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1 Introduction

Loss of adherence (LOA) can lead to loss of vehicle control,
major factor in many accidents. Electronic stability control (ESC
can limit the consequences of LOA by correcting vehicle trajec:
tory, according to the driver’s intentions and dynamics of later
acceleration, yaw speed or drift of the vehicle2]. The calibra-
tion and validation processes of ESC are time consuming al
require the use of physical prototypes and expert drivers at spec
test sites, especially for very low-adherence situations. Cons
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This paper investigated drivers’ perception during situations of loss of adherence (LOA)

in static and dynamic driving simulators. The intensity and duration of the LOA were

manipulated. Results show that drivers were able to correctly discriminate the different
N conditions of LOA in both simulators. They also highlight the importance of nonvisual in-

formation, with steering wheel haptic cues predominating for the static simulator and both

the steering wheel and motion platform predominating for the dynamic simulator. This
3, study is a rst step in developing an evaluation method for electronic stability control
os T(rESC) handling in high-performance simulator experimei@©!: 10.1115/1.3622752]

Keywords: driving simulation, subjective assessment, sensorimotor cues

tion,
rt,

quently, driving simulators are being used to study LOA episodes
%nd ESC performancgf]. Driving simulators are useful tools in
ehicle design and perception studies. They allow the safe explora-
gon of critical situations with naive drivers and without environ-
ental bias ]. The present study is the rst stage of a research
program, which is aimed at understanding how drivers perceive

d react to trajectory perturbations and to the intervention of an
| C system. This could be useful for using driving simulators to
dece_velop the engineering speci cations of ESC and to evaluate how
actual drivers perceive different system con gurations.

During the LOA episodes, when sudden changes in the vehicle
trajectory are induced drivers must perform an appropriate steering
{gsponse to maintain the vehicle in the lane and avoid road
departure. Numerous sensorimotor models have been proposed to
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Fig. 1 (a) IRCCyN driving simulator. ( b) Ultimate Renault driv-

explain how drivers use visual, vestibular and haptic information
to steer a vehicle in normal condition6-]. However, little is
known about sensory cues that are used by drivers to detect LOA
episodes and the way in which steering responses are carried out.
Hierarchical models of cognitive control applied to driving postu-
late that steering mainly relies on sensorimotor loops which oper-
ate below the level of consciousnes$Q[ll]; emergence to
consciousness arises when external disturbances ot2ur\y/e
propose to investigate, how sensorimotor cues determine the con-
scious evaluation of driving incidents by assessing steering
responses to LOA along with the associated subjective experience.

This paper presents two driving simulator experiments in which
episodes of LOA were triggered to produce signi cant modi cation
of the vehicle’s trajectory without loss of control and road depar-
ture. Intensity and duration of the LOA were manipulated. The rst
objective was to develop an evaluation method to describe LOA
episodes by means of subjective indicators using a nonstructured-
scaled questionnaird 8]. Objective indicators of the vehicle’s dy-
namics and driver behavior were also analyzed. Another objective
was to determine to what extent objective and subjective indicators
were related14].

A rst experiment was conducted on a xed-base simulator in
order to develop the evaluation method with fewer technical
constraints. Preliminary results have been presented in Rgf. [

A second experiment was conducted on a high-performance
dynamic simulator to improve the evaluation method and high-
light the in uence of motion rendering on driver's perception
[16-19]. We also hypothesized that a dynamic high-performance
driving simulator would improve the feeling of immersion and
give rise to a more consistent and discriminating evaluation of
the LOA characteristics.

2 Method

2.1 Participants. A total of 20 participants (4 female, 16
male) aged between 20 and 24 (mean age: 21.4) participated in the
rst experiment. They had held a driving licence for 3.4 yr on aver-
age and drove between 1000 and 25,000 km per year (mean:

ing simulator
9 6325 km).

A total of 20 participants (5 female, 15 male) aged between 19
and 58 years old (mean age: 36.8) participated in the second experi-
ment. They had held a driving licence for 16.7 yr on average and

Table 1 LOA conditions drove between 1000 and 40,000 km per year (mean: 17,538 km).
Conditions C1 c2 c3 c4 C5 22 Apparatus. The rst experiment was conducted on a
Adherence coef cient 01 01 01 03 03 )ged-base 5|mulator_at the IRCCyN Iabo_ratory (F[L_(a)). It con-
: sists of a compact size passenger car with actual instrument panel,
Duration (ms) 250 500 750 250 500 .
clutch, brake and accelerator pedals, handbrake, ignition key, and
Conditions C6 c7 c8 C9 - an adjustable seat with seat belt. It is equipped with a TRW
- active steering system for realistic “scale one” force-feedback.
Adherence coef cient 0.3 0.5 0.5 0.5 — Transmission was carried out using an automatic gearbox. Vibra-
Duration (ms) 750 250 500 750 ~ tors were installed underneath the driver seat and upper position
of the steering column to render engine noise and vibrations. The
Table 2 Questionnaire
Item Question

Perceived intensity
Perceived duration
Danger

Control feeling
Visual perception

Steering wheel perception

Physical movement feelindor static simulator)

Motion renderingfor dynamic simulator)

Perturbation perception
Realism
Comfort

The LOA appeared to be westiong
The LOA appeared to be sHorig
| perceived a danger during the bend
| easily kept my vehicle in the lane
I visually perceived the LOA
| perceived the LOA through the steering wheel
| had the impression of physically moving
| perceived the LOA through physical motion
Did you feel a perturbation in the bend?
Driving the simulator was unrealistiealistic
| was at ease during the trial
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Table 3 Experiment 1—Summary of the statistical analyzes
performed on the effect of intensity and duration on all subjec-

tive variables

Subjective ltems \% F LoS
Perceived Intensity (2,38y4108.47 p<0.05
intensity Duration (2,38y41.97 n.s.
Intensity*Duration (4,76Y45.35 p< 0.05
Perceived Intensity (2,38%34.78 p< 0.05
duration Duration (2,38).21 p< 0.05
Intensity*Duration (4,76Y44.47 p< 0.05
Danger Intensity (2,38).63.04 p< 0.05
Duration (2,38)/43.86 p< 0.05 ) ) . ) )
Intensity*Duration (4,76Y.7.08 p< 0.05 Fig. 2 Time to stability computation after LOA episode
Control feeling Intensity (2,38):89.58 p< 0.05
Duration (2,38y.11.36  p<0.05 pendent variables (IV). An adherence coefcient decrease
_ _ Intensity*Duration (4,76Y8.2 p<0.05 corresponds to an increase in the intensity of LOA. These values
Visual perception Intensity (2.38)62.53  p<0.05 of intensity and duration values were chosen to induce perceptible
nt D.L:rfgon i (1’37%}/"2'12 P<0.05 put controllable LOA simulated on four wheels (Tatl The
Steerin niensity”vuration (4,76)a4. n-s LOA situation induced a skid toward the outside of the bend. The
g wheel Intensity (2,38)89.58 n.s . . . : .
perception Duration (2,38),11.36 n.s environment did not give clues about a potential LOA (like snow,
Intensity*Duration (4,76Y48.2 n.s rain, or a mark on the road). ] ) )
Physical Intensity (2,38):63.04 p< 0.05 Participants were asked to keep to their lane without cutting the
movement Duration (2,3813.92 n.s corner, even if there was no oncoming traf c. After a 10-min
feeling Intensity*Duration (4,76),3.84 ns  practice session, they drove around the test bend at a prede ned

speed. Subjects in the rst experiment were helped by the auto-
matic gearbox and speed regulator. For the second experiment,
the subjects received verbal assistance from the person conducting

audio system reproduces the audio environment for an interactif® experiment in order to maintain a constant speed and stay
vehicle. It comprises an ampli er, four speakers, and a subwoofdPcused on steering control. Four trials without any LOA were
The scanerl software package was used with the CALLASperformgd in order to allow the subjects time to familiarize them-
dynamic vehicle modeld0]. The visual environment was dis- S€lves with the task. ) , ,
played on three 32-in. LCD monitors, each with a resolution of A control condition (no LOA) was inserted in the experimental
1280 720. One monitor was positioned in front of the driverdesign. A Williams Latin Squares desig@d was adopted to
with two laterals inclined at 45 deg from the front one, viewe@Vvoid rank and carry-over effects. Twenty trials were performed,
from a distance of about 1 m and covering 115 deg of visuRféceded by four preliminary trials representing mild and strong
angle. A simple generic speed regulator was used, consisting df@A episodes. Those preliminary trials were conducted in order
Proportional-Integrator-Derivative (PID) corrector with a nominaf® familiarize the participants with the range of steering perturba-
speed of 75 krah, using the automatic gearbox mode in order t§ons they would encounter during the experiment. They were not
reject intersubject velocity bias. This also allowed the subject @'alyzed. Moreover, the experimental design was different for
concentrate on the steering task. e_ach _type of LOA In ordf_sr to mguntaln perceptible but_controllable
The second experiment was conducted on the high-performariéations. A 3*3 factorial design was used (Intensity: 0.1, 0.3,
dynamic Ultimate simulatord1] at Renault Technical Center for @1d 0.5; Duration: 250, 5003 and 750 ms). After each trial, a ques-
Simulation (Fig.1(b)). It consists of a compact size passenger cdonnaire about the subjects’ perception of the event was displayed
based on a real Laguna interior design. The cab is mounted ofTable2). Answers to the questions were given by means of con-
large X-Y table and a hexapod motion system to render physigénuous horizontal scroll_bars representing two ends of a continu-
accelerations and rotations. Transmission is carried out using®#4® scale (O: totally disagree to 10: totally agree), with the
manual gearbox. A system of sound synthesis is used to reprod&&§eption of the question about event perception £Key.
engine noise and the audio environment for an interactive vehicle.
Active steering force feedback is computed by a proprietary 2.4 Data Analysis.For each trial, a time to stability (TTS)
model and reproduced by a TRW electric power steering systemwas computed (FigR): this corresponded to the time taken by the
The scaner Studio software package was used with a real-timeriver after the onset of LOA to bring the vehicle speed drift back
version of themapa (Advanced Modeling of Vehicle Dynamic) into a stability envelope. The stability envelope is de ned as the
vehicle dynamic software, developed by RENAULT. The visuahverage standard deviation of the speed drift measured in the con-
environment was displayed on a cylindrical screen (radius 1.9 il condition for all the participants. The angular drift speed
by three single-chip DLP projectors, each with a resolution dfiqrir) Was calculated from the longitudinal spea)(and the lat-
1024 768. The system covers a visual angle of 150 deg Speetal speed\(,):
regulation was unavailable for this experiment.
The same graphics database were used in both experiments. It
reproduced an open countryside driving environment. Behavioural
measures (lateral position, steering angle, lateral acceleration,
etc.) were recorded during the trials at 20 Hz. All trials were peffhe maximum lateral deviation and maximum steering wheel
formed on a short section of the driving environment which conngle were computed in the TTS interval.
prised a straight line followed by a bend (total distance: 700 m; Repeated measures analyzes of variance (ANO&#0.05)
mean radius in the bend: 111 m) without traf c. with the intensity and the duration of the LOA as independent var-
iables (IV) were performed on the data. Bonferroni tests were per-
2.3 Procedure. The LOA was simulated by modifying the formed for post-hoc analyzes. A principal component analysis
adherence under the wheels when the vehicle reached a de neas also performed on the subjective indicators in order to deter-
point in the bend. The intensity (adherence coef cient) and duranine if they could be summarized by one or several underlying
tion of the simulated LOA in the bend were manipulated as indéactors.

d V.
Ugrn Ya g, arctan v—y 1)
X
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3 Results lated. The simulation was globally judged as realistic (mean
. o scorea7.64) with no signi cant effect of intensity and duration.
3.1 Experiment 1: Static Simulator Intensity and duration of the LOA had a signi cant effect on

3.1.1 Subjective DataThe standardized principal componenlthe duration of danger perception and feeling of control (Figs.

analysis performed on the averaged subjective data showed @_3@) '?md (Table3)). The in'geraction between b(.)th IV.aIso
all indicators can be represented by a single factor (F1: 98.7% {d @ signi cant effect on these items. The effect of intensity and

total variance), which means that all variables were highly corrd1€ interaction between intensity and duration on perceived

Fig. 3 Subjective answers about intensity and duration perceived, danger and control feeling for Experiment 1
(a)—(d) and for Experiment 2 ( e)—(h)
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Fig. 4 Subjective answers of visual and steering wheel perception of the LOA for Experiment 1 ( a,b) and for Experi-
ment 2 (d,e). Physical movement feeling on static simulator ( ¢) and motion perception of the LOA on dynamic
simulator

intensity was signi cant; however, the effect of duration was not Tests performed on the maximum steering wheel angle showed
(Figs. 3(a)). Post-hoc tests con rmed that the effect of intensitya signi cant effect of intensity (F(2,38%:136.7,p< 0.05) and
on duration perceived, danger, intensity perceived and contmliration (F(2,38Y447.21,p< 0.05), with a signi cant interaction
feeling was signi cantly higher for longer LOA. between both IV (F(4,76):23.08, p< 0.05). Similar results

All the LOA situations were strongly perceived through thevere observed on the maximum lateral deviation (intensity:
steering wheel in all conditions (mean value: 8.13, SD: 2.35), with(2,38)+.125.48, p< 0.05, duration: F(2,38).97.08, p< 0.05;
no signi cant effect of intensity and duration (Figk(b)). Con- interaction: F(4,76¥230.08,p< 0.05).
versely, the stronger the LOA, the more it was visually perceived,
as shown by the signicant effect of intensity and duration
(Fig. 4(a)). 3.2 Experiment 2: Dynamic Simulator

Although the experiment was conducted on a xed-base simu- — . .
lator, a sensation of physical motion was reported, with a signi - 3-2-1 Subjective DataThe standardized principal component

cant effect of intensity and no effect of duration Q). gne_llysis performed on the average subjective data showed that all
y (Fgo)) indicators can be represented by a couple of factors (F1: 77.1%,

3.1.2 Objective Datalntensity (F(2,38)2200.97,p< 0.05) F2: 21,2% of total variance). The feeling of control is the major
and duration (F(2,38):57.65,p< 0.05) had signi cant effects on contributor to the second factor (94%), which means that all other
the TTS (Fig.5(a)). The interaction between both IV was also sigvariables were highly correlated, except the feeling of control. The
ni cant (F(4,76)¥413.14,p< 0.05). Post-hoc tests con rmed thatsimulation was globally judged as realistic (mean scor&.74)
the effect of intensity on TTS was signi cantly higher for longwith no signi cant effect of intensity and duration.
duration and that there was no signi cant effect of duration for a There was a signi cant effect of intensity and duration of LOA
lower level of intensity. and a signi cant interaction between both IV on the control feeling
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(Fig. 3(h)) and Tabled. The effect of intensity and the interactionin uence of motion rendering. It now remains to determine if the
between both IV on intensity perceived was signi cant, but thearticipants were able to discriminate the magnitude and duration
effect of duration was not (Fig3(€)). The effect of intensity and of the manipulated LOA and whether motion rendering in uenced
duration was signi cant on perceived duration and the dangéhme drivers’ perception of this critical event.

items but the effect of the interaction between both IV was not In the rst experiment, an effect of duration on the perceived
(Figs. 3(f) and3(g)). Post-hoc tests con rmed that the effect of in-intensity of the LOA was only observed for a higher intensity of
tensity on control feeling was signi cantly higher for longer LOALOA,; this translated as a signi cant interaction between both vari-
but revealed that the intensity effect on perceived duration wables with no main effect of duration. In the second experiment,
only signi cant for the intermediate level of LOA duration (500the duration of LOA showed a main effect due to a slight increase
ms) and could explain the global effect. of the level of intensity rating for longer LOA situations only.

All the LOA situations were strongly perceived through motiorinterestingly, the perceived intensity was neither related to the
rendering (mean value: 7.89, SD: 2.29), with a small but signi cammhaximum steering angle nor to the maximum lateral deviation.
effect of intensity (Fig.4(f)). LOA situations were not as clearly Since the maximum steering angle can be considered as a good in-
perceived through the steering wheel (mean value: 4.1, SD: 3.3fi¢ator of the intensity of the steering correction, this suggests
(Fig. 4(e)). As in the rst experiment, the stronger the LOA, thethat subjects were able to evaluate how much adherence the vehi-
more it was perceived through the visual channel, as shown by ttie lost, independently of how long it lasted and how much steer-
signi cant effect of intensity and duration (Fig(d)). ing correction was needed. These results suggest that the duration

o . of the perturbation moderately in uenced the perception of LOA
3.2.2 Objective Datalntensity (F(2,38¥232.65, p< 0.05) itv. Thi inl : h li ity of
and duration (F(2,38):21.32,p< 0.05) had signi cant effects on intensity. This was mainly determined by the actual intensity o

. 4 A . ) th rturbation.
the TTS (Fig.5(b)), with no signi cant interaction. Post-hoc tests e perturbatio

. X C : By contrast, the duration of the LOA was poorly perceived in
fsholwed (tjhat the effect of intensity on TTS was signi cantly highef,q yrst experiment. The stronger the LOA, thg Ionéeﬁ it was per-
or long duration.

. . cejved. It could be argued that the participants confused the dura-
Tests performed on the maximum steering wheel angle showggh, of the | OA with the time needed to stabilize their vehicle:
a signi cant effect of intensity (F(2,38§:46.9,p< 0.05) and du-  q\yever the clear instructions given prior to the experiment make
ration (F(2,38)/232.04, p< 0.05), with a signi cant interaction s assmption hardly believable. A more plausible explanation is
\?v?at:,geigsg?\}gd I\én(ﬁﬁltYrer}wJ;}(ﬁﬁluﬁrﬁ p;tg}g?)de\s/ilgi”oar: (ri?:glriit)tfnhat LOA situations of high intensity were more stressful than
S : ilder ones, as conrmed by the danger ratings. Distortions of
F(2,38)/460.24, p< 0.05, duration: F(2,38):48.86, p< 0.05,  {jme have been observed under stress conditions, especially under
interaction: F(4,76)212.68,p< 0.05). life threatening conditions2@] or during speci ¢ critical tasks by
paramedics 44]. This may be due to the attentional processes.
Indeed, Tse et al2b] proposed that novel or important events run

4 Discussion
The principal component analysis revealed that, in the rdfl "SIow motion” so that the information may be processed in

experiment, all subjective answers were correlated and could BEgater depth per unit of objective time than for casual events.

described along one dimension, opposed to the adherence coef Considering that the Ultimate high-performance simulator pro-

cient. The same analysis in the second experiment revealed a é@qelg ﬁ stronger im(;ners_ion within thﬁ dfrivilr)g enfvijronment, é’jveh
ondary dimension, mostly described by the feeling of control. T UI fave expected an |hncrease in the fee mgr?_ angtlar ‘1” the
results suggest that subjective ratings were mainly determined %)\/e of stress during the LOA situations. This would have

the intensity of the trajectory perturbation, highlighting a likely!€Sultéd in an even stronger interaction between the duration and
y J yp ghlighting ){ntensny on the perceived duration. This was not observed. The

interaction between intensity and duration on the perception of
LOA duration disappeared and the main effect of LOA intensity

Table 4 Experiment 2 — Summary of the statistical analyzes
performed on the effect of intensity and duration on all subjec-
tive variables

Subjective items v F LoS
Perceived Intensity (2,38%85.18 P< 0.05
intensity Duration (2,38Y,23.89 P<0.05
Intensity*Duration (4,76Y21.03 n.s
Perceived Intensity (2,38%12.93 P<0.05
duration Duration (2,38)220.73 P< 0.05
Intensity*Duration (4,76)21.58 n.s
Danger Intensity (2,38),32.89 P< 0.05
Duration (2,38)46.94 P<0.05
Intensity*Duration (4,76Y.0.77 n.s
Control feeling Intensity (2,38):41.02 P<0.05
Duration (2,38)410.54 P< 0.05
Intensity*Duration (4,76Y122.72 p< 0.05
Visual perception Intensity (2,38)8.09 p< 0.05
Duration (2,38)43.24 P<0.05
Intensity*Duration (4,76Y20.19 n.s
Steering wheel Intensity (2,38)3.27 n.s
perception Duration (2,3811.72 n.s
Intensity*Duration (4,76¥20.55 n.s
Motion rendering Intensity (2,38%5.1 p< 0.05
Duration (2,38)40.8 n.s
Intensity*Duration (4,76Y.0.3 n.s
Fig. 5 TTS indicator for static ( a) and dynamic simulator ( b)
041004-6 / Vol. 11, DECEMBER 2011 Transactions of the ASME
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was smaller than in the rst experiment. A plausible explanatioengineering speci cations of ESC systems and the evaluation of
may reside in the nature of the event and the role of motion reaetual drivers’ perception.

dering. Indeed, the events started with a sudden LOA and ended

with an equally sharp return to the normal coef cient of adher-

ence. This created a sudden change in vehicle roll, which m&geferences

have given an additional important cue to the subject regarding] Liebemann, E. K., Meder, K., Schuh, J., and Nenninger, G., 2004, “Safety and

the beginning and the end of the event. Nevertheless, it should be Ziré"gsgrcﬁfggg’;?zeﬁgggngzthm Electronic Stability Control (ESP),”
noted that the participants were able to more clearly dISCI’ImInat@] Erke, A., 2008, “Effects of Electronic Stability Control (ESC) on Accidents: A

the shorter and longer LOAs than those of intermediate duration, Review of Empirical Evidence Accid. Anal Prev, 40(1), pp. 167—-173.

in which a distortion of subjective time occurred in spite of addi-[3] Watson, G., Papelis, Y., and Ahmad, O., 2006, “Design of Simulator Scenarios
tional Sensory cues. Seftli%)éggzcg\gi%%ss of Electronic Stability Control SystemEansp. Res.
) Although visual cues are a principal source of motion PErcep papelss, Y. E., Watson, G. S., and Brown, T. L., 2010, “An Empirical Study of
tion, only the strongest LOA were clearly reported to have been  the Effectiveness of Electronic Stability Control System in Reducing Loss of
perceived through visual information, especially when using a Vehicle Control,"Accid. Anal Prev, 42(3), pp. 929-934. )
static simulator. The higher ratings observed with the UItimatéS] I_(en:eny, A., 2009, Driving Simulation for Virtual testing and Perception Stud-
imulator for the LOA of mild intensity probably re ect visuo- les.’ Proceedings of DSC Europe Conferenbtonte-Carlo, pp. 15-23.
S'mu_ a . - ! y p g y > }6] Donges, E., 1978, “Two-Level Model Of Driver Steering Behavior,” Hum. Fac-
vestibular interactions that come into play in the perception of  tors,20(6), pp. 691-707.
self-motion [L9]. Ratings concerning nonvisual cues also suggesi] Mars, F., 2008, “Driving Around Bends With Manipulated Eye-Steering Coor-
that, in this kind of sudden critical event, nonvisual information ‘R";‘;;'g;{ dJ.GVISIIDOrgLﬁ(elzl)jp%njt-:iol.(le_ril:éh . A 2002, “Visuovestibular Perception
IS cru.C|aI. |ntere5t|nQIY1 .thos? results §trong|y differ in bO.th of Self-Motion Modeled as a Dynamic Optimization ProcesBi6l. Cybern,
experiments. LOA situations induced high lateral acceleration 874), pp. 301-314.
and yaw speed variations. The rendering of these in uenceé] Tofn, D., Reymond, G., Kemeny, A., and Droulez, J., 2007, “Role of Steering
drivers’ subjective answers. The rst, experiment clearly showed Whee’,:l Feedback on Driver Performance: Driving Simulator and Modeling Ana-
that the subjects perceived all the LOA situations mainly thro lysis,” Ven. Syst. Dyn.45(%). pp. 375-388.

subjects p v situations nly Uq’ﬂm Hollnagel, E., 2006, “A Function-Centred Approach to Joint Driver-Vehicle
the steering wheel, although some sensation of physical move- system Design,Cognit. Technol. Work8(3), pp. 169-173.
ment, supposed induced by visual vection, was often reporteti] Michon, J. A., 1985, “A Critical View Of Driver Be_havior Models: What Do
Conversely, the LOA events in the second experiment were \é‘(lzr:(s”;‘:‘g g"gatsfmfrlg Ve\’(fs Dgfé;'lj‘nTE‘P”ung’éo’cg%%r;gnc ngﬁ%rk o
clearly perceived more through physical cues and less through 4g5 509 T ' T
the steering wheel. A plausible explanation is that subjects] Hoc, J. M., and Amalberti, R., 2007, “Cognitive Control Dynamics for Reach-
focused on the most salient and reliable cue in each simulator. ing a Satis cing Performance in Complex Dynamic Situationk,"Cogn. Eng.
Indeed, the moving base may have enhanced the perceptiog[rlg{ Decis. Making 1(1), pp. 22-55.

- . A . . d Strigler, F., Touraille, C., Sauvageot, F., Barthelemy, J., and Issanchou, S.,
skidding through inertial cues, in particular through vestibul 1998, “Les ‘preuves.” évaluation sensorielle: manuel Tdologique F.

information. By contrast, steering wheel force feedback was Depledtand F. Strigler, eds., Lavoisier, Paris, pp. 45-83.
probably the most useful cue to detect and evaluate LOA in th&] Petiot, J.-F., and Yannou, B., 2004, “Measuring Consumer Perceptions for a
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