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1.1.  Adaptive cruise control
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Figure 1. Simplified state transitions for conventional cruise control (CCC).
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Figure 2. Simplified state transitions for adaptive cruise control (ACC).
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Figure 3. Driver tasks with conventional cruise control (CCC) and adaptive cruise control
(ACC) showing a mixture of cognitive and physical tasks (in the lozenge), cognitive tasks
(in the oval) and physical tasks (in the rectangle).
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Driver behavior
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LOCI(Locus of Control Inventory) : J5 X/ & D) % 7+ 5 (Rotter, 1966)
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T 5 (Matthews & Desmond, 1995; Matthews et al, 1996)
{7 6 : Manual i#Efiz LV 4, ACC flifHIFIZA b L A T@EW
> AEEOEMNA A L AMEEL ZENRIN TV (Simon & Corbett,
1996)
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2. Method
2.1. Participants
® HIRMET AR o 72K 110 A

2.2. Design
® ST
> Bk : Manual/ACC (#5# )
>  Traffic : Low/Medium/High (#%5%#[#)
<> 1EfE S =0 o BEIEO & : 800 H/1600 13/2400 &
> 74— KXy 7 : Low/Medium/High (#53# [t)
¥ HOWREZIERAE— R, HONE, HERE 2 2
<+ Low:EBEHR 7 4 — RNy 7 /Medium: H 7 7 4 — R » 7+ 8 RIC R R
Migh %75 7 4 — Ry 7 +3HERIZ 2 R+HUD (Head-up Display)

Table 1. Numbers of participants assigned to experimental conditions.

Workload/Feedback Low Medium High
Low 12 12 12
Medium 12 14 12
High 12 12 2

2.3. Equipment
® [IAME VI vIal—H—
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2.4.  Procedure
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® Manual/ACC(h v > % /3T o R)T 20 435 OEAT
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® Manual/ACC O£ 171, JFIARE (Locus of loci), fS#EME, RIRHE, AL 2Lt T
b, fEEAH, A NLADT v — b & EE
® AUHNLETIN, FEMEDOT v — MY, ACCORITH DA ENiE.

3. Results
3.1.  Driving variables
® Driving speed
> Trafficd E3%H v (F12,101)=20.0, p<.001)
< Low>Medium(p<.001), Medium>High(p<.01)
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Figure 4. Mean speed (mph) for the low, medium and high traffic conditions.

® HODNE
> Traffico E2% & 0 (F2,101)=19.0, p<.001)
<% Low<Medium(p<.001), Medium=High
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Figure 5. Mean lateral road position for the low, medium and high traffic conditions.

3.2. JF KB (Locus of control)
® LOCI(Locus of control inventory) from Rotter(1966) % fi /i
>  Traffic ® %372 L(F2,101)=1.76, n.s.)
> 74— Ry 7 OERL LF2,101=1.01, n.s.)
>  Traffic & 7 «— KXy 7 O AAEM 7 L(F4,101)=0.28, n.s.)

3.3. AN
® NASA-TLX %fii Ff
> BEMEo IS Y (F(1,101)=15.0, p<.001)
< Manual>ACC
>  Traffico E2 58 & 0 (F2,101)=5.95, p<.005)
< Low<Medium (p<.005), Medium = High
® TJT7AXARL—TazmV
>  Traffico £ & 0 (F2,101)=3.90, p<.05)
< Low<Medium(p<.05), Medium=High
> HEkE 74— MRy 7 OREEMSH Y (F2,101)=3.13, p<.05)
%  Manual ® & x—7 ¢ — KNy 7 : Low<Medium(p<.05)
+ ACCOEx—7 ¢— Ky 7 : Medium<High(p<.05)
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Figure 6. Frustration levels against feedback and automation.

o RAFALH
> HEbo TR H v (F(1,101)=14.3, p<.001)
< Manual>ACC
> Traffic D E#% 6 0 (F(1,101)=14.3, p<.001)
< Low<Medium(p<.005), Medium*=High
> HB#Ek, Traffic, 74— KNy 272 2ROLZANEMAD Y (F4,101)=2.73, p<.05)

® H{RyEH
> BEMboEESH 0 (F(1,101)=16.1, p<.001)
< Manual>ACC

3.4. Situation awareness
® SART(Situation Awareness Rating Technique) % {i ff]
> Traffic & 7 41— KRy 7 O AEER S Y (F4,101)=2.84, p<.05)
<% Traffic Low ® & % —7 ¢ — KN\ 7 : Low>High(p<.01)
> 74— K\v 7 Low @ & & —Traffic : Low>High(p<.005)
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Figure 7. Overall situation awareness plotted against traffic levels and feedback.

3.5. Trust
® Trust
® EFIT LK o TIER S BRI
>  Traffic ®FE%h 372 L(#2,101)=0.61, n.s.)
> 74— Ry 7 ORI L(F2,101)=0.18, n.s.)
> Traffic & 7 ¢ — Ry 7 O HEAER 72 L(F4,101)=1.63, n.s.)

3.6. Mental models

AT X o TERR ST E R (S %I, "What happens next?” question, ACC &
171212, ACC OEWEZ L)

Table 2. Statistics for mental models questionnaires according to experimental condition.

Feedback Traffic Interaction
Multiple-choice F(2,101)=1.22, NS F(2,101)=0.55, NS F4,101)=1.03, NS
What happens next F(2,101) = 1.65, NS F(2,101)=1.13, NS F(4.101)=10.49, NS
Verbal protocol F(2,101)=1.24, NS F(2,101)=1.67, NS F(4,101)=2.30, NS

3.7. Stress
® DSSQ(Dundee Stress State Questionnaire) 7 > 7 — |k :BRIEE
® Pre-driving #X— A7 A > & LTHBLEKManual/ACC)IZ BN
> HEMEOFHED v (F2,202)=4.39, p<.05)
<% Pre-driving<Manual(p<.005)
>  ABb & Traffic DX EIEMH 0 (F(4,202)=4.28, p<.005)



< Pre-driving ® & & —Traffic : Medium>Low(p<.05), High>Low(p<.05)

< Traffic Medium ® & % —Pre-driving<ACC(p<.005)

< Traffic High ® & & —Pre-driving<Manual(p<.005)
Pre-driving<ACC(p<.05)

3.8. Summary of result

Table 3. Summary of results.

Variable Summary finding Hypothesis (H)
Speed Lower speeds with higher traffic levels
Lateral position Medium and high traffic level more likely to be in the
overtaking lane
Locus of control Medium traffic level condition has higher driving H1 = unsupported

internality scores and lower driving externality
scores than the low or high conditions
Trust No statistical differences H2 =unsupported
Situation awareness (SA)  For overall SA, under low traffic levels, low feedback H3 =supported
leads to greater SA than both high feedback and
high traffic
Greater demand on attentional resources in manual
driving compared to ACC
Greater supply of attentional resources in manual
driving compared to ACC
Mental models No statistical differences H4 = unsupported
Workload Greater overall workload in manual driving HS5 = unsupported
compared to ACC
Greater overall workload in medium and high traffic
levels compared to low traffic levels
Greater mental demand in manual driving compared
to ACC
Greater mental demand in medium and high traffic
levels compared to low traffic levels
Greater physical demand in manual driving
compared to ACC
Greater temporal demand in manual driving
compared to ACC
Greater effort in manual driving compared to ACC
Greater frustration in medium and high traffic levels
compared to low traffic levels
Stress Driving leads to greater stress than not driving H6 = unsupported
Driving in higher traffic levels leads to more stress ~ H7 = supported
than in lower traffic levels
Greater anger in manual driving than ACC
Greater task-irrelevant interference in ACC than
manual driving

ACC =adaptive cruise control.
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4. Discussion and conclusions
o HOENHZDLE, ETHEITES Y, AL—r0B0iE LEROME RN LN

K& 1 : Manual i##5 L 0 &, ACC ZfEH L7z & IZHAMYIRBMIIZ 72 5 (X)
® Locus of control OfElZ Mannual/ACC CTZ{k L 72\
> ACCzZMEHL TS, RETIHRROFIEITLED R0
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9 (Montag & Cmrey, 1987; Holland, 1993; Lajunen & Summala, 1995)
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> RUOFEFICBE LT, /EEAH AN S 2 Il EIC DWW THEET D02
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&% 5 : Manual i#iix & ACC fEHRFDIEFEAIZZET 220 (X)
® {EEAMIE, ACC LV b, Manual ZfH L= HFREmWn
o EXEGHIT, HOBENHEZ D EMMLT
> ACCHEAICL Y, 1EEAMITEET S
> JEATHRSE
<% Automation System fii Jl D EHEEIZ OV TR, EEAMIMEVIFC ACC
PREHT 5 Z LB A E R LTb\é(Parasuraman&Rlley, 1997)

{57 6 : Manual S5 L 0 &, ACCHHFFICA b LA EE L (X)
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®  Young & Stanton(2005)

>  ACC ZHZNMERT 572D, RO ZAIZ DWW T O Bl 72 HEE A L EE T H 5
= RO AALT IED 2 &<, FEAH, X ML 22 E &5 ACC system

10



DFFA 2B

o ASOERTHM L HUD IZAZ Tl
> FRTOEMERGIHETE oA =T == APRLE
>

TRV RENANM TR ZIT ) T2 DA B —T = — AR FRINES L

11



