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Investigation of driving behaviour r ef |l ecting driver sao
risk anticipation for pedestrian collision risk assessment
of right-turns at intersections

Hiroshi Yoshitak& Motoki Shing,
Hisashi managd, & Nobuyuki Uchida
The University of Tokyo
2Japan Automobile Research Institute
Japan

Abstract

The objective of this study is to discover driving behaviour features that indicate

pedestrian collision risk of rightirns at intersections fawllision risk assessment.

Rightturns at intersections is a typical accident scene of vepadestrian

accidents in Japan, and if the collision risk of this scene becomes measurable, driver

assistanceystems will be able to prevent those accidentstebtise the objective,

driving behaviour reflecting driversdé risk anticip
collisions occur when drivers fail to anticipate risk correctly and driving behaviour

is partially determined cormnsenrdgkecouldbg t he driversdé an
evaluated based on the driving behaviour features reflecting risk anticipation.

discover the driving behaviour features, first, Aeags incident data with high

collision risk behaviour was chaandavehicle e d . Features of
control were extracted as driving behaviour index candidates. Next, pedestrian

collision risk scenes were experimentally reproduced and the relationship between

the driving behaviour index candidates and collision risk were investigated.

Evd uati on i ndi ces based on driversbo vi sual sear ch
significant correlation with pedestrian collision risk. From the results, it was

clarified that pedestrian <collision risk is eval u:
behaviour, and theisual search behaviour feature to realize the evaluation was

identified.

Introduction

In Japan, among the fatal traffic accidents occurred in 2015, collisions with crossing
pedestrians accounted for the most. Therefore, prevention of traffic accidents
involving pedestrians is demanded to decrease the fatalities. If collision risk against
pedestrians is evaluable in advance based on driving behaviour, érssiggance
systems will be able to support the driver to select sufficient driving behaviour for
collision avoidance and prevent collisions with crossing pedestrians. To realise such
a system, a method to evaluate the collision risk against pedestrians based on driving
behaviour is necessary.

In D. de WaardA. Toffetti, R. Wiczorek, A. Sonderegger, S. Roéttger, P. Bouchner, T. Franke, S.
Fairclough, M. Noordzij, and K. BrookhuiéEds.) (2017). Proceedings of the Human Factors and
Ergonanics Society Europe Chapter 20A6inual ConferencdSSN 23334959 (online) Available from
http://hfeseurope.org



8 Yoshitake Shino, Imanaga, & Uchida

Drivers select their driving behaviour (e.g. adjust vehgpeed, adjust margins
between objects) not to collide with static objects and other traffic participants based
on the risk anticipation of the traffic environment (Van der Hulst et al., 1999). If

driving behaviour selected to avoid collision based onedrivd s r i sk anticipation is
identified, collision risk could be evaluated by comparing the present driving
behaviour with the identified driving behaviour ref

To anticipate the transition of traffic environment and setimgilbehaviour targets

based on the anticipation, drivers use visual information obtained from their eyes.

From this fact, not only driving operation and vehi
search behaviour i s as s ume dtiontand hasetliel e c t the driverd
possibility to evaluate collision risk based on the behaviour. Therefore, visual search

behaviour as well as driving operation and vehicle behaviour is focused on in this

study.

Attention selection of driving is classified into four mod@sick et al., 2004).

Among the four modes, habit and deliberation are known asldem selection

which are driven by goals and expectation (Erigstret al., 2013). Habitual

attention is often allocated to places where the main hazards exist based on the

driverds experience, but in some situations if the
actual situation it becomes critical. To avoid it, habitual visual attention is needed to

be overridden by deliberate visual attention. To drive deliberate selectiogctly

and avoid the critical situation, sufficient risk anticipation of the situation is

necessary. From this, it is suggested that the deliberate attention selection is related

to risk anticipation. Therefore, when a driver is not anticipating tpeamance of a

pedestrian in a certain driving situation, it i s
attention will not be deliberate but habitual and the collision risk against the

pedestrian will be high.

The objective of this study is to discover driving aelour features reflecting risk

anticipation of the driver which can evaluate pedestrian collision risk for future

driver assistance systems, focusing on driverés Vi c
driverds operation and vsdfidrivihgebehbvlravi our . First, C
indices are extracted by analysing neass incident database containing high risk

driving behaviour focusing on driving behaviour
anticipation. Next, the validity of the extracted driving behaviour eslidgs

examined by a risk scene reproducing experiment using a real vehicle in a test

course.

Target driving scene

The target driving scene in this study is rigintns at intersections with crossing
pedestrians. Because vehittepedestrian collision ding rightturns is a typical
accident type in Japan and rightn situation requires the driver to pay attention to
many objects, this rigkturn driving scene was selected as the target scene. In our
previous research, environmental elements that afféeing behaviour of right

turns at signalized intersections with crossing pedestrians were clarified and 10
typical scene patterns were classified based on the clarified environmental elements
(Shino et al., 2015). Among the classified typical sceneeputt the scene without
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any preceding vehicle or oncoming vehicle (Pattern D), as shown in Figure 1, was
set as the target driving scene in this study.

Host
vehicle

1
I
1
1
1
1
1
1
1
1
1

Figure 1. Bird's view of target driving scene (Pattern D).

Near-miss incident data analysis

The objetive of this analysis is to extract driving behaviour indices reflecting
driverds risk anticipation which has the possibili:t

risk in rightturns at intersections.
Method

To achieve the previously mentioned goal of thigalysis, first, hypotheses of

driving behaviour features reflecting driverdés risk
on driving behaviours that drivers are expected to select when they have predicted

the appearance of a crossing pedestrian at a crosswalkghtturn scene. Next, to

examine whether the driving behaviour reflecting d
relation with pedestrian collision risk, the namiss incident database collected by

the Society of Automotive Engineers of Jag§a8AE) (Nagai2013) was used. This

approach using a neariss incident database approach is a valid approach because

the composition of neaniss incidents and actual traffic accidents were similar and

the neammiss events could be collected in larger volume. Thebdat used

contained over 80,000 nemriss events recorded by an acceleration triggered event

recorder equipped on taxis running in 5 cities of Japan. The database stored recorded

video images of the cameras on board, vehicle data (e.g. velocity, acos|eGRIS

signals) and driver operation data (e.g. brake pedal on/off, turn signal). Because the

visual attention of the driver is focused on in this study, data with two cameras (front

camera and driver face camera) as shown in Figure 2 was used.



10 Yoshitake Shino, Imanaga, & Uchida

<K Left Winker << Brake | >> Right Winker >>

Figure 2 Sample camera image of JSAE npass incident database data
(Left: Front camera, Right: Driver face camera).

Hypotheses of driving behaviour reflecti

Driving behaviour reflecting dmrddvorr 6s
assumptions of driving behaviour that a driver will select to avoid collision in a

situation where he/she anticipated the appearance of a pedestrian at an intersection.

When a driver predicted the appearance of a crossing pedestrian in-tunmight
situation, it is assumed that the driver will select their driving operation to avoid
collision against the pedestrian with sufficient margin. As specific driving behaviour
expected in the above situation, distributing visual attention to the ends of the
crosswalk to find the pedestrian without any delay after the appearance and
adjusting vehicle speed to maintain enough time to confirm the presence of the
pedestrian can be listed. From the listed driving behaviour, distribution of visual
attention to thewgroundings and adjustment of vehicle velocity was focused on.

Result of database analysis

Figure 3 shows the time duration rate of each target that the drivers look during
right-turns. The analys period was from the timing when the vehicle crossed the
centre line to the timing when the driver hit the brake against a pedestrian. The face
direction of the driver in the above period was classified into 4 targets (traveling
direction, oncoming direction, crosswalk and others) as shown in Figure 4. As a
feaure of the face direction during righirns, a large time was turned towards the
traveling direction. Looking long time towards the traveling direction will obstruct
the driver from looking at other targets such as the crosswalk where pedestrians may
appear and will lead to delay in crossing pedestrian perception. Figure 5 shows the
frequency distribution of the velocity at the centre line. Incidents with velocity larger
than 30 km/h accounted for more than the half. Crossing the centre line with high
vehicle speed will shorten the time to check the appearance of pedestrians around
the intersection and will lead to high pedestrian collision risk. From the analysis
results, the face direction duration towards the traveling direction and the velocity at
thecentre line were extracted as driving behaviour indices.
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Figure 3. Time duration rate of face direction during rightns.
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Risk sene reproducing experiment

Obijective

Driving behaviour indices reflecting driverods ri

extracted based on analysis of the ra&s incident database. Although neaiss
incident data classified as pattern D was analysa#lisnstudy, driving behaviour
database contains data of various traffic environment conditions. Therefore, the
objective of this reproducing experiment is to control environmental conditions by
using a test course and examine the validity of the extraud@zes.

Method and conditions

A reference measur€TG, . Was defined to evaluate the validity of the extracted
driving behaviour i ndices reflTeGgeisng t

he

driver 6s

the timeto-collision value against a crossing pedestan a't the driverods braki

manoeuvre timing calculated by the Equation 1 in the scene shown in Figbre 6.
andd in Equation 1 is defined as Equation 2 and 3. The correlation between the
TTGyrake Calculated based on a scene with a crossing pedestrin Sgenario)
driving data and the driving behaviour indices calculated based on a scene with no
crossing pedestrian (naisk scenario) driving data was evaluated.

YY$ —o (1)

(0] @ @ O ® (2)

— OAT r (3)
Kepr Yep)

Xhw Yhy) : Vehicle posttion [m]

: Vehicle velocity [m/s]

: Vehicle yaw angle [rad]

: Vehicle length from CO@m]
(Xiws Ynw) | | (Xep Yop) © Virtual collision point [

r< <

1
A
1

X

Figure 6. Model scene for TEGke calculation

To reproduce risk scenes without putting actual pedestrians at risk, theARARI
(Augmented Reality VehicldJchida et al., 200)50wned by the Japan Automobile
Research Institute (JARI) was used. This vehicle has video cameras and displays on
its hood and the driver can see the surroundings throegtlishlays which shothe

s k

f
ng
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images acquired by the video cameras. Due to this &athis vehicle can
reproduce risk scenes by superimposing computer graphic (CG) objects on real
frontal images as shown in Figure 7. Using this augmented reality technology, it
gives the driver the impression that the object such as vehicles and padeastilly

exist on the test field.

Displays

1

Figure 7. Augmented reality vehicle JARRV (Top-left: Outer view of JARARYV, Topright:
Inner view of JARARYV, Bottom: Real front window image with superimposed CG objects)

Figure 8 shows the experiment courseisg¢he test field of JARI. Nomisk scenario

and risk scenario was reproduced at the target intersection with two lanes on each
side and a traffic signal. The detail of the risk scenario reproduced is shown in

Figure 9. Each driver drove the experimentrseuor a total of eight laps. Two laps

for vehicle operation practice, two laps for CG scenario experience, three laps for

nonrisk scenario driving and last one lap for risk scenario driving.

Pedestrian (CG

Target
intersection

From Google Earth

Figure 8. Experiment course
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* HV: Host vehicle, OV: Oncoming vehicl
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Figure 9. Risk scenario

The subjects were 26 people (D@R6) aged 22 to 42 years old who possessed a
driving licence and drove on a daily basis. The subjects were explained about the
nature of the experiment thoroughly and informed consent were obtained from each
subject before thexperiment.

The aim of this experiment is to reproduce risk scenes and obtain high collision risk
driving behaviour data. However, it is rare to come across high collision risk
incidents in daily driving. Therefore, to achieve the aim, 3 different driving
conditions were set and each subject participated in the experiment with one of the
conditions. The detail of each driving condition is as follows:

1 Normal condition (DO9D17): Instruct subjects to drive as they do as usual.

9 Hurry condition (D18D26): Instuct subjects to drive with a hurry feeling.

1 Absentmind condition (D01D08): Instruct subjects to drive with a secondary
task (Nback task).

Result

In the risk scenario, 4 subjects did not hit the brake pedal although they noticed the
crossing pedestimand 1 subject was already pressing the brake pedal when he
found the crossing pedestrian. Therefof&G, . could not be calculated for the
previously mentioned 5 subjects. Figure 10 shows the average value&ef,. for

each driving condition. Theaviability between drivers were large and there was no
significant difference between the driving conditions. From this result, although the
driving condition was different between subjects, the subjects were treated as a
single subject group regardingthea r i abi |l ity as driverds

characteristi

(
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Figure 10. TTGkeresult of each driving condition

Figure 11 shows the relationship between THe&G, .. calculated based on risk
scenario driving data and the two driving behavimdices extracted througlme
nearmiss incident analysis calculated based on-nigkscenario driving data. The
gaze duration rate (GDR) of traveling direction was calculated based on images
recorded with the ey&racking device. The analyse period was from the timing when
the velicle crossed the stop line to the timing when the driver reached the crosswalk.
As the relationship shown in the figure, there were no significant correlation
between the reference measure and driving behaviour indices.

4 4

35 ;J 35 ®
o °le o K
%25 o %25 .

& 2 Steo—Te G 2 ST
F1is " F1s e o
l -. [6) o 1 o) :. o

.. 0]
0.5 o 0.5

o
o

o

20 40 60 80 100
GDRof traveling direction [%]

o

5 10 15 20 25 30
\elocity at centre line [km/h]

Figure 11. Driving behaviour ind&s vs. TTG e
(Left: GDR of traveling direction, Right: Velocity at centre line)

Although theTTG,.e Was expected to be long when the GDR of traveling direction
was low, there were cases with low GDR and shdf,.«e Also, driving behaviour

with high velocity at the centre line was assumed to be high collision risk behaviour
but there were cases with relatively lomgG, ke Values. These instances indicate
that the two indices partially represent the collision risk with crossing pedestrians
but notsufficient for collision risk evaluation. From the fact that there were cases
with relatively low collision risk driving with high velocity at the centre line, the
drivers could perceive the pedestrian at an early timing and hit the brake to end up
with along TTG, e Value despite the high vehicle speed. This suggests that there
were some differences in visual search behaviour among high and low collision risk
instances other than GDR of traveling direction.
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Investigation of risk scenario driving behaur

To reveal the difference of driving behaviour in high and low collision risk
instances, driving behaviour data of the risk scenario was investigated. Figure 12
shows the crossing pedestrian position when the driver perceived it. The origin of
the coodinate axes is the centre of gravity point of the test vehicle. The pedestrian
perceived timing for each subject was set as the timing when the gaze point recorded
by the eyetracking device overlapped the crossing pedestrian in the camera image
recorded.The driving behaviour data were classified into two groups (high risk
driving behaviour (HR) and low risk driving behaviour (LR)) based on the median
value (1.52 s). The figure shows that HR tended to find the crossing pedestrian near
the vehicle front comared to LR. This result means that the drivers of HR were not
able to find the pedestrian until the opponent got near to the vehicle front and this
suggests that there was some difference in the visual search behaviour to find the
pedestrian between HR@&AR drivers.

8 HR (TTGae<1.52 5)0 LR (TTGyae® 1. 5:

25
20 £
o® B y

— 15 s a—P0 L x
E o 0 b,
>10 —B4 =

5

0

4 - 6

X [m]

Figure 12. Position of crossing pedestrian at perceived timing

To identify the difference, visual search behaviour of the drivers was examined.
During rightturns, drivers tended to look out through the side window for some
time and thentarted to look out through the front window as shown in Figure 13. In
Figure 14, the curved line shows the vehicle path which the driver drove and the
circle represents the position where the driver started to look out through the front
window. Compared tthe driver of LR, the visual search behaviour of the HR driver
differed at the point that they looked out through the side window longer and started
to look out through the front window later after getting closer to the crossing
pedestrian. From the examat i on o f driverds visual
when the driver started to look out through the front window was obtained as a
feature having the possibility to evaluate pedestrian collision risk.

sear ch

behavi
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Figure 13. Visual search behaviour during rigfiatn at intersection
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Figure 14. Comparison of vehicle position at front window confirmation timing

To evaluate pedestrian collision risk assessment based on the previously mentioned
feature of visual search behaviour, a collision risk assessment indefonvaulated.
Because drivers look out through the side window to check the trajectory they are
willing to run in the near future, it was assumed that the target trajectory geometry
and the behaviour looking out from the side window have relation andqoaTséy

have relation with pedestrian collision risk. Based on the assumption that the target
trajectory could be expressed by the present vehicle velocity and the change in
vehicle angle per unit distance, a collision risk assessment index, estimateate/aw
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%t Was defined as Equation 4 using the parameters in Figurd® ld&nd d of
Equation 4 was defined as Equation 5 and 6. Figure 16 shows the relationship
betweenTTG, e and estimated/aw rate o, at the centre line when the target
destination point waset as the boundary of the crosswalk like it is in Figure 15.
There was a significant correlation between the two indices .65, p < .01).

From this result, it was confirmed that pedestrian collision risk was evaluable by an
index based on visual searbehaviour of a driver.

r —3AT-O (4)

0 [ & W W (5)

— 0 WE r (6)
(xdstr Ydsv)

Y L2 (X Yoy) : Vehicle position [
S Y : Vehicle velocity [ms]
h Y : Vehicle yaw angle [rad]
o L : Vehicle length from COGn
X T (Xiws You) | (Xasy Yas) : Target destination poirfir
Figure 15. Model scene fagg calculation
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Figure 16. Relationship betwee T, and 3g;at centre line
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Discussion

Visual search behaviour with high pedestrian collision risk is examined by applying
the visual attention modes mentioned in the introduction of this paper. Drivers
tended to look out through the side windoowards the traveling direction for a
long time and the confirmation of the crosswalk through the front window got
behind and the perception of the crossing pedestrian was late ending up with a short
time-to-collision. The attention allocation towards thaveling direction can be
classified as a habitual visual attention because it is an attention selection mainly for
making a rightturn which is an action the driver has done hundreds of times and
overlearned. The visual attention to the crosswalk is mssuto be a deliberate
attention since it is driven by the risk anticipation that a pedestrian may appear.
From this application of visual attention modes to high collision visual search
behaviour, it can be said that shift to deliberate attention gondbdtecause of
concentration to habitual attention and pedestrian collision risk became high, as
assumed in the introduction. Therefore, it is suggested that the distribution and
timing of habitual and deliberate visual attention affect pedestrian collisian

Conclusion

To discover driving behaviour features which can evaluate pedestrian collision risk

for future driverassistancs y st e ms , driving behaviour indices refle
risk anticipation of a driving scene where no preceding velaclé oncoming

vehicle exists (Pattern D) was extracted based onmiarincident analysis and the

extracted indices were examined by a risk scene reproducing experiment using the

JARI-ARV. The major conclusions of this research are as follows:

I The estimatd yaw rated.s was verified to be a valid pedestrian collision risk
assessment index for righirns at intersections classified as Pattern D.

1 Pedestrian collision risk of riglitirns at intersections was evaluable by an index
rel at ed t o sedrchibghaviodr &ind it was sugidested that distribution

and timing of driverds habitual vi sual attention
which reflects the driverds ri sk anticipation, a
pedestrians.
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Modality effects of secondary tasks on hazard detection
performance of younger and older pedestrians in a
simulated road crossing task

Jan Siegmann, Janna Protza@kRebecca Wiczorek
Technische Universitat Berlin
Germany

Abstract

Older pedestrians are at higher risk of being involved in car crashes than iyounge
pedestrians. As it is known from other domains such as driving;tasialdemands
represent challenges, especially for older adults. Thus, one possible reason for high
accident rates of older pedestrians might be the multitasking character of the road
crossing situation. With regard to safety, hazard detection represents the primary
task. However, additional secondary tasks such as scanning for obstacles,
navigation, and walking are mostly conducted simultaneously. According to the
Multiple-Resource Modeldemands of tasks regarding the main processing stage can
be characterized in visual perceptual, cognitive, and motoric. The aim of the current
study was to compare the effects of secondary tasks with different main process
stages on the primary task ofzard detection. For this purpose, a laboratory
experiment was conducted with 20 older and 20 younger participants, using a
pedestrian traffic simulation. Secondary tasks differed with regard to modalities
(visual search, #vback and simulated walking). Reten time, number of errors and
perceived workload served as dependent variables. Older adults performed slower,
but equally accurate across all dtedk conditions compared to younger adults.
Dualtask costs were found for the vistsslarch and the-beck task concerning
number of errors, but not for response speed. No-tdsél costs arouse for the
walking task, which in contrast even increased hazard detection speed. The
hierarchy of different dualask costs did not differ between the two-ggeups.

Introduction

Older adults (65+) accounted for 20% of injured pedestrians in Germany in 2012

(Statistisches Bundesamt, 2013). Comparing total numbers, they are not involved in

accidents more often than other age groups. However, in relation to the walking

distance, older pedestrians are injured more often than younger people (Rytz, 2006).

Furthermore, they die more often as a consequence of the accident, as nearly half of

all persons deceased after a crash were 65 years or older (Statistisches Bundesamt,

2003) . That makes it important to reduce ol der

Therefore it is necessary to understand the differences of younger and older
pedestrians6 behaviour in road crossings and

In D. de WaardA. Toffetti, R. Wiczorek, A. Sonderegger, S. Roéttger, P. Bouchner, T. Franke, S.
Fairclaugh, M. Noordzij, and K. Brookhui¢Eds.) (2017). Proceedings of the Human Factors and
Ergonanics Society Europe Chapter 20A6nual ConferencdSSN 233234959 (online) Available from
http://hfeseurope.org
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Several studies havieund diversebehavioural deficits of older pedestrians, such as
they walk slower and leave smaller safety margins, they focus more on the pathway
and less on the traffic, and they do not take into account velocity but only distance
information when accdimg gaps in traffic (e.g. Dommes, Cavallo, Dubuisson,
Tournier, & Vienne, 2014; Oxley et al., 1997; Avineriadt, 2012; Wiczorek et al.,
2016. Agerelated declines of cognitive and motoric functions have been identified
as reasons for those differences

However, ageelated differences in specific tasks are not the only cause for older

pedestriansd probl ems in traffic. I n addition to
multitasking character of the situation. Pedestrians perform several different

activities during road crossing. That can be navigating, checking the pathway for

bumps, and the walking itself. These activities can distract pedestrians from the

main task of hazard detection and therefore be considered as secondary tasks.

While socalled dualtask costs, (performance decrements in the primary task when
being engaged in a secondary task) can be observed across all age groups (Pashler,
1994), they are often higher for older than for younger adults (Verhaeghen et al.,
2003). Though, a metanalysis mdicates that the extent of agpecific dual task

costs depends on the characteristics of the task (Riby et al., 2004). For example,
costs are higher when one of the tasks is cognitively demanding and they are more
pronounced for speed than for accurdeyrthermore it was found that older people

tend to give the priority in a dugsk situation to tasks related to motion, such as
wal ki ng. This effect has been referred to as O6postu
reasons may be reduced capacity to kifiegpbalance and increased fear of falling

(cf. Davidse, 2007Dietz, 2002; Sbott, 2008). Thus, the multitasking character of

the road crossing situation may contribute to the occurrence of car crashes with older
pedestrians.

Current studies of multitagkg in road crossing usually use external tasks such as
talking at the phone or texting as secondary tasks. These tasks always delay the
initiation of behaviour and under some conditions reduce attentive behaviour and
increase collision frequency (Neideradt, 2010; Banducci et al., 2016; Byington &
Schwebel, 2013). Similar results were found when participants performed a
cognitively demanding-Back task (Gaspar et al., 2014). The only two studies that
included older pedestrians found the usual-jgted dualtask costs but it was
mentioned that those were related to ol der parti ci
cognitive screening tests (Neider et al., 2011; Nagamatsu et al., 2011). Considering
the already multitasking character of the road crossing ibtisurprising that older
people were outperformed by younger, considering that they actually had to perform
more than two tasks simultaneously. Apart from that, cell phone use in traffic is
rather a problem of younger than older adults. Thus, it is negess@nvestigate
whether and how road crossing imbedded secondary tasks negatively affect hazard
detection in younger and older adults.

With the help of the Multiple Resource Model (MRM; Wickens, 1984; 2002) it is
possible to predict the amount of duask costs dependent on the nature of the task.
According to the MRM a task can be characterised along five dimensions:
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processing stage (perception vs. cognition vs. responding),
perceptual modalities (visual vs. auditory),

visual channels (focal vs. dment),

processing codes (spatial vs. verbal) and

response execution (manual spatial vs. vocal verbal).

=a =4 & _a_2

The more similar two tasks are on these dimensions, the higher are the predicted
duattask osts.

Research in the driving context shows the appllitgbof the model for the
investigation of multitasking effects of older adults in traffic. For example age
specific duaftask costs were observed when participants had to respond to a
secondary task manually while driving, but not when the response wes gi
verbally (Brouwer et al., 1991; Fofanova & Vollrath, 2011). Higher costs for older
adults are also found during driving when the secondary task requires visual
perception, but not when it requires auditory perception (Chaparro et al., 2004;
Horberry etal.,, 2006). Thus, it was decided to use the MRM as theoretical
framework for the current investigation.

Current Study

The aim of this study is to investigate the effects of different modality specific
secondary tasks on hazard detection in younger atea atlults in a simulated road
crossing environment. The hazard detection task used in the current experiment
consists of the perception of crossing cars in different road situations and the
indication of intention to stop (i.e. not to cross the streed) joiystick. Three
different secondary tasks are used, which pose specifically high demands on one of
the processing stages described in the MRM. The tasks require either visual
perceptual resources, cognitive resources or motoric resources.

It is expectedthat performance of older adults in the primary task is worse than
performance of younger adults due to -aglated declines in cognitive and
attentional capacities (e.g. Salthouse & Somberg, 1982; Kramer & Madden, 2011,
Ball, 1990). Duattask costs shoultesult for both age groups but should be higher
for older than for younger participants, reflecting -agecific dual task cost (cf.
Riby et al., 2004).

Furthermore, it is hypothesized that dtedk costs differ between the three
secondary task conditis. The primary task places the highest demands in the
perceptual processing stage, because potential hazards have to be detected visually.
Medium demands of resources are required for the cognitive processing stage, when
deciding whether the detected atijeepresents a hazard or not. Finally only a few
resources are needed for the responding stage that consists of the movement of a
joystick. Thus, it is expected that du#akk costs are highest in the vispakceptual
condition followed by the cognitiveondition and lowest in the motoric condition.
However, as it was shown that older people give priority to motoric tasks (cf. Riby

et al., 2004), the described order of dtzalks costs is predicted only for the younger
participants. For the older adultsves proportionally high dualask cost are
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expected in the motoric condition and thus, the order of-tdis&l costs should be
different for them.

Method
Participants

Forty participants of two age groups attended the study. The younger group (age
30 years) consisted of 20 students (6 male, 14 female). Their age ranged from 18 to
30 years =25.5; SD=3.5). The older group (ag@65 years) also consisted of 20
participants (6 male and 14 female), with an age range from 67 to 82 yeai$.6;
SD=4.0). Futher characteristics of younger versus older participants were
respectively: possession of a driver licence (14 vs. 17), regular drivers (4 vs. 12),
regular cyclists (10 vs. 9), walked regularly (20 vs. 20). Mean Montreal Cognitive
Assessment (MoCA; Nasrdihe et al. 2005), a screening test for mild cognitive
impairment (27.65 vs. 25.75). All participants eyesight=0Q9 vs M=.63) was
higher than the required minimum of 40%, (necessary to fulfil the task).

Simulation Environment and Apparatus

Animated vides are played with PsychoPy (Peirce, 2007) and projected on a wall
with a width of 5,50m, a height of 1,50m, and a resolution of 3840x1080 pixels,
using two Acer S1283 HNE projectors. Participants stand central at a -height
adjustable standing desk 1,50magmirom the projection with a visual angle of 133°

to the edges of the video so that the edges of the road can only be seen through
peripheral vision or head movements. Participants react to the hazard detection task
using a joystick, which is attachedtae top of the desk. During the cognitive and

the visualperceptual secondary task participants wore a headset. During the motoric
secondary task participants used a foot switch with two pedals, which was attached
at the ground under the desk. Figure 1veh@ schematic representation of the
laboratory setup.

5,50m projection wall

/

A

Y

|| [
projector standing desk projector
Figure 1 Schematic representation of the laboratory setup.

Hazard Detection Task

Two different types of road crossing tasks were examined in this study. One

consisted of hazard detection. The othene was a Ogap acceptancebd

t ask

an
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not be reported here. Each trial in the hazard detection task consists of a video
sequence with duration of 20 seconds. In these video sequences a road is displayed
and a car enters from the left or from the rigtige of the scene at a pseudo random

time and passes the whole screen in eight seconds. A screenshot of one of the videos
can be seen in Figure 2. The road, the colour and brand of the car vary between the
sequences. In total there were three differentso&dquences of the same road were
displayed in a row. Thus it was not possible for the participant to know when a trial
started and thus appearance of cars was not predictable. The order of the sequences
was counterbalanced between the different expetinleh b1l oc k s . The participant s
task is to react as quickly as possible when seeing a car, by pulling the joystick
towards themselves.-Bikes which are driving on the opposite pathway serve as
distractors. Participants were instructed not to react to-thikes, which appear on
average in four sequences per block in a pseudo random order.

Figure 2: Screenshot of a video used in the hazard detection task.

Secondary Tasks

Secondary tasks were created with the aim to interfere mainly with one of the three
processing stages of the primary task, while not (much) interfering with the others.
Therefore, the motoric and the cognitive task used the auditory perceptual modality
to not interfere with the visual modality of the primary task. Cognitive demands of
the motoric and the visual task were kept as low as possible to not interfere with the
cognitive requirements of the primary task. The visual task and the cognitive task
required vocal response execution to not interfere with the manual response of the
primary task.

VisuatPerceptual TaskParticipants performed a visual scanning task, which was

adapted from the fATestbatterie zur Aufmerksamkeitspg
Attentional Performance; Zimmermann & Fimm, 2012). A 5x6 matrix with a width

of 63,5cmand a height of 52,5cm is shown centrally at the top of the projection.

Every element of the matrix is a squanéich is opened to one of the four sides.

The target stimulus is a square opened towards the top. The task of the participants

is to decide whther the matrix includes a target stimulus or not. Participants

indicate their decision by saying fAyeso or finod int
Responses are recorded and a new matrix is displayed automatically after every

response. Matrices alternabetween white squares on black background and vice

versa to make the appearance of a new matrix clear for participants. Matrices were

presented in random order.
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Cognitive Task Participants performed an auditorybdck task (Mehler et al.,
2011). Every 33 seconds a number between zero and nine is played over a headset.
After a number is read out, participants are supposed to name the number which was
played one step before as quickly as possible. Responses are recorded via
microphone.

Motoric Task Parttipants task is to press the two pedals of a double foot switch
alternating the left and the right foot in the rhythm of a regular metronome beat.
Beats are played via loudspeaker every 1.33 seconds so that participants have to
press the switch 45 timesmmainute. This frequency corresponds to a cadence of 90
steps per minute (pressing the foot switch requires two steps: moving the foot
forward to the pedal and backward again). The cadence of most healthy elderly
adults lies between 80 and 130 steps peiutei (Whittle, 2014).

Design and Dependent Measures

Design: The study consisted of a 2x4 mixed design. The between factor was age
group and the within factor was secondary task with four conditions (baseline/single
task, cognitive dualask, visualperceptial dualtask, and motoric dudahsk. The
dependent measures were:

1 Number of errors: sum of false negatives and false positives

1 Reaction time: between time of appearance of a car and pull of the joystick.
(Reaction time was assessed via frame number ofideo)

1 Subjectively perceived workload: assesses with the NAB#sk Load
Index (NASATLX ; Hart & Staveland, 1988)

Procedure

On arrival, participants were briefly instructed about the course of the experiment
and filled in a declaration of consent. éfivards they performed an eyesight test
with Landolt rings. Following up participants were acquainted with the laboratory
equipment. Participants trained each of the secondary tasks and performed it for five
minutes in order to get familiar with the taskhe order of the tasks was
counterbalanced. After afhinute break participants trained the two primary tasks
(hazard detection and gap acceptance). The experiment started with the first baseline
measure block which consisted of five minutes single tagkrdadetection and five
minutes single task gap acceptance. The order of the tasks was counterbalanced
between participants. Subsequently participants completed thregadkablocks

with a duration of 2x5 minutes each. The order of the secondary taskbearnad
crossing tasks corresponded to the order of the training. Participants had been
instructed that both tasks were important. The secondary tasks started 20 seconds
before the Eminute road crossing tasks. The first and the last-ths&l block wee
followed by a 5minute break. Afterwards participants performed a second baseline
block. The average of the measures of both baseline blocks was used for the analysis
in order to prevent biases due to learning effects or fatigue. After each of the
baselhe and experimental blocks participants filled in the NABAX. In the end of

the experiment participants filled in the MoCA and a demographic questionnaire.
Finally they received a financial compensation.
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Results

To test for effects of learning and fatgthe data of the two baseline measures was
compared using a 2x2 ANOVA for repeated measures. Afterwards the average of
the two baseline measures was used for further calculations. The number of errors,
reaction time and subjective workload were compaseddiéen duatask conditions

using 2x4 ANOVAs for repeated measures. A priori defined contrasts were used to
analyse the order of dutdsk costs between the three secondary tasks.

Comparison of Baseline blocksAnalysis revealed a main effect of order,
F(1,38)=5.109p<.05, and a main effect of age(1,38)=5630, p<.05, which were
further qualified by a significant age x order interaction effect, F(1,38837
p<.001. Older participants made more errors than younger people in the first
baseline block buteduced there number of errors to the lower level of the younger
group in the second baseline. This indicates a learning effect. No significant
differences were found for reaction time and subjective workload between the two
age groups and the two measure

Error rate: Analysis revealed a main effect of secondary td4(8,114)=9737,
p<.001, but no other significant effects. A priori defined contrast showed significant
differences between the visyadrceptual condition and the baseline,
F(1,38)=12.507p<.001, as well as the motoric conditidf(1,38)=13760, p<.001.

The same pattern revealed for the cognitive condition when compared to the
baseline, F(1,38)=16.130,p<.001 and the motoric conditiork(1,38)=16369,
p<.001. As can be seen in Figure 3, mermrs were made in the visyaérceptual
condition and in the cognitive condition, compared to the baseline and the motoric
condition.
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Figure 1. Means of number of errors of the averaged baseline and the threetadial
conditions for younger and older adults. Error bars reflect Standard Error.
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Figure 4: Means of reaction time of the averaged baseline and the thre¢agkatonditions
for younger and older adults. Error bars reflect Standard Error.

Reaction time:The concurret presentation of matrices and videos in the visual
perceptual dualask condition led to a reduction of M=10,8 frames per matrix,
which had to be corrected manually afterwards. Comparison of the averaged
baseline measure and the three dask conditios showed a main effect of age,
F(1,38)=6431, p<.05 with older adults being slower than younger adults.
Furthermore a main effect of secondary task was obserivgd;38)=31.093,
p<.001). Planned contrasts showed that the reaction time in the motoricimondit
was shorter than in the baseliR€l,38)=69.299p<.001. The reaction time in the
motoric condition was also shorter than in the cognitig,,38)=36.878p<.001,
and the visuaperceptual condition,F(1,38)=55.646,p<.001. Reaction times
between théaseline and the cognitive and the vispatceptual condition did not
differ. Figure 4 shows results of reaction time.

Subjective workloadComparison of the data from the NASAX revealed a main
effect of secondary task(3,114)=60.499p<.001. Plannedtontrasts showed the
difference of perceived workload between all four conditions with the least
workload in the baseline condition, followed by the motoric condition,
F(1,38)=65.548,p<.001, the visuaperceptual conditionf(1,38)=13.508,p<.001,

and tlke highest workload in the cognitive conditioR(1,38)=5.275,p=.027. F
values refer to contrasts with the condition with the next lower workload. No main
effect of age and no interaction effect were found. Results can be seen in Figure 5.
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Figure 5: Means of reaction time of the averaged baseline and the threetasiakconditions
for younger and older adults. Error bars reflect Standard Error.

Discussion

The current study was conducted to investigate the effects of road crossing
imbedded secondary taskie hazard detection performance in simulated pedestrian
crossing situations. The aim of this study was to identify differences and similarities
of younger and older pedestrians when performing secondary tasks, which differed
with regard to their main pressing stage. Number of errors, reaction time and
subjective workload were assessed. Btaak related performance decreases in the
primary task of hazard detection were expected for all the participants. The older
adults however, should additionally praduagespecific (i.e. higher) dughsk costs

than the younger group. It was also hypothesized that the three secondary tasks
produce different amounts of dualsk costs. The highest costs were expected for
the visualperceptual secondary task, followeglthe cognitive task, with the fewest

for the motoric task. This order is based on the different demands of the primary task
on the three processing stages. Hazard detection should require the most resources
for the visualperceptual processing stage, doled by the cognitive stage and only

a minimum of motoric resources as the motoric component consisted of moving a
joystick. However, it was furthdrypothesisedhat this order would be different for
older adults. As they were found to rioffil the taskof walking as automatically as
younger people and to need additional attention resources, it is possible that the
motoric task also interferes with one of the other processing stages.

The comparison of two baseline measures conducted at the beginniagthead:nd
of the experiment indicated a learning effect of older adults. For the following
analysis, the two baseline blocks were averaged.
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No difference between younger and older adults could be observed with respect to
the number of errors. Howeverdelr adults reacted slower than younger adults. This

is in line with previous research, which found higher -sgecific performance
decrements when considering response speed than when considering response
accuracy (Verhaeghen et al., 2003).

Dualtask costavere observed regarding number of errors, but not for reaction time.
Older and younger adults made more errors in the primary task of hazard detection
when they performed a cognitive or visymrceptual task concurrently. It seems
that participants acceggd making more errors in order to maintain their reaction
speed. In redife road crossing this behavio can have fatal consequences, when
pedestrians overlook potential hazards. However, it has to be noted that the number
of false positives (reactions the absence of cars, for example to thekes used as
distractors) was higher than the number of misses. Nevertheless also false positives
can lead to dangerous traffic situations, for example when pedestrian behaviour
diverts from the expectations other road users

In contrast to the other two secondary tasks, the motoric task not only did not cause
any dualtask costsbut even improved performance in terms of reaction speed.
There are some possible explanations for this unexpected resulttHérshotoric

task might have been too easy, compared to normal walking. Participants could hold
on the standing desk and had always one food on the ground. Thus, there was no risk
of losing balance, which can explain why no dizak costs were found.
Furthermore, neuropsychological research shows that motion can influence visual
perception, either directly or via attentional mechanisms (Ishimura & Shimojo,
1994). That could explain the observed benefits for the hazard detection when
conducting the motoricask in parallel. In an experiment with mice, Ayaz et al.
(2013) found neurons in the visual cortex to have a higher firing frequency when
subjects were running on a treadmill. If this effect holds true also for humans, it
could explain the faster reactitimes in the motoric condition.

The unexpected results in the motoric condition could also explain why the order of
duattask costs did not differ between younger and older adults. It was expected that
the motoric task would only produce small dtedk cets in younger adults,
because the primary task did only induce minor motoric demands. However, older
adults were expected to suffer from higher elagk costs, because for them walking

is less automatic and requires more attentional resources (Lindenéead, 2000).

Thus, walking could possibly interfere also with the vigpaiceptual and the
cognitive task. In order to examine this hypothesis a more realistic motoric task
should be used in further research.

However, it has to be noted that alse subjectively perceived workload did not
differ between younger and older adults but showed significant differences among
all four conditions. The baseline single task condition was considered the least
demanding followed by the motoric ddakk, the visalperceptual and the
cognitive duaiftask. Differences in the NASALX score for the visuaperceptual

and the cognitive dudghsk condition were not accompanied by differences in
performance. Performance in the single task condition was similar to ghal vi
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perceptual and the cognitive daakk conditions with regard to number of errors but
resembled most the motoric diakk in terms of reaction time.

The three secondary tasks were created in a way they would interfere with only one
of the three proessing stages according to the MRM. As expected the least
impairment was observed in the motoric process, which only consisted of pulling the
joystick in the primary task and therefore did not require a lot of resources. No
significant differences were fmd between the visuglerceptual and the cognitive
task with regard to number of errors and reaction time. However, it is possible that
differences would emerge on a behavioural level rather than on the performance
level. As it was shown that scanning befour in road crossing differs between
older and younger adults (Tapiro et al., 2016), investigation of eye movements could
possibly also show differences between secondary tasks.

Findings of this study can be used to make road crossing safer for yasngell as

for older adults. They underline the need for awareness campaigns, which point out
the risks of multitasking during road crossing. Results also show that crossing points
should be designed in a way that they induce as few additional worklpadsible.

This can be achieved by using smooth sidewalks and minimising billboards,
especially on places which are used frequently for road crossing. Findings of this
study will also help to clarify demands of a pedestrian assistance system for older
adults, which is currently developed by the junior research group FANS at the TU
Berlin (cf. Breitinger et al., 2015). According to current findings, the system should
support users to investigate all resources in hazard detection. That means, execution
of other road crossing imbedded tasks such as scanning the ground for obstacles and
navigation should be done before or after but not in parallel to the primary task.
Whether the same holds true for concurrent walking will be further analyses using a
more realiic walking task.
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Abstract

This experiment aims to study the impact of the sonification of a hand gesture
controlled system on the driver behavior. The principle is to give an auditory
feedback to the driver, irddition to avisualscreen, in order to assistéar devices
interface manipulation. A touchless interface has been tested with a panel of 24
subjects on a driving simulator. Different tasks (pick up the phone, select an item in

a list) involvingthe screen and the interfackad to be performed e user while
driving. To study the contribution of the sound f ec¢
two audio conditions were tested: with and without auditory feedback. The tasks
were performed in lowly and highlyemanding traffic conditions. Driving and gaze
behavior as well as esteacking information were analyzed. Moreover, a
gquestionnaire was used to obtain subjective measurements, such as ease of use and
feeling of safetyThe results show that the sonificat helpeddrivers to feel safer

and more focused on the road. This reswds confirmedby gaze analysis, which

shows that drivers lookignificantly less to thevisual interface whera soundis
presentleading to a safer use of the interface.

Introduc tion

The manipulationofs’v e hi cl e i nf ormation systems is a chall enge
design. These systems are more and more interactive while their complexity is
expanding, leading tmfotainemensystems that include many functions. When the
user & engaged in a primary task (driving), the basic solution that involves a
physical interaction with the device while looking at a visual display is an
interaction way that can certainly be improved. In particular, auditory feedbacks
may decrease the needrfvisual attention and fregand gesture interaction
eliminates the need for reaching the device. The sonification of information is an
emerging discipline that exploits the capacity of sounds to convey information
(Hermann et al., 203Jand many applicains are proposed in particular in the car
industry (Denjean et al., 2013)n this context, touchless interfaces with auditory
feedback may be an interesting alternative to assist and even replace visual
interfaces. Kajastila& Lokki, 2013) showed that aditory interfaces can outpoint
visual interfaces, in particular with fréend (touchless) interaction. A study of
multi-modal controls (visual, audio or visual+audio) ofvighicle information

In D. de WaardA. Toffetti, R. Wiczorek, A. Sonderegger, S. Roéttger, P. Bouchner, T. Franke, S.
Fairclough, M. Noordzij, and K. BrookhuigEds.) (2017). Proceedings of the utinan Factors and
Ergonanics Society Europe Chapter 20A6nual ConferencdSSN 233234959 (online) Available from
http://hfeseurope.org
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systems is presented in (Jakus et 2015) with a driving $mulator. The results
showed that the visual and visual+audio interaction modes are the most fast and
efficient, but no significant contribution of the audio to the visualy mode on the
driving performance and safety is noticed: the main contributiceudfo is that it

increased drivers6 2008ppfesentedracanparative Sumy ni k

on the effectiveness and efficiency of audidy or visualonly interfaces for the
manipulation of a mobile phone while driving on a simulator. They destnated

that audieonly interfaces were effective to control a mobile, particularly when
spatialized auditory cues are used in the audio interface. A study with a real vehicle
on the acceptability of a sonification for GPS navigat{@ardieu et al., 2005
showed that with sounds, the driving was estimated as safer by the drivers, even if it
did not improve significantly the efficiency of the navigation.

In this context, our work aims to assess the contribution of sounds to a visual
touchless interface.he objective is tastudy the impact of thimterfacesonification

on the driver behavipduring the manipulation of an infotainement system in a car.
An experiment was conducted on a driving simulator, with two main experimental
conditions: manipulation fothe interface with visuabnly interaction, or with
visual+audio interaction. Two categories of variables were observed: driving
parameters, recorded by the simulator, but also the driver gaze behavior, recorded by
means of an eyetracking systefdfiter a presentation of the matal and methods of

the experiment, the resulise presented and discussed.

Material and methods

Interface

A graphical interface with gestures command without contact (usireg@ motion
device) was implemented. Six functionategories were created to constitute the

main menu of the infotainement system (phone, air conditioning, contacts, music,
news and GPS). The main menu of the interface is given in figure 1.

Menu principal

.

Climatisation Contacts
“ '

News Navigation

Figure 2. Main menu of the interfaa the invehicle information syste(french version)

! https://www.leapmotion.com

et

al
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Different contactless gestures, necessary to control the interface, were programmed:

91 Selectionof a category in the main menu: the subject has to point with one
finger (indexfinger) which category he/sh&ants to select (selection gesture)

9 Validation this is made by closing the fist (validation gesture)

1 Browsinginto a list of items (draggable carousel menu): this is done by
sweeping the items on the right or left side (horizontalenmnt of the hand on
the right or left)(sweeping gesture)

1 Back returnin the menu: this is done by rotating the hand the palm facing up
(return gesture)

The general framework of the interface is given in figure 2. It allows a real time
control of the screen and of the playaddio samples, according to the gestures
provided by the subject:

T The I eap motion detects subjectd gestures and senc
program (coded in python).

1 The program updates the interface screen in real time and sends informations to
the sound synthesizeP(re Dat& code).

1 The syntheziser sends audio samples to the loudspeakers.

Leap Motion

||
Send data about detection of the gestures ‘

Manages the updating of
the interface’s pages

—‘ Interface screen

Python code

‘ Send data needed for the audio ‘

el Speakers/
ure Data —) Headphones
\ Send the audio signal
Figure 3. Framework of the interface for the realtime control of the screen and the audio

samples

2 https://puredata.infoPure Data (aka Pd) is an open source visual programming language that
processes angeneratssound based on a graphical interface.
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Sonification

Different soundsvere associated to the gestures of the user (sonification) in order to
provide an audio feedback and help the handling of the interface. The sounds were
designed from samples and sounds synthesized on the digital audio workstation
Reapet, with MIDI notes. The following 11 sounds have been designed:

1 6 sounds corresponding to the 6 categories on the main menu, to specify the
area pointed by the hand (selection gesture),

a validation sound (validation gesture)

a sweep / scrolling sound (sweeping gesture fowbirng)

a sweep / validation sound (sweeping gesture for validation)

a back return sound (return gesture)

1 arefusal sound (pepp) (sweeping gesture for refusal)

=a —a —a -8

All the soundswerevery short (between 50 and 300ms) and/tiveredesigred to
be easily recagized by the user.

Experiment

Material
The experience took place on the driving simulator of the IRCCyN laboratory,
shownin figure 3

Figure 4. Picture of the fixedbase simulator used for the driving tests

It is a fixed-basesimulator, which consist ofa compact size passenger car with
actual instrument panel, clutch, brake and accelerator pedals, handbrake, ignition
key, and an adjustable seat with seat belt. The visual environment was displayed on
three 32inch LCD monitors,each with a resolution of 1286720. One monitor

was positioned in front of the driver, with two laterals inclined at 45 deg from the

3 http:/www.reaper.fm Audio processing software


http://www.reaper.fm/
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front one, viewed from a distance of about 1 m and covering 115 deg of visual
angle.An additional screen wasdded tohie simulator for the interface (figure.4)

Figure5. Picture of the screen to display the interface and of the leapmotion to capture the
gestures of the subject

The Leap Motion waglaced in front of this additional screen awhnected to the
computer of the interface. Speakemreplaced behind the simulator screens to play
the sound samples. 8marteye Pro Byetracking systemcomposed of 4 cameras
placed under the three screens in front of the subject,calibrated taneasurethe
location and durationf gaze fixationgglancesyuring the tasks.

Subject and experimental factors

24 sWjects (16 men and 8 woménaverage age 34 students or researchess
Ecole Centrale de Nantes, participated to the tests. The sub@gtt® drive on a
countryside road, on the same route for each scenario. The experimentaivésctor
the sonification condition, with two levels: with sound (s) and without sounds.(w
For each sonification conditiprevery course wasarried outin two different
conditions with no visible danger on the roafteeflowing traffic) and with a
disturbing traffic (a vehicle irfront of the driver that driveslowly and brakes
regularly). Tte latercaseshould yield an increased mental workload (not mea3ure
Four scenarios are thus envisaged:

Scenario 1: no sounétee-flowing traffic
Scenario 2: no sound, disturbing traffic
Scenario 3: with soundree-flowing traffic
1 Scenario 4: with sound, disturbing traffic

= —=a -

Interfacemanipulation &sks
For eactcourseof the scenarigthe following four tasks hd to be completed by the
subject on the interface, inséraight line and in a curve:

1 task 1: Acknowledge receipt of a message {pp) in a straight line
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9 task 2: Select a particular destination on the GP8& ciarve
9 task 3: Select a particular destination on the GPS, in a straight line
1 task 4: Acknowledge receipt of a phone call Gug, in a curve

Tasks 1 and 4 are simple: they require only one gesture from the subject (sweeping
gesture). Tasks 3 and 4 arenmm complex: they require several different gestures
(selection, browsing, validation, back returfhe trigger of the tasksand the
correspondingnstructionswere shown to the subject on the central screen of the
simulator. The tasks ddo be made alwgs on the same location for everial. The

map of the course and the positioning of the tasks are preseffigaé5s

1st task

2nd task = 4thtask

3rd task

Figure 6. Map of the course and location of the four tasks

Test procedure

First, a trainingperiodwas prgosed to the participants so that they get acquainted
with theLeap Motionand with the production of the gestures, with the manipulation
of the interface, and with the simulatdfo subject was familiar with the use of the
Leap motion For the interfacethe subjects were trained without sound first, and
then with soundsThen, &ery subject made each of the four scenarios in a
countebalanced order.

Dependant variables (DV)

The following dependent variablegere consideredfor each subject, each taskdan
each scenarjdetween the trigger of the task and its completion by the subject
Driving variables 9 variables):

1 Completion time of the task,
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Average and standard deviation (SD) of the lateral deviation of the vehicle,
Number of steering wheel reversal

Average and standard deviation (SD) of the speed of the vehicle,

Average and standard deviation of longitudinal acceleration,
Inter-vehicular time.

= =4 & —a A

Eye trackingvariables (5 variables):

1 Glance duration on the interface screen and number of glances,

1 Glarce rate (corresponding to the glance duration divided by the time for
performing the task) on the interface screen,

1 Maximum time of glance duration on the interface screen (without looking back
on the simulator screens),

1 Number of eye movements from thensilator screens to the interface screen.

Questionnaire

A semidirective questionnaire was proposed to the participants after the completion

of each scenario. Different questions were formulated to assess:

1 the global impression: ease of use, feeling oftgafeeling of not looking at the
road,

1 the impression on the sound design: is it disturbing, is it appreciated?

I two open questions, one on the global interface and one on the sound design

Data analysis

Descriptive statistics on the DV showed that fewrgpis data were present in the
recordings. To reduce the effect of these outliers on the DV, a winsorisation was
applied on each DV (extreme values above th& @&rcentile and below the"5
percentilewere setted to the 95and %" percentile respectaly) (Wilcox, 2014).

Each dependent variable (DV) was next analysed with ANON&¢g et al., 2010)

Two ANOVA were carried out:

1T oneway ANOVA with the factor freeflowimgf f i c
traffic; disturbing traffic)
1 two-ways ANOVA withinte acti on with the factors

Asoni fication conditiono (two I-®9vel s:

The significance of the effects wamalysed with the Fisher test (type Il sum of
square) and the associatesiglue (significance level: p<.05)

Results and discussion

Ef fect of the factor fAtraffic conditions?o

The results show that, for alie DVsconsideredthere is no significant effect of the
fitraffic condition® (one way ANOVA, p>.05)The subjects were we focused on

conditiond (

Asubjecto (2

wi t h

sounds

(one way
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the road even when the traffic condition was not difficult because they wanted to
respect as well as possible the driving instructidfu. this reason, this factas
ignoredin the following analyses.

Effects of the 6faot 6ir saiisobjwaypANOVANANEO (two

The results show that the factor HfAsubjecto was sig
DVs (detailed results are not reported here for concision). This is a sign of

singificant interindividual differences in the drimg performances and in the

management of the interface. This result was expected and does not need particular

comments. The interactions subject*sonification was almost never significant.

Table 1 presents the results of the tway ANOVAs for the factofisoni fi cati on
conditiono, for the two categories of DVs (Drivin
significant, the sign of the effect (difference between the level with sound (s) and

without sound (ws)) is mentioned with the relation-sws or ws<s).

Tablel. Results of ANOVAs: significance of the fAsonification
dependent variable@vithout soundw-si with sound s). F-test: * p<.05- **p<.01 i n.s. :
not significant (p>.05)

Dependent variable DV | Task1| Task2| Task 3 | Task 4
Completion time n.s. n.s. n.s. n.s.
Average lateral deviation n.s. n.s. n.s. n.s.
SD of lateral deviation * n.s. n.s. n.s.
W-S > s
Number of steering wheel n.s. n.s. n.s. n.s.
o reversag
Driving [ Average speed n.s. n.s. n.s. n.s.
variables| sp of speed n.s. n.s. n.s. n.s.
Average longitudinal *x n.s. n.s. n.s.
acceleration W-S < S
SD of longitudinal acceleration| n.s. n.s. ** **
W-S>S | W-S>S
Inter-vehicular time n.s. n.s. n.s. **
W-S < S
Glance duratioron the n.s. * * n.s.
interface screen W-S>S | W-S>S
Number of glances n.s. n.s. n.s. n.s.
Eye Glance rate n.s. o ** **
tracking W-s>s | W-s>s | ws<s
variables| Maximum time of glance n.s. xk xk n.s.
duration W-S>S | W-S>S
Number of road-interface eye n.s. ** ** n.s.
movemers W-S>S | W-s>S

The sonification barely influenced the lateral control of the vehicle. The only
exception was a significant reduction of the SD of lateral position with auditory
feedback, but only for task 1. On the other hand, lodgital control was influenced

by sound in different ways depending on the task: increased average acceleration in
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task 1, decreased SD of acceleration in task 3, decreased SD of acceleration and
increasednter-vehicular timein task 4. Although this patterof result is not entirely
consistant, it suggests a moderate facilitation of vehicular control with sonification.

Table 1 shows that the presence of sounds has a significant impact on the eye
tracking variables, mainly for the loagtasks (task 2 an8: manipulation of GPS in

a curve and in a straight lindn these caseghe presence of sounds significantly
decreasg the glance duration, the giee rate, the maximum time of glance duration
and the number afye movements towattie interface. The &jects spent less time
looking at the interface with sounds than without, increasing drigafgty. This
effect was not observed fdine shorer tasks (tasks 1 and 4 reaction to a popp
message). For task 4 (pop in a curve), the glance rate on theeifacewaseven
higher with sounds than withoufor these two short task® $tudy the reactions of
the driverafterthe task completion (not considered in the previous DWs)looked

at the number of visual controls of the driver on the interfafter the task
completion (controls to verify that the pap actuallydisappeared). Thproportion

of visual controls for each tasid each conditiois given in table 2.

Table2. Proportionof visual controls on thmterface aftecompletion of tasks 1 andidthe
two sonifi@tion conditions (without sounev-si with sound s). Significance test of the
difference (@nilateral test of two proportionstest-* p<.05 - *p<.01 T n.s. : not significant

(p>.05))

Task 1 Task 4
W-S s W-S S
Proportion of visual control after| 21/96 15/96 | 17/96 | 5/96
the completion of the task

p-value (unilateral zest of two n.s. (p>17) ** (p<.01)
proportions)

The results showhat for task 4,the presencefesounds significantly decreaséue
proportion of visual controlsafter the task completioprand hence increaséhe
driving safety.

Questionnaire

The questionnaire reports the subjéctss u b j e ct i vstatedajisstsaéies thene nt s
experiment. The analysis of the response can be used tondicationsto better
understand the causes of the significant effects of the sonification condition on the
DVs, based on the feelings of the drivefer the questions about feeling of safety

and feeling of not looking at the road, the responses ratesvareig figure 6 and 7.
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Do you feel safe when you are driving ?

With sound - s = Not at all

m Not really

Yes a little bit

Without sound - w-s

/ H Yes totally

0% 50% 100%

Figure 6. Proportion or responses to the question about safety

Do you have the feeling that you are not
looking at the road when manipulating ?

. m Not at all
With sound - s
m Not really
Yes a little bit
Without sound - w-s
/ H Yes totally

0% 50% 100%

Figure 7. Proportion or responses to the question alfitetiking at the road

The results show that the proportions of responses between the two conditions are
sigrificantly differents for the two questions (multinomial goodness of fit test,
p<.01). With the presence of sounds, the subjgetigedthe interfaceaseasier to

use and haithe feelingof looking more at the road.

Unsurprisingly, 100% of participants peafedto use the interface with sound than
without sound. Thisupportsthe idea that the sound is a useful parameter for the
manipulation of the interface. Finally, concerning theality of sound design, the
participantsconsideed that the soundsvere not troublesomeand 91% appreciated

the sound.
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Discussion

Auditory feedback for touchless interaction marginally influenced driving
behaviour, mainly in the longitudinal control of the vehigbne reasomaybe that
the subjectswere very much engaged irthe driving task during thewhole
experiment with or without soundslnter-individual differences between subjects
were large possibly due to differences in driving style and experience. The
influenceof the soundn that context was relatively weakuithermore, for the short
popups taskstdésks 1 and 4), itwas difficult to observe possible changés
behaviourin the 1 or 2 secondshe tasks required to be completéd particular,
before the validation, the sounildot bring any informationt wasonly useful for

the confirmation ofhetaskcompletion.

On the other handhe interest ofauditory feedback for the manipulation of the
touchless interface was clearly evidenced by the gaze andlydeed, the sound
influencad gaze behavioun a verysignificant way. With the sound, the participants
looked much less at the interface when navigating in the menus or to verify that a
call/messagewas refused or accepted. Furthermore, tloaver number of eye
movementdetweerthe interface and the roaahd theshorterglance duratiorn the

Afisoundo condition shows that the users are feeling
navigation. Theyould consequentlypay more attention tthe road and the driving
task.

The results of the questionnaire confirmstanaysis: with sounds, users are feeling
safer, thanks to a sound design that meets the requirefeastty interpretable by
user, bringing information needed to the navigatamd relieving the visual
workload)

Conclusion

The study showed that the presems auditory feedbackfr the manipulation of a
toucHess interface of an infotainment system in a car significaselgreasedhe
eyesontheinterface time The sonification provides useful information on the
manipulation of the interface, informatidhat canonly be obtainedhrough vision

in the absence of sound. tay increase safety because the driver can be more
attentiveto the road. The interface seermalso easier to use with soundand the
sound allows a more usétendly experience.
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Abstract

Keeping correct distancketween vehicless a fundamental tenet in road traffic

New road signs and markings appearing on motorwaysiradrs in determining

this distance. Howevethe Nagoya experimedt(Sugiyama et al., 2008kvealed

correctdistancemadefollowing safewhile also eventually destabilizing traffic flow.

When traffic becomeslense most driverskeep the minimunsafety distanceand

brake when the vehicle ahead decelerates. The resultant chain reaction along the

entire line of closely following vehicles causes for no apparent reason a traffic

stoppage, known as a 0 p h eanfalloavm@ modelsof6 s hockwaved | am.
Sugiyama et al. foundestain speeddraffic densities, and interehicular distances

combined to congest traffi©rawing upon these and other pbenena (e.g., wave

movement in Mture),car following by Driving to keep Inertia (DI) was conceived

by us asan alternativeto Driving to keep Distance (DD)Three studiegxplored

possible prevention of 0 p heaadnivting smiulatpra ms by adopting
affective andbehaviouraimeasuresvere taken(N=113). The resultomparing the

efficiency of DI vs. DD are summarizedDl promoted a more stable driver

trajectory, in cognitiveaffective and behavioural terms, andwered fuel

consumption byabout 20%.

Background

This paper compares the efficiency of two elementary-fallowing (CF)
techniquesTraffic flow efficiency may bgudged bythe prevalence of four driving
modes: acceleration, deceleration, idling, and cruising (Tong et al., 2000). Efficient
traffic cruises; congested traffic speeds up and slows down, polluting, wasting time
and moneyexasgrating drivers,and risking life. As developed nations adopted
stricter road safety standards, road salubrity worseviekicle emissions now claim

as many lives as crashes do, and possibly more (Caiazzo et al., 2013).

CF models werdirst developed inHe early 1950s. Two main motiegy efforts
since then are thé&lewtonianor engineering CF models and the human factor

In D. de Waard, A. Toffetti, R. Wiczorek, A. Sonderegger, S. Rottger, P. Bouchner, T. Franke, S.
Fairclough, M. Noordzij, and K. Brookhuis (Ed3017). Proceedings of the Human Factors and
Ergonomics Society Europe Chapter 2016 Annuaif@@nce. ISSN 2338959 (online). Available from
http://hfeseurope.org
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models (Saifuzzaman & Zheng, 2014). The rationale behind engineering CF models

is the possibility to appraise and formalise how drivetsirally follow each other.

Characterising and parameterising Normative Driving Behaviour (NDB) have

become important goals since the late 1990s (Brackstone & McDonald, 1999).

Hence, human driversé collective movement i
animds move inNature, and then it is modellised and predicted. But rather than

being aNature issue, CF isurturedby official criteria derived from such technical

documents as thidighway Capacity ManualTRB, 2010). Perhaps drivers practice

cerain NBD, bu they also heedfficial advice keep safety distance.

This advicestems fronthe engineering and human rationale shaping such historical
programmes as tAideHighw8yAAGtsof 1856 dVéemgrdff, 1996).
During the 1920s to 1940s, soaring camevship brought wealth and also fatalities
and traffic jams. Authorities then had to base growth of an adequatierway
network on certain calculations. If 50,000 drivers go from city A to city B daily at a
reasonable pace (say, 100 km/h), what road gagraed capacity (e.g., number of
lanes) would be needed? The answer is straightforward: consider a standard car
speed and braking time (takingravitational force and a standard friction
coefficient). Then consider time needed to slow down from, e.g.,ntaximum
official speed if a car ahead brakes suddenly. Traffic safely cruising through a given
road section should result. The desired following distaseg,2 sconds (s)js
thereby set shaped toglown. Drivers, however, normalRout limits. In England,
95.8% keep less than 2 s and 47.9% less than 1 s (Brackstone et al., 2002).

Talking aboutroad capacitymay be misleading. Topologically speaking, a bucket

has a limited capacity and a hose (road) does not. What prevents roads from being

functiond is the way flows arerdered Hence, congested roads express lack of road

capacity beyond reason, but so pervasively that they have earned a metaphysical

label: phantom traffic jam(Gazis & Herman, 1992). But, why should stoppage

arisenot due toa botteneck (e.g.caused byane loss)? To answer, a shift from
model |l ing coupled vehicles i s needed; now
dynamical phenomenon of amapyar t i cl e systemd (Sugiyama et
The Nagoya experimergtimedto create arartificial traffic jam. Drivers folloved

each other in aircle whose perimeter waa30 m. Participants/ere instructed only

follow the vehicle ahead in safety in addition to trying to maintain cruising velocity

And so they drove and gefree flow. But when the number of drivers wancreased

to 22, fluctuations trippindackwardeasily boke the free flow.Eventually several

vehicleshad tostopfor a moment to avedrashng.

At stake here is longitudinal mechanical waves (Cromer, 18&Ep safetyidtance

is goodadvicefor coupling vehicles on a road section, but, when more than two cars
follow, cars platoon into a nearly perfect medium for wave transmission. As shown
by Sugiyama et al., at some point the oscillatory nature of flowimg spread,
backward to form a soliton of 2%m/h. Carsplatoonedso nicely that drivers, by
virtue of the instruction follow the vehicle ahead in safetgould not avoid
propagating the corresponding disturbancedidtnot matter iftight couplings and
platoons cee fromexternal reduction of spadaddingcarsto thecircuit) or from
voluntary decision (leaving less than 1 s distance to the car ahead).

obser

al

otraffi
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Considering wave mechanicae either eliminate disturbances or deal with the
mediumtransmittingthemi the carfollowing platoon. The former are difficult to
control but not tte latter. To cope with a leabcillatory car (the shockwave origin),

a following car mustbecomeshockwaveproof. Thisremedymay be sought by
reversing the goal of Sugiyama et ahsteal of observinghe cause of congestipn
seeking a means of prevention. To this end, two driveapniqus (DD/DI) are
compared to see if one is more effectiie,cognitiveaffective and behavioural
terms in promoting steadier traveDD is Driving to keep Distance (from the lead
car) and Dlis Driving to keep Inertiagn adaptive, uniform speed) whitar
following. Proposing these two orthogonal driving techniques (aim for uniform
distance vs. uniform speed) opposes the idea of NDB as a unique drigoig m
(Brackstone & McDonald, 1999nd assumesriders can learn to follow a lead
vehicle proactively by changing from an automatic to a controlled operative mode
(Charlton& Starkey 2011) andcapplyingDD or DI as appropriate.

Overview of the studies
Goals

All three studies aimed to check if: A) the same driver calilde in DD and DI

modes when foll owing a | e adollowthe drivingr bi ngé car ; B) dr
techniques by heeding a 10 s instructitimgesentencs); C) DD vs. DI differences

in cognitive-affective andbehaviouralterms were significant (Blanch, 2019)he

relevance of such emotions as anger, fear or anxiety in troubled CF contexts like

congestion have been documented (Shinar & Compton, 2004; Zhang & Chan, 2014).

Additionally, Study3 (Ferruz, 2015) monitored the space occupied by eight virtual

automaton DD drivers following either a DD or a DI participant.

Participants

All participants were licensed driverafie 1). Some were students participaiimg
exchange foacademic creditpthers were invited via billboards at nearby shops,
driving schools, restaurants, and the like.

Table 1. Main demographics of participants

Study 1 Study 2 Study 3

(Blanch, 2015) (Blanch, 2015) (Ferruz, 2015)
N 44 44 25
Gender 20 men/24 women 7 men/37 women 13 men/12 womer
Age 23.3 years 20.7 years 21.3 years
Education 84.1% university 68.2% university 100% university
Driving experience 4.07 years 2.81 years 2.68 years
Km per year (%) 59.1% < 10,000 59.6% <10,000 44.0% <10,000

Desgn

The three studies shared the same experimental design, a repeated measures model
controlling for order. Manipulation of driving technique (DD, DI) was the within
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subject factor. Order (DIDI, DI-DD), randomly assigned, was the betweaeibjects

factor. The set of dependent measures concerned cogeitiagtional and

behaviourai ndi cators (table 2). The participantsd basic
in a straight line, for 4 minutes on a simulated road, and following a vehicle

accelerating and deceleragi (until stopping) cyclically, similar to what occurs in

very congested traffic.

Materials

The studies were conducted in two rooms at the faculty laboratories of a Spanish

university: a booth where participants executed the tasks and an adjoiningvithom

two-w a y gl ass and a monitor di splaying the particip
responsesOne main study objective waharacterizing the psychophysiological

activity under DD and DISkin conductance response (SCR) was recorded with an

MP36 unit (BIOPAC Systems, Inc., Goleta, CA, USA) at a sampling rate of 50 Hz

by using two disposable A8gCl electrodes attached to the left hypothenar

emi nence. Mean SCR was calculated in microsiemens (:
The MP36 unit connected to a standBfd running Windows XP.

Selfreport measures of affective state were also collectethei&elf-Assessment
Manikin (SAM), a nonverbal pictorial rating technique (Lang, 1980). SAM was
applied to measure the affective state aftssktexecution in the sirfator. It
provides data on three general affective dimensions: valence, arousal, and
dominance.SAM has been widely used and validated in psychophysiological
research and has normative data adapted to the Spanish population (Molt6 et al.,
1999). The valere scale ranges from 1 (pleasure) to 9 (displeasure). The arousal
scale ranges from 1 (exciting) to 9 (relaxing). The control scale ranges from 1 (low
dominancgto 9 (highdominancég.

One of the earliest goals of this research was designing a 3D driwingasir able

to run on a standard PC in distant workplaces and laboratétesctFollower

(Impactware, 2014 based on UNITY software, was developed and customized to

change certain parameters (e.g., speed, frequency ofastigp cycles, etc.)

externaly, via XML. The focus was on materialising the possibility to study DD/DI

against different oscillatory patterns of the lead vehicle. Participants were shown

three scenarios, always in one lane on a straight road: A) participant drives alone on

theroad(hways in a natur al positioifcle)ypBhy the driverds vir
participant drives behind another vehicle travelling at taomisspeed of 3 m/s (10.8

km/h); C) participant drives behind another vehicle traveling with constantastdp

go cycles of a sinusoidal function built at a mean speed of 3(dd& is presented

only from C). Participants could control acceleration/deceleration of their vehicle

only by pressing o6canppltel keymoardWa e no wsu pdn wa s

pressed, itacceleratadn d mai nt ai ned a constant speed when rel ea
was pressed, it decelerated. Acceleration/deceleration was in discrete increments: to

accelerate or decelerate continually participants had to press the keys repeatedly.

The simplest option (keyland) was preferred to enable all participants to use the

software with basic hardware equipment, and to level differences in expertise with

video game keyboards. Finally, no direction changes were intended, just regulating

speeddistance in a straight laneThe driving simulator worked on an HP
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TouchSmart ig522es computer with &i28h screen, NVIDIA GeForce 9300m GS
video card and 4 GB RAM, Intel Core 2 Duo Processor T6400 2.00 &htt,
Windows 7 operating systenA precision Apple USB keyboard (PCB Ditl¢
V2012) was used. The simulator collected, among others, variables for speed,
distance to leader, and fuel consumpti@ngross estimate obtained considering
variations in speed per frame, see table 2)

Procedure

Scenarios A/B were designed as contriisscenario Cparticipans wereaskedto

follow the lead vehicle and adopt one of two driving techniques (DD or DI) though

they never received an explicit verbal label for either. The gmmenforming the task

in DD-DI order received this instructioffirst f o r DD: 6ln the simulated drivi
scenario that you will enter, you will see a vehicle ahead of you and it will not move

at a constant speed. Sometimes it will go faster or slower. We ask you to travel

behind that vehicle as closely as possible witmouts ki ng a col |l i sion. & Foll owing
they used the simulator and themere given the SAM scales. Afterwards, the

instruction for Dlwas provided 61 n the simulated driving scenari o,
vehicle ahead of you and it will not move at a constpaed. Sometimes it will go

faster or slower. We ask you to travel smoothly behind the vehicle and maintain a

constant speed, without l etting the | ead vehicle mo
the supplementary condition (IID) read the same texts in exge order.

Overview of main results

Datawere subjected to a repeated measure ANOVA having two levels of driving
orientation (DD, DI). Table 2 presents the main results concer8@DB SAM
scales Yalence, arousal, dominanceand performance indicatofspeed, distance,
fuel consumption) from the three studi&kin conductance was systematically and
significantly higher for DD vs. DI in all three studieS-1, p < .001; S2, p < .001;

S3, p = .046, qu = .16 to .37. Regarding SAM subscalgedifferences concerning
valence were significant only in Study 2, with DI being judged as more pleasurable
than DD ¢ < .001, d_o2 = 58). Arousal was significantly higher for DD vs. DI in all
three studiedS-1, p = .004; S22, p < .001; S3, p < .001, d,° = .18 to .49)
Dominance was higher for DI in-B (p < .001 d,* = .27) and & (p < .001,d,’ =

.37), but not in 3 (p = .11).Regarding performance indicators: Average speed was
lower for DI in all three stud®(S-1,p < .001; S2,p<.001; S3,p = .004,d.[,2 = .26

to .39, and also speed variabilif$-1, p < .001; S2, p < .001; S3, p <.001, q,f =

.68 to .89. Conversely, average distance to leader was always smaller und&- DD (
1,p<.001; S2,p<.001;S3,p< .OOl,clp2 = 57 to .60Q. Finally, fuel expenditure
was lower under DI in the three studi&s]| p < .001; S2,p < .001; S3,p <.001,

dy’ = .75 to .89.
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Table 2. Means corresponding to main variables

Study 1 Study 2 Study 3

DD DI DD DI DD DI
Skin conductance 8.04 6.55 9.47 8.18 11.11 9.26
Valence 3.45 3.45 5.79 2.93 3.48 3.52
Arousal 3.93 5.07 3.11 5.61 4.24 5.76
Dominance 6.25 7.20 4.91 6.77 5.68 6.44
Speed (m/s) 3.08 3.05 3.07 3.03 3.07 3.03
Speed variability (m/s) 2.57 1.44 2.54 1.44 2.24 .99
Distance to leader (m) 6.60 11.90 7.70 17.60 9.25 19.40
Fuel expenditure (1) 194 15.0 18.6 15.1 19.7 13.9

Figure 1.Mapping valence and arousal dimensions upon discrete emotions (Stt8jies 1

In sum, cognitiveaffective indicators portrayed DI as a maccomfortable way of
following a lead oscillatory vehicl&SCR and SAM reports indicate DD drivers feel
more arousal than DI ones (8] and less dominance (&), but only S2 shows
valence differing. Following Cai & Lin (2011; see also Zhang & Chan, p(Hig. 1
tentatively maps results for valenearousal dimensions (SAM) and discrete
emotionsPerformance indicators pointed to two orthogonal driving approaches, DD
(aiming for uniform and shorter distance) vs. DI (aiming for uniform speed and
longer disance).DI participants absorbed leader disturbance; moving at a more



