 Backgrounds of fatigue in the transportation setting
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1.2 Autonomous driving system and OOTLUF
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1.3 NDRT during autonomous driving and its effect on driving performance
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1.4 Traffic density
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2HA HIH2l Dundee Stress State Questionnaire (DSSQ)2| &2t BT QI Short Stress State Questionnaire (SSSQ)OI| CHH HE0| Edt
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2.4 NDRT modality types
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Table 1. Modality types of NDRT

Visual Auditory Motoric
Phone call 0
Trivia game o}
Watching video o 0
Reading 0
Typing o
Monitoring o

2.5 Experimental design
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o ME, & BAIE SHX| U2 HEIE SSSQO Hotes A2E mofoiChpre-test). 1 0|F ¥ HOX= 127 252 28 HA3E
ST 2t 252 0[QF 22 &AME THECt 1. 2WRI =852HE FICHRE). 2. AEFH0| 7ts3t ZE0M XHEFY 7|50
2%t EICH3E). Ol @MAts CHEA FO{X|= NDRTE &3t 3. A2FH0M =& FHOE Motk LEHo| FoX|eH ¢
2 15X O|HZ HES HI WS Wisiete BEE I 4. TXE 15X O|HE SHUE CHA| F1 WS AZtsict
@Q&).5 3t 250 BUH 2H HEHA 0|F9 FaAN MEfE SSSQO| Hote ASE Mt stTHpost-test).

3. Results

3.1 Reaction time
f, Table 22t 20| F2|=F 0050A w& YT, NDRTO [zt F2l5t Ko7t Qe A=
| C St

=z HH817| 28l posthoc analysis
1, NDRT 2EZ|E|0|= Folot FE0| LIEFHeH uE T EQL NDRT 2

Table 2. The result of RM ANOVA for reaction time

Factor F p
Traffic density 19.294 (1, 78.672) <0.000"
NDRT modality 23.147 (3, 111.11) <0.000"
Traffic density* NDRT modality 14.142 (3, 46.89) <0.000"

Table 3. The result of post-hoc analysis for reaction time

Factor F p
Traffic density (Low vs. High) 19.294 (1, 39.336) <0.000"
NDRT modality (Auditory vs. Visual+Auditory) 23.147 (1, 111.11) <0.000"
NDRT modality (Visual+Auditory vs. Visual) 23.147 (1, 111.11) <0.000"
NDRT modality (Visual vs. Motoric) 14.142 (1, 46.89) <0.000"
Traffic density* NDRT modality (Visual vs. Visual+Auditory) 30.842 (1, 359.243) <0.000"
Traffic density* NDRT modality (Visual+Auditory vs. Visual) 17.902 (1, 305.012) <0.000"
Traffic density* NDRT modality (Visual vs. Motoric) 0.775 (1, 12.66) 0.390
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Table 5. The result of #test for lateral position

Factor t p
Pre vs. Post (General) -5.593 <0.000"
Pre vs. Post (Auditory) -0.108 0.274
Pre vs. Post (Auditory+Visual) -4.393 <0.000"
Pre vs. Post (Visual) -3.942 <0.000"
Pre vs. Post (Motoric) -3.988 <0.000"
05
0.45 0.375 0.407 0.414 0.453
0.4
§ 0.35
2 03 40z 0.413
o 025 0.359 0.357
g o2
E 0.15
0.1
0.05
0
A A+V V M

NDRT Modality

=@ Low Density  ==®== High Density

Figure 2. Mean of lateral position according to traffic density and NART modality

3.3 Short Stress State Questionnaire (SSSQ)

SSSQOfl Tt Aite 278 EfARO| Mif T test ZUE WA Lot 3, 2 JOAHELHR HEXE 24HRAM ZUE Aot2 Xt
SICE A HHRE, SSSQOfl CHEE EfAT it FOf stest At 2™ (worry)E M St EfA3 Z(task engagement), RS (distress),
J2|1 AEYA(stress) REISHA k0|7t U A2 LIEHRCHTable 6). EfA3 M1t Fo| Folst ZntE ECfZ, sSSQO Ci$ NDRT
SEE[E E EjA3 F 29| ttest A= WS (distress)E MLASt F2oH A0|7} ZXHSIACH(Table 7).

Table 6. The result of test for SSSQ

Factor t p
Pre vs. Post (Task engagement) -71.435 <0.000"
Pre vs. Post (Distress) -2.196 0.030"
Pre vs. Post (Worry) -0.658 0.512
Pre vs. Post (Stress) -9.010 <0.000"

http://jesk.or.kr
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Table 7. The result of #test for SSSQ according to NDRT modality

J Ergon Soc Korea

Factor t p
A - Pre vs. Post (Task engagement) -12.119 <0.000"
A - Pre vs. Post (Distress) -0.795 0431
A - Pre vs. Post (Stress) -4.249 <0.000"
A+V - Pre vs. Post (Task engagement) -1.678 <0.000"
A+V - Pre vs. Post (Distress) -1.484 0.154
A+V - Pre vs. Post (Stress) -6.498 <0.000"
V - Pre vs. Post (Task engagement) 1.183 0.224
V - Pre vs. Post (Distress) -0.53 0.599
V - Pre vs. Post (Stress) -5472 <0.000"
M - Pre vs. Post (Task engagement) -3.687 0.002"
M - Pre vs. Post (Distress) -1.891 0.074
M - Pre vs. Post (Stress) -2.708 0.014"

SSSQQ| EfA3 = R(task engagement)0i| CHS t.'_f-.éE AR Al Table 81t
et Folet Xo|7t e A2 E LIENGen, M7t noAE0| EXSHAUL.
=

Ot Bi=0] AEHZ ZEB7| I3l post-hoc analysisE +SHRCE HAY D&

LIEGoH W& TEEQf NDRT 2ZHZ|E[Q] wZA-E0| T visualdt motoric ZEE|E| 2/0= {2z

Table 8. The result of RM ANOVA for Task Engagement (TA)

20| 7ol

Z 0050|M & EE

=Z M QstL, NDRTO]
wz Aol EXfstE 2 EfA3 = (task engagement)O
YT E N QIsta, NDRT ZEHE[E[0 = Rolst FEHO|
Y0| LIEHACHTable 8, Table 9).

Factor F p
Traffic density 0.212 (1, 0.444) 0.651
NDRT modality 23917 (3, 17.812) <0.000"
Traffic density* NDRT modality 9.053 (3, 6.37) 0.002"
Table 9. The result of post-hoc analysis for TA
Factor F p
Traffic density (Low vs. High) 0.212 (1, 0.444) 0.651
NDRT modality (Auditory vs. Visual+Auditory) 18.511 (1, 24.500) <0.000"
NDRT modality (Visual+Auditory vs. Visual) 8.384 (1, 180) 0.001"
NDRT modality (Visual vs. Motoric) 37.942 (1, 56.889) <0.000"
Traffic density* NDRT modality (Visual vs. Visual+Auditory) 11.333 (1, 32.000) 0.004"
Traffic density* NDRT modality (Visual+Auditory vs. Visual) 23.524 (1, 56.889) <0.000"
(

Traffic density* NDRT modality (Visual vs. Motoric)

0.00 (1, 0.00)
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Ho| 20| et EfA3 S (task engagement)| Bt #2HE LIEIH Figure 35 2, Ef23 20| uE LTZLF NDRT 2
2|E[Of mat FHEFTICE HZo S245t7|2t SMF=A Y0l us THE0| AG0l 7t =2 EiA3 2 2ot Lol 1 oS
Y AE2 UE Ol m2t 7Y 2 A0l ERCn, OiXE2z Al

)
2ST=2 EYE, 1 O 7€ ZEI(E EHY 59
C % N

RE2|E[Ql 2T REHY2 7HY K2 HA3 2UEE UE

—.—

e
=

L

6
5 (5'06 456 4.89
é 4 5.06
5 3.11 4.44
g 3
()]
& 3.22
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]
0
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NDRT Modality

«==@== Low Density = ==@== High Density

Figure 3. Mean of TA according to traffic density and NART modality

Table 10. The result of RM ANOVA for stress

Factor F p
Traffic density 7.991 (1, 11.111) 0.012"
NDRT modality 3.351 (3, 4.8998) 0.026"
Traffic density* NDRT modality 2.042 (3, 2.833) 0.120

4 3.56 <274

1 2.89

Stress
N

A A+V \Y M
NDRT Modality

«=@== Low Density = ==@== High Density

Figure 4. Mean of stress according to traffic density and NDRT modality
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SSSQQ| AEB|A(stress)i| CHet HtEXE BAMEM ANt Table 101t 20| 82|4+=F 0.050A RE LT =QF NDRTO| 2t {28t At
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4. Discussion
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