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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 support the development of  the model. This includes the def inition 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 f ield 
experiments”. 

  

https://panteia.sharepoint.com/:f:/r/sites/i4Drivingdatastorage/Shared%20Documents/WP5/Logs%20CTAG/T5.2?csf=1&web=1&e=kHYbmb
https://panteia.sharepoint.com/:f:/r/sites/i4Drivingdatastorage/Shared%20Documents/WP5/Logs%20CTAG/T5.2?csf=1&web=1&e=kHYbmb
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1. Introduction 
The development of the model is closely linked to f ield 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 
def inition of hypotheses summarising the model requirements. Based on these, 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: 

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

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

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

2. Test execution 

As described in 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 f rom CTAG, in León (high 
speed test track). The main road characteristics of  these versatile test tracks are: 

• Low-medium speed test track: two lane low-medium speed test track with a 450 m long oval. 

• 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]. 

• 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 a lead 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 . 

• TTE_InterUrb_02, to test two hypotheses on driving task demand, in particular the ef fect 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: 

1. Warm up, to familiarize the participant with the vehicle and the test track. 
2. Execution of  TTE_InterUrb_01_N (night light conditions). 
3. Execution of  TTE_InterUrb_02 (day light conditions). 
4. Execution of  TTE_InterUrb_01_D (day light conditions). 

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

• Human factor technician, to provide the participant with the guidelines to execute the test . 
• Logging technicians, to log the data needed to analyse the experiment (see Data Collection 

chapter for more details). 
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In addition, two other vehicles driven by CTAG’s staf f  were involved in the tests:  

• SV1 (surrounding vehicle 1), as follower vehicle in TTE_InterUrb_01 to exert social pressure 

and as lead vehicle in TTE_InterUrb_02. 
• 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_01 is 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_01 

Hypothesis ID Hypothesis description Evaluation criteria 

COM B1 Social pressure f rom vehicles behind 
forces leading drivers to increase speed.  

Correlation between social pressure 
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 sof t 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. 

 

Figure 1. Experiment design of the 4 rounds 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 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 dif ference in light). 
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Figure 2. Comparison of light conditions between TTE_InterUrb_01_N (left) and TTE_InteUrb_01_D (right)  

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 A1 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 

Hypothesis ID Hypothesis description Evaluation criteria 

TD A1 Task Demand increases with speed.   
Correlation of  speed change and 
driver workload over time 

TD A3 Task Demand increases with shorter 
headways 

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 f ree driving with car following conditions 
while reading a text at two different speeds (Figure 3). All participants driven the rounds in the following 
sequence: 

• 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. 

• Round #4, same as round #3 but with a lead vehicle at 50 km/h. 
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Figure 3. Experiment design of the 4 rounds in TTE_InterUrb_02 

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 text due safety reasons. 
When drivers f inished the round, it was asked to provide an ARWES punctuation. 

 

 

TEXT 1 - Round #1 

 

TEXT 2 - Round #2 
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TEXT 3 - Round #3  

TEXT 4 - Round #4 

Figure 4. Texts used in the study TTE_InterUrb_02 

As in TTE_InterUrb_01, every round is along the 450 m track oval where the participants were asked 
to ignore the traf f ic 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 from the UN Regulation No 157 [3] and described [4] for the safety-critical situations: 

• TTE_InterUrb_03, to capture driver’s behaviour under emergency manoeuvres. 
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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 f irst 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. 

 

Figure 6. Test design of rounds in TTE_InterUrb_03 

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 60km/h following the 80km/h and the other 
half  run f irst at 80km/h and the next one at 60km/h): 

• Round #1: First Egocentric Distance Perception Task (Figure 7), where participants should 
estimate the distance of a person f rom the f ront 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.  

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

• 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). 
• 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). 
 

 

Figure 7. Test design of egocentric distance perception task 
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Figure 8. Snapshot of cut-out maneuver during the tests of TTE_InterUrb_03 

 

3. Data collection 
The main purpose of the tests 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.  

 

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

Parameter and units Definition 

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) EGO’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_lef t_blinker EGO’s lef t 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_lef t_lane (m) EGO’s distance to lef t 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 f ramed 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). 

 

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 
f rom 1.0, a measurement where the system is very confident, to 0.0, the system has no confidence on 
the measurement. 
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Table 4. EGO eye tracking from Smart Eye 

Parameter and units Definition 

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 lef t ear 

EGO_SE_head_rotation_y (rad) Rotation matrix of the head pose pointing 
upwards f rom 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_q 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 f ilter applied. 

EGO_SE_gaze_direction_filtered_y (cm) The y component of  the gaze direction 
unit vector with a median f ilter applied 

EGO_SE_gaze_direction_f iltered_z (cm) The z component of  the gaze direction 
unit vector with a median f ilter applied. 

EGO_SE_gaze_direction_f iltered_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_q 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 vehicle in TTE_InterUrb_01 
and lead in TTE_InterUrb_02) 

Parameter and units Definition 

SV1_gps_latitude (dec degrees) SV1’s latitudinal position in 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_lef t_blinker SV1’s lef t 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_lef t_lane (m) SV1’s distance to lef t 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_01) 

Parameter and units Definition 

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 f iles, and the corresponding post-process scripts to synchronize and harmonize the 
measurements, a single file per experiment and participant was generated. The f ields in this f ile depend 
on the experiment (see following subchapters for details) but it is essentially a csv f ile with the 
measurements separated by commas (Figure 11). 

 

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

For the sake of  clarity, these f iles 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 data format of TTE_InterUrb_01 includes the complete set of measurements for: EGO vehicle, 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 

Experiment in 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 data format of TTE_InterUrb_03 includes the complete set of measurements for: EGO vehicle, 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 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 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 
f indings based on the experience of both the teams that designed the experiments and run the tests in 
the tracks. So, this effort does not intend to replace but to serve as a starting point for the 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, data processing for the tests takes 
place at three levels: 

• Sample prof ile, to characterize the sample in terms of  the driver heterogeneity . 
• Subjective analysis, to study the information collected by the questionnaires. 

• Objective analysis, to study the relationships between objective and subjective data. 

4.1 Low-medium speed test track 

The objective of the tests in the low-medium speed test track is to 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 prof ile. 

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-medium speed test track. They answered to an online test to provide information to 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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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.  

 

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

Around ¾ 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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Figure 14. Number of km./year and 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.  

 

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 a car on motorways each week and the similar percentage do that each month 
(Figure 16). 
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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 f irst study, participants rated the social pressure in the 3 conditions where they run in 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 
for night was 2.38 (SD = 1.42) and for the day, it was found that the average was 1.81 (SD = 0.92).  

Therefore, it seems that with the presence of another vehicle in f ront, 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.  

  

Figure 17. Participants social pressure scores according to night and day light conditions 

In the boxplots for perceived social pressure scores (Figure 18), it is 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 

 Round 

2_N 

Round 

2_D 

Round 

3_N 

Round 

3_D 

Round 

4_N 

Round 

4_D 

Average 2.11 1.57 2.38 1.81 3.70 3.02 

Median 2 1 2 2 3 3 

SD 1.24 0.97 1.42 0.92 1.66 1.51 

In Figure 19, correlations among the six situations are presented. On the lef t, 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 f igure 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 f itted 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 (“***”, “**”, “*”, “.”, " “)). 

 
 

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 
dif ferent time rounds during the test, χ2(5) = 108, p = 0.0001. A Kendall’s W was calculated to measure 
Friedman test ef fect size. A large ef fect 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 signif icant as it can be perceived at Figure 20. 

 

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 dif ferent rounds.  
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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:  

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

• round # 3 vs round #4, to compare soft and hard social pressure f rom 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 night light) 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 f ree driving, and round #2, with the 
vehicle behind exerting sof t social pressure. 

A f irst 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. 

 

Figure 22. Speed distribution across social pressure scores in round #2 for TTE_InterUrb_01_N 
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Figure 23. Speed distribution across social pressure scores in round #2 for TTE_InterUrb_01_D 

The boxplots in Figure 24 show the speed variation across the driver heterogeneity based on median 
values of  each participant, (speedround#2 - speed round#1) / speed round#1, 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%). 

 

Figure 24. Speed variation between round #1 (free driving) and round #2 (soft social pressure) in 
TTE_InterUrb_01_N and TTE_InterUrb_01_D 

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

Table 8. Percentage of participants increasing speed in round #2 (soft social pressure) relative to round #1 
(free driving) in TTE_InterUrb_01_N and TTE_InterUr_01_D 

 Men Women <25 years 
25-65 
years 

<15,000 
km/year 

>15,000 
km/year 

DSI 
safety 
low 
profile 

DSI 
safety 
high 
profile 

Night 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_01_N and TTE_InterUr_01_D 

  Night Day 

Category  r p-value N r p-value n 

Gender 
Men 0.32 0.21 17 0.02 0.91 22 

Women -0.12 0.65 16 -0.53 0.02 19 

Age 
<25 years 0.77 0.23 4    

25-65 years 0.07 0.73 29 -0.29 0.09 36 

Driving 
experience 

<15,000 km/year 0.04 0.87 17 -0.16 0.5 20 

>15,000 km/year 0.15 0.61 14 -0.23 0.35 18 

DSI safety 
profile 

Low 0.29 0.24 18 -0.02 0.95 21 

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 participants is looking at each zone (Figure 10) per unit of time (chunk), the pattern 
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 lef t side of the f ront windscreen (section 1), shif t 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 return to a straight section 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, f rom 1% to 8% in nigh tests and f rom 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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Figure 25. Glance proportion in every chunk of time of round #1 and round #2 for TTE_InterUrb_01_N and 
TTE_InterUr_01_D 

Figure 26 represents the same results as Figure 25 but across the driver heterogeneity. Major 
dif ferences 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 
on the windshield than those with DSI safety low profile (90%). The same tendency is observed in round 
#2 in gender, women (88%) and men (83%) looking at the windshield, but the opposite as in round #1 
in DSI, DSI safety high profile (84%) and DSI safety low profile (86%). No appreciable differences in 
day time tests.  
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Figure 26. Glance proportion across driver heterogeneities in round #1 and round #2 for TTE_InterUrb_01_N 
and TTE_InterUr_01_D 

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

This comparison complements the 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 sof t 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 ef fects (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_01_N 

 

 

Figure 28. Speed distribution across social pressure scores in round #4 for TTE_InterUrb_01_N 
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Figure 29. Speed distribution across social pressure scores in round #3 for TTE_InterUrb_01_D 

 

Figure 30. Speed distribution across social pressure scores in round #4 for TTE_InterUrb_01_D 

The analysis of the speed variation between both rounds ([speedround#4 - speed round#3] / speed round#3) 
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 
DSI safety between day (n = 19, Mdn = 0.5%) and night (n = 17, Mdn = -2.4%) tests. 

 

Figure 31. Speed variation between 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_01_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 participants increasing speed in round #3 (soft social pressure with lead vehicle) 
relative to round #4 (hard social pressure with lead vehicle) in TTE_InterUrb_01_N and TTE_InterUr_01_D 

 Men Women 
<25 
years 

25-65 
years 

<15,000 
km/year 

>15,000 
km/year 

DSI 
safety 
low 
profile 

DSI 
safety 
high 
profile 

Night 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_01_N and TTE_InterUr_01_D 

  Night Day 

Category  r p-value n r p-value n 

Gender 
Men -0.38 0.19 14 0.03 0.91 19 

Women 0.23 0.41 15 -0.2 0.47 15 

Age 
<25 years -0.15 0.8 5 -0.26 0.74 4 

25-65 years 0.0 0.99 24 -0.14 0.47 30 

Driving 
experience 

<15,000 km/year 0.0 0.99 14 -0.11 0.71 14 

>15,000 km/year -0.08 0.79 12 -0.16 0.54 17 

DSI safety 
profile 

Low 0.07 0.81 15 0.17 0.51 18 

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 sof t social pressure. 
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Figure 32. Percentage of participants overtaking with soft social pressure in round #3 in TTE_InterUrb_01_N 
and TTE_InterUr_01_D 

 

 

Figure 33. Percentage of participants overtaking with hard social pressure in round #4 in 
TTE_InterUrb_01_N and TTE_InterUr_01_D 

Smart eye tool complements the previous results with interesting f indings 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 proportion in every chunk of time of round #3 and round #4 for TTE_InterUrb_01_N and 
TTE_InterUr_01_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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Figure 35. Glance proportion across driver heterogeneities in round #3 and round #4 for 
TTE_InterUrb_01_N and TTE_InterUr_01_D 

Conclusions 

Having in consideration the subjective issues evaluated in TTE_InterUrb_01 it could be pointed out that: 

• 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 inf luence on other 

aspects as level of  conf idence 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 inf luence in traf f ic f low. 

• Taking in consideration social pressure punctation, correlations were positive and statistically 
signif icant 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 traf f ic environment. 

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

• Sof t social pressure from a vehicle behind induces the driver to increment the speed relative to 

f ree 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 : 

• Dif ferences in the behaviour between night and day time tests could be partially attributed to 
the learning ef fect, since the night tests were done minutes before the day ones.  

• 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 f rom 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 f ront of  them.  

In the condition Round #1 (without precedent vehicle 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 for the 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.  

  

Figure 36. Participants ARWES scores according for Study TTE_InterUrb_02 

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

 

Figure 37. Participants social pressure score boxplots for Study TTE_InterUrb_02 
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Table 12. ARWES average, and standard deviations scores for the four rounds 

 Round 1 Round 2 Round 3 Round 4 

Average 4.86 5.26 4.95 4.83 

SD 1.16 1.11 1.41 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 signif icant.  

 

  

Figure 38. Correlation plots for ARWES scores according to 4 Study TTE_InterUrb_02 conditions 

The ARWES score was statistically significantly different at the 4 rounds during the test, F(2.34,95.75) 
= 3.86, p < 0.05, η2

g= 0.02.  

 

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 dif ferences, 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 dif ferent rounds.  

  

  

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 analysis is 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 dif ferent speeds:  

• round #1 vs round #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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• round #3 vs round #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 f irst step on this analysis is to 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. 

 

Figure 41. Speed distribution across workload scores in round #2 for TTE_InterUrb_02 

 

Figure 42. Headway distribution across workload scores in round #2 for TTE_InterUrb_02 

 

Figure 43. Pupil diameter distribution across workload scores in round #2 for TTE_InterUrb_02 

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, (speedround#2 - 
speed round#1) / speed round#1, and at medium speed, (speedround#4 - speed round#3) / speed round#3. The low 
speed decrease (n = 37, Mdn = -9.3%) is higher than the medium speed one (n = 36, Mdn = -4.4%) 
across the four categories of  driving heterogeneity under study . 
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Figure 44. Speed variation between round #1 (free driving while reading 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_02 

Similar results (Table 13) to the ones in Figure 44 are obtained when counting the number of participants 
slowing down in rounds with a lead vehicle at the same speed compared to f ree 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 a text) 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_02 

 Men Women 
<25 
years 

25-65 
years 

<15,000 
km/year 

>15,000 
km/year 

DSI 
safety 
low 
profile 

DSI 
safety 
high 
profile 

Low 
speed 

89% 78% 100% 81% 76% 93% 95% 72% 

Medium 
speed 

83% 67% 60% 77% 76% 77% 67% 83% 

The f irst 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 
for women and drivers with more experience with a tendency to decrease speed when workload score 
increases. 

Table 14. Correlation of the variation of speed and variation of workload at low speed, round #2 (following 
a lead vehicle while reading a text) 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_02 

  Low speed Medium speed 

Category  r p-value n r p-value n 

Gender 
Men -0.32 0.18 19 -0.08 0.77 17 

Women 0.27 0.28 18 -0.58 0.02 16 
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Age 
<25 years 0.26 0.67 5 -0.21 0.74 5 

25-65 years -0.03 0.87 32 -0.31 0.11 28 

Driving 
experience 

<15,000 km/year -0.22 0.37 19 -0.17 0.5 18 

>15,000 km/year -0.03 0.91 15 -0.6 0.03 13 

DSI safety 
profile 

Low 0.35 0.15 19 -0.34 0.21 15 

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 participant in 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%). 

 

Figure 45. Pupil diameter variation between round #1 (free driving while reading 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)  

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

round #4 (following a lead vehicle while reading a text)  

 Men Women 
<25 
years 

25-65 
years 

<15,000 
km/year 

>15,000 
km/year 

DSI 
safety 
low 
profile 

DSI 
safety 
high 
profile 

Low 
speed 

68% 72% 100% 66% 68% 73% 53% 89% 

Medium 
speed 

44% 39% 80% 35% 32% 50% 39% 44% 
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No trends are observed at low speed or medium speed (Table 16) in the 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 a lead vehicle while reading a text) relative to round #1 (free driving while reading a text), and 

medium speed, round #4 (following a lead vehicle while) 

  Low speed Medium speed 

Category  r p-value n r p-value n 

Gender 
Men 0.1 0.7 18 0.22 0.37 18 

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 
experience 

<15,000 km/year 0.31 0.2 19 0.18 0.48 18 

>15,000 km/year 0.09 0.76 14 0.09 0.78 12 

DSI safety 
profile 

Low 0.39 0.11 18 0.25 0.34 16 

High 0.18 0.48 18 0.33 0.2 17 

TOTAL 0.22 0.2 36 0.29 0.1 33 

 

The gaze pattern in every chunk of the test for TTE_InterUrb_02 (Figure 46) is completely different from 
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%). 

 

Figure 46. Glance proportion in every chunk of time of round #1 - round #4 for TTE_InterUrb_02 
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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 time the 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). 
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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 ef fort 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 dif ferent 
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 dif ferences 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 dif ficulty of the task. It would be interesting to test high demand task to 
dif ferent speed situations to study if  dif ferent speeds have inf luence 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:  

• Dif ferences in the behaviour between low and medium speed tests could be partially attributed 
to the learning ef fect, 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-concept experiment. 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 
prof ile. 

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

 

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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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). 

  

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

About 60% of the sample drive daily in interurban area traf fic or rural environment. Additionally, ¾ 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, it is 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, it is shown the direct scores of participants in the 4 rounds (2 baselines and 2 experimental 
rounds). As it could be perceived it seems that Experimental round at 80km/h. shows the highest scores. 

 

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 but in 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 

 LB 60 LB 80 EXP 60 EXP 80 

Average 1.50 2.00 1.58 2.83 

Median 1.00 2.00 1.50 3.00 

SD 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 signif icant.  
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Figure 55. Correlation plots for ARWES scores according to 4 Study TTE_InterUrb_03 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 that the median is higher but the dispersion lower when comparing 
f ree 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) 

 

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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Figure 57. Pupil diameter distribution over the rounds for TTE_InterUrb_03 

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

 

Figure 58. Headway distribution over the rounds for TTE_InterUrb_03 

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 f ree 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) than in f ree 
driving (73% in round #1 and round #2). No dif ferences between tests at low and medium speed. 



45 
 

  

  

Figure 59. Glance proportion in every chunk of time of round #1 - round #4 for TTE_InterUrb_03 

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 f ind 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 prof ile to def ine if  similar trend is found. 
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