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Executive Summary

This is a report that complements the data provided for D5.3 “Experimental data relevant to model
development” on:

https://panteia.sharepoint.com/:f:/r/sites/i4Drivingdatastorage/ Shared%20Documents/WP5/Logs% 20C
TAG/T5.2?csf=1&web=1&e=kHYbmb.

The main objective is to provide the full context of the tests conducted on low-medium speed and high
speed test tracks to supportthe development of the model. This includes the definition of the tests
execution, the description of the data collected and a preliminary analysis on the data agnostic to the
model itself.

The overview of the test track facilities, experimental design of the tests and the evaluation criteria of
the hypotheses was already provided in D5.2 “Evaluation criteria and detailed description of field
experiments”.
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1. Introduction

The development of the model is closely linked to field experiments as a means of adding information
on human factors to the model. The starting point for this process was carried out by WP1 with the
definition of hypotheses summarising the model requirements. Based onthese, WP5 designed the test
track experiments and defined their data collection with the aim of providing data to enrich the human
driver model.

The main purpose of this report is to provide the full context and results of the experiments conducted
at low-medium and high speed test tracks.

The document is structured as follows:

e Section 2, Test execution, summaries information on the test design and the work on the test
tracks.

e Section 3, Data collection, describes the measurements acquired during the test execution that
will be transferred to the model development.

e Section 4, Data analysis, presents the preliminary results (model independent) from the testing
of the hypotheses.

2. Test execution

As describedin D5.2[1], i4Driving has automotive proving grounds equipped with relevant infrastructure
to run experiments that recreate a wide set of real-world situations. One of them is located at CTAG's
facilities (low-medium speed test track) and the other one 400 km away from CTAG, in Le6n (high
speed test track). The main road characteristics of these versatile test tracks are:

e Low-medium speed test track: two lane low-medium speed test track with a 450 m long oval.
e High speed test track: two lane high speed test track with two 1.2 km long straights.

2.1 Low-medium speed test track

Two experiments have been designed and executed in the low-medium speed test track of CTAG's
facilities according to their feasibility within the catalogue of essential hypotheses proposed by the
project [2].

o TTE_InterUrb_01, to test one hypothesis on communication of intention, in particular the effect
on the driver behaviour of a following vehicle exerting social pressure, with or without the
presence of alead vehicle. This experiment also explores how light conditions affect driving by
running it twice considering night, TTE_InterUrb_01_N, and day light, TTE_InterUrb_01_D.

e TTE_InterUrb_02, to test two hypotheses on driving task demand, in particular the effect on
driver behaviour when it is required a non-driving related task (reading a text) while driving
following a lead vehicle.

Both experiments have been run together from 2 February to 15 March 2024 early in the morning
(before sunrise to enable to run TTE_InterUrb_1_N in the same session with the rest of experiments)
following the next sequence:

Warm up, to familiarize the participant with the vehicle and the test track.
Execution of TTE_InterUrb_01_N (night light conditions).

Execution of TTE_InterUrb_02 (day light conditions).

Execution of TTE_InterUrb_01_D (day light conditions).

PwNPE

The participant drove in manual mode the car and counted with the support inside the car on:

¢ Human factor technician, to provide the participant with the guidelines to execute the test.
e Logging technicians, to log the data needed to analyse the experiment (see Data Collection
chapter for more details).



In addition, two other vehicles driven by CTAG’s staff were involved in the tests:

e SVI1 (surrounding vehicle 1), as follower vehicle in TTE_InterUrb_01 to exert social pressure
and as lead vehicle in TTE_InterUrb_02.
e SV2 (surrounding vehicle 2), as lead vehicle in TTE_InterUrb_01.

2.1.1 TTE InterUrb_01 - Driving with social pressure

The objective of TTE_InterUrb_01is to explore the essential communication hypothesis COM B1 (Table
1) to measure what impact social pressure from vehicles behind has on the driving behaviour of EGO

vehicle.

Table 1. Hypothesis and corresponding correlation for TTE_InterUrb_o1

COM B1 Social pressure from vehicles behind Correlation between social pressure
forces leading drivers to increase speed. condition and speed change

The design of the scenario consists of 4 rounds with different surrounding vehicles and conditions to
enable comparisons to validate the hypothesis. The sequence (Figure 1) is as follows:

Round #1, participant is asked to drive considering a speed limit of 50 km/h.

Round #2, follower vehicle enters the experiment to exert a soft social pressure with short
headways and lateral movements.

Round #3, same as round #2 and lead vehicle enters the experiment at 30 km/h.

Round #4, same as round #3 but follower vehicle exerts a hard social pressure with lights and

horn.
EGO in free driving EGO with soft social pressure
Round #1 Round #2
LD e (n) ~Q_@ @
EGO with soft social pressure and lead vehicle EGO with hard social pressure and lead vehicle
Round #3 Round #4
30 km/h ‘ 30 km/h
O~ ege Wz () e e

Figure 1. Experiment design of the 4 rounds in TTE_InterUrb_o1

Every round is along the 450 m track oval where the participants were asked to ignore the traffic lights
for the sake of repeatability. More than 40 participants (see Data Analysis chapter for more details)
participated in this experiment in the both versions: TTE_InterUrb_01_D, with day light conditions, and
TTE_InterUrb_01_N, with night conditions, to measure the impact of this external factor on the driving
behaviour (Figure 2 shows the view from the EGO vehicle of the same sector of the test track in both
conditions to appreciate the difference in light).



2.1.2 TTE_ InterUrb_02 — One-lane car following with NDRT

The objective of TTE_InterUrb_02 is to explore the essential task demand hypotheses TD Al and TD
A3 (Table 2) to measure what is the effect of speed, lane changing desire and headway on driving task

demand.

Table 2. Hypotheses and corresponding correlations for TTE_InterUrb_02

D Al Task Demand increases with speed.
D A3 Task Demand increases with shorter
headways

Correlation of speed change and
driver workload over time
Correlation between headways (time
and distance) and driver workload
over time

Correlation between physiological
responses  representing  driver
workload and headway (time-to-
collision and distance) over time

The four rounds of the experiment are designed to compare free driving with car following conditions
while reading a text at two different speeds (Figure 3). All participants driven the rounds in the following

sequence:

e Round #1, participant is asked to drive considering a speed limit of 30 km/h while reading a text

placed in the central dashboard.

Round #2, same as round #1 but with a lead vehicle at 30 km/h.
Round #3, same as round #1 but with a speed limit of 50 km/h.
e Round #4, same as round #3 but with a lead vehicle at 50 km/h.



EGO with NDRT at low speed EGO with NDRT and lead vehicle at low speed

EGO with NDRT and lead vehicle at medium speed

Figure 3. Experiment design of the 4 roundsin TTE InterUrb_o02

Round #1 Round #2
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Four different versions for reading were used for this second study (Figure 4). It was not employed the
same text to avoid drivers could anticipate the manuscript. Participants read the text out loud to be sure
they did follow the reading. In the second round (30km), some letters were missing to increase driver
workload. With 50km/h speed conditions it was avoid increasing the difficulty of textdue safety reasons.
When drivers finished the round, it was asked to provide an ARWES punctuation.

La teoria mas conocida sobre el origen del universo se centra en
un cataclismo césmico sin igual en la historia: el Big Bang. Esta
teoria surgié de la observacién del alejamiento a gran velocidad
de otras galaxias respecto a la nuestra en todas direcciones, como
si hubieran sido repelidas por una antigua fuerza explosiva. Antes
del Big Bang, segln los cientificos, la inmensidad del universo
observable, incluida toda su materia y radiacion, estaba
comprimida en una masa densa y caliente a tan solo unos pocos
milimetros de distancia. Este estado casi incomprensible se
especula que existio tan sélo una fraccion del primer segundo de
tiempo. Los defensores del Big Bang sugieren que hace unos
10.000 o 20.000 millones de afios, una onda expansiva masiva
permitié que toda la energia y materia conocidas del universo
(incluso el espacio y el tiempo) surgieran a partir de algun tipo de
energia desconocido. La teoria mantiene que, en un instante (una
trillonésima parte de un segundo) tras el Big Bang, el universo se
expandié con una velocidad incomprensible desde su origen del
tamario de un guijarro a un alcance astronémico. La expansion
aparentemente ha continuado, pero mucho mas despacio,
durante los siguientes miles de millones de afios. Los cientificos no
pueden saber con exactitud el modo en que el universo evolucioné
tras el Big Bang.

Al sal r el sol del nu vo dia, la tri u de los delawar s present ba una
escena de desolacién y de d lor. El ru do del combate habia ce
ado; los gr tos de victoria, tam ién; los delawares habian de
ostrado mas g e sufi ienteme te el v lor y la dign dad de que eran
ca aces, derrot ndo a los huron s. Pero na ie se s ntia ale
re, y el a ciano patriarca daba m estr s de tal abati iento que
parecia ¢ mo si en unas ho as huble e pasado por su ¢ erpo otro
sig o de existen ia. Al ca pamento de los delawar s habia lle
ado un ofi ial franc’s, luciendo un vistoso unif rme. Era su m sidn
impe ir aquella guerra, perono t rdé en comp obar que habia lleg
do dem siado tarde. Bus ando el calor de un unifor e, por
cuanto ah ra no est ban en guerra, el recién llegado se ac rcd a
Duncan, q e tenia fija la m rada en seis jo enes donc llas delawar s,
cu\,rastrerﬂ as negras flo aban sobre sus ho bros y echa an con mano
tembloro a algu as hierbas olor sas y péta os de flores sob e la
litera de pl ntas aromdticas donde re osaba la no le y gener sa Cora.
A sus pies, se hall ba se tado el afligido Munro, incli ada al su lo su
venera le cabeza. 1.
Fenimore Cooper, El Gltimo mohicano.



MODO DE VIDA URBANO

Las complejas exigencias de vivir en los ambientes urbanos
influyen negativamente en el estrés y en el bienestar emocional
de las personas. Son muchos ciudadanos los que experimentan
soledad y aislamiento en las grandes ciudades, lo que, segin
diversas investigaciones, puede llevar a problemas de salud
mental. En un estudio publicado en "The British Journal of
Psychiatry” en 2004, la doctora Kristina Sundquit y otros colegas
descubrieron que tanto los hombres como las mujeres que vivian
en centro urbanos experimentaban mayores tasas de depresién y
psicosis que aquellos que vivian en nicleos rurales, Los factores
mads importantes gque hacen que los habitantes urbanos sean mds
susceptibles de sufrir depresiones son: el hecho de vivir solos, su
condicion de inmigrante y su nivel de educacion. Las redes
sociales, el apoyo comunitario y tener amigos locales hacen que
vivir en el campo sea una mejor eleccidn a la hora de soportar los
niveles de estrés,

El Minotauro, una monstruo mitad toro y mitad hombre, vivia en
la isla de Creta, encerrado en un laberinto. Era un monstruo tan
terrible que para calmar su enojo los habitantes de Creta debian
ofrecerle cada afo, catorce jovenes para que se alimentara.

Un dia llegé Teseo, un valiente joven decidido a acabar con el
Minotauro: no tenia miedo e iba bien armado. El verdadero
problema que enfrentaba era como salir del laberinto una vez que
entrara y acabara con el monstruo. La hija del rey, Ariadna, le
ofrecié un hilo para que lo fuera soltando dentro y asi pudiera
conocer el camino de regreso.

Con su valentia y la ayuda de Ariadna, Teseo logro acabd con el
Minotauro y regreso victorioso a casa.

Figure 4. Texts used in the study TTE_InterUrb_o02

As in TTE_InterUrb_01, every round is along the 450 m track oval where the participants were asked
to ignore the traffic lights for the sake of repeatability. More than 40 participants (see Data Analysis
chapter for more details) participated in this experiment. Figure 5 shows the view of the participant
inside the vehicle where the text to be read (secondary task) is located in the central dashboard.

Figure 5. Participant view where the paper to be read can be seen in the central dashboard

2.2 High speed test track

A proof of concept has been designed and executed in the high speed test track according to the cut-
out regulation case fromthe UN Regulation No 157 [3] and described [4] for the safety-critical situations:

e TTE_InterUrb_03, to capture driver's behaviour under emergency manoeuvres.



2.2.1 TTE_ InterUrb_03 — Cut-out regulation case

The scenario, Figure 6, consists of two lead vehicles driving at the speed limit. When the first lead
vehicle decreases its speed, the precedent car realizes a cut-out manoeuvre. So, the EGO vehicle has
to adapt the car-following speed with respect to the new leader or overtake the car-following vehicle.
The situation is tested twice, one with a speed limit of 60 km/h, the other round driving at 80 km/h.

Round #1 . Round #4 .
ﬁ decelerating
Cut-out @

e oy e ovwrlige oG

Round #2 l Round #3 I
Cut-out @ decelerating

7._@15 en® u é"@gj — @

Figure 6. Test design of rounds in TTE_InterUrb_o03

The test has been run by 12 participants from 8 May to 9 May 2024 at high speed test track according
to the next order (half of the sample drove first the round at 60kmv/h following the 80km/h and the other
half run first at 80km/h and the next one at 60km/h):

e Round #1: First Egocentric Distance Perception Task (Figure 7), where participants should
estimate the distance of a person from the front of the car (3 distances: 50, 70 and 120m
presented in a randomized order). Before it was provided a reference placing a cone at 20 m.

e Round #2 (round #1 in Figure 6): Control round at 60 km/h, to circulate at the test track at 60
km/h.

e Round #3 (round #2 in Figure 6): Control round at 80 km/h, to circulate at the test track at 80
km/h.

Round #4: Second Egocentric Distance Perception Task similar step 1.
Round #5 (round #4 in Figure 6): Experimental round where drivers were asked to drive a set
speed of 60 km/h. (cut-out manouvre).

e Round #6 (round #3 in Figure 6): Experimental round where drivers were asked to drive a set
speed of 80 km/h (cut-out manouvre).

4 T
ca® s

Figure 7. Test design of egocentric distance perception task



Figure 8. Snapshot of cut-out maneuver during the tests of TTE_InterUrb_o3

3. Data collection

The main purpose of thetests in test tracks is to provide the model with real data for its development.
Each data provider is free to design its own data management process to build a data format with the
measurements needed to study the hypotheses.

In parallel, this data is also used for a preliminary analysis of results (see Data Analysis chapter for
more details).

The data format of low-medium and high speed test tracks is a plain text file with in-time synchronized
information from the vehicles involved in the tests. D5.2 [1] pointed out the main sources of data for the
logging of each vehicle and this document details the measurements associated to each source as the
key requirements to collect the information needed to validate the hypotheses. This information is

complemented in the data format with a signal of time and an integer from 1 to 4 indicating the number
of round of the experiment.

Figure 9 summaries the logging points at each vehicle involved in the experiments.

ﬂjiff(esrlfgtial SV'I\ / sz\
1 Mobile Eye
Gifferential E60\
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Figure 9. Logging capabilities of every vehicle

Table 3 shows the selection of measurements logged in the three sources of kinematics data in the
EGO vehicle: differential GPS, CAN bus and Mobile Eye. This means that the requirements include
precise GPS positioning, CAN bus information to report the driving behaviour and detections from

Mobile Eye with information regarding surroundings such as lines on the road and detection of other
vehicles.



Table 3. EGO kinematics data from CAN bus, Mobile Eye and differential GPS

EGO_gps_latitude (decimal degrees)

EGO’s latitudinal position in world coordinate
system

EGO_gps_longitude (decimal degrees)

EGO’s longitudinal position in world
coordinate system

EGO_speed (km/h)

EGO’s speed

EGO_longitudinal_acceleration (m/s2)

EGO’s acceleration in longitudinal direction

EGO_lateral_acceleration (m/s2)

EGOQO’s acceleration in lateral direction

EGO_yaw rate (degrees/s)

EGO’s rate of change of yaw angle

EGO_brake_pressure (%)

EGO'’s pressure in brake pedal

EGO_gas_pedal (%)

EGO’s pressure in gas pedal

EGO_rpm

EGO’s revolutions per minute

EGO_left_blinker

EGO'’s left indicator of blinkers

EGO_right_blinker

EGO’s right indicator of blinkers

EGO_steering_wheel_angle (degrees)

EGO’s steering wheel angle

EGO_steering_wheel_rate (degrees/s)

EGO’s rate of change of steering wheel angle

EGO_headway (m)

EGO'’s distance to lead vehicle

EGO_distance_left_lane (m)

EGO'’s distance to left line

EGO_distance_right_lane (m)

EGO’s distance to right line

In addition to that, an eye tracking device collects information on the gaze of the driver. This powerful
tool provides with valuable information on glance behaviour, in particular, it has a feature to segment
the scene virtually based on the pre-definition of the zones of interest. The rest of measurements will
be framed in these areas. TTE_InterUrb_01 and TTE_InterUrb_02 have common needs that allow the
design of a single virtual world for later comparisons. Figure 10 shows these zones under study:
windshield, the three mirrors, instrument cluster and central dashboard (reading area in
TTE_InterUrb_02).

windshield
right

instrument Ty *
cluster

Figure 10. Smart Eye world zones in EGO vehicle

Table 4 compiles the registration capabilities of Smart Eye, including the mentioned zones and position
of the gaze within them, as well as measurements on the head rotation, gaze direction, eye lid or pupil
diameter. All of them have an associated quality value (with the same name but with a q suffix) ranging
from 1.0, a measurement where the system is very confident, to 0.0, the system has no confidence on
the measurement.



Table 4. EGO eye tracking from Smart Eye

EGO_SE_zone EGO’s world zone the gaze direction
intersects with.
EGO_SE_zone_x (mm) EGO’s x position in world the gaze
direction intersects with.
EGO_SE_zone_y (mm) EGO'’s y position in world the gaze
direction intersects with.
EGO_SE_zone_z (mm) EGO’s z position in world the gaze
direction intersects with.
EGO_SE_head_rotation_x (rad) Rotation matrix of the head pose pointing
out of the left ear
EGO_SE_head_rotation_y (rad) Rotation matrix of the head pose pointing
upwards from the head center
EGO_SE_head_rotation_z (rad) Rotation matrix of the head pose pointing
forward out of the nose
EGO_SE_head_rotation_g Quality value (0...1) of the origin of the

head rotation

EGO_SE_gaze_direction_filtered_x (cm) | The x component of the gaze direction
unit vector with a median filter applied.
EGO_SE gaze direction filtered_y (cm) | The y component of the gaze direction
unit vector with a median filter applied
EGO_SE_gaze direction_filtered_z (cm) | The z component of the gaze direction
unit vector with a median filter applied.

EGO_SE_gaze direction_filtered_q Quality value (0...1) of the Filtered Gaze
Direction.

EGO_SE_eye_lid_opening (mm) The average eye lid opening value

EGO_SE eye lid_opening g Quality value (0...1) of the Eye Lid
Opening.

EGO_SE_pupil_diameter (mm) The consensus diameter of the pupils of
both eyes.

EGO_SE_pupil_diameter_q The quality value for the PupilDiameter.

The value depends on how distinct the
pupil/iris edge can be detected. The value
is normalized and will be in the range of
[0.0, 1.0].

SV1 collects the same kinematics data (Table 5) as the EGO vehicle in Table 3.

Table 5.SV1 kinematics data CAN bus, Mobile Eye and differential GPS (follower vehiclein TTE InterUrb_o1
and lead in TTE_InterUrb_02)

SV1 gps_latitude (dec degrees) SV1’s latitudinal positionin world coordinate
system

SV1 _gps_longitude (dec degrees) SV1’s longitudinal position in world
coordinate system

SV1 speed (km/h) SV1’'s speed
SV1_longitudinal_acceleration (m/s2) [ SV1’s acceleration in longitudinal direction
SV1 lateral_acceleration (m/s2) SV1’s acceleration in lateral direction

SV1 _yaw rate (degrees/s) SV1’s rate of change of yaw angle
SV1_brake_pressure (%) SV1’s pressure in brake pedal

SV1 gas_pedal (%) SV1’s pressure in gas pedal

SV1_rpm SV1’s revolutions per minute
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SV1 left blinker SV1’s left indicator of blinkers
SV1_right_blinker SV1’s right indicator of blinkers
SV1_steering_wheel_angle (degrees) | SV1’s steering wheel angle

SV1_steering_wheel_rate (degrees/s) | SV1’s rate of change of steering wheel angle

SV1_headway (m) SV1’s distance to lead vehicle
SV1 distance_left_lane (m) SV1’s distance to left line
SV1_distance_right_lane (m) SV1’s distance to right line

Finally, no need to equip SV2 with logging devices because of its side role in the experiments but, just
in case, a GPS antenna is placed to validate the logging of the other vehicles.

Table 6. SV2 kinematics data from GPS (lead in TTE_InterUrb_o1)

SV2_gps_latitude (dec degrees) | SV2’s latitudinal position in world coordinate

system

SV2_gps_longitude (dec degrees) | SV2’'s longitudinal position in world coordinate
system

SV2_speed (km/h) SV2's GPS speed

With these input files, and the corresponding post-process scripts to synchronize and harmonize the
measurements, asingle file perexperimentand participant was generated. The fieldsinthis filedepend
on the experiment (see following subchapters for details) but it is essentially a csv file with the
measurements separated by commas (F|gure 11).

rees) ,EGO_gps_longitude (dec degre

_lateral acceleration (m/s2),EGO_yaw rate (degrees/s )

), EGO_spes d(lm/)EBDl‘)g udis
s

000002, -0, 040100000000
10000000000002, -0. 0406
74, ooulooooooooooooos -

0000000000003, 0.0, 3.
-,351. 5000000000003,
eld, 330 2000000000003, 355..8,0.0,0

.0,0.0,xl.@,1534.0,0.0,(1. 2.6,0.0,0.0,,2
,0.0,0.0,-2.0,0.2,0.0,,2.48

Figure 11. Snapshot of the content of a file in the data format

For the sake of clarity, these files are stored in the repository following the naming convention:
experiment ID + participant ID, for example TTE_InterUrb_01_D_ID01.csv.

3.1 Low-medium speed test track

Due to the different number of vehicles and their roles, each experiment has its own data format.

3.1.1 TTE InterUrb_01 - Driving with social pressure

The dataformatof TTE_InterUrb_01 includes the complete set of measurementsfor: EGOvehicle, SV1
as follower vehicle exerting the social pressure and SV2 as lead vehicle. On top of that, it is also
provided the common timestamp in local time zone and the number of round within the experiment.

hh:mm:ss.ffffff in local time zone + number of round of the experiment + EGO kinematics data + EGO
eye tracking + SV1 kinematics data (follower) + SV2 kinematics data (lead)

3.1.2 TTE_ InterUrb_02 — One-lane car following with NDRT

The data format of TTE_InterUrb_02 includes the complete set of measurements for: EGO vehicle and
SV1 as lead vehicle. On top of that, it is also provided the common timestamp in local time zone and
the number of round within the experiment.

hh:mm:ss.ffffff in local time zone + number of round of the experiment + EGO kinematics data + EGO
eye tracking + SV1 kinematics data (lead)

3.2 High speed test track

Experimentin high speed test tracks follow the same data format as the ones in low-medium speed.
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3.2.1 TTE_ InterUrb_03 — Cut-out regulation case

The dataformatof TTE_InterUrb_03includes the complete set of measurementsfor: EGOvehicle, SV1
as lead vehicle doing the cut-out maneuvre and SV2 as lead vehicle decelerating. On top of that, it is
also provided the common timestamp inlocal time zone and the number of round within the experiment.

hh:mm:ss.ffffff in local time zone + number of round of the experiment + EGO kinematics data + EGO
eye tracking + SV1 kinematics data (lead vehicle doing cut-out) + SV2 kinematics data (lead vehicle
decelerating)

4. Data analysis

The objective of this section is to provide the model equipment in WP2 with some preliminary data
processing to highlight some aspects of the tests. This means that the results in the next subsections
are completely agnostic to the model and they are only addressed to provide the main significant
findings based on the experience of both the teams that designed the experiments and run the tests in
thetracks. So, this effort does not intend to replace butto serve as a starting pointforthe understanding
of driver behaviour in the experiments.

This analysis is mainly based on the validation of the hypotheses proposed in D5.2 [1] through
correlations that establish a relationship between the driving behaviour and the heterogeneity of the
sample.

In order to provide a complete picture from different perspectives, d ata processing for the tests takes
place at three levels:

o Sample profile, to characterize the sample in terms of the driver heterogeneity .
e Subjective analysis, to study the information collected by the questionnaires.
o Objective analysis, to study the relationships between objective and subjective data.

4.1 Low-medium speed test track

The objective of thetestsinthe low-medium speedtest track isto dive into 3 of the essential hypotheses
(Table 1 and Table 2) suggested by the project [2] with the aim of inferring trends in driving behaviour
across the four categories of driving heterogeneity under study: gender, age, driving experience and
driver skill inventory regarding safety profile.

Sample profile

The analysis of the sample profile is common to TTE_InterUrb_01 and TTE_InterUrb_02 as both
experiments were conducted together. A total of 42 participants took part in the two tests performed at
low-mediumspeedtest track. They answered to an online testto provide informationto obtain the profile
of the sample. As it can be observed in Figure 12 around the half of the sample were men.
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Gender

m Man = 'Women

Figure 12. Gender pie chart for low-medium speed test track

Moreover, it is pointed out that only 12% of them were young drivers (Figure 13), they were less 25
years old, while most of sample was composed of people with an age between 25 and 65 years old.

Age

m<25 = 25-65

Figure 13. Age pie chart for low-medium speed test track

Around ¥ of drivers run between 10000 and 25000 km/year and half of all participants have more than
11 years with driving license (Figure 14).
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Number of kilometers driven per year: Number of years with driving licence

for car:
(3) 7%

V/

= 225000 kmfyear = 10000-25000 = =10000 kmfyear = N5/ NR
1<11 w211

Figure 14. Number of km./yearand driving license experience pie charts for low-medium speed test track
drivers

Considering safety profile of drivers according to DSI scores (Figure 15), around half of the sample
presented a high safety trend and the other half a low safety tendency.

Safety Level

= Highsafety = Low safety

Figure 15. Safety profile pie chart for low-medium speed test track drivers

Around half of the sample drive daily in city traffic, on interurban or rural environments or on freeways.
Furthermore, about 80% of them less often ride a bicycle in city traffic. It could also indicate that around
a third of participants run acaron motorways each week and the similar percentage do thateach month
(Figure 16).

How often do you drive a car in city How often do you drive a car on interurban
traffic? area?
100% 100%
B0% 80%
0% 55%
60%
38%
20 5% 0%
40%
20% < -
20% T T 0% — —
0% _— _— Less often Each month Each week Daily
Less often Each month Each week Daily
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How often do you drive in a rural
environment?

100%
B0%
B0%
43%
40%
17% 17% %
]
w1 |
Less often Each month Each week Daily
How often do you ride a bicycle in city
traffic?
100%
79%
80%
B0%
40%
14%
20% 7 -
- | —
Less often Each month Each week Daily

100%

80%

60%

40%

20%

0%

100%

BO0%

60%

40%

20%

0%

How often do you drive a car on freeways?

45% 43%

5o 7%
— |
Less often Each month

Each week

Daily

How often do you drive a car on motorways?

33% 29% 29%

Less often Each month

Each week

10%

Daily

Figure 16. Scenarios where drivers usually drive for low-medium speed test track participants

4.1.1 TTE_InterUrb_01 - Driving with social pressure

Subjective analysis

In this first study, participants rated the social pressure in the 3 conditions where they runin a round
with social pressure as described before. In the condition with soft social pressure, round #2, the
average for the night condition was 2.11 points (SD = 1.24) while the average for the day condition was
lower (M = 1.57; SD =0.97). In the second condition, soft social pressure + leader vehicle, the average
fornightwas 2.38 (SD =1.42) and for the day, itwas found that the average was 1.81 (SD = 0.92).

Therefore, it seems that with the presence of another vehicle in front, the average for night increased
the average but decreased when driving during the daylight conditions. From other side, apparently
scores for social pressure average increased in case of hard pressure, 3.70 (SD = 1.66) and 3.02 (SD
= 1.51) aimed at night and day respectively (Table 7). In Figure 17 line graph, it could be observed the
scores for perceived social pressure for all drivers in the 3 scenarios.

TTE InterUrb 01 night light conditions

O B oMW R W m oW o®
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NIGHT Round 2

NIGHT Round 2

NIGHT Round 4
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TTE InterUrb_01_day light conditions
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DAY Round 2
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Figure 17. Participants social pressure scores according to night and day light conditions

In the boxplots for perceived social pressure scores (Figure 18), itis observed that numbers are higher

at night conditions.
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Figure 18. Participants social pressure scores boxplot according to night and day light conditions

Table 7. Perceived social pressure average, median, and standard deviations scores for all conditions at
night and day light

2.11 1.57 2.38 181 3.70 3.02
2 1 2 2 3 3
1.24 0.97 1.42 0.92 1.66 1.51

In Figure 19, correlations among the six situations are presented. On the left, a correlogram is displayed.
Positive correlations are shown in blue, moreover, colour intensity and the size of the circle are
proportional to the correlation coefficients. As it can be appreciated, right figure shows the distribution
of each variable is established in the diagonal, none of the variables presented a normal distribution.
The bivariate scatter plots with a fitted line are displayed on the bottom of the diagonal while the value
of the correlation plus the significance level as stars was offered in the top (p-values (0, 0.001, 0.01,

0.05, 0.1, 1) is represented by the corresponding symbols (“**”, 7 @ €2 ),
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Figure 19. Correlation plots for social pressure scores according to night and day light conditions
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As normality assumptions for one-way repeated measures were not met a non-parametric alternative
was performed. The perceived social pressure score was statistically significantly different at the
different time rounds during the test, x2(5) = 108, p = 0.0001. A Kendall's W was calculated to measure
Friedman test effect size. A large effect size is found out, W = 0.58.

A pairwise Wilcoxon signed-rank tests for identifying which groups are different, in this case, p -values
were adjusted using the Bonferroni multiple testing correction method. All the pairwise differences are
statistically significant as it can be perceived at Figure 20.

Friedman test, 12(5) =107.69, p =<0.0001, n = 37

N
[ |
S
‘ EEiid ‘
%______ﬁ______a |
x
T =
9 [
S
o
=
|
o
S 6
(5]
w
. .
.
3 4

Round2_D Round2_M Round3 D Round3 N Round4_ D Round4_N
time

pwe: Wilcoxon test. p.adjust: Bonferroni
Figure 20. Pairwise social pressure scores boxplot according to night and day light conditions
Moreover, it was evaluated if there is interaction between gender, age, km/year and safety profile of

drivers in explaining social pressure scores measured in the 6 different rounds.

Anova, F(3:54,124.01) = 0.39, p = 0.79, n; = 0.003 Anova, F(3.52,123.34) = 0.79, p = 0.52, n; = 0.007

gender £3 Man Women age B3 <25 2565

score
LS

score
S

oy
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pwe: Ttest, padjust: Bonferroni pwe: T test, p.adjust: Bonferroni
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Anova, F(7.06,109.5)= 08, p = 0.75, \]: =0.01 Anova, F(3.53,123.59) = 0.56, p = 0.67, 11: =0.005

km E2 <10 000 kmiyear >25000 km/year 10 000 - 25000 safety E5 High Low

score
S
score
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Round2_D Round2_ N Round3_D Round3_N Round4_D Round4_N Round2_ D Round2_N Round3_D Round3_N Round4_D Round4_N
time time:
pwe: Trest, padjust: Bonferroni pwe: T test. padust: Bonferroni

Figure 21. Participants social pressure scores according to night and day light conditions by
gender/age/km/year and safety driver profile

There was not a statistically significant interaction between gender, age, km/year and safety profile of
drivers in explaining social pressure scores as it can be appreciated in Figure 21.

Objective analysis

Table 1 shows the hypothesis that TTE_InterUrb_01 intends to validate through the correlation of the
perceived social pressure (collected by questionnaire) and the speed (collected by CAN bus) while
considering the driver heterogeneity. These correlations are based on two round comparisons:

e round #1 vs round #2, to compare free driving with driving with a follower vehicle exerting soft
social pressure

e round # 3 vs round #4, to compare softand hard social pressure from follower vehicle being
also a lead vehicle in the same lane

These variations between these two pairs of rounds are also examined looking at the impact of the
external factor (daylight and nightlight) on both the driving behaviour and the perceived social pressure.

Free driving (round #1) vs driving with soft social pressure (round #2)

The following analysis aims to shed light on the impact of vehicles behind when driving at medium
speed on a two lane road. For that, the hypothesis of Table 1 is evaluated by considering the
comparison in the execution of round #1, with the participants in free driving, and round #2, with the
vehicle behind exerting soft social pressure.

A first look at the distribution of the speed in round #2 across the social pressure scores in both night
(Figure 22) and day (Figure 23) conditions shows non normal distributions in most cases with no
apparent relationship between perceived social pressure and speed.

social pressure = 1| n = 14 participants social pressure = 2 | n = 12 participants social pressure = 3 | n = 6 participants social pressure =5 | n = 4 participants
Mdn = 34.7 km/h | Q3-Q1 = 6.5 km/h Mdn = 33.7 km/h | Q3-Q1 = 4.7 km/h Mdn = 37.1 km/h | Q3-Q1 = 4.6 km/h Mdn = 34.4 km/h | @3-Q1 = 5.7 km/h
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Figure 22. Speed distribution across social pressure scores in round #2 for TTE_InterUrb_o1 N
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social pressure = 1| n = 26 participants social pressure = 2 | n = 12 participants social pressure = 3| n = 2 participants social pressure =5 | n = 1 participants
Mdn = 37.4 km/h | Q3-Q1 = 6.8 km/h Mdn = 38.6 km/h | @3-Q1 = 3.7 km/h Mdn = 36.8 km/h | Q3-Q1 = 3.5 km/h Mdn = 40.0 km/h | Q3-Q1 = 4.1 km/h

1200 4 10

200

2000 4

1750 4 1000 - 1754 80

1500 -

150
800 4
1250 4 125 4 60

1000 4 6007 1001

40
750 4 4
400 "

500 4 509
20

254
1‘0 2‘0 3b 4‘0 5 lIO Zb 3‘0 4‘0 5 ° fo Zb 3‘0 4‘0 5 fU Zb 3‘0 4‘0 5
EGO speed (km/h) EGO speed (km/h) EGO speed (km/h) EGO speed (km/h)

Figure 23. Speed distribution across social pressure scores in round #2 for TTE_InterUrb_o01 D

The boxplots in Figure 24 show the speed variation across the driver heterogeneity based on median
values of each participant, (Speedrounds2 - Spe€dronds) / Speedronaz1, Where all medians are above 0%
indicating an increase in speed when driving with social pressure in round #2 compared to round #1.

There are minor differences between day time (n = 41, Mdn = 2.4%) and night time (n = 36, Mdn =
2.0%).

Speed variation between round #1 and round #2 in TTE_InterUrb_01_N and TTE_InterUrb_01_D
15

10-

Speed variation (%)
o

-10
Day

—— Night

-15 Men Women <25 years 25-65 years <15,000 km/year15,000 km/year DSl low Dsl high

Figure 24. Speed variation between round #1 (free driving) and round #2 (soft social pressure) in
TTE InterUrb_o1_Nand TTE InterUrb_o1 D

The same results can also be interpreted from the point of view of the percentage of participants
increasing the speed inround #2. Values in Table 8 show that most of the participants speeded up
when soft social pressure both in day (M = 76%) and night tests (M = 72%).

Table 8. Percentage of participantsincreasing speed in round#2 (soft social pressure) relative to round #1
(free driving) in TTE InterUrb o1 N and TTE InterUr o1 D

DSI DSI
o [<25 e 292 (<150 o500 s ot

profile profile

_ 74% 71% 80% 71% | 65% 86% 74% 71%
Day 73% 79% 60% 78% | 73% 76% 81% 70%

Having analysed so far the speed variation separately, the next step to study the hypothesis in Table 1
implies the calculation of the regression index of the Spearman correlation of this increase/decrease of

speed between the two rounds with the perceived social pressure while driving with social pressure in
round #2.
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The results in Table 9 do not suggest any relationship between the social pressure and the variation of
speed as stated by the hypothesis (Table 1) with the exception of the tendency to the indirect
relationship in night tests for women and participants with DSI high.

Table 9. Correlation of the variation of speed and perceived social pressure between round #1 (free driving)
and round #2 (soft social pressure) in TTE_InterUrb_o1 N and TTE_ InterUr_o1 D

Category r p-value N r p-value n
Men 0.32 0.21 17 0.02 0.91 22
Gender
Women -0.12 0.65 16 -0.53 0.02 19
<25 years 0.77 0.23 4
Age
25-65 years 0.07 0.73 29 -0.29 0.09 36
Driving <15,000 km/year | 0.04 0.87 17 -0.16 0.5 20
experience | >15 000 km/year | 0.15 0.61 14 -0.23 0.35 18
DSI safety | Low 0.29 0.24 18 -0.02 0.95 21
profile High -0.11 0.7 15 -0.51 0.02 20
TOTAL 0.11 0.53 33 -0.23 0.15 41

The Smart Eye tool allows for the extraction of information on driving behaviour that helps to
contextualize the previous results. The stacked plots in Figure 25 show the percentage of time that the
entire contribution of participantsis looking at each zone (Figure 10) per unit of time (chunk), the pattem
is always the same but not the amount of time looking at each zone. The four plots show how the
participants start by looking at the left side of the front windscreen (section 1), shift their gaze to the
centre of the front windscreen as they go around the right-hand corner of the oval (section 2), and end
up looking to the left again (section 3) as they returnto a straightsection of the track where they received
instructions for the next round (section 4).

In the four plots, participants spend most of the time (always more than 85%) looking at the windshield
and the rest is split among the instrument cluster, central dashboard and mirrors.

Regarding the comparison between without (round #1) and with (round #2) social pressure, there is an
increment in the gazes to the mirrors (left, rear and right mirrors) when the follower vehicle is exerting
social pressure, from 1% to 8% in nigh tests and from 1% to 10% in day tests. It suggests that
participants are aware of the presence of such vehicle, which could affect to their driving behaviour.

Regarding the comparison between night and day, it seems that participants look at the dashboard
(central dashboard and instrument cluster) more often in night conditions (in round #1, 8% in night time
but 5% in day time, and in round #2, 6% in night time but 3% in day time) and look at the center section
of the windshield more often in day conditions (in round #1, 49% in night time but 60% in day time, and
in round #2, 50% in night time but 57% in day time).
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TTE_InterUrb_O1_N - Night - round # 1 TTE_InterUrb_01_D - Day - round # 1
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TTE_InterUrb_01_N - Night - round # 2 TTE_InterUrb_01_D - Day - round # 2
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Figure 25. Glance proportion in every chunk of time of round #1 and round #2 for TTE_InterUrb_o1_N and
TTE InterUr_o1 D

Figure 26 represents the same results as Figure 25 but across the driver heterogeneity. Major
differences are observed in round #1 in night time tests where women pay more attention to the center
of the windshield (55%) than men (43%) which are more focused on the left section of the windshield
(men 46% and women 37%). Participants with DSI safety high profile (94%) focused more the attention
onthewindshield thanthose with D Sl safety low profile (90%). The same tendency isobservedin round
#2 in gender, women (88%) and men (83%) looking at the windshield, but the opposite as in round #1
in DSI, DSl safety high profile (84%) and DSl safety low profile (86%). No appreciable differences in
day time tests.
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Figure 26. Glance proportionacross driverheterogeneities in round #1and round #2 for TTE InterUrb_o1 N
and TTE_InterUr_o1_D

Soft social pressure with lead vehicle (round #3) vs hard social pressure with lead vehicle (round #4)

This comparison complementsthe previous results with the added value of showing the effect on driving
behaviour of different degrees of pressure exerted by the follower vehicle when there is also a slower
lead vehicle in the same lane. Round #3 was executed with a soft social pressure (follower vehicle
driving with short headways and lateral movements) only detected by the mirrors but round #4 is an
aggressive social pressure with not only visual (lights) but listening effects (horn).

As in the previous comparison with round #2, no evidence of a relationship between perceived social
pressure and speed distribution as seen in the non normal distributions for night (Figure 27 for round
#3 and Figure 28 for round #4) and day tests (Figure 29 for round #3 and Figure 30 for round #4).
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Figure 27. Speed distribution across social pressure scores in round #3 for TTE_InterUrb_o1_N
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Figure 28. Speed distribution across social pressure scores in round #4 for TTE_InterUrb_o1_N
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Figure 29. Speed distribution across social pressure scoresin round #3 for TTE InterUrb_o1_D
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Figure 30. Speed distribution across social pressure scoresin round #4 for TTE_InterUrb_o1 D

The analysis of the speed variation between both rounds ([speed:oundss - Speed oundss] / Speed roundss)
show statistical values with large standard deviations that do not suggest any tendency either during
the day (n = 38, Mdn = 0.0%) or at night (n = 36, Mdn = -0.8%). Comparisons across driving
heterogeneities (Figure 31) show differences in night time tests between participants with low (n = 18,
Mdn =-2.6%) and high driving experience (n = 15, Mdn = 1.3%) and for participants with high profile of
DSl safety between day (n = 19, Mdn = 0.5%) and night (n = 17, Mdn = -2.4%) tests.

Speed variation between round #3 and round #4 in TTE_InterUrb_01_N and TTE_InterUrb_01_D
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Figure 31. Speed variationbetween round #3 (soft social pressure with lead vehicle) and round #4 (hard
social pressure with lead vehicle) in TTE InterUrb 01 N and TTE InterUr o1 D

Table 10 indicates that the percentage of participants who increase speed with hard social pressure
(round #4) relative to soft social pressure (round #3) is exactly half of the sample in both night (50%)
and day (50%) tests. Regarding the gender, in night time tests more men (58%) than women (41%)

increment speed due to the hard social pressure but during day time tests more women (65%) than
men (38%) do it.
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Table 10. Percentage of participantsincreasing speed in round #3 (soft social pressure with lead vehicle)
relative toround #4 (hard social pressurewith lead vehicle)in TTE InterUrb_o1_Nand TTE_InterUr_o1_D

DS DS
o {vamen |52, (| i |

profile profile

g 58% 41% 60% 48% 45% 57% 53% 47%
Day 38% 65% 40% 52% 58% 47% 42% 58%

The results in Table 11 correspond to the Spearman correlation of the variation of median speed values
of each participant and their variation in social pressure scores. They show no apparent relationship
between the speed variation and the degree of social pressure.

Table 11. Correlation of the variation of speed and variation of perceived social pressure between round #3
(soft social pressure) and round #4 (hard social pressure) in TTE_InterUrb_o1 N and TTE_ InterUr_o1_D

Category r p-value n r p-value n
Men -0.38 0.19 14 0.03 0.91 19

Gender
Women 0.23 0.41 15 -0.2 0.47 15
A <25 years -0.15 0.8 5 -0.26 0.74 4

e

J 25-65 years 0.0 0.99 24 -0.14 0.47 30
Driving <15,000 km/year 0.0 0.99 14 -0.11 0.71 14
experience | >15 000 km/year | -0.08 0.79 12 -0.16 0.54 17
profile High -0.17 0.56 14 -0.49 0.06 16
TOTAL -0.03 0.9 29 -0.14 0.44 34

The social pressure applied in round #3 and round #4 sometimes led the participant to make a lane
change and overtake the lead vehicle. Figure 32 (round #3) and Figure 33 (round #4) shows that this
percentage is always higher in the day time tests (round #3 with 48% and round #4 with 45%) than in
night time tests (round #3 with 29% and round #4 with 40%), where hard social pressure induces more
overtakings comparing to soft social pressure.
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Figure 32. Percentage of participants overtaking with soft social pressureinround#3in TTE_InterUrb o1 N
and TTE_ InterUr_o1 D
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Figure 33. Percentage of participants overtaking with hard social pressure in round #4 in
TTE InterUrb_o1_Nand TTE InterUr_o1 D

Smart eye tool complements the previous results with interesting findings in the gaze directions of the
participants when driving with different levels of social pressure. Considering the amount of time looking
at the three mirrors, Figure 34, shows an increment in this percentage of time within every round from
round #3 (night tests 7% and day tests 9%) to round #4 (night tests 13% and day tests 16%) in both
night and day time tests. In day time tests, the amount of time looking at the center of the windshield is
longer than in the night time ones, for round #3 (night tests 44% and day tests 50%) and for round #4
(night tests 41% and day tests 47%).
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Figure 34. Glance proportionin everychunk of time of round #3 and round #4 for TTE_InterUrb_o1_N and

TTE InterUr_o1 D

Main differences across driver heterogeneities (Figure 35) are observed in the DSI safety profile in the
round #3 of test time tests, when is low the gaze goes to the left of the windshield (windshield left 44%
and windshield center 39%) and when it is high goes to the center (windshield left 38% and windshield

center 48%).
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TTE InterUrb 01 D - Day - round # 3
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Figure 35. Glance proportion across driver heterogeneities in round #3 and round #4 for

TTE InterUrb_o1 Nand TTE InterUr_o1_D

Conclusions

Having in consideration the subjective issues evaluatedin TTE_InterUrb_01 it could be pointed outthat:

Scores for perceived social pressure obtained higher scores at night condition than day
condition. It would be interesting to analyse if poor light conditions could influence on other
aspects as level of confidence direct associated with social pressure perception.

It was highlighted than driving with the presence of another vehicle in front, increased the level
of social pressure noticed by drivers with possible implications for managing car-following and
with influence in traffic flow.

Taking in consideration social pressure punctation, correlations were positive and statistically
significant among the six conditions tested.

There was not found interaction between gender, age, km/year and safety profile to explain
social stress results, but similar research should be performed with higher samples driving in a
real traffic environment.

Considering also the objective measurements, it can be added that:

Softsocial pressure from a vehicle behind induces the driver to increment the speed relative to
free driving (round #1 vs round #2), but no meaningful differences when comparing soft and
hard social pressure (round #3 vs round #4).

The comparison between free driving and soft social pressure (round #1 vs round #2) and soft
and hard social pressure (round #3 vs round #4) do not show any evident relationship between
perceived social pressure and speed.

The tendency to overtake the leading vehicle when there is a vehicle behind exerting both soft
(round #3) or hard (round #4) social pressure is higher in daylight conditions.
Participants look much time the rear mirrors when driving with social pressure (round #2)
relative to free driving (round #1) and when comparing soft (round #3) and hard social pressure
(round #4) with a lead vehicle in the same lane.
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These conclusions must be understood in the context of a controlled experiment with a limited number
of participants, which means that it is also necessary to comment:

o Differences in the behaviour between night and day time tests could be patrtially attributed to
the learning effect, since the night tests were done minutes before the day ones.

e There are no comments on the age category due to the small sample of participants under 25
years of age.

4.1.2 TTE_InterUrb_02 - One-lane car following with NDRT
Subjective analysis

Drivers from previous study (TTE_InterUrb_01) participated in a second study (TTE_InterUrb_02) with
the aim of evaluated if reading several texts could have influence in the driving and in the perception of
workload. Then, it was rated ARWES scale in 2 conditions where they run without the existence of
another car or with the presence of a precedent vehicle running in front of them.

In the condition Round #1 (without precedentvehicle and low speed), the average for ARWES was 4.86
points (SD = 1.16) while the average for the same situation but with medium speed (Round #3) was
parallel (M = 4.95; SD = 1.45). In the second condition, with a precedent vehicle, the average for low
speed was 5.26 (SD=1.11)and forthe medium, it was obtained an average of 4.83 (SD = 1.34). (Table
12). Figure 36 shows ARWES score line graph for all participants in the four rounds.
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Figure 36. Participants ARWES scores according for Study TTE_InterUrb_o02

Figure 37 shows boxplots for ARWES scores, it is reflected that the distribution of scores is between 4
and 6 points (Table 12). Median has a value of 5 points for each condition.
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time

Figure 37. Participants social pressure score boxplots for Study TTE InterUrb_o02
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Table 12. ARWES average, and standard deviations scores for the four rounds

4.86 5.26 4.95 4.83
1.16 1.11 141 1.34

Round 2 present the highest average score for ARWES (5.26). While the lowest values are for Round
1 and Round 4 (4.86 and 4.83 respectively). Once more, positive correlations among the four situations
are showed with values between 0.61 and 0.87 (Figure 38). On the left, the correlogram illustrates the
distribution of each variable in the diagonal and the bivariate scatter plots with a fitted line are displayed
on the bottom of the diagonal. All these correlations are statistically significant.
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Figure 38. Correlation plots for ARWES scores according to 4 Study TTE_InterUrb_o2 conditions
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The ARWES score was statistically significantly different at the 4 rounds during the test, F(2.34,95.75)
= 3.86, p < 0.05, n%= 0.02.
Anova, F(2.34,95.75) = 3.86, p = 0.019, ﬂ: =002
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Figure 39. Pairwise ARWES scores boxplot according to 4 conditions
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Post-hoc analyses with a Bonferroni adjustment revealed that Round 1 & Round 2 and Round 2 &
Round 4 the pairwise differences, between time points, were statistically significantly different (p <=
0.05).

Additionally, it was estimated if there is relation between gender, age, km/year and safety profile of
drivers in clarifying ARWES scores measured in the 4 different rounds.
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Figure 40. Participants ARWES boxplots according to four conditions by gender/age/km/year and safety
driver profile

There was not a statistically significant interaction between gender, age, km/year and safety profile of
drivers in relation to ARWES scores in TTE_InterUrb_02.

Objective analysis

The objective analysisis focused on the two task demand hypotheses in Table 2 which explore the
relationship between speed (collected by CAN bus) and driver workload (collected by questionnaire
through ARWES) and physiological response representing the driver workload, in this case the pupil
diameter (collected by Smart Eye device).

The analysis of correlations is based on two comparisons at different speeds:

e round #1vsround#2, to compare one lane free driving while reading a text with one lane driving
following a lead vehicle while reading a text at low speed (30 km/h)
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e round #3vsround#4, to compare one lane free driving while reading a text with one lane driving
following a lead vehicle while reading a text at medium speed (50 km/h)

The first step onthis analysis isto explore the relationship between the workload and the other variables
in the analysis: speed, headway and pupil diameter. The focus of this first approach is on round #2, for
the sake of clarity and because participants scored higher on workload in this round (possibly because
the text to be read was more complicated). Figure 41 (speed distributions), Figure 42 (headway

distributions) and Figure 43 (pupil diameter distribution) show no apparent trend between workload and
the other variables.
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Figure 41. Speed distribution across workload scores in round #2 for TTE_InterUrb_02
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Figure 42. Headway distribution across workload scores in round #2 for TTE_InterUrb_o2
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Figure 43. Pupil diameter distribution across workload scores in round #2 for TTE InterUrb_o02

The boxplot in Figure 44 shows the variation of speed based on median values of each participant in
the two comparisons without/with a lead vehicle with a decrease in speed at low speed, (speedrounds2 -
speedrounds) / Speedronass, and at medium speed, (Speedioundss - SPe€droundsa) / Speedroundss. The low
speed decrease (n =37, Mdn = -9.3%) is higher than the medium speed one (h = 36, Mdn = -4.4%)
across the four categories of driving heterogeneity under study.
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Speed variation between free driving and driving following a lead vehicle in TTE_InterUrb_02_D
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Men Women <25 years 25-65 years <15,000 km/yeatl5,000 km/year  DSI low DSl high

Figure 44.Speed variation between round #1 (free drivingwhilereading a text) and round #2 (following a
lead vehicle while reading a text)at low speed and round #3 (free driving while reading a text) and round
#4 (following a lead vehicle while reading a text) at medium speed in TTE_InterUrb_o02

Similarresults (Table 13) tothe onesin Figure 44 are obtained when counting the number of participants
slowing down in rounds with a lead vehicle at the same speed compared to free driving, on average,
84% at low speed and 75% at medium speed. More men (89% at low speed and 83% and medium
speed) than women (78% at low speed and 67% at medium speed) decrease speed.

Table 13. Percentage of participants decreasing speed at low speed, round #2 (following a lead vehicle

while reading atext) relativeto round #1(free driving while readinga text), and medium speed, round #4

(following alead vehicle while reading a text) relative to round #3 (free driving while reading a text), in
TTE InterUrb_o02

DS DSI
<25 25-65 <15,000 | >15,000 | safety safety
LAl S years years km/year | km/year | low high
profile | profile
Low 89% | 78% 100% | 81% 76% 93% | 95% 72%
speed
gnpege'gm 83% 67% 60% 77% 76% 77% 67% 83%

The first hypothesis for TTE_InterUrb_02 (Table 2) relates speed change to driver workload over time.
The Spearman correltions in Table 14 do not infer any relationship between the two variables except

forwomen and drivers with more experience with a tendency to decrease speed when workload score
increases.

Table 14. Correlationof the variation of speed and variation of workload at low speed, round #2 (following

alead vehicle while reading atext) relative to round #1 (free driving while reading a text), and medium

speed, round #4 (following a lead vehicle while reading a text) relative to round #3 (free driving while
reading a text), in TTE_InterUrb_o02

Low speed Medium speed
Category r p-value n r p-value n
Men -0.32 0.18 19 -0.08 0.77 17
Gender
Women 0.27 0.28 18 -0.58 0.02 16
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A <25 years 0.26 0.67 5 -0.21 0.74 5
e
- 25-65 years -0.03 0.87 32 -0.31 0.11 28
Driving <15,000 km/year | -0.22 0.37 19 -0.17 0.5 18
experience | >15 000 km/year | -0.03 0.91 15 -0.6 0.03 13
DS! safety | LoW 0.35 0.15 19 -0.34 0.21 15
profile High -0.36 0.14 18 -0.28 0.27 18
TOTAL -0.02 0.92 37 -0.3 0.09 33

The second hypothesis (Table 2) investigates the dependence between speed and a physiological
response, in this study the pupil diameter. Figure 45 shows the variation of pupil diameter based on
median values of each participantin the two comparisons without/with a lead vehicle with a decrease

of the pupil diameter at low speed (n = 37, Mdn = -3.2%) and no variation at medium speed (n = 36,
Mdn = 0.0%).

Pupil diamter variation between free driving and driving following a lead vehicle in TTE_InterUrb_02_D
10.0
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Figure 45. Pupil diameter variation between round #1 (free driving while reading a text) and round #2
(following alead vehicle while readinga text)at low speed and round #3 (free driving while reading a text)
and round #4 (following a lead vehicle while reading a text)

The results in Table 15 are consistent with those in Figure 45 with more participants showing a decrease
in pupil diameter when there is a lead vehicle at low speed and no apparent trend at medium speed.

Table 15. Percentage of participants decreasing pupil diameter at low speed, round #2 (following a lead
vehicle while reading atext)relative to round #1 (free driving while reading a text), and medium speed,
round #4 (following a lead vehicle while reading a text)

DSI DSI
<25 25-65 <15,000 | >15,000 | safety safety
LALE = years years km/year | km/year | low high
profile | profile
Low 68% 72% 100% | 66% 68% 73% 53% 89%
speed
gﬂpegégm 44% 39% 80% 35% 32% 50% 39% 44%
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No trends are observed at low speed or medium speed (Table 16) inthe Spearman correlation between
speed variation and pupil diameter variation.

Table 16. Correlation of the variation of speed and variation of pupil diameter at low speed, round #2
(following alead vehicle while readingatext)relativetoround #1 (free driving while reading a text), and
medium speed, round #4 (following a lead vehicle while)

[ towspeed  |NENERESTNN

Category r p-value n r p-value n
Men 0.1 0.7 18 0.22 0.37 18

Gender
Women 0.37 0.13 18 0.39 0.16 15
Age <25 years 0.74 0.15 5 0.87 0.05 5
25-65 years 0.18 0.33 31 0.2 0.3 28
Driving <15,000 km/year | 0.31 0.2 19 0.18 0.48 18
experience | >15 000 km/year 0.09 0.76 14 0.09 0.78 12
DS safety | LOW 0.39 0.11 18 0.25 0.34 16
profile High 0.18 0.48 18 0.33 0.2 17
TOTAL 0.22 0.2 36 0.29 0.1 33

The gaze patterninevery chunk of the test for TTE_InterUrb_02 (Figure 46) is completely differentfrom
that of TTE_InterUrb_01 (Figure 25 and Figure 34). In this case, most of the time the participants are
looking at the text on the central dashboard that they were asked to read while driving. At low speed
participants dedicated more time to look at the central dashboard (round #1 66% and round #2 71%) in
comparison with rounds at medium speed (round #3 58% and round #4 58%). On the contrary, at
medium speed glance of participants is more on the windshield (round #3 33% and round #4 36%) than
at low speed (round #1 26% and round #2 25%). The round at low speed with a lead vehicle (round #2)
is the one that leave more time to pay attention to the text (71.4%) and less to the windshield (24.6%).

TTE_InterUrb_02_D - Day - round # 1 TTE_InterUrb_02_D - Day - round # 2

W= central dashboard - 66% WM windshield right - 0% mmm central dashboard - 71%  WEN windshield right - 1%

m instrument cluster - 6% B right mirror - 0% me instrument cluster - 3% mmm right mirror - 0%

= windshield left - 10% rear mirror - 1%
n

w—windshield left - 12%
er - 1.

Glance proportion (%)
Glance proportion (%)

40 60 40 60
Chunk of time (#) Chunk of time (#)

TTE_InterUrb_02_D - Day - round # 3 TTE_InterUrb_02_D - Day - round # 4
mm central dashboard - 58% W windshield right - 0% mmm central dashboard - 58% WM windshield right - 1%
me instrument cluster - 9% W right mirror - 0% we instrument cluster - 6% W right mirror - 0%
= windshield left - 11% = rear mirror - 1% m— windshield left - 16% m— rear mirror - 1%
= windshield center - 22% W left mirror - 0% = windshield center - 10% W left mirror - 0%

Glance proportion (%)
Glance proportion (%)

40 60 40 60
Chunk of time (#) Chunk of time (#)

Figure 46. Glance proportion in every chunk of time of round #1 - round #4 for TTE_InterUrb_o2
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Comparisons across categories (Figure 47) reveal some differences, for example, at medium speed
men dedicated more time to read the texts (60% in round #3 and 59% in round #4) than women (56%
in round #3 and 56% in round #4). Less experienced drivers read more timethe texts (68% in round
#1, 73% in round #2, 59% in round #3 and 60% in round #4) than those with more than 15,000 km
driven per year (64% in round #1, 68% in round #2, 54% in round #3 and 52% in round #4). Same
tendency regarding the DSI profile, participants with DSI low pay more attention to texts (65% in round
#1, 70% in round #2, 59% in round #3 and 56% in round #4) than those with DSI high (68% in round
#1, 73% in round #2, 57% in round #3 and 60% in round #4).

TTE InterUrb 02 D - Day - round # 1
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>15,000 km/year

DSl low
DSl high
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TTE InterUrb 02 D - Day - round # 4
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Figure 47. Glance proportion across driver heterogeneities in round #1 - round #4 for TTE InterUrb_02

Conclusions

Regarding the subjective perspective, future research is needed, anyway it could be calling attention to
the next points:

Scores for workload were around 5 points indicating that the driving in this situation implied a
certain workload degree. It has sense because NDRT (reading a text) when driving suppose
an effort to maintain attention in the road.

Positive correlations for ARWES scores were found in the four situations. It seems that it could
be appreciated a trend in the workload for the participants, it could indicate that participants
presented similar moderately workload profile when reading a text when driving. Anyway, it
would be desirable further information, using similar characteristics texts in other different
conditions.

As expected, the most complex text was perceived with the highest values for ARWES test.
Although, median is pretty similar to the four situations, the differences are statistically
significant for this complex manuscript in comparison to the writing text used in round 1 and 4.
In this case, driver should read the text and, at the same time, filled the words with the missing
letter increasing the difficulty of the task. It would be interesting to test high demand task to
different speed situations to study if different speeds have influence in this workload.

Considering also the objective measurements:

The decrease in speed when comparing one lane free driving while reading a text (round #1 at
low speed and round #3 at medium speed) with one lane following a lead vehicle while reading
a text (round #2 at low speed and round #4 at medium speed) is greater at low speed than a
medium speed.

No apparent relationship between the driver workload and the variation of speed in rounds at
low speed (round #1 and round #2) and medium speed (round #3 and round #4), except for
women and experienced drivers at medium speed where there is suggested an indirect
relationship.

No apparent relationship between the driver workload and the variation of pupil diameter in
rounds at low speed (round #1 and round #2) and medium speed (round #3 and round #4).

These conclusions must be understood in the context of a controlled experiment with a limited number
of participants, which means that it is also necessary to comment:

Differences in the behaviour between low and medium speed tests could be partially attributed
to the learning effect, since the low speed tests were done before the medium ones.
There are no comments on the age category due to the small sample of participants under 25
years of age.
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4.2 High speed test track

The experiment on the high speed test track is a regulation case. For safety reasons, it is a proof of
concept that involves a limited number of professional drivers.

Sample profile

Twelve professional drivers participated in the proof-of-conceptexperiment. All they were experimented
drivers who usually have experience driving similar cars to the vehicle used in the test. Drivers signed
an informed consent before the test, and all filled out an online questionnaire to characterize after their
profile.

12 participants participated in this study at high speed test tracks. Once more, all drivers filled in an
online questionnaire to obtain sample profile. It was found around 85% were men (Figure 48).

Gender

83.33%

m Man = Women

Figure 48. Gender pie chart for high speed test track

Besides (Figure 49), it is indicated out that only one of them was a young driver, he was less 25 years
old, while most of sample were people with an age between 25 and 65 years old.
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- 91.67%

m <25 ®m25-65

Figure 49. Age pie chart for high speed test track

Around 65% of drivers run between 10000 and 25000 km/year and 3/4 of participants have less than
11 years with driving license (Figure 50).

Number of kilimeters driven per year: Number of years with driving licence for car:

(3) 25,00%

(8) 66,67%

= >25000 km/year ® 10000-25000 = < 10000 km/year =<1l W>11

Figure 50. Number of km/year and driving license experience pie charts for high speed test track drivers

Having in mind safety profile of participants corresponding to DSI scores (Figure 51), around half of
them presented a high safety trend and the other half a low safety profile
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Safety Level

= Low safety

= High safety

Figure 51. Safety profile pie chart for high speed test track drivers

About 60% of the sample drive daily in interurban area traffic or rural environment. Additionally, % of
the sample drives in the city traffic daily and the same proportion less often ride a bicycle in city traffic.
Moreover, around 70% run their car on freeways each week. Finally, itis possible to highlight that 43%
of participants drive on motorways each month (Figure 52).
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Figure 52. Scenarios where drivers usually drive for high speed test track participants

4.2.1 TTE_InterUrb_03 - Cut-out regulation case
Subjective analysis

In Figure 53, itis shown the direct scores of participants inthe 4 rounds (2 baselinesand 2 exp erimental
rounds). Asit could be perceived it seemsthat Experimental round at 80km/h. shows the highestscores.

TTE_InterUrb_03

i TN

1 2 3 4 5 6 7 8 9 10 11 12

— ARWES wm—— ARWES w—— ARWES ARWES
Control 60 Contraol 80 Experimental 60 Experimental 80

Figure 53. Participants ARWES scores according for Study TTE_InterUrb_03

Otherwise, Figure 54 illustrates boxplots for ARWES scores, it is proved that the distribution of scores
is lower than 5 points.
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Figure 54. Participants ARWES score boxplots for Study TTE InterUrb_03

In the condition Baseline 60km/h., the average for ARWES was 1.50 and the median 1.00 points (SD
= 0.67) while the average for the same speed butin the experimental round was similar (M = 1.58; SD
=0.67). The median in this case was 1.50. In the second speed condition, 80km/h., the average and
median for baseline was 2.00 (SD =0.95) and for the experimental round, it was got an average of
2.83 and a median of 3 points (SD = 1.34). (Table 17).

Table 17. ARWES median, and standard deviations scores for the four rounds in Study TTE_InterUrb_03

1.50 2.00 1.58 2.83
1.00 2.00 1.50 3.00
0.67 0.95 0.67 1.34

Therefore, highest speed conditions (80km/h.) perform the maximum scores for ARWES. There is not
too much difference between baseline and experimental condition at 60km/h. Positive correlations
between the baseline and experimental phase at both speeds was informed (0.71). It could be
appreciated also a positive correlation having in mind experimental round for 60km/h. and the baseline
for 80km/h. Moreover, it was found a positive correlation between the two baselines (r = 0.57). (Figure
55). All these referred correlations are statistically significant.
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Figure 55. Correlation plots for ARWES scores according to 4 Study TTE_InterUrb_o03 conditions

Although it as analysed how drivers perceived distances, it was not found any correlation among these
perceptions and the scores obtained in the workload insight. As the number of participants was too
reduced it was not calculating if there were significant differences among participants at ARWES scores
for the four rounds.

Objective analysis

The small number of participants, and their different reactions to the cut-out manoeuvre, only allows for
a very descriptive analysis based on the observation of the distribution of some key variables over the
rounds.

Speed distributions (Figure 56) show thatthe median is higher but the dispersion lower when comparing
free driving (round #1 at 60 km/h and round #2 at 80 km/h) with cut-out maneuvre (round #3 at 80 km/h
and round #4 at 60 km/h)

round #1 round #2 round #3 round #4
Mdn = 59.2 km/h | Q3-Q1 = 3.5 km/h Mdn = 76.6 km/h | Q3-Q1 = 15.3 km/h Mdn = 71.2 km/h | Q3-Q1 = 17.5 km/h Mdn = 58.3 km/h | Q3-Q1 = 12.8 km/h
1600
3000 4 2000 4
25004
1400
2500 4
2000 4 1200 1500 4

2000 1 1000 4

1500 1

1500 4 1000

1000 4
1000

500 +

500 4 500 4

°

o 30 40 50 60 0 60 80 T 60 80 o 30 40 50 60
EGO speed (km/h) EGO speed (km/h) EGO speed (km/h) EGO speed (km/h)

Figure 56. Speed distribution over the rounds for TTE_InterUrb_03

No reaction in pupil diameter (Figure 57) is observed over the rounds.
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round #1 round #2 round #3 round #4
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Figure 57. Pupil diameter distribution over the rounds for TTE_ InterUrb_o03

Headway values are higher at 60 km/h (round #4) than at 80 km/h (round #3).

round #3 round #4
Mdn=22s|Q3-Ql1=16s Mdn =2.75|Q3-Q1=1.0s
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Figure 58. Headway distribution over the rounds for TTE InterUrb_o03

Smart Eye results (Figure 59) show differences in the gaze direction when driving in free driving (round
#1 and round #2) and when the lead vehicle is doing the cut-out maneuvre (round #3 and round #4).
Participants look less at the instrument cluster in rounds with cut-out maneuvre (10% in round #3 and
11% in round #4) than in free driving (16% in round #1 and 17% in round #2) and look at the left side
of the windshield more in round with cut-out maneuvre (81% in round #3 and round #4) thanin free
driving (73% in round #1 and round #2). No differences between tests at low and medium speed.
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Figure 59. Glance proportion in every chunk of time of round #1 - round #4 for TTE_InterUrb_o03
Conclusions

TTE_InterUrb_03 is a proof of concept with few participants that only allows a descriptive analysis but
no extrapolation of conclusions.

Further research is necessary to comprehend how workload influences in driving. As assumed, higher
speed condition obtained higher ARWES scores. In any case, as sample was composed by

professionals, it would be interesting to explore if other profiles will be obtained ARWES scores under
3 points as average.

It has sense to find positive correlations between baseline and experimental phases at both speeds,

but as mentioned before it would be necessary to replicate this study with a high number of participants
and with other sample profile to define if similar trend is found.
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