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1 Introduction and Background
® HEMbL AT AL, ANMBMTHOEBZZITT57 7/ ny—
(Parasuraman & Riley, 1997)
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> W, TITEE O B ENEER IR IC/EE (Lee & Sanquist, 1996; Wiener & Curry, 1980)
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(Flemisch et al, 2008)
® L/L, HEMEY AT AFSEEETIEZ W
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(Parasuraman & Riley, 1997)
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2 Methodology
2.1 Background
® KT T A F(ALCT: Autonomous lane change test) % FZBR 12

2.2 Functional principles and interaction
® ALCT O fHiEHABR ST
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> error 1 : ELEERRAHBLL, BHEEET D
> error 2 : BEFRAFARRAHBLIL, HIET S
> error 3 : BSHRA AN HBLL, BRoBEHRITRAT S
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Fig. 1 Ervor fypes

a Lane change when not reguired {emor 1)
£ Mo lane change when reguired {emor 2)
¢ Change to the wrong lane (error 3)

2.3 Metrics
o LEAM
> BUGKHE - BEREIR T 7 —RAE T TS, FEITAY KLEY) 5 £ TOREH
»  missed errvor : HENEIRT T —ZEIETE 2o 2 ml¥
»  false reaction : IE¥(Z HENEIRATHOILTWD & &2, ~v Rrzdl-7zEEK

2.4 Equipment
® ALCT TlZ, driving simulator Zf#f (Fig. 2)
> BT 2 ODE(THEIE, /N> RAFRIC 1 SOV 7 F X 7 HiH

Fig. 2 Set-up af the ALCT with a car mock-up and plasma screens
ina deiving simudotion environmen!

Picture displays error type 3

3 Formal categorization of secondary task
® [[{l—DEFICE-ST2Oo0OX A7 PUBLINL5GE, WEOTFHNREL D



(Wickens & Liu, 1988)
H BEER O BN IR RO EIESNEE, Y7 % 27 THERAEIEH VT
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Modality : f%/HE5 (visual/auditory) (Wickens, 1992)
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Information coding :
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Degree of interaction : active/passive
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THEH —

en

wiie, <

/72 (verbal/spatial) (Wickens, 1992)

Interruptibility : good/bad (Alliance of Automobile Manufactures: AAM, 2006)
> EOREAAL UH AT BYEINTO DN E FBEEE
® Table 1 1IN AT TofER

> HEREEROES A T3 DB © visual — active — bad interruptibility — spatial
Table 1 Categorisation of secondary tasks using different dimensions interfering with the primary driving task, along with examples, if
found
Modality  Degree of interaction  Interruptibility  Infarmation coding In-zar task examples
vigual active good warhal navigation, music selection
visial active good spatial interactive map
visual active bad verbal =
visual active bad spatial -
visual passive good varbal news headlines and SMS
vigual passive good spatial follow navigation hints
visual passive had verbal news article text
visual passive bad spatial -
auditory active good verbal speech commands
auditory active bad verbal talking on the phone
auditory passive good varbal listening to music
auditory passive bad verbal news, traffic information, audio book and audio memos

4 Experimental assessment

4.1 Interaction versions

® LO version
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>
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® Hi version
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® {i
> ANV RAPLOEERNRT — KNy 7128 5T, Hiversion T, HENERT 7
— ORISR ITE S, =7 —EIETE 22 (missed error) EEL T 7210

4.2 Study 1 — LO version
® L0 version TORFERAZ ENi, V7% A7 OB %Gt

4.2.1 Experimental procedure
& HHEMIATOND THAD 6 dDDY T Z AT ZjFiR
>  navigation : &R I D HIOMAZ 1 —F EIZ AT
(visual— active — good interruptibility — verbal)
>  interactive map : &/~ S U5 B Z I THESR
(visual — active — good interruptibility — spatial)
>  phone call : & TRER
(auditory — active — bad interruptibility — verbal)
>  audio book : audio book % [ <
(auditory — passive — bad interruptibility — verbal)
> longtext: EXV—F 17
(visual — passive — bad interruptibility — verbal)
>  shorttext: EXV—7F 47
(visual — passive — good interruptibility — verbal)
e HTERY
> navigation, interactive map
> REANERICROMENERIND
»  phone call
> 4RO REBNEA NETHE, B2 L TEOHB AR <D
> audio book, long text, short text
> HBATRICEMET X b & FEhi
® ZNHE T &I T RT I
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® -~y RvUY R IATEMH L THIEREZHIE
o KITHRIIEEAN O FBFEE(DALL: Driver activity load index) % SZ/ii

4.2.2 Sample
o ZBn#E 284 (BM194, P94, FHHEHE: 29.4 %)

4.2.3 Results
RtweR (Fig. 3)
® T X RIO—FRSHIHT
> BT ERTOEMENRAELINT
(F13.644, 98.389)=9.545, p<0.001, Greenhouse-Geisser correction)
<> Benferoni {EZffi ] L CT—x g
- baseline < audio book LI/t D 7 & A 7 (p<0.05)
- audio book < navigation(p=0.023), interactive map(p=0.018)
- short text < navigation(p=0.002), interactive map(p=0.010)
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Fig.3 Mean response time with standard deviation for the baseline and all secondary tasks (sorted in ascending order)

® 7 % X7 % degree of interaction (ZF-S5U T 3 D2/ E|
>  active(navigation, interactive map, phone call), passive(audio book, long text,
short text), baseline CHi&
>  degree of interaction ® EZNEN A BT
(F11.645, 44.417)=26.220, p<0.001, Greenhouse-Geisser correction)
<> Benferoni /&2 ffi ] L CT—x g
- ETOMAEDETHEE (p<0.001)



- baseline 3%, active DY 7 X A7 N E

® 7% X7 % modality (ZHSUT 3 DIZHHE
>  auditory(audio book, phone call), visual(long text, short text, navigation,
interactive map), baseline THf
>  modality ®EZhERH 5 7=(M2, 54)=19.361, p<0.001)
< Benferoni L& L T—xf ik
- auditory < visual (p<0.013)

® error type DK HIHT
>  error type O EZNEIN 5172 (M2, 54)=41.263, p<0.001)
<> Benferoni /£ 2 ] L CT—x g
- ETOMAGOE THEE
- error 3(M=1.73)2 i, error 2(M=2.09) M i &

Missed errors (Fig. 4a)
® LNEH DOAFAT T 64 [B] missed error 234 U7z
>  audio book T#/lN, interactive map The K
® missed error ([ZBIF DY T X AT DEENL LT (y2A6)=T73.414, p<0.001)
® 7 X X7 % degree of interaction (Z 55\ T oyE|
>  passive (4 [A]) < active (59 [A]) (y21)=50.104, p<0.001)
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Fig. 4 n cach condition summed over all participants feach sorted in ascending order)

a Mumber of missed errors
b False reactions

False reactions (Fig. 4b)



EBNNE O4ERIT T 44 0] false reaction 734 U7z
>  baseline THz/)>, phone call THKX
false reaction (2351} V7 % A7 OFBEN L 51T (y2A6)=38.413, p<0.001)

Gaze behavior (Fig. 5)

1 [l O 2 J7E (200ms L B A 1RO 728555 0 7)
2 T O W53 Tobr
>  CID(central information display) : 7 % A 7 [
>  FRONT(driving scene) : 17
> ENENTY T X A7 (visual) O —Z KIS H T
- CID TH 7 X A7 OEENA LI
(F13, 81)=44.210, p<0.001; Green-Geisser correction)
o interactive map THcf, long text Tl
- FRONT CTH 7% 27 OEHENH BT
(F12.283, 61.650)=53.455, p<0.001; Green-Geisser correction)
o long text THcHL, short text Thfk

Mean game duration,
] .
1 1
| e
e
(]
o

T T T T T T T
Long text - Long text - Shor text - Short taxt - Navigation Mavigation Inmeraclive Interactive

] FRONT Cio FRONT = D =FRONT map-CID map-
FRONT

Fig. 5 Mean goze durarion on ACHs and standard devianon in x)

Subjective rating

TEZEAM D 6 BPEEEE (0=low—5=high)
>  audio book Th/NMEL.71), interactive map Tl K(ME=3.18)

4.2.4 Summary and discussion of result in study 1
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> active 2T XAV, visual DY T X A7 (X, BEREEROEREZIT S
® crror type (FSRERIC 22
»  error 2 CRUGCHRFMITAE
< EEZfED7e\V =T —(omission error) N RK7ZA H
o W7 XRJEEHCID)AZEL A TNAIZE, missed error D[EFLH D720
>  interactive map TIE, ©3El 26 [E10D missed error 734 U7z
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4.3 Study 2 — LO version against HI version
4.3.1 Experimental procedure
o EBR1MNDL3IODHTHAY &
»  interactive map, short text, phone call
® LRI Fhe X X 1 L RIER
»  LO version & HI version TH-H 7 % X 7 % S
»  baseline |3 HI version T/
> BN 2Lz 71T (2(version) X 3(4 7 # 2 7 )+1(baseline)) Efiti

4.3.2 Sample
o ZNE 294 (BVE204, LME94, “FHIEH 34.2 %)

4.3.3 Results
RIGEEE (Fig. 6)
® 2(version) X 3(7 % & 7) X 3(error type) Doy HL AT
> version O TZRNH 572 (F1, 28)=133.64, p<0.001)
< Hiversion < LO version
> YT X7 OTHRNHLNIZ(AZ, 56)=15.14, p<0.001)
> BT HR7ZO0T Benferoni {4 H L C—xf i
- interactive map > phone call(p=0.001), short text(p=0.001)
>  error type D ENENA LT
(£11.32, 36.88)=38.42, p<0.001, Greenhouse-Greisser correction)



< error type |22\ T Benferoni 5% H L CT—xf ki
- ETOMAEPETHEZE (p<0.001)
- error 3 3 icf, error 2 DR
>  version & error type DAZ HAEM
< LOversion ®IFIZ, errorl, 2 & error 3 & DAENPHE
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Fig. 6 Aean response time with stendard deviarion for all tasks performed using the LO version and the HT version

® IEfn & RUGEER & ORICFIBIRIFR 2 R ® S 7= (Table 2)
> EERSEWIE EUCEERAAE WD

Table 2 Cormalations response times to age (Pearson-r)

Shart taxt (L0} Phone call ILO)  Interactive map (LO)  Short text (HI) Phone call (HI} Interactive map (HI)

corralation 0.57 (p=10.001) 0.51 (p= 0.005] 0.4 {p=0.03} 0.26 (p=0.17} 0.42 {p=10.023) 0.34 (p = 0.076)
to age

Missed errors (Table 3)
® 1.0 version D217 T 55 [A], HI version M4 4TC 33 [0] missed error 734 U7~
»  version [, % version N CHEBEZEIXA Lo

False reactions

® HI version T false reaction 37321 (190 [1])

Table 3 MNumber of missed errors and false reactions in each condition summed over all participants in study 2

Short text (LO} Phone call (LO) Interactive map (LOI Short text (HI) Phane call (HI) Interactive map (HI) Baseline (HI)

missed errors 10 24 16 7 11 13 2
false reactions 1 11 7 24 T4 34 58




Gaze behavior

® CID(central information display) : 7 % 2 7 [

® 1 [BlD I A I E(200ms VLA (LD 7= D)

>  2(version:LO/HI) X 2(47 ¥ A 7 ‘interactive map/short text) D5y E /74T

< version ® EhF (M1, 25)=12.09, p<0.01)

HI version < LO version

@ interactive map—LO: M=2.22s, HI: M=2.00s
o short text-LO: M=2.52s, HI: M=2.29s

4.3.4 Summary and discussion of result in study 2

® HI version TiULEFFIZE <, missed error (34720
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>  HI version ® 523 EITHIEIZIER Z AT TV 5D

e~ 1%, HI version Z#1H 573, HI version Tl false reaction 23E U A BRI H 5

Conclusion
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