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Disentanglingthe enigmatic slowing effect of
microgravity on sensorimotor performance

Bernhard Weber, Martin Stelze$: Cornelia Riecke
German Aerospace Centénstitute of Robotics and Mechatronics,
Oberpfaffenhofen, Germany

Abstract

The success of many space migshs depends on astronauts6é performanc
research documented that sensorimotor performance is impaired in microgravity, e.g.
aimed armmovementsare slowed down and are less accurate. Several explanatory
approaches for this phenomenon have baliscussed such as distorted
proprioception or streslated attentional deficits. In the current work, sensorimotor
performance was investigateduring aimed joysticicontrolled motions in a
simulation. The task included rapid as well as fine matchingoma Results of two
different studies were compared: 1) a study sinidj a dualtask paradigm to
investigate the impact of attentional distfant(N = 19) and 2) a study investigating

the impact of microgravity during spaceflightl & 3). In both studis, an overall
slowing effectwas found However results diverged when comparing feedforward

vs. feedbacicontrolled parts of aiming. Reduced esttional resources mainly
affected feedforward control, which was reflected in significantly longer response
times and longer rapid motion times. Microgravity, however, did not affect response
times at all, but rapid aiming times as well as fine matchimgd substantially
increased. These findings provideidence that impaired attention is not the main
trigger behind the slowing effect, buather it isdistorted propoception which
impairsfeedbackcontrolledmotions.

Introduction

Space agetiesaround the world arplanningcrewedlunarand Mars missiont be
realised withirnthe next decad@ntemational Space Exploration Coordination Group,
2018) Apart from the enormoustechnological challenges, theséiuman space
exploration missions weuld also critically depend onhuman capabilities and
performance It has been showrhowever,that adaptationat the adversespace
environment is challenging evenfor astronauts who passed a hasdection and
trainingprocess before starting their missi@paceflighthas a substantial impact on
humanphysiology(e.g. cardiovascular, vestibular and sensorimsystems)sleep
and circadian rhythmare disturbedandpsychological stressorsuch as isolation,
confinemen, high workload etc.additionallycompromisesst r o n\&el-bemgand
performancésee Kanas & Manzey, 2008 for an overview)

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankelr.JPetiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020). Proceedings of the Human Factors and Ergtuns Society Europe Chapter
2019Annual ConfeenceISSN 233-4959 (online) Available from http://hfegurope.org



6 Weber, Stelze& Riecke

Furthemore mary basic functionslike spatial orientation,oculomotor control,
posture and locomotiofsee Lackner &iZio, 2000) as well as mass discrimination
(Ross et al. 1986Ross and Reschke, 198are affected by microgravityPrior
researchrepeatedly documentetiat human motor performancedsodegraded in
microgravity(see Bock, 1998;ackner & DiZio, 2000)Impairments have been found
across different task paradigms like aimifggg. Bock et al, 2009, tracking(e.qg.
Manzey et al., 1993and force productio(e.g.Mierau & Girgenrath, 2000 When
performing rapid aiming movements in weightlessness, a desh@nang-down effect
was found, i.e. peak accelerations decreased and motion times increased accordingly
(Berger et al., 1997; Boakt al, 2001;Creveceur et al., 2010vlechtcheriakov et al.,
2002; Newman & Lathan, 1999; Ross, 1991; Sangals et al.,).188%eover,
positional accracy in tracking tasks decreagBecket al.,2003 Manzey et al., 1993
1995,2000) and studies oisometricforce productio reportediess accurate force
regulationin weightlessnes@Mierau, et al, 2008;Mierau & Girgenrath, 2010).

Several explanatory approaches for the substantial deterioration of basic and

indispensable sensorimotor skills mmicrogravity have been proped Frequently,

researchers explain their findings by disturbed proprioception in altesadtygr

conditions (e.gBock et al., 1992, 1998; Fisk et al993, Manzey et al., 2000).

According to this approach, muscle spindle activity which is crucial for

proprioception is altered by the weightlessness of the body and limbs (e.g. Lackner &

Dizio,2000) . Consequently, the sensorimotor system
di scordanceo (Bock, 1998) and has to adapt t o
feedbackCorrective motor responsasuld be delayed due to diional information

processing The geeral slowingdown effect for aiming tasks and tirdelayed

correction initiation during tracking (Manzegt al., 2000) supporthis notion

Moreover, weightlessnesffects were stronger in dualsk performancecompared

to singletask performance in thearly mission phase (Manzey et, 2000) ¢ during

parabolic flight (Bocket al.,2003), providing evidence for higher resource demands

in the initial phase of agiationto microgravity

owm

i
t he

However, theimpaired proprioception approach is not sufficient ¢éxplain the
performance decrement in the early and late ghafsthe 20days mission reported

by Manzey and his colleagues (1995, 2000) during tracking taskgperf@mance
losses in the later phase were explained by prolonged work and the cumuoiptiee i

of general stressors of the mission. While higher cognitive functions (memory,
reasoning etc.) are seemingly not impaired by spaceflight, attentional sglectiv
affects performance in weightlessness as revealed iftaklaparadigmsBock et al.,
2003; Fowler et al., 2008; Manzey et al. 1993, 1995

Still, the specific contributionsand relevancef both mechanisms to theverall
microgravity effects on semsimotor performance are difficult to deteine and
researchers attributedeir resulteither todistorted proprioception (e.Bock, 1998)
cognitive load (e.g. Fowler, 2008) bothprocessege.g. Manzey, 2000Moststudies
invedigating the degrad&bn of sensorimotor performance in spat#i sed aiming
(arm movement odevice control), arm trackin@r unstable compensatoryracking
(joystick controlled) as experimental paradigrhike any voluntary motion task,
these tasks require feedforwandoton planningas well as feedbaesontroled
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motion sequencesvhile the relative contributionof both control typeds contingent

on taskdemandsDuring rapid, aimed arm movemeaimajor part of thenovement
has to be planned as a fpgrammed forward odel hat is corrected and updated
by feedbackoops integrating afferermmformation in the course of motion execution.
During motor tasksequiring slow and preasclosedloop motions (e.g. tracking) the
major part of motion controis based on visual ral proprioceptive feedback
(Desmurget & Grafton, 2000Ithough optimal notion controlrelieson feedforward

as well as feedback processes, they aradistonctmechanisms which are controlled
by different brain structures. While cortical structures.(pmmary motor cortex)
have been identified tbe mainly responsible for feedforward processes, subcortical
structureqe.g. cerebellar regiongye associated with feedback contas reported
by Seidler and colleagues (200#)ho analysed fMRI recordgs during joystick
controlled aiming tasksin thar study, the activation of these brain regions was
moderated by task difficulty, i.e. cortical activityas positively correlatedwith
increasing target sizand subcortical activityvas negatively correled with target
size

Distinguishing theetwo basicfunctionsof motor controseems a promising approach

to better understand the mechanisms behind sensorimotor performance losses in
space. Provided that distorted proprioception is the main triggeemdrmance
decrementghen it isobviousthat thefeedbackcontrolledparts of motion should be
mainly affected. On the contrary potential attentional defighould mainly interfere
with feedforward controlJohanse-Berg and Matthews (2002), for iastce, could
show that attention distraction (coing back in threeasthe secondary tagkaffects

the activity in the motor cortical areas including the primary motor cortex when
performing the primarytarget acquisition taskn another duatask expernent
Taylor and Thoroughman (200&sofound evidence that corrective movemsfite.
feedback controlwere not affected when performingrm reaching taskwith a
manipulandum that introduced random perturbatidtmwever, the secondary task
(auditory discrimination task did interfere with adjustmentsf the feedforward
model.

Based on tis evidence andheseconsiderations weesignedan experimental aiming
task, allowing a discrimination of feedforward and feedback controlled motor
performance.ln the present work,hts experimental paradigns pretested under
terrestrial conditions to identify the impact of attentional distraatieperformance
during rapid, opefioop aiming andsubsequenglow, terminal corrective adjustments.

In a next step, theameaiming taskis performedby cosmonauts in terrestrial and
mission sessions dmoard the ISS (2 weeks in space) to determine theteft#c
spaceflight.

An overallincrease ofiming timess expectedvhen attention is distracted as well as
during s@ceflight. More specifically, however,ighypothesiedthat:

H1: Feedforward control is mainly affected by attentional distraction while
feedback control is mainly affecteddigtortedproprioceptionduring spaceflight.

Thus, performance losses due dtientional deficits should primarily result in
increased reaction timesd rapid motion times (Fowler et @000, Fowleret al,
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2008). Performance losses due to proprioceptive deficits should be evident for fine
motion times as reported by Fisk andieagues (1993).

Methods
Study 1:The Effects of Attentional Distraction

Sample.Nineteensubjects(5 females, 14 maledyl = 24.6 (2.5) years of age)
voluntarily participatedin the study after having signed an informed consent
document.

Apparatus Participantavere seated at a table, in front afi@tebook(Lenovo T61P
6457)withal 5. 4 6 T Fshowihg be pxpatiypentatUl. The space qualified
Joystickii K 0 n2 developed at the German Aerospace CeiRircke et al.2016
workspace of 20 each axisangular resolution 8.18°103, see Fig1l, left), was
connected to the computéior the present experiment, an upward motion scaling of
1:2 was implemented, i.e. the required experimental worksyasefully covered
with joystick deflectims of £10° for both axes. Data were recorded with a sampling
rate of 100 Hz.

Experimental Tasks

Figurel.Joy st i ¢4 0f K &xpefimental GUI with cursor at starting position and
the four different targgpositions(right).

Primary Aiming Task: The experimental GUI showeddlack crosshairson a grey
background geeFig. 1, right). The aimingtrials were started by moving thxeack

cursor exactlyo thec r o s sderaer Wpbnsreaching the centehe cursor turned
greenand acountdown waslisplayed on the screenftar holding the position for®

the cursor turned orange aadyreen targeting was displayedt one of the four
different target positionéee Fig. 1, right The cursor had to be brought to tbenter

of the target ring as qeckly as possible and the final position had to be held for 0.5
sec. Subsequently, the next trial was started and subjects moved back to the centre of
the crosshais. Please note that the order of the four target positions waemiyd
chosen to avoid anifgatory movements.

Secondary Counting Task: During the aiming tasks, subjects had to count forwards in
intervalsof severstarting with 12up to 103and then backwards agdit?-19-26-33-

€ -10396-89-82-é . 1.2An acoustic signal(metronome soundprompted the
subjecs to speak the next numbaloudevery4 semnds
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Experimental Design.A within-subject design was uséd with all subjects
completing a singktask condition (aiming task only) and ddask condition (aiming
and canting) while the order oboth conditions was countbalanced across
subjects.

Procedure.Chair height was individually adjusted by the participants so that their

right arm rested comfortably on sdfe joystickés pado
standadisation, subjects alsottached a strap around the right elbow, ensuring that

arm orientation and position was comparable across participants but still allowing free

motion in the required range of motidRarticipantsead the instretionsthat were

displayed on the monitorhetwo experimental conditionsifgle vs duatask were

presentedh asequenceseparatethy a short break ofi3 min. Ineach condition, two

aiming trials were performed for training, and then the experinartials were

started After having completethese trials, subjects were asked to rate their perceived

workload i Pl ease rate your overall workload during the |
OWS scaleVidulich & Tsang, 198720p oi nt bi pol ar scale ranging from fAv
to Avexy higho

Study 2:The Effects of Spaceflight

SampleThe subjects were three malesomnauts (42, 45, and 53 yrs.; two of them
with space mission experience).

Apparatus.The samegystickwas installed omoardof the Russian Zvezda service
module of the ISS (see Figurg. Body stabilgation was reaked byrails on the

modul e Abottomd and an additional grip for the | ef
wi ndow was di s pTFa gispldy obtmnoteboak(sain® as #8hudy
1).

Figure 2 Cosmonaut Andrei Borisenko aetexperimentalworkstationon board the ISS.
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Experimental Design and Procedund! of the three cosmonauts performed the same
aiming tasksas in Study Ywithout a secondary taskiuring a premission training
session three months before their missiomé, orboard the ISS (exacttyvo weeks

after Soyuz dockiny and during a postmission session, twaveeks after having
finished their halyear space missions. The procedure (instruction, experimental
workflow and questionnairayas similar to the procede inStudy 1.

Data analyss. Reaction times, rapid motion times and fine motiimes were
calculated for each aiming trial. Reaction time was defined as the time from task start
until exceeding a prdefined threshold velocityr{ contrast to theosiional threshold
approachthe authors utified in a prior studyVeber et al., 208). Rapid motion tire

was the time from exceeding the threshold velocity until the center of the cursor
touched the green target rirfgine motion time was the remaining tiraatil target

and cursor centers were precisely matched and constantly heldbfse@These
temporal variables were averaged across all of the four taFgetStudy 1 the single

and dualtask conditions were compared using pairéests. Additionallythe effect
sizes were cal caln8tudg 2lonlyeffactrsigesvere dbprenisdil

due to the small sample sizZResults of both terrestrial conditions (prend post
mission) were averaged and @i as a comparison baseline for mississea.

Results

Study 1.Performingpairedt-tests on the averageaction tines and rapid motion
times revealed a significant increase in the dask compared to the single task
condition for both conditionsp < .05; see Table 1)A large effect wa evident for
reaction time ¢ =.82) and a moderate effect for rapid motion tifge=.68). No
significant difference was found for fine motion timdsnally, the subjective
workload ratingwassignificantly increased in the dutdsk condition§ <.001).

The number of counting errors during the secondary task and the reaction as well
rapid motion times were positively correlated{19) = .50;p <.05 andrrut(19) =

.51; p <.05). Seemingly no task switching occurred, but both primary and secondary
tak wereinfluencedsimultaneously.

Study 2. A quite different resuftattern was found in Study 2, comparing terrestrial
conditions (1g) and microgravityg) conditions during spaceflight. When comparing
both conditions, large effect sizes were evidentrégpid motion ¢ =.80) and fine
motion times § =1.08). Regarding wiload ratings, a small effeof microgravity(g
=.27) was found, i.e. workload increased marginally
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Tablel: Performance Measures (M ($paired ttestsand Hedges' §or Study 1 and 2

Study 1 (n =19 Terrestrial Dual -Task Experiment

Measures Single Dual Sign. Effect

Task Task (t-test) Size g
Reaction Time [s] 0.139 (0.064) 0.303 (0.271) p<.05 0.82
Rapid Motion Time [s] 0.545 (0.167) 1242 (1.419) p<.05 0.68
Fine Motion Time  [s] 2.467 (0.969) 2.164 (1.139) n.s. 0.28

Overall Workload ~ [1-20] 6.3 (4.0) 11.5(4.1) p<.001 1.27

Study 2 (n =3 Space Flight Experiment
Measures 19 Hg Effect
Size g
Reaction Time [s] 0.220 (0.077) 0.216(0.010) 0.06
Rapid Motion Time [s] 0.394 (0.046) 0.503 (0.148) 0.80
Fine Motion Time  [s] 2.351 (0.232) 3.020 (0.663) 1.08
Overall Workload  [1-20] 4.3 (2.08) 5.0 (2.00) 0.27

Discussion

The slowing of aimedarm movements i microgravity has beemepeatedly
documented by researchers since the early 1990s. However, this phenomenon
remained enigmatic due to the substantially altered woramnglitions of spaceflight
andmultiple potential mechanisnteggering suckhsensorimoto performance losses.

In prior researchtwo explanations for the slowing effect of micrograuigve been
discussed distorted proprioception due to the lack of a gravitational force and
attentional selectivity due to general missietated vorkload.In the currenpaper, a
simplejoystick-controlledaiming task was utided toexplore the effects of reduced
attentional resources and spaceflight on feedforwardesutbackcontrolledparts of
motion.

It was hypothesed that decreased att®nal capady would mainly affect
feedforward control and deficient proprioception wouldinly affect feedback
controlledmotions.Indeed, twosubstantially divergent resydatterrs areevident for
both studiesWhen performing a concurrent counting task, moti@nping and the
early feedforward controlled aiming motianesignificantly disturbed as reflected by
increasedeaction and rapid motion timesmpared to the singlask conditionNo
significant efectemergegor the feedbacicontrolled fine motion séion. In contrast
the cosmonautdid not show anyadditionaldelay of reaction times in microgravity
compared to the ters&rial baseline condition, buapid motionand fine motion time
increase Note that the overall effect pattern is diametrically cggab Reducing
attentional resources has tsteongest effect on motion initiaition, butdisappears
towards the end ahotion. Regarding the impact of microgravity, the inverse pattern
emerges: the fiect increases the more feedbaik required for motion plan
corrections Altogether, this confirmsthe formulated hypothesis and provides
evidence that in this casei a proprioceptive deficit is the main trigger behind the
slowing effect of microgravity. The subjective ratings additionally proYidther
evidence thatin the present stugyncreased workload is natplausible explanation
for slowed aiming motion#n microgravity.
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Although a stronger impact of attentional distraction was expected for the rapid
motion times, a similar slowing effect ocoedrduring spaceflighThis resultmight

be explained by the fact that the rapid, ofiop arm motion is not exchively
executed on basis of pptanned forward models, but also integrates feedback during
the ongoing motionn line with this notion, Bok et al. (2001) also reported no effect

of microgravity on aimed arm motions in the initial 80ms, but motions &simgly
slowed down towards the end positions. Indeed, the minimal delay of proprioceptive
feedback loopsanges between 80 and 100ms. Thatgrnal feedback loops refine

the initial motion plan even during rapid arm motions (Seidler e2@04).

Additional analyses of the aiming trajectories recorded in Study 2elsaledhat
cosmonauts show very irregular and unstable motion paths mbeing their arm in
the sagittal plane (i.e. verticalotion axis in the experimental GJUh microgravity.
The acurrence of this directieapecific effect (anisotropy) might also be an indicator
of a proprioceptive deficit as documented in studiesstigating aiming motions of
patients without proprioception caused by lafiper sensory neuropathe.g.Ghez
etal., 1990).

One major limitation of the current studyg that no dualtask condition was
implemented in Study 2, which actually wasirgtegral part of a series of experiments
pursuing a different research agenda. Thus, the question how attentional and
proprioceptive processes interact during spaceflight cannot be answered with the
presenwork. It is well conceivablefor instancethat a mématch of internal motion
models and afferent information also ledlécreased attention demaradsreported

by Ingramand colleague@000.

The comparison of two studies investigating attention distraction and microgravity
effectson basic aiming t&s provides evidendhat distorted proprioception seems to
be the main mechanism underlying the slowing of volungéming motionsat least

in the early phase of a space mission (twa@eks in space)The question stilis
whether the terrestriglerformancecan be rached gain after having completed the
initial adaptation to the space environment. A recent study of the authors (Weber et
al., 2019) investigating the effects spaceflight on performance duringraal
teleroboticaimingtask provides evidnce that performaeds degraded even after six
weeks of space travel, seemingly due to an altered motion str&@gyuman space
missions tabe successflt is imperativeto identify effective measusdo attenuate
these performance losses, e.g. bgviding hapticassisanceas part otthe human
machineinterface or intentiondetection concepts
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Abstract

The present study aims to investigate whether spatial representation bias can be used

to assess the traineeds air skills. Spatial represe
development of sitational awarenes (Endsley, 1996), making it a key factor in

aviation performance and safety. Blattler et al (2011) have shown that a memory

displacement of spatial representation is larger among pilots than novices. The

purpose of this study was to progicvidence thaspatial representation bias can

discriminate novice from experienced pildtsirthermoreseveral studies showed that

not all the processes underlying displacement are automatic (Hayes & Freyd, 2002).

The second objective of this study was testwhetherexperts share the same

sensitivity to divided attention as novices in a task measuring displacement, since the

expertds automation makes processes specific to his
effect of the dual task (Froger, BlattlerubBois, Camachqgn& Bonnardel, 2018;

Strobach, Frensch & Schubert, 2008his study was conducted to explore these

questions in an experiment with 19 experienced glider pilots from the French Air

Force and 25 novices. Participants were shown dynamievaadd landing senes in

egomotion (Thornton & Hayes, 2004) during a representational momentum (RM)

task. Gaze fixations data were also recorded to explore their potential relationship

with spatial memory bias. This study provides evidence that spatiabesgation bias

can discriminate novices from experienced pilots who only have a few hours of

training.

Introduction

Spatial representation is crucial when flying an aircraft. Situational awareness, which
includes anticipation and is based on spatial sepr&tion, is &ey element of air
safety. However, it is difficult to objectively evaluate the evolution of performance in
spatial representation during student training. The objective of this study was to test
whether a process underlying spatial repnestéon was sesitive enough to be an
appropriate measurement and analysis tool. The experiment performed here evaluated
the spatial representation of natural glider landing scenes by experienced pilots and
novices.

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-.JPetiot, C. Dumas, A. Botzer, L. Onohs|.
Millevil le, and F. Mar$2020) Proceedings of the Human Factors and Erguos Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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Understanding spatial representatiom isajor challege since it is the result of the
influence of multiple factors. Its understanding is essential for actors in the aeronautics
world (industries, training schools, etc.) to design both husyatem interaction
interfaces and ad hoc traininggniust de factte studied through a rigorous protocol.

A special case for studying spatial representation is that of the processes that underlie
"Representational Momentum" (RM) (Freyd & Finke, 1984). Because of its
properties, described below, this wask part of undestanding how the cognitive
system succeeds in learning to cope with complex dynamic visual situations.
Representational momentum refers to a memory displacement for the final position
of a previously viewed moving target in the directiontoh e t aotiogp.eFinle,s m
Freyd and Shyi (1986) suggested that the properties of such a memory displacement
could help observers anticipate the future positions of moving objects. In the rest of
the article, the term "displacement” will be used torrédea displaceent of the

spatial position in memory of a moving object or scene.

The variables that influence the direction and amplitude of displacement act in a
similar way to the physical principles of movement. That is why studying
displacement is avay of studyig how the physical principles of movement are
incorporated into mental representations. One of the experimental profapois )
conventionally used to show a displacement is that of Hubbard and Bharucha (1988).
The authors presented faipants witha target that moved continuously and linearly

(to the left or right and up or down). After a few moments of animation, the target
disappeared unexpectedly. As soon as the target disappeared, participants clicked on
the place where they tholigthe target &d disappeared. The results showed that
participants recalled the position of the target, at the time of its disappearance, not at
its exact location, but a little further in the direction of the target's trajectory. They
suggested that, l&ka moving objet that does not immediately stop but continues
along its path under its own momentum, spatial representation does the same and
shifts the last perceived spatial position in the direction of the motion.
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Figure 1. Material and results adégd from Hubbad & Bharucha (1988)
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The distance between the actual disappearance position and the one recalled by the
participants can vary in magnitude depending, for example, on the speed of a target's
movement. The higher the speed, the greater theitndgrof the dsplacement (Freyd

& Finke, 1985; Hubbard & Bharucha, 1988; de sa Teixeira, Hecht, & Oliveira, 2013).
The analogies between physical motion and displacement are alsetepgimral in

nature. Freyd and Johnson (1987) varied the time betteedisappearae of a
moving target and the latency with which the participant gave his response (from
10ms to 900ms). The results obtained showed an increase in displacement magnitude
with the increase in encoding latency. This corresponds to what wagdden
physicaly, as the movement of an object lasts for a few moments if nothing prevents
it. But it should be noted that when latency exceeded a certain threshold, in this case
300 ms, this effect decreased as latency increased. This decrease afteisBggests

that the evolution of the displacement is similar to the movement that an object would
actually have, namely stopping of movement over time. This similarity between real
movement and displacement makes the latter a dynamic representation. Taken
together, thes results suggest that displacement is based on a -tpaimral
coherence similar to that of physical principles. Overall, displacement is described in
terms of dynamic representations and thus, by analogy tenmeld dynamics,

Hubbard 2010) conventn al i zed it as the fAmomentum metaphoro, s
earlier that the principles of momentum are indeed incorporated into mental
representation.

The plurality of analogies from the physical world has motivated the prolific
development bresearch pratcols and since the 1980s, a significant number of
variables that modulate displacement have been investigated (see Hubbard, 2005b,
2018 for reviews). While some variables foster the development of a displacement in
the direction of perceivemovement e.gspeed (Freyd & Finke, 1985; Hubbard &
Bharucha, 1988; de sa Teixeira, Hecht, & Oliveira, 2013), downward motion
(Hubbard, 1990; Hubbard & Bharucha, 1988), and high contrast (Hubbard & Ruppel,
2014), others foster a displacement in anottierction e.g.representational gravity

(de s& Teixeira, 2014; de sa Teixeira & Hecht, 2014; Hubbard, 1995b, 2005b; Motes,
Hubbard, Courtney, & Rypma, 2008), reduce the magnitude of the displacement e.g.,
representational friction (Hubbard, 1995a, 199%b)promote a @placement in the
opposite direction of movement e.g., surrounding context (Hubbard, 1993), and
memory averaging (see for example Hubbard, 1996). Thus, outside the laboratory,
there is a set of different variables, with diverse, congruenipposite inflences,

which are cearticulated and induce a result which is the spatial representation of a
scene. For example, Hubbard and Bharucha (1988) showed that the position of a target
moving in a straight line is recalled further in the directidrmovement btalso

lower. Many replicates (Hubbard, 1990, 1995b, 1997, 2001) have determined that this
result of a combination of a forward displacement effect and the effect of implicit
knowledge of gravity (representational gravity) results in a daavdwlisplacemen

In this vein, Hubbard (1995a; 2010) proposed a model that reflects this multiplicity of
influences. In his "vector addition" model, each type of influence is matched by a
vector that codes for the direction and magnitude of displacefianth vectors &n

be broadly construed as corresponding to magnitudes and directions of activation
within a network architecture that preserve functional mapping between physical
space and represented space" (Hubbard, 2010, p. 352). While many studies have
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massively comtbuted to determining lovlevel influences (target shape, surrounding
context, etc.), more recent studies show that displacement is also modulated by
cognitive factors such as the expertise of observers and the allocation of attention
resouces.

Blattler, Ferrari, Didierjean and Marméche (2011) showed an effect of expertise on
displacement in the aeronautical context. In their study the authors adjusted the
Thornton and Hayes (2004) protocol. Dynamic simulated aircraft landing scenes were
presented to padipants who were either total novices to aeronautics or expert pilots
(over 3000 hours of flight experience). The scenes were interrupted by the display of
a black screen lasting 125 ms and then resumed in one of three conditions: a shift

forward (wthre pect to the aircraftoés direction

of

direction opposite to the planebds motion),

before the interruption: the samesumption condition). In the shift conditenthe

size ofthe forward and backward shifts was manipulated (125 ms, 250 ms, 375 ms,
and 500 ms). Participants had to compare the last image seen before the cut to the first
image seen after the cut and decide whether the scene had shifted backward or
forward. The reslts showed that only the expert pilots produced a forward
displacement, while among the novices no displacement (either forward or backward)
was obtained. After successive studies increasing the accuracy of the measurement, a
significant dsplacement wasbtained in the novices. The magnitude of the
displacement was so short in the novices that it could not be observed with the
accuracy measurement used to detect a displacement among the experts in the first
study. This expertise effect rétgd in an incease in the amplitude of the displacement

in the direction of the perceived movement.

Similar results have been obtained in the automobile context (Blattler et al., 2010;
Blattler et al., 2012, 2013; Didierjean, Ferrari & Blattler, 20149 & the sports
context (Hiroki, Mori, Ikudome, Unenaka, & Imanaka, 2014; Jin et al., 2017; Chen,
Belleri, Cesari, 2019; Gorman, 2015; Anderson, Gottwald, & Lawrence, 2019). Thus,
the effect of expertise seems robust. However, the way in which expertise is
manifested isnot clearly establishedrurthemore, the literature (see for review
Gegentfurtner, Lehtinen & Salj@011; Peil3l Wickens & Baruah, 2018; Reingold,
Charness, Pomplun & Stampe, 2001; Ziv, 2016) show that systematic eye movement
differences beveen expertsral novices occur. Therefore, in accordance with the first
objective of the current study, eye tracking data were collected, as part of an
exploratory attempt to gain insight into the manifestation of the experience in the
displacement.

Another way in whichthe effect of expertise could manifest itself in the processes
underlying the displacement is through the effect of automation of cognitive
procedures. Hayes and Freyd (2002) showed that not all the processes underlying
displacement are awhatic (see ats Joordens, Spalek, Ramzy & Duijn, 2004).
However, since the constitutive process of expertise development is automation
(Logan, 1988), it is conceivable that the processes underlying the displacement if it
shares the same property may @@ty become aomatic. Thus, the more
experienced an individual is, the more automated specific processes of his activity are.
This automation makes it more resistant to the effect of the dual task (Froger, Blattler,

moti on)

or

no

s hi
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Dubois, Camachon, & Bonnardel, 2018rddach, Frendt & Schubert, 2008).
Experiments on divided attention (Hayes & Freyd, 2002; Joordens et al., 2004) show
an increase in the amplitude of forward displacement when attention is divided during
perception of the moving targéf.the processesnderlying disphcement share the

same properties as those associated with automation, the displacement of experienced
individuals should be less sensitive to the dual task effect than that of novices. The
second aim of this study was therefore to test dreexperts sha the same
sensitivity to divided attention as novices in a task measuring displacement.

In summary, the first purpose of this experiment was to determine whether
displacement can be an index that would be sensitive enough to assesgtbesof

student pilots. The assumption is that experienced pilots will produce a greater
displacement in the direction of movement than novices. Complementary to this goal,
the eye tracking was used to explore the link between this displacement and gaze
fixations of the experienced pilots. The second objective was to evaluate whether the
processes underlying the displacement are sensitive to the automation process
conventionally observed during the development of expertise. The hypothesis is that
experiered pilots willbe less sensitive than novices to a disturbance caused by a dual
task.

Method
Participants

Forty-four participants were recruited for the study, drawn from two distinct skill
levels: an experienced glider pilot group=19) with 78.16 flying hoursn average
(SD = 177 and an average age of 23 ye&B€ 5), and a second experimental group
(n=25) composed entirely of novicéd{e= 27 yearsSD= 8). All participated were
volunteers, had normal or corrected visaord were naive to the specifiarpose of
the study.

Material

Following Blattler et al. (2011), 10 video sequencigu(e 2) inside a Centrair
Marianne C201B glider were used (24 frames/s). Each landing scene was filmed from
the pilot's perspective (i.gfirst-person view, with a sall part of the cockpit visible

and no view of the instruments). To ensure that the inclination, angle and approach
speed were the same for all scenes or to ensure that all approaches were consistent
compared to an optimal ppach, an instructor was presen all flights.

Figure 2. Scene example with, the left to the righB0 ms. 0 ms and +250 ms condition.
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The speed chosen for the landing was a standard speed for a glider (i.e., the distance
a glider travels in 12%ns is about 3.125 meters at a speé 90 km/h- 87.1 km/h

without wind for an optimal run). The test stimuli were displayed on a Dell Precision
7710 laptop computer (17.3 in. screen, refreshment 60 Hz, resolution 1920 x 1080).
The participants were positied 60 cm from the screen. Eachrse (all of which had

a different landing scenario) was used to make nine videos. Each of these nine videos
was followed by a perceptual interruption (interstimulus interval, ISI) lasting 250 ms.
After the cut, the trialesumed in one of nine conditiofiSgure 3 that differed in the
magnitude of the shift of the image2%0 ms,-187 ms,-125 ms,-62 ms, 0 ms, +62

ms, +125 ms, +187 ms, +250 ms). There was a total of 90 different videos (10 scenes

x 9 shifts = 90).
End of the 3 second
Landing scene video
; 4
0 ms

-62ms +62 ms
-125 ms + 125 ms
-187 ms + 187 ms

-250 ms + 250 ms

Figure 3. Landing scene and conditionsaccordance with Blattler et al., (2011).

Eye position data were captured by an-tgeker Tobii Pro X3 with a sampling rate
of 120Hz. The analyses used to examine the data were based on static exploratory
areas to dtect information on participantsye movements and fixations.

Procedure

Each trial (i.e., video stimuli) was displayed on the computer monitor for 3 seconds,

followed by the 250 ms ISI. After the perceptual interruption, the trial was resumed

with an image from one of the nine condit® In the sameesumption condition (i.e.,

fino shift conditionodo), the video started up at exac
(a comparison between the two images shows that they are identical).

In the forwardshift condition, the trial started afta forward shift of +62 ms, +125

ms, +187 ms, or +250 ms. In the backwahift condition, the trial resumed with an
image corresponding t62 ms,-125 ms-187 ms, or250 ms. From the moment the

test started (i.e., winethe image appeared) the partaiphad 15 seconds to respond.

If he answered, or if the 15 seconds had elapsed, a black fixation cross on a white
screen appeared for 2 seconds, followed by a new(Figlire 4).
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Backward shift Same Resumption

Forward Shift

ISI 250 ms

Last frame

1st Frame

Forward shift,
Last frame Backw}ell.rfc: shift
ISI 210 ms ar ra =t
1 stlFrame ||| /
3s 15s ( or answer )

Figure 4. Material (top) and procedufgottom). The video began witts2f a landing scene.
Then a cut occurred with an interstimulus interval (ISI) of 250 ms. After the cut, the video
resumed with a backward shift (upper left: backward shift of 250 ms), nfuppér middle),

or a forwardshift (upper right: forward shifof 250 ms).

The experiment was conducted in two successive phases; a task familiarization phase,
followed by the experimental phase. Before the familiarization phase, the
experimenter gave the participants the followingtrinctions.

In the full attention condition:

Participants had to compare the last image seen before the cut to the first image seen
after the cut and decide whether the scene had shifted backward or forward. In line
with previous studies, note that nafdrmation about the existence stme
resumptions was given to the participants. Indeed,
point of maximal uncertainty, in this particular design, if the possibility of same
resumption is not introduced to the participafisat way participants must answer
according to their representations and not according to their knowledge of possible
answers. After reading the instructions, the participants became familiar with the task
by completing 14 practice trials (7 in the dividattention condition, 7 in the Ifu
attention condition) on two scenes that were not used in the experimental phase. Then
the experimental phase began. In this phase, 10 scenes were used, each giving nine
resumption conditions. This made 90 trials (1Q,"#hich were presented in a ramdo

order to all participants.
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In the divided attention condition:

Participants performed the primary task as described in the first condition while
simultaneously listening via headphones to an auditecprding of a continuous
stream of four randomizeiddividually presented digits during each landing scene.
They were instructed to monitor this recording for the occurrence of even digits (2, 4,
6 and/or 8), and to mentally keep track of the numbernodédithat such runs had
occurred to recall it. It shuld be noted that the presentations of the one to four even
digit runs were not linked to the visual presentation of stimuli in any systematic way.
This test condition showed the same clips as thoseagisglin the full attention
condition. The clips wer presented in a random order.

Results

An analysis of RM magnitude was used to assess the magnitude of shifts and to
compute the point of subjective equality (PSE) for each participant. This point is the
theoretical value of the stimulus that the papteit considers to be subjectively equal

to the standard. It indicates the point of maximum uncertainty. This measure was
computed by fitting the distributions of the percentages of each participant. §&ch P
was calculated from this curve by taking all tlesponses of that participant into
account. A positive PSE (i.e., significantly above zero) indicated a forward
displacement (FD). A negative PSE (i.e., significantly below zero) indicated a
backward disfacement (BD) (seBigure 5for the PSE mean by qup).

Table 1. PSE descriptive data. Full attention condition (FA); Divided attention (DA).

Descriptive Novices FA Novices DA Pilots FA Pilots DA
N 25 25 19 19
Mean -34.40 -59.36 -16.68 3.342

SD 52.62 77.05 44.28 72.03

An analysis of variance (ANOVA) wasonducted with experience as a between
groups factor (novices vs experienced pilots) and attention as a-githip factor

(full attention vs divided attention). The experience factor was signifiEéhi42) =
6.133,MSE=34911p< . 05. N o vSE evasssignificamtla lawerRthan that

of the experienced glider pilots. The attention effect was not signifieéht,42) =
0.056,MSE= 131.6,p > .1. The interaction between experience and attention was
significant,F(1, 42) = 4.658MSE= 10925.7p < .05.

Hence, subsequentdst comparisons were made. The analyses showed that the means

of experienced glider pilots in FA, t(18)5642, p =.118 and DA, 1(18)=0.202, p=.842

were not significantly different from zero, Wdthey were significantly differerdrom

zero for novices in both, FA, t(24) $3.269, p = .003, and in DA, t(24)3:852,p

<.001. Moreover, while there was no significant difference between FA and DA for

experienced gl ider pi lwastsignjfficamlyplargecteasthe mean PSE i n FA
novi cesd mean PSE in DA, t(42)=2.029,p =.027. Hence,
in Figure 5 demonstrates that backward displacement was larger for novices in DA

than in FA. Conversely, there were no backward displacérim DA or FA for

experienced pils. Therefore, the interaction shows that experience modulates the

effect of attention allocation in the displacement process. Furthermore, in both FA and
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DA, the experienced pilots@® meaen nPYE cveassd smegmi fi cant

PSE ,t(42)=1.795=.045 and t(42)=3.559, =.001, respectively.

PSE SCORE m Full At ent bn
Divided At-
tentbn
0
L
4
o
Q
(%]
L
%)
o
-100
Experienced pilot group | Novice group

Figure 5. PSE mean in Full Attention (FA) and Divided Attention (DA) for each experience
group (Novice vs Experienced pilot).

To assess the validity of the divided atten condition, the average succeate of
participants in the dual task was measured. The average success rate of participants in
the dual task was 93.55%. The mean success rate was 94.60% (SD =3.75) for the
experienced glider pilots and 92.67% (SD=6.%%)the novices. The experienced

pi ot 6s mean PSE was significanpgDlyTheé nf eri or

p<.01. The experienced tpignificantlgsipenoetatne success

novic es® mean s uc-0.298,9 =.228.tThe, resulty ddOnpt show any
ceiling effect.

Eye fixation data

Eye tracking data were recorded for twetwyp of the fortyfour participants: 10 in
theexperienced glider pilot group with 125.8 flying hoarsaverageSD = 23§ and

an average age of 24 yea&(= 6.5), and 12 in the experimental group of novices
(Mage = 27 yearsSD= 6.5). We computed fixation duration in seconds on two main
areas ofnterest; the upper part and the lower part of theescre

Expert pilots (French air force instructors) on the one hand tend to describe their visual
behaviour as having a tendency to look as far as possible along the runway or beyond
when flying. Secondlythe instruction of students follows this rule whickstbeen
established on the basis of the experience of these same instructors. As no data were
available, we decided to explore this subjectively recalled behaviour by separating the
screen during thexperiment into these two main areas. The software asddhe

eye tracking device made it possible to monitor the time of fixation of the gazes in
these areas. Thus, the scenes were divided into two equal areas of interest, (1) the

t

O one h
novicesd success rate was also -8i6gnificantly inferi

rate

Wwa ¢
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Aupper par2tox ,( 6x4,00yy); alnd (2) the @)ower parto (0x, 54
The analyses were based on the average fixation duration in seconds. As a way to
explore the link betweeimformationgathering strategy and forward displacement it
was decided to use correlatioBur assumptions include only experienced glider
pilots because novices did not recall any flight experience, and therefore should not
be affected by the type of gaze behaviour they employ.
Table 2. Eye fixations Descriptive data. Full attention condiffef); Divided attention (DA).
Descriptive data| Novices FA | Novices DA Pilots FA Pilots DA
Upper-part of the
screen (S)
N 12 12 10 10
Mean 0.358 0.331 0.426 0.368

Std. Deviation 0.257 0.393 0.382 0.379
Descriptive data| Novices FA | Novices DA Pilots FA Pilots DA
Lower-part of the

screen (s)
N 12 12 10 10
Mean 1.504 1.53 1.658 1.743

Std. Deviatn 0.416 0.456 0.496 0.487
Correlation analysis full attention (FA) trial block:
Experienced pilotos f i xpositivetyoorreladet ® PSEpr t he upper part
rs = 0.697, df=9, p =.016. Meaning that wherosilwere looking at the upper part
they recorded higher PSE score. Also, fixations on the upper part of the screen were
positively correlated with the number of flying hours; 0.568, df = 9, p = 0.043.
This measurement shows that pilots with the mg#tdl experience were those who
were looking at the upper part of the screen the most.
Experienced pilotdés fixation data for the | ower part

rs=-0.564, df=9,p = 0.048. This indicates that when pilots were looking abwes |

part they recorded lower PSE score. Also, fixations on the lower part of the screen
were negatively correlated with the number of flying hours).576, df=9, p = 0.041.

This measure shows that pilots with less flying experience were those who were
looking at the lower part of the screen the most.

Correlation analysis divided attention (DA) trial block:

No correlation in divided attention was reported, either among mifot®vices. No
correlation between the number of flying hours and eye fixati@ssfound.
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Discussion

The displacement of the spatial representation of experienced pilots and novices,

whose attention was divided, was evaluated for real dynamic scegieteoianding.

The first objective was to assess whether this protocol fisuflly accurate to be

used as a tool to assess the evolution of student p
relationship between e x p dahespatialecnentbry pias] ot 6s vi sual fea
The second objective was to evaluate whether the gseseunderlying the

displacement are sensitive to the automation process conventionally observed during

the development of expertise.

|
1

Our findings are in line with thiterature (Bléttler et al., 2010; Blattler et al., 2012,
2013; Didierjean et al., 2014#iroki et al., 2014; Jin et al., 2017; Chen et al., 2019;
Gorman, 2015; Anderson et al., 2019), indicating that there is an experience effect
within the displacementrpcess, here for natural dynamic glider landing scenes. It
was found that novices havsignificantly greater backward displacement than glider
pilots even though, on average, the pilots only have 78 flight hours compare to 3000
hours for the expert pacipants of Blattler et al. (2011). These results are consistent
with the possibiltyoi si ng such a protocol to evaluate the evolu
skills during their training. However, the fact that no group has any forward
displacement should pthis interpretation into perspective. According to Hubbard's
(2010) vector addition mead, it can be concluded that the device used here includes
a "backward" factor that influences all groups. Thus, future studies will have to
determine what this influew is in order to control it.

The results obtained when attention is divided are invitle those of Gorman et al.
(2018). Experienced pilots did not show sensitivity to the division of attention on
displacement, while for novices the division of attentiacted as a "backward"
influence. It is currently impossible to conclude on the autmmaf the processes
underlying spatial representation, but in this particular situation, it appears that there
is an automation process that induces a reductioreitbtickward" shift effect among
experienced pilots, even if it is not yet highlightedthese terms, the use of this dual
task method, which modulates the direction and amplitude of the displacement, is an
additional tool for evaluating performance ewvan of student pilots during their
training.

The results obtained with gaze fixatiopgesent a link between gaze fixations and
displacement in individuals who are familiar with the scene and are free to explore it
visually when their attention is notuililed. These results explore a gap between the
research about theurexpred ttbhlse oexpart e hawvt i ci pati on,
Gorman's study (2018) suggests that differences in displacement of spatial
representation are unlikely to be related to déffeces in visual behaviours. Second,
these data show an effect of the division of aibenamong experienced pilots. This
effect might point to a sensitivity of experienced pilots to the division of attention that
can be mapped into measures other thaplatement. Further studies exploring more
directly the link between a particular pogitiin the scene and spatial memory bias
should be made before eye tracking data might be used as a complementary tool to
evaluate the evolution of the performance afisht pilots during their training.
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In conclusion, this study contributes to a bettatarstanding of spatial representation

in aviation and of pi |-wotldedvironmestuQudresuiltht er acti on wi t h e
have confirmed that trainees can bgaluated with the use of displacement

measurement. Since gaze fixations also proved usefal@mplementary index of

pilots' anticipatory behaviours and experience, the use of eye tracking technology in

addition to other data recording might assisthia tcomprehension and application of

better training for situational awareness. Finally, thee wf this evaluation

methodology is expected to be useful in reducing the cost of training. Indeed, it should

provide a way to assess the efficiency of simulattemining (by evaluating

anticipation scores) especially during critical phases as in lasdamgrios.
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Predicting selfassessment of the owf-the-loop
phenomenon from visual strategies durindnighly
automated driving
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Abstract

During highly automated driving, drivers do not physically control the vehicle
anymore, but they stilhave to monitor the driving scene. This is particularly true for
SAE level 3(SAE International, 2016)s they need to be able to react quickly and
safely to a takever request. Without such an (even partial) monitoring, drivers are
considered oubf-the-loop (OOTL) and safety may be compromised. This OOTL
phenomenon may be particularly important fordautomated driving periods. The
current study ai med abehasiounfoud long periadrofy dr i ver 6s vi sual
highly automated driving (18 minutedntersections between gaze and 13 areas of
interest (AOI) wereanalysedconsidering both static (pmntage of time gaze spent

in one single AOI) and dynamic (transitions from one AOI to another) patiénas,

a prediction ofthe self-reported OOTL leel (subjective assessment) from gaze
behaviourwas performed usinBartial Least Squares (PLS) regiessmodels. The
outputs of the PLS regressions allowed defining visual strategies associated with good
monitoring of the driving scene and paved the Vi@yan online estimation of the

OOTL phenomenon based orbehdvwiouirver 8s spontaneous Vi sual
Introd uction

In manual driving, drivers must gather informatiaooutthe driving scene and the
vehicle (perceptual process), interpreistimformation (cogrtive process) and act
appropriatéy (motor process), which in turn generate informattdowever, withthe
imminentdeployment of highly automated vehicles the roadshetweer2020and
2030 depending on the organizat{@han, 2017) where the operational driving task
is performed by autnation, drivers are likely to become supervisors of the driving
sceneln this casethe perceptuainotor loop isneutralizedwhich has consequences
on perception and cognitigMole et al., 2019)This isreferredto the outof-the-loop
(OOTL) phenomenon.

In automated drivingthe OOTL phenomenon was investigatey comparng the
driverd behaviar duringautomated and maal driving.In terms of gaze behaviour,
automated driving leads tgreaterhorizontal dispersionLouw & Merat, 2017;
Mackenzie & Harris, 2015)yanda decrease of the percentage airgles to the road
centre(Louw et al., 2015Madkenzie & Harris, 2015)Similarly, in curve driving,

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankefr.JPetiot, C. Dumas, A. Botzek. Onnasch, .
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019Annual ConferencelSSN 23334959 (online) Available from http://hfegurope.org
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automated drivingnasbeenshown to enhance longerm anticipation (through loek
ahead fixations) to the detriment tife shortterm anticipation used to guide the
vehicle(Mars & Navarro, 2012; Schnebelen et 2019)

The consequencesf the OOTL phenomenon were also observed during level 3
automated driving where drivers had timke control of theehicle wherautomation
requiredit. Indeed, in response to a criticalse, drivers had longer reaction tgie
automated drivinghan inmanual driving(Feldhiter et al.,2017; Neubaueet 4.,
2012; Saxby et g12013; Zeeb et al., 2015; Zeeb et dD17) Such changes in driver
behaviar during takeovehave beermttributed to drivers beingnore OOTL during
automated driving.

Driverso6 performance dur idourgtionofaalt@matorer i s al so affect
with higher reactions timssafter a prolonged period of automatitiran aftera short

drive (Bourrelly et al., 2019; Feldhiitter et al., 201F¢gldhiiter et al. (2017 have

shown, for instance that a200mi n u t e sirdautdnmateds mode is sufficient to

increase the reaction time to &eaver requesbDrivers experienced mind wandering,

distracing themselves from the supervisitask, which impaired thperceptual and

cognitiveprocessingf information

RecentlyMerat et al(2019)proposed an operational definition of the OOTL concept.

It relies on two aspect3o be outof-the-loop, drivers mushot have physical control

of the vehicle (no motor process), amdust not monitor the driving scene
(perception/cognition process). When the driver is in manual control, he is considered
to bein-theloop. An intermediate tate, the ostheloop (OTL) leve, has been
introduced to designate situatioimswhich the driver correctly monitors the driving
situation during autonomous driving. Thus, estimating the driver's ability to manage
imminent takeover situations is a mattérdetermining whether the drivés OOTL

or OTL based on the observation of his/her monitoring of the situddimneverthe
guestion of how to model and quantify what constitutes proper monitoring of the
driving scene remains open

Two principal issuesvere addressed in tieesenstudy:

1 What is a good monitoring of the driving situation? In other words, can we
identify the gazédehaviourcharacteristic of OOTL drivers?

1 Is it possible to predicthe driverss OOTL state from the observation of
spontaneus gaze strategies?

In the curent study, participants experiencaa18-min drive of automated driving
(similar to Fleuretteet al, 2017 without any nordriving activities to performThe
assessment of the OOTL state was based on theepelfted tine of mind wandering
during thedrive. Thedriverd gazebehaviourwas analysed considering 13 areas of
interest, using static (percent of time on each AOI) and dynamic (transitions matrix
from ard to each AQ) patterns.
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Material and method
Participants

This study involved 12 parfjgants (N = 12; 3 femage 9 males), with a mean age of
21.4 years (SD = 5.34Most of them were students fro@entraleNantesThey held

a valid de(average driging lexparienoe: 9950 km/year, SD = 5500) and
signed written informed consemt participate in this study.

Experimental device

The experiment took place on a driving simulgféigure 1) consisting in 3 screens
(120° Reld of View), with one additional screen for the HMI. Tlege tracker
(SmartEye Pro v5.9) computed gaze intetises with the screens at 20 Hz.

Most of the road was a 40n two-lane dual carriageway, with a speed limit of 130
km/h in accordance with French regulations. Occasional changes in road geometry
(temporary 3ane traffic flow; highway exits; slope variatipand speed limits (130

km/h to 110 km/h) have been included to make driving less monotonous. In both
directions on the highway, traffic was fluid, with 8 overtaking situations.

Figure 1. Driving Simulator Setup

Procedure

After apresentation of theriving simulator and a shadtivein manual drivingnode
participants were trained to activate (pressing a buttonjleadtivate(pressing the
button, pedals or steering wheel) the automated mode. Instructions corresponding to
a level 3 (SAE) automatkdriving were givenAutomated driving was available only

for a portion of road, and drivers had to taker the system when required (auditory

+ visual signals). Then, they experienced 4 takeover situations, with relatively long
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(45's; 2 situations) oshort (8s, 2 situations) timgo-collision. No collision occurred
duringthe training session.

Then, the experimerproper started. Participants activated the automated driving
mode just before entering the highway. Gaze data weseded as soon as thiehicle

was correctly inserted in the lane and reached 130 km/h. No major driving events
appeared for the first 15 min on the highway to let the driver enough time to become
out-of-the-loop. The driver did not perform anyesondary tds during that timeA

critical case occurred at the"LBinute, andhe scenario ended thirseconds after
Participants were then asked to report on a continuous Likert scale the proportion of
time spent thinking at something else than the drivingttaslughout the trialSince

this paperfocuseson the link betweergaze behaviouandthe OOTL scoresthe
results on the critical case will not be presented here.

Data structure and annotations

Definition of the OOTL score Y

The evaluation of the percentage of timergghinking about something else than the
driving task may be considered as a-sal$essment of the OOTL phenomenon. In
that sense, the higher the percentage was, the more drstenated they were cut
of-the-loop. Percentages for all participants wst@red in a vector with 12 elements,
named OOTL score ardinoted Y.

Definition of the matrix of gazeehaviourX
The driving scene was divided into 13 areas of interest (Ag@h figure 2):

Others -

Figure 2. Division of the driving environment into 13 ased interest

1 The central screen containeik areas:The central mirror (area CM), the road
centre(RC), defined as a circular area of f@tlius in front of the driverand 4
addtional areas defined relatively to the raamhtre(Up, Left, Down, Right)The
Percentage Roadentre(PRC) defined as the proportion of time spent in RC has
been introduced byictor (2005) A decrase of the PRC was found to be a good
indicator of distraction during driving, as drivers reduced this time when kjisual
or auditory distractedVictor et al., 2005)

1 Each peripheral screen contairtee areasThelateral mirror (LM, RM) and the
remainirg peripheral scene (LS, RS)
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1 The dashboard (D) and the HMI (HMI) All gaze data directed outside of all the
previous areas were regrouped in area Others.

Drivers gaze behaviws for each participant were rgidered in this study as the
combination of static (perceadeof time in one AQ) and dynamic (transitions matrix
between AOIs)patterns Thus, a vector of 182 numerical indicators (= x13
transitions + 13 percentage of time on each AOI) sumnsgaeshehaviourfor one
participant When considering all participants, the matrix gsfze behaviourwas
named X and its size was 12 (participant&B2 (visual indicators).

Due to the small number of observations (12) compared to the number of visual
indicabrs (182), we used the PLS regression to predict the OOTL score from gaze
behaviarr. This method perfaned a decomposition of X and Y iorthogonal

componats in order to explain the maximum tbie variance of YThe components
actually reflect the undetilyg structure of the prediction model.

Data analysis

Two sequential stages cpased the analysigigure 3):

Temporal window calculation

« >

Full PLS regression

Figure 3. Multi-step approach for data atysis

1  The first one (steps A and B) focused on selecting the best time window (T) to
predict the OOTL scord.o do so, 15 matrixes of gahehavioumere computed
andlabelledX:. It differed by the time on which visual indicators were computed,
that varied from 1 to 15 minutes.

I  The selection wathenbased on thenost stable (over timegnd accurate (in
terms of percent of variance explained) modepddiction The second one
(steps C & D) consisted of predicting the OOTL score usingspredictors
and the PLS regression model. After reducing the dimension of X to increase
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prediction power (step C), the model was tested using the training and the
validation data set (step D).
The details of data analysase presemdin the results section.

Results
OOTL Score

The OOTL scors (Figure 4 showed large variations between particigainange ~=
75%). The nmedianscore was 4%. Even in the absence afsecondary tasksome

paricipants(9 to 12)declared that they spe&0% ofthetime thinking at something
else than the driving task.

90 T
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Figure 4. OOTL scores reported by the participants

Time window selection

On the first step (A)the optimal number of components for eawhtrix X; was
obtained by minimizing the mean squareoerof prediction. This number of
components reflecting the structure of the prediction modattually changed
depending on the integrati window (figure %, butreached a stability level for time
windows higher tha® minutes The most appropriate termgal window,labelledT,
was selectedstep B)as the one maximizing the variance of the OOTL score
explained, among the stable models. All subsequent anedysisedto the matrix of
gazebehaviourcomputed over T = 11 minutes of automated driving.
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Figure 5 Optimal number of componemf the PLS regression as a function of the integration
window. The figurshowsthat model stability was achieved from the 9th minute.

Reduction of the numbef visual indicators

After selectng the most appropriatéme window, the predictionmodel eplained
62.53% of the variance of Y, using the 182 visual indicaitbhgn,the aim was to
reduce the number of visual indicagdsy selecting onlythe most releant visual
indicators.

ThePLS regression is a linear model: the variablegtestimatel (&) and the predictor
(&) are linked by a matrix of coefficients G 6z & . Therelevantindicators
weredetermined by thabsolutemagnitudeof their coefficient If the magnitudevas
close to zero, the contribution to the predictieasnegligible. On the contrary, a high
magnitudeindicateda very importart indicator for the prediction.

In practie, the coefficients magnitudes were compared vethincreasing threshold
value A new regression model wasomputedfor each partial matrix @ a matrix
comprising only those indicators whose coefficient ampliexteeadthe threshold
value). The thresholdiasincreased by step of 0.005 until the pgentageof variance
of Y explained bythe partial mode$topedincreasing With our data, the maximum
of explainedvariancewas85.64%, with only 8 visualridicators Figure 6).

Ontheses indicators, Tontributedo anincreasef the OOTL score (ined onFigure

6): Taking the eyes off the central mirror to look away from the driving scene, taking
the eyes off the roadentrearea to look down or away from the driving scene,
spending too much time in the down area. By contrast, 3 indicators cordrioute
reduction é the OOTL score (green arrows on FigéjeRedirecting the gaze to the
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road centre or to the left side of the driving scene from any area outside the driving
scene, take your eyes off the road centre to check thedeftiew mirror.

Ve

S
;/ Road \ Central Mirror
\

Shapes
mmmp Transitions between AOls
- Percent of time in each AOI

Colors
S Increase OOTL Score
. Reduce OOTL Score

Figure 6.Visualindicators relevant for OOTL score prediction.

Final prediction of the OOTL score

A final PLS modelstep D)wascomputedo predict tle OOTL scordrom the best
partial matrix (containing the 8 visual indicagorelevant for the préction). The
predction of the model compared to real values of the OOTL score is presented on
Figure?.
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Figure 7. Correlation plot between the OOTL score and the prediction of the
OOTL score by PLS regression

ThePLS regression performed a goodrmastiion of the OOTL score, with a low mean
square error of prediction (0.13) and a significant positive correlation between the
estimaédand real values (r = 0.98<0.01).
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Discussion

During automated driving, th®©OTL phenomenon results from an incotrec
monitoring of the driving situation (Merat et,a2019. The alternative state, namely
being OTL (onthelloop), corresponds to passive drivers who satisfactorily monitor
their driving environment. However, a mqueecise definition of what constitutes a
great monitoring of thenvironments still needed to distinguish OTL from OOTL
drivers. This study investigated this issue in a highway driving context with the
analysis ofdrivers gazebehaviouy with both static(percent of time in AOI) and
dynamic (tansitions between AOlpatterns The methods consisted in using PLS
regressions to identify the most characteristic elements of thebghagiourof OTL

and OOTL drivers. The mulstep approach began with 18Bual indicators as an
input matrix, and reined in the endnly 8 relevant element® predict an accurate
OQOTL score.

The results revealed that drivers with a lower OOTL score made more transitions from

the roadcentreto the left mirror. After spendingnbe looking at area unrelated to

driving( "ot her so area), they ret ucenteateamor e frequently t
or to the left screen where they could monitor traffic. Conversely, drivers with higher

OOTL scores made more transitions from the iadreto areas irrelevant to driving.

They spent more time and made multiple fixations in the lower part of the front screen.

These findings may be interpreted in terms of ddequacyo f the driverbds gaze
strategy to maintaigoodsituation awarenegg&ndsleigh 1995)in autonomous mode.
SituationAwarenesgSA) during automated drivim actually involved three levels:

Perception Compeehension and Projection (Merat et al, 2018 the current study,

OTL drivers remained dynamically aware of their surrounding by regularly checking

the left lane and mirror. This certainly have helpedrtcipate future hazards. They

also remainé attentive to the road wedlhead in time. In other words, these gaze

strategies allowed to perceive, comprehend and project on the future state of the

driving situation in an appropriate waye.ito have a god enough SA. On the other
hand, the OOTLdvier s6 gaze was more strongly attracted by i
inside or outside the simulator. Even when looking at the driving scene, the driver

favouredthe roadimmediatelyin front of them @own area), sugesting a lack of

visual anticipation.

In the current study, PLS regressions appedre a relevant approath predictthe
dr i v e r fiom sporitandowes gadeehaviour Indeed,PLS regressions allowed
finding one optimal temporal windoweducing the dimensions of the matrix of gaze
behaviour from 182 to 8 relevant elements, but also indicatdiether they
contribued to increase or decreabe OOTL scoreThen the prediction of the OOTL
scoregiven ky the modelvas accurateith a strong correlation betweémeprediced
andthereal valuesHowever, a validation stejpe. testing the model withnother set
of gazebehaviour dateis required to confirm the resultsesented here.

In the current stdy, the OOTL scoreouldbe predicted frorthedriverés spontaneous
strategies over 11 minutef automated driving. For further research, it may be
interesting to apply this model on shorter durations of automated drasidgo apply
similar methods tother driving contexts
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Conclusion

The current study used PLS regressiogdtisfactorypre di ¢t dri ver 6s state from the
visualmonitoring of the driving situation. The analysis of ghebavioutproved that

an appropriate gaze strategy for being on the loop rexpoirget information on the

oncoming traffic as well as interleaving glanceshmroadcentre To provide a more

accurate detection of the OOTL phenomenon during automated drivangn#tysis

of gaze behaviour might be coupled withother approdees, for exampleby

incorporatingphysiological measurements the analysis of thdriverds podure in

the diagnosis
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Abstract

As level 2 automated driving system&AE partial automation)become more

elaborate, the similarity to a level 3 syst¢BAE conditional automationfrom a

driverds perspective, is gradually 1increasing. We
behaviour concerng level 2and 3 automation in a driving simulator experiment with

31 professional truck drivers. All drivers received specific instructions concerning

di fferences in the drivero6s role in both automatior
difficulties in adapting thei behaviourto thedifferentdemands of level 2s.level 3

driving. An analysis of driver reactions shows potentially critical lapses in attention

during level 2 drives, when drivers were performing an engagmegriving related

task while diving. Acompari son of drivers6 gagee distributions s
lapses are likely due tode-prioritisation of onroad glances during task performance.

These results highlight the difficulties that may accompany improvements of level 2

automation prformanceand underline the need for measures to assist drivers in

adapting their behaviour accordingly.

Introduction and previous work

Advancing sensor technology and signal processing metHedd to a gradual
improvement of automation performanceaiomated leel 2 (SAE2016 vehicles,
resulting in fewer driving mistakes that vindicate the driver's supervisory role. From
a layman's perspective, wdlinctioning level 2 systems more and more seem like
level 3 systems (Campbell et ,aR018). These sys®ms seemindy need no
supervisiondespite the fact that the driver is still considered a crucial safety factor
its designers (SAE 2016).

In both partial (SAE level 2) and conditional automation (SAE level 3) the ésiver
main taskcan be described iBtms of avigilance taskDavies & Parasuraman, 1982)

In partial automation drivers monitor longitudinal and lateral control to detect and
respond to silent automatidailures. h conditional and higher automation modes,
drivers detect and respond to uegts to itervene, which are issued by the automated
system when it approachassystem boundary. System designers may adjust the
saliency of requests to intervene such that slgmal detection task in leval

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-.JPetiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguos Society Eunpe Chapter
2019 Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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automationand higher becomes relatively easy. For eplamrelevant design
guidelines mandate the use of multimodal warnings and offer adviaelour,
symbolism, and warning tones or messageg.{ Campbell et al2018. No such
control over signal saliency isailable for level 2 driving: silent failusemay take on
the form of lane drifts or nereactions (NTSB 2017).

Previouswork suggestthat driveramay find it difficult to appreciate the demands of

a (weltfunctioning) partially automated vehicle. For exale, Omae et al. (2005) and
Llaneras et al2013) found that drivers were more likely to engageadn-driving
relatedtasks that restricted their monitoring ability such as interacting with a handheld
electronicdevice. Such results may potentially bglained by assuming that drivers

lacked exa t i nformati on about t he omthdromat ed systembs
monitoring dutiesand may be combated layppropriate instructions (Campbell et al.
2018).

The presented work directly compares the behavioursbfiicted, professional truck
drivers to exmine whether the drivers are able to adjust to the differential demands
of level 2 and level 3 automation.

M aterials and methods

Thest udy was ¢ ondu ebase,digHidality Btiking&Gimulator witke d
professional truck drivers.

Participants

Of 32 participants, one aborted the experiment whose data is excluded in the
following. The remaining31 participants of thestudy (all males M=42.5 years
SD=14.6range=2270 yearywere in possession of a validr i Ji@emnsé fer trucks

or busse$GermanC/CEor D/DElicensg first issued on average 20 years ago, SD=13
yeary. Most of the driverswere currently workingfull-time asprofessional truclor
busdrivers (mainly long distancg)0 of the drivers were working in pditne. Half

of the drivers rported a yearly mileage of more than 100.000 km, 11 participants a
mileage between 10.000 up to 1@WO km and 4 participants between 500 and 10.000
km.

Procedure

Upon arriving, participants were informed about the nature and duration of the
experimentas well asthe safety instructiongor the simulator.All participants
provided written informed conee before testing and received monetary
compensation for their participatioRarticipantsvere equipped witlelectrodes for
measuring heart rate and skimnductance After these preparations, an initial
guestionnaire was filled out and participants westructed how to perform theon
driving relatedtask in the experimerita quiz task

The experiment consisted of a familiarisatidrive and two test dives (2, L3,
counterbalancedin the simulator. In the familiarisation drive, drivers received
instructions on how to operate the vehicle and automatiorwane familiarised with
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the Driving Activity Load Index (DALI) questionnair&ach test drive wasreceded
by a short period to obtain a baseline for the physiological measures follovied by
minutesof automated drivingn each automation conditioifhe L2 test drive was
designed toesemble drive with gpartially automated vehicSAE level 2) thelL3

to resemblea drive with conditional automation (SAE level .3puring both test
drives, participants experienced threeondriving related task conditions in
randomized order: ntask(nong, an auditoryquiz (@uditory), anda visuatmanual
quiz (visud) for 10 minutesAfter each condition, participants were asked todfilt
the DALI questbnnaire. A brief beak was made in between both test drives.

Automationlevels

The automation levels were implemented as follows: a periptietattiorvigilance

task (PVT) was embeiegd within the driving period as a proxy for a silent automation
failure (partial L2) or takeover request (highL3). The PVT comprised i small
green rectangle that randomly appeared erstmulator screen (see Figure [b the

high automation conditiofL3), a short sound and hright blue LED above the
steering wheeltdke over cueannounced the appearance of the rectangle 10 seconds
in advanceDuring partial automationL@) no such cue was present@&articipants
were instruatd to respond to the PVT by pressing a button on the steering ageel
quickly as possibland to prioritize this task over others.

To avoid potential confounds, missed PVT prompts did not result in any feedback to
the driver ancho particularly arousingraaversive situationgi.e., potential crashes

due to inappropriate takaverbehaviouy waspresented in the experiment. The rather
abstract implementation of the automation HMI afidherequired responses made
sure that diffeences between the two antation conditions were reduced to the core
distinguishing differences of both vigilance tasks.
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Figure 1. Top: peripheral vigilance task (PVT) in the L2 condition. Bottom: PVT in the L3
condition with the takever LED near thesteering wheel.

Nondriving relatedTasks

The nondriving relatedtask chosen in the current study is based aowuiz
(PetermansStock et al, 2013) The quiz consisted of 240 questions covering the
fields of common knowledge, proverbs, movies and TV shaperts, geography,
carsand trucksThe question®f the original quizvere adaptedo reduce the skill
level requiredand tocater tothe targeted audienad truck drivers(e.g., by selecting
trucking specific questiondfor eactguestionthreepossible answers were presented
whereas only one of them was corréloivo versionsof the quizwere presented to
engage the driver into tasks with similar characteristics to (haed} telephone
conversation or using an electronic handheld devitéhe auditory condition, the
queston as well as the answers were read to the participant. The participant was asked
to provide a verbal answen thevisuakmanual conditionquestions were presented
visually on a tabletomputer In order tareveala posdile answer, the participant had
to touch the screen where an indargfA, B, C) was presenteéifure 2).
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Figure 2. Visualmanual quiz.

Driving simulator & roadway

The study was conducted in the static driving simulator of MAN Truck & Bus AG.
This simubtor providesa 180° visual simuation as well as acoustic simulation of
motor sounds and other vehicles. It imackup of a full size TGX cabin built with
aluminium profilesThe simuation software used was SILABVirzburg Institute for
Traffic Sciences GmbHwhich allows for the reording of vehicular data (e.g.
velocity) as well asheintegrationof the physiologicalmeasurement equipmerithe
roadwayimplementedfor the two testdrives consistedof a 2lanehighway with
steady, but little &ffic.

Eyetracking

Two infrared videocameras (ON Semiconductor PYTHON1300, 1.3 MP) were

installed in the simulator cabin near thepMar and centreconsole. Images were

recorded throughout the experiment at a rate of 60 Hz. Processing of the images

occurred offline. Gazedirection informaéion was computed using proprietary eye

tracking software (SmartEye embedded SDK v0.8&2)m this, gaze heading and

pitch angles were computed. Both values were normalized using the mean gaze

heading and pitch angles that were compufed each participat for the L2

automation drive without mon-driving relatedask. A roadcentreregion was defined

with +-20A eccentricity and gaze information was <cl ass
roadd based on this defzédheéadirigandiigheangtks.t he recorded, nor
From this, the percentage of ro@éntre gazes (PRC) for each condition was

computed.

Selfassessment eforkload

A seltassessmerf workloadwas conducted using the Driving Activity Load Index
(DALLI). This questionnaire idesigned for thassessment of workload during driving
and addresses different factors such as perceptual load, memidbad and the
driver 6 s st adAlgarticiPaatsvzere @sked 200ilDo8t the questionnaire
during both testirivesaftereach condition.
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Physiology

I'n addition, participantsé skin conductance

experimentthe analysis of which is omitted in the preseaper
Data analysis

Statisticaldataanalysis was conducte$inglBM SPSS(version 24.0and R (veri®n

3.5.2) If applicable, data was analysed using repeated measures ANOVAs with the
factors automation levelL®, L3) andtask (hone, visual, auditofy For posthoc
analysest-tests for repeated measures were perforiRedultsof the ANOVA were
correced according to Greenhou&eisser whenever the Mauchly test of sphericity
indicated heterogeneity of covariantiethe case of a violation of requirements, hon
parametric ANOVAs (Friedman) and Wilcoxon Tests were u$@adings were
considered statistitlg significant atp < 0.05.

Results
Monitoring ability

Participantsd pr ianabsiractdetacsoktasic @vils which e d o f
captured the core differences in terms of signal saliency between the two automation
conditions(L2/L3). Figure 3depics the number of correct detection resporesas
missed signals per condition (three signals were presented per con@igteton

ability significantly differs between automation levels and groef(81)=80.22 p <
0.001).In L3 most participants [77 90%] manage to react to all three out of three
stimuli (3/3)which is significantlyhigherthanin L2 (Z = [-4.48:2.36], all p < 0.05).

Here, only 1163% of the participants are able to react tdtakke presented stimuli.

In L2, there are significant differences between the three conditimsndrivers are
engaged in th@isuatmanual taskfewer signalsare detected in compaon to the
auditorytask conditior(Z =-3.27, p< 0.01) orwhen partigpants performed n(mong
non-driving relatedtask(Z =-4.10 p < 0.001).The diferencebetween theoneand
auditory conditionis not significant(Z =-1.70 p = 0.09). InL3, differencesarealso

found for theauditoryandvisualtask condition (Z =2.26 p< 0.05).

and

hea
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Figure 3. Number of correct responses to the detection task (PVT).
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Gaze behaviour was analysed by computing a percentage rdeel (E8RC) statistic
per participant and drive based on angular gaze informalibis. analyss was
performed for a subset tifie 31participants Eight participants ere excluded from
this analysisither becausef incomplete video recordings, issues watyetracker
calibration and accuracy or because drivers partially made wsadifg glasse The
following section presentbe results for the data from the remaining 23 participants.

The analysisshows a significant difference betweeautomationlevels (F(1,22) =
41.8, p < 0.01), revealing that drivesigse glancing at the roadway less freqtign
duringL3 (Figure 4. The analysis also sh@a significant main effect of the type of
nondriving relatedtask (F(2,44) = 268.6, p < 0.0Bonferroni corected psthoc
comparisons corroborate the assumptioat driver$ gazeis away from the road
muchmore frequently during th@sualtmanual task conditiom L3 in comparison to

no activity (mean of difference = 0.34(22) = 14.9, p < 0.01) Importanty ,

driversbo

gazeis also offroad more frequently during thiésualtmanual task condition during
L2 (mean of difference = 0.3622) = 18.9, p < 0.01)The comparison of PRCs in the
visuatmanual condition betweeln3 andL2 shows a small (mean of differeas =

0.092) but significant difference (t(22) = 4.2, p < 0.01).
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Figure 4. Percentage road cert(PRC) distributions.

Seltassessment of workload

For this analysis the data from one participant, who only partially completed all DALI

questionnaires was removdd.generalt he par ti ci pamthedoverr ati ngs range
end of the DALI scaleSignificant differences inselfassessed workloaatre found

between automation levels (F(1,30) = 7.82 0.05) as well as betwetasks(F(2,60)

= 11.15 p < 0.0]). Posthoc tests showhat workload is considered higher in the

visuatmanual task condition compartmithe noneconditionacross both automation

condtions (t(30) = [-4.50:2.65], all p < 0.05).In addition, this conditioris rated

significantly lower in workload duringg3 automation (t(30) = 4,gp< 0.01).

Individual DALLI factor results are shown Figure 6 Apart from anoverallmuting

effect on all DALl factors dr i v e r s &3irparticplar sheweasrediction of

the stress factor, which in this automation condition seems to result in even lower
stress ratings as thenecondition Note thatthe tactile factor was omitted in the
present experiment.
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DALI Score

Figure 5 Subjective workload assessment results (DALI questionnaire score).
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Discussion

The present study investigatelifferences inprofessional trucldrivers behavour
between level 2L(2) and level 3I(3) automated driving. Even though driveeseived
explicit instructions regarding their core, drivinglated task, namely system
supervision in.2 and reaction to takever requests ih3, and despite eXigit requests
by the experimenter to prioriéshis task, drivers showed marked lapsesanitoring
performance during2 i in particularly when they were engaged in a vismanual
nondriving relatedactivity. For example, only two of the 31 driver®reectly
responded to all three P\{peripheral vigilance taskrompts that were presentasl

a proxy for a silenautomationfailure during theL2 condition when they were also
engaged in the visuahanual quiz task.

Failures to respond to PVT prompis., takeover requestsyvere also observed in

L3 driving, albeit ata much smaller frequency. In interpreting th8 response
proportions, it musbe noted that the system did not escalate the PVT prompt using
e.g., additional or louder warning tones when drivéasdt respond, as would be the
case and easily feasible in a more comprehensive automation HMI (e.g., Llaneras et
al,, 2017).

PVT targetswere solely presented visually in th2 condition, requiring participants
to adaptheir visual scanning behavioun this condition, participants should have
prioritised the monitoring taskin comparison to the L3 conditioAlthough the
comparisorof on-road glance distributions showéthat drivers were looking at the
road more frequently during L2, the differencegtance proportions in L@asvery
small andcomparativelylow (ca. 30 % on averagpe This was the case despite
participants noting the €ferential demands of bothutomationconditions as per the
DALI questionnaire, where the visual task received lowarkioad ratings during L3
in comparison to L2.

Together, these findings highlight the fact that drivers seem to have difficulties in

prioritizing their monitoring activity andondriving relatedask adequatelly despite

clear instructions by the experimter regarding the expected prioriti€easons for

this maybefound in a lack ofmotivation regarding the primary monitoring tasikce

the study was conducted indaiving simulator and not in a real vehichéet, studies

in realvehicles(e.g., Omae edl., 2005) and recent incidenits real traffic withL2

vehicles( e. g. , NTSB, 2016) S ugge betsimitatya t driversbé prio
misguided. Granted, he latter resultsand incidentswere observedfor non

professional drivers and it stands to reasdmetiver professional drivers exhibit

similar behaviour in a real héle.

Insteadoff act or s t hat moptwatidnaude o the simuthtori settimg, wed

suggest that the present results may be partially e
awarenes regarding their monitoring behaviour when performing a partigula

engagingnondriving relatedactivity. For example, time perception is known to be

malleable by task characteristics (e.g., Hartefla®@ 7 9) , potentially skewing subj e
perception bthe time spent with one or the other task in a-dask scenao.
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Secondly, drivers may exhibdén incompleteunderstanding of what constitutes
necessary monitoring performance, e.g., unrealistic beliefs about failure frequencies
or detection ability.Such intuitions arehard to gather from instructions but are
typicdly acquired through interactive experience and in particularly consequences of
0 n eadtion or inaction. In the preseexperimentconsequences (e.g., crashes) of
failing to monitor propdy were not presentepurposely for other reasons, but it is
alsoexpected that an absence of performance feedback regarding the monitoring task
is realistic. Bchnical advancementsll gradually decreaskilure rates of automated
systemsln a well-working L2 vehicle opportunities for a reinforcement of proper
monitaring behaviouwill thus becomearer.ldeally, such reinforcement is provided

in terms of positive reinforcement, e.g. a system failure that is compensated for by a
successful interventidoy the driverWith decreasing failure rates, however, potential
failures mayunfortunatelyeven lead tamore fatal outcomesbecause driverare
encountering them unprepared.

Unfortunately, past research has shdhat drivers are more likely to takup non-

driving related activities while driving (monitoring) an automated vehicle,

presumably simplya combat boredom (e.g., Omae et 2005 see also review by

Cunningham & Regar2017) Taken together, these observations may be of relevance

for the designes of automated vehicles anéhicle HMIs.For example, designers

may strive toimplement invehicle systems that offand encourage saf®n-driving

relatedactivities (i.e, auditoryverbal activities) or that facilitate transforming unsafe

activities nto safe activitiesfor exanple, by offering servicestointegtae a dr i ver 6s
mobile devices nt o t he vehicl ebsbyipabtanhg®eatdeybstem (e. g.
NHTSA, 2013. Another possibility is the introduction of dime driver monitoring

and waning systemsd.g.,Llanera et al, 2017). These systems could for example be

empl oyed t o rai se dr i v e rnofitoring Wdies eande s s concerning
appropriateness of theglance behaviourSuch approaches may be of particular

relevance in vehickethat offer multiple autontian levels (i.e.L2 andL3), to assist

drivers in adapting to the respective automation requirements.
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Driving with an L3 T motorway chauffeur:
How do drivers use their driving time?

Johanna Worl&k Barbara Metz
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Germany

Abstract

Advances in the technology of automati@/ing (AD) raises the question how AD
might change driving in eneral. Especially the optidior users to rgage in other
activities is seen as a major benefit. The aim of the presented study was to investigate
which nondriving related activities (NDRAsdrivers want to engage in during
conditionally automated driving and what proportion of the driving tiney gpend

on these activitiedn a driving simulator study, N=3drivers usd an L3-motorway
chauffeur duringsix driving sessions which togiaceat six different daysDrivers

were free to bring whatever they want to engage in during the drives asd theu

AD function as they likedHandl i ng of thet atystaemd driverséo
engagement with setthosen side tasks was continuously aateat by the
experimenter for all drives. After every drive, evaluation and acceptance of the system
was assesed with a questionnair®rivers spend an average of 80% of the time the

AD function was active on NDRALnNly when they were fatigued this number
decreasedThe time spend on activities that involved both hands increased over the
drives. By far the mogpopular activitywas smartphone us&he relevance of the

study findings is interpreted with regard to safety and societal benefits.

Introduction

Automated driving is expected toeld benefitssuch as an increased trageimfort

and a more productivase of traveltime. When reaching the level of conditional
automation, i.e. level 3 according to the SAE classificaf®hE, 20B), drivers will

not be required to monitor the systeand are allowed to engage in secondary
activities. Users want to spend the time travelling in an automated vehicle for activities
such as private communication, route information, eating and drirgaertainment,
work, wellness and sle€pungs etl., 2016) The engagement in such sigetivities

or secondary activities is widely investigated in human factors research in terms of
ther distractive potential or the ability to take over the driving task when being
engaged inside asks. Tohiesdo fonfew hre driver in highly automat e
subjed to investigation in many research projects.

The work presented here is part of the research project L3Pilot
(https://www.|3pilot.el). Two assessment areastire L3Pilot projectare potential
safey impactsas well as soci@conomic impacts of automatedving. For both of

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-JPetiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and ErgdosSociety Enope Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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these impact areasir i ver s6 engagement in secondary tasks i s
distraction due to side activities can cause drivers to react slower towakeequests

and thus povoke safetycritical situations. On a socieconomic ével, when using a

highly automated driving system, travel time could be used for work or otherwise

being productive and thus create a societal profit. For both evaluation irisas

important to kew what kind of activities drivers engage in and for Hong they

execute the activities.

The distractive potential of side tasks

The ability of drivers to respond to a ta&eer request (TOR) highly depends on the
driver statébefore the TOR. fie driver might, for instance, be fatigued or distracted
and thus not immediately be ready to take over.

The German consortium researploject KGHAF i nvestigated driversdé abilit
takeover control from automated driving when being engaged in different non

driving related tasks (NDRTsRefeleinet al.(2017)showed that the type 6iDRT

has an impact on takaver times and the subjective criticality of takeer situations.

For highly motivating tasks sucls playing Tetris® tak@ver times wer@rolonged

In a Wizardof-Oz driving study simulating a SAE level 3 vehideivers exgrienced
take-over situations when being engaged in natural NDRIBsIjoks et al2019) The

tasks were chosen such that differemrkload areas were addressed: Drivers were
listening to an audio book (auditory workload), executed a search task wheradhey h
to turn around andeach for a bag at the central console (motoric workload), read a
magazine (motoric, visual and cognitiverkload) and played Tetris® on a tablet
(motoric, visual and cognitive workload). Takeger times were longest in the search
task and the reading task and the takers were subjectively evaluatedo@sngmore
critical by the drivers. The authors condtu that tasks that involve a motoric
component and tasks that require the driver to turn away from the driving scene
require lomger takeover times.

In a metaanalysis of 129 studies with SAE level 2 or higizdrang et al(2019)found
sidetasks which involve hantdeld devices as well as vistralbotor tasks toricrease
reaction times to a TOR by 33secondsand 0.2%econds When drivers had their
eyes closed before the TOR, reaction times were increased bsetdrtils

Monotonous NDRTs c aaver perfgonzacce suchithatdreverssgét t a k e
fatigued by the tasks and react slower to a TdDR to their fatiguéJarosch et al.

2019) On the ther hangan activating task can have a positive impact in that respect
compared to executing no sithssk(Vogelpohl et al.2018)

It can thus be concluded that NDRTs can have a negative impaekenver
performance especially when drivers engage in motoric side tasks. On thieaottier
the engagement in side tasks can keep the driverasedivand prevent them from
becoming fatigued.
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The useof travel timein automated driving

The use of travdime is also of interest in terms of productivity. While drivers are not
occupied by executing the driving task, they have time for other agsiVikie e.g. in
public transportationln a survey on rail commuterseading for leisure, window
gazing andpeople watching, text messages and phone calls, working, studying,
listening to music and checking emails were among the pogatlar activities diing

the rail trave(Lyons et al2013) This might be transferable to the automated driving
context, becauselike in publc transportation the driver is rather a passenger.

In an internesurvey 5000 respondents from 109 coues were asked what
secondary activity they would be willing to engage in while using a highly automated
driving system. Most frequently choseniops were listening to the radio, interacting
with other passengers, observing, eating, phoning and m@lirgakidis et al2015)

It should be noted that many of these activities are executed in manual driving as well.
It was also found that, not surprisingly, the higher theraation level, the more
drivers would be willing to engage side activities.

Another survey yielded simitaresults. 1500 respondents from the USA, Japan and

Germany stated private communication, route information, eating and drinking,

online informationsearch, passive entertainment , shopping, organization, work and

wellness i that order) as the main adties theywould execute if their vehicle would

operate in level 3 automated mo@@ungs et al.,, 2016)in a follow-up survey

respondents stated fisl eeping liowedbyel axingdo as the m
fiworking and being productiveo, feating and drinki ng
wel |l ness (Betkbrefal., 2018 s s o

A variety of side activities can be expected from drivers during automated driving.
The aim of thisstudy was to investigate what activities drivers engage in during an
automated drive and whptoportion of their travel time they use for side activities.

Method

N = 31 participants (mean age = 37, sd = 11.75) completed 6 drives in-tdeiifly
driving simulator(see Figure 1)The simulator runs with the simulation software
Silab® (WIVW GmbH,Veitshéchheim, GermanyJhe participants always drove on

a simulatedhighway and hadralL3 motorway chauffeu(L3MC) available In all
drives, drivers were fre® use thed.3MC as they likedmeaninghey could activate
and deactivaté and engage iINDRTSs as they wishe@hey were instructed that they
coulduse the function abey likebut that they need to be able to take back control if
requested by the sysh. For the descriptioof the system and the responsibility of
the driver the wording of theGer man Road Transport Law on t he dr
responsibility when using an L3 automated driving systBMJV, 2017)was used

in the instruction.

Throughout all driveghe experimentezontinuously coded via a tablet application if

the driver was engaged in secondary tasks. The coding on the tablet was saved
synchronized with lte rest ofthe data in onelata log Furthermore, subjective
evaluation of the motorway chauffeur as welldaivers opinion on potential NDRs
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was assessed with questionnaire developed withL3Pilot (seeMetz, Résener,
Louw, Aittoniemi, Bjorvatn, Wérle et al. iprep).

Figure 1: High-fidelity motiorbase driving simulator from the outside (left) drmim the
inside (right)

Tested function

TheL3MCwasi mpl ement ed according to L3Rilet iaveraged functi
projectin the onroad driving testsThe system had speedange of O 130km/h. It
adoptedhe driven speed tihe surrounding traffic as well as to speed limits along the
road. The upper limivf the supported speed range i89km/h. This means that on
sections with no speed limit, tleystemkepta speed of 13Bm/h. The system was
able toexecute lane changes automaticaltyl as a consequence was able to overtake
slower vehicles System limits wereexits from and entrances to motorways,
construction sites, sections with bad or misdemge markings antieavy rain. If a
system limit was rezhed, the system issued TOR with a takever time of 15
secondgfor a reference se@riffon, Sauvaget, Geronimi, Bolovinou, & Brouwer,
2019.

Experimental procedure

Drivers werenvited to partigpate in a study on lorgerm effects o&nL3MC on user
behaviour The study consistedf six driving sessionsk-or an overview see Table 1.

Before every session, drivers were asked to bring with them any items they would
plan to use during an automatedldr(e.g. smartphone, newspaper). Atlleginning

of the F'session, they were informed about the study and gave their informed consent.
Then, they completed an extensive -grive questionnaire (L3Pilot pre
questionnaire). After that, every driver comigd an introductory drive where they
learned the system handling and where they experienced the behaviour of the vehicle
at a TOR. Then, drivers completed their firstrBute drive with the system. After

the drive they filled in an extensive pagive questionnaire (L3Pilot posirive
guestionaire).

The following sessions all started with a short version of thepestionnaire. Then
the drivers completed their test drivesuridg the six sessions, driving situations and
environment differed with regd to traffic density (e.g. with and witlt traffic jam),
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frequency and reasons for TORs and length and reason of sections outside ODD (e.g.
construction site, highway intersection, heavy raftijer the drives, a short version

of the postdrive questionaire was filled in. Only in the'ses#on after the test drive,

all drivers completed the full version of the pdsive questionnaire. Then they were
compensated for their participation.

Tablel: Overview of study procedure

Session Procedure
1 Full pre-drive questionnaire
Introductory drive
35 minuteddrive on motorway
Full postdrive questionnaire

2 35mi nut e smmotdrivay v ¢
Short postdrive questionnaire

3 1,5h o u drige®n motorway
Short posdrive questionnaire

4 35mi n u trivee srdmotdrway
Short posdrive questionnaire

5 1,5h o u drige®n motorway
Short postdrive questionnaire

6 35mi nut e smmotrvay v ¢
Full postdrive questionnaire

In all drives, the participants were instructed to use the systémeyasvould usét in

their real life. They were free to activate or deactivate the syesteinto attend to self
chosen NDRTsThe 39and the % drive differed from the other 4 driggbecause they
were longer and more monotonoiBiring one of the two dves the drives were
sleep deprived, meaning thaettirive started at 8&m and driverfiad been instructed

to sleep a maximum of 4 hours the night before the dfihe order of thoséwo
drives washbalanced across driverfo avoidthat effects of drivestate areningled

with effects of repeatedusage, the session without sleep deprivation is always
presentedis 3% session and the session with sleep deprivatiofi' aggsion.

Analysed parameters

During all sessions a variety of parameters were logged, includinganresre data,

data from the driving simulator, eye tracking data and information coded by the
experimenter. It was coded whethmrticipantswere engaged in NDRTSs, whether
the NDRT actively involvedthe d r i vharrd€{reanual distractione.g. through
browsing on a smartphone, holding food) and whethimersclosed their eyes for a
longer time From thiscodeddata, the proportion of time with actit&@MC spent on
NDRTSs, spent on NRTs with active involvement of the hands and spent with closed
eyes wee analysed. Furthermore, it was coded witygies of NDRTs weractually
executedduring the drives.
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Before the first sessigdrivers rated how frequdgitthey engage with various NOR
in manual driving. After the sixth sessijotiney rated how frequelyt they would
engage in various NDRTSs if they would be driving witBMC. After eachsession,
they filled in a short questionnaire assegstheir evaluation of the L3MC. For
statisticaltesting, ANOVAS with awithin-subject design were calculated

Results

Already during the first drive with.3MC drivers spent about 70% of time withe
systemactive on vaous NDRTs. There was a largariability between N=2irivers
who did na engage in any NDR@t all and N=8who spentmore than 90% othe
driving time a1 NDRTSs. In the following sessiong]! drivers used at least 10% of
driving time for NDRTSs or closing the eyem average about 80% of tim&asspent

on NDRTSs or closed eye3here was significant effect of session on the proportion
of time spent on NBTs (F(5,145)=5.3386, p=.00016) which waaused by a drop

in session % drive with sleep deprivationfrom about 80% of time to 60%. The drop
wenthand in hand with an inease of drivingime with closed eyes from 0% in drives
thatwerenot monotonouso 27% on average during the drive with sleep deprivation.
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Figure 2: Proportion of time driving with activated L3 ADF that was spent on NDRfes.
graph shows means and 958terval of confidentiality.

A more detailed argsis showed a change in the type of NDRT with repeated usage:

there was a significant rise of time gp@n tasks that actively involved the hands

(F(5, 145)=4.4653, p=.00082) from 30% of driving in the first session to 60% of time

in the sixth sessiorhe increas®f time spent on NDRTSs involving the hands was

reflected in the answers given to the questin ai re i tem A | would use the ti
system was active to do other activities. o Already
strong agreement with thetatenent and greement significantly rose further in the

following sessionsgee figure 3F(5, 125)%.0505, p=.00030).
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strongly agree
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Figure3: Subj ective agreement with the statement A | would u:

activetodoo t h er a @he graph shows means and 98%erval of confidentiality.
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Figure 4: Proportion of time spent on different NDRTs during the time driving with L3ADF
active.The graph shows median, 2a#til 80% intervaland outliers.

Analysis of the types of NDRTSs actually done showed that drivers mostly attended to
their smartphones with on average 60% of driving time over all drivers and sessions.
The next frequent type of NDRT was reading (this included papers, magaagooks

and e-readers). This type of NDRT was done less often but if it occurred, drivers
sometimes spent more or less the whole drive reading. The same was the case for
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doing paper works and listening e.g. to music over headphones. N=5 out of 31 drivers
attended to @per work during at least one drive. The rest of the sample never used
their driving time in the experimental sessions for work related tasks.

Figure 5shows that in the questionnaire the order of various NDTRs based on their
rated frequencyemainedn large partshe same between manual driving and assumed
driving the L3MC. Drivers woud attend most frequently to auditory tasks like
listening to music or audiobooks followed by interaction with a passenger. The biggest
difference between maaldriving andpotential driving with L3AC occurred for all
NDRTSs related to a smartphone (calling, texting, apps, internet, social media). Drivers
expected that they would attend to those NDRTs way more frequently if theélgehad
systemavailable The frequency of doig no NDRTs was expected to be lower with
L3MC. NDRTSs related to work were expected to be done on average every now and
then.N=1 driver stated thdte/ she would do work tasks very frequently, 30% stated
that they would work frequently and@ther 30% akeast every now and then.

very frequently | . # manual driving
° ¢ with L3MC after session 6
frequently 'y 'y

every now & then
infrequently

very infrequently

never

Navigation
None
Calling
Texting
Social Media
Smoking
Sleeping

Music, radio, audiobooks
Interact with a passenger
Eating or drinking

Smart phone apps
Browsing the internet
Office/work tasks
Watching movies

Personal hygiene/Cosmetics

Figure 5. Subjective evaluation of the frequency with which various NDRTs are done during
manual driving and would be done while driving tHEMC.

Discussion

Subjective ratings as weds actually measured driver behaviour show an increase of
willingness to engagie NDRTSs with repeated usage of the@MC. It has to be noted
however thatboth subjective as well adbjective measures started from an already
high level in the first sessin and raised up to 80% of driving time spent on NDRTs
during the following sessns.The main variation in how drivers spehéetr time with

L3MC active can be explained by theani pul at i on WHen beingi ver s o

state.
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fatigued drivers use less tim® engage actively iNDTRs, instead they choose to
close their eyes and use thediin the vehicle to relax and restevento sleep

It needs to be noted that in the instruction given to the drivers it was emphasized that
they need to be ready to takentl back if requird by the L3MC in case of a TOR

and that drivers experience@rious TORs during all sessions. Nevertheless, they
decided to use the driving time for resting when being tired. 50% of the sample stated
that they would nevesleep when dving with the systembut the other half of the
samplecan imagine taleep at least sometimd®9% would evesleepvery frequently

when driving with the systerthis result supports the worry that drivers migtisuse

L3 systems talozeor sleep althoug this is clearly outside the allowed usagé &f
systens.

The two most frequent NDRTSs in manual driving and also duripgtmgtical driving

with L3MC could not systematically be studied withthe presented experiment:
neither was a radio or music systawnilable in the simulator nor was a passenger
presehduring the sessiondlevertheless, since these two tasks are probably the two
most common side tasks in manual driving, there is no reasdaubt that drivers
would attend to therwhile driving with an LAMC. Conpared to manual driving, all
NDRTSs related to a smartphone are rated@ing much more frequenhen driving

with an L3 systemThe ranking of pantial NDRTs from the questionneg is in line

with what is known from the literature. For iagteKyriakidis et al. (2015Yeport

that listening to music, interaction with passenger and eating and drinking were listed
as the most likely side tasks in highly automated driving.

This result from the questionnaires ipported by objective data: smartphone usage
was the most freqant NDRT in the study. Also quite frequently drivesed the time

in the vehicleto read (a task not included in the questionna8}teen perceruf the
sample usedhe driving time with the function activefor work related tasks.
Compared to the redslof the questionnaires, it seems that drivers used the driving
time in the experiment less frequently for work than timeggine theywould do in

real life. In the questionnairé total 8% of the sample statedat they would work
while drivingwith the system at least every now and then if not more frequently. This
figure fits the 65% of the samplerho stated in the prstudy questionnaire that they
could do part of their work while treelling. This result is of special interest for
researchers whovaluate the potential benefit of L3 systems for sociétye potential
benefit ofL3 systems is that driving time can be used for new tasksis no longer
occupied with driving The monetar value usedn costbenefits analysefor the
spared driving tira differs between time used for work and time used for leisure.
Based on our results it can be assumed that drivers would use L3 systems to work in
the car but that most of the time would &@ent on leisure acibies like reading,
listening to music ousingthe smartphone
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The Renaissance of Wizard of OgWoOz) i Using the
Wo00Oz methodology to prototype automated vehicles

Klaus Benglet, Kamil Omozik & Andrea Isabell Mulley
Technical University of MunigiChair of Ergonomics?BMW Gioup
Germany

Abstract

The strong increase in momentum behind the development of automated sgstems

leadingto a change in paradigm with regard to the distribution of control in human

machine interaction. Therefore, in the context of automated drivirggnécessario

explore fundamental questions such as the interaction between driver and vehicle.

However, the underlyingutomatediriving functions are still under development and

thus can only be used for studies to a limited extend. From a techainabf view,

the introduction ofautomaed systems results in an increased proportion of

probabilistic components. Due to the resulting “determinedbehaviourof the

automationit is difficult to perform studies in a systematic manner. A suitable odeth

to study the eff e crobabilisicfsysternscale Wizarhd@ze | | i gent 0 p
(Wo0Oz) setips, where a human simulates thehaviourof the system. The results

obtained througWoOz studies are promising, but considering the system behavio

reproducd by the driving wizard researchers apply the method in different ways.

Furthermore, there seems to be a lack of systematics regarding the experimental

procedure, ethics and the gaatee of scientific qualityThis article evaluates and

systematizes puldhed experimental approaches and proposes a specification

|l anguage for the driving wizardds behaviour.

Introduction

The introduction ofautomatedvehiclesis leadingto fundamerdl changes in the
relation between vehiclegsers and other traffic paifi@nts To analysethis change

in relation realautomatedvehicles can only be used to a limited extend, since the
underlying driving functions are still under developmeAt. the ame time,
developers of the technical system need input on human aldlitcesestrictions in
interaction which cannot simply be transferred from other domains like aviation or
process controlGasser et al. (2015) give detailed overview forelevant gestions
related to leveB automated drivingAdditionally, the rise in aubmated driving
functions within the vehicle system leads to an increased proportion of probabilistic
componentsHowever, fom the perspective of human factors reseaechmore
deteministic behaviour of the technical systeine. the automatigris necesary to
evaliate humasmachine interactionsince investigationsould suffer from random
effects in scene interpretation, environmental influences or surrounding traffic
behavour.

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-JPetiot,C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Ergtns Society Europ€hapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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A comparable situation was given in the area of hugwmputer interactiomvhen,

for example, intelligent tutoring systems and speech or gesture recognition were

mature to be introduced but had to be evaluated in a systematic waythidéfézard

of Oz (WoOz) paradigm was applied with great success and enabled research on

humanmachine interaction in pallel to technical developmentWithin the
automotiveresearclcommunity, WoOz vehicles arealsoan established method for

analysing the effectsofii nt el | i gent 0 pr baveanothebnifidlf i ¢ systems that
developed yet, sudhs autmatedvehicles.

Exemplary application of WoOz studies

WoOzstudies are used when complex systems have to be evaluated prior to becoming
available.The systems are simulated ywmans, the soalled wizards(Fraser &
Gilbert, 1991) in a hidden ranner. Ideally, this causes usty believethat they are
interacting with thereal technical syems rather than a simulated one (Bernsen et
al., 1994) John F. Kelley invented the WoOz paradignl975to simulate a not yet
functional speech recognitiosystem (Green & WeHaas,1985) Further studies
have folbwed using the WoOz paradigm to simulate natural languegmgnition
systems, such as Kelley (19&3jnulating a software assistant to support users when
interacting with a digitacalendarprogranme or Gould et al. (1983%imulating a
flisteningtypewrite r Fram the early 1990s on the WoOz paradigm was also used to
prototype multimodal recognition systembslauptmann (1989imulateda graphics
programme that could be used to edit imagesughspeech and gestural input, while
Robbe et al. (1997imulaed a spatial planning programme that cdikdwise be
controlled through speech and gestural input.

In the automotive sectothe WoOz methodologis commonly used to design user
interfaces (Pétrsson & Ju, 2017), such asmulti-modal recognition sysm to
control nondriving related vehicle functions (Stecher et, 2018) However, he
WoOzmethodology can also be used to simulate automated vehicles. In this ease, so
called driving wizardgBaltodano et al2015) simulate the automation by driving
the vehicle hidden from participani@oelingh et al. 2018When simulating natural
languager multi-modal recognition systems, the wizad not sit in the same room
as the participastand thesystem to be simulatggHauptmann, 1989; Stecher et al.,
2018. However, whersimulatingautomated vehicleslriving wizards actas part of
the test tol andarelocated within the test tool (Mdller et al., 20E)owing them to
experienceaheir actionsin the same way as the participant

In 2006 Kiss etl. (2006) developed a WoOz vehicle for the first time to simulate
driver assistance systems irakéraffic conditions.In the same year, Schomerus
etal. (2006) developed the theatsgstem techniquewhich is set in a driving
simulatorand represents a special cade deceptionusedin WoOz studies can
deliberately be lifted so that researchers daectly get in touch with participants
(Schomerus et al. 2006)uelled by the development of the Gsto Driver
methodology(Rothenblicher et al. 2018hd the RRADSehiclesetup(Baltodano et
al.,2015) the WoOz paradigmis currently becoming moraised to simulate
automated vehicles in real traffic
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Commorconstruction forms dfVoOzvehicles

Studiesinvolving vehicle occupantas participantsequirecomplex vehicle seps to

create the illusion o&n automatedehicle. All these setupshave in common that
usually aparticipant, a driving wizard @ahan interaction wizardccupy the vehicle.
The interation wizardtypically also acts as thmvestigator The classification by
Manstetten et al. (2019pes not cover aflublishedNoOz vehicleseups. Therefore,
a moresystematizedpproachs proposedn the following.

W00z vehicle setups used for ocaemp studies can be divided into setups where the
participant is seated in the front row or in the back row. Vehicle setups, where the
participant § seated in the ba¢kee Figurel), are typically used for simulating lev&l
automation(Karjantoet al., D18;Sandhaug Hornecker, 2018Sherryet al., 2013

The driving wizard operates the vehicle by using the serial driver workplace. An
opaque paition obscureshe vehicle controls and the driving wizard. Visibility to the
front of the vehicle for partipants can be realised by mounting a TV displaying a
video of the environmer{Karjantoet al., 2018 or by not covering the area between
the headrests and the vehicle r@®ferryet al., 2013

/I |I| participant
interactionwizard examiner
1
IE:
1
1

DW | driving wizard
i
1
1
1

K
—)
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Figure 1: Common WoOz vehicle setup where participantssaated in the back row

| @8 functionalpedalset
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o functionalsteeringwheel

In case of participants sitting the front row four different WoOz vehibketups could

be identified (see Figur®). These can be divided into setups, where participants can
drive the vehiclgFigure2 bottomrow) and ones wher they cannofFigure2 top

row).

Setups where participants cannot drive the vehicle should béarssddying leveld
or level5 automation sinceRequests to Intervene (Rtiypically cannot be
representedOneof these setupis based on a leftand dive vehicle (see igure2
top lef)). To ensurethe disbeliefthe driving wizard and vehicle contsoare hidden
usinga partition between driving wizard and participant
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O 1]
left-hand drive right-hand drive
OO

) — ] —
O O
Izl participant DW | driving wizard
interaction wizard/ examiner
o functional steering wheel @8 functional pedal set

Q non-functional steering wheel - nonfunctional pedal set

9 retrofitted steering device (sometimes hidden in armrest)

Figure 2. CommonNoOz vehicle setupghere participants are seated in the froatw
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Furthermore, the particifpnationalteerimeaizeel. i s equi pped wit
Baltodancet al. (2015) developed this setup called RRADS (Real Road Autonomous

Driving Simulator). Another setup is based on a Figdwhd drive vehicle (see Figu2e

top right).Theseating position of participantsonthe inmostunt r i es) wusual driverds
side acts as a strong cue, that participants are not only passengers. To intensify this

feeling, the driving wizard and vehicle controls are concealed using aitfeatition

(Wanget al., 2017, a curtainWeinbeeret al., 2017 or a hat with covers on the right

side (Rittger et al., 201). To simulate a leved automationWanget al. (2017)

invented the Marionette systemhere the driving wizardeproduces thexact input

that participants perform using dummy control elemeWsinbeeret al. (2017)

attachedhree displays to the dashboard tiegiresented the highway lartesimulate

an Rtl to which participants had to react using dummy control elements.

In vehicle setups where participants are capable of driving themgblegsre always
provided with the serial vehicle control elements, whereas the driving wizard uses a
retrofitted drivingenvironmentThe driving wizard casit eitherin the front row (se
Figure2 bottom left) or in the backrow (see Fig@rdottom righ). These setups can

be used to sinmate automation level® to 4. Level5 can be simulated with certain
limitations since the serial driving workplace provides a strong cue of needing to
control the vehicle at some point.

A dualfront rowinput can be ralised by providing the driving wizard with another
set of pedals and a hidden steering device integrated into the rightiNtngokset
al., 2019. In thiscasethere is nwisibility barrier to ensure that theehicle is always
either controlled by thdriving wizard or the participant during simulated Rtls. When
using a retrofitted steering wheel as a steering option for drivingrds a visibility
barrieris installedo improve thellusion of an automated vehiclelowever, to ensure
safe transfers of control during Rtithe driving wizardmustbe provided with a
display of the current state of vehicle cont(8portillo et al.,2019. For WoOz
vehicleswhere the driving wizard iseated in the back, a setnanspaent glassthat
allows the driving wizard to view through the windscreeaparates the driving
wizard and the participarfdarosch et al., 2019As a special feature of this vehicle
setup, participants can sit completblythemselves in the front of threhicle (Osz et
al., 2018).

Simulatingautomatediriving behaviour

To simulate automated driving behaviour, the driving wizard must be able to
consistently reproduce an automated driving styte. thisreasonjt is advisable to
define the automatediding style and instruct driving wizards accordingly. The most
obvious instruction for driving wizards is to let them drive similar to tideia of how
automatedehicles will behavéWang et al., 2017Moreover, it is pssible to instruct
driving wizard i n a metaphoric way, e. g. by telling them
professi on a brtolachiewe a dmooth and @onservative driving style
(Baltodano et al2015) Additionally, aqualitative description of thetiended driving
style can be usedPossible parameters to be defined include abeclerahg and
decelerating behavioBaltodano et al2015) the stopping behavio@Ekman et al.,
2019) the distance to surrounding traffEkman et al., 2019}the chdice of lane
(Naujoks et al.2019) the lanechange behaviouiVeinbeeret al., 2018, the choice
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of gear(Ekman et al., 2019s well as the position within a lafiekman et al., 2019)
The most detailed way of instructing driving wizards is to spedifying strategies

of automated vehlesby quantitativeparameter set3hese can refer to the maximum
velocity (Jarosclet al.,2019 Naujoks et al., 20190mozik et al., 2019Weinbeer et

al., 2018, amaximum lateral acceleratioK#rjanto et al., 2018)r permitted ranges

for longitudiral acceleration and decelerati(Bkman et al., 2019)To realize the
predefined driving behaviour, Adaptive Cruise Control (ACC) and Lane Keeping
Assistant can be usdgittger et al., 2017)However one must be aware ahthis
holds the risk of unintentionally simulating a stafehe-art system{Weinbeeret al.,
2018)

Methodology and good practices

Through the presence of a human wizadariety of cognitively demanding tasks,
that have not been implemented e be simulated (Bernsen et al., 19@4realise

novel systems fast and without teatadidevelopment (Kiss et al., 20068he WoOz
methodology allows for a timely user feedback as well as observations in a natural
environment and is cosffficient (Stevens et al., 2009 Compared with existing
automated systems, the WoOz paradigm allowdefss constrained experiments by
using improvisation through the wizard, but also more systematically constrained
experiments by omitting the limitations of an autéedasystem (Osz et al., 2018).
Since the later technical realisation of the system ileantevens et al., 20)%ne
methodological risk is to simulate the technical system in an idealistic way or to insert
human deficits into the simulation of machilike behaviour.Furthermore,the
wizard is in a feedback loop with the surroundingfitagystem.Comparedo other
W00z realizations this is a noveltin general, it seems challenging to ensure the
scientific quality of results achieved using the Wgiazadigm. In this context, Miller

et al. (2019) identified the following main methoddlaj challenges related to
WoOz:

1. Participants must be under the impression that they are interacting with a real
automated vehicle.

2. The simulated automated vehicleush behave as if it were a real automated
vehicle.

3. One driving wizard must be able to reproduce thedafined driving style at
different times.

4. Different driving wizards must be able to reproduce thedafined drivingstyle.

As a result, imen usinghe WoOz methodology, not onhypotheses consideririhe
research questiorigave to be tested, but also considering the comparabilitgsof
drives and the believability of the illusionTherefore, to ensure reliable and
comparable resultsWWoOz requires investigators to record, analyse and report
additional data compared to othresearch paradign{®illmann et al., 2019)These
include the driving dynamics produced by the driving wizard, the speed and location
of surrounding traffic participants, as Wwels the interface output displayed to
participantsinterviewsandvideo recordings are usefid evaluate how participasit
experienced the illusion created through WdMaulsbyet al. 1993)Moreover, not

all kinds of research questions can or shouldm®vered by employing the WoOz
methodology. It should not be used for research questions where an input by the driver
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triggers a system reaction and when an introduction of a specific system in the market
has to be decideth addition takeover situatims always have to be manageable and
therefore cannot be examined in situations with high urgency (Feldhutter et al., 2017).

Need for research

The aut hor s pr oofuringeTesamethddology tber able tdvalidate
different driving wizards reited to the research question under investigation and in
relation to the automation system under development. Furtheraaagonomy is
needed to describe the wizardds driving and decisio
guantitative way. As it seenthallengingto instruct and for the driving wizard to
monitor quantitative values while driving qualitative description seemeasonable

to instruct wizards in a metaphoric way on driving style and strategic behaviour on
the manoeuvring level. A quantitatieke scr i pti on of the wizardbés driving
is necessary to enablajaantitativecomparison between different data s#tene or

more wizards and with the automated system under investigation. It is informative to
compare different data sets usingrage values. However, a more differentiated view

on values gathered before, during and after certain manoeuvres seemededsary.

For this comparisonseveral metrics seem suitable, such as the minirion@ to
collision (TTC_min), the frequency of larchanges, the minimum gap size of a lane
change as well ametrics quantifying theooperation with other road useBesides
objective data regarding thmanoeuvresit also seems necessary to describe the
environment at the time of the manoeuvre. Thisld be traffic density, number of

road lanes and time of day as well as weather and road cond@iomsntly, there is

no criteriaavailableto decide systematicallyetweendata sets produced by different
driving wizards in similar contexts or by thense driving wizard in differing contexts.

This problem is well known from field operational tests and naturalistic driving
studies. Systematic comparison and selection criteria should be checked for a potential
transfer Additionally, it seemsiecessary toomparehe simulated drivingpehaviour
created by driving wizards with that of a real automated vehicle.

Conclusion

TheWoOz paradignwas inventedn 1975 toprototypenatural language recognition
systems. Nowadays it is becoming increasingly mopufao to simulate automated
vehicles orreal roadsTypical WoOz vehicle setups werentified, includingasetup
where participants are seated in the back, setups based-barldfdrive as well as
right-hand drive vehicles ansvo setups wher&oth theparticipant and the driving
wizard candrive the vehicleThe identified strategies to instruct driving wizards can
be divided into metaphoric, qualitative and quantitative instructloastly, strengths
and weaknesses of the WoOz paradigm were discyssssible fields of application
were ewaluatedanda further need for research itnprove the scientific quality of
WoOz studies wadetermined
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Does driving experence matter? Influence of trajectory
behaviour ondriversétrust, acceptance and perceived
safety in automated driving

Patrick Rossne& Angelika C. Bullinger
Chemnitz University of Technology
Germany

Abstract

Currently, trajectory behaviour as one pafrthe driving styleof an automated cas
mostly implemented as a laigentric position However drivers show quite different
preferences, especiallp combinationwith oncoming traffic. A driving simulator
study was conducted to investigateeminglynatural reactivalriving trajectories on

rural roads53 subjects 30 experienced and 23 imeteinced driverdesteda static

and a reactive trajectory behaviour. There were twelve oncoming traffic scenarios
with vehicle variations in type (trucks or sgrquantity (one or two in a row) and
position (with or without lateral offset to the road centre) in balanced order. Results
show that reactive trajectory behaviour leadsigmificanty higheracceptance, tai

and subjectively experienced driving pmrhance among experienced drivers.
Smaller lane width (2.75 m) and oncoming trucks result in lower perceived safety.
Lateral offset to the road centad the number of oncoming vehiclead to lower
safety ratings. Interestingly, for the group ahexperenceddrivers, no significant
differences between the experimental conditiomsld be found. Driving experience
can hence be stated as being linkedrteing stylepreferences in automated driving.
Results help to design an accepted, preferred anduliygtajectory behaviour for
automated vehicles.

State of literature and knowledge

Sensory and algorithmic developments enable an increasing implementation of
automation in the automotive sectErgonomic studies on highutomated driving
constitue essential aspects for a later acceptance and use of highly automated vehicle
(Banks & Stanton, 201 %&lbanhawi et al., 2035In addition to studies on driving task
transfer or oubf-the-loop issues, there is not yet sufficient knowledge on how people
want to be driven in a highly automated vehi¢@asser, 2013Radlmayr &
Bender, 2015; Siebert et al., 20LFirst insights show that preferences regarding the
perception and rating of driving styles are widely spread. Many subjects prefer their
own ora very similar driving style and reject other driving styles that includeery.

high acceleration and deceleration rates or small longitudinal and lateral distances to
other road user@d-estner, 2016Griesche& Nicolay,2016). Studies show that swift,
anticipatory, safe andseemingly natural driving styles are prioritized
(Bellemetal.,2016;Hartwich et al., 2015)n existing literature, trajectory behaviour

as one part of the driving style is mostly implemented as adangic position of the

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-.JPetiof C. Dumas, A. Botzer, L. Onnasch, .
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguos Society Europe Chapte
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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vehicle in the lane. From a technical point of view this is a justifiable anddbg
conclusion, but drivers show quite different preferences, especially in curves and in
case of oncoming traffi(Bellem et al., 2017; Lex et al., 2017n manual driving,
subjects cut left and right curves and react on oncoming traffic by moving tagtnt
edge of the | ane. When meeting heavy traffic, subj «
(Dijksterhuis et al., 2012;Mecheri et al., 2017 Schlag & Voigt, 2015 The
implementsion of this behaviour into an automated driving style includes high
potentialto improve the driving experience in an automated Pegvious stutes
(Rossner & Bullinger, 2018Rossner & Bullinger2019 with experienced drivers
showed tendencies to highperceived safety, significapthigher driving comfort
and driving joy as well as preferensdor a seeminglynatural reactive trajectory
behaviour basedn manual drivingType of the oncoming traffic as well as lane width
hadan influence on perceivesdfety. A small lane width and coming trucks resud

in lower perceived safety. Theveasan effect of quantity and position of oncoming
traffic, too. Vehicles with a latat offset to the road centredéo lower safety ratings
as well as more apprdaiog vehiclesHowever, the quegin of driving experiende s
influencehas not yet been explored. To gain insightthe importance oflriving
experience, amxperiment has beeset up parallel to previous research, tuith
inexperiencedlrivers who haveot yet developed andividual driving style.Results
arecompard betweenthe different user groups and an outlook on furtdiadiesis
provided

Method and variables

The aim of the study was to investigagemingly naturaleactive driving trajectries

on rural roads in an oncomgn t r af f i c scenari o t o better under st
preferences regarding driving styles. A fixedsed driving simulatoF{g. 1) with an
adjustable automated driving function was used to conduct a veitiiject design
expeaiment.53 subjects 30 experienced and 23 inexpereinced drivieiteda static

and a reactive trajectory behaviour on the most comfane widths in Germany:
2.75m and 3.00 m. This resulted in four experimental conditions that were presented
in randomzed order to mininZe potential systematic biasesll subjects of the
experienced group were at least 25 years old and had a minimum driving experience
of 2.000 km last year and 10.000 km over the last five years. The inexperienced drivers
had no to a fewaours driving expeence (see Table 1 for details). The static trajectory
behaviour kept the car in the centre of the lane throughout the whole experiment
whereas the reactive trajectory behaviour moved to the right edge of the lane when
meeting oncomingyaffic.

N

!

Figure 1. Driving simulator with instructor centre (left) and an exemplary subject (right)
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static trajectory reactive trajectory

truck

vehicle with
lateral offset

vehicle without
lateral offset

Figure 2.Variations of oncorimg traffic, resultant lateral distances to the egehicle on two
different lane widthandin two different trajeatry behavior mocels

There were twelve oncoming traffic scenarios that varied in type (trucks and cars),
quantity (one or two in a row) and position (cars in the middle of the oncoming lane
and cars with lateral offset to the road centre) in balanced ordeeFig. 2. The
participants were required to observe the driving as a passenger of an automated car.
During the drive subjectsd main feedback tool was
measure perceived safety as showRign 3 This tool provides informain about the
ocaurrence of safety concerns in each location of the track and could be recorded in
sync with video, ey#racking, physiological or driving daf@artwich et al., 2015)

After each experimental condition subjects filled in questionnairesrdeg
acceptancg¢Van der Laan et al., 1997)rust in automatiorfJian et al., 2000and
subjectively experienced driving performan@fof3 & Schwalm, 2017gand were
interviewed at the end of the study.

Figure 3. Handset control (left)ra visual fedback (right)to measure perceived safety while
driving highly automated. Higher values indicate higher perceived safety.



76 Rossner & Bullingr

Tablel. Subjects characteristics

Number Age Dr i vercéhlolddgi Mileage last five years
[years] [km]
M SD M SD M SD
Experienced drivers
female 12 298 7.9 10.6 4.2 40,083 32,745
male 18 309 6.8 11.9 6.1 68,333 43,661
total 30 30.4 7.1 11.3 5.3 54,208 41,501
Inexperienced drivers
female 14 16.8 0.4 / / / /
male 9 16.9 0.3 / / / /
total 23 168 04 / / / /

Results

Ratings ofacceptance, trust and subjectively experienced driving perfornvesree
compared performing twéactor ANOVAs with repeated measurements including
lane width and trajectory behaviour. Fig. 4 shows the mean values of the dependent
variablesfor all four drives, wherea3able 2 decribes the overall and interaction
effectsof the two independent variables

Acceptance

Within-subject tests show no difference thie usefulness scaléu significantly

lower satisfactiomatings for the staticaéjectay behaviour, F(1, 29) = 8.038, p =.008
hg?=.217 andfor the 2.75 madnre condition,F(1, 29) = 5193 p = .®B0, hp?2=.152,

for experienced driversAs seen in Figure 4, subjects tend to differentiate more
between trajectory behaviours on the 2.75 m lane condioninteraction effect
betwesn lane width and trajectory behawr is found (Table 2). No significant
differences between the experimental conditions are found for inexperienced drivers.

Trust

Within-subject tests show significdpntlower trust ratings for the 2.75 mahe
condition,F(1, 29) = 12103 p = .M2, hy?=.294, and the static trajectory behaviour

F(1, 29) = 10687, p = .M3, hp?=.267, for experienced driverAs seen in Figure 4,
subjects tend to differentiate more between trajectory behaviours on the 2.75 m lane
condiion. No interaction effect beteen lane width and trajeciobehaviour is found
(Table 2). No significant differences between the experimental conditions are found
for inexperienced drivers.
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Usefulnesscale(acceptancedatingfrom -2 to +2

- - e .

NF,OFLDN

2.75m 3.00m 2.75m 3.00m

Satisfactiorscale(acceptancejatingfrom -2 to +2

2
1 T
0 == [ B
-1
-2
2.75m 3.00m 2.75m 3.00m
Trust in automation rating from 0 to 7
7
6
5 - I I T
4
3
2
1

2.75m 3.00 m 2.75m 3.00m

Subjectively experienced driving performance from 0 to 100

100
I I

80 o =
60
40
20
0

2.75m 3.00m 2.75m 3.00 m

B sic reactive

Figure 4.Mean values of acceptan@gsefulness and satisfactiomjust and SEDP
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Subjectively Experienced Driving Behavid&EDP)

Within-subject tests show significdytlower SEDPratings for the 2.75 mahe
condition F(1, 29) = 12.537p = .001, h,?=.302,and the static trajectory behavipur
F(1, 29) = 7483 p = .AlL1, hy?>=.205, for experienced driverés seen in Figure 4,
subjects differentiate between all four experimental conditidosinteraction effect
between lane width and temtory behaviour iound (Table 2).No significant
differences between the experimental conditions are fouriddgperienced drivers

Table2. Results of twdactor ANOVASSs with repeated measurements including lane width
and trajectory beahaviour

Dep.variables Indepenént variables F p dp?
Experienced driver
Trajectory behaviour 3.399 .075 .105
?;fg:'”tzf]i;)ca'e Lane width 2757 108 087
P Trajectory behaviour x lane width 454 506 .015
. . Trajectory behaviour 8.038 .008 .217
?;é'cséaﬁfgggeﬁca'e Lane width 5193 .030 .152
P Trajectory behaviour jane width 2.187 .150 .070
Trajectory behaviour 10.419 .003 .264
trust Lane width 11.843 .002 .290
Trajectory behaviour x lane width 2205 .148 .071
Trajectory behaviour 7.700 .010 .210
SEDP Lane width 13.04 .001 .310
Trajectory x lane width 113 .739 .004
Inexperienced drivers

Trajectory behaviour .627 437 .028
usefulness scale Lane width 1.980 .173 .083
Trajectory behaviour x lane width 071 792  .003
Trajectory behaviour .207 .653  .009
satisfaction scale Lane width .357 556 .016
Trajectory behviour x lane width .842 369  .037
Trajectory behaviour 2461 131 .101
trust Lane width .080 779 .004
Trajectory behaviour x lane width .626 437 .028
Trajectorybehaviour 199 .660 .009
SEDP Lane width 778 .387 .034
Trajectory x lane width 3.458 .076 .136
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Handset control results

For a detailed analysis, the handset control data was reversed and cumulated for all
subjects to identify clusters that represent low perceived safety. FegpBrienced
drivers) and Fig. ginexperienced drivejgive anoverviewof the whole test route

with its different types of oncoming traffic and show highlights for the absence of
high perceived safety hereafter stated as perceived safety concerns.

The graphs show the static and tkeactive trajectory behaviour in comparison on
2.75 m (upper sé¢ion) and 3.00 m (bottom section) lane width edldire maximum

of perceived safety concerizs300 (10 as maximum per subject x 30 subjects) for the
group of experienced drivers and 230 (1B for the group of inexperienced drivers.

For example, a data point of 80 can arise of 10 participants feeling complete unsafe
or 20 people experiencingid perceived safety.

Remarkably, the data for the inexperienced drivers shows no tendevdies
looking at the distribution of the descriptive d&ba experienced driversseveral
tendencies of perceived safety concerns are able to be observecktbanfarm to

the questionnaire results. Wider lanes and reactive trajectory behaviour lead to higher
perceived safety. The feedback of the handset control set allows a more detailed and
situationspecific analysis. Position, type and quantity of oncomiaffi¢ do also

have an influence on perceived safety (assumption based on descriptive data,
inferencestatistical evaluation in progress)

1. More approaching vehicles lead to higher perceived safety concerns.

2. Oncoming traffic with lateral offset to the roadntre leads to more perceived
safety concerns than lawgentric oncoming traffic.

3. Heavy traffic (eg. trucks in this experiment) lead to higher perceived safety
concerns. Further analysis is going to include correlations between perceived
safety concernand number, type and positon of oncoming traffic as well as cross
lane width evaluations.
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Conclusion and outlook

The aim of the study was to investigaeemingly natural reactiva@riving
trajectories on rural roads in an oncoming traffic scenario to better understand
peo p | e 6 &ncegs regafdimg drivinstylesThe use of manual
as basis for implementing highly automated driviragectories showed high
potential to increase perceived safdgliem et al., 2017; Lex et al., 2017
Rossne& Bullinger,2018; Rossner & Bullinger, 2@). Data from the experienced
drivers revealed significantly higher acceptamay satisfaction sda), trust and
SEDP for the reactive trajectoye also identified traffic density, lateral position
and type of oncoming vehicles as factors that infbeeperceived safety during
automated driving. In order to better understand the impact of these=diffe

aspects, further inference statistical and correlation analysis should be conducted.

Based on the results so far, it is concluded that factors wiiicience perceived
safety in manual drivingLex etal., 2017;Dijksterhuiset al., 2012Mecherietal.,
2017; Schlag Voigt, 2015)are also factors influencing perceived safety during
highly automated driving. As drivers cannot react to oncoming trayfishifting to

driver sbo

the right edge of the lane, the automated vehicle has to do so to increase perceived

safety and driving comfort of the passenger. Therefore, it seems most relevant to

investigate manual trajectory behaviour in more detail to implement besetive
trajectories that include less negative side effects and lead to a better driving
experiere. For the inexperienced drivers, no effects for trajectory behaviour and
lane width were found. A possible explanation is obviously the absence ofydrivin
experience which leads to the absence of a personal driving style. Without this

personal driving sie, preferences as a baseline against which the automated driving

style can be compared, are missiAdditionally, witout driving experience critical
driving situations can rather not Hestinguishedrom uncritical driving situations.
Itis also possile that there exists more trust in automation within the group of
inexperienced drivers. Another influencing factor might begiinestionnairs that

were developed to analyse the behaviour, attitude and perception of experienced and

therefore older driversn sum, it can be concluded that the results provide an
interesting outlook for the future when people may grow up with much more
automation and désing driving styles will follow other paradigms than today. For
the near future and thus for a set of en@nced drivers, it is important to note that a
positive driving experience has the potential to improve the acceptance of highly
automated vehiclegiSiebert et al., 2013 artwich et al., 2015and therefore has
both ergonomic and economic benefits.
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Abstract

Discomfort and wetbeing of the driver and/or the passengers during automated
driving as well as their acceptance and trust in the automation system are important
criteria considering the usage of automatedidgiwehicles. Thereby, the driving
behaviourof the automated vehicle plays an important role. For this contribution, we
implemented three drivingtyles which differ only regarding the tactical driving
behaviouon the maneuvte level. Trajectory planning and control was identical. One
driving style contained only lane following on the right lane without lane changes.
The aher two driving styles varied according to their lane change dedisioaviour

To evaluate the aforemeatied criteria of the dving styles, a driving study @81)

was conducted in real traffic on a highway with a test vehicle in which vehicle
guidancewas performed by an automation system. The results reveal that the well
being of the drivers is not influead by the driving style. On the contrary, trust and
acceptance are influenced by the driving style. Overall, 97% of the participants would
prefer adriving style including lane change nweuwes. However, 61% had the
highest feeling of safety while drivipwithout lane changes.

Introduction

Besides technical and legal questionamarcomputer interaction igonsidered
essential for the developmenf automated driving functions oall levels of
automatiorwhich have been defined in the taxonomy foloaudted driving systems
published by the Society of Automative Engine@Sal, 2016) e.g. inSaffarian et
al. (2012) So farwork in this domairmainly focused on concepts for the interaction
between driver and automatiog.g.Albert et al.,2015 Flemish, 2003; Flemisch et
al., 2014 Hoc, 2000; Schreiber et al., 2008ontrol transitions and tak@ver requests
(eg. Feldhitteret al, 2018; Gold, 2016; Gold et al., 2013 PetermantBtok et al.,
2013; Zeeb et al., 2015)r the design of human machingdrfaces €.g.Albert et al.,
2015;Franzet al, 2012;Othersen2016. Furthermore, the way the vehicle behaves
and it s drwing stylais ¢oesilered to hawen important influencen trust,
acceptanceand the experience of automated driviBgllemet al.,2016 Elbanhawi
et al, 2015; Festneret al.,2017; Oliveira et al., 2019 Following Griesche et al.
(2016, the driving styleis described by a set of parametersn the tactical and
operationalehicle guidancdayers defined byMatthaei (2015).

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-JPetiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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However, here is no common knowledge about firecise configuration of the
parametershat differentiate various driving styles. Most dfet previous studies
comparing different driving styles during auotated driving focused on dynamic
metrics such aselocity, longitudinal and lateraccelerationjerk, and the duration
of alane change (Bellegt al.,2018 Festner et al2016; Hartwchet al.,2018;Lange

et al. 2013 Regarding theccepted point itime at which the lane change should be
initiated, researcirom ahuman factorperspective is sparsRossner and Bullinger
(2019) compared three highjutomated driving styles duringighway driving
varying different factors. One ohtse factors, the initiotime of the lane change
manoeuves, included the tactical lane change decision. Results show that people
prefer a more comfortable drivirgyle which is defined with a followindistance to
the leading vehicle of2.9s, a maximumacceleration of 1//$, a maximum
deceleration of2m/<, a duration of the lane change to the lef@®and to the right
of 8.5 and the distance ta leading vehicle with overtakingnitiation of 130m.
Nevertheless, bglso varying these other factpn® conclusion can be made that the
factor consideringhe initiation time of the lane change manoeuvnad the key
influence on the perceived safety and comfort.

All the previous mentioned studies havecommon that they were all conducted
undersimulated setting(Bellemet al, 2018 Rossner & Bullinger2019)or on test
tracks(Festneret al.,2016; Festner et al., 201 Hartwichet al.,2018 Lange et al.,
2014)leaving aside important influencetrealworld scenarios.

The aim of thisstudy wa toovercome these limitations anditosestigatedifferent
driving stylediffering on the tactical vehicle guidancereatworld highway driving
Main focusand, thus, an exploratory research questiesif the driving stylehas an
influence on the aforementioned metricperceived comfortpersonalwell-being,
trust, and acceptancBloreover, it should be examined what the preferred driving
style is considering welbbeing and safety.

Method
Test setumnd equipment

The driving study took placon the thredane German highway A9 between the
highway exits Lenting and Holledau. The test vehicle was an Audi A7, year of
construction 2010. A prototypical level 3 (SAE, 2016) automation system was
implementedin the test vehicle which completely pemned the lateral and
longitudinal vehicle guidance. However, the test vehicle only drove on thearight
middle lane of the highway due to safety reasons.

The participants were seated on the driver seat and vee@m@anied by two
experimenters. One alwasat on the passenger seat and was acting as a safety driver.
This task was supported via a monitor containing information about the automation
system, a second interior mirror, driving school mirrors as wellrizdng school
pedals to be able to intexwe in vehicle guidance in risky driving situations (referring

to Cramer et a].2018). This experimenter was able to adapt the driving function, for
instance the target velocity or abaoniiate lane changesnly in exceptional cases if

it was necessaryThe second experimenter was seated in the back row and was
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responsible for the questionnaires, functional variations, and providing the
participants with instructions.

The participants received visual informatiabout the activation status, the current
maroeuvre, and surrounding obstacles in front of the vehicle in the instrument cluster
display. Data recording included vehicle data, internal data of the automation system,
audio recordings, front camera, as vadldriver observation camera.

Driving styles

Threedriving styles were implemented in the test vehitlee functional realization

on the operational layer of the automation system (according to Matthaei (2015)) was
equal for all driving stylesThe trajetory planningwas based on the approach of
Werling et al. (2010) including adaptions by Heil et al. (20Ihe decisions on the
tactical layer of the automation system (according to Matthaei (20h%pis case
executinglane changesyeredifferent fa the driving styles. Considering the first
driving style, the vehicle was not performing any lane changes, and thus was only
driving in the right lane of the highway. The other two driving styles performed lane
changes. Theiexecutionvas implemented caidering different aspectcording to
Ulbrich andMaurer (2015). The aspeatf dynamic trafficwereimplemented based

on a fuzzy logidcf. Du and Swamy (2019) for basic principles about fuzzy logic)
For the two driving styles with lane changes, theppghparameters of the membership
function for the @celeration of the rear vehicle (cf. Ulbrich & Maurer, 2015) are
varied: 0.6 and 0r@/g (dynamic driving style), or 0.38 and 0r6A% (cautious driving
style). Moreover, the time gafor the rear vehicldcf. Ulbrich & Maurer, 2015)
differed between theagitious (2.8) and the dynamic (0sp driving style. These
parameters were selected with develspef the automated driving function.
However, theéwo driving styles with lane changegere calleccautiousanddynamic

to distinguish them, both representifensive driving behaviourhis can further be

seen in Figure 12, and3, whichrepresent the timely distributions of the lateral and
longitudinal accelerations as well as the velocity for each drisivig The amount

of performedlane changeslependig on the driving style is presented in Table 1.
Lane change aborts occurred quite often. One main reason was the limited rear sensor
range (approximately 159).
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Table 1. Amount (mean (M) and standard deviation (SD)) of lane changes (LChand la
change aborts depending on the driving style

Cautious Dynamic
M SD  LC abort M SD  LC abort
Lane change left 3.33 1.65 o 513 211 o
Lane change abort left 3.20 244 48.98% 2.87 1.59 35.83%
Lane change right 2.60 1.48 o 477 1.94 o
Lane change abort right 1.70 1.37 39.53% 210 1.37 30.58%

Study design

The driving study was conducted in German. At the beginning of the study, the
participantgeceived a verbal briefing on how to handle the test vehicle and what to
expect during the driving stly. Following, the participants drove manually on the

highway and activated the automation system. The sequence of the ditivity is
presented in Fige 4

Introduction Settling-in Driving Driving Driving Final
phase style part 1 style part 2 style part 3 survey
~10 min ~20 min ~30 min ~30 min ~35 min ~5 min

t 0 t 7 t 2 f_; I 4 Time

Figure 4. Sequence of driving study.



evaluation of different automated driving styles 89

During the settlingn phase, formpproximately the first 7 minutes, the automation

system conducted no lane changes and started with these afterwards. Subsequently,

the participants experienced the three driving styles in a randomized order. However,

partl and 2 were a bit shorter asripa due to the fact that thernaroundat the

hi ghway exit was earlier. Dur wastpspeake dri ving parts,
all their thoughtout loud(think-aloud methodEricsson & Simon, 1980aboutthe

driving behaviour of the automatioryssem.The eval uation of the participa
comments is not part of this pap@ét.the end of everyriving part, the participants

answered a questionnaire about, for instance, trusi@eptance (cf. section results).

Sunmming up, a short overall questiaaire was conducted.

Processing and evaluation of the data

The rating scalesf the questionnairewere assumed as interval scaled variables
because the answer scales weggaidistant(Déring & Bortz, 2016. Furthermore,
normal distribution of the data wagpected if N>30 (Bort& Schuster, 2010; Field,
2012. For data evaluatiora repeated measures analysis of variance (ANOMH)
following posthoc analysis using Bonferroni correction was condudt@dthe
dimensions welbeing, comfort, trust, and aggtance. fie data was corrected

Ma u c htesy for sphericity showed significano@reenhousé&seisseror Hunyh
Feldtcorrection(- >0.75))

Sample

N=32 participants were available for thisiving study, whereby one had to be
excluded from data evaltian due to bad performance of the automation system
induced by bad weather. The samped1) had a mean age of 36ygars(SD=119,
MIN=22, MAX =65) and was a variation of professional backgib and gender
(22.8% technical female25.8% technical male25.86 nontechnical female, and
25.8% nontechnical male). The mediamileage per yeavas15,00:20,000kmand

the mean mileage per week w2&5km (SD=203%km) with on average 45 highway
driving. 74% of the participants used adapgticruise control, % lane keeping
assstance, and 48 partially automated driving systems (e.g. traffic jam assistance)
before.

Results
WellBeing

The weltbeing of the participants during the study was evaluated by the short version

A of the German multidimensional state sur{8§DBF, Steyer, et al.1997). This

short form has 12 items on a fip@int rating scalefrom( inot a( dAakrygpP)t o 5
corresponding to the three bipolar dimensigmodbad mood awaketired, and

calm-nervous For every subscale, the values of isgpective items were summed up

leading to a value per subscale between 4 and 20, whereby a high value indicates a

good moog awakenessand calmness and a low value a bad mood, tiredaess
nervousnesslhe participants were asked to rate their curvegit-being five times:

in the beginning, after the settliig phase, and after each driving style. No

differences were fouh between the various times of measurement for either the
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dimensiongoodbad moodF(2.46)=1.34,p=.268 f=.21), awaketired (F(2.89=2.45,
p=.071, f=.29), or calmnervous(F(2.92)-1.32, p=.273, f=.21). All three subscales
reached mean values betweerBEnd 18.%ut of a maximum of 20. Thus, the overall
well-being of the participants during the experiment can be described as i,a goo
awake, and calm mood. The values for the mé&rafid standard deviatioBD) for

all times of measurement ardbscales can be found in Table 2.

Table2. Participants' mean ratings for the three dimensions of the MDBF

Settlingin Only right
phase lane
M SD M SD M SD M SD M SD
Goodbadmood| 18.45 1.23 18.00 1.77 17.94 191 1758 2.36 17.94 1.90
Awaketired 16.81 2.07 17.00 1.79 15.84 3.01 16.35 2.67 16.65 2.48
Calmnervous [16.39 2.62 16.48 2.11 17.35 2.76 16.55 2.80 17.00 2.07

Beginning Cautious Dynamic

Comfort

To survey driving comfort, the subscatiiscomfortandcomfortof thequestionnaire

to measure driving comfort and enjoyment developgdEngelbrecht (2013) were
used.Hereby, the rating scale was adapted to sevehasfroml( idoes absol utely
notappy 6 ) (tiod o s ab s o The paaticipantsawere bskedl Yo.rate the
previous car ride aftexachdriving condition.The sample of the subscalemfortwas
reduced due to a mistake in the questionnaire fofitsieparticipantsThe ANOVA
revealed no differences for the perceivdigcomfort(F(1.52)=1.61, p=.214,1=.23
andcomfort(F(1.35)=3.42,p=.063,f=.14) between the three different driving styles
Overall, the experienced discomfort during the automatedride was rated low
(mean values around 2) and the comféghhlmean values around 5.50he values
for the meanN1) and standard deviatioSD) for each driving style ansubscale can
be fourd in Table 3.

Table3. Participants' mean ratigs for thei perceived comfort and discomfdar the three
driving styleqscale: ¥ "does absolutely not apply 7/ "does absolutely apply").

Onlyright lane Cautious Dynamic
M SD M SD M SD
Comfort (N = 23) 5.85 1.14 521 1.20 5.73 0.84
Discomfort 1.78 0.99 2.07 1.90 1.77 0.79

Trust

To assess the trust in the automatibe questionnaire of Kérber (2018) was used

which is divided into six subscales with a range f|
(Astrongly agreeo) . To determine the general trust
Propensity & Trustwas surveyed once before thiedy. In order to get the respective

trust in the automation system of each driving style, the participants were asked to rate

the corresponding items of the subscaleReliability/Competence,
Understanding/Predictabilityand Trust in Automatiorafter eachdriving condition.



evaluation of different automated driving styles 91

The evaluation of thBropensity of Trusscale showed a mean value of the sample of
3.56 SD=.53). The applied ANOVA indicated significant differences between the
driving styles for the three subscal@sliability/Competenc@(1.67)=3.42,p=.049,
f=.34), Understanding/PredictabilitF(1.92)=10.90, p<.001, f=.60), andTrust in
Automation (F(1.65)5.43, p=.001, f=.43). The following post hoc pairwise
comparisons did not real any significant difference for the dimension
Reliability/Conpetence (p>.05). Considering the subscaldJnderstanding/
Predictability, results of the post hoc analysis showed that the participants ranked the
driving style only using the right lane witlgier understanding and predictability in
comparison tdhe dynamic (M1.3=0.36,p=.019) as well as the cautious driving style
(M12=0.61,p=.001) Furthermore, the participants showed less trust in automation
during the cautious driving style compared tie triving style only using the right
lane (Mi-2=.44, p=.044) and thedynamicdriving style (M-3=-0.32 p=.047). The
results are represented in FigreandTable4.
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Figure5. Participants' mean ratings for threerdensions of the questionnairefrber (2018)
for the three driving style¢scale: ¥ “"strongly disagree"- 5/ "strongly agree"; *p<05,
**p<.01).

Table4. Participants' mean ratings for threerdensions of the questionnairekirber
(2018) for the three driving styles.

Onlyright lane Cautious Dynamic
M SD M SD M SD
Reliability/Competence 3.64 0.73 3.35 0.79 3.53 0.60
Understanding/Predictability 3.94  0.67 331 0.85 353 069
Trust in Automation 4.00 0.80 3.56 0.92 3.89 0.65

Acceptance

The acceptance of the driving style was evaluated by the questionn&lemn afer
Laanet al. (1997) in the German version (Kondzior, n.d.). This questionnaire has nine
items on a fivepoint rating scale from2 to 2 in which the mean value of five items
results in thausefulnesscale (yaxis) and the mean value of the other four itéms

the satisfyingscale (xaxis). The ANOVA revealed a significant difference between
the driving styles for both thesefulnes$F(1.84)=5.03,p=.012,f=.41) andsatisfying

scale (F(1.95)=3.28, p=.046, f=.33). Subsequently post hoc analysis showed a
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significant higher usefulness for tlilynamicdriving style compared to the driving
style only using the right lane @4=-.42, p=.009). No other post hoc pairwise
comparison showed a significant effgut (05). The scores with positive mean values
point out that all driving styleswere seen as useful and satisfying (Fig@ée The
values for the mearM) and standard deviatiotsD) for each driving style and the
two subscales can be foundTiable5.
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Figure 6. Evaluation ofacceptane of the three driving stylesdale: fivepoint semantic
differential; **p<.01)

Table5. Participants' mean ratings for the two dimensions usefulness and satisfyireg of
acceptance questionnaire vdin der Laan (1997) for there driving stygs (scalefive-point
semantic differential)

Onlyright lane Cautious Dynamic
M SD M SD M SD
Usefulness 0.73 0.85 0.92 0.75 1.15 0.50
Satisfying 1.05 0.78 0.95 0.93 1.32 0.63

Prioritisation

After the participants had experienced thilee driving y/les, they were asked to
choose one of them considering the following statements

1 During which car ride did you feel the begtll-being?
9 During which car ride did you feel treafes?
T Which car rideos

on the highway?

dr i vi auppmaetd yebledriving u | d

you

prefer

f

C
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For the factor welbeing, nearlyhalf of the participants (48.38) preferred the
dynamicdriving style. Only four participants (12.90%) chose the driving style that
was only using the right lanand 12 (38.7%) the cautious dving style.In contrast

19 participants (61.28) indicated that they felt the safest during the driving style
only using the ight lane and only seve22.58%) during the cautious driving style,
and five (16.13%) during thedynamicdriving style. For thig overall prioritisation,
96.8% of the participants favoured a driving style including lane ghanameuvres
(dynamic 54.84%, cautious: 41.94) andonly oneparticipant (3.2%6) wouldprefer

a driving style only using the right lane (Figute

16.13%

22.58% 54.84%
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Figure 7. Distribution ofthe preferred driving styleonsidering wetbeing, safety, and an
overall priority.

Conclusion and Discussion

Three different driving stylesof conditionally automated highway driving with
varying lane change behaviour were evaluafacerall, over 60%of the participants

felt the safest during the driving style only using the right lane of the highway as well
as rated this driving style as thwst predictable and understandable. An explanation
for this result is that the absence of lane changes ledls higher predictability and
feeling of safetyMoreover, the lower velocity could also have influenced the feeling
of safety(Figure 3) In contrast to this, the driving style only using the right lane was
considered as less useful than the dynamidrdyistyle. The overall priority clearly
showed that the majority preferred a driving style including lane changes as only one
driver voted forthe drivingstyle only using the right laneélowever, the driving style

did not influence the welbeing of the participants. This metric was always evaluated
after thetest drivewhen the vehicle was parked and, thus, might have influenced the
real welltbeing while driving. Evaluating the latter tnie while driving should be
consideredDuring the cautious driving style, the participants reported less trust in
automation than during the dynamic driving style. A presumable reason for thdgt coul
be the higkr number of abortethne changes during theautious driving style.
Overall, even if there are differences between the three driving styles, the participants
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alwaysperceived high welbeing and comfort as well as high trust and acceptance.
Furthermore, ésults indicate that the dynamic drivingletis overall preferred, even
thoughratings in trust and safety were higher during a driving style only using one
lane of the highway.

As it is always important to have a look at realrld scenarios, this alsbas its
limitations when it comes to the st#ardisation of the conditions. On a real highway
among other vehicles, the behaviour of other drivers, the traffit,the weather is
not controllable as it is in simulated settings or on test tracks. Comgjdbis, the
study took place at the sammés during the day to ensure similar traffic #ndas
avoidedto drivewhen it was raining, but in reaforld settings, someariancesare
not preventable. The study was voluntary, so most of the participantsinterested

in automated driving and nabo anxious oiscepticalabout it. Consequently, this
could have influenced the ratings.

Much more research is necessary in this fielddsigna driving stylefor automated
highway driving. One aspect for imstcecould bethe influence of the motivatioof

the car rideor non-driving related tasks. Both aspects could have an important impact
on the perception of different driving styles during automated driving.
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Abstract

Partial and conditional automated driviatjows the driver to transfer responsibility

to the vehicle. While assistance systems are designed to deal with aspects of the
driving task, currently no assistanggstems are available poedictdriver behaviour

for takeover when the vehicle is handling the driving tadkis is important adrivers

might interpret driving situations differently than an activated automation function.
This can cause seilfitiated takeovers leading to a reduction of trust in the system.

In theory, if a prediction is robust, an assistance system couldddgd basedn this
prediction. A new subjective complexity modelddressing these situatioris
introduced The subjective comlexity modellearns situations in whichdividual

drivers havepreviously seHinitiated control of the driving taslBased orexemplary
sideswipemanoeuvreghe system concept is explained and simulated with a training
and test datasetJpon introducilg this system,a discussion is initated on the
difference betweembjective and subjective situatiaomplexity. A distinction is
drawnbetween mathematical descriptions based on vehicular sensor data and human
interpretation of the environmé Thepropod systemalso functions as a carrier
technology for further investigations between the differences of objective and
subjective complexities.

Introduction

The driving task consists of many shtetm decisions, e.g. steeriitg hold vehicle

in lane andlong-term decisions, e.g. route navigation. Different factors need to be
considered in ordefior the driverto successfully solve these task$erefae, it is
importantto understand which aspects are considered complex. This can help to
include, enhancer adjust assistance accordingkt the same time, Umans are
decisively influenced by thenvironment, whiclthey encounter anttherebyconfined

in their range of interaction®Vith various developments in the field of automated
driving, possibilities ofdirecting attention away from the driving tasill become
possible In Level3 (SAE J3016, 2018%he driver can focus onondriving related
tasks, but needs to regain contrdltbe vehicle when warned. Recent research
regarding takever behaviour hashown that environmental factors such as traffic
density and timdsudget (distance to objects) play a crucial role in successful take
over capabilityfor Level 3 (Gold, et al., 206; Lotz, et al., 2019; Zhang, et al., 2019)
Thereis a large variety ofdefinable environmental factorsmaking it difficult to

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-.JPetiot, CDumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019 Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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pinpoint isolated factors to varying driver taieer behavioulWhen revisiing traffic
density as an exemplary factotherenvironmental factors such as time to collision,
number of lanes and coloaf vehicles can form interaction effeckdultiple isolated
environmental factors can merge to form singular driving situations through the
relation of several of these factorseotime.Arbitrary measuressuch as low or high
traffic density,also make aomparison difficult. However, the driving environment
can be measured with a variety of different sensors mounted on a vehicle. Based on
the chosen sensor settipis creates eepresentation with a sensgpecific degree of
detail of environmental facts or higherlevel situations As a driveralsoperceives

the environment withher/hissensesaind develops a representation of the situation
influences of environmental factossich as traffic densitpn the driver can be
compared and deduced. If a camtairiver reaction idinked to an environmental
factor, tased on the sensor representation of the environment an assistance system
could possibly predict driver behaviour. Thisfarmation would especially be
valuable in the abovementioned tadweer situaibns in which responsibility shifts

from the machine to the human. The mathematical description of the environment
could be attributed to subjective complexitieentifying scaarios that cause higher
workload and situations in which the driver needsistance. As there are possibly
also inter and intraindividual differences in perceived subjective complexity, an
ideal assistance system would adapt individually and speoifiifterent driving
situations. This could lead to a better usability, cdredlocation of assistance and
acceptance of automated driving function.

Sensors such as cameras, radars and lidars collect data that describe an abstraction of
their perceived erironment and allow interpretation either through humans or
computational algrithms. In a simplistic form, this data collection is similar to the
cognitive processing for the first perception phaewards building situation
awarenesgEndsley, 1995)In what terms does environmental complexity differ
mathematically (objective copfexity) to an individual perceived situation
complexity (subjective complexity) and how can this be measured? The second part
of this qustion will be addresseith this paperand a solution will be developed to
enable the investigation of the first paftioe question in future work.

It is worth defining our interpretation of these two different versions of complexity,
explicitly regardingdriving environmentsObjective complexitis the mathematical
describable drivingsituation in which all objects whin a predefined area are
continuouslyreferenced to an egeehicle. This mathematical description includes
metrics such as the distanceslocities (relative and absolute) and the time to
trajectory intersectiong he mathematical composure of the fagtan vary and yield
different values of objective complexity depending on the interpretation of the
mathematical description. In a praet example, the data would be obtained from
singularor combinations o$ensorscapturing information of environmeaitobjects.
This differs fromgeneralglobal descriptions of complexity such as the number of
vehicles in the environmeriGold, et al., B16), in which no references to an ego
vehicle and drivearedrawn The problem with global descriptigngithout rerence

to the driver in the environmeris that the dispersion of vehicles is not evident from
the point of view of the driver. When lisg the amounof vehicles surrounding the
egovehicle, no information igivenwhereall these vehicles ai@ont, behind, lane
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etc.) Subjective complexifg the perceived complexitf a driving situatiorfrom the
humard perspectiveThis includes &lstationary and moving objects relevant to the
driving task. Abstract cognitive and psychological constructs sudhivéisg situation
familiarityaffect this complexity and are not measureable with similar accuracy as the
metrics of objective complexityThis is mainly becausemeasurements from
designated sensors suah electroencephalograptskin conductancer any oher
psychophysiological measurement are not unambiguously linked to any of these
constructsand quantification of human response is nosgilmie A scale for the
subjective complexity is also arbitrary, relative to the psychological constructs and
subjectto individual differences.

Previous research has focused on describing environmental factors specifically for the
driving environment,such as the time to resume contrahd the quality of the
transition depend on driverehicleenvironment factorg¢Gold, et al.,2016. Early

work resulted in a classification scheme of driving situations with three million unique
situations(von Benda, 1977)This classification scheme was later simplified to
incorporate only four major aspects; horizontal course, tradfisidy, special weather

and hazards(Fastenmeier, 1995Due to the high complexity of factors, different
types of models have been introduced to predict driver transition behaviour. The first
class of models utilizes mathematical models, e.g. regressidels) to extrapolate
data based on empirical findings pesbc and explain correlations in the data
(McDonald, et al., 2019; Zhang, et al., 2018)second class of models provides
online prediction based on data obtained through driver and environmaitorimg
(Nilsson et al., @15; Braunagedt al., 2017Lotz & Weissenberger, 20LHowever,
subjective driver interpretation is missing as input delt@. problem with all of these
modelsis that defined factors can interact, e.g. traffic density oredrexperience,
effects thatcannot be investigated in isolation within one study. Therefore, the
investigation of differences between objective and subjective complexity, as defined
above, ha been difficult in the pasiThe investigation was especiallyffaiult as
driverscontinuausly needed to control the vehiclalways generating a response at
steering. Thidias now chaged through automated driving.

Subjective relevance is an important factor to predict individual behasurBar

and Trivedi (2016ronductedesearcton the subjective relevance of objects in the
driving environment, stating that spati@mporal reasoning is needed to identify
relevance by the driver. Therefore, the context of space and time in the driving
situation of any automationlevel should be regarded when investigating
environmental effects on the driver.

Through recent technical advances of automated driving, it is possible for the driver
to take their handsff the steering wheel and observe the emrnent. Automated
driving, specifically Level 2 and Level 3, is an ideal enabling technology suited for
the investigation of differences between objective and subjective complexity.
Therefore, it is possible to gather data on subjectively perceived catinglexity
where peviouslythe driver continuously generated responses at the steering and the
datawereopen for interpretation. Aistinction ofintendednterventionsvas difficult,
becausdarivers constantly had their hands on the steering wheel.
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This paperintroduces a@nceptual advanced driver assistance system. The system is
designed to learn situations in which the driver takes back control of therisétig
vehicle, when no requesb intervene is issued. The assistance system thereby
registers situations based current objective complexity from the vehicular sensors
and associates it with subjective complexithe moment drivers reclaim control
through self-initiated takeover, the objective complexitiesgathered by vehicle
sensorscan be identified in which nautomated driving is desiredhereby, the
assumption is formed that the drivers consider the environment as subjectively
complex.Hence, the automated vehicle can leahemwthe automation function itself

can suggest takever predictively.

Subjective Complexity Model

The proposedubjective complexity modeklies on the fact that the vehicle has a
driver assistance system capable of simultaneous lateral and longjitcamtirol, i.e.
without the need of having the harmisthe steering wheel. Typicall this approach

is only possible with advanced Level 2 or Level 3 systems. The objective of the
proposed model is to make predictions when the surrounding driving catpplex
reaches a point in which the driver feels intervention is necessary. Thereby, a
relationship between objective and subjective complexity can be investigdted.
hypothesis idollowed that the driver subjectively decides that complexity of the
driving environment is too complex and external vehicular sensoryislaeordedat
intervention Other reasons for seilfitiated takeover are also possibjee.g. low
satisfaction with vehicle controhndintention cannot bedifferentiated It is worth
noting, that the trust in the automated vehicle is affected by driving expefi@nts

et al., 2015) To show the functionality of the model, sideswipanoeuvres were
recorded with an advanced Levhutomated truck and divided into a training and
test dataet. These sideswipe manoeuvres were limited to vehicles crossing onto the
egolane fom the fast lane (left).

Vehicular Data
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Figure 8. Workflow of adaptive assistance system. Sensoragdatplit into regions of interest
(left, egoyright). Kinematics of all perceived objects in these regions are calculated upon which
the moscritical objects is identified (see Figure 2). Output criticality is calculated based on
previously recorded data.
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Concept

The functionality of thesubjectivecomplexity models presented in Figure 1. The

modelis split into four major componentsirst, the perception of vehicles in the

periphery of an egweehicle are identified including the calculation of kinematic

relationships. Secondlthemost criticd object isdeterminedased on the previously

calculated kinematics. Thirdly, situations irhish the driver intervenes with the

vehicle without a take@ver warning being displag, are recorded and saved in a
database. Fourthly, the criticality of curtefriving situations is calculated based on
the conformity parametenf current kinematics wht saved situation kinematics.

Sensory perception and kinematics

Sensory data of the surrounding vehi@esgathered and split into three possible lane
positions. This includes the egane as well as the lanes directly to the left and right.

The raw déa received from the sensors includes the later&j amd longitudinal
'0"Qj, psition as well as the speed of each object relative to the ego vElile "Yi Q
and objectvidth w "Q'H This allows the calculation of latef)Q, and longitudinal

“Yr‘]({)@peed of each object. Additionally, a safety corridor is defined through the width
of the variabled 6 "Q'Q'€8e Figure 2. In this véom of the proposednode| a
maximum of six vehicles could be perceived arotiredegevehicle, with a maximum

of two objects per lane. It should be noted that different sensor setups can alter the
outcome of the system dramatically. By adding different sensors, e.g. cameras for
object classification, additional datan offersubsegentcritical object identification.

Based on available radar data with tugrentsensor setup, the following kinematic
variables were calculated.

0Qf o g QMY 606 "QQQI
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In total, ten kinematic variables are taken into accodutit the available sensors, see
Table 1. Every relevant object on any of the three lanes has a sepaddtthese ten
variables. Further variables in following implementation versions could include
crossing angles, further crossing times, trajectoryiptieds.

Identification of most critical object

In the case of a seifitiated driver takeover, i.e.norequest to interveneither the
complete constellation of the surrounding vehicles or a single object causing the driver
to intervene needs to hdentified Here an assumption needs to be formulated, to
differentiate between these two options. Theppisednodelassumes that one object
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is the most critical in the environment and it can be defined asbijeet thatwould
enter the safety corriddirst, if all vehicles maintain their trajectory. This assumption
corresponds to the smallésty; «vas€e equation (3), of any of the six surrounding
objects. Previous development versions of the adaptigdel also incorporated
multiple critical objects. Howevegsthere is always one object which is hit prior to
all the othersthe assumptio was made that the driver reacts primarily towards this
object. If the constellation of all vehicles were to be recordeldigher amount of
constallations would be possible with less likelihood of reoccuring

Recordingselfinitiated take-over situations

If a driver intervenes with the automation function controlling theegjucle, the
currently most critical object is recordéal a database. Simultaneously, tinedel
identifies where this most critical object wiagated for acertan amount of time
previously to the takever. The time is an adjustable parameter as well as the size of
the search region, defined by a lateral and longitudinal measure. The two sets of ten
kinematic variables, current and delayed, are savedbjéttlane positions resulting

in 22 mathematical variables. Every time the driver regains control of the vehicle, the
current situation with its delayed prior position is recortiedhe database. As the
driving environment can vary dramatically based on thee tyf road or national
restrictions, the data and type of driving culture are completely adaptable. Similarly,
t he dinterpretatiadn ©f situationmay vary over time and compared to other
drivers. As more and more data is recordedntioeleladapts oer time, this enables
learring of personalizedelfinitiated takeover.

Table2. Kinematic variables calculated from sensor data.

Variable Name  Definition
Longitudinal distance from front of egehicle to rear obbject.
Lateral distance from front of egeehicle to rear of object.

Longitudinal speed of object relative to the longitudinal axis of the ¢
| - :

vehicle.
- Lateral speed of object relative to the lateral axis okti@vehicle.

il - | ~™ Speed of the eguehicle along its longitudinal axis.
4 m® { =™ Difference of longitudinal speed between the object and theeljole
J| JJL - The time required for the object to cross into the safetyidor. Only
% »vede »®m > considered if the trajectories of the vehicles cross.
J| Jl - The time required for the egeehicle to bridge the longitudinal distanc
T WMmt™o+¢ {5 the object.
The time required for the egehicle to reach thpoint where the objec
J| J,JL crosses into the safety corridor minus the time required to react
T hee ®® Y2 point. This measure considers the time to collision once the safety b
is breabed.
The longitudinal distance the object i®h the egevehicle once the
T s fnm, safety corridor is breached.




an adaptive assistance system for subjective critical driving situatioh83

Continuous Criticality Output

Upon identifying a most critical object, tleodelrelies on fuzzy logi¢Ross,2010)

to compare current situations with previous unforced-taler situations from the
abovementioned database. All kinematic variables are taken into account for the
prediction method and a majority voting mechanism determines comparability of
saved sitations with the current driving environment. It is possible to atiaptis
mechanism in the future. Thmodel searches through all previous situations,
comparing current kinematic variables to the saved situations. As it is highly unlikely
that the exacsituation appears twice during aslfinitiated take-over, a confidence
percentagen form of a conformity parametés introduced. The definition of this
confidence percentage has a profound influence on the precision ofothe as
discussed in theomclusion.

Safety Corridor

Ry
>
5

Figure 9. Overview of distances and variables for kinematic calculations. The vehicle on the

left lane require&/"Ytime, corresponding toY"Y; ¢ha i ol Cross into the safety wor on
the egelane in front of the egoehicle.

Data Collection

To present the functionality of the subjective complexity moaledmallnumberof
manoeuvres wer@corded on a German twane federal road with speed restrictions.
This dataset is tosmall to investigate the full potential of tegstem However, first
indications of the functionality can be examined. The sensors were mounted to a
prototype MercedeBenz Actros with an Active Drive Assi¢Daimler AG, 2019)

Over the course of two hay sideswipe manoeuvres from the left lane towards the
egolane were recorded. This manoeuvre was an exemplary situatioch our

fictive driver was uncomfortable imd chose tdakeover. It can be expected that
realworld traffic situations in whicla driver intervenes with the automation function

are seldom and would not deliver adequate data. The dataset was divided into a
training and test dataset with proportimisapproximately 90% to 10% respectively.
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This resultedn a total of 105 training deswipe manoeuvres, see Figure 3, and 13
test manoeuvres.

Results

The model is evaluated based on the-selfated test manoeuvres that are examined
qualitatively. These 13 test manoeuvres are not limited to sideswipes, they consist of
take-overs dued aconstruction site, one sideswipe in a traffic janow speeddive
delayed takeovers due to sideswipes and six sideswipes from motorway-emnys,

i.e. right sde A qualitatively comparison of vehicular signals slgronised with a
dashcanvideo was realized fathe modelproof of concept. A quantitative analysis
was not meaningful, as the datee limited The completenodelwas simulated in
MATLAB/Simulink, seeFigure4 and Figuré, whichdepict the prediction value of

the most critical bject currently and delayed as well as the hadsignal when the
driver intervened.

Figure 10. Exemplary sideswipe manoeuvres recorded inréiging dataset.
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Figure 11. Two exemplary selhitiated takeover situations that were not trained in the
training set. Predicted sideswipe nuuvies never reach a confidence greater 80%.

Figure 5 displays the qualitative comza of the five sideswipe manoeuvres, which
the driver initiated with a varyindelay. As shown in the grappsrtrayingthe current
similarity prediction, delayed similarity prediction of G&c and when the takever
was initiated (top to bottom), th@apshot of the actual sideswipe was predicted very
accurately (vertical blue linePverall, in four of the five delayethkeovers, the
model correctly identifies a sideswipe manoeuvre with 100% confid@eethird
depicted sideswipe talmver in Figures with a delayed response shows a low
prediction quality. It can also be seen, that sedsopoutappeas quite frequatly
throughout the drives.

The selfinitiated takeovers that were not included in Figlseand consisted of the
six takeovers from sieswipes at motorway entrgmps, displayed a poor quality of
prediction and are not depicted. Ovetakeover predidon valueby themodelin
these other eight situatiom&ver reached over 80%wo of these eight exemplary
situations are depicted iridtire 4.
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Figure 12. Five sideswipe manoeuvres with delayed driver response. Trace data depicts
confidencevalues for current and delayed most critical objects in the environment. The hands
on signal generated by the driver isatepicted The blue line indicates the pointtime,to

which the videesnapshot corresponds.

Conclusion

The introduction of ousubjective complexity mode$ an innovative solution of a
learning and adaptive assistance system. By recording drivenis@ted unforced
takeovers duringautomaed driving it is possible to monitotakeovers without
interpretation of intent andehaviour If proven reliable and beneficial, this system
can predict preferences in which the driver does not trust theldang vehicle or
feels the need to manatiee driving situation. Trust is an essential component in the
humanmachineinteraction during automation, as drivers should be able to anticipate
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system behaviour. If this is not possible, $eifiated takeovers are likely and the
modeloffers assistace. Through continuous learning of relevant situations in which
the driver wishes to control the vehicle, the vehicle itself can suggesbvake
predictively. This offers different configurations of prediaths for different drivers
and roads. The funichal layout of thenodelalso allows the adjustment of sersor
wherethe effect on the predictability of talaver can be tested.

Apart from being an adaptive driver assistance systenmuuelcan functionas a
carrier technology forthe investigation ofobjective and subjective complexity.
Thereby,a solution forthe second part of our research questigoriposed One of

the main obstacles is that sufficient date difficult to record forthis theoretial
comparison. On the brink of introducing automated driving to vehicles, previously the
driver continuously held control of the vehicle. This made a differentiation difficult
between instances, in which the driver considered the envirortmére complex.
Selt-initiated takeovers are valuable for the interpretation of subjective complexity.
These situations show that meaning of the temporal and spatial characteristics of
surrounding objects from the dmadatwateasd perspective w
take-over. It should be mentioned that siglitiated takeovers could also occur due

to uncritical situations, e.g. terminating automation. In order to truly investigate the
differences of subjective and objective complexities, the first glathe reseait
question, a longerm data collection of individual drivers is required that needs
documentation of driver intent.

The results of the prediction accuracy of thedelshows satisfactory results. While

the sideswipe manoeuvres in the tesasgiat were idaified prior todelayedakeover

in four of the five instancesne unlearned situation was not identified, see Fifure
However, there are several reasons and possibilities to improve predintiotine
validation of the modelA filtering of the signhis required for subsequent versions

to bypass sensodropout andsmooth the prediction value signals. Another
shortcoming in our proof of concept are the higimberof false positives. It should

be investigated whether these false positiwecurred,due to thelow distinction
between a sideswipe manoeuvre being initiated and vehicle continuing in their lane.
Furthermore, the point in time in which the driver initiates taker can vary
dramatically, making it difficult for the system teference thearrect critical object

to the situation. Reaction times of a drivaust possibly be taken into account.
Finally, the system can never abstract the data to new situations. Each situation has to
have happened similarly in order for throdelto predict thesituation in the future.
However, based on the introduced conformity parameter, see Rigiine model can
parameterise to achieve different levels of generalisation.

Themodelshows that this type of assistance system has promising ajppigcat the
driving context as well as research. An appkedject complexityassistance would
requirelarger datasets, a higher variance of critical unrequesteebtaks as well as
seldom occurrences. Thaodel could also be realized with a machine rieag
approach however, the presented solution has the added benefit of clearly showing
how and why the system functioned with specific predictions. Irfutuge, a large
dataset will be utilized as a basis for a parametrization of all variables azsvib#
expansbn of vehicular sensor for further kinematic description of the environment.
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Information needsregarding the purposeful activation
of automated driving functionsi an exploratory study
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Abstract

Resarch mostly focuses on the period of automated driving and the transition back

to manual driving, while overlooking the period before the activation of a

conditionally automated driving (CAD) function. Attemptittgclose this gap, factors

influencing theintention to use CAD, such as the potential to engage irdrigimg

relatedactivities (NDRAS), were analsed by performinga focus grougliscussion

invol ving aut omat ed dr i vi ng rmatignp reeds s to anticipate
regarding an activation of CD . These information needs as well as
expectations regarding the availability duration of CAD were investigated in an

exploratory driving simulator study. For this purpose, participaits=( 15)

experienced four scenarios with variable dunadiof availability regarding the CAD

function in combination with NDRTs of different lengths. The information needs

anticipated by the focus group were evaluated. Results show that before activating the

automation, participants mainly desired to receimtrmation onthe availability

duration, or otherwisegn the duration until CAD will be available. When CAD was

not available, participants wanted to know the detailed reasons. The determined

information needs are assumed to assist drivers in purposefidigg CAD

considering their planned NDRTS.

Introduction

One advantagef SAE level 3driving functionsover SAE level 2 functionss that
drivers do not have to monitor the systamymorewhile driving automatedSAE,
2018. Consequently drivers havethe option to engage in natriving related
activities (NDRASs) while automation is active. However:aiBomated systems are
not designed to work under all conditiofifierefore users can only activatbe L3
automatiorwhen all condition®f its use aremet. Moreover,the driverneedsto be
permanently prepared for a Request to Intervene (Rtfystem limitations are
reached Thus the driver is in control over the vehicle before and after a period of
CAD. Which information do drivers need before aetiing an automated driving
function purposefullyWhy do drivers want to activate CAD and which reasons
would discourage them from ohy so?A focus group interview and an exploratory
driving simulator study were conductadd analysed on a descriptiveééto receive
initial answers to thse questions.

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-JPetiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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Theoretical Background
Transitionsto automation

Transitions in the context ofAutomated driving are mostly discussed when
investigating the transition from automated to manual driving. This might be
explainecdbyt hi s type of t(kusetak, RXG). bnesab (2@16)state cal ity
that the activation is trivial asseems comparable the ativation of ACC. However,

the authors also state that activatipesea risk when conducted at tirong time.

For the activation o€AD, specific coditions have to be meind therefoe drivers

need an appropriate mental model of the sy8témmctions and limitations in order

to handle the automatiosafely (Forster et al., 2019Mental models are nméal
representations of real objects or systems iactlide functionalities and logical
relations (Bach, 2000Forster et al. (2019) have evaluated two different approaches,
namelyworking through arnnteractive tutorial and reading a manual before dgvin
automated in a simulaticend conducting variousansitions. Results show that both
concepts led to an increased understandirapimparisorto a baseline group, which
only received generic information about the syst&mnce mental modelare prone

to changes over timand learned system limitatioreen be forgotten when not
experienced (Beggiato & Krems, 2013), this approach of educating the driver before
usage is notonsideredufficient.

Expectations and attitudes towards automated driving

The mssibility of conducting NDRASs animportant aspect qieoplé expectations
towards automated driving(Howard & Dai, 2013)and thus it is indicated to
investigate which kinslof NDRAs are likely to be conducted whilge useis driven
automatically. Aeging et al. (2016) found thpeopk would like tatalk tooccupants

watch the road, read, text, gle@vatch movies and play gamesringtheir extra time

while driving automatedHecht et al. (2019jound that people spend most of the
automated drivewvatching videos on a mounted tabletatching the surrounding
traffic and the landscape or conducting activities on their smartphones. Participants
showed a high variance regarding their NDR#ssltheir average activity duration.

Acceptance is a construoften used to express the willingnetss accept new
technologiessuchas selfdriving vehicles (Payre et al., 2014). According to Davis
(1989) and his technology acceptance model (TAM), acceptdepends on
perceived usefulness and perceived ease ofwlieh togetherpredictthe intention

to usenew technologyThe possibility of conducting NDRAs free dfiterruptiorsis
associated with perceived usefulness (Naujoks et al., 2017), which on the other hand
is correlated with acceptan{&enkatesh & Davis2000) Therefore, the possibility

of conducting NDRAauninterrupteccould be associated with tivgention to useind
thusactivateCAD.

Information needs

Peopledesire driving taskelated information during manual driving and information
relatedto transparency, system status and comprehensibility of system actions during
CAD (Beggiato et al., 2015 hese include information regarding current and next



information needs regarding activation of &Gtomation 111

manoeuvreas wellas reasonsof missedmanoeuvresFurthermore, time left in the
current sgtem satus should be presentéd the user Theseinformation needs,
especiallytheonesaddressingrangarency and comprehensibyjl can differ between
peopledepending on the individual tat and aim on building the san(Beggiato et
al., 2015) Displaying he duration of the automated drive increaaeceptance
towards the system (Richardson et al., 2018) and impr@akeover performance
(Wandtner et al., 2018None of thediscussed iformation relate to a purposeful
activation thatvould enable users tchieve their set goaly usingCAD. Moreover,
there are no findings in literatu@n information needsegardingCAD whenthe
automation isiot available.

Research quesbns

Purposeful activation a€AD requires the driver to know what purpose he pessay
activating as well as the knowledge if an activation could help him s@surpose.
Consequently, a correct mental model of the sys$tarttionalityis necessarnjVhen
planningto modifythe mental model by giving information, ithelpfulto know what
concepts of automated driving are present in mental models Dokenefore the first
research question idVhat do novices expect regarding the availability of L3
automatior? As it isassumed that tise expectationsequire adjustment, the second
research question idhat kind of informationdo potential users need before
activating the automatiof Furthermore, as conditions for availability are not
necessary intuitively understandable, thied research question igVhat reasons for
nonavailahlity do participantsassume when automation is rentailable in the
simulationand what information do #y desire regarding the automat®isince
these questions have not been addressed in research so far, this study aims on finding
first answers to buil hypotheses orMoreover, the reasons wiparticipantswould

or would not useCAD are questioned.

Method
Focus groupiscussion

For obtaining firseanswerdo the aforementioned questigasfocus group interview
involving five automated driving expis from AUDI AG was conducted. The
participants are considered experts for two readinssly, theyare involved in the
technical development of automated driving functigegher as engineers or as
human factor expertspnd secondly, they all expenieed automated drives with
novices using prototype vehicleBhe discussion lasted one hour and wasndsd
using audb equipment. Afterwards, the record was transcripted and analpsed.
research associate from TU Munich moderatesl discussiorusing an interview
guideline prepared beforehan@ihe guideline consisted of four thematic blocks
involving quesions about their experiences with novices in automated vehicles, the
novicesd expectations regarding the automationds av
these expectations are and what kind of information could help decteas
discrepancy between thexpectations and actual functionalitiasthe timesuch a
system is launched. The transcript was analyg#dthe focus orfinding answers to
these spdfic questionsThe analysis was conducted following the approacthef t
gualitative content analysisith focus on deductive category assignm@éyring,



112 Danner, Pfromm, Limbachg& Bengler

2015) . The categegories were: experiences with nov
estimations about horealistic thes expectations are, potential information needs.

Driving simulator study

A driving smulator study was conducted to evaluate the informatwanemerged
from the focus group di scussion. Furthermore, t he
regardng L3-automations were examined.

Simulator and routes

The studywas carried out in a fixedasedriving simulator at AUDI AG. The driving
trackswere simulated using the software Virtual Test Drive. For this study, one
highway route was used which défed only regarding the availability of the
automation, the traffic density or the motorway exit takgrthe test persontn all

four drives,the participantsstartedfrom a motorway layby.

Participants

Overall, 15 participants took part in this studye sample consisted of 4 women and
11 men.The mean age was 27.5 yealS0= 3.1) and participants statethat they
drove 12214 km SD= 13009)per yearon average20% of the participanteported
that they have an ACC, 13% a lansisgnceand 13%parking assistann their own
car but all of the participantsadheard about these sgats.

Procedure

The participants were informed about the procedure and a written consent was
obtained. After filling out alemographiciuestionnaire, aparticipantsstarted with a

five minutes test drive experiencing manual drives as well as transitioh8-
automation and vice versa. In this way, pagticipantsgot to know the notification

for availability and the RtlAfterwards, the test persons completed foomsecutive

trips, filled out questionnaires and answesaimistandardied interview quetions
between theides The order of the four trips was randomised. The test persons started
and ended the trips on a motorway-tay. The automation was availablarithg three

of the four trips Three trips took about 5 minutes each, while one trip took about 8
minutes Whentheautomation was not available on the rouitesasdue to a missing
emergency landf test personaeverthelestied to activatéhe autonation, a popup
appearedinthenstrument c¢cluster saying fAautomation not ava
appr op Afiera completing all four trips and qualitative interviewthe
participants rated the information neefisivedfrom the focus group disssion.

Before the first trip, prticipants were instructed to imagine a drive home from work,
which they want to use to watch a short videa tablet mounted below the central
information display They were also instructed to take the next highwaystiping

at the layby. Test pesons were not allowed to watch the video during manual drive
and had to stop the video in case wRdl. Automation was available after 20 seconds
on the highway untidbout 15 seconds befditee next highway exit. The videwas 4
minutes long, so the paripants had the chance to finish it during the automated drive.
This scenario illustrates thdeal situation in which a user is able to condudRRA
without interruption.
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The instruction before the second trip wesaty the same. The only differeaavas
thatthe test personmgceivednstructiongo nottake the next highway exiut the one

after thatand were told to watch another videbhis video took 8 minutes and
therefore, the participantould not finish it before the Rtlwas issuedat the first
highwayexit after 5 minutesAfter passing this exit, the automation did not become
available again and the participants drove to the next exit manually. This scenario
illustrates thecase where the user cant conducn NDRA without interruptiorand

has no chance to finish it afteeinginterrupted.

The instruction before the thitdp was the same as before the first trip but without
the instruction to watch a video. The participants were told to drive as thiegdivis
manualy or automated. The traffic density was higher in this scenargret@tean
unpleasantind dullhighway sceario without the chance to distract onegsifan
NDRA.

The instruction before the fourtltip was the same as before the first trihe
difference in this scenario was that the automation did not become available. Thus,
this situation illustrates the case whereaamomation, which should apparently be
available,is not without any notices. The route whe same as during the othapsr

but without an emergency lan® examine whether the test persons were able
recognig reasons for neavailability.

Measures

Participants rated the information nedldatemerged from the focus group discussion
on a five-point Likert scale indiating how important and useful a display thfs
information is considered. To answer the research questions a-ssermtured
interview of five to ten minutes was conducted after every test drivanvastigator
notedthgparti ci pantsd6 answers

Results
Focus group discussion

With regard to experiences with novices, the experts reported that peopleawdho
never had contact with automated vehidfenovertrust theautomatiorafter a short
time. Furthermore, thejeel disturbed byRtls, do not undestandandi in some cases

T do not accepsystem limitationsThe focus group participants stated that novices
expect an automation to be available all the time even though theynf@raed of
possibleRtls. When nowes were told that an automationyomlorks on motorways
and its availability is dependent of further conditiamsyicesarestill surprised when
the automatiois not available on the motorway for some tirkarthermoregxperts
reported thapeopleoften think they could sleep when thetamation is active even
though they know thehave to act as fallback levahenaskinghow realistic the
experts assess t he staedhe exgestdiiongartepnetcetliatit i ons, t hey
or achievable withinhe next years when the first E8utomaions enter the market
They alsoreportedthat periods of 30 to 40 minutes of automated driving on
motorways are realistic but interruptionswill be most likely. The focus group
participants assumed that the discrepgabhetween the expectations atethrical
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possibilities come from noetransparent system limitations athdisincorrect mental
models.

As afailure to achieve the goalthusdi scr epanci e sexpeetitmsen peopl ebd
and the outcome of an evénktadsto frustation(Ochs et al., 2008}he experts were
asked which informationould bedisplayedn the HMIto lower this discrepancy and
thereforefrustration Experts stated that a display of the availability duratiefore
and after activation of the automated system would help adapkpleetations to
realistic system capabilities and therefore prevent users frometiost Furthermore,
suggestions oNDRAs, which can be conducted within an availability perioe,
assumeduseful In addition,an overviewof all route sections where aumation is
probably available could bpresentedo makeit easier for the user to organise
NDRAs on a trip. Moreover, a display when automation will be availdbieis
currently not available could prevent fruation especiallyif users expecthe
aubmationto be availablevithout limitation, at least on a motorwayable 1 shows
the potential information needs anticipated in the focus group discussion.

Table 1. Potential infonation needs anticipated in the focus group discussion

Anticipated inform#ion needs when Anticipated information needs whe

automation is available automation is not available

Estimated availability duration of the Reasons for neavailability

automation before activation

Certainty of availability duration Duration until autanation is
available

Overview of availability periods on wholg
route

Suggestions of NDRAf&asibleduring
automated drive

Driving simulator study

The test persons experienced four test drives in permuted order. However, the rides
are referred to as first trip, second trip etcanalogue to the aforementioned
descriptions

To answer the first researduestionthe test persons were asked how lorey tivould

have expected the automation to work. As this question is explicitly important when
thepartidpantconducts a NDRA, which iseitherfeasiblein the period of automated
driving or not,it was asked afterips one and two. Theetrips representethe ideal

and nonidealsituatiorsin which the NDRA isitherfeasible(first trip) or interrupted

due to an Rtl (seconttip). Sevenparticipantsexperienced the first test drive before
the secondOn the first time askeaight participantsanswered that they had expected
the automation to be availablefinitely long and theréore until they leave the
highway. Figure 1 showsall answers and their quantities.
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First time asked

8

6

4

2 |_|

0
Infinite/ until Short periods Long enough for Until a critical
highway is left finishing NDRA event

Second time asked

8

6

4

2 |—|

0

Infinite/ until  Availability like No concrete  Long enough for
highway is left  last test drive expectations finishing NDRA

Figure 1. How long test persons expected the automation to be available.

To arswer the second researghestion,the test persons were asketiat kind of
information theywished to be displayethefore activating the automatiofen

participantsstated they wishefbr a display of the periodr distancahe automation
would be availdle. Two test persons stated they did not viishmore information
before activating the automation but a displafy the automation period after

activating Figure2 showsall answers toesearchyuestion two.

OFRLNWAUIOONO

I

Duration of automated Distance of automated  Display if system is
drive drive capable to handle situation

Figure 2. Information test persons wished to be displayed before activating the automation.

Research question three was what kind of information test pedssie when
automation was not availablParticipants answered this question after experiencing
test drive four during which the automation did not become available. Eight
participants stated they wished to know when the autometiid be availablejn
either time or distancé\ll answers a shown in figure.
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When automation  No displays  Permanent symboNoatification about

will be available regarding indicating non-  reasons for non-
automation at all availability availability

Figure 3. Information test persons wishfed when automation was not available.

If participants tried to activate when automation was not available-apogssage
appearedEleven participarstdesirednore detailedeasonsstating this feedbackas
not sufficiently understandabl8ix participants tried to activate and saw the feedback
while nine participants experienced it when the investigator instructed them to try to
activate When askedvhich reasons for neavailabilty the test persons assumed, six
participants stated they believed the traffic density to be the redstenfour thought
some technial issues to be responsible for ravailability. None of the participants
guessed theght reason, which wasmissingemergency lane.

OFRPNWAOIOITO

OFRLNWPAMUITO

Automation available

| I
I
Availability Certainty of Overview of Suggestions of
duration estimated  availability periods NDRAs feasible
availability on whole route during automated
duration drive

Automation not available

Duration until automation is available Reasons for non-availability

Figure 4. Participants6 ratings

of the

potenti al

infor mat
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Furthermore, it was investigated which reasons people have to activate CAD when
available and what reasowsuld prevent them from doin@slinterview data showed

that the main reason for activating is the desire to conduct an NDRA while the main
reason for not activating was the desire to drive faster than an automation would.
Another factor for the potentiaktivation was driving pleasuvéth having fun while
driving leads to no activation. After all trips the test persons were asked to rate the
potential information emerged from the focus group discussion. Figure 4 shows the
medians of the ratings.

Discussion and conclusions

Thepresent data suggeshat potential users of future ts8itomations have too high
expectations regarding the availability periods of the automation and consequently the
NDRAs feasiblewithout interruption.They expect an automatiaio be availabldor
aninfinitely long time within the most apparetimitations, for instance on a highway

and do not expect further limitations leading to Ritgerview data showed that test
persons mainly desired a display of time or distance ttarationwill be available

for in order to be able to compare the estimated duration of their NDRAs with the
duration of automated drivinome &st personsvenstated they would not wish to
activateCAD if their planned NDRA was not feasible during @etomated drive.
Furthermore, participants desire a display of the anticipated time until the automation
will be available while it is not. This information needswnot anticipated in the focus
group but would be covered by a display of an overview ahalllability periods as

it would contain the time or distance between two of the sémerestingly, when
automation is not available, some participantsrédan extra symbol indicatingon
availability while others explicitly stated they do not wantextra display for non
availability, as this would be redundamevealing individual differences. Another
important result is the desire to know the reasonsdoravailability. This may lead

to ahigher perceived understanding of the system as itwhens Rtls come with an
explanation (Korber et al., 2018). As participants desire to know why the automation
is not available, a display explaining the reasons seshthe morémportant,as no
participantwvas able to recognise the reason in the simuléyaoneself Investigating

why participants would use the automation or not, answers mostly referred to either
conducting NDRAs or driving faster than the autdoratvould. This indicates, these

two factors mainly influence the decision wheter to acticateot.

Further research should validate the information neegsrted in this studgven
though the information coming from the experts and from the novicasly
coincide. The focus of this study and thus of the study design was on NDRAs and
conductng them free of interruptions and therefore the results may be biased in this
direction.Moreover, a naturalistic driving studyuld lead tofurther results.There

might be moreriformation needs regarding the automation before activating the same.
Generdly, there is a gap in research concerning the activation of automated driving
functions, which should be closed. This work suggests the activaianotomated
driving by the drivetto be an important step, which should not be perceived as trivial
espedilly as wrong or purposeless activations aodsequentiyot feasible NDRAs

may lead to frustration or decreased acceamdhusdecreased usage.
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Abstract

Highly automated drivingvill have a significant impact on our future mobility. When

a driver uses a system thanaprises different SAE leve(LO, L2 and L3) the Human
Machine Interface (HMI) needs to support the mode awareness of the driver at all
times. Whilein L2 the driverhas to monitor constantly, in L3 he can spend time on
nondriving-relatedtasks. The publicly funded project TANGO €Faology for
automated driving, optimized to the benefit of the user) enables the design of an
ffattention and aonatedtiudk driviegsnd 2 and LB.MThedHMF or au't
of the project provides information about the automation level throughretitfe
modalities visually (instrument cluste& LED strip), auditory (sounds and voice
announcementsnd haptically viaa tactile seatmatrix. By conducting a driving
simulation studythe usability of the HMI wamvestigatedThegoal was to determine

the ability of thedriver to differentiatecognitivelythree S\E levelswith the support

of the TANGO HMI.

Introduction

The vision of atomated driving stands for an increase in road safety and efficiency,
a fatiguefree and stresBee driving experienceas well as a safe use of biilt
information and communication systems while driving. The fact that such a need
exists among car drivehas already been sufficiently demonstrated in various studies
(cf. PetermamtStock et al., 2013; Wulf et al.,, 2012Hlowever, the benefits of
automation can also be beneficial for another group of usansfessionaldrivers.
Theycould be supported ther daily work routine by hours of monotonous journeys.
The altered humamehicle interaction has not yet been suitly examinedn the

field of trucks.

Within the project of TANGO, the research project concentrat&Ad@tlevel 2(L2)
and SAE Level 3 (L3) systems (SAE International, 281and their transitions.2
provides the driver with combined support in londital and lateral guidance by
means of an automated function. However, the driver must constantly mibator
driving situationand be pepared to intervene immediately. This monitgrfunction

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-.JPetiot, C. Dumas, A. Botzer, DOnnasch, .
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org

Awar en
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is omitted in L3, where the system takes over the compleftécieeguidance in certain
conditions (e. g. traffic jam or anotorways). In these situations, the driver no longer
has t o b e"afd can therefere dotenbially turn to activities not related to
driving. The driver only has to be ready fomnual vehicle guidance within a period

of several seconds when the system requests the driver to take over the vehicle
guidance.

Especially inthese quite similar modes of automation, an adequate awareness of the
situation and the system is mandatoryrides to avoid errar and to achieve an ideal
human machine interaction (Sarter & Woods, 1995; Kolbig & Mduller, 2013).
Situation awareness is defn e dthe @ercepition of the elements in the environment
within a span of time and space, the comprehensiotheif meaning and the
projectionoft hei r st at us (Endsley 1088 pn9¥)altris uhderstand e 0
as a dynamic process in whictras but also corrections can take place at all three
levels (Endlsey, 1988 1995, 199%). In the course of damated systems, situation
awareness must also be enriched by system awaréness be understood as part of
situation awareness and thus lies the same processes: the knowledge and
understanding of system information and systefavant environmenkanformation

as well as the anticipation of the information (Sarter & Woods, ;18@%thersen,
2016. If this system awareneds incomplete,the probability of mode confusion
raises.Thereby, the system reacts differently than expected by the Uiseuser may
behavenappropriatly (e. g. monitoring activities ih3) or miss actions (e. g. missing
monitoring activities in 2; Bredereke & Lakenau, 2002)Studies could identifghe
missing supervisioandhigher attention to side task or longer viewitigtances from

the road in L2 (cf. Buld et al., 2002)PetermantBtock (2015) alsddentified
uncertainties regarding the system status anddfqaired action through increased
focus on relevant displayfbove all, an overonfidence in low automatiorevels,
where a lack of monitoring with the potential oversight of system errors occurs, should
be prevented.

The humamachine interaction chaeg significantly through the use of automation,

so that earlier actions are replaced by supervision or withdrawal from the driving task.
The aim of efficient HMI should therefore be to provide important information for
adequate awaness of the situationnd the system as well as to prevent mode
confusion as far as possible. The multimodal HMI developed in the TANGO project
will be evaluated for the first time in a driving simulator study with professional
drivers.The research questions of the study arksws:

1 Do people know which SAE Level they are in?

1 Do people know their t&s according to the SAEVel?

1 How efficient, effective and satisfyingly is the level change supported by the
TANGO HMI?

1 How do peops react to a critical driving situation?
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Methodology
Experimental setup

The study took place at the vehiadegonomics test facilityat the research and
teaching area Industrial Design Engineering of the University of Stuttgart. This fully
variable modeobf a vehicle interior is based on a staéitectrically adjustable seat box
with driver and passenger seats. The driving simulation is shown on five monitors
(Samsung, 1920 x 1080 pixels, 59") with a 210° field of vision covering, two side
mirrors and agarview mirror. For simulation, the softwe SILAB (WIVW, Version

5.0) was in useTlhe rides took place on a twanemotorwaywith an emergency lane
During all automatedides, the vehiclé s s p e e d100vené orstlee righttlame

The vehiclewas @casionally overtaken by other road users.

The study design included two indepentlvariables: One variable was automation
level (LO, L2, L3), respectively transitions, as a within facteéach participant
experiencectach automation level and possiblensition. However, the order was
counterb&anced in between two groups. The second independent variable was the
arousal of a criticabvent(same situation, either in L2 or L3) as a between factor,
which occurredat the end of test run twdhe differencebetween the takever
situatiors before te critical sitiation was the fact, that in L#b warning was given,
whereas in L3he system gave a takeer request (TORfor an overview of the ride

see fig 2 below).

Usercented HMI

For promoting the modawareness, the automation level states supported by
different HMI elements. A schematic layout of the et cockpit is given ini§. 1.

In this HMI, the L2modewasc al | ed A As ¢colaut cade:dleearfel L s 0
mo d e A A udrezm Orangetand redereused for warnings. The HMI iheded

an instrument cluster, a head unit display above the centre consoleletatizable
tablet placed om holding tothe right. A colowrcoded LED strip shoed the levé
colour andwaspositioned at the bottom edge of the windshi€lo: (de)activatirg
L3, two pushbuttons(that litup in green when the L&asavailable)on the steering
wheelhad tobe pushedimultaneously. @epushbuttonon the centre consglehich

lit upin blug (de)activatel L2. The puskoutton in the middle of the steering vethe
wasused for the Sign Detection Task{T; see chapteData and analysis A tactile
seatmatrix (TSM; Schwalk et al., 2015)asused fottactilefeedbaclduring the TOR
andafteractivation oftheautomation. It consistlof a 4x4matrix in the backrgt and

a 3x5matrix inside the seating area. Aflrocesseswere supported by voice
announcemeni@nd icons within the instrument clustés soon as a chanf®m L2

to LO wasrecommended, the driver ¢h@.2 s to deactivate Assistance Plus either by
pressing the abovenentioned button or by driving related intervention (usiing
accelerator or brake peda oversteering)However,Intervention always resdtin

a level change to LO. If the driver neither prestige button no intervenel, the
automationswitchel off. In L3 the driver hd 15 s to react to a level change. If the
driverdid not react the systenid a safe stop.
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Voice Announcement

i LED Strip (L2, L3)
&)

—_— )

Head Unit

Tablet

Button SDT
Buttons L3

e Button L2
&———— Tactile Seat

Figurel. Simpl i fied representat i oaockpitTheicbtneat mount ed

the right bottom are displayed in tivestrument cluster.
Procedure

At the beginning, participastreceived an introdtion to the research topithe
detailed descriptio of the systenfunctionality and the different tasks théhaveto
perform according to the SAE levelé\fterwards they amngered demographic
questions anavent through aracclimatsation ride in which all SAE levels and all
tasks could be experienced

Onetestride consisted of three consecutive runs with automation and four transitions,
with atotal run timeof approxmately 90 min Transitions were announced by the
system according to the study setAfier each transition, questions were asked about
the transition itself in terms of effonnode awareness as well e HMI without
pausing the ride (see fig).2Participans answerd all questionghroughout the study
verbally, which the investigatatocumentedin addition, the simulation was paused

in the middleof each test drivésystem freezefpr answering questions on the mode
awarenessAt the end of the first drivahe paricipants took a break during which

they had to complete another questionnaire regarding the overall driving experience
in this first half ofthe simulation. Subsequently, the second test drive took place
similar to the first one. However, at tead of he test drive, a critical event (system
error) occurred, in which the driver had to take over. Thigal event consisted of a
traffic jam that suddenly occurred after a hill and therefore could not have been
noticed early. In L2 the system didt brale on time. Therefore the drivers needed to
initiate a transition and brake themselves to avoid a crash. However, in L3 the system
announced a takever within 15s. After finishing the second ridé& addition to the

same questions that were anssekat tle end of the first driveanotherquestionnaire
referred to the perception of the critical event

HMI

t

he
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4 Transition upwards
+ Transition downwards

> Critical event (system error)

Figure 2. Schematic study desigmd procedurdtwo rides per person with two different test
conditions as in between facjor

Data and analysis

A nondriving-relatedtask aswell as a drivingelated taskassessed the mode
awareness.The driving related task was supposed to measheemonitoring
performance of the drivers and at the same time, assess the mode awarbaess.
drivers had to detect spd Imit signs, which is called the Sign Detectioask
(Lassmann et al. 2019he design of the SDT is based on detection tasks of driving
relevantstimuli that have been used for assessilggance and thereforeonitoring
performancédcf. Greenlee edl. 2017; Heikoop et al. 20).7n L2, the participant was
supposed to press th@B-button located on the steering wheel when a specified
speed limit sig (100km/h) could be seen on the roadsifte 3.5 s. If the driver
reacted to another road sign,sthiias consideredserror. The SDTrequires visual
attentionandcould becompaedto monitoring activityin terms of suddenly appearing
obstacledn L2 (Lassmann et al. 2019The hit rate and the response time to the
stimulus wererecordedIn case ofpressingthe SDFbutton in L3 it was considered
asa mode confusion sinamonitoring is not requiredh this level.In additionto the
SDT, a secondary task (quikased orPetermantBtock et al., 2013was offered on
the tablet to the righThe drivers cold decide themselves if they interacted with the
quiz (either in the fixed position or hasteeld). It corsisted of 262 questions in
German with four answer options eadithe quiz has been proofed as an engaging
task for truck drivers in several studies hiiit the TANGO project (e.g. Bieg et al.
2019).



126 Lassmannet al.

Another objective measure mfodeawareness is a variatiofithe SAGAT (Situation
Awareress Global Assessment Techniqidsley,1988b) survey methodThe
SAGAT record he respective situatiespecific knowedge of the persorvia
questions concerning perception, understanding and anticipation of the sisftation
freezing the simulatiarin this study, the HMI was hidde frozenafter a transition
instead of the entire simulatioand questions were askebout the respective
automation level and the distribution of responsibilitiBesides thatthe Mode
Awareness questionnaire from Benecke (2014) was used as subjective data. This
includes the areas of perception, understanding and anticipation of the sfatus.
In addition, individual items were asked for the critieakbntwith regard to effort
(Subjective Experienced Strain Scale; Eilers et al., 2986bjective reaction quality
and subjective criticality. All questions were implementsthg a five-level Likert
scale.

For this purpose, mean value differences were calculated usiMyilitexon rank
sum testas well as variance statistical methods with and without repeated
measurements for the factors measurement time and automation kesgjrafcance

|l evel 00f U =
Participants

The driving simulation was performed with 30 participants (aged 22 ye&3 M =

41.6 SD=10.8. The group consisted of twenty truck drivers, three bus drivers and
seven other frequent drivers with an average ahrkilometrage of 850

+ 36,667km (range 20,000 to 200,0@@). For 2.5hours of simulated driving and
questioning the participants received an incentive ofBid@. Due to measurement
failures, motions sickness or language problems during the stigthy,participants
wereexcluded from the analysis, which leaves 22 subjects.

Results
Mode Awareness

Sign Detection Task (SDT)

Onlyin L2, people should perform ti&DT. However, two participants hit the button
continuously, three subjects once,iltbeingin L3. The rest (77.06) performed
correctly by not hitting the buttorin L2 hit rates readd a mean of 77.660 (16.9)

with values ranging from 50 to 100 with no change over timd-[2,42] = 1.900;p
=.162; d> = .083) Sewen personviada mean under 70%, whereas thait rate of
three of them increadeéhroughout the study. 15 had a hit rate of over 88 %. The mean
of the reaction times dhe hits was 1.95 s (.39)lo change over time occurred either
(F[2,42] = 1.042p = .362; ¢ = .047).

Secondary aski Quiz

The resllts shoveda shift of attention in higher automation leve[Z,20] = 103.33;
pO . @=1.91) (see fig. B The drivers did less quiz questions during LO
(Mg=1.33) than in L2 M,2=34.77) and L3N 3=56.39). In addition, there was an
effect oftime (First, Second and Third Time in either LO, L2 or L8} all three
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automation leved (F[2,20] =5.14p O . P 5.34). All test persons performed less
quiz questions over timéy1=36.01;Mu2=31.02;Mpn3=25.41).

70
60
50
40
30

20

frequency at quiz task

10

M1 M2 M3

LO mL2 =3

Figure 3. Performancdrequencies osecondaryask for the complete drive; Automation level:
LO7T L3; time of measurement: M3 (first, second andhird Time in either LO, L2 or L3)

The correlation of the performance frequencies of the quiz and the hit rat2saoé L
negatvely correlated (Spearman:= -.488;p O.05). Looking at the correlations of
each measurement time, only a correlation of M3 exists:%66 @ O.01).

Subjective MdeAwareness

The analysis of the subjective evaluation of mode awarenesgdtthat participants
in the two groupslid not difer in terms omodeawarenessH[1,20] = 0.004p = .952
d? = .000. However, there was an effect on the time of measureffgh{20] =
10.664;p O ; d=1.348) Themode awareness improvedring the ridgMbefore =
4.47;Maier = 4.68)

During thefreezing situation, 21 of 22 participants were able to reproduce the current

automation level they were in, as indicated by the correct labelling of the automation

mo d e  AskistamcePlu® 6 L 206 ) , or t hue matehimmdl cel onode 6) .
Participans in L2 and L3 were equally aware of the system mode during the freezing

situation (Mdn>=5.00, Mdn3=4.83, W=70, p=.209). However, 3% of the

participants in L2 and 2% in L3 were unsure about the correct tasks they had to

perform.

Concerning the syste error that had to be detected either by the participants
themselves in L2 or by a TORy the system in L3, no significant differences could
be found in the degree of ffrt (Mdn ,=2.17,Mdn3=1.60;W=38, p=.125), thespeed
while overtakingMdn »=4.90,Mdn3=4.67 W=74,p=.220) and their confidence with
the quality of their reactioniMdn »=4.83,Mdn 3=4.80,W=58, p=.882). Finally, both
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groups evaluated the driving task well adoptedNidn_2=4.83,Mdn 3=4.90,W=64,

Lassmannet al.

p=.689), and quickly surveyedi@dn_,=4.83, Mdn s=4.80,W=58, p=.882).

Transition and Critical TOR

In the following section, only theansitionsinto and between automation levéee
fig. 4) are addressed. The change inta/¢@ically and uncritically)s focusedn fig.

5. The analysis aothetransitionsshows that a few participants had problems changing

levels.22.73% did not make the safeansition from LO to L2 at the firsittempt

They switched at least once to L2 and back to LO due to another button, pedal or
steering wheel opelian. 18.19% had the same problems transitioning from LO to

L3. The same number of participants did noarae directly from L3 to L2. They

changed into LO before reaching the right level. There were no problems when
changing from L2 to L3.

The transitiont i

me s

of three

participants
therefore excluded from statistical &sis. Each participant changdrbm LO to L2
and L3once. They changadice from L2 to L3 and L3 to LAue to the study setup
without aneffect oftime of measurement (first or second tjirh2 to L3:1(18)=0.498;

wer e

p=.624; L3 to L2:t(18) = 1.895;p = .074). Therefore the mean of both values was
used for the following analysiReaction times differed in terms of transitions

(F[2,253 = 8.480; p = .001; d? = .320). The transition from L3 to L@\ zt12= 6.90)
took more time thathe changes from LO to LMcotL2= 4.28;p=.009 and L2 to
L3 (ML2t0L3: 4.12;p 0.001)

Transition

L0412

LO4 L3

L2413

L3y L2

Participant with transition at

first attempt (n = 22)

77 %

82 %

100 %

82 %

Time [s] from

announcement to
transition (n=19)

=

=

.
L

—

T

Figure 4. Transition times to automation and within automation modes (initiatedwiton

press)

The following results are displayed fig. 5. Due to small in between group sizes (9
and 10 participants), the data was not analysed statistiaétly the request to change

from L2 to LO, the automation was switched after 2.2s. Nodriver reacted via

intervention or button press within this time. At this point, no statement can be made

about the drivehandling of the situationn the critical eventall drivers acted
within 6.90s with a mean o4.54 s(onset: fastest transitianinus 2 s reaction time

considered
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by using the pedal or steering wheel intervention dutiegritical eventNone of the
participantscollided with another vehicle

The uncritical transition from L3 to LO was made within 3.20 and 11.32 s with a mean
of 6.77 s whereas in the critical tsiation, thereaction timedecreased slightlyo a
mean of 6.2% (range from 3.31 to 8.2 sWithout a critical event50% used the
buttons to change level All other participants used pedal or steering wheel
intervention.The butons were used less in the case of the critical e@3r#]. None

of theparticipantgprovoked asafe stop (15 after the announcement).

. L2 v LO L3 v LO
Transition L2 ¥ LO critical event L3 v L0 critical event
Number of participants
in group 9 10 10 9

12 I
Time [s] from 10
announcement to ] T
completed transition 6 —r -
=T
2 —_——
0
C(_)I_hsmn during N/A 0% N/A 0%
critical event

. Button(s) 0% 0% 41.67 % 30 %
Transition = e 0% 100 % 5833 % 70 %
initiation |_nterven vlons o o . o o

No reaction * 100 % 0% 0% 0%

* L2: no reaction within 2.2 s
L3: no rection within 15.0 s (safe stop)

Figure 5.Transition times for changinigto LO in an uncritical andritical situation (between
factor).

Discusson

The study identified the influences of the various automation levels on mode
awarenessAccording to the SDT, two subjects had a continutask confusion.
Seven people failed thmonitoring performance, since they would not have detected
important sigs and reacted to them within 3.5 s in over 30 % of the cases Ttk

might be three factors which had influence on the SDT performance: distraction, task
confusion due to insuffient knowledge about the tasks or mode confusite. quiz

was avisualdistractingnondriving related taskwhichwas availablehrougtout the
levels. Visualdistractionleads to a bad performance for detectihgtaclegLorenz

et al. 2015) as well as in the SDT (Lassmann et al. 2019). This thesis is supported by
the negatie correlation of the SDT hit rates and the performance frequency of the
quiz. Subjects whawererather involved in the quiz, missedad signsRegarding the
factors task and mode confusion, thiejective data gathered during the freezing
situationmight help to explain the result&verall 21 of 22 participantsiere able to



130 Lassmannet al.

correctly reproduce the aant automation level they were in, but @lof the
participants in L2 and 2% in L3 were unsure about the respective tasks. These results
could actually ben indicator of mode confusion, which refers to a discrepancy of the
partici pant s ith aspedtsioé fehicke lpesformmances bre controlled by
themselves and which are controlled by the automation at a particular instance
(Cummings & Ryan, 2014).

In terms of the transition, participants did fairly well. After having tried the transition
once diring the acclimatisationride, most succeedeith transitioningat the first
attempt within a few secondslost problems that occurred were due to the faat t
people either still pressed a pedal, pressed the button for too long or did not trust the
trajectory of the simulationFor most people this happened only once during a whole
test ride.In addition, subjects did not change levels faster while doitiggisecond

time which speaks for good usability at the first pldnesummary, according to the
results, the HMI supported the user during transitions well. Nevertheless, a quote of
100 % transitions at first attempt would be desirable.

For the changesdm L3 into a lower level, people took more time, which is in line
with the findingsof Gold et al.(2013):the longer the possible time frame for take
over, the longer the takever takesEven during the critical situation, taker times

did not changenuch, which supports the thesis, that people were rather trustful of the
system.A timeframe of 2.2 s for the transition from L2 to LO was not enough for
drivers to react to the change and the readiness of the driver feowakevas not
checked. This ghws the danger of a E&ystem:undertaking a transition from L2 to

LO without anexplicit driver interactionmonitoringor a fallback action might lead

to a situation of an unsupervised car in motiear this reason a driver monitoring
willbe implementd i n t he TANGO system to check the driverods
all drivers becam aware of the critical situation in L2 and reacted in time to prevent
an accidentwhich leads to the assumption that drivers were aware of the monitoring
taskand also the wde In terms of takeover from automation to manual driving, the
intervention sems to be more intuitivior drivers than pressing a button.

In sumnary, the results of the study seem divekscording to the findings of Lee

and See (2004), the misbelidf@ ut t he vehiclebs operation is a resul
undertrust in the autorted system. In this context, it could be assumed that

participants in L2 had overtrust in the automated system, asrnib@yectlythought

that they could fill in the quiz,ebpite being supposed to watch the traffic. Overtrust

can lead to misuse of thetamated system, where the driver applies the automation

to a roadway environment that is outside of the autc
the critical takeover situatiom, however, the drivers with L2 were able to update their

situational awarenessligkly enough so that there were no problems withaitihe

loop performance. On the contrary, participants in L3 had possibly distrust in the

system, as they thought tha¢yhhad to watch the traffic, despite the automated system

taking over this task ampletely. Participants believed that the automation

performance was less than it actually was, which leads to a disuse of the automated

system and thus removing the posshaefits of the automatidihee & See, 200).
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Conclusion

This study onmodeawareess with regard to different automation levels was able to
showthat the test persons could subjectively indicate the correct automation level, but
made mistakes in indicatirthe task which they hadb perform This corresponds to

the objective performmece in the secondary tasRn the one hand these results show,
that the HMI succeeded to convey the information of different automation modes that
were obvious to the drive@n the other hand thresults could actually be an indicator

for mode confusionwhich refers to a discrepancy between how the participants
believed the vehicle to be operating and how the vehicle was actually operating during
L2 and L3i e.g. that monitorig the system couldebachieved whilgerforminga

visual nondriving related activity Therefore the@asksduring automatiorshould be
emphasisednore clearlyi either by instruction or by the systerand internalised by

the driver. However, in conclusion the TANGO HMI suppats the driver well,
especially in regartb transitions, but can be improved regardasgistance afode

and taslawareness
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Abstract

The present study investigdtdhe mental wddoad associated with drivingvehicle
equipped witlLane Keeping Assistance System (LKASpeifically, an experiment
was carried out witli6 participantsdriving with LKAS in four reatworld scenarios.
Effects onmental workloadvereevaluatedvith psychophysiological measurssch

as heart ratandskin conductance responé&CR). The drivingperformance which

is also a measure of evaluating mentarkload,wasassessetly measuresuch as
steering reversal raterariation of lateral position and steering effort. The result
suggested that LKAS has reduced physical workload in the steerlandi@msever,
the lane keeping performance was not improved. Moreover, the NAXAshowed
that participants perceived higher mental workload while driving with LKHS8s
effect wa mirrored inthe SCR Theobjective data showed that LKAS was associated
with higher steering reversal ratavhich might explanh the reason ofparticipants
perceiving highermental workload.Overall, it was suggestedthat the mental
workload was higher with thested LKAS.

Introduction

The development of thedvancedDriver Assstance Systes{ADAS) hasadvanced

a lotsince the late 90$rom the passive Antbck Braking System(ABS) in 1987
(Bosch) to the introduction of Adaptive Cruise Control (ACCin 1999 various
driving tasksin moderncars have beergradually delegatedd automated control
system(Bengler et al., 2014)-ew years after the introduction of ACQetLane
Keeping Assistance System (LKAS) was introduced by Honda in 286ida &
Gayko, 2004) In contrast to longitudinal motion manageyg ACC, the LKAS is
designed specifically for lateral control. The idea behind LKAS is lginip support
stayingin alane.The system constantly measures the distance to the lane marking via
one or more camerandappliessteering torque to keep vehicle fréeaving the lane.

Discussions regarding the effect of vehicle automation on human can be found widely
in the literatures. Stanton and Marsden (1996) stated a humdnrguofients favouring
automationof the driver role,such asthe automationcould improve wdl-being,
improve road safety, and enhance product shliéisnately, it mayrelieve the driver

of excessive and complex driving activiti@sookhuis et al. (2001), however, pointed
outthat the ADAS may introduce these benefitjtthe consequences (eigcreasing

In D. de Waard, A. Toffetti, L. PietrantgnT. Franke, <F. Petiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Hrope Chapter
2019 Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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complexities of the cockpit, decreasing alertness and attention frodniireg task,
and negative effect on skills) should also be identifidthough in the context of
Intelligent Vehide-Highway System, Hancock and Parasuram@®92) also
commented that such agsis function might intend titigatethe mechanical effort
from the driveryetit could alsohypothetically increasdriver's cognitive workload
if monitoring the systers required

Whenadriver assistant systefunctionsas expectedt hasbeenreported in a review
paper that the averaged sedported workload (0% = minimum, 100 = maximum)
decreased from 43.5% in manual driving to 38.6% in ACC drividwy \(Vinter et al.,
2014). Furthermoe, some evidences even suggested that lateral support selieve
mental workload to a greatextentthan ACC {foung et al20(2; Carsten et al. 2012).
In contrast if automation does ndiehaveas one anticipag it could resultin
increaingd r i vmenabwerkload ForinstanceBanks and Stanton (2018howed

in a field study thaparticipants reported higher subjective mental workkmadilower
trustwhendriving with automated vehicle (wilbngitudinal, laterasupport and auto
overtake systemin comparison tananual driving.The resultsindicatedthat the
unexpected lane changes and unsafe -awtertake offerings werpossiblypart of

s y s sweakdesses

As arguedby Sarter et al., (1997A4hena new automatin is introduced into a system,
new coordination demands between human and machine often comevidoagver,

it is particularly difficult for human to coordinate activities, whée intentions of
machine agentrenot clear Thisobservation is similaio the findingsn our previous
pilot study, in whichthe participants subjectively reported ovetatiherworkload
levels while driving with LKAS than driving without itThe papeconcluded that the
unexpected systefailure, inconsistent feedback amatck of transparency were the
main reasons of havirthis outcome(Schick et al., 2019)

Similar to ourpilot study, theprimary purposeof this study is also to investigate the
mental workload associated with LKASowever it differsin two ways. kstly, only
drivers who have had experience with LKAS were selected as particijdrds.
experience with automation, asggestdin Stapel et al., @17, is a prerequisite of
reducing perceived workloa&econdly, the objective data (i.e. driving performance)
werepresentegdwhich should reveal the driving behaviaunendriving with LKAS.

In total, four disinct realworld scenaps were designed, wbh consisted of/arious
curviness of the route and driving velocifjhe participants werasked to drive
through all scearios two times (with and without LKASYhe mental workloaevas
assesseuith objective and subjectivmeasures

Based orthe work nentioned abovgwo hypothesisave beerfiormulated
H1: Driver sé per c aevowdbehigherwit LKAS tharowitholt . a d

H2: Lane keeping performanegeuld be better when driving with LKAS.
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Experimental Design

To elicit different levels of workloadwith LKAS, four driving scenariosvere
designed based otine combination ofcruising velocity and roadgeometry The
cruisingspeed was eithext 120 km/h (LowspeedL) or 160 km/h (Highspeed H),
whereas the road geometwas either arvy (c) or straight (s). Hence, the four
scenariosvere abbreviated dsc (Low-speedcurvy), Ls (Low-speedstraigh), Hc
(High-speedcurvy) andHs (High-speeaéstraighj.

The scenarid.c was a 7 km rural road3(L9, Waltenhoferi Oberdorj that consisted
of a number ominor curvy sections. The scenario Ls andwiseeach 5 km straight
motorway sections(A980, Waltenhoferi Dreieck Allgay). Essentially, these two
scenarios shared the sametorway butin opposite direction. Finally, the saaio
Hc was a 10 knmotorway(A7, Dreieck Allgaui Oy-Mittelberg) which consistef
two high radiuscurves €ach witha radiusof approxmately onekm). The order of
the scenariowaspredefined as driving througlall scenariosn a randomized order
would havetaken too much tim&avelling between each scenario

For one complete lap, the participant first started withnario Lc(go and back),
followed by a single scenarics (go), then through scenariéc (go and back), and
finally finish in scenaridis (back). Unless explicit speed limit encountered, the driver
tried to maintain the speed at 120 km/h in scenati@ndLs, and at 160 km/h in
scenarioHc andHs. It took in total about 25 minutes to finistne lap.In order to
investigate theeffect of LKAS in different scenarios, the participanadto drive
through all scenarios two timdtaps)i.e. with andwithout LKAS. The order of
introducingLKAS wascounterbalanced he routesreillustratedin Figure 1.

Figure 13. Four real-world scenarios(Lc: Low-speedcurvy, Ls Low-speedstraight Hc:
High-speedcurvy, Hs High-speedstraighf. The yellow star indicates the starting and ending
of one complete lapgFigure adapted from openstreatmorg)
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Participants

In total, 21 voluntees between 1&nd65-yearof ageparticipatedn the experiment
(M: 32.6; S.D. 13.5) They had participadin aprevious pilot study. All participants
possesadadriving licerce for at least three yesitheir selfreporedaverage annual
driving mileage was 16333n (S.D. = 5365 km). The participants signed an informed
consent form before taking part inetlexperimentDue toadverseweather, traffic
conditiors and technical issise the dataf five participantsvere discarded.

Objectivemeasures

To assess mental workloatthe skin conductance response (SCR}tmkenasan

indicator ofthe activity of sweat glansl In the literature, both the SCR and its tonic

counterpart (skin conductance level, SCL) have been used for measuring mental

workload (Gris et al., 2012; Zangroéniz et al., 201RA)this experiment, the counf

SCR per kilome&was taken aaworkloadindicator In additiontheheart ratdHR)

andheart rate variabilitfHRV) werealsotaken as dependemariables. It has been

shown that HR and HRV argensitive toevalat e oper atorsdé, effort (Aasman
1987) andmental workload Pe Waard & Brookhuis, 1991; Wilson & Eggemeier,

1991).For HR, thesemeasure# the timedomain werdncluded

A Inter-beatinterval (1Bl

A Rootmeansquare of successiveRinterval differences (RMSSD)

A standard deviation of Il intervals GDNN)

A Percentage of successiveRRntervals that differ by more than 50 ms (pNN50)

To describedrived s per f or ma n ¢ ene seamddrdvariaiénafviatecau r t
position (SDLP)and the steering reversal rate (SRR) were uBetbre compuing

SDLP, & suggested by)stlund et al(2009, the distanceto-line wasfiltered with
secondorder Butterworth 0.1 Hhigh-passfilter to ignore the variation within 10
second®f observation window. In addition, the data that were 5 seconds before and
after any lanecrossing events were excludddhe SRR was defined as the number of

times per minute that the direction of steering movement was reversed through a small
finite ande (3-degre@. Finally, the steering effort was includeddgoantify the level

of physical effort required to perform thesting task. hvascalculatedas the product

of steering angle (degrees) and steering torque (Nm)

TheLKAS tested in thistudywas equippetéh a premium class vehicl&he vehicle
parametersvere assessetvith a data acquisition system (DEWH2, Dewetron)
installed in the rear trunkThe physiological data were recorded with a wireless
wearable system (BioNomadix, BIOPAC Systems.).

Subjectivaneasures

The NASATLX (Hart & Staveland, 1988) was used to measure subjective mental
workload.A 21-point scale was used to map workload level from 0% to 100% for six
subscales (mental demand, physical demand, temporal demand, efffmtmane

and frustration). The result (RaWLX, R-TLX) wasobtained by averaging thatings
across subscaldsr four conditions (120/160 km/hwith/without LKAS).

e



workload evaluation of effects of a lane keeping assistance system

Protocol

The experiment was conducted in late April until early May 2018dAllgéau region,
Germany. Upon arrival, each participant was briefed about the routes and the goal of
the study. Starting from the research certtie driverusedthe first 8 km to become
familiar with the test vehicle before the starting point (the yellowist&igure 1).

One research stafhembersat on the passenger seat to operate the measurement
devices. After finishing the first lap, the participant parked the car in a parking lot
nearby and filled the questionnaire (NASAX) before starting the seconapl. The

LKAS was then switched either on or off here. For safety reasons, the driver had their
hands on the steering wheadl the time. In case of an unexpected sysfaiture
occurred, the driver should perform counter steering or any other measuve®td ¢

the vehicl® drajectory. It took aboubne hour for each participant to finish one
complete test run (two laps). A summary of #aeh scenarits listed in Table 1.

Table 3. Experiment design for one complete lap-[.c-Ls-Hc-Hc-Hs). Each participant had
to drive two laps: with and without LKAS.

Scenarios LKAS Velocity Length (km) Route
Lc 7 Curvy
Lc _ 120 km/h 7 Curvy
Ls W'/th 5 Straight
Hc without 10 Curvy
Hc 160 km/h 10 Curvy
Hs 5 Straight

Results

For dah analysisthe objective data were submitted & (LKAS: ON, OFF x 4
(scenarioslc, Ls, Hc, Hs)analysis of variance (ANOVA) with repeated measures
Greenhousé&seisser corrections were applied in case where the data failed to pass
Mauchly-Test. Poshoctest with pairwise comparisons were corrected by Bonferroni
corrections. The{value for significance test was 0.05.

Physiologicalmeasure

In termsof HR, neithera main nor an interactioreffect of LKAS was found In
contrasta main effet of scenans was foundgignificant K3, 45 = 7.931, p < .005.
The posthoc pairwise comparison showed tlia¢ HR in scenarid_s (75.10bpm)

was significantiower thanthe curvy scenaris (Lc = 76.67bpm Hc = 76.61bpm),
bothp < .01.In other words, HR was igeneral higher in the winding route than on
the straightmotorway For other dependent variables, only a significant main effect
of scenario®n IBl was foundf(3, 45)= 7.65, p < .005

Apart from the effect of LKAS and scenarjtise learning effect beteen the HR with
groups (betweesubject effect)land number of trials (withirsubject effect)was
investigated The data were submitted tdveo-way mixed ANOVA. With respect to
HR, a main effect of trial numbers was observe®.F, 29.4 = 5.35, p=.01.n
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contrast, the difference betwegnoupswas not significantThis resultsuggest that
the group, which experienced LKAS in the first lapowed a lower HR in the second
lap. In contrat, the HR of another group (without LKAS in the first lapjnainedat
asimilarlevelin the secontap whereLKAS wasswitchedon (Figure 2.

Heart Rate
Lap 1 Lap 2 Lap 1 Lap 2
100
LKAS LEAS
=3 on =3 on
3 oFF 3 oFF

90

sn i

70

Beats per minute

60

50

Le Lc Ls He He Hs Le Le Ls He He Hs Le Lc Ls Hec Hec Hs Le Lc Ls He He Hs
Scenarios Scenarios

Figure 14. The heart rate ovescenarios in a chronological order (left to right). The group on
the left started with LKAS, while the group on the rigthtted without LKASLc: Lowspeed
curvy, Ls: Lowspeea@straight, Hc: Highspeedcurvy, Hs: Highspeedstraight)

For SCR a main eféct of LKAS on theaveragecountper kilomete was found H(1,
15)=4.62, p =.048. However, mhfferencewas found witrscenarios as well as their
interactions. The result of average S&n overthe scenarios is shown in Figure 3.

Skin Conductance Response
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Figure 15. Averaged SCR / km over all scenarios inharological order. (Lc: Lowspeed
curvy, Ls: Lowspeedstraight, Hc: High-speedcurvy, Hs: Highspeedstraight)



workload evaluation of effects of a lane keeping assistance system

Performancemeasures

The analysis of SRR revealed a significant main effe€ka#S (F(1, 15 =55.24, p
<.005) as well as of four scenariog3F45 = 679.1, p < .005). An interaction effect
was alsofound between LKAS and scenarios(1F, 26.} = 9.07, p = .002). A
pairwise ttest showed that the SRRasalways higher whedriving with LKAS in
the curvy scenarios (in Lc, t4767, p<.005; an#ic, t =5.475, p < .005), whereas
the difference w&s nossignificant in straight scenarigks andHs). On the other hand,
the SRR incurvy scenaris (Lc vs. Hc) wassignificantly differentfrom each other
irrespective ofLKAS (all p < .005),while no differencebetweenstraight scenaris
(Lsvs.Hs) was foundThis result is illustrated in Figure 4a.

In terms ofsteering effort ANOVA showed thasignificant main effects ofKAS
(F(1,15)=242.3; P <.005) and scenario§l(F4, 26.1¥ 635.6, p < .005)erefound.
In addition the interaction effect betweendvactors (f1.45, 21.8= 165.0, p < .005)
was also significantln contrast to SRR, the steering effort in every scenaas
greater when driving without LKAS (p < .05), except of scenasidHowever, when
driving with LKAS, no significant difference & found betweeourvy scenariosLC
vs. Hc), as well abetweerstraight scenariod_§ vs. Hs). Overall, he steering effort
in the curvyscenaris (Lc andHc) wassignificantly greater thastraightscenarios
(Ls andHs). This observation is illustratéd Figure 4b.

For SDLP, nadifferencewas foundoetweerscenariosand between LKASThe st
hoc pairedsample #test indicated that the SDLP was only significantly higher in
scenariddc (M =.120 m) than scenarla: (M =.107 m)when drivingwithout LKAS.
The rest comparisons were all not different from each other.

18 Steering Reversals (a) 18 Steering Effort (b)
LKAS LKAS
16 == ON 16 === ON
14 ._OFF 14 = OFF
12 12
£ | £ |
* 10 =10
£ 8 g 8
3 %
6 O 6
4 4
2 2
0 l%—:—. |—:E’_:£I_ 0 ————) =
Lc Ls He Hs Le Ls He Hs
Scenarios Scenarios

Figure 16. Driving performanceneasuresa) SteeringReversald) SteeringEffort (Lc: Low
speeecurvy, Ls: Lowspeedstraight, Hc: Highspeedcurvy, Hs: Highspeedstraight)
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Subjectivaneasures

A two-way (LKAS x velocity) ANOVA was performed on the rel¢siof RTLX. It

was observed that the LKAS had a main effect on the subjective rating of mental
workload (F(1,60) = 6.17, p=.016). In contrast, nalifference in nental workload

was found between tweelocity settings There was also no interaction effethe

result of NASATLX is presented in Figure 5.

NASA-TLX
B Conditions
50 = ON 120 _
ON 160
%% _ =1 0FF 120
0 - OFF 160 T
g° |7 7
— %
30 7z 72 | 7 % %%
o
3 #”
ﬁ‘o_ %, % 27
=20
10
0
Mental Physical Temporal Performance Effort Frustration

Figure 17. These subjective ratings were collectdter the each lap. Dependlse orde of
introducing LKAS, the participant would answereach lapfor either LKAS ON or OFFin
both velociy conditions (120 and 160 km/Hyor analysis, the RLX was obtained by
averaging the score of subjective workload over six subscales.

Discussion

Theresultof R-TLX showsthatthe participantsated theimentalworkloadoverall

higher whenthe LKAS was switched onThis result supports Hthat the LKAS

increases driveb perceived workload, which is also in line with our pilot study

(Seidler & Schik, 2018) However the perced mental workload was not different

in low andhigh-speedscenario.This differentresult might be due tasmall sample

si ze, or driverodés experi en ®©etofsixsuldscalasut omati on ( St apel
fromtheNASA-TLX, it can be seen in FiguEethatthedifferencebetween two LKAS

conditions (ON vs. OFRyas particularlyhuge in the subscale ment&mand effort

and frustrationThe reasosmay be explained by the objective data.

Theanalysiof SRR(Figure 4ayevealghat in the curvy scearios driversperformed
more countesteeringto correct the trajectorywhile driving with LKAS. This
suggestthatconstanthc or r ect i n g ridhth&ansoying and gistutbing
which resultdn frustration and mentadffort, regardles®f the steering effort under
the same LKAS setting wasctuallylower (Figure 4b)This is an interesting result,
asreducing physical workload is one of the goalsAGfAS (Tanaka et al., 2000).
However, thiscontradictory observatioshowsthat tie drivers might prefeapplying
more steering torqu@gnanual driving)thanhavingan assistance sysh thatreduces
physical workload butequires more mental effort
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In contrast to performanameasuresthe physiologial dataonly partially syports
the hypothesi$il that driving with LKAS inducesnental workloadOn one hand,
the SCRin Figure 3 demonstrathatthe LKAS introduced a significant effect on the
average SCR/knm different laps. On the other hgrideHR did not show atatistich
difference between LKAS conditions (ON vs. OFIstead, iis only found that the
HR was higher in thecurvy scenariosl(c, Hc) than the straight scenaribs). This
result ishoweverexpected, because the task of keeping a vehicle between lanes
depend highly on a psychomotor eymnd coordination of the drivéDe Waard,
1996) Althoughthe observation inFigure 2could be amtherevidence that LKAS
inducesmental workloadasdecreasing HRver timewas not found in both groups)
it is known thathigher HRdoes not acessarily correlate with increasing mental
workload sinceHR is also sensitive to physicworkload e.gas a result ofteering
reversalgJahn et a}.2005)

In terms of driving performancgH2), the objective dataevealsthat LKAS did not
improve thelane keeping performanc&ven thoughthe SDLPwas significantly
higher inthe curvyscenario(Hc) than other three scenarios when driving without
LKAS, it is difficult to conclude that the driver experienced more memtakload
here,sincethe result of HR did not support this observatibtoreover it is still an
open question whether tmeeasureSDLP could truly reflect mental workload in a
field study, despite the fact thaata during overtaking ari@ne changing eveaswere
excluded. Astlund et al(2005)points out, the width of the route and observation
window may heavily influence the reliability of thiseasire

Finally, it is realizedthatcertain driving performance meassieeg. SRRand SDLR

though may be helpful interpreting the driving behaviane, notideal for examiing

mental workloadassociated withKAS. Theargumeni s t hat LKAS6és performance
(whether itappliesenough togque orcounter steerat the right time) is often associated

with curves, in which théateral positionzontrol is heavily influenced by the system

itself. This means that even if therformanceneasureantruly mirror the vaiation

of mental workloadthe interpretationvould also not be easyn this casesubjective

measuréNASA-TLX) is arelatively robustvay to assess mental workload

Conclusion

Overall,the steering effort has shown thilaé LKAS has reduced physicalofkload
significantly, particularly in the curvgcenarios. However, the reduced physécadrt

did not result in a better larleeeping performancasno differenceof SDLP was
observedMoreoverthe result of NASATLX showsthatdrivers expeenced higkr
mentd demandand frustration while interacting with LKAS. This could be kexped

by the frequent steering reversals required to correct the driving trajegtoley
driving with LKAS, as shown in the SRR his increasing physical activity possibly
ledto an increase in HR, which resuits difficulties in assessing changes in mental
workloadfrom this psychophysiological measure. However, tlifeidince in count
of SCR suggesthat the driver could be annoyed or surprised by the LKAS behaviour.
Therebre, the results from this studguggestghat mental workloads higherwhen
driving with this tested_KAS.
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Evaluation of physiological responses due to car sickness
with a zerc-inflated regression approach

Rebecca Pham Xuimdrian Brietzké, & Stefanie Marker
Wolkswagen AG,Technical University Berlin
Germany

Abstract

Motion sickness as a rei@@n to passie movement is a serious issue in various forms
of transportatiorike cars The goal of the studig to identify physiologicathanges
that can be measured aregponsé¢o motion sickness in a real driving eroiiment.
The observed featuresvere heart rate, pulse, respiration, skin temperataed
electrodermal activityForty volunteerswere passengers in a car while watching a
movie. Meanwhile the car moved a halfautomated sto@ go-scenario which
represeted themotion sickness stimulug remarkable part of the recorded data had
to be negle@d due to a high level of signal notssused by the car environmenhe
minutely recordedsubjective sickness feedback had a zémflated poisson
distribution. Theefore a zercinflated regression model was ustd identify the
relevance of each of the aforementiofesturesThemodelshowsthatelectrodermal
activity and pulsewere the most relevant features indicating an increase in motion
sickness.The observaibn of physiologicalparametersn the car environment is a
promising methodo objectively determine motion sickness

Introduction

The issue of motion sickness (also called kinetosis) has a long histooceundin

all cultures, ages,and gendex Being outof the loop regarding the driving task bears

a higher risk of getting motion sicknggels, BosHottelart & Reilhac 2016).With

the ongoing development of fully automatic carms tisk of having more passengers
experiencing motion sicknegetsmore attention. Passengers should be able to enjoy
the given opportunities to fill the spare time i.e. with reading in automated cars.
Currently, the process of evaluagj countermeasures against motion sickness requires
the subjecti ve kpThesdewlapgent odmuntermeasutestiat ought
to reduce motion sickness illustrates the deficiency of objective motion sickness
detection.Approaches vary from enhancing situation awareness (Yusof, 2019) to
display conepts (Diels & Bos, 2015)n orde to evaluate those countermeasures and
objectively estimate thp a s s e stajeein tarrds of motion sicknessore work is
neededTheaimis to have objective feedbatkroughphysiological measurement in

the future. Ths study provides preparatory wakgarding the opportunities coming
from the relationshippetween physiology and setited motion sickness

In D. deWaard, A. Toffetti, L. Pietrantoni, T. Fn&e, JF. Petiot, C. Dumas, A. Botzer, L. Onnasch, .
Milleville, and F. Mars (2020Proceedings of the Human Factors and Ergtuos Society Europe Chapter
2019Annual Conference. ISSN 233®59 (online). Available from http://hfesurope.org
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A short overview orsomerelevant research and findings, done so far, is given here.
The idea of measuring phy&igical parametetto obtain objetive motion sickness
levels is decades old. Thereby only those features will be considered, cahnidie
collecedwithout making the customer (passenger in the car)lidaslnaturalistior

be restrictedn any way (for example due to headorn trackingsystems).Some
researctygroups focusedn singleitemswhile others looked at multiple physiological
featuresin the following, ®meresultsaredescribedA risein heart ratdor motion
sick participantsvasfound by several studiehowever, some of isechangesvere
only weak and not significant (Yaté&s Miller, 1996; Yateset al. 1998; Graybiel &
Lackner, 1980 A significant chang@ heart ratecould be foundn the beginningf

the trial by Cowing (1985)whereas Holmes & Griffin (2001) found sigficant
changeswhen strong nausea occurrdtl.has been observed that thespiration
frequency as durtherphysiological featurerises shortly before and while vomiting
due to motion sicknes¥ étes et al., 1998 Deep breathing can be used to combat
motion sicknessJpkerst et al.1999). Nobel (2010) found that motion sickness leads
to a dysfunction in the autonomous thermoregulatitia resulsuppors the findings
that body temperature is not a goivdlicator for motion sickness (Scott, 1988;
Graybiel & Lackner, 1980). On the othehand, it could be shown that skin
conductance is a robust and reliable predictor for motion sicknesglddtecalskin
potential rises when motion sickness increagesarfpton,1955; Bertin, 2005;
Meusel, 2014).Yate& Miller (1996) indicate that skin colo could play an important
role when detecting motion sickness using physiological data, since gladlnges
with sickness and is seldom a responsettter stressrs. Since pallor seems to
proceed the onset of naas(Crampton, 1955t hasa high potential of being a good
indicatorof motion sickness (Scott, 1988; Holmetsal, 2002).

In short some features show potentibljt mostfeatures are natausespecific the
change of a single featumamot be tracedback to motion sicknessith certainty
Therefore,finding a pattern ofmultiple physiological changes required.Such a
pattern could detect or predict motion sicknesse robustly and would not be as
vulneralle to unexpected physiological behaviotirtlee individual. The aimof this
investigation wago develop an objective rating method allowing the evaluation of
countermeasuresithout using sekrated indicatordy the help of multiple features.
An approachn a real driving scenario is presentdadng with first results.

Method
Ethical Approval

Participants read and signed an informed consent priopatticipation Any
participants with one of the following conditions were excluded from the trial:
cardiovascular weakness, hypertension, hypodensepilepsy, balance disorder,
pregnancy, other health impairmentobageyounger than 18 years. Faconducted

trial the participantseceiveda v o u ¢ h e r as(campédnsaoregnr?ilesy of the

trial duration.All participantsreported normal ocorrecteeto-normal visual acuity.

The experiment was approved by the Ethics Committee of the Brandenburg
University of Technology CottbuSenftenberg. To prevent participants from harm,
those with a high risk of getting severe motiacksess(high suscetibility) were
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excluded fromthetriald he der i vat i onsuscéptibilithisexpriaadt i ci pant s o
in Table 1.

Participants

Forty volunteers (20 womemean age = 37.9 years, SD = ldasAging from 2157

years)which were employes of the Volkswage AG patrticipated They are not

involved in motion sickness researahd participated during their private time. The

recruiting process contained anByasingessment of the pa
the Motion Sickness Susceptiltif Questionnairé Short (MSSQ)Golding, 1998)

susceptiblén = 23)and norsusceptiblén = 17)participantdor the trial were chosen.

Therefore categories were defined using M&SQ Score(final score) and théem

regarding theexperienced motion ckness over the 1840 years in cars (interim

score). The categorization can be found in Table 1.

Tablel. Susceptibility Categories

Category | MSSQ-Score Interim Score Accounted as
A Final score =0 Oorl .
. Non-Susceptible
B Final score >0 1
C Final score > 6 and <11 2o0r3 .
. Susceptible
D Finale score >11 2o0r3
E Final score > 20 4 highly susceptible
Interimode: never felt sick 616, rarely felt

Materials and Set up

The motion sickness stimulatiauring the trial was a stefgo-scenarioTwo cars
drove behind each other and the participant sat in the rear ta frontpassenger
seat A vehicleacceleration profile was created before the trial and replayed for the
vehicle in front, while the pari ¢ i p datlldweddvithcadaptive cruiseontrol This
should assure a constant motion sickness provociatialhtrials for all participants

A trained security driver wasn the driver seat and the experimenierthe rear
passenger seat.

Theleadcar was a VW Passat, while the rear was an Audi A8 D5. During the
experiment the participant had a disp{&lanovision MIMO UM-1010S, 10.1" USB
Multi-Touchscreen Display) fixed to the |€they wereaskedo give feedback every
minute about thie motion sickness status on a seymint scaleanging fromzero-
fino sy mpdxeing ob ¢ an Gebnlae languagehe scale, illustrated in
Figure 1, was located on the bottom of the touch screen and the part&cipare
feedback bytappingon the scren.



150 Pham Xuan, Brietzke, & Marker

How strong are your symptoms?

None Beginning Mild Moderate Strong Very Strong  Unbearable

0 1 2 3 4 5 6

Figure 1. lllustration of theQuestionnaire

Kinetosis appears more often if passengers are involved initesitgch their eyes

are off the street. Therefore participants were instructed to keep their eyes on the
monitor during the whole drive. Tensure that participants woulke watching the
monitor, the hadto count either jelly fish or clown fish (randomized over the trials)

in a coral reefdilm. The film was screened throughout thetiretime on the upper

part of the display above the guesnaire.

The study was conducted in November and Decer@B&8 All participantswere

able to get acclimated faeveral minutes after gty into the car, coming from the

cold temperatures outside (approximately 5°C). The car temperature was set to
corstant 23°C, which is supposed to be thgtimal temperature for measuring
electrodermal activity (Boucsein, 2012).

Procedure

Each participantompletedtwo trials toincreasereliability of the datawhich were
organizedon differentdays After giving informed consent, participants were seated
in the car During the time given foacclimation the sensors were attached to the
participants. Thdirst part of the experiment was seveaminute session in the
standingcar, therein the recorded dateasused tocreate a baseline. The baseline
measures were followed by the actual trial, where participants would experience the
stop-&go-driving scenaridor a maximum of 20 minutes or until an abort criberi
was reached. During bosectionsthe baseline and theide, participants had the
visualcountng task. There was alwaysily oneparticipantat a time. After the trial,
the vouchers were handedepyarticipants were providegfreshmenaind asked to
stay at the location until the symptoms fulligappeared

Physiological measurement

The physiological data acquisition was carried out by the use of a ProComp Infinity
encoder with ProComp Infinity Sensors and recording from the BioGraph Infinity
Software (Thought Technology Ltd, 201®8lectrocardia@activity (ECG) and blood
volume pulse(BVP) were recordeé at 2048Hz. Hectrodermal activity (EDA
temperature andespiration vere measured at a sampling rate of 256 Hhe
respiration sensor was placed in a stretch belt and placed around theSkmest.
conductvity was measurelly placing sensors on the pointer and ring finger of the
nondominant hand, while ECG was recorded using wrist strapsBVifresensor as

well as the temperature sensor were placed on the middle finger of tttmdmant

hand Furthermorea second measurementtefperature anplulsewasderived from
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the inner eaby using thedeviceCosinus® One (Cosinuss®, 2019). The accuracy from
the temperature in the inner ésia constant offet to the body coreemperaturdsut
dynamic changes cédre recorded precise enoughh most medical applications. Pulse
oximetry in the external auditory canal is comparable to pulse oximetry on the finger,
while it is more robust towards motion artefactsteuzer, 2009)The approachin
measuing the featureswice was realized to imgwve overall data quisy. The
dynamic environment could aae a low signato-noiseratiowhich therefore requires

a backup system.

Data Analysis

On averag¢hetime serie®f the70trials per physiological parameteontainng over

2100 observations in total were used for the data anaiagib. of the parameters was
statistically and visually screened for outliers and noise. Initial analysis for the heart
rate signal included cascading higimd lowpass filtering,feerwardsQRS complexes

were detected using wavelet analysis. Downsampling processes were done for the
blood volume pulse on the finger (finger pulse) as well as the temperature data. The
finger pulse and the respiration signal were waveform data, wharpeak wa
considered a beatr a breathrespectively. Electrodermal activity was divided into
tonic and phasic movement with a 815 highpass filter. From the phasic component
skin conductivity reactions (SCR) were extracted. SCRs were identified amsesp

with an amplitude 08CRs/min00.03¢ S . Rej ecti on % medning wa s
that amplitudeSCRs/min<0.003e S we r e Almes} adl af thefelatures were
normalized using the baseline measuremantbvereaveraged per mute.Only the
SCRswere notnormalized,since its appearance itself is an indicator for motion
sickness (Golding, 1992).

Since several physiological features were derived from the participants and a human
body rarely shows any independent physiological changes, it hasassbrethat no
information is used in the analysis multiple times (multicollinearity). Multicollinearity
describes the case when information is redundant in a set of variables and the
redundancy gets apparent in a combination of several variaBlgsblogical
reactions of humans are mostly dependent which increases the chance of
multicollinearity in the dataTo test that no harmful multicollineariwas present

firstly pairwise correlation was calculateBefore calculating the correlations, the
featues needd be centred and scaledhich led tdead to a mean of zero and standard
deviation of one for all of the featureff the pairwise correlation shows high
coefficents ( Pe ar s<o0/p shis is considered as indicator for severe
multicollinearity. In additon, the variance inflation factor (VIF) was calculated. The
VIF is a predictor of whether variables have a strong relationship to one or more
variables. The calculation of VIF was necessary simecdticollinearity can also
appear, ifpairwise correlationare low A conservative threshold indicating harmful
multicollinearity is VIF = 4 Glinker& Glantz, 198h

In accordance to the rating distributiorzexoirflated poisson regression model was
computed For the model all ratings ofwere transformed t8, becaus¢he amount

of reported 4s was too littl&urthermorepnly cases where recording of all features
was successful, could be considered, resulting in 895 observalibesmodel
consistsof two separate processes: one considee count part ohe model.The

count model examined how ratirgy evolve if the participant experiences motion
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sickness at some point (susceptible to the provocafidw).second process contains
a logistic regressiooonsiders those participamtich are unsceptible to éhstop&go
scenario and reported only zeroglse results of theeroinflation model coefficients
showsthe odds of reporting no motion sickness symptoms (Atkins, 200A)erify
the model, the combined probability of no symptomdifiga= O)werecalculted and
compared to the actual appearance of no symptoms.

A 5% significance level wascceptedin all tess, cata analysis and statistical
calculation were carried out using Matlab 2016b and R 3.5.3.

Results

Correlationbetween Bod VolumePulseon the finger(finger pulse)and inner ear
was high (r = 0.78)therefore the egoulsewas not further usedzurthermoreskin
temperature was not used, sitice measurement showed high fluctuation winak
most likelybeen cased by the airconditioning faof the carinstead, the temperature
derived from thénnerear was used’he nmeasurement of the heart rateoweda low
signatto-noiseratio, possibly due tdhe unsteady environment of the movement and
electrical componds in the car led to many arteta. Therefae the heart ratevas
excluded from further analysi$he remainingfeatures were the finger pulse, inner
ear temperature, respiration rate and skin conductivity components (tonic and SCRs).
Table 2 lists the fetureswherein all but the SCIReak werenormalized by the
baseling(substraction of baseline mean from each data point

Table2. Normalized éaturesusedalong variance inflation factor

Measurement Derived Feature Mean SD VIF

EIOOd Volume Peak [Countsper minute] 0.83 3.79 1.02
ulse

Temperature | MeanTemperatur [K] 0.58 0.88 1.06

Respiration | Peak [Counts per minute] 0.35 2.97 1.06

Skin MeanTonic Level [ € S 0.26 048 1.27

Conductivity | SCRPeak [Counts per minute] 2.22 1.79 1.37

The listed measurements in Table \Rere usedor the further analysis and have
pairwise correlations « 0.7. Each of the features has a VIF <tderefore none of
them indicated harmful multicollinearityf-or those remaining componentshe
correlations totteratings are plotted in Figute The deplayed boxplots bring out the
partial relationships between the dependent variable and the indented regiéssors.
negative SCReorrelations appeared, when particpissttewed aelieve in symptoms

but SCRs stilloccurred.In the tonic part of the EDA apositive tendency can be
observedThe correlation of respiration to rating has a negative tendency, while the
residual parameteBVP and temperature have mainly positive correlations.
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Figure 2. Boxplot ofcorrelationsof physiologicalfeaturesto sicknessating

Thegiven ratingplottedin a histogramKigure3) indicake that the distribution is not

Gaussianbuttends to @oissordistributionwhich was also found by Reas(¥967)

for a motion sickness fiag. In total 1293 ratings were given duritfge provocation

wherein 7ilmBo weymptéddms 6 andi s2lr ornagt isnygnsp t voerrsed . 6 4
Testing a zeroinflation with the Sceflest from van den Broek (1995) reveals that

the data have a zeroinflatiog € 195,99, df = 1, p <001).

1.00

0.751

Density
f=]
3

0.254

0.001

0 1 2 3 4
Counts of rating

Figure 3. Histogram of theating during the drivings

The reported mearicknessdevelopment over all subjedseplotted in Figured. The

6 + 0 atiagt4represets the brealoff criterion of which 19occuredin total due to
subjectsreporting the level oft. Two times participants reported a motion sickness
level of 4 very early which was assumed a mistake until the rating was repghtad.

a rating of 4doccurredthe remaining minutes were filled with 4 toable the plot.
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Figure 4. Mean reported motioricknes development

The resulting model is shown fable3. The unprocessed results of the mdidgl

lead to numbers which are calculated using log link. Therefore the estimated slopes
(Est) of the coefficients are on a log scale ahdwn along with their exp@ntiated
values (Exp(Est)) teaseinterpretationThe estimate of any coefficiemrt the @unt
modeldescribes how the rating changes if the respective coefficient changes one unit.
Generallyone outcome of the log link function is a nlimear relationkip of the
predictor variables with the result (Beaujean & Morgan,2016). The percentdge of t
rating change can be calculated using Equation (1).

Percentage of Rat8hange= 10[exp(ty) X Q)
explaxeeEDA, )SegpyxaeEDA, toni c)
exp(kx &R pistion) xexp(bxeeTemper at ur e)
xexp(kxeBVP) ]

Therein represents the intercept whbnsar e t he regression coefficients a
the changes in the respective predictors. The distance of the result to 1 can be

interpreted as the increase ocdmase of the percentage (Atkins et al., 20E8y).a

better understanding the influence of Bloodldme Pulse change shall be described

as an examplelThe residual parameteese kept at an average level (as measured

during the baseline conditionlhe cefficient calculated by the model for the

influence on ratinglue to the changef BVP is 1.37 (exp(Est)), theBVP changes in

the range of its standard deviatiorugiit, since the data were centred and sgalBte

influence on rating can be calculatedngsEquation (1):

Percentage of Ra€hange= 100x exp(001) x exp@©.31 1)
=137.94

Meaningthat there is approximateB8% of increasén motion sicknessating, when
the BVP changes omeak/minute
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Table3. Zeroinflatedpoissonmodd

Exp(95% CI)

Coefficient Est SE exp(Est) z-Value Lower Upper p
Count model cefficients

Intercept 0.01 0.06 1.01 0.19 0.91 1.12 0.85
EDA, SCR -0.12 0.05 0.89 -2.19 0.80 0.99 0.03 *
EDA, tonic -0.00 0.06 1 -0.05 0.89 1.12 0.96
Respiration -0.04 0.03 0.96 -1.21 0.9 1.03 0.23
Temperature  -0.30 0.07 0.74 -4.60 0.68 0.80  <0.0QL***
BVP 0.31 0.04 1.37 8.41 1.28 1.45  <0.001***
Zero-inflation model coefficients

Intercept -2.42 0.48 0.09 -5.07 0.02 0.24  <0.001***
EDA, SCR 0.71 0.19 2.04 3.82 1.42 294  <0.001**+*
EDA, tonic -3.68 0.60 0.03 -6.17 0.01 0.08  <0.001***
Respiation -0.33 0.15 0.72 -2.17 0.51 0.95 0.03 *
Temperature -2.66 0.62 0.07 -4.27 0.01 0.28  <0.001***
BVP 0.33 0.17 1.39 1.93 0.97 2.06 0.05

Note. Est: Unstandardized coefficighig link), SE: Standard error, exp(Es25% CI confidence interval:
Expmentiated regression coefficiehibg Likelihood:-978.5 (df = 12)

The number of correctly and incorrectly predicted observations can be found in the
confusion matrix (Table 4) along with the derived sensitivity (proportion of positive
cases correctly pdicted).

Table 4. Confusion matrix

Observed
Predicted 0 1 2 3/4 Total
729
0 460 140 91 38 (81.45%)
153
1 57 30 28 38 (17.10%)
12
2 0 2 7 3 (1.34%)
1
3 0 0 0 1 (0.11%)
4 0 0 0 0 0
Total 517 172 126 80 895
(57.77%) (19.22%) (14.08%) (8.94%)
Sensitvity 88.97% 17.44% 5.55% 1.25%
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Discussion

The conditions of the real driving experiment introdda®nfounding factorshat
cause notableoiseasinfluence, whicmegatively affects the signdise. temperature,
influence of sun, driving conditiongar movement®r technical artifacts). These
factars as well as internal biological variations have an impact on the variance of the
data (Scholz, 2006) and preventull use of all of the measurements

The rating datare derived from susceptible and nsasceptible participants. The
non-susceptible pdicipants are a source contributing only zeros to the rating,
therefore the distribution of the rating results in a zeroinflatidre use of azero
inflated models therefore appropriat&ach observedehiture of the model is within
the confidence inter a | . T h eoverallovdliditly is iherefore considered to be
given Interpretation of the slopaa Poisson modelévhich become multiplicative
models)hasto be done vergarefully, itis described in wre detailby Atkins et al.
(2013). Generallyit is shown that Bin Conductivity Responses, temperatared
Blood Volume Pulsdnave asignificant explanation rangegarding the ratingThe
negative relationship between sw&SCR) and motion sickness isurprising A
calculation according to Equation (1) results otearease of the ratighen the SCR
rises lunit. It was expected thasweat activityrises along with a development of
motion sicknessThe findings, aé several studie®f ahigher amoutof perspiréion

as one of the characteristics of a motgick group compared to a nomotion-sick
group could not be found herg€rampton, 1955; Scott, 1988plding, 1992Bertin

et al., 2005 Temperatures seems to reduce as motion sickness risesrédasement
of temperature in a thermoneutral environment was also described by Nobel (2010).
Contrarily in preceding studies temperature was behaving variable (Jarvis & Uyede,
1985) or did not change significantly (Drylie, 1987). The significant effamd is
therefore surprising. Furthehé model indicates thatrise of BVP leads to a rise of a
motion sickness ratin@-his isin agreementvith findings from literature@rampton,
1955 Dahlman, 20089 The outputof the model dealing with theeros waild be
interesting regarding the onset of motisitkness symptomghis would require, the

thresholdof GAino sy mptdmeg@i hwi Agd symptoms was
by all of the participantsCor r ect categori zati orknessf t he

into the scale was assumed but due to subjective judgement it cannot be ,assured
especiallywhenfibeginning s y m pereoreperted.

Conclusion

The presented study examined the relationship between physiological data and
reportedmotion sickness. P#cipants were situated in a stop&goenario, while
being involved in a nodriving related task, which caused them to have their eyes off
the street. This scenario was sufficient to provoke motion sickness oveCtirhef

the 40 paicipants 7 partiggants hadseveremotion sickness, while 27 participants
hadat leastmild or a higher degree of motion sicknessmptoms.The recordings
were done in a redalriving scenario, where the challenge wéansfering and
reproducing resultsém laboratory envinoments in reatiriving experiments became
apparentPhysiologicalfeatureswvere used to perform regression analysis in order to
analysethe associations betweeneportedmotion sickness level and physiological
reactionsThe distribukon of the rating ld to azeroinflated poisson model.

similar und

participant
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The generatednodel revealedthat sweat{SCR), temperaturand Blood Volume

Pulse changesignificantly with the rise of motion sickness. Reversely these results

indicate that sweat and blood volume pulse are goodatatic for motion sickness.

The modelhad a good sensitivity considering the predic
(~89%). Ratings inditing the appearance of motion sickness (Rating > 0) were in

average predicted lower than the observatiime significant feature along with

narrow confidene intervalssubstantiate thamotion sickness expresséself in

physiological changes, whichrtde recorded during a rediving scenarioThis is

considered a promising basis when continuing the work towards objectivtiatete

of motion sickness.

Future Strategy

The model can be adjusted in two possilieys. One will be to change the general

model. The zeranflated poisson model considefsetrating as an numeric value,

while the numbers-@ represent the categoriestofavi ng fino symptomso to fistrong
sympt omso. Therefore an zeroinflated ordered probi
calculated, whichdoes not assume the numbergl @0 be equidistant but still

represents an ordered scale. Alternatively, a binary model will inpuied, wherein

ratings of 0 and 1 abe argtidgs grpatethan 4a& fAno sy mpt oms
Asympt oméd. pT leislewntivovérdomeathe uncertainty of the onset of

reported motion sicknesSomparison of the models will allow to choose the biest f

After choosing the best model thlependent variablesould be variedAccording

to literature motion sickness is influenced by several fadimrexample personality,

sex, age exposed time to stimulusBfietzke et al., 2017Dahlman, 2009)or
theoretically derived susceptibility via a questionnaire (MSSQ by Golding, 1998)
Therefore including such parametarto the model should influence the outcome and
informative value of any modelt is expectedin example that the results frona
modelincludingdat of selfassessed susceptible passengermore precisén the
outcome The adjustmentshould confirm if the grouping factors significantly
influenceof thepar ti ci pant s6 r atThis gllows tonclusionsi on si ckness.
whether the modetan bebuilt more accurately if certain gros@re considered.
Practically this includeassertion®n howmotion sickness connected tphysiology

in peoplewith a certain profileand which indicators are importamtdjusting the
models towards the actlisuscephility (i.e.choosing people with a rating higher than
2ifimi | d s ywopld poobebly lead to the most reliable resuyg takingthe
temporal development of the physiology with regard to the onset of motion sickness
into accountit could be feasibleto recognizemotion sicknesseven before the
passengeis totally awareof it. In an additionalstep it will be tested tavhatextent

the accuracy of prediction can be enhanced using the aforementioned factors. In
general the research questimygardingthe potential ofobjective motion sickness
detection in carss currently referretbased orliteraturethat mostly addresseshe
laboratory context. These results need to be praowdevant and feasible for
implementation and application in tbar. The presented work is omethodtowards
transporting laboratory findings into the c&he approach of using multiple features

in amathematicamodelwill leed to helpful results in the progress of evaluating the
importance of physiologfor objective detection of motion sickness in cars.
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Abstract

In the field of cybersecurity, software performance optimization is a major focus of
research to better prevent cyber thredtsvever, once threats are detected, they have
to be maaged by a human operator or more often by human ope¥gtinsactions.

The purpose of this study is to show that in these collaborative situations, the
interpersonal trust level between these acttrapes their handling of the threat.
Forty-five partidpants performedwith twenty-eight different fictive teammates, a
collaborative counting tasthat includedaleatory phases of jamming. Each fictive
teammate was described through two adjectivestseléa induce a predefindelvel

of interpersonal trusf{low or high). The subject and his collaborat@orked on
different systems with different objects to count and different jamming phases.
Nevertheless, each participant had the possilufiguperviing his teammatés work

by checking out his task and difying his answers (number of targets and jamming
eventsreported) if required. The subject was responsiblevédidating the teans

final result. The experimental data show that, in this type dalootative task, the
interpersonal trust level has iretean influence on the supervision strategy used and
the team performance.

Introduction

In order to prevent the increase in the number of cpltacks, States are setting up
cyber operations center€ZCyb). The operators of these C2Cybs, who monitor the
state of systems and the informatitows, are collectively responsibfer detecting,
correlating and analyzinipe various indicators that camake sensef a cyber crisis
(Boin, Busuioc, & Groenlee2014). These indicators, which are difficult to éve
butthat predicperturbationsn thesystem, are calledeak signalg§Saritas & Smith,
2011)and are discrete, ephemeral, distributed and difficult to interpret.

In a complex and highly intercoaated cyberspace, the collection, detection, analysis
and comprehension afeak signalgequiresaggregatingnformation from various
actors,both human and material, engaged in monitoring the global system. The
amount andcomplexity of the information avlable in cyberspace makes it
impossible for a single operator to compile all the information in a limited amount of
time. The heterogeneous nature of the signals also increases the uncertainty of
operators aboutow to inerpret themAs a result, decisits made by the C2Cyb team

In D. de Waard, A. Toffetti, L. Pietrantoni, T. FrankefrJPetiot C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguos Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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leader are based on information that is usually unverifiable and transmitiéstHogr
teammate. This information can sometimes contradict the i@aidéormation A
guestion therefore arises: wiodoes the team leader in C2Cylonsider this
contradictory informatiomvhen makinglecisionsn a situation ofincertainty?

The decisiommaking strategies studied in psychology and economics are sometimes
based on theories that adopt probabilistic visions. In particular, thepchadss
theorypresupposethe existence of two distinct rationality proceq$as Neys, 2006;
Evars, 2003; Evans, 2011; Kahneman & Frederick, 2007) used in optimizing
decisionmaking. According to this theory, two systems, called system 1 and system
2, coexistSystem 1 is fast,intuitive system that does not require the use of working
memory (Evans2011). System 2 is used for tasks requiring thoughtful deeision
making, and, by extension, a calculation of the probabilities of possible futures
generated by thdecision.System2 is slower than system 1 and requires greater
cognitive resources and tasgecific access to working memory (Evans, 2011). Thus,
when aperson usesystem 2she performs a conditional probability calculatiion
orderto make the bestagision.

In the work underlying this theory, the probability distributions of the diffesptions

are usually clearly identifiable by the participargssisting decisionmaking
(Kahneman & Tversky, 1979However, due to the abundance of information in
cyberspace, no probability distribution seems to be applicable by the operator to
analyze he veracity and the impact wfeak signalsin fact, when a team leader has

to make a decision, he can only do it based on his own informatiowéiesignals
directly perceived) and the information transmitted by his teammates without being
able to chek it or to comparet with a probabilitydistribution In these cases, other
mechanisms that facilitate decisiamaking should therefore come in play. Among
these nechanisms, trust is often described as a uncertainty reducer (Meyerson, Weick,
& Kramer, 19%) that facilitates decisiemaking (Bell, 1982). This article proposes

to study in environments with high uncertainty, what the role of isusttheleadefs
decisionrmaking when he cannot verify the data transmitted by his teammate and
whenthesedataaredifferent from his own.

Posten and Mussweiler (2019) estal#idla trust predictability function, i.e. trust
would allow us to anticipate the possibilitibg calculating their probabilities of
occurrence. This is what Gambetta indicated (198817) when he defined trust as

fla particular level of the subjective probability with which an agent assesses that
another agent or group of agents will performagtipular action, both before he can
monitor such action (or independently of his capacity ever to monitor it) and in a
context in which it affects his own acti@rGambett& definition and, more generally,

the research conducted éonomics \(Villiamson, 1993) andsociology Coleman,
1990) link the phenomenon of trust to the notion of probabilistic evaluatioarand
thusin accordance witthe dualprocess theory approach. Trust can be considered as
the calculation of the perceived cdmnefit (illiamson, 1993) of a relationship. In
this calculative approaclilrust emerges when the trustor perceives that the trustee
intends to perform an action that is benefitigRousseau, Sitkin, Bu& Camerer
1998, p399). Indeed, trust can only occur in relatghips that bring rewards to both
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parties (Lewicki & Bunker, 1995pand can be summarized, from an economic
perspective, by a probability calculation (Williamson, 1993)

This notion of probability calculation is the link betwehgliterature on trust anthe
literature on decisiomaking. In theory, the decision correspondgachoice or a set

of choices drawn from the available alternativéBellman & Zadeh, 1970). ke

trust, decisiormaking is the choice of the alternative that subjectively preseats th
best cost/benefit ratio. In this approach, decismaking is no more than the result of

a probabilistic assessment of the consequences of different choices (lemwenst
2003). In the decisiemaking process, the trust mechanism could therefore be seen
as a readjustment of the probabilities perceived by an operator of the possible futures
generated by different options, the option chosen by the operator being tmevaihi

the best cost/benefit ratio. This interpretation is consistent with Lewis argekiei
(1985, p969) definition of trust when they describe if#strust is to live as if certain
rationally possible futures will not occur In teams operating iruncertain
environments such as cyberspace where operators cannot assign probahilities ab
future events generated by a decision (Duncan, 1912t may therefordacilitate
decisionmaking. In cases where the leader cannot varifgitu the informaton
transmitted by his teammate, and therefore assign a probability as to the accuracy of
this information, the level dfustcould be adetermining factoin decisioamaking,

in particular by facilitating acceptance by the leader of the information tiiedry

his teammate. When the level of trust between a leader and his teammatetisehigh,
information provided by the teammate should be perceived by the leader as probably
more accurate than when the level of trust is low.

Hypothesis 1: For a teamdéer, a high level of trust in his teammate leads to a greater
acceptance of the unreliginformation that the teammate transmits.

In C2Cyb,weak signalseported by deammatere often unverifiable by the leader.
This impossibility of verifying the informationmeans that it is impossibler the
leader to assign asffectiveprobability totheseweak signalswhenthe leadecannot
rely on actual probabilities, heas toassign a subjective probability (Kahneman &
Tversky, 1972)to theseweak signals To do this, hecan only rely on his own
information, particularly the evaluation of theeak signalsthat he has himself
received. Hecanthereforecomparethe weak signalse has perceivedirectly with
those communicated to him; if all theseeak signalscorrespondthey will be
consideredconsistent In this case, the leader should percetlie information
transmitted by his teammate as probably more reliable than in the cammof
consistensignals

According to the dugprocess theory, in the casewsdak consistent signaldecision
makingis fast and intuitive (system 1). In the cagaon-consistensignals, because

of the necessary probability calculation, the resp@sewer (system 2) (Hypothesis

2). In this case, when the level of trust between team members is low, if the leader has
not perceived any evidence of an attdtkrectlyo, he may judge as unlikely the
elements irfavourof an attack that are provided theteammate. In other words, a
leader will be moreinclined toaccept the contradiction if heustshis teammate
(hypothess 3).
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Hypothesis 2Consistensignals argrocessed more quickly by the leader than
consistensignals

Hypothesis 3: The level of trust has an indirect effect on deeisiking by
modulating theconsistencygonsideration

Material and procedure
Metha

To test these hypotheses, it is necessapreatean experimental context similar to

that faced by cyber leadefEhis environment must offer the participant (heag¢eam
leader) a main task and a supervision task on which can be grafted one oraabre w
signals directly perceived by the lead® transmitted by a teammate. Despite the
fiweald character, these signals must be sufficiently detectable. The leader has to make
a decision based on theseak signalghat he cannot verifyn situations wherde

has a variable level of trust in his temate andvherethese signals are not always
consistent

The chosen task fulfils these conditions: it offers the participant a main task of
counting aircraft ora photograph with the possibility of checking a damitask with

a teammateThe teammate isi€tional and only presented by a predefined and
controlled level of trustBollon, Maille, Marchand, & Blattler, 2019During this

task, fjamming (see Figure ) constituting theweak signalsmay occur. The
participant has to indicate the number of jamgreémentswithout being able to check

the number indicated by his teammate. This consideration of the teaimrdate
corresponds to eblindo decision. It is this decision thatasalyzedin this study and

not the decisions related to the main task thatlme checked on the teamnéatside.

Figure 1. The pictue on the leftis an example of a photograpised in the experiment; the
picture on the rightis the jamming that can occur at anmg. Inthe evenof jamming, the
imageon the rightappears forone second before disappearing.

In order to test the impact of trust @eceptancef the informationtransmitted
(hypothesis 1)it is necessary to induce different &y of trustin the participantto
check this induction and to tedipr each level the percentage of information
transmitted by the teammadad accepted by the participafbe trustlevel induction

is an indepedent variable (IV) with two controlled levels (low and high) that will be
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called fitrustlevelsd in the following section of His article. The percentage of
information transmitted by the teammate and accepted by the leader (in %) is a
dependent variable @) collected during the experiment that will be called
fidecisioin the following section of this article.

In order to testhe impact of consistency on the choice of decision system (system 1
or system 2) (hypothesis,d) is necessary to induggnsisent and norrconsistent
signals and to compathe time taken byarticipantgo validate a decision according

to these signal Theconsistenbr non-consistennature of the signals is an IV which

will be calledficonsistency in the following section oftiis article. Theconsistency
distribution is controlled by the occurrence of theak signalsransmitted The time
taken byparticipantgo validate a decision (in ms) is a DV, calig@tdme f, collected
during the experiment.

In order to determine the pact of trusbn decisionmaking during consistent and/or
non-consistent events (hypothesis 3), the two Vs explained atowelaas the DV
fidecisio are used.

Participants

45 people (46.6% women and 5%&3nen)with anaverage agef 22.7 years (SD:
1.00%) participated in this study. All participants were seegedr engineering
students. No participants had any health proiteall had normal or corrected vision.

Protocol

Before the start of the experiment a briefwgs carried out, and all participants
completel an informed consent she€bllowing this, the participants carried out-a 5
minute training session before siagt the experimeniThe experimenwvasdivided
into 28 trials, each with 4 phases. For each trial the participanedwaith a different
teammate (computer simulateldehaviouy. 14 trials were performed with a
trustworthy teammate (high trust) and 14l¢riaith a nortrustworthy teammate (low
trust). In order to avoid an order effect, teamm@pesfiles were randomly drawn.
All participants therefore woddwith all teammate profiles but indifferent order.

Participants perforedthe experiment in grgos in computer rooms thatdot allow
them to see whatvashappening orthe otherparticipantd screens. At each trial, the
participantthought s/he was dointhe task in collaboration witbne of the other
participantsin the room althoughin reality all the teammatewerefictitious. Each
participant perforrad the task oran ordinarydesktopcomputer using the keyboard
and mouse. The screens of all participamese similar in terms of regution and
brightness.

The task was carried out in 4 phasEle first phase of each trial was designed to
introduce to the participant the characteristics of his new teammateagmore or

less trustworthy (IVfirust leveb). The first display showeda pair of words
characterizing this teammate (see Figur@éld). This pair of words allowed the
participant to induce a level of trust in his teammate, either low (thanks to rather
negative elements: unreliabldisloyal, etc) or high (thanks to rather warding
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elements: professional, organizedc) (Bollon et al.2019). These word pairs were
obtained by following the protocol described by Bolloale2019) which uses social
psychology methods to identify social representations of trust in giveal gpoups.

In order to ensure that the participant had takenteammaitis characteristiceto
account he was asked, on a second display, to find these two characteristics among 8
distractors (Bollon et al. 2019).

Training

You have to find. with your teammate. the number of aircraftand/or
helicopters presentin 2 different photographs withinthe imposed
time

Imposed time : 44s Teammate :

&
| 1

Y j Feature 2

Start

Figure 2 . First display of phase 1. On this display the participaasinformed of the
instructions (similar throughout the experiment), the time allocated to the ttastirfe
differed depending otihe photograph) and the characteristics of his teammate (ridtdn
the image above). These characteristics indwckw or high level of trusn theparticipant

The second phase correspeddo the completion of the aircraft counting and
jamming couring tasks. The participanhad a control display that allowéim to see
the countdown of the remaining time as well as the sum of the aircraft cénied
two photographs. This screen containktuttons that allowhe participant tqsee
Figure3):

1. Displaythe imageon whichs/hehad tocount the aircraft anghmmingevents

2. Display his teammaée imagein order to check the count made by teiammatef
necessary

3. Modify the total score, if the participant consie@that the number of aircraft
counted in the twphotographsvasnot correct

4. Completethis task and move oo the next phase. This button wagy activeafter

the participanhad validated the number of aircraft present infti®tograph
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1, . 2

Teammate’s

photograph - e e ...

Total result
|Z'J i 3
23

: Valid 4

50 In progress [ I R

Figure 3. Main display of phase 2. On this display the participear see the time remaining

as well as the number of aircraft counted by his teammate. With the help of different buttons,
the participanttanaccess his own image (buttdho), access the image ofstieammate
(buttonfi20), modify the total score (buttdiBo) or complete phase 2 (interlocutddo)

On the display allowing him to perform his own counting task, the participantf
his photograph, the remaining tirfseeFigure4 filo) as well as Buttons that allowed
him to:

- Increment or decrement the count by the number of aircraffF{gase4 fi20),
- Increase the number gimmingeventsdetected seeFigure4 fi30),

- Validate his count of the number of aircraft (5égure4 i40)

- Retun to thecontrol display(seeFigure4 fi50).

The teammatis display was exactly the same as the participame However, on
the teammatis screen the buttons were not clickablecépt for the button used to
come backio the control screen). On the tematés display, the photograph was
different from the one presented on the particifmetreerand s/he hado do the
aircraft and jamming counting tasks on this other photografdreover, on the
teammatés screen, it was impossible for tharticipant to see the jamming (jamming
evens were never displayed on the teamr@mtecreen). In this experiment, the
participant was not aware that it was impossible for him to see the janewentg
occurring on the teammaescreen.

Theparticipant had to couthe aircraft in his photogragnd validate the teaimtotal

result before the end of the time limit. If this was not the case, the trial was failed and
an additional trial with #eammateof the same level of trust was added a #nd of

the session. The validation of the total score allowed the participants to move on to
the next phase.
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Your photograph
o B A5 07— T

Figure4. Display used by the participant in phase 2 to perform his counting task. On this
display the participant can see the remaining tigfio). Using different buttons, the
participant can count the aircraft (buttdi®0), increment the interference counter (button
fi30), validate his aircraft count (buttoi40) or return to the main display (bwoth i50) (see
Figure 3).

The third phasevasdevoted to validation by the participant of flaenmingevents
detected on the twphotographsThe dsplay showedhe number ofammingevents
detected by the teammate (deigure5 fild) and the number ofamming events
detected by the participant (deigure5 ii20). Because no re@dmmingwasdisplayed

on theteammatés screen, the participant could nege thesgamming eventsand

thereforecould notassess the validity of theformationtransmitted by his sammate.
Next to each of these numbethere were3 buttons to validater invalidatethe

jamming(none, 1 or more). The participant hedmake a decision dhe number of
jammingeventsto validate on the teammai photograptiseeFigure5 i30) as well

as the number gammingeventsto validateon his own photograplOnce this was
done, the participant could move on to phase 4.

The different DVs used to test the 3 hypothesaese collected in phase 3. The
fidecisiord DV used to test hypotheses 1 and 3responds to the percentage of
jammingeventstransmitted by the teammate and not validated by the participant (in
%). Thefitimed DV used to test hypothesis 2 corresponds to the time taken by the
participant to valida this third phase (in ittiseconds).

I n order to control the |V ficonsistencyo,
presented to the participant were linked to the jamming events transmitted by the
fictitious teammate in order to obtain the followingakes:

- No jamming was presented toet participant and the number of jamming events
detected by the teammate was 0 (25% of cases)

- 1 or 2 jamming events were presented to the participant and the number of jamming
events detected by the teammate was (@5% of cases)

- No jamming was prented to the participant but the number of jamming events
detected by the teammate was 1 or 2 (25% of cases)

-1 or 2 jamming events were presented to the participant but the number of jamming
events detected by theammate was 0 (25% of cases)

n

t

hi
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Number of jamming events detected by your teammate

e I Validate none

1 1 : Validate 1 3

- el 2 or more

Number of jamming events you have detected

—— Validate none

2 4 : Validate 1

- e e e ol 2 or more e - -—-—

: valid 4

Figure 5. Display used by the participant in phaseC this display the participamiansee
the number ofammingeventdetected by his teammafé&ld) and the number ghmming
eventshe had himself indicated20). The participant had to make a decision oa ttumber
of jammingeventgo be validated for the participant (buttéi30) and for himself before he
could complete phase 3 by clicking on the validation button (b&igoh

The first two cases were the-ealled consistentcases and the other twwn
consistentcases.

Finally, Phase 4 was the subjective assessment phttieipanés level of trust in the
results (number of aircraft) reported by teammateThe purpose of this evaluation

on nonsegmentedcales was to verify that the experimentastioduction equipment
was working well and that the participant was working with teammates whom he
perceived as trustworthy and others as less trustw(@ilion et al., 2019)As ahigh

level trust inductia should lead to a higher subjective evaluatigrthe participant

of his teammatis performance than a low level trust induction (Dirks & Ferrin, 2001),
the smooth operatiorof the experimental protocol should therefore lead the
participant to assign agt evaluation teeammatesn whom he hd hightrust and a
lower one to teammatén whom he hd less trust.

Results

Data from the 45 participants were included in the analysis. Befuoaysingthe
results required for hypothesis testing, the verificatibthe induction otrustin the
experimentaprotocol was performedrhe subjective evaluation data of the results
transmitted by the teammate (recovered in Phase 4) show that when the trugisevel
high M = 5.68,SD= 2.33) the subjective evaluation of the teamiisaperformance
seem to bdigherthan when the trust levelaslow (M = 5.34,SD = 2.44).In order

to validate these results,ameway repeated measu®NOVA, with thelV ftrust
leveld as a factor, has beecarried outThe significant resultsH(1,44) = 4.11p =
.04) validatel the presence of two levels of trust (high and low).
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In order to test the hypothesis that a high level of trust between team members leads
to greater acceptance by the leader ofitiiermation transmitted by his teammate
(hypothesis 1), th®V fdecisiod and thelV fitrust leveb were used. For each
participant, the data obtained were averaged, for each level ofTinestiata indicate
(seeFigure6) that between the low trust ledl = 23.4%,SD= 35.7%) and the high

trust level M = 21%,SD = 33%) the performares are relatively similaA oneway
repeated measufeNOVA, with thelV fitrust leveb as a factor, has been carried out.
The insignificant resultdH(1,44) = 1.1 ,p = .30) do not support hypothesis 1. In other
words, trust does not seem to have a diggfect on the validation of the results
reported by the teammate.

Percentage of Jamming events transmitted by the teammate
and not validated by the participant (%)
According to the interpersonnal trust level

201 —_—

High Low

DV « Decision » : Percentage of jamming events transmitted
by the teammate and not validated by the participant (%)

Interpersonal trust level

Figure 6 . Percentages ghmming eventgansmitted by the teammate and not validdtg
the participant according to thieustlevel

In order to test the hypothesis that consistentadigare processed faster by the leader
than nonconsistent signals (hypothesis ®)e fitimed DV and theficonsistency IV

were used. For each participant, the data obtained were averaged, for each level o
consistencyThe results show that when the jammiventswere consisten{M =

3750.5 msSD= 1192.4 ms) the participanseem tovalidate phase 3 more quickly

than when the jammingyventsverenon-consisten{M = 4272.7 msSD= 1515.5 ms).

In order to validate these resultsprreway repeated measueNOVA, with thelV
ficonsistency as a factor, has been carried olihe significant resultsR(1,44) =

1337, p <.001) validated hypothesis 2. It would seem that the participants had a
different perception of the consistency of the signals.

In order to &st the hypothesis that the trust level has an indirect effect on decision
making through the modulation tfie consistencyonsideration (hypothesis 3), the
DV fdecisiom, the IV firust leveb and thelV ficonsistency were used. For each
participant, thedata obtained were averaged, for each trust level, according to their
consistencyThe data show (sdeigure?) that when the information transmitted by
the teammatevasin line withthe event perceived as the most likely (consistent case)
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the leadeseemso validate the information transmitted by his teammiatespective

of whetherthe teammatwasassociateavith a high M = 21.3%,SD= 30.8%) or low
(M = 18.5%, SD = 32%) trust level. However, when the information transmitted by
the teammate suppedan event perceived as unlikely (Roonsistent cases), when
the trust levewashigh (M = 20.6%,SD = 35.4%),the leadeiseem tovalidatethe
information transmitted by his teammate more easily than when the trusiavel
low (M = 28.4%,SD= 38.7%). In order to validate these resultdwa-way repeated
measureANOVA, with thelV ftrust leved and thelV ficonsstency as a factor, has
been carried ouTheresults of the ANOVA shoedan interaction effedt(1,132) =
4.86, p = .02 (etaquared =.068). A post hoc analysis performed with a Tukey HSD
test indicatd a significant difference in trust levels foon-consistentrials (p =.02)
and no difference faconsistentrials (p = .40).

Percentage of Jamming events transmitted by the teammate
and not validated by the participant (%)
according to the interpersonal trust level

35

30

Legend

@ consistent

Mon-consistent

25

20

15

DV « Decision » : Percentage of jamming events transmitted
by the teammate and not validated by the participant (%)

High Low
Interpersonal trust level

Figure 7. Percentages of interference transmitted by the teamarad not validated by the
participant according to the trus¢vel and theonsistenbr non-consistentharacter of the
tests

Discussion

This studyhas investigatethe relationship between interpersonal trust and deeision
making in uncertain environmen On the basis of the duaitocess theor{De Neys,
2006; Exans, 2003Evans,2011;Kahneman & Frederick, 2007), it is expected that
decisionmaking can be supported either by a rapid and intuitive mechanism (system
1) that requires few resources or bglawer mechanism (system 2) (Evans 2011)
involving an assessent of probabilities in relation to the possible situations, risks and
benefits of certain alternatives. Applied in a migvorld resulting from cyber crisis
management, the experimexinedto better understand the impact of trust between
operators and thconsistency of the information exchanged on the deeraiking
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mechanism (through the time taken to complete the task), but also on the decision
itself (validation of the partn& response).

The results show that trust does not directly impact deeisiaking when it is made

on unverifiable elements (hypothesis 1). This result seems to contradict existing
models that link trust and decisiomaking (Kim, Ferrin, & Rao, 2008). However, the
current literature studies trust in collaborative tasks wherecgzahts can at least
access the teammaétework to assess it (Bollon et al., 2019; Dirks, 1999), while the
protocol presented here proposefiblindo decision. It seems necessary to further
study this type of situation and its impact on trust. On therdtiand, theonsistency

of the information exchanged directly modifies the time taken to take the decision
(hypothesis 2). In other words, tleensistencyf the elements exchanged between
opemtors appears tobe the primary criterion that determinesthe mechanism
underlying the decisiemaking process. Once system 1 or 2 has been chosen, trust
comes into the decision to the extent that the system 2 leader agrees more with the
teammaté resultwhen he or she has trust even if the infornmativen isnon
consistentOnce system 1 or 2 has been chosen, trust becomes an important factor in
the decisiormaking. In fact, the leader in systema@&epts the teammasberesult to a
greater extent whehe trusts him even if the information givenrisn-consistent
(Hypothesis3) (seeFigure8).

Consistent

System 1 (quick response) Decision based on data

provided by the teammate

Decision based on data
provided by the teammate

Weak Signal High trust level ——>

L——> System 2 (Slow Response)
Non-Consistent

Decision based on data
—_
Low trust level directly perceived by the participant

Figure 8 . When the weak signals directly received by the leader and the weak signals
transmitted by the teammate are perceived as consistent, detiaking isfast and intuitive
(system 1) and is indepemdef the trust level. However, in the case of weak signals
perceived as nooonsistent, decisiomaking is slower (system 2) and involves the trust level.
When the trust level is high, the leafiedecisioamaking is in line with the information
providedby the teammatend when the trust level is low, the decision making is in line with
theinformationhe hashimselfperceived.

Thus, the study shows that the result of the decision, in terms of the accegptance
nonacceptance of theammatés information, is linked both to the consistency of the
information transmitted and to the level of trust between the operators. When the
information received is consistent with the teamiisaddservations, decisiemaking

is intuitive and not linked to the level of trust between operators and all information
is accepted by the leader. On the other hand, when the information-i®nsistent

and the leader uses system 2 to make his decision,thielevel oftrust in the
teammatevho gave him the information can change the decision; the more trust the
leader has in his teammate, the more inclined he is to accept his information, whether
the latter confirms or invalidates his observations. The level of apstarsherefae

to have a significant impact on the probability that lederwill associate with the
information received, which the literature has suggested since Gaéab@i®88)

work.
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The direct impact of consistency is significant in the implementation of B2Cy
Indeed, it is important in these safefjtical operations to better understand what can
impact the way decisions are made. This can make it possible to adapt operator
training by making them aware of the effect of consistency on their deciséing

(rapid decision versus rational decision). These results can also contribute to a better
understanding of how information is presented on the interfaces in order to help in
better decisiormaking.

In terms of trust, the experiment shows that in the cordéxa decision made by
assessing the risks or costs associated with each choice, trust in the source of the
information changes the decision. This result is also importart fin applicative

point of view because it shows that some weak signals sentdotiiekdecisiormaker

could be taken into account differently in the decision depending on the relationship
between the people. Trust between people therefore changesghpldced in the

data itself. It will therefore be important for sod¢&chnicalsystems such as C2s to

take this dimension into account to optimize its effect on the functioning of the system.

One of the methodological contributions of this study is thathave confirmed
experimentally the implementation of different decisionaking mechanisms
according to consistency, in accordance with the dual process theory. In other words,
thismicro-world mayaffect decisiormaking in either system 1 or system 2w¢ver,

the protocol usedoes not make it possible to checketherthe time delg observed

as a function of consistency corresponds to a probability calculation. A future study
should make it possible to test this probability calculation by detailing thew
decisionmaking process is carried out. ¢buld use this micrenvorld to beter
understand the cognitive mechanisms really at work in each strategy.

This study considered two factors, consistency and trust, which combine to modulate
the decisiormaking mechanism and decision content in collaborative activities
would now be appriate to investigate how these results are related to the interaction
between human operators or whether they are more general. Are the mechanism and
decision similar if tle operator acts in cooperation with an automated system or
artificial intelligence
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Identification of behaviour indicators
for fault diagnosis strategies

Katrin Linstedt& Barbara Deml
Karlsruhe Institute of Technology
Germany

Abstract

In manufacturingthe increasing automation leads to a rising demand for professionals
fulfilling non-routine tasks like fault diagpsis of complex systemisow reoccurrence
rates of faults and working conditigni&e shift work, hinder learningand make
measure$or knowledge supporéspecially attractiveAdditional information can be
offered duing the diagnosis process kibie needs of the operators var@ne way to
estimate thaiseful amount of information coulge to recognize if the operator uses
an associativeexperiencebasedor an elaborate structurebasedstrategy. In an
attempt to identify reliable criteria to distinghighese strategies, we aské@
participants to operate a waste water treatragntilationand confronted them with
six fault scenarios. All grticipants received intensive training on the stigrtand
operation ofthe simulationand practiced the fault ajnosis and documentation
beforehand.Through gaze behaviowsnalysis a strong preference for attention
focussing emerged for participantsthvian associative approach. Additionally,
significant differences between both strategic approaches were fouhibéor for
Cognition and prior technical knowledge.

Introduction

With the rise of cybephysical production systems, theansformation of the
workplace of human operators is proceed{hgiller, 2019) One core demand on
humans in these systems is tragtiooting or fault diagnosisFault diagnosis
includes the detection and localisation of faults and is the prerequisée &fficient

and effective repair and a sustainable maintenance of the sy&w EN
13306:201802). Typical characteristics of fidft diagnosis tasks are time pressure and

a lowreoccurance ratef faults. At the same time thgystems are characterizby a

lack of transparency which makes symptoms and their cause hard to detect. An
unambiguous relation between symptom and causeais, rmore often the
maintenance personnel is dealing with networks of reciprocal influence and estimate
probabilities for arious fault causes (Bergmaatal.,1997; Rothe & Timpe 1997).

In conclusion, the cognitive demands for fault diagnosis on main¢enpersonnel

are high.

To reduce the demands of fault diagnosis, varioeasuresan be imagined-ault
diagnosis is &nowledgeintensive taskequiringdeclarative knowledge of the system

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-JPetiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F.Mars(2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online)Available from http://hfesurope.org
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as wellas procedural knowledge of the interaction with theesgsand the diagnosis
itself. As will be seen, different fault diagnosis strategies retatifferent knowledge
requiremets and thusire proposed as essential indicatto inform the choice of a
measureSince ecognition of different strategiesdbalenging, he study presented
here aims at analysing behaviour correlates, specifia#ilgaze behaviourto
facilitatestrategy recognitionTo this end, two classes of strategies shall be contrasted
in the following.

From a cognitive perspective, thaisk of diagnosiss often described iterms of
reasoningand problemsolving (e.g. Reed & Johnson, 19935chaafstal, 1993
Schmidt et al. 1990) An intensively discussed approach to describe the process of
reasoning are duglrocess theories. The undénly idea is the existence of two
different processintypes(Type | and Type )while the specificharacteristicgary
between authors (e.g. Evans & Stanovich, 28E8neman,2012 Smith & DeCoster,
2000) Evans and Stanovich (2013) describe definiraduiees of bth types: Type |
processes dmot require working memorgapacityand ae autonomous, Type |
processes require working memagpacityand use cognitive decoupling or mental
simulation. Typical correlates of Type | processes are high spedepprocessing,
automatic and associative thinking and experidrased decisio making. Type |
processes are rather slow, processing takes place in a seriblasal manner while
thinking is more abstract and controllelahtuitive answers are creal quickly and
with little effort but can be misleading, especially wireasonersack experience.
Through the intervention of reflective Type Il reasoning, these intuitions can be
corrected. While the insufficiency of Type | answers has been studiedywitlia
process theorists also stress #uaptivity of theseanswers (e.g. Kahnean,2012.
With regard topreconditiongfor different processing typebjgherprior knowledge
and experiencéSmith & DeCoster, 2000s expected t@romote the use of Typl
reasoning whilehinking dispositionslike Need for @gnition (NFC, Cacioppo &
Petty, 1982 Stanovichet al, 2011)are expected tpromote Type Il reasoningput
see alsd’ennycoolet al, 2017)

Critics of the dual process approatdke issue witithe notion of twoqualitatively
distinct systems anglursuea unifiedtheoretical approach for itive and deliberate
judgement (e.g. Keren & Schul, 2Q0Qruglanski & Gigerenzer, 2011). The latter
proposed a framewonkhich states that botlypes of judgmentare rulebased, and
evencanuse the same rules, buary in theirdifficulty of application.The theory
states thatule selection depends on individual memory constrains and processing
potential, the task itself and the ecological rationality & thle. The speed and
accuracyof the rule executiomre controlled by individual differences of cognitive
capacitieKruglanski & Gigerenzer, 2011)

Rouse (1983) examined humaroblemsolving during system failures more
specificallyandcontrass contect-specific pattern recognition with contefkee search
strategies. In his model of human problem solving, decisions are preferably based on
state information, assessed by pati@tognition, while structure information is
included if this fails.Rouse 1983) builds on work of Rasmussen (1978) who
distinguishes between symptomatic and topographic strategies. Important aspects of
symptomatic strategies are the comparison Witbwn abnormal system stateke
interaction with the system is guided fmeviausly experiencgfaults. A topographic
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search implies comparisons against a norm planned system performance which is led
by the structure of the system. The use of available information can be rather
uneconomic Due to the difference in necessaryoprknonledge, topographic
strategies are expected to be applied when emedng unknown situations. Ham and

Yoon (2007) analysed existing literature regarding the potential of principle vs.
procedural knowledgdo improve fault diagnosis performan@nd distinguish

bet ween forwaldngeabenidngefiti on of t he
(p.280), which poses higher demands, and backward reasoning. Reed and Johnson
(1983) observed various expert strategies for fault diagnosis including what they
termed teuristic path followingThe @re aspect is the focus of attention on relevant
parts of the material to reduce the search spHgis. is in line with work byVan
Meeuwen et al2014) who extracted three visual problem solving from the literature,
namely dtention focusing (i.e. focusg on relevant information in the current
situation), perceptual chunking (i.e. combining elements to reduce necessary effort
and ignore details) and mea@sd analysis (i.e. starting from the goal working
backwardy They codd show differences in the eye movements between novices,
intermediates and experts in the number of fixation, fixation duration, humber of
transitions and time to first fixation in accordance to their hypotheses. In specific,
experts showed moreepceptuchunking and followed less a meagisd strategy.

Also, they reduced the amount of informatimorestrongly than other groups.

Taken together, behavioduring fault diagnosis can be classified roughly into two
classes: (1) a more associative pesencebased approach which is based on
information rediction and includes patterrecognition,and (2) a more elaborate
structuredapproach with is based on information exploitation. While no clear
predictions regarding the fault diagnosis success lmanmade cognitive and
knowledge demarsdare expected to vary between theapproachesnd influence
strategy choice.

In the following, an empirical study will be presented which confronted participants
with a fault diagnosis tagk elicit the application ofidividual strategies and analyse
behaviour correlatesAfter outlining the design and method of the studgtailed
hypotheses will bentroduced and tested. Finally, conclusions will be drawn and
discussed as to which behawr correlates are associateilhneither theassociative,
experienceebased approaatr the elaborate, structured approach to fault diagnosis.

The study
Design

The aim of this study was to investigate behavioural correlates of fault diagnosis
strateges especially ingaze behaviar. To this end, th@rocess controsimulation

WaTr Sim (waste water treatment simulatidsrbas & Heinath, 200Ayas employed.

In the first part of the study]lgarticipants underwent a training for the staptand
operdion of WaTrSim as well as thprocedure of faultiagnosis and reporting. In

the second part of the study, participants were entrusted with the task of operating the
simulationduring nine simulated production weeks and asked to report and diagnose
all faults that mightoccur during his time. The behaviour of th&mulationwas
controlled by nine scenarios of which six contained faults. The order of the fault
scenarios was randomized except of final one Behavioural data was gathered

causal

t

e s
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throughout all nine productions weeks via eyacking, screen and interaction
recordingas well as subjective questionnairksthis contribution, the focus lays on
the final production week, the analysis followsetweergroup approach.

Participants

Thepresent studjncluded40 volunteersf whichtenhad to be excluded because of
techmical issuegn=4), insufficient training performance (n=1) and failure to detect
the fault during the last production week (n=Barticipant acquisition took place in
the wuni ver si tTheGdemaireng saiple camgistech ¢19 men and 1
womenwith an average age bf = 27.2(SD = 86). Twelve participantspractised a
profession17 were studentsone was unemployetost participant¢n=20) had no
prior knowledgeon the task of fault diagnosighile six hadhigh to very high prior
knowledge (M = 21, SD = 3.5, Qoint Likert scale) Additionally, prior knowlelge

in related technical fields was assessed viapaiBt Likert scale (1 = none, 9 =
excellent). The results show moderate technical knowledge 4M,-SD =1.7). All
participants had no prior knowledge of gimulationWaTr Simbefore the studgnd
werecompensad at the end ofthestudyn t he amount of (020.

Materials

WwaTrSim

WaTr Sim (Urbas & Heinath, 20073imulates a waste water treatment facility with
waste water feeding in via truck deliveries and multiple stages of processing taking
place untilfreshwater anda purified gasis produced. Altogether six stages can be
distinguished: delivery, homogenisatiorseparation an intermediate product
repositay, gas scrubbingand afinal product repositorysee Figire 1, from topleft

to right). While the first four stages and the sidtageincluded automatic functions
for information acquisition and analys{sf. Parasuraman, Sheridan & Wickens
2000) mainly via an alarm function based on tank level thresholet fifth stage is
fully automated when quality of production and valgetting of the previous stages
are within the normative range.

Operators are responsible for the stgrtof thefacility and a safe and éffent
production, whichmaximises the amount of fresh watend purified gas and
minimises the amount of wastgroduced The interface allows, inter alia, for
adjustment®f set pointof valves and heating systems and offestaided views of
component groups, information on current alarms and a trend visualisation for the
final product. Fig.1 shows the main cordl interface Each run of the simulation
consistsof one production week with a predefinkhgth measured in simation
steps. Each step lasts 2000ms.
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water@iec

Figure 1. Screenshot of WaBimwith valves (e.g. V1, V6), heaters (e.g. H1, W1) and tanks
(e.g. Ba, B).

Scenarios

The operation of theimulationwas predetermined by nine scenarios: three control
scenarios and sifault scenarios. The scenaridsfinedall set pointsat the first
simulation stepand lasted for eithefour or six minutes Faultsincluded fully and
partially defective units andere visible through componertbservation system
alarms andir a news ticker. For example, in the lasénario théneating unit of the
gas scrubber fails, the output only reaches a ¢eatpre of 50°C instead @0°C.

Training

The training for operating thsimulation WaTr Sim followed the priniples of
instrudion (Merrill, 2002)and was guide by a handbook presented on a b@ablet.
All participantswere trained to execute a specific stag procedureithey gained
knowledge on all componenand theirfunctionality and practiced the interaction
with the irterface and the fault report. The training was led byettperimentewho
followed standardized instructions for the interaction with the participdhts
concluded in two knowledge tests, one written test on declarative knowledge
regardingthe facility and one practical testn startup, operation and fault diagnosis
of the facility. Passing these tests wagrarequisitefor participating in the secahn
part of the studyAltogether, he training lasted abo60min.

Data Acquisition

EyeTracking

The experiment took place atthe s t | talurdomHwsth illumination heldonstant
The simulationwas presented on2i0 L CD &t & reseletion ofLl920x1080i.
Eye movemerst were recorded using an EyeLitR00 Plus desktop eye tracker in
headfree mode at a sample rate of 100Qfdzcuracy: 0.2%.5°, spatial resolution:
0.05) Parsing of eye data followatkfault thresholdsParticipants were calibted
with a 9point-calibrationwhich was checkedefore @ery productionweekwith a
drift assessientandrepeatedf the deviationwas1® visual angler higher
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Questionnaires

The study includedhultiple questionnairgsnter aliato asses demographidataand
prior knowledge,anda German version of thehsrt scale orNeed for @gnition
(NFC, Beiliertet al, 2014)

Fault report

Participants were instructed to report each fault after detection via anbutto
implemented in the simulatidrefore theybegansearchig for the causeDescription

of thefault was donefeer the production week haithished

Think-aloud interview

After the lastproductionweek, the screen recordingtbfsweek was replayed for the

participants and an interview followirtge think aloud method was conducted and

recordedDuring the interview, participants were encouraged to report on their actions

and thoughtsvith questions from an unstructured interview guideline e Wh at ar e

you doing atorfitPhliesacmed ndeenstydaur t houghts in more detail

Data anaysis

Statistical analysis was conducted with R (R Core Tearh®)28nd a significance

| ev el .d&oérdirectionad Wypotheses, ofailed tests were use@ihe data was
tested on deviation from normaktlibution with the Shapiro Wiltest for each grqu

In case of a detectatkviation Wilcoxon rank sum tests were ployed instead of-

tests for hdependent sampleBecause of unequal group sizes, the effect size was
calculated with Hedgebs correction.

For the analysis of eye tracking data, the screen was dividednintiple areas of
interest (AOIl)including the processof delivery, gas scrubber and final repository
as well as separate components and information soulisethe size of the areas
varied, parameterBke number of fixations (@) and fixation durationtfs) were
normed on the size of the current AOIl. Eye movement data was indioidad®0s
time windowbefore the fault report via button press

Recordings from the interviews were tsaribed and based on a guideline with

category descriptions and examplemgtegorized into two classes of strategiesafl)

associative, experiencdrhsed approach which is based on information reduction and

(2) an elaboratestructuredapproach which ibased on information exploitatiofio

ensure reliability, a third dhematerial was categorized by two raters. The agreement

of the raters waacceptablevi t h Cohenés o = 0.61. I n a second step,
assigned to two groups (associativedaborate) depending on the ratio of statements

in each category.

Accuracy of diagnosis was evaluated on a scale from 0 to 3 with a grading scheme
including the ratio of the numbef correctly vs. incorrectlydentified symptoms and
the correctly dentified cause of the fault.



behaviour indicators for fault diagnosis strategies 181

Hypotheses

Building on the insight of existing research, multiple hypotheses were deduced (Table
1).

Tablel. Overview over hypotheses

hypotheses assessed behavioimdicators
é lower or hlghe( NFC sum NEC scale
(H1) é
él ower or t
technical knowledge sum prior technical knowledge
(H2) é

. nix on delivery lower
émore att fix ry

Participants focussing ét han tix on delivery lower
with an participants tix on tank B lower
associative 3 with an
approach émore baclt ggporate more saccades to the left (sur
showeé reasoning (meamsnd) 4pproach. nix on final repository higher
(H4) é trix on final repository higher
émore perc lower number of components
chunking fixated
€ no differ
diagnosis performance accuracy of diagnosis equal
(H6)é
Results

The strategy classification resulted in two unequally sized groups, 13 participants
followed an elaborate gpoach while 17ollowed an assoative approach.

In Table2, results for aldlependent variables are summarized. In accordance with H1,
there is a significant difference between groupN&C (t=3.948, df=16.7, p=@L1,
95% CI [9.2,-2.8]). Figure2 visualises the resulParticipants with a more associative
approach shoeda highe NFC than participants with a more elaborate apgrog@ie
effect is large(gue d =3.5) H2 can be accepted as well with participants with a
associative approach showing higher prior tecaiiinowledge than participants with
an elaborate approadwV=44, p=.006, 95% CI [2.9, -0.4], see figure). The effect is
large (gre d 73-8). Additionally, the results show strong support for H3, but only
limited support for H4 ando sppurtfor H5. There was naignificant difference
between groups regardingetdiagnosis performanc@/E131, p=250 95% CI 2.0,
0.0], the effect was smalbife ¢ g=-8 ). Figure4 visualises the datd@he implications
will be discussed in the following chapter.
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Table2. Overview over results

hypothesis  dependent variable  t (df) /W p 95% ClI OHedgé s
t=3.948
H1 sum NFC scale d=16.7 .001 -9.2,-2.8 -1.5
H2 sum priortechnical W=44 006 2.9.-0.4 18
knowledge
H3 niix on delivery W=78.5 .002 0.4, 1.7
tix on delivery W=85 <.001 204.3,b 2.2
. t=2.100,
tix on tank B df=4.4 .049 5.6, 1.4
t=-0.663,
H4 Sumsaccades to the lef df=26.7 744 -4.6,D -0.2
. ) . t=1.479,
niix on final repository df=22 5 .076 -0.1D 0.5
tix on final repository ~ W=130 .045 5.2,b 0.6
Number of components t=0.640,
HS fixated d=25.6 204 18P 0.2
H6 Accuracy of diagnosis  W=131 .250 -2.0,0.0 -0.5

Discussion and conclusion

The aim of this study was to\astigate behaviour correlate$ fault diagnosis
straegies. Based on a review of existing theory and research, two classes of strategies
have been defined: an associative, experiehesgd approach and a&taborate,
structuredapproachParticipants wer split into these two groups based on a content
analysis of verbal reports.

The results show large and significant differences between participants from both
groupsbefore the studysupporting the claim that strategy choice is influenced by
individual differences of prior knowledge and motivat{erg. Staovich etal., 2011
Kruglanksi & Gigerenzer2011) It should be noted that all participants had no
experience with the operation of WaTr Sim before the study and were exposed to the
same scenarios the knowledge gain during the study was thependenbn the
individual learning performance.

With regardto attention focussing, the resutsonglysupport the hypothesis, that an
as®dative approach includes higher attention focussing. Participants with an
elaborateapproachspend more time fixating coropents ofthe first stepof the
processAlso, theyfixate ths step more ofterDuring the final scenario, only parts of
the gas scrubber and the final repository showed symptoms of the faudis.
behaviour can be understood as a more thorough usdéoofation with the gaze
being diverted from theoreobviously affected components. This is also true for the

tank B< which is part of the final repositoiyi n past scenarios, analysis

of

t
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behaviour wasot necessary for the fault diagnosis. Téfere, participants with an
associative approach vee not expected to spend attention on this component as
experience taught them it is not necessary. The results agree with this expectation as
participants with an elaborate approach spend more timénfixank Ex.

Backward and forward reasoning have rbeaentioned by various researches to
describe diagnosis strategies, e.g. the topographic search described by Rasmussen
(1978) which includes searching systematically through the systemtacdican be
classifiedas elaborate approach. The results showpidicipantswith an associative
approach spend more time on the goal state of the system but thelyeasmarginal
difference inthenumber of fixatios on the goal statendno difference inhenumber

of gaze switches to the left vs. to the rigfaken together a preference for meand

analysis seems to exists within the associative approach but the direction of the
reasoning stays unclear.

As chunking includes grouping of elements, the expiectatas to find participants

with an associative appach fixate less components but insteaekdoosing
representative components for different parts of the process. This expectation was
disappointed.Possible reasons included insufficient training on thetesy as
chunking is especially seavithin experts Yan Meeuwen etl., 2014).

Various authors stress the claim that success of strategies depends on the task at hand
and the performing individual, therefore a superiority of one class of strategies was
notexpected and alswot found. Accordingly, Figure ghows equal medians in both
groups, but striking difference in the variance of the data. To understand this result
better, analysis of supplementary data will be necessary.

In conclusion, participants dfered meaningfully in their attention focussing
according to their strategic approach. Individual differences of motivation and prior
knowledge seem to play an important role for strategy choice. To understand this
relationship better, more insights dnasegy development over time and specific use

of knowledge are necessary. Nevertheless, the distinction between an associative and
an elaborated approach has been proven useful and behadicatorsemerged.
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Abstract

Exoskeletons present interesting qualities for high demanding physical tasks, but their
integration in companies is still a challenge. This study aims to evaluate the effects of
exoskeletons on the completion of aetevated tasks. Threategories of dependent
variables are studied in a lab experiment: physical measurements (cardiac cost),
performance indexes (quality ardration) and perceived benefits (reported by
subjects on quantitative scales). The independent variables of th@rexteare the
presence (or not) of the exoskeleton, and the media used for the familiarization process
of the subject before the use of the exoskeleton. Two levels of familiarization are
proposed to the subjects: brochure of the exoskeleton manufaetuddive tutorial
demonstration by a skilled experimenter. A laboratory study (n=36 participants)
involving two arms elevated tasks was specifically designed to simulate industrial
work situations. Results show that the use of the exoskeleton reduces carst,

global and local perceived effort, number of errors, and increases task performance.
Concerning the familiarization process, the live tutorial demo provides higher task
performances and users acceptance, lower global and local perceived effthre an
number of errors. These results confirm that user acceptance and integration of
exoskeletons in companies require dedicated training supports.

Introduction

Passive exoskeletons started to enter the market of New Assistive Technologies
(NAT) in various industries where handling tasks are still involving human control
and knowhow. This growing interest forces companies to relate the claimed
effectiveness of occupational exoskeletons as a solution that could release muscle
activity and taskelatedstrain. Even if functional effects have been established in
reducing muscular demar(tiuysamen tal., 2018; Theurel & Desbrosses, 2019)
these exoskeletons are still facing ergonomics barriers such as discatefbdaze

et al.,, 2016) movements limitations, low usability and actewe of endisers.
(Graham et al., 2009his is why previous studies suggest a more holistic approach
(Bosch et al., 2018p investigate dimensions of usabilitporeover on realistic work
settings Baltrusch et al., 2018Recent studies suggest focusing onattteial use, to
better understand expected and potential unexpected giéetet al., 2018) This

is why the evaluation of Human Exoskeleton Interaction (HEI) should focus on

In D. de Waard, A. Toffetti, L. PietrantgnT. Franke, <F. Petiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019 Annual ConferencdSSN 23334959 (online) Available fromhttp://hfeseurope.org
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Usability. Last years, Europe Technologies baen training future users and product
managers to the use of exoskeleton, in order to enhance potential adoption. However,
no evidence has been found on the effectiveness of a specific familiarization protocol
on wuser 6s acc e gdatwed pdormaanace.dConsaguentlya th& main
purpose of the current study is to validate the claimed positive effects of the
exoskeleton prototype, as well as the effectiveness of a familiarization protocol on
objective performance, perceived benefits and user auapt A second aim is to
highlight specifications of humaexoskeleton interaction to guide further product
development and familiarization program. The remainder of the paper is organized as
follows. The second section presents the material and methatexdéscription of

the experiment. Results are presented in third section. The concluding section
provides implications and perspectives for further work.

Materials and methods
Participants and ethics approval

36 healthy participants (50% male, 50%mfde) with no current injuries /
musculoskeletal disorders volunteered and gave written consent before the experiment
according to the tenets of the Declaration of Helsinki. Current health status was
evaluated using the Nordic questionnaegcatha et al., 2007)heir age span from

20 to 65 years old with a range of height between 163 torm.7Participants had

never been trained to use exoskeleton nor performing tasks.

Occupational exoskeleton

Figure 1. Product architecture and the mechanical principle of operation of the tested
exoskeleton. Flat springs in the back applyragressive strength upwards.

The exoskeleton used is a wearable passive system provided by our Saeliec

(SkelEx, Rotterdam, The Netherlandi)was cedeveloped with thigpartner from

various field st udJvowseta n2018)As showd ffjiree edbacks (
1, its design is based on a backpack style with two flat springs in the back that can

store kinetic energy when lowering the arms. Reversely, the spring strength is then

applied upwards and help reducing upper body strain while performinglakated

tasks. This constitutes the first independent variable of our experiment with the two

conditions (Exo/No Exo). Two versions of the prototype called Exo A and ExoB have
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been tested for a secondary design purpose, so di

All variables were tested for both versions, results are merged into an Exo condition.
Familiarization protocol

In our observations of the spreading to exoskeletons in industry, we noticed that
companies are starting to buy exoskeletons without considérdamiliarization

phase and potential fail of acceptance for occupational use. In order to protect future
users, the French Institute of normalization is working on an agreement and a potential
future norm about HumaBxoskeleton Interaction ergonomi&airope Technologies
takes actively part in this project, by sharing field insights. A global acceptance
program has been designeddsterbetter integration of exoskeletoim companies.

A key element of this program is a familiarization protot¢atb¢lled F2), designed to

optimize userbés performance and acceptance. It is

give users the best level of knowledge and practice in the shortest amount @btime

match reatime constraints To do sothis protocolF2 is compsed ofthefollowing

steps: Demystification, Technics, Potential, Limits, Donning/Adjusting/doffing, Free
experience (without industrial constraints). It aimed at providing certification of a

level 4 based on a-¥ scale of knowledge/practidappendiy}. Level 4 means that
participants are aware of basic technical, safety and usability principles, and know
how to don/doff quickly the exoskeleton. In the following experiment, F2 is
performed by a skilled experimenter and materialized by a writteipt. Another
familiarization protocol,F1, corresponds simply tt he manuf act,urer s
materialized by a paper brochufighe two familiarization protocols (F1 or F2) were
administered to the participants before the execution of the task. Tattates the

second independent variable of our experimBetween tasks, participants could

adjust the exoskeleton again if needed. They could read the brochoreaBi the
experimenter to repeat an itemin tutorial BRtth e e x per i meakdaey c o ul
additionalinitiative, to not distort the results

Testing equipment

The heart rate was measured in 4tdake during the tasks. We used a heart rate
computer POLAR RS800CX and its dedicated professional software POLAR Trainer
5. This system isamposed of an emitter attachable on a thoracic belt. The data
transfer was realized from the emitter to the software by an infrared USB adapter. For
precision task performance, user lines were obtained by an interactive whiteboard
SMART Board 800. This sysm projects and records automatically produced pixels.

1 pixel = 1mm. All tasks were camera recorded to help further interpretation of
results.

Design of experimest

For a secondary product design purpodieparticipants testd two versions of the
exoskeletonprototype calledA and B so as the NoExo conditio@oncerning the
familiarization protocol, given that protocBR is more informative than F1, it was
irrelevant for the same participant to test protocol F1 after F2. For this reason, the only
possible orders for the test were-FE1, F1>F2 or F2>F2. To limit the number of
experiments (two tests with two exoskeletons A and B), a balanced incomplete block

brochure

dnoét t

ff



190 Moyon, Petiot, & Poirson

design was defined, presentad table 1.Six blocks were considered, with six
participantsn each block.

Table 1 Experimental design for the two variables Exoskeleton and Familiarization protocol
with two conditions (NoExo/Exo) and (F1/F2). The rows correspond to the first combination
tested by the participants, the column to the seconcgample, 6 participants tested first

ExoB with protocol F1 (BF1), then ExoA with protocol F1 (AF1).

AF1 AF2 BF1 BF2
AF1 6 6
AF2 6
BF1 6 6
BF2 6

Previous analysis of industrial tasks

Assembling tasks involve arglevated postures that could be assisted by an
exoskeleton. The manufactugkelEXSkelEx, Rotterdam, Netherlangspvided the

model that was designed specifically to assist the strain related to this posture.
Constraintf the real work situatiosuch as average duration of steapsweight of

the tool, precision standards have been integrated tikolab experiments.
Experiments took place between January and May 2019 on the site of LS2N
laboratory, Nantes.

Lab tests

From an analysis of the previous industrial tasks, a controlled laboratory experiment
was built in order to not disturb the manufacturing process of the industrial. These
tasks in a laboratory have furthermore the following advantages

1 To measure moreasily the effects of the exoskeleton and the familiarization
protocol on user performance, perceived benefits, and acceptance with a
reproducible procedure.

1 Toinvolve more participants, with a larger diversity of profiles

The idea was to create a simpédoratory protocol that could easily evaluate the
potential of exoskeletons for repetitive and precision tasks.

Repetitive task (R)

According to real constraints observed previously, a repetitive task was etgign
reproduce arnelevated postur@~igure 2) A board with eight lines of industrial nuts

was placed vertically on the wall. The size and height of the board were adjusted so
that any participants could reach at least 7/8 lines with a tool of 6kg. Setting
movements were paced at 20 actions/ogimg a metronome. Participants had to set

as many nuts athey can They stoped when they experienced fatigue or high



exoskeleton effects and familairization protocols on industrial task§91

discomfort or failed pace three times in total. Errors were observed: nuts should be
correctly set, we tolerate a space afillimetrescorresponding to nut thickness. Data
collected were: total time, time per lineumber of nuts correctly set, number of
errors/line. Four dimensions questionnaire including the following items: perceived
exertion, fatigue, comfort, quality, performance, teslated usability assessment:
perceived utility, easiness of use and mové e exoskeleton.

\\\‘

Figure 2. (a) A participant without the exoskeleton performing the repetitive task R and with
the exoskeleton (b).

Precision task (P)

This task aimedat testng the potential benefits of wearing the exoskeleton (less
perceived effd and fatigue, respect of quality and natural moves) while performing
repetitive and accurate movements, as observed in the real work situation. A
background of lines was projected on the wall by an interactive whiteboard system
(Figure 3) The test consted of redrawing the same signs with an interactive pen with
maximum accuracy. Seven lines of ten signs each are displayed on the background.
Participants started by the line at their-$égel and move progressively upward to

an overhead position. Théwad to stand behind a line placed at 40cm from the wall
but could move parallel to the wall. Distance from the wall was visually controlled so
that arns elevated posture targeted by assistance would be respected. The test ended
when participarg experiened fatigue, discomfort or traced all signs. Movements
were paced at 4second/sign using a voice recorded metronome. Data collected were:
traced signs, time per line, number of completed signs, and number of errors/line.
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Figure 3. (c) A participant perfoning the precision task P without exoskeleton (a) and with
the exoskeleton (b).

Objective measurements
Familiarization performance of donning/adjusting

Familiarization performance was measured by chronometer for doffing/donning
procedure after the pamipant had experienced the broch(f&) or the tutorialF2).

Measurements were organized as foll ows:

or to listen to the tutorial performed by a skilled experimenter, 3 min of testing alone,
finally, the partcipant was challenged to install it and control adjustments. The
recording was stopped above 3 minutes. This is the duration limit evaluated previously
as a standard because operators have to be very quick at doffing/donairegin
situation in order tde flexible on other tasks.

Global physical workload

This work situation has been previously targeted by an internal ergonomic study.
Laboratory tasks were designed to approach real perceived effort with similar postures
and duration constraints. Thermbtion Exo/NoExo was measured on both taBks

and P, always in the same order asdparated by a break while they seated. A
reference heartbeat (HR) was recorded while seating 5min before performing the task.
Activity blocks were analyzed with the coridits ExoNOExo. The measumaents
wereseparated by A0 minutesreak while operators remained seat&ctording to
Meunier protocol Meunier, 2014)in order to compare two different conditions of

the activity (NoExo, Exo), we calculated the Absolute Cardiac @@3Cj) according

to the duration ofhe activity. ACC is the difference betwedhe average heart rate

(Ha) and theReference Heart rate (Hr) and it is expressed in beat per minute (bpm).
ACC*duration is expressed in heart rate gbyording to the duratioof the task (in

min).Il't represents the number of pulses édconsumed?d

the Absolute Cardiac Cos$$ represented in Figure. 4.

dur
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Ha — - —\ -
(bpm)
ACC
(h)
HI’ | | -
(bpm)

d (min)

Figure 4. ACC*d is the difference between Reference Heart rate (Hr) and Average Heart rate
(Ha) expressed in beat/min multiplied by task duration (min).

Tasks performance

On the repetitive tasiR, the number of settings was observed #melduration
recorded by chronometer. A speaker connected to a digital metronome iddeate
rhythm to respectThe performance of precision té3iwas measured by chronometer
and countinghe numbers of symbols.

Subjective measurements

A four dimensions questionnaire (Cognitive, Occupational, Physical and Affective)

built from a previous studyMoyon et al r ecor ded user és subjective effec
exoskeleton on tasks. The perceived musculoskeletal strain was evaluated with Borg

Scale (CR10) (Hill et al., 1992) We recorded on Likert scales{0) factors such as

Easiness of learning, Evolution of perceived musculoskeletal effort, Perceived

Usability for industrial constraints, Physical Comfort, Intention to use daily and

Acceptnce after use.

Data analysis

To investigate significant differences in user performance, percéigedfits and
acceptance between Exoskeleton, differences in means were analyzed by comparisons
of NoExo (without exoskeleton)/Exo (with exoskeleton) gsam ANOVA (mixed

linear model, that considers the subject as a random effect and the factor
AExoskel et ondo a saoretaf anesenmple Edstf was dppliedaon d
determine a significative threshdidr Exo condition subjective resuléscordingto

the variables. Also, the effectiveness of the familiarization protocol (F1/F2
conditions), was analyzed for the same variables and for Exo condition only, by a two
samples twesided TFtest, which calculate the difference of means between the six
groups The statistical significance was set to p<0.05 (*) and p<0.001 (**). Statistical
analyses were performed using XLSTAT 2019. For each dependent variable, the
results for the different conditions are reported as means (with their standard errors)
in original units.
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Results
Study of exoskeleton effects on Global physical workload

The evolution of Absolute Cardiac Cost (AC@jth task duration (ACE&d) is
expressed inumber oheart rate (h). The results are shown in figuri€or both tasks
the lowestvalues of ACGd are found while wearing the exoskeleton (Exo). Without
the exoskeleton (NOExoACC*d is increased by 32H2.%or the task R and by 27.1

h £ 5.9for the taskP.

NoExo M Exo

200 *

150

100

AAC*d (h)

50

Task R Task P

Figure 5. Evolution of ACC*d (h) for Task R and task P with (Exo)wititout (NOEXx0)
exoskeleton

Despite the weight and physical constraints produced by springs, the exoskeleton
seems to reduce the cardiac cost for all tasks

Study of exoskeleton effects on tasks performance

Hypothesis: Performance is better when theigpent is wearing the exoskeleton.
For task R, e highest number of valid action45(5t1, p<0.0001)andthe lowest
number of errors4.4+0.3, p<0.0001) is found when wearing the exoskeletan.
similar effect is found for task: highest number of validigns 49.6:0.9, p<0.0001)
and lowest average number of err<+0.3, p<0.0001)were found when wearing
the exoskeletarWWe conclude that for all tasks, Humamroskeleton performance is
better than NoExo condition with a higher number of actionsadod/er number of
errors.
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Subjective measures
Physical aspects: evolution of perceived musculoskeletal strain

Hypothesis: perceived exertion could be reduced while wearing the exoskeleton.
Global exertion for task® and P has been evaluated respectively with a mean of
6.9910+ 0.21 and.4510+ 0.25for NoExo conditiorand4.2210+ 0,14and3.61/10

+ 1.16 for Exo condition These results are represented by dotted lin€sgure 6.
Results indicate that globally the stranower when wearing the exoskeletavith

a significant (g0.0001)reduction of global strain respectively 008/10and3.12/10

for task R and task.P

Peceived local strain shows lower scores when wearing the exoskeleton and an effect
of transfer toweds other parts of the body has shown in figure 8 (both tasks merged).
Indeed, participants perceived a mean reduction of strain on upper parts of the body,
on Shoulders2.3210; + 0.15, p<0.0003), on Arms (2.9310 + 0.12 p<0.0001)
Elbow/forearms @.06/10 £ 0.16, p<0.0001),neck (.41/10+ 0.14 p<0.0001) in the

Upper and lower bac{0.7910+0.09 p<0.0001and0.4610+0.1, p<0.0001)and on

legs (0.17+0.06 p<0.000). Also, the perceived strain has been transferred to other
parts ofthe body,with a small mean increased @.4+ 0.16 p= 0.002in the
Elbow/Forearm part.

NoExo M Exo

Global strain NoExo

Local perceived exertion (0-10)
N

Figure 6.Evolution of global and local perceived effort for specific parts of the body without
(NoExo) and with Exoskeleton (Exo) for all taskgjobal effort is represented by tliges.

We can conclude than the evolution of perceived exertion could be reduced globally
while wearing the exoskeleton (Exo). However, we observed a transfer effect of local
strains witha very smalllocal decrease on Wrist/Hand and and a -egpected
increase orElbow/Forearm.
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Cognitive and Occupational aspects

Regarding Affective aspects,onparticipant found that wearing the device was

devalorizing To check if the exoskeleton is suitable to perform simulated tasks
constraints, we observthe evolution of focus demand, perceived quality and

performance while wearing the exoskeleton.

Questions (Likert scale-00):

With the exoskeletohcan perform the task with the same quality (strongly
disagree totally agreg

With the exoskeletonfeel (much less effectiveuch more effective)

Two reverse questions:

To use the exoskeleton involves an extra focus de(strndgly disagreetotally
agree

To master the exoskeleton involves an effort (margimxtremely important)

For allresults exep the two last inverse sentences (Effort to master and Extra focus
demand), results <5 are interpreted as a negative effect and results >6 are interpreted
as a positive effectd score between 5 and 6 corresponds to indecision or average
effed. The dfort to master and Extra focus demand, results <5 are interpreted as a
positive average effect and results >4 are interpreted as a positive Afteattail
onesample Test was applied to determine a significative threshold according to the
variable. Significant results are shown in Tabl€8t both tasks in average regarding
cognitive aspects, Perceived performance was positively significant with the
exoskeletorfmean =7.19, lower mark interval: 6.88<0.0002, participants reported
thatwar i ng t he e x os k impoedntosapplemerdanydoicus demand | v e
(mean =4.21,upper mark interval.64,p=0.001) or involved an important effort to

master (mean=4.07ypper mark interval:4.39p= p<0.0001). Also, they could

perform the same quality standardsmean=717, lower mark interval:6.84
p<0.0001).All differences in means between tasks were not significant (pX\a5

can conclude than the use of exoskeleton on the simulated industrial taskstdoes no
di sturb the respect of qguality standards, percei vec
extra mental load concerning focus demand.

Effects of familiarization protocol (F1/F2)
Objective results
Donning performance

Hypothesis: lowest donning duration perfeed with F2 protocolResultsshowed a
significantdecrease of donning performance (adjustments includetth) tive lowest
duration 0f93.97+26.47s for F2 vs 171.97 +26.3@8s F1 as shown in figure .7
Donning performance is expressed in seconds, thiénfelindicates the limit duration
expected by partnerthe dotted line represents the maximum duration users have to
reach to pass level 4 of familiarization on our internal scale (HEFL: Human
Exoskeleton Familiarization levelSptherwise, user certifiti@n is not delivered.
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W Brochure (F1) M Tutorial (F2)

ok

200 =

180

150

.......

Donning performance (s)
=
=]
1

(&)
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0

Figure 7.Evolution of donning/adjusting performance (s) according to familiarization
protocol F1 or F2.

F2 has a positive effect on donning performance. All participants who experienced F2
reacheda duration lower than 100s The manuf actisunueghdeéss br ochure F1
efficient and not enough to reatte certification level(100s).

M Brochure (F1) M Tutorial (F2)

*k

300 -

225

150

AAC*d (h)

75

Task R Task P

Figure 8. Evolution omean CCA*d (h) for Task R and task P according to familiarization
protocol F1 or F2

Global physical workload
Hypothesis: F2 allows thave a lower physical strain by optimizing installation,

adjustment, and usH.experiencing F2, AC&d is reduced by4.28h +80.3for the
taskP with p=0.008The decrease for task R is not significant, as shown in figure 8.
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These results showed a higher reduction of global strain while experiencing F2
protocol.We can conclude that F2 had a positive effexdlobal stain for both tasks.
Effectiveness on task performance

Hypothesis: Performance is better whaeparticipant has been falarized with
expert tutorial F2). The evolution ofhenumber of actions and error for the repetitive
task R with familiarization protocol (F1 or F2) is shown in figuge The highest
number of valid actions40.22t7.62 p<0.0001)and the lowest number of errors
(3.52£1.61, p<0.0001yvere found when experiemg theexpert tutorial F2.

M Brochure (F1) [ Tutorial (F2)

*k

60

45

30

15

Number of valid actions and errors for Task R

Valid actions Errors

Figure 9.Task performance indicators and errors for repetitive task R according to
familiarization protocol (F1 or F2). Brackets indicate significant differences between F1
(manufacturerds brochundidon. and F2 (expert tutorial) <co

Results ér theprecisiontaskP with familiarization protocol (F1 or F2reshown in
figure 10. The highest number of valid sigrs2(92t7.93 p<0.0001) and the lowest
average number of erro8.81+2.55, p<0.0001)were found when wearing the
exoskeleton
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M Brochure (F1) [l Tutorial (F2)

70

52,5

35

Number of valid signs and errors for Task P

Valid actions Errors

Figure 10.Task performance indicators and errors for precision task P according to
familiarization protocol (F1 or F2).

We conclude that for all tasks, F2 has given a better HitiEwaskeleton performance
t han manuf act urheahigher nimber af actionseaattFwerwmumber
of errors.

Perceptive results
Physical, Cognitive and Occupational aspects

Hypothesis: F1 protocol produces lower perceived benefits, usability and acceptance

score than F2 protocol. Tkef f ect i veness of familiarization protocol
perception is verified by tweamples twesided Ftest to compare the means of these

two groups. The results are presented in Table 5. Higher scores given on Likert scale

(0-10) have been found wh participants experienced F2 familiarization protocol.

The most significant differences were found in this order for easiness of learning

(donning and adjusting) with an increased score of +4.15/10, comfort (+3.36/10),

easiness to move with (+2.95/10)ctis demand (+2.63/10). They are shown in bold

in Table 2 with all variables
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Questions (Likert scale-00):

To learn how to don/adjust the exoskeleton is easy (totally sgreegly disagree)
To master the exoskeleton is easy (totally agteengly diggree)

For the tasks, the exoskeleton benefits are (marg&datemely important)

To learn how to move with the exoskeleton is easy (totally @greegly disagree)
The exoskeleton is comfortable (extremely uncomfortalzteemely comfortable)
With theexoskeleton, | need extra focus demand (strongly disagtally agree)
With the exoskeleton, | feel (much less effectiveh more effective)

| can perform the task with the same quality (totally aggengly disagree)

User acceptance

Hypothesisthe user 6s acceptance score is higher when expet
is scored through a threki mensi onal guestion: Q1l: 6My gl obal sat
exoskeleton is (extremely love x t r emel y hi gh) , Q2: 61 f needed, I W 0

exoskeleton (NeveEvewyday), Q3: | would recommend the exoskeleton to a
colleague (Not at allabsolutely). The validity of three quest®toward a global
Acceptance dimension is verified by alphadés Cronbac|

Table 2.Descriptive statistics (mean, standard deviatiorfegénce, pvalue) and comparison
of familiarization protocol (F1 or F2) on perceived benefits and acceptance dimensions (*p <

.05).
Dimension Brochure (F1) Tutorial (F2) Difference,
p value
Easiness of learning <
(donning and adjust) 4.38 (2.49) 8.18(1.29) 4.15, <0.0001
. .06 (2.22 7.29 (2.02 1.24, 0.001
Perceived support 6.06 ( ) 9(2.02) 0.00
Master demand 5.11 (2.33) 3.03 (1.92) 2.09, <0.0001
. . 5.29 (1.57 3.81 (1.37 1.48, <0.0001
Perceived global strain ( ) ( )
) 5.81(2.28) 7.86(2.15) 2.04, <0.0001
Easiness to use
Easiness to move with 4.91 (2.62) 7.86 (1.92) 2.95, <0.0001
4.53 (2.10) 7.88 (2.23) 3.36, <0.0001
Comfort
5.52 (3.03 2.88 (2.67 2.63, <0.0001
Focus demand (3.03) (2.67) '
6.28 (2.31) 8.11 (1.77) 1.83, <0.0001
Performance
) 6.34 (2.52) 8(1.86) 1.65, <0.0001
Respect of quality
6.42 (1.99) 8.25 (1.70) 1.82, <0.0001
Acceptance
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We conclude that for all aspects presented (Cognitive, Occupational and Physical), F2
protocol has given a better perceived performance, benefitssendcceptance than
the manuf act uFle r HumanrEloskeletdnuperiormance could be
significative influenced by the familiarization experience that includes different type
of knowledge and practice.

Discussion and Conclusion

Firstly, some interesting contributions to HurrExoskeleton Interaction on
simulated industrial tasks have been found. Eigant positive effects have shown a
reduction in Global physical workload and perceived strain, an increase in task
performance, in relation to positive effects on subjective benefits as perceived
performance, the respect of quality standards and theolaextra focus demand.
These positive effects on physical, cognitive and occupational aspects are strategic to
ensure occupational exoskeleton adoption in industries. Also, if the expected
reduction of perceived strain is significant in targeted mugshezulder, arms), some
muscular strain increased while wearing exoskeleton and highlights the possible
influence of load transfer that should be investigated. A further study could aim at
simulating muscle activation of the HumBxoskeleton system to bettunderstand

this effect. Secondly, a key finding of this study is a significant positive effect of an
expert familiarization protocol on perceived benefits, usability and user acceptance.
These results suggest that the use of exoskeleton is not intditifianiliarization
experience that includes specific knowledge and practice could help optimize Human
Exoskeleton performance and user acceptance, that could eventually lead to a quicker
adoption in companies. It is not easy to sttiogfamiliarization pocess as it is related

to time. And long experiments would not be appropriated as they would involve
participants to endure high strains. The suggested laboratory protocol is easily
repeatable and allows the test of familiarization dimensions using dshiation of
physio pathogenic activity. Further work could deal with the influence of panel
diversity that has not been taking into account in this study. Also, differences of effects
on all variables could be investigated, to bring manufactaoteresing feedbacks on

the effect of claimed design improvements from Exo A to B prototypes.
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Appendix

HumanExoskeleton Familiarization Levels. According to our fiddpertise, a
certified user should reach at least level 4.

HEFL

Human-Exoskeleton
Familiarization levels

Description

No previous experience with the
exoskleleton. 1t is an unkown sysiem.

The worker has no previous experience with the exoskeleton
neither knowledge of the system. His perception can be
biased by science fiction effect (movies, advertising...).

First visual contact.
Basic knowledge.

The worker has no experience with the exoskeleton but
a basic knowledge of general principles. His perception can
be biased by science fiction effect’ (movies, advertising...)

Knowledge of technological basics
and utility (case studies)

The worker has basic knowledge of general and technical
principles. Limits and application have been explained
A test of donning/adjusting may have been tried.

Knowledge of technological basics
and utility (case stuies).
Donningladjudting/doffing are
masterad.

The worker knows basic, mechnical and adjustment

prnciples. He knows how to donn/adjust/doff the exoskelaton
within 100 seconds with safety checks, including experience of
limitations,

Knowledge of risks. Subjective
validation of the exoskeleton on
simple simulated tasks.

The worker has all previous knowledge and experience and
he has felt potential assistance and limitations with a tailored
protocal (simulation of case study tasks) in the range of
assistance.

Subjective validation of the assistive
device with an intermediate test out
of the work situation and in real
situation.

The worker has all previous knowledge and experence and
he has felt potential assistance and limitations with simulation
protocol of minimum 15 minutes. He has positively evaluated
the device (acceptance score =7/10).

Subjective validation of the assistive
device with an long test out in real
situation,

The worker has all previous knowledge and experience and
used the exoskeleton at least for 48h (2h/day). He has
positively evaluated the device {acceptance score >7/10).

Subjective validation of the assistive
device with an long test out in real
situation.

The worker has a good knowledge on use principle and a
minimum experience of 3 weeks (4hiday max). His subjective
evaluation is globally positive and effects on eventual changes
in organisation/process/habits have been adaopied.
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Abstract

Suturing is a basic surgical skill that requires much training to achieve competency.
Circular suturing is even more challenging, especially in minimally invasive surgery.
In a radical prostatectomy procedure, circular suturing is performed to reconmect th
bladder and urethra after the prostate has been removed. Task analysis of linear
suturing and circular suturingn laparoscopic and robatssistedsurgery was
performed and validated. Results revealed that circular suturing involves more
motoric and peceptual constraints than linear suturing, requiring depth perception for
proper alignment of two differently sized circutdructuresRobotic surgical systems

such as the da Vinci Surgical System can reduce some of these constraints by
providing a sterescopic view of the circular structures and increasing the
manipulability of the needle and tisswempared to the laparoscopic approddiese
findings have implications forthe design of training and assessment, as well as
assistive tools to enhance therformance of circular suturing.

Background

In surgery, suturing is performed to close incisions or gaps in the anatomy when
diseased tissue has been removed. Suturing is one of the most difficult basic technical
skills in surgeryGhazi & Joseph, 20)8It requires hangye coordination, dexterity

and precision to place evenly spaced stitches with equal tension to achieve good
approximation of tissu€Secin etal., 2006. In minimally invasive surgerguch as
laparoscopic surgeryntracorporeal sutungy is even more difficult due to the limited
degrees of freedom in manipulation and constrained sfizae et al, 1996).In
laparoscopic surgery, or 5 small incisions are madie the abdomeinto which the
laparoscopic instruments are inserted. The tools are long and thin in ofiénttm

small incisions while still reaching thaesiredpoints inside the bodylhe insertion

point creates &ulcrum effect whichforcesthe surgeons to mowbeir hands in the
oppositedirectionthey want theendeffector of the tool to move. This skill is nen
intuitive and complicates the procedure for surgedhe. surgical site, provided by

an endoscope which is also inserted into the abdomen throughsiornisdisplayed

on monitorsaround the operating room for the surgical team. This 2D view of the
surgical field makes it difficult to manoeuvre within a 3D space. Overall, these
constraints can complicate masyrgicaltasks,especially intracorporeakturing.

In D. de Waard, A. Toffetti, L. PietrantgnT. Franke, <F. Petiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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In certain cases, suturing may be required around circular anatomical strueturres.
example, irurology, aftera radical prostatectonmgomplete removal of the prostate)

is performedo reduce the risk of cancer or to mitigate the spread of cancerous cells,
the urethra and bladder neck are joined togetlitgr suturesn a process called the
urethrovesical anastomosis. This anastomasi®lves circular suturing ands
considered to bthe most difficult part of the entire operatiddhazi & Joseph, 2018

Figure 1 Illustration offour different stages of circular suturirig an urethrovesical
anastomosis. As the surgeon progresses, the urethra (indicated by small white éychad
bladder neck (indicated by large white cir@feA) are brought closer togethépart B)and
joined (part C) and secured (part Dhus completig the anastomosis.

The urethrovesical anastomosis involves the joiningtled ends oftwo tukular
structures the urethra and the bladdgsee Figure 1)This means that the surgeon
must suture around the outside circumference of both tubes to enstissules are
securely connected while still allowing fluid to pass throughluhgenof the tubes.
As this method differs from the more common linear suture wherstiticbes are
madeacross a straight line,drasticallydifferent techniqués needed. Thentricacies
of these different tasks are outlined in many surgical tedtsare not explained in
detail. Novice surgeons have to relyguidedtraining with expert surgeons in order
to fully grasp the concepts and methods of circular suturing that ntake i
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challenging Not only is the task difficult to learn, it is also difficult to teach to novice
surgeons, especially in the minimally invasive approach.

Surprisingly, the robotic surgical system da Vinci (Intuitive Surgical, Figure2)
that had been struggling to demonstrate value in laparoscopic sprgeiged the
solution to this difficult urological procedurin fact, heuse of theda Vinci Surgical
Systemin urological proceduremcreased from 8% in 2004 to 67% in 2010 &nd
now used imore thar70% of prostatectomy proceduregdlette et al, 2015.

Figure 2. The da Vinci Surgical System includes a control consblere the surgeon is seated
(left) and surgical instrument dodkat is positioned over the patiefright). Image from:
https://lwww.franciscanhealth.org/healtfare- services/roboti@assisteesurgery334

The robotic surgical system, da Vinci Surgical System, provides the surgeon with a
stereoscopic view of the surgical field while being positioned in an ergonomic seat.
The joysticks and pedals included on the control console allow the surgeon @ contr
all of the tools connected to the surgical instrument dock quickly and easily.

Additionally, the joysticks allow the surgeon to control more intricate movements of
the surgical instruments such as gespand scissors. With the da Vinci, these tools
have more degrees of freedom than traditional laparoscopic tools (Figure 3). The
wrist-like joints on the da Vinecompatible tools allow the surgeon to more easily
manipulate tissue or other medical equipinguch as sutures (Chellali et al., 2014).
Nevertheless, the task of suturing, and in particular, circular suturing, in the minimally
invasive environment remains challenging.
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Figure 3. Laparoscopic needle drivers (left) and da Vinci laparoscopic needle drivers (right)
are similar in design, but the da Vinci tools have significantly moreagsgof freedom with

their included wristlike joints. Images fromylicrolap® Needle Drivers. ConMed
https://www.conmed.com/products/laparosceqgibotic-and-opensurgery/instruments/low
impactlaparoscopieinstruments/lowmpactneedledrivers(left) Endovr i st E MEGAE
Needle Driver. Intuitive Surgical https://www.intuitivesurgical.com/test
drive/pages/endowrishstruments.phright)

Nevertheless, the robotic system has not been able to completely nullify the
difficulties inherent to the urethrovesical anastomosis, such as bimanual dexterity in
instrument manipulation (Chen et al, 2018). While the da Winkas no doubt

improved many aspects of minimally invasive surgery (Ballantyne, 2002), the
urethrovesical anastomosis still proves to be a challenging task for many surgeons.

This study is the first step towards an understanding of the requirements and
constraints in circular suturinfpr the purpose of surgical skills training, as well as
for developing an objective assessment metric for circular suturing performance.
Ultimately, an assistive tool may be developed to make explicit the requirements to
augment the performance of novice and expert surgeons alike.

Materials and methods
Data collection

To gather initial information about circular suturing taste surgical textsand
manualswere consulted and reviewda learn the basic stepecessary to complete

a urethrovesical anastomosis proced@mce & Olmi, 2000Davis, 2016, Ghazi &
Joseph, 2018, Hudgens, 20d6hnsor& Cadeddy2019 Joseph2008 Lierse, 1987,
Secin et al. 2006 Sundaramet al, 201Q Yuh & Gin, 2018. Observatio and
recording of five robotassisted radical prostatectomy surgefpescedure were
completed athe Centre Hospitalier Universitaire de Nantesipplemented by2
videos ofthe samesurgey found online from other hospitals atrdining programs.
The live proceduresangedfrom 1.5 hours to 6 hours wuration The online videos
were a mix of laparoscopicor robotassisted radical prostatectomiesmch video
averaged around two houleng. Surgeon consent was obtained for tpeerating
room observation portion of the process. Visual recordings of the live observations
were taken from the da Virldiintraoperative camera; no patient data or audio were
included in the recordings.
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Four expert surgeons were interviewesll surgeons consentetb being video

recorded as they were interviewed. The interview consisted of three main portions:

reviewof a preselected videa structured interviewandreviewing the hierarchical

task analysisliagramsFirst, the surgeons were asked to observeeovdf an expert

completing a urethrovesical anastomosis and make comments throughout the video

relating to technique and procedure (Mollo & Falzon, 2004). Next, the interviewer

asked questions abowertain aspects of ther ocedur e andpastt he surgeon6s
experience with the procedurd-inally, the surgeons were asked to review the four

task analyses anckrify the content and sequence of steps

Data analysis

A task analysis was performéallowing the procedure i€aoet al.(1996) and dur
hierarchical task analis (HTA) diagrams (linear and circular suturing, and
laparoscopi@ndroboticsuturing wereconstructed to match the techniques observed
in the operating rooms. All HTA wenelidatedby four expertsurgeons.

A cognitivetask anlysis was performed binterviewing four expertsurgeons at the
Centre Hospitalier Universitaire de Nantes in Nantes, Frareetranscripts of each

of the interviews was synthesizedertractcommon themebased on théanguage

used This information was organized and classifiedupplement the HTAy doing

this, it became easier to address the specific differences in each of the tasks and which
steps of the tasks were more difficult overall.

Results
Hierarchical Task Analysis

Figures 4-7 show the hierarchicadecompositionof the four suturing tasks:
laparoscopidinear suturing laparoscopic circular suturing, robotic linear suturing,
and robotic circular suturin@omparing linear and circular suturingetfirst sublevel

of the task decompositiomas similar this sublevel containesix toseven stepshe
only differencewas betweercircularandlinearsutuing wheretwo stepsvereneeded

to penetratehetissuesincetherearetwo distinctstructureso pasgheneedlethrough
Distinct differences appeared in the second subl@fethe task decomposition.
Circular suturingwas more complex thatinear suturing requiring more subtasks
thatwerenot necessary for the linear suture.

When comparing the robotic approach witle laparoscopic approach, the task
decomposition showed thatrimany of the secontével subtasks, the robotic approach
waslessconstrainedhan the laparoscopic approach. In the robotic approaatasit
not necessary for the needle to be set as metislyl as in laparoscopy since the robot
wrist motions can adapt easily to different angleshilgV there were notable
differences in the content of the subtasks, ghecedure ultimately remainedery
much thesame.
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1.1. Remove
grasper from trocar

1. Introduce needle - Do 1,

then do 2, then do 3, then do 4.

1.3. Confirm suture is in the same

2. Set the needle - Do 1, then

do5.

3. Penetrate the tissue of the
first tube — Do 1, then do 2,

4. Penetrate the tissue of the
second tube — Do 1, then do 2,
then do 3, then do 4.

do 2, then do 3, then do 4, then

then do 3, then do 4, then do 5.

plan suturing

2.1. Grasp suture 2cm away
from swedge with grasper 1

2.2. Grasp needie 1/3 needie

length away from tip with grasper 2

23. Manipulate suture with grasper 1
uniil needie s perpendicular 1o grasper 1

2.4. Grasp needie 1/3 needie length

\_ away from swedge with p of grasper 1
2.5. Confirm with axial rotation that the
flat edge of grasper 1 is aligned with the

\_ curve of the needie

3.1, Grasp tissue
with grasper 2

3.2. Position tissue 50 that itis.
parallel to the shaft of the grasper

33 te position necessary
for suture (i.e. 6 o'clock)

3.4. Pass needie ~1cm away from
0dge of tube perpend) insido-out

Sicularty
\a ool e vin Gwiga st LI

3.5. Grasp needie with grasper
2 and rotate out of tissue

4.1, Grasp tissue
with grasper 2

4.2 Position tissue 50 that itis
parallel to the shaft of the grasper

4.3, Approximate position necessary for
suture (i.e. 6 0'clock; must be aligned with
placement)

15t tube suture

0. Perform a circular interrupted suture intracorporeally
using traditional laparoscopic instruments — Do 1, then do
2, then do 3, then do 4, then do 5, then do 6, then do 7.

5. Tie surgeon's knot
intracorporeally — Do 1, then do
2, then do 3, then do 4, then do

5, then do 6, then do 7, then do
8, then do 9, then do 10.

6. Tie square knot
intracorporeally — Do 1, then do
2, then do 3, then do 4, then do
5, then do 6, then do 7, then do
8, then do 9, then do 10.

4.4. Pass needie ~1cm away from edge of
tube porpendicularty outside-in through tube
\_ wall with grasper 1

5.1, Ensure there is a short

tail on inside of 1st tube
e

5.2, Pull long end of suture until

tubes touch at suture point
o RERRIRE

5.3, Grasp and manipulate the long end of

the suture with grasper 2 to be paralel with
grasper 1 (formation of C loop)

5.4. Place grasper 1 over and across
where the knot is to be secured

Pritoodtiaidiadiiabd bl LB
5.5, Loop long end of suture clockwise
around grasper 1 twice with grasper 2

556, Grasp distal 173 of short

\-teRof oonins i reopecl
57. Move. 2 laterally away
from grasper 1 and suture site

| 5.8 Move grasper 1
perpendicular to suture line

5.9. Move grasper 2 perpendicular
\_ to suture ine across from grasper 1
5.10. Pull both sides keeping
\_ grasper 1 ciose to the suture line

6.1. Ensure there is a shorttail

on the inside of the first tube

6.2 Grasp and manipulate the long end of
the suture with grasper 2 to be paraliel with
grasper 1 (formation of C loop)

[ 63 Place grasper 1 over and across.
suture line where the knot is to be secured

6.4, Loop long end of suture around
grasper 1 once with grasper 2

6.5. Grasp distal 1/3 of short
tail of suture with grasper 1

6.6. Move grasper 2 laterally away
1 and suture

ut excess suture

line

| 6.7. Move grasper 1
perpendicular to suture ine

| 6.8 Move grasper 2 perpendicular
\__to suture Iine across from grasper 1
6.9. Pull both sides

keeping
\_ graspor 1 close to the suture lina

Figure 4: HTA of acircular suturing task usinthe laparoscopicapproach There are seven
first-level subtasks and 37 seceledtel subtasks included in the diagram, all of which are
necessary to perform a circular suture using this approach.
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1.1. Remove
grasper from trocar

1.2. Grasp suture
2.3 in. from swedge

1.3, Confirm suture is in the same
Pl for suturing

1. Introduce needle - Do 1,
then do 2, then do 3, then do 4.

1.4. Reinsert grasper through
trocar and secure to robotic arm

2.1. Grasp suture 2cm away
from swedge with grasper 1

2.2. Grasp needie near noedie tip
with grasper 2

2. Set the needle — Do 1, then
do 2, then do 3.

2.3, Grasp needle between needie
center and swedge with grasper 1

3.1. Grasp tissue
with grasper 2

3.2. Position tissue 50 that itis
parallel 1o the shat of the grasper

3. Penetrate the tissue of the
first tube — Do 1, then do 2,
then do 3, then do 4, then do 5.

3.3. Approximate position
necessary for suture (€. 6 o'clock)

3.4. Pass needie ~1cm away from edge of tube
perpendicularly inside-out through tube wall with
grasper 1

35. Grasp needle with grasper 2
and rotate out of tissue

4.2. Position tissue so that itis
parallel to the shaft of the grasper

4.3. Approximate position necessary for
suture (i.0. 6 o'clock; must bo aligned with 1t
tube suture 1)

4. Penetrate the tissue of the
second tube ~ Do 1, then do
2, then do 3, then do 4.

4.4. Pass needie ~1cm away from edge of
tube perpendicularly outside-in through tube
‘wall with grasper 1

5.1. Ensure there is a short

0. Perform a circular interrupted suture intracorporeally tail on inside of 15t tube
using surgical robot system (da Vinci) - Do 1, then do

2, then do 3, then do 4, then do 5, then do 6, then do 7.

5.2. Pull long end of suture until
tubes touch at suture point

5.3. Grasp and manipulate the long end of
the suture with grasper 2 to be paraliel
with grasper 1 (formation of C loop)
5.4, Place grasper 1 over and across
5. Tie surgeon'’s knot site where the knot is to be secured
intracorporeally — Do 1, then
do 2, then do 3, then do 4,
then do 5, then do 6, then do
7, then do 8, then do 9, then
do 10.

5.5. Loop long end of suture cackwise
around grasper 1 twico with grasper 2

5.6. Grasp distal 1/3 of short
tail of suture with grasper 1

5.7. Move grasper 2 latorally away
from grasper 1 and suture site

5.8. Move grasper 1
perpendicular to suture kne

5.9. Move grasper 2 perpendicular
\_t re e scrons kom rasper 1_

5.10. Pull both sides
grasper 1 close (o the suture line

6.1. Ensure there is a short tail on the
outside of the first side of the tissue
—_——
6.2. Grasp and manipulate the long end of
the suture with grasper 2 to be paraliel with
grasper 1 (formaton of C loop)
6. Tie square knot
intracorporeally - Do 1, then

6.3. Place grasper 1 over and across
suture line where the knot s to be secured

6.4. Loop long end of suture around
grasper 1 once with grasper 2

do 2, then do 3, then do 4,
then do 5, then do 6, then do
7, then do 8, then do 9.

6.5. Grasp distal 1/3 of short
tail of suture with grasper 1
6.6. Move grasper 2 laterally away
from 1
N

6.7. Move grasper 1
perpendicular to suture line

6.8. Move grasper 2 perpendicular
1o suture line across from grasper 1

6.9. Pull both sides keeping
grasper 1 close o the suture line

7. Cut excess suture

Figure5: HTA of a circular sturing task usindherobot-assisted surgicaapproach The
second level not only has f@versubtasks than the laparoscopic approach, but the tasks are
also simpler and lessxigent
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1.1. Remove
grasper from trocar

1. Introduce needle - Do 1,
then do 2, then do 3, then do 4. 1.3. Confirm suture is in the same
plan for suturing

1.4, Reinsert grasper through
trocar and secure 1o robotic am

2.1. Grasp suture 2cm away
from swedge with grasper 1

e N
2.2. Grasp needle 1/3 needie length
away from tip with grasper 2

e

2.3, Manipulate suture with grasper 1 untl

needie is perpendicular to grasper 1

2. Set the needle — Do 1, then
do 2, then do 3, then do 4, then
do5.

2.4. Grasp needle 1/3 needie length
away from swedge with tip of grasper 1
2.5. Confirm with axial rotation that the flat
‘edge of grasper 1 is aligned with the curve
of the needie
 —ee

31, Grasp tissue
with grasper 2

3.2. Position tissue so that itis
parallel to the shaft of grasper 1

3.3, Pass needie outside-in ~1cm
from the suture |

3. Penetrate the tissue — Do 1, ;:,;Y,muz'm Wwﬂ::m with

then do 2, then do 3, then do 4,

then do 5.

3.4 Drive needie across the suture

35. Grasp needle with grasper 2
and rotate out of tissue

4.1, Ensure there is a short tail on
the outside of the suture ine

0. Perform a linear interrupted suture intracorporeally using
traditional laparoscopic instruments — Do 1, then do 2, then
do 3, then do 4, then do 5, then do 6.

4.2, Grasp and manipulate the long end of
the suture with grasper 2 to be parallel with
grasper 1 (formation of C loop)

4.3, Place grasper 1 over and across
suture fine where the knot is to be secured

4.4. Loop long end of suture clockwise
around grasper 1 twice with grasper 2

4. Tie surgeon’s knot
intracorporeally — Do 1, then
do 2, then do 3, then do 4,
then do 5, then do 6, then do
7, then do 8, then do 9.

4.5. Grasp distal 1/3 of short
tail of suture with grasper 1

4.6. Move grasper 2 laterally away
from grasper 1 and suture line

4.7. Move grasper 1
perpendicular to suture line

4.8 Move grasper 2 perpendicular
1o suture line across from grasper 1

4.9. Pull both sides tight enough
50 that the tissues touch, keeping
grasper 1 close to the suture ine

5.1. Ensure there is a short tail on the.
outside of the suture line

5.2. Grasp and manipulate the long end of
the suture with grasper 2 to be paraliel with
grasper 1 (formation of C loop)

5.3. Place grasper 1 over and across
suture line where the knot is 1o be secured

5.4. Loop long end of suture around

5. Tie square knot grasper 1 once with grasper 2

intracorporeally — Do 1, then do
2, then do 3, then do 4, then do
5, then do 6, then do 7, then do
8, then do 9.

5.5. Grasp distal 1/3 of short
tail of suture with grasper 1

5.6. Move grasper 2 laterally away
o and suture fine

5.7. Move grasper 1
icular o suture line.

5.8. Move grasper 2 perpendicular
10 suture line across from grasper 1

5., Pull both sides keeping
grasper 1 ciose to the suture ine

— ut excess suture

Figure 6: HTA of alinear suturing task usinghelaparoscopicappraach There are 6 first
level subtasks and 32 secdledel subtasks necessary in order to complete a linear suture
using this approach.
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1.1. Remove
grasper from trocar

13
23 in. from swedge

1. Introduce needle - Do 1,
then do 2, then do 3, then do 4. 1.3 Confirm suture is in the same
plane needed for suturing

1.4, Roinsrt grasper through
trocar and secure to robotic arm
i heaench s

2.1, Grasp suture 2cm away
from swedge with grasper 1

22. Grasp needle with grasper 2

2. Set the needle — Do 1, then
do 2, then do 3.

23 between needle
center and swedge with grasper 1

3.1. Grasp tissuo
with grasper 2

[ 3.2.Positon tssue so that tis

parallel to the shaft of grasper 1

3.3, Pass needie outside-in ~1cm
away from the wound line

perpendicularly through tissue with
grasper 1

3. Penetrate the tissue on both
sides of the suture line- Do 1,

then do 2, then do 3, then do 4,
then do 5.

3.4 Drive needle across the wound
ine and pass needie inside-out
through tissue on opposite side of

suture line ~1cm away from the edge
| 3.5. Grasp needie with grasper 2
and rotate out of tissue

\__ Sub Topic

4.1, Ensure there is a short tail
on the outside of the suture line

4.2. Grasp and manipulate the long end
of the suture with grasper 2 10 be parallel
with grasper 1 (formation of C loop)

4.3. Place graspor 1 over and across.
suture line where the knot is to be secured

0. Perform a linear interrupted suture intracorporeally using
surgical robot system (da Vinci) — Do 1, then do 2, then do
3, then do 4, then do 5, then do 6.

3 4.4, Loop long end of suture clockwise
4. Tie surgeon’s knot around grasper 1 twice with grasper 2
intracorporeally - Do 1, then e e e
do 2, then do 3, then do 4,
then do 5, then do 6, then do

7.then do 8, then do 9.

4.5. Grasp distal 1/3 of short
tail of suture with grasper 1

4.6. Move grasper 2 laterally away
from grasper 1 and suture line

4.7. Move grasper 1
perpendicular o suture fino

4.8. Move grasper 2 perpendicular
10 suture line across from grasper 1

4.9. Pull both sides keeping
grasper 1 close (o the suture line

5.1, Ensure there is a short tail on the
outside of the suture line

5.2. Grasp and manipuiate the long end of
the suture with grasper 2 to be paraliel with
grasper 1 (formation of C loop)

5.3, Place graspor 1 over and across
suture line where the knot is to be secured

5.4, Loop long end of suture around
grasper 1 once with grasper 2

5. Tie square knot
intracorporeally — Do 1, then
do 2, then do 3, then do 4,

then do 5, then do 6, then do
7, then do 8, then do 9.

5.5, Grasp distal 1/3 of short
tail of suture with grasper 1

56. Move grasper 2 laterally away
from grasper 1 and suture ine

5.7. Move grasper 1
perpendicular to suture line

5.8. Move grasper 2 perpendicular
10 suture fine across from grasper 1

5.9, Pull both sides keeping
grasper 1 close 1o the suture fine

\—{ 6. Cut excess suture

Figure 7: HTA of alinear suturing task usingherobotassisted surgicapproach This
approach has 2ewersubtasks than the laparoscopic approach anldwer incomplexity in
the fiset the needleod task.

Cognitive Task Analysis
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Tables 13 summarize the results of the cognitive task analysis. Task requirements
and constraints were gbscted from the interviews and classified into two levels of
abstraction: execution (skillshd planningThe execution or skill of the surgearas
furtherbroken down into two more levels: motor movements and percepdte 1
reveals the additional egrees of freedom that the robotic system afforded in
manipulating tissue and orienting the needle. Tabkvealsadditionalrequirements

for the circular suturing task, such as the changing orientation of the needle for each
stitch, which align with theapabilities of the robotic system in TalleFinally, the

need to visualize and plan extensively in circular suturing compared to linear suturing
is summarized in Tabl®. Notably, the placement of the stitches in circular suturing
required mental imagyg in planning, and constant adjustments during execution.

Tablel. Comparinglaparoscopic and robeassisted suturing techniques.

Laparoscojc Robotassisted

More degree®f freedomi wrist motion

Fewdegree®f freedomi oneaxisof rotation extremelyhelpful for needleorientation

Betterfor linearsuturesgircularsuturesbecome

moredifficult with changinganglesof insertion Caneasilyadapto linearor circularsutures

Orientationof needlein graspingool critical Orientationof needlein graspingtool notas

important
2D view of surgicalfield lackingdepthfor circular High-definition andstereoscopiwiew of
suturing surgicalfield goodfor circularsuturing

Table2. Compaing the execution tasKsnotor movementsjf linear and circular suturing.

Linear Circular

Angle of insertionremainsconsistent Angle of insertionchanging

Alignmentof needlethe samefor eachstitch Alignmentandorientationof needlehasto be

variedprecisely
Easyalignment,no concernwith twisting or Different sizecircumferencef openings
stretching complicatesalignment

Canmostoftenusedominanthandto do majority Requiredto useleft andright handwith same
of suture amountof dexterity
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Table3. Comparing the planning taskperceptionspf linear and circular suturing.

Linear Circular
Visualizing placemenbf suturebasecbn last Placemenbf suturedepend®n size/shapef
stitch/setmeasuremer(i.e. 0.5cm)is very simple tissueandrelativedifferenceof sizeof
openings
Only haveto useoneneedle Usingandmonitoringtwo needles
Caneasilyanticipatewhereneedleemergegrom Difficult to seewhereneedlewill emerge
tissue;mostlydriving towardcamera especiallywhendriving needleawayfrom
camera
Canoftenbecompletedwvith onegrasperno Passingandmanoeuvringhe needlewith both
alternativefor manipulationaroundsuturesite left andright grasper§ mustdecidewhento
switchandhow

Discussion

From thehierarchicaltask analysiglone it is not clear why circular suturing is more
difficult than linear suturing. Even though there are differences in the number of
subtasks at the second level of tdskompositionthe differencesseem minor as the
suturing tasks follow thesame technique of needle insertio@edle pull through
suture pull througitepeat needle insertiorSimilarly, whether the suturing is
performed laparoscopically or with the robotic system, the steps and subtasks are
similar, further confirming that theshfferent approaches follow the same technique

in performing a suturing task.

While theexecutionsteps used ilinear and circular suturing aessentially the same
the cognitive task analysis revealed marked differeatthe executionand planning
levels As linear suturing involvesorkingin one plane, the angteé needleinsertion
remains consistefior all stitches In circular suturinghowevertheangle of insertion
changesvith each subsequestitch. This varying angle of the needle musty with
the tangent of the curve around the circular structure.

Additionally, in urethrovesical anastomosthe two structurelseing sutured together
have differentircumference which complicates thggnment procesd.inear sutures
which often bringtwo pieces of tissue together in the same plane are easy to align
without any stretching or twistingn circular suturing, the surgeon must also be able
to use both the left and right tools with the same amount of dexterity. A linear suture
can often be&ompleted entirely with one hanahile both hands are need to achieve
multiple angles of the needle in circular suturing

Not only is circular suturing more difficult in terms of motwntrol butperceptual
constraints also play a major role liow acircular suture is completed. In linear
suturing, visualizing where the needle should be plaestibased on the position of
the previous sutureis relatively easy. Howevern the anastomosis taskhe
positioning of thestructuresas well as the diffrence in size of thetructuresmakes
it more difficult todeterminavhere thenext stitchshould be placed. Circular suturing
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most often involves using two needles and keeping track of these needles and sutures
can becomeconfusing Additionally, visualizing these two needles around the
circumference of théladder neclcan be difficult. As the surgeon has to drive the
needle through the back of thiadder neckaway from the camerao a point
occluded by tissuayhere the needle exits the tisss®ften a matter of guessing

The planningprocess throughout all of these steps also changes between linear and
circular suturing. For example, tlspacingof stitchesin a linear suture can h@e
determined based on the length of the suture, sushvam For a circular suturé¢he
spacing is different on each of the two structures to be joined, due to their size
difference.The corresponding stitches on the bladder neck and the urethra must align
to ensure an even and tight closurke passing andhanipulating of the needle also
require moreplanning and adjustmenits a circular suture. While a linear suture can

be conducted simply with one grasper, a circular suture requires the surgeon to decide
when to switch directions, when to switch needés] when to switch hands and
grasps to maintain theptimal physicalcontrol over therocess.

Clearly, many of these requiremenr® beingaddressed by the increased degrees of
freedom in thesurgical robat Laparoscopic tools are very rigid comparedthe
robotic endeffectors the wrist motionof the robotic toolallows for easier needle
manipulation that is crucial in circular suturing. Laparoscopic instrumargs
adequatén linear suturing where the suture is only beapgliedacross a single ahe

of tissue. However, in circular suturing where the plane of action is constantly
changing, the wrist motion of the robotic tools allows the surgeon much more
freedom. The setting of the needle in rebssisted surgery is not as strict as it is in
lapaoscopic surgery becauseethwrist motion allows for rotationin different
directions rather than just the one axis of rotatiwat the laparoscopic tools offer.
Presumably, the increased degrees of freedonwaltos more dexterity, hence
usability (Chellali et al, 2014)Another major benefit of the robotic system is the
stereoscopic view provided in the operational console. This stereoscopic view is
useful invisualizing the circular structureaparoscopic seens display the surgical
sitein 2D only, not allowing the surgeon to have accurate depth perception within the
surgicalfieldl t i s al so possible that surgeonsd situation a2
the 2D view. However, we did not examine this dimensibthe problem.

Considerations fofuturework

What is not included in this analysis is the timeline of each approach for the suturing
task. A separate timeline analysis combination with the task analysigpuld more
predsely reveal which subtas& time-consumiry or which subtask is more difficult

Currentteaching materials for minimally invasive linear sutuningy beadequate for
teachingthe order of stepwhen adaptedor circular suturing However,it is clear

that there aradditional perceptual and motoric requirements that need to be included
in the training instructiongVore explicit instructions can be developed for training,
as well as for evaluation of performance in circular suturing.
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Conclusion

In both laparoscopiand robotassisted minimally invasive surgery, circular suturing

is considered a challenging taski¢ach and téearn. Thegoining of the bladder and
urethra after a radical prostatectomy procedure is just one example of this type of task.
In this study,analysis of four different intracorporeal suturiagproacheswas
conducted through observations of live surgeries, interviews, and video review with
expert surgeons. The results of this analysis revealed that circular suturing requires
depth perceptionral properalignment of two differently sized circulatructuresas

well as additional motoric manipulations of needle and tissustilizing robotic
techniques can mitigate some of these constraints by providing a stereoscopic view of
the surgical field awell as increasing the manipulability of both the needle and tissue.
The ability to use mental imagery during the planning phase seems to be an important
factor in the success of the taSkese findings will inform future design of training

and assessmemethods, and assistive technologies for surgical performance
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An extended version of the Dynamic Safety Model to
analyse the performance of a medical emergency team
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Abstract

The Dynamic Safety Model (DSM, Rasmussen, 1997) constitutes an original
approach to safety issues. The model posits that adverse events are caused mainly by
pressures coming from work constraints
towards unacceptable limits of performance. In particular, Ramussen calls attention
to the economic and workload pressures exerted on activity, insidiously pushing
operators to tolerate risky behaviours as long as no critical event occurs. Recently,
Morineau and Flach (2019) proposed to extend the DSM in order to integrate this
model fully into the Cognitive Work Analysis (CWA) framework. More precisely,

they suggested that the work domain analysis, the first stage of CWA, be replaced by
the DSM. This use dhe DSM would enable the analysis of intentional work systems
involving loose coupling between work domain and organization. From this
perspective, we present an analysis of the activity of a medical team confronted with

a medical adverse event simulatedn emergency room.

Introduction

Research in cognitive systems engineering has developed a formative approach to

t hat

analyse work systems. The basic assumption

behaviours are mainly shaped by work constraints, in the g@yas animals in an
ecosystem must adapt their behaviours to environmental features. At the
methodological level, Cognitive Work Analysis (CWA) is the framework commonly
used to describe behaviesinaping constraints (Rasmussen, 1986; Vicente, 1999). It
involves five embedded stages of analysis, namely work domain analysis (WDA)
describing the constraints arising from the objects (domain) on which the work is
performed; control task analysis describing constraints produced by the requirements
to perceie and act on the work domain features; strategy analysis describing how
performing tasks can be embedded in specific strategies, notably to manage the
workload; organizational analysis focusing on workload allocation between human
and/or artificial agentsand competencies analysis focusing on the individual inner
constraints required to perform tasks.

Numerous studies have shown the relevance of CWA to apprehend work systems (e.g.
nuclear plant, aviation, anaesthesia). Some studies indicate that thiscpfits

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-.JPetiof C. Dumas, A. Botzer, L. Onnasch, .
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org

of

ead

O

this



220 Morineau, Bernard& Thierry

particularly well with the analysis of causal work systems in which the work domain
constraints directly drive the other embedded work constraints: tasks, strategies, team
organization, and competencies (Hajdukiewicz et al., 1999; Wong et 88).18 a

causal systeng tight couplingexistsbetween work domain and work organization.

In an intentional work system, outcomesrticularly depend on how work is
organized by operators through ad hoc decisions on priorities and adaptive processes
to cope with the workload. In intentional systems, relationships between the work
domain and the organization are mainly loosely coupled. Hence, in an intentional
work system, a major issue for operators is to ensure efficient management of work
constraints byoordinating the work requirements. This coordination will ensure that
the organizationdéds activity stays synchronized with
work domain state.

To analyse loosely coupled work systems, Morineau and Flach (2019) have proposed

a new version of CWA, named fheuristic Cognitive Wo
specificity of this method resides in replacing the first stage of work domain analysis

with a more modest, but heuristic, modelling of work constraints based on an extended

versim of the Rasmussends Dynamic Safety Model (DSM) .
we introduce hCWA and a first application on observations collected during medical

emergency scenarios simulated in a Higlelity simulation setting.

The Dynamic Safety Model

The level of coupling of a work system with its work environment constitutes the
cornerstone that led Rasmusst890 to propose the DSM as a framework to analyse
performance and safety issues. The tighter this coupling is, the more dependency
relationshps exist between events occurring in the work system.

At the lower level of humamachine interaction, tight links exist between operators

and the work environment. Operators rely on the deterministic sequence of behaviours

that the machine induces by #squence of operations. At this level of granularity,

sequenti al task analysis methods can be used to des:
or less follow expected sequences, considering that deviations potentially represent

less efficiency, error, or accide

At the higher level of socitechnical systems, tight coupling can also be prominent if

the work organization is based on a traditional way of working, whereby work
processes are strictly decomposed as a set of sequences of discrete states talbe reache
In this context, traditional accident analysis based on causal trees can be used to
determine at which step operators violated some expectations, which led to the final
accident or failure.

However, in modern work systems, automation or high demands>dlility in

activity provide operators with more degrees of freedom. At a high level of

automati on, the operatorsd |job i s to supervise au
flexibility in the work process is requested, the operators need to find ad hoc solutions

These degrees of freedom lead operators to use frequent decision making and

implement adaptive strategies. Hence, the basic issue for operators is how to resolve

numerous degrees of freedom in a space of possibilities bounded by a set of work
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constraints h at need to be complied with. I n this space c
activity can be modelled as an operating point with a trajectory in a workspace

bounded by work constraints. This is the core of the DSM proposed by Rasmussen

(Figure 1).

———— i4 ~Boundary of Individual —
S e Resource Profile 4—
isk ~ / P Risk
rarein ressure

Margin

Boundary of Patient Care
(Work domain constraint)

Space of Possibilities; Degrees of (actractor,
Freedom to be Resolved According repelior)
to Subjective Preferences

Pressure
Boundary 6f Available N
Means of Work

Figures1 and2: A synthesis of the Dynamic Safety madspiredfrom Rasmusseri990 &
1997, left side) and its extended version used in hCWA applied to healthcare systems
inspired from Morineawand Flach (2019 right side)

Rasmussen has proposed diéfgrversions of the DSM. In his 1990 paper, Rasmussen

presented the constraining boundaries as respectivel
that corresponds to the state of the work domain, t|
equi pment),i dodl thesdumdeée vprofil eo, which is compos
physiological and psychological capacities. These work constraints can produce

pressures on operators that can potentially lead their trajectory to cross a boundary,

leading to an accident or a prebi. Based on these generic constraints, Rasmussen

(1990) suggested to model activigspectivelyby identifying the space of possibility

specific to the analysed work system, the subjective criteria used by operators to make

decisions in order to solve gieees of freedom in their trajectories, the strategies used

to synchronize with the work constraints, and the team organization aspects and the

competencies needed to move the operating point within the workspace.

In comparison with this first generic apaich to the workspace that potentially

allowed it to be used as a sketch for analysis in relation with CWA, Rasmussen went

further in the specification of the DSM in his 1995 and 1997 papers. The constraining

boundaries were specified as referring to atadglp performance (firstly named

ffacceptable state of affairso), economic cost, and i
seek to limit the economic cost of activity and operatisr level of workload. The

combination of these two pressures may criticatigl insidiously lead the operating

point to migrate towards a single safety margin located near the acceptable

performance boundary. To reduce this risk, proposals in safety science can be

deployed to increase the safety margin by augmenting the worknsystiability,

increasing the operatorsd awareness of t his risk,
management culture, or by making the boundary more visible, for instance with the

ecological interface design (Vicente & Rasmussen, 1992).
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In Cook and RasmussgR005), the DSM was used to interpret safety issues in
hospitals. Through this modelling, the authors returned to the basic issue of model
emergence by considering what happens if an adaptive modern work system uses tight
coupling.

Heuristic Cognitive Work Analysis (hRCWA)

Heuristic Cognitive Work Analysis is a methodological framework that is based on
the first approach to the DSM proposed by Rasmussen (1990). The DSM is viewed as
having a heuristic value for CWA. In hCWA, the first CWA stage of work domai
analysis through an abstraction hierarchy is replaced with the DSM template. Rather
than expanding the description of the work domain through an abstraction hierarchy
that is particularly welhdapted for causal work systems, hCWA proposes to focus on
the dynamics of activity triggered by the necessity to coordinate multiple conflicting
constraints arising from the work domain and the organization, with multiple degrees
of freedom to resolve in order to find the best adapted trajectory in the space of
possibilities.

Figure 2 shows the extended version of the DSM used in hCWA that is specifically
applied to medical work systems. Previous research has identified the following three
constraints as specific to healthcare systems (Morineau et al., 2017):

- Patient Careis the work domain constraint for a healthcare system. Potentially,
a patient can evolve towards a deteriorating state, thus putting pressure on the
medical team;

- Task Managemels an organizational constraint. It involves the manipulation of
drugs and equipment during care delivery. These elements induce the
performance of specific tasks to prepare, control, restore, or store them. To
manage drugs and equipment is a peripheral activity for professionals who have
been educated and trained mainlgé&diver care. However, if these tasks are not
performed well, they will produce risky pressure on activity;

- Information Processig represents the cost involved in processing information
that is exchanged between operators and/or with information systessarch
in distributed and situated cognition has shown that much information processing
and storage is performed in the work environment rather than exclusively in
i ndi vi du(Hdllanétal2000)®ismilar to task management, information
procesgig involves resources used to adapt to the work domain constraint (care
delivery), but it can also represent a supplementary constraint for the cognitive
workload, requiring communicating, reading and writing digital or paper
documents. Difficulties or nee in information processing can drastically weaken

operatorsdéd activity.

All these constraints can function as attractors or repellors for operators; concretely,
they may lead taavoidance(repellors) orattraction (attractors) in the course of
activity. Contrary to the original version of the DSKl] the work domain constraint

can exert pressure on trajectories in the space of possibilities; thus, several forms of
migration towards risky margins can occur inside the workspace. Facing these three
basic wok constraints, operators need to use their inner resources to manage the
trajectory of their operating point in the workspace.
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In hCWA, the DSM identifies the problem operators need to solve. Modalities to solve

this problem can be found in the nextalysis stages of CWA, namely control task,

strategies, work organization, and competencies analyses.

Analysis of simulated medical emergency\entswith hCWA

We analysed two episodes of care delivery simulated in afluglity simulation
room: handoff and bed lowering to facilitate cardiac massage. The patient was
represented as a realistic and interactive mannequin, including physiological
parameters accessible on a monitor. Participants were professional nurses and nursing

aids in the contexof training sessions (more details can be found in Morineau &

Flach, 2019).

Episode #1: Handoff and patient monitoring

This first episode occurs at the beginning of the session, when nurse N1 performs the

handoff with nurse N2 and nursing aid NALl. Fourimmavents can be identified that

describe the trajectory of the operating point in the workspace according to the

attracting or repelling forces induced the constraining boundas: Patient Care,
Task Management and Information Procesgkfigure 3):

1. Handoff at the entrance of the bedrodmformation processing attraction

2. Call from the patient who is stresséthtient care attraction;

3. The caregivers continue t h:ePatibnd cacko f f
attraction despite the necessity to perfaoh@ handoff;

4. Nursel interrupts Nurse2 who was explaining stressful details of the next analysis
to the already stressed patieRfatient care as repellor. Nurse2 must avoid to
speak in front of the patient.

Patient Care Constraint Task Management Constraint Information Proc. Constraint
Attractor ‘ Repellor Attractor | Repellor Attractor ‘ Repellor
Handoff (1)
Patient (2) |
Patient (3) —»-Handoff (3)

Patient (4) :

Figure 3. Trajectory of the operating point dlg Episode #1 regarding the pressures exerted

by the three boundaries: Patient Care, Task Management, Information Processing.

Episode #2: Lowering the bed and performing cardiac massage

This second episode covers the difficulties experienced by NA1 tr lihne top part
of the patientds bed wit
Ten main events can be identified (Figure 4):

1.

Nursing Aidl wants to lower the bed. First, she wrongly raises the bed, then

h the remote

rapidly succeeds, but failso lower the top part Attraction from task

management

n

around

order

t

t

he

o
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2. Nurse2 says: OYou must | ower the bedbd
mattress, without any success

3. NAI takes the remote but fails to lower the top part of the bed.

4. NAI assists her teamneato place the massage board under the patient.

5. NAZ1 tries to lower the top part of the bed again, but instead produces a new
lowering of the entire bed.

6. NA1 asks N2: 6Can you |l ower the bed,

7. N2 lowers the bed while regulating the oxygen fl&woth patient care and task
management exert an attraction

8 While she is massaging, NA1l asks N2 o

9. N2 says: 6 | tBed nwmnagement ihoensidesed as @ repellor by the
nurse.

10. While waiting for defibrillation, NA1 succeeds in lowering thed a waiting
stage in patient care is used for bed management.

Patient Care Constraint Task Management Constraint Information Proc. Constraint
Attractor Repellor Attractor Repellor Attractor Repellor
Bed (1)
B¢d (2)
Bgd (3)
Bdard (4)
Befl (5)
Bed (6)
Oxygen (7) ‘__-_——-__E;}d @)
Massage (8) Bed (8)
©
Defibrillation (10) Bed (10)

Figure 4. Trajectory of the operating point during Episode #2 regarding the pressures exerted
by the three boundaries: Patient Care, Task Management, Information Processing

In these two episodes, the caregivers engage resources in terms of task control,
strategies, work organization, and competencies.

Task control

Task control refers to an adaptive process based on control loops (e.g., regulation,
exploration, anticipationjo coordinate the work constraints. In this context, the
normative descriptions of tasks through instructions and procedures can be considered
as landmarks to assist implementing these control loops and to avoid violating the risk
margins.

Episode 1The tandoff represents an anticipatory process. This process is interrupted
and modified by the stressed patient, which triggers regulations among caregivers by

pl ease! o

Again, pl easce
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responding to the patientds questions and filtering
the patient, whe N2 stops N1 in her description of details concerning the clinical
examination that will be endured by the patient.

Episode 2A global loop of exploration is engaged by NAL1 to work out how to lower
the bed with the remote during the highly critical motradrcardiac massage. Failures
lead to a set of regulations inside this exploration loop, with the support of N2.

Strategies

Strategies to perform tasks in loosely coupled work systems involve balancing
priorities and values in order to manage the workl&@adecting between possibilities
of multitasking or sequential task performance must be made rapidly.

Episode 1:First, a sequential activity begins during handoff, then the necessity to
manage the patientés interrupdiofowok | eads to a mul't
beside the patientds bed.

Episode 2This episode is markedly interrupted, which leads to multitasking through
time-sharing, when NAL stops care delivery and tries to lower the bed and when N2
tries to lower the bed to assist NA1, or througingtiel activity, when N2 lowers the

bed and regulates the oxygen flow.

Work organization

Work organization concerns allocation and redistribution of the workload among
teammates. It also refers to the spatial and temporal organization of the work
environment with the purpose of reducing the workload.

Episode 1:This episode addresses the issue of where and how the handoff must be
performed. Integrating the patient into the handoff becomes problematic.

Episode 2:This episode deals with the need to engdge maximum of human
resources on patient care, instead of being occupied in trying to lower the bed.
Ergonomic solutions to simplify this action upon the

Competencies

Expertise allows operators to decrease the workloadhiegioin their adaptive
processes to work constraints, notably through changes in their level of cognitive
control; these changes can be based on knowledge (mental model), rules (heuristics),
or skills (Rasmussen, 1986).

Episode 1:Handoff mainly involves Rowledgebased behaviours through the
communication of a mental model of the situation to the next team. This level is
particularly sensitive to interruptions that can lead to omissions in the handoff content.

Episode 2: Performing cardiac massage is ator skill that demands considerable
physicaleffort and requires caregivers to adopt a specific posture in order to perform
a successful massage. Using the bed remote involves dasdel control of
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behaviour:users need to know how to use the devicehdf functioning rules are
complex, operators will forget them, as occurred in this episode.

Conclusion

In Cognitive SystemsEngineering, some concerns about the possibility of applying
CWA on intentional low coupled work systems have been r§isthg etal., 1998)

Low coupled work systems are governed mainly by constraints emerging from the
ways operators organize their work and find solutions to resolve the multiple degrees

of freedom that they must deal with.

By considering the constraints arising frdmth the work domain and the work
organization, hCWA proposes an alternative to the traditional GNe#is focused
on the work domain constraints.dbuld deal with the ergonomic issues posed by
intentional work systems. hCWA is a heuristic analysimfork since it searches

for the basic work requirements that structure the work system and fundamentally

shape the operatorsdéd behaviours. Rather

properties, as the abstraction hierarchy technique does, hCW#s poit the

consequences of the conflicting interactions between the basic work constraints.
These interactions must be dynamically solved by operators in the course of their
put

activity. Such an analysis could ¥we

than describ

in relatio

structured devel oped b yStraubsq194bnor thernotprol ogi st Cl aude L
of O6simplexityd proposed by the physiologist Al ain |
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Abstract

Most important purpose of understanding HurBamaviourin Complex Systems is

the making of personalized Humémtificial dialogs for taskoriented ceoperation.
Among complex systems are teams of Museum' works that cooperate to build the
museum visitors xperience (VX), as user experience (UX), to enhance the learner

experience (LX). Unt il now, museumso6 artworks were
interact with. The ACULTEO project is to offer visit
connected artworks dikgyed in the Museum through 1.O.T. Thus, as connected

object s, Museumsd artworks become Smart Things by er

through trangnedia dialogs. We report the rationale for our approach: a preblem

solving based approach that is used designing a smart personalized dialoguing

system integrating (i) the context of Museumds comp
the fAwhatds abouto and (iii) the three necessary d
Pragmatic, metaognitive and; as the core ahe dialog-, the cognitive components.

For the purpose ofmodelling from less to more situated, the COGNITION

component is embedded in the METACOGNITION component that is in turn

embedded in the PRAGMATIC/SEMANTIC component.

Introduction

As User Experiece, quoted UX, a concept introduced by Don Norman in the 90th to
cover all aspects of the experience the person is having with the system (Norman,
2013), Visitor Experience, quoted VX, refers all aspects of the experience the person
has with the artwork (Dbois et al., 2011).

As a consequence of technological innovations, VX increases because museums are
expanding their system of communication with visitors: before, during and after the
visit. Inside and outside the museum walls, visitors can get muchinformation

with the artworks that are connected objects (IOT) and have richer personalized
experience. However, if museums deliver this additional information by taking into
account the visitor interest, they do it in a way that this is the museuns tlatking

to the visitor when and what The visitor is not talking to the museum and there is

no dialogue between a visitor and a given artwork.

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-JPetiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors &ngonanics Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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CULTE?! (Cultural Urban Learning Transmedia Experiefde a research projéct
funded by the French National Agency for Research (ANR) about an innovative
transmedia pervasive Game which anchors the visitor experience withs#no in

application for Smartphone and an onlinepost sit pl atform beyond the museun

wall, in a continum of visit. The game is also connecting the visitor with others
museum's digital tools, which contribute to enhance its experience.

One of the most challenging dimensions of the visitor experience that will make
people witnessing an innovative visileexperience (VX) would be the possibility of
dialoguing with any of the artwork connected objects of the Musasiimeing what

we mightdefine as Smart thing$his both fundamental and applied research is in the
line of researchabout dialogs with digital méal (Bosser et al., 2007; Vandi &
Djebbari, 2011; Astic, 1., 2014; de los Rios, 20H®lken et al., 201)7

In this article, ve first define what smart things are, what they are made of and then
how to design the dynamic interactive dialog of interaatio®mart Thingsvith their
users.This new kind of an interaction should be based on a dialogue that is embedded
in the dynamioof the visitor route, taking dynamically into account their emerging
interests while the process of dialoguing with artworks is evolving. To do so, we are
developing th&/erbal Interaction with Smart Thisgnodel (VIST)whichis a general
framework ofinteraction modé¢hatcan be used for arsubcategorgf Smart Things
althoughthe wse cas reported here is the one of connected artworks in museums

What are Smart Things?

First, Smart Things are Thingghi ch means that they are bearer of
thing is always something that has such and such properties, always something that

is constituted in such and such a way. This something is the bearer of the properties;

the something, as it were, that underlies the qualities ( Hei de 4 geeaf, 2017) .
propertierom which a typology was madsurface, structural, functional, procedural
andbehavioumpropertiegCordier & Tijus, 2001). A typology that can be usedthe

design of intelligent, companionable objects, suckhasedesigned by Chen et al.

(2015) for the Smart Classroom.

In addition, SmartThings are objects that are connected (I0T) and dedicated for

making people daily life simplefiBecause Smart Things are taking decision for

people and, for doing so, have to be adapted to their useg are made of cognitive

technologies that are technologies that include knowledge about human and about

human cognition in order to process the data users are providing when interacting

with Smart Thingg ( Ti j us, Ro u g e a ulxshort@itakB theideaai i | | a, 2016) .

1 This work was performed within the Project CULTE supported by French state funds managed by the

ANR underreference ANR13-CORD-018-01.

2 CULTE Partners are MQB (Musée du Quai BranlyJacques Chirac, Paris, France which is a well

known ten years old museum dedicated to the meeting ground of worldwide past cultures, CEDRIC

Laboratory, Centre National des t&ret Métiers, Paris, France, a Game Design research laboratory;

LUTI N, Cit® des Sciences et de | 6l ndustrie, Pari s, France,
digital tools and MAZEDIA, Nantes, France, a multimedia agency, leader in Frandes idesign of

multimedia devices for museums.



museum artworks as smart things 231

a humanrcentredapproach to technology and run withbifNorman, 20131 Based on

"affordance" - that is to say the direct coupling of Action to Perception which is what

the interface displays as actionable objects for command that seems to match the

user 6s goal (Gibson, agdo&e| | Nashmelpre2009) usabil ity
categorizationreasoning and problem solvirfgoitrenaud, Richard & Tijus, 2005,

Tijus et al., 2014).

What arethingsmade of?

First of all, things asobjects havesurface featurescélour, texture, size, shaps...
Although of objective evidencéased oninstruments to measure etbe visible
properties gpectroscope focolour wavelength, et}. these surface propertiesn
mat ch a us er Otaionmesitiveha providing pffordanee ror negatively
providing false alarm kinds of errofBhus, for usage, surface properties can be more
or less useful.

Thingsare made of structural propertiglseir parts and relatierbetween parts and
whole thatdeterminesn turn functional propertieandprocedural propertie§.hus
things can beusedas @entto act on anotherobjecs (procedure)realizing some
functions that will transfornthis patient object. Functional propertieshat fon) as
well as procedural propertiesh¢w) being properties attributed by knowledge or
inference Notice thatautomatic systems atkingsin which parts are acting on each
other to realize some complex functions. This working machihame behaviour
property.These relations have to be used when digilog with users; particularly
when things have to be Smart.

Relations do exist betweghese types of propertieZibetti & Tijus, 2005).0n one

side, elations exist betweestructural, functional and procedural properti®s the

other side, relationsxést betweersurface andehaviouralproperties.Both can be

used for inducing the adequate functions and procedures, then to trigger faction

instancefot he Aputting into place of affordanceso: i ndi c
and on what to act. Inpposite, no relation at all will decline accessibility, usability

and learnability. Thus, our theory is that smartness comes from smart relations among

properties: the relations that increase the guidance of the interaction with the smart

thing.

What are $art things made of?

Smart things can beitherphysical objectga robo) or virtual entities &n avataj. In

addition, thereis smartnessthe properties of automatic systemith autonomy,

decisionmaking and adaptationehaviourakobotic propertiesfithe smart thing can

trigger functions and apply procedure to be autonomous, to take decision and to be

adapted while having a given appearance and a gb&maviourat will. It follows

that smartness is the set of relations between "functiqmalcedural properties and

"surfacei behaviout propertie® ( Ti j us, Rougel8lux & Barcenilla, 20

Notice thatinteraction with smart things can be engaged and sustaiagdy by
appearance arnokehaviour Thus,the design of a smart dialog systemas part of a
whole Smart Thing might be based on appearance and behaviour (Levillain &
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Zibetti, 2017).We argue that thesgroperties, their relations, and the underlying
logical arguments should be used for the design of smart tHialyss.

Interacting with museum artworks as Smart Things

With content based on thgpology of properties of a given Smart Thirigis new

kind design ofverbalinteraction should be based on a dialogue that is embedded in
the dynamic of the visitor route, taking dynamically irtccount their emerging
interests while the process of dialoguing with artworks is evolving.

Our approach is based on problem solving of explanation (Tijus, Ganet & Brézillon,

2006) in order to design d

ialdygased intel

l igent tu®or.i

ng

Graesser, 2013). Although there are dimensions of dialogue such as emotion, empathy
and sympathy, our proposal is about the three necessary components of altimlog:
Pragmatic dimension, the metacognitive dimension and the cognitive dimension.

More precisely, the core of the dialdg the cognitive dimension: the knowledge
transmission from the Smart Artwork to the visitor according to her interest. For the
purpose ofmodelling from less to more situated, there is the COGNITION
component that is embded in the METACOGNITION component that is in turn
embedded in the PRAGMATIC component (figure 1).

/ PRAGMATICS /< /—\N
Someone
Starting dialog METACOGNITION
Sustained attention What do | know about visitor
METACOGNITION sl About current visit COGNITION
Ending dialog Before
Place Now
What's around After
Context What does the visitor know about me
Time Sustained dialog
What's before COGNITION —Q /
What's now K /
\ What's next

7/

Figure 1. For a dialoghased intelligent tutoring system, the COGNITION component
(knowledge to be delivered through dialog), which is the core of thagdia embedded in
the METACOGNITION component (métaowledge about the purpose of the dialogue and
its context), which is in turn embedded of the pragmatics of dialoguing (needs of an interested
person, a start and end of the dialog, in a place andtaha for doing so).

In this brief paper, we shall first introduce the necessary dimensions of an epistemic

dialog, which is a dialogue for knowledge transmission and the ontology of

knowledge about objects that is to be transmitted, as weXaamples of dialogs made
by smart artworks in museums.

What is a dialogue for a smart thing?

People come to museums to meet things: to see them, to learn about them and to
discover new domains of knowledge. Notwithstanding the fact that many works of art

ae scul

ptures i

n human
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artworks in the museum, as one of the possibilities of interaction. Such an epistemic
dialogue would be more than profitable: it might enhance the visitor experience (VX).

Artworks in museums are already connected irsugh way visitors can get
supplementary information through interaction with some Smartphone (e.g., de los
Rios et al., 2015). For instance, thanks to CULTE project, partners developed a
transmediaditorial platform, which makes it possible for any museum to develop its
own transmedia pervasive devices. Now, partners are going to extend the devices
inter-operability and the space and time relationship between the visitor and the
museum by adding aoiff-site mobile application. In that direction, Smart museum
Artworks might be capable of discussion with the visitor; as well as being the trigger
of the discussion with the visitor than as being triggered by the visitor for discussion.
Because till nownuch of interactions with museum artworks are determined only by
the possibilities offered to the visitoagk for [that] by doing [this], such an
interactivebehavioumwould be far from what exists.

Such smart things must be based on cognitive techresldlyat are technologies that
include knowledge about human and about human cognition for cognitive processing
in order to process the data that visitors are providing when interacting with them.
Cognitive computing makes it possible the set of infereanashich dialogue can be
built. For the online building of an epistemic dialogue with the purpose of knowledge
transmission, the model needs the three embedded compasenEgure 1.

As display in Table 1, although not mandatory, the PRAGMATICS and

METACOGNITION components [§ shall be used to manage the epistemic

dialogue. Many different sentences that match these components content can be used.

For instance, when by image recognition fAa particul
di al oglusy i[n@ fAHEI1.0D] [ CAAre youlliltlt erested by meodo [
think you are because you are a pupil coming 1in
rr pro2es$bproYPC have already-22&len other similar
t now yomebhiendgadhBebdntanffCiAl dm the | ast artwo
rr - v2s21t13®] [CiSo, you already kn23lw the country wher
at

o o
O T O —
Cc cCcCc

i wh do you want to know abkRouwt 1rhe? filFihavte odo much
aII.—2..®.:£]C, erfartwasket-in2thjs fioomd 4§ the one in
your bdcRo2]C fAwe arel.tdlIk]i,ngh faond |lymgoallrCeady see
many thilngs@8][CAthe musedm3i 2]goiimaytbe wlkosdal| C
say goodb3.edo [ C

The tree of categories of the PRAGMATICS and METACOGNITION components

can be used to build adapted sentencesgtisas to interpret the sentences produced

by the visitor. The cognitive computing refers here as the categorization process of

affecting visitors6é sentences to the pragmatic and
dialog. Note that these categories can used to question the visitor when

interpretation fails. Thus, the tree of categories of the PRAGMATICS and

METACOGNITION components can be used to build adapted sentences
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Table 1.the tree of categories of the PRAGMATICS and METACOGNITION components can
be used to build adapted sentences

C-1.- The PRAGMATICS components are the khow about the dialogue process.
C-1.1.- Get [Someone] for dialoguing
C-1.1.1- Have a [Startiig dialog]
C-1.1.1.1- Beware of and control [Sustained attention]
C-1.1.1.2- Use the [METACOGNITION] component
C-1.1.2.- Have an [Ending dialog]

C-1.2.- Use Information about [Place]
C-121-About [Whatodés around]
C-1.2.2- About [Context]

C-1.3.- Beware and control [Time]

C-131-Use I nformation about [ Whatods
C-132-Use I nformation about [ Whatds
C-133-Use I nformation about [ Whatos

C-2.- The METACOGNITION components is the krealge about the dialogue content
C- 2.1.- Use Information about [What do | know about visitor]

C-2.2.- Use Information about [its current visit]
C-2.2.1- About [Before]
C-2.2.2- About [Now]
C-2.2.3- About [After]

C-2.3.- Use Information aboywhat does the visitor know about me]
C-2.3.1- Beware of and control [Sustained dialog]
C-2.3.2- Use the [COGNITION] component

The following discussion is extracted from the dialog an artwork of the MQABée

du Quai Branly is havingavi si t or . The name of the
The related categories of the PRAGMATICS and METACOGNITION components
are provided” Hello! " [C-1 . 1 .1 dm imprefised with the idea of sharing withgou
[C-2 . 3 .will you talk to mé -p C 3 akbdt Fettility? 0 -2[3.2], 'During your
initiation, you learn that you should not trust appeararnices-R.Z1]. Then is
ACOGNI TI-ONG8 .BptBccordingtoyod -l C1 . do | have a link with

the costume Gourgechanay right® -.Z1].

Thus, the epistemic talks entail the METACOGNITIVE component that entails the
PRAGMATIC components. In the next section, we introduce the ontology of what
could be known about a thing that can behave smartly when discussing alfiout itse

What a smart thing can tell about itself ?

There are basic questions about knowledge of things, sucWias, 'what, when,
where, why, holv However, they are not organized in a hierarchy of categories. To
do so, we first consider that a thing is a leeaf properties (Heidegger, 1967) and
these properties are the components of the COGNITION MODULE. There are
extrinsic properties [€3.1] and intrinsic properties [3.2].

museum

artwor k
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Extrinsic properties do not belong to the thing. Thus, Pladeetg [C-3.1.1] and
Times Wher) [C-3.1.2] are extrinsic properties that provide the space and time
context of the thing. This contextual knowledge (erdnere and when the thing was
built) provides relational spatial and temporal properties with other thamgsrom

the same/different country, were made at the same/differen}.tidtber extrinsic
properties are causal properties3@.3]: what are the causes of the thing (dle,
author, the contingencey...

In opposite, intrinsic properties are own real properfake thing. Among intrinsic
properties, there are surface properties3[Z.1] that are related to perception (e.g.,
colour, texture, shape).and structural properties {82.2] that are related to physics:
substancenfjade of and materialstfie partsthat composes the thing and how these
parts are nested to form a given strucfur@here are also cognitive attributed
properties [€3.2.3]: functional, procedural afethaviouraproperties that are linked
to the usage of the thing and rely on structpraperties. Finally, there are semantic

properties[E3. 2. 4] as the thingbés name, or other
of the thing.
The followings are sentences f oamaam Mask

Ashura Mask -B C 2 .M4 leeth afilenade of bone fragment -B C 2 .| 20me A
from the oasis of the Algerian Sahara -B C 1 .inlWhichfithere were happy
masquerades in order to celebrate the Ashura festivaB C 1 .othe,10thiday of
the first month of the Muslim calendar -B.C2].flt was at the time of an ancient
agrarian fertility rite that has survived in some areas since IslanizeeB C1 .12 ] .
am of the types of Ashura masks that are called Zaloucioutmadk Z4] because
Zalouciou meansAcolyté' or "companiofi [C-3.2.4]. They were made and worn by

young unmarried men who accompanied a man dressed in his nocturnal wanderings

in Gourgecha [€3.1.3].
Conclusion

Smart things that are connected objects (IOT) are dedicated for making simpler
people's daily life. They are dfelp for decisiormaking and problem solving. A
number of objects are resources for teaching and learning. As smart things, they will

have dialogue competencies and capabilities. Based on a categorization theory, we

propose a model and an ontology to desite online building of an epistemic dialog.
Although done for Museufs objects, the model, its components and the properties

that define categories could be of use for designing a large number of types of smart

things dialogginside a car, with groupof Smart things
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I donot care what t he robot does! T
whenworking with a heavy-load robot

Franziska Legler, Dorothea Langer, Frank Dittrick Angelika C.Bullinger
Ergonomics and innovation management, Chemnitz Universitgainology
Germany

Abstract

There are many reasons fheimplementation of humarobot collaboration (HRC).
HRC enables flexibility of increasingly complex production sitescontrast tahis,
theecononic aim of process efficiendg threatenedbwor k er sé6 f ear and mi strust in
collaborative robots. Fenceless hedwgd collaborative robotsave associated risks
andsounder or overtrust in automatiomay result in injuries. An experiment with
25 participants and a healgad industrial robotvas caducted in a pseudo reabrld
test environmentl.nteraction levelnd robot trajectoryvere used as withisubject
independent variables. Additionally, temporal position of fissiure was varied
between participants. Emotional experience and tweste dependentvariables.
Interaction level robot trajectoryand position ofthe first-failure did not reveal
practical relevant effects ofear or trust. While participants showed sheti¢rm
responses to firdailure events, following scenarios were notluehced by first
failure regardingemotional experience drust. Overall, negative emotions were
poorly detected and trust in automation was highesEtesultsare in line with
findings intheliteratureregarding ovetrust in automation.

Introducti on

Reasns forthe implementation of humarobot collaboration (HRC) are diverse.
HRC offers new possilities in the design of ergonomic waqlaces. 1 is also
expected that HRC enableke flexibility of increasingly complex production
facilities (Oubari et al.2018. Process efficiency is assumedriorease based dhe
combination of robotsd repetiti-deBnedaccuracy and work
problems(ISO/TS 15066, 2016)On the other handenceless heavipad robots
increaseherisk of injury. Misconduct or technical problemsay result inphysical
contactbetweernworkersand robos. Heavyload robotshave carryingcapacities up
to 500 kg and abovéVhile moving,these robotgre capable oéxerting forces far
beyond thenaximum permissiblémits associated with the biomechanical threshold
of different body parts (sd8O/TS 15066, 2016} herefore ISO/TS 1506§I1SO/TS
15066, 2016kpecifies strict safety regulationsrfHRC within sharedvorkspace.
However little is known abouthe effectiveness akgulationson theperception of
safetyby workersand their resulting behaviodNorkerscould have concerns simply
because ofhe physical appearana# robotsor specific movements. Mentatrain
such asmegative emotions and mistrust, are likely to occur in these situggans
Arai et al.,2010)

In D. de Waard, A. Toffetti, L. Pietrantoni, T. Frankef-JPetiot, C. Dumas, A. Botzer, L. Onnasch, I.
Milleville, and F. Marg2020) Proceedings of the Human Factors and Erguns Society Europe Chapter
2019Annual ConferencdSSN 23334959 (online) Available from http://hfegurope.org
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Emotions are characteed by a specific feeling as well abservablghysiologcal
and behaviaral reactions$chmidtAtzert, 1996. Apart from other emotions, feas
a specific negative emotiois important inthe context of HRC.Various studiefiave
shown thatirect cooperation with a robot results in increased feelings of fear in the
workplace (Brending et al2016).Fea is dso called state anxiety angldefined as
fitransitory edbyghyisiologicatamoasalanchinseiousshygperceived
feelings of apprehensiomread, and tensiord (Endler & Kocovski, 2001, p. 2).
Behaviaurral reaction®f fearentailbending forward and running for covier escape
from danger (Grézes et aRP07). Fearful movements are dla&terised by high
dynamics (M€oll & Nejat, 2014).These sudden movemerdan lead to physical
contact betweerobotsand workerswhich mayresult inworker injury.lt is therefore
important tostudy fear irthe conext of HRC with heawjoad robots.

HRC is only efficient if humasandrobots work together to combine their particular
strengths.Therefore, aotherimportant concept associated witHRC is trust in
automationTiA).TIAi s defined as fAéthe extent to which a user
willing to act on the basis of, the recommendations, actions, and decisions of an
artificially i nMagsn& Grggern2000rdpg. tlighdrustoreducesi d 0 (
cogntive complexity inthe face of highlyautomate systems andistrustleads to
rejection ofautomation(Lee & See, 2004)Consequently, one could infer that high
TiA is associated witlan efficientrobotcollaboration In contrast, ihas beershown

that overtrustan also cause criic outcomesOvertrust charactegs inappropriate

trust calibrationthat exceedsthe capablities of the automated systenThis
inappropriate trusinay lead tooverelianceand misuse of the systethee & See,
2004).Reduced situation awareneas aconsequencef overtrust(Hancock et al.,
2011)mayagain result in physical harmwbrkers in the event of system automation
failure. Hancock anaolleague$2011)concludethatanappropriate levebdf trustthat
neither includes undeior overtrusis necessary foasafe and efficient interaction of
humars and robog. Unfortunately, there has been no clear definition or specification
of this appropriate levdb date

The elationship betweeffear and trust in automation is insufficienthesearched
(Stokes et al.,, 2010). Lee and See (2004) cautiously sumnthaseemotional
reactions seem to be a critical contributor of trBsth constructs should therefore be
researched in context of HRC.

Variousfactorsinfluencetrust and emotionaxperience in HRC and are important

for ensuringsafe and efficient collaboratioisomeof the characteristics of robot

motion, such asspeed, distance to robot (Arai et al., 2010; Desai et al., 2013) and

unexpectednovements (Desai et al., 2013raganet al., 2015) were found to be

important factors influendng peoplés fear. Neverthelesstheoretical conceptsf

concrete robomotiontrajectaiesare rare. Dragan et aR15 suggest a distinction

betveen predictability and legibility otrajectory Both aredefined by human

inference in collaborationsi Pr edi ct abl e motion is functional moti o
what the collaborator would expect, given the knowr
functional motion that enables the collaborator tackiyi and confidently infer the

goal 6 ( Dr agan Astareslt, predictable in&ion reguitesh\w-lejige

of therobofts target positionwhile legible motiorenable the user tanfer the goal

directly from robods first movementgven if thetarget position isnknown Legible
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robot pathswere preferred by use@nd resulted inhigher trust thampredictable
trajectories Dragan et al., 2005 Therefore, legibility alsshows the potential to
reduce negative emotion3o date trajectorieshave only been examined with
lightweight robots anthetransferability of results to heavgad robots is unknown.

In general, people expect automated systems to perform well and as a result
complacency is often observed when interactinghwén automated system
(Parasuraman & Manzey, 2010}. was een possible to transfer the -salled
positivity biasfound in social psychology to interactions with automated systems.
These studiebave shown that people expgettod performancerior to inteaction
evenwithout any detailed information of the syste@zindolet et al., 2003 All
automation systemstill have theidimitationsandit is widely known that failures of
automated systems affect T{&.g. Parasuraman & Manzey, 2010he concept of
first automation failurés most important in this areaf researctand it is alsoefered

to asfirst-failure effect{Wickens & Xu, 2002). Firstlya reduction of trust level after
occurace of the ifst failure of a seeminglyperfect automatin is postulated.
Secondy, trust only owly recovers and often remains on a lower, probably more
appropriatelevel of trust(Lee & Moray, 1994 One reason for mixed results in first
failure literature is attributed to prior information about systenalédity. Wickens
and Xu (2002) conclude that withotltis prior information a reduction of trust is
likely to occur.The first-failure effect wasparticularly observed in drivevehicle
interaction withautomatedsystems. Strong reduction in trust wasirfd whenno
informationabout potential system litationswas givenprior to usage (Beggiato &
Krems, 2013)

Effects of failureswere also observed imumanrobot interactionrand accordingo
literature in this contexevenshowed effects ahetemporal position of failureAn
early automation failuré interactionscauseda greater reduction okaktime trust
thana late even{Desai et al., 2013)rust decreases even if system failudesnot
directly contributeto sysem performancdoss (Muir & Morey, 1996). In most
literature, failures are simulated asftware conditionedautomation breakdown.
People missheoccurence of automation breakdowdue tooverreliance and reduced
situation awareness (see Hancock eR8ll,1) resulting in performance losEo date

no research examinirtge effects of first atomation failure in HRC wittheavyload
robots is knownto the author$ a critical research gapMost robot control systems
work with pointto-point movementswhee trajectories between points aneot
completly preprogrammed. $gstemmalfunctionscanthereforeresult in varied robot
paths Given the fact of fencelegsteradion and reduced situation awareness while
working with automated system#)e risk of physical contact between robot and
worker increases While working fenceless with hea machines, robot hardware
malfunctionscanalsocause harm aat least result ingfar and reducetdust fromnear
misseswithout physical consequences.

Another increasingly important novel facfor heavyload robots is interaction level.
Bdiwi, Pfeifer and Sterzing (201 Mtroduced a classification of four HREévels of
fenceless ctdboration, structured ke specification of the shared task.

1 HRC:level 1: No shared task (e.g. because of limited space)

1 HRClevel2:Shared task, no physical interact.i

ar mo wi t ho u thesheved warkepace) i n

on

(e.






