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Abstract 
 

The 2021 edition of the Italian Highway Code includes for the very first time 

the vulnerable road user (VRU) category. This innovation reflects the 

growing awareness of the Italian legislator for the safety of pedestrians, two-

wheelers, and persons with disabilities. In the urban context, a significant 

amount of vehicle-pedestrian collisions occurs at unsignalized crosswalks 

located between consecutive intersections, i.e. in the so-called “mid-block” 

section.   

 

This study investigates the effects of two different crosswalk designs, (i) the 

linear sidewalk and (ii) the curb extension, on driver-pedestrian (DP) 

interaction. Two types of driver familiarity were explored: (i) the route and 

(ii) the situational one. The hypothesis is that drivers’ familiarity with route 

and situation contributes to generating a wider spectrum of behaviours, 

which in turn can significantly affect pedestrian safety. Although the route 

familiarity has been repeatedly investigated in the literature through 

naturalistic and simulation studies, there is a lack of knowledge about the 

effects of familiarity in the DP interaction. The experiment aims to examine 

the driver behaviour after (i) repeated exposure to DP interactions and (ii) in 

the first exposure after several missed DP interactions at mid-block 

crosswalks. 

 

This study was conducted at the fixed-base driving simulator of the 

Department of Environment, Land, and Infrastructure Engineering at the 



Abstract 

iii 
 

Politecnico di Torino. A multi-level factorial experiment was designed to 

include: (i) mid-block crosswalk design, (ii) driver familiarity, and (iii) 

pedestrian time gap acceptance. Baseline (linear sidewalk) and curb 

extension are the two designed mid-block pedestrian crossing layouts and 

are embedded in an urban neighbourhood. Unfamiliarity, route-familiarity, 

and situational-familiarity are the three conditions in which the participants 

(drivers) were involved. Three different values of pedestrian time gap 

acceptance to model their crossing behaviour (4, 6 and 8 seconds) were 

adopted.  

 

Fifty-two participants were involved. They were divided into four groups 

and stratified for age and gender. Four surrogate safety measures i.e., 

minimum instantaneous time to collision (MTTC), post encroachment time 

(PET), maximum car deceleration (MaxD) and maximum car speed within 

100 m before the crosswalk (MaxS) were used to evaluate the driver response. 

 

Two different analysis were carried out. The first with interaction plots 

exhibited the effects of the experimental factors on the measured variables. 

The second was performed through the calibration of mixed-effects models. 

Results reveal that the curb extension layout significantly improves the safety 

of the pedestrians, showing the more relevant effect on MTTC and MaxS. 

Furthermore, the analysis pointed out that route familiarity led to more 

aggressive driving behaviour than the other familiarity levels. Situational 

familiarity positively affects driving behaviour making them more prone to 

safely interact with pedestrians. The outcomes suggest adopting the curb 

extension at the unsignalized mid-block pedestrian crossing, and this 

conclusion is also supported by a lower number of collisions recorded during 

the simulations with this layout.   

 

 

KEYWORDS: Pedestrians safety, Driving simulation, Drivers’ familiarity, 

Surrogate measure for road safety, Human factor, Driver-pedestrian 

interaction.  
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Chapter 1 

Introduction 
 

More than 50% of the whole road deaths involves vulnerable road users 

(VRU), which are mainly pedestrians, “two-wheelers”, and people with 

disabilities (WHO, world health organization, 2020). They are the most 

exposed road users to risks and therefore need to be protected. The statistics 

collected by the Italian National Statistics Institute (ISTAT - Istituto Nazionale 

di Statistica) revealed a higher fatality and injury rates for VRU compared to 

drivers (ISTAT, 2018). 

Among VRU, pedestrians are the most exposed to death risk. The World 

Health Organization (WHO) reported that the 22% (270,000) of all road 

fatalities were pedestrians (WHO, 2013). The 2018 annual report of the 

European Road Safety Observatory exhibits that the number of pedestrian 

deaths in the urban area in 2016 was 3,853, which were more than twice of 

those occurred in the rural area (European Road Safety Observatory, 2018). 

In Italy, in 2018 the ISTAT observed that the number of injured pedestrians 

was 20,700 while the deaths were equal to 612 (ISTAT, 2018). The pedestrian’s 

fatality rate (3.2 each 100 accidents) was five times more than the one of car 

occupants (0.7).  

American crash data revealed that the urban environment and locations 

outside intersections are the most unsafe. The National Highway Traffic 

Safety Administration (NHTSA) reports that most of pedestrian fatalities 

occur in the urban environment (80%) and mainly take place far from of the 

intersection areas (73%) (NHTSA, 2017). ISTAT reported that 14.4% of urban 

road crashes involve isolated vehicles and pedestrians, while 50% of them 

occurr at pedestrian crossing. The recorded number of crashes and pedestrian 

deaths is much higher in the urban environment (12,197 crash and 276 

pedestrian deaths) than in the rural one (503 crashes and 71 pedestrian 

deaths). Furthermore, most of the pedestrian collisions took place at 

unsignalised crosswalks (no traffic lights or officers) than in the regulated 

pedestrian crossing (ASAPS, 2019). The statistics pointed out the importance 
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of further study to increase protection of this VRU component in the urban 

environment. 

Road accidents involving pedestrians are usually associated to improper 

driver behaviours, and the most common are (i) speeding, (ii) fail to yield, 

and (iii) distracted driving. ISTAT dataset supports this statement: 10,391 of 

pedestrian investments were due to driver fault, while 1,806 to pedestrian 

violations. Using a smartphone, arguing with passenger or watch the 

navigation system can be the source of the driver’s misbehaviour. However, 

many other factors could produce this unwanted outcome.  

Let us suppose driving in a city neighbourhood and cannot find a parking 

slot for a significant amount of time. Being exposed to the same road 

environment for a long time, it makes you better familiar with that street. 

Nevertheless, this repetitive action can generate frustration and make your 

driving mechanic. The trip home-work could be another example since 

usually everyone does it daily. Both situations are part of everyday life and 

could lead to a loss of attention or a disregard for one's surroundings, causing 

problems for oneself and other road users.  

These examples well depict the driver familiarity concept. In general term, 

the familiarity indicates the custom or practice acquired through experience 

and assiduous effort. The past researches were mainly focused on familiarity 

with the route, and the findings reveal that it might be source of risk for road 

users. Anyway, drivers can be repeatedly exposed to a specific situation and 

not only to the route. The driver’s high exposure to a situation or to an 

infrastructural configuration could promote the adaptation of the driver, that 

might represent a source of risk for other road users. 

The performance of drivers approaching the pedestrian crossing is widely 

explored in the literature to investigate the effectiveness of safety 

countermeasures, and increase the overall road safety (Bella & Silvestri, 2015) 

(Chrysler, Ahmad, & Schwarz, 2015). However, the situational familiarity as 

experimental factor in the literature was not found, and this encourages to 

investigate its effects on driver behaviour and countermeasures effectiveness. 

 

The global or national road safety is usually evaluated through the crash data 

analysis. However, crash database has several limitations due to miss data, 
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underreported information, large fluctuation along time, errors in the 

localization of the events and many other issues. Hence, surrogate safety 

measures (SSM) have become popular because they refer to real or simulated 

interactions between road users, and lead to a direct classification of the same 

into safe or hazardous. The change in a factor which have an impact in the 

interaction is immediately revealed as per the variation of the 

time-to-collision or the post encroachment time, that represent the time 

proximity between conflicting road users. As a result, there’s no need to wait 

a long time to read such benefits from the crash statistics, because the positive 

variation in the SSM is immediately captured. 

 

The most suitable research tool to investigate the driver-pedestrian (DP) 

interaction is the driving simulator. Safety, efficiency, control of experimental 

parameters, and relative low cost are some advantages of conducting 

experiments in a virtual environment rather than in the field (Nilsson, 1993). 

 

This research involved five main steps: (i) topic definition and literature 

review, (ii) design of the experiment, (iii) data collection and database 

organization, and (iv) data analysis and results, (v) conclusions and future 

needs. 
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Chapter 2 

Problem statement and objectives 
 

Previous statistics pointed out that most of the road crashes involving 

pedestrian occur along urban roads. The data revealed that pedestrian 

accidents are more frequent at unsignalized pedestrian crossing far from 

intersections. The literature was consulted to understand which factors can 

affect the DP interactions and what knowledge gap has to be filled. 

2.1 Driver-Pedestrian interaction  

The goal of road engineers is to guarantee a safe interaction between different 

road users. The coexistence of all road user categories is the specificity of the 

urban mobility. Pedestrians, “two-wheelers”, people with disabilities are 

exposed to high risk and need to be adequately protected.  

Harrel found that the drivers are more prone to stop when a pedestrian 

traverse the crosswalk than when he/she stay passive remaining on the 

sidewalk (Harrell, 1993). The “Threat Avoidance Model” (Fuller, 1984) 

reveals that the drivers’ behaviour is strictly dependent on whether he/she 

perceives the presence of the pedestrian (discriminative stimulus). This 

external stimulus could generate two different behaviours: (i) slow down and 

give priority to the pedestrian (i.e. anticipatory avoidance response), or (ii) 

keep their speed having no intention to yield (non-avoidance response). 

However, the driver may not experience the discriminative stimulus because 

he/she does not perceive the pedestrian presence. If the pedestrian cross the 

road, the driver might be forced to perform a delayed evasive manoeuvre to 

avoid the collision. Bella and Silvestri found that the drivers reach a higher 

approaching speed to the zebra crossing when they do not perceive the 

interference with a pedestrian (Bella & Silvestri, 2015).  

The DP interaction is also influenced by the risk that the pedestrian is 

willinged to accept. (Pawar & Patil, 2015) field study pointed out that the 

temporal gaps accepted by the pedestrian at mid-block croasswalks ranged 

from 4.1 s to 5.8 s. Another reasearch found out that the pedestrians time gaps 
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acceptance were between 5.3 s and 9.4 s (Brewer, Fitzpatrick, Whitacre, & 

Lord, 2006). The wide ranges of the accepted gap showed the difficulty in 

representing a “real” pedestrian behaviour in the virtual environment. 

The DP interactions have been already investigated through the driver 

simulator. Some aspects appeared as relevant, such as (i) the number of 

pedestrian crossing the road (Obeid, Abkarian, Abou-Zeid, & Kaysi, 2017), 

(ii) pedestrian walking speed, (iii) time of the day, and (iv) pedestrian dress 

colour (Wu, Radwan, & Abou-Senna, 2016).  

2.2 Familiarity  

Familiarity is the custom or practice acquired through experience and 

assiduous effort. Most of the research work has been focused on route 

familiarity, which the driver achieves by having excellent knowledge of the 

travelled road. Intini et al. made an extensive literature review about this 

topic (Intini, Colonna, & Ryeng, 2019). When the driver is familiar with the 

route, he/she adapt his/her behaviour to the well-known environment.  

The hypothesis is that when the driver becomes familiar with the route or 

with the situation, automatic processes rather than controlled ones mainly 

govern his/her behaviour. In other terms, the drivers could pre-determine 

both longitudinal and transversal behaviour without adapting them to the 

actual traffic conditions. Sometimes the driver becomes familiar with the 

irregularity or anomalies of a specific road segment, such as patch or potholes 

position on the pavement or other kind of peculiarities. 

Figure 1-Outline of the familiarization process, which concludes 

after 4 laps 
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Drivers’ route-familiarity has been mainly treated in the literature with two 

different approaches: (i) distance-based and (ii) frequency-based. The first 

considers drivers as familiar whether their residence and the location of the 

studied scenarios are in the same country or state, while unfamiliar people 

are mainly foreigner or unfamiliar with the location. The second is considered 

in this study: the user becomes familiar with a given route by driving several 

times on it. The definition of the number of drives to consider the driver 

familiar is not an easy task. Daily, weekly, and monthly driving distributions 

have been explored in the research. 

Martens et al. founds that the trend of the route-familiar drivers is to reduce 

their glance duration at traffic signs (Martens & Fox, 2007). They involved 

forty-two drivers who drove nineteen times on the same route in five separate 

days. They found that familiarity influences the cognitive ability of drivers 

by making people less prone to correctly process the external sensory 

information, and this leads to inattention and mistakes.  

The frequency-based approach was adopted by Yanko et al. who carried out 

three experiments involving sixty drivers (Yanko & Spalek, 2013). 

Participants drove four times on the same route to become route-familiar. 

Once the driver is route-familiar, he/she becomes less embedded in the 

environment and finds difficulty in considering a correct margin of safety.  

There is not a standard number of participants which should be involved in 

the study to have significant results regarding the influence of the familiarity 

on the driving tasks. In the on-road test performed by Colonna et al., the 

experimental protocol considered six days of testing instead of just one 

(Colonna, Intini, Berloco, & Ranieri, 2016). 

2.3 Surrogate Safety Measures  

The assessment of the safety level is a complicated task, and usually it is 

evaluated through crash data statistics. However, some researchers consider 

the crash frequency to be the worst indicator of safety because of important 

limitations related to them. The crashes represent only the tip of the iceberg 

of the traffic events distribution, and the situations representing significant 

risk that do not lead to a collision are not detected. The spectrum of the traffic 

events describing the relationship between the severity and the frequency of 
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road users interactions is usually represented by the “safety-pyramid” 

(Hyden, 1987). This representation allowed to consider the road events like 

conflicts and undisturbed passages (normal traffic process) that are more 

frequent than road crashes (Figure 2). 

 

One of the main limitations of the crash data is related to their analysis. This 

methodology is subject to the phenomenon of regression-to-the-mean (RTM) 

effect, which requires several manipulations and a huge database (in time or 

space) to deal with it properly. The RTM effect is a statistical phenomenon 

related to the random fluctuation in crash numbers. The roads with a 

significant amount of crashes in a specific period are likely to have fewer 

collisions during the following period just because of this fluctuation. This 

phenomenon could lead to an overestimation of the effects produced by the 

countermeasure, in particular for road having a high number of crashes. 

 

Furthermore, crashes are rare events, that need to be reported into official 

statistics by police officers. The crash event underreporting characterizes 

most of the official databases, so it is difficult to have accurate and reliable 

data, which in turn might lead to poor or wrong conclusions. The typical 

mixed spectrum of traffic also represents an issue because not all the 

Figure 2-"Safety-pyramid" describing the possible interactions between road users (Hyden 1987) 
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accidents between road users are documented in the databases (e.g., the 

collision between a pedestrian and a biker). 

 

Hence, surrogate safety measures (SSM) can be alternatively used to 

investigate the interactions between different road users (Wu, Radwan, & 

Abou-Senna, 2016) (Saulino, Persaud, & Bassani, 2014). The SSM evaluates 

the crash risk in a traffic event considering vehicle trajectories, speeds, and 

accelerations. These measures overcome the limitations due to the use of 

crash data. A SSM must be sensitive to the analysed traffic event and to the 

adopted countermeasures, so the safety improvement can be evaluated in a 

corrected way. The use of driving simulators has been already validated 

using surrogate safety measures (Yan, Abdel-Aty, Radwan, Wang, & 

Chilakapati, 2008). 

To further explain the reason why surrogate safety measures have been 

adopted in this research, it is necessary to introduce the concept of traffic 

conflicts and crash-nearness. A traffic conflict is the situation in which road 

users follow trajectories that will lead them to a collision with a high 

probability of injury. This definition was formulated in the Dutch method of 

the traffic conflict technique (Horst & Kraay, 1986), in which both the 

imminence of the crash and the consequence for the involved users are 

included. Applying this definition to DP interaction, a conflict is a small 

separation between the two users and an evasive manoeuvre is necessary to 

avoid the collision.  

Figure 3-Outline of the driver-pedestrian interaction evolution related to surrogate safety measures. 
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If the driver carries out a late evasive manoeuvre, a near-collision event may 

occur. The crash nearness is related to the concept of road user’s separation, 

which is the event that could have generated a damage but did not because 

of an effective emergency manoeuvre or a lucky coincidence. Even if near 

crashes do not produce material damage or injuries, they can create a feeling 

of unsafe conditions and anxiety in the road users. Moreover, these events 

are more frequent than collision and this overcome one of the main 

limitations of the crash data. The analysis of the near crashes might involve 

the concept of risk perception and allow to better evaluate the effectiveness 

of the adopted infrastructural countermeasures. Many surrogate safety 

measures have been used in the literature to express the crash nearness 

between the road users. In this study, (i) the minimum instantaneous 

time-to-collision (MTTC), (ii) the post-encroachment time (PET), (iii) the 

maximum deceleration (MaxD), and (iv) the maximum speed (MaxS) within 

100 m before the crosswalk to evaluate the driver’ response have been 

adopted. 

Minimum time-to-collision 

TTC is a surrogate safety measure, which has been widely used in the 

research field to evaluate the road users’ safety (Wang, Cheng, Li, André, & 

Jiang, 2019). FHWA manual defined TTC as the time that remains until a 

potential collision between two road users, would occurred whether their 

trajectories and speed difference do not vary (U.S. Department of 

Transportation, 2008). It is a temporal proximal indicator, meaning that it 

expresses the distance between the road users in terms of time. The 

measurement of the TTC is based on the prediction of a hypothetical crash if 

both the road users maintain the same trajectory and speed. It allows to assess 

the severity of a conflict and the probability of a collision. 

The instantaneous measurement of the TTC (ITTC) allowed to correctly 

detect the end of the driver’s evasion manoeuvre during a conflict event 

(Tarko, 2020). It appeared clear as this manoeuvre comes to the end when the 

minimum value of the instantaneous TTC (MTTC) is achieved. A conflict 

event finished when the ITTC value increases and rises above the critical 

threshold. Typically, this SSM is automatically computed through SSAM 

(Surrogate Safety Assessment Model) that is a software application able to 
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identify, classify, and evaluate traffic conflicts from microscopic traffic 

simulation models. The estimated TTC is based on the current location and 

speed of the two vehicles and it is evaluated at each time step. The default 

critical threshold adopted to identify a conflict event is equal to 1.5 s. 

Post-encroachment time 

FHWA manual defined PET as the time discrepancy between the moment an 

“offending” road user passes out of the point of potential collision and the 

moment of arrival at the same potential collision point by the "conflicted" 

road user. The minimum possible value of PET is equal to zero that 

corresponds to a collision. This variable has been already considered  in 

literature both for vehicle-vehicle conflict events (Saulino, Persaud, & 

Bassani, 2014) and for DP interactions (Wang, Cheng, Li, André, & Jiang, 

2019).  

 

The nature of this measure could lead to misleading evaluation of the hazard 

because it is a post-event observation. It is possible to have a situation in 

which the driver manages to complete the evasive manoeuvre thanks to a 

strong deceleration when he is at a close distance from the pedestrian. To 

reach the potential conflict point the driver must restart from a standstill and 

Figure 4-Definition of the TTC and PET in the time-space domain referring to the case in 

which the pedestrian reaches the conflict area earlier than the vehicle (with evasive 

maneuver) . (A) is the beginning point of the evasive maneuver, (B) is the potential conflict 

point, (C) is the actual at the potential conflict point of the second road user. 
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a considerable amount of time may pass. The time elapsing is clearly the 

observed PET. Even if the measure returns a high number, it does not reflect 

the high risk and probability of collision between users. It appeared as a good 

measure to count collisions but might not be an adequate measure to quantify 

the experienced risks by the users. The SSAM software adopt 5 s as critical 

threshold to detect traffic conflicts, and this study has been carried out 

consistently to this value. 

2.4 Mid-block crosswalk designs 

Crosswalks are dedicated to the pedestrian's circulation and allow a safe 

movement from one side to the other of the roadway. Road engineers must 

design them to limit any negative consequences (injuries and fatalities) using 

such facilities.  

The crash statistics confirm that mid-block crossings are more critical than 

crosswalks at intersections (ASAPS, 2019). (Bella & Silvestri, 2015) (Bella & 

Silvestri, 2016) analysed the drivers’ speed behaviour at the mid-block zebra 

crossings. They considered four treatments for the mid-block crossing area: 

(i) the baseline condition, i.e. no treatment; (ii) the parking restriction; (iii) the 

advanced yield marking; and (iv) the curb extension. These countermeasures 

were selected out of the ones analysed in the literature (Pulugurtha, 

Vasudevan, Nambisan, & Dangeti, 2012); (Zegeer & Bushell, 2012) because of 

their low cost, easiness of installation and effectiveness. 

In this study, two layouts among the above-mentioned four have been 

selected accordingly to the published findings. (Bella & Silvestri, 2015) (Bella 

& Silvestri, 2016) indicates that the curb extension improves the visibility of 

the pedestrian and promotes the decrease in speed of the drivers allowing 

yield to a pedestrian and avoid abrupt evasive manoeuvre. Experimental 

evidence reveals that this countermeasure (i) reduces pedestrian exposure, 

(ii) increments the number of drivers that yield to pedestrians (Randal, 2005), 

and (iii) significantly reduce the operational speeds of vehicles (Replogle, 

1992). 

From this literature review, the main factors affecting the DP interactions at 

mid-block crosswalks are (i) the driver behaviour, and (ii) the pedestrian risk 

acceptance. However, the outcomes from previous studies do not account for 
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the familiarity factor, either route or situational. In particular, the situational 

familiarity has never been considered as an experimental factor, and this 

support the decision to investigate this effect on driver behaviour and 

countermeasures effectiveness.  

2.5 Objectives of the study 

This study aims at investigating the DP interaction at unsignalized mid-block 

pedestrian crossing. This research investigates the effects of two different 

unsignalized mid-block crosswalk layouts, (i) the linear sidewalk (baseline) 

and (ii) the curb extension (Figure 6).  

In addition to route-familiarity, which has been addressed in past research, 

the situational familiarity was investigated too. Drivers are intended to be 

familiar with the situation when they are accustomed to a specific 

circumstance, which in this study is interaction with pedestrians. The 

experimental activity aimed at examining the driver behaviour after (i) 

repeated exposure to DP interactions and (ii) in the first exposure after several 

missed DP interactions at mid-block crosswalks.  The hypothesis is that 

driver’s familiarity with route and situation contributes to generating a wider 

spectrum of behaviours, which could significantly affect the pedestrians' 

safety. The aim is to assess if the curb extension, rather than baseline 

condition, is still significant in reducing the risk of pedestrians when 

negotiating the road crossing even considering the familiarity factor. 

  

(a)                                                                                    (b) 

Figure 5- View of the baseline (a) and curb extension (b) mid-block crossing in the virtual environment. 
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Chapter 3 

Methodology 

3.1 Design of the experiment 

A multi-level factorial experiment involving mid-block pedestrian crossing 

layouts, pedestrian time gap acceptance, and driver familiarity was designed. 

The term “multi-level” suggests that the factors did not have the same 

number of levels. The combination of the three experimental factors provide 

eighteen different configurations. Baseline (linear sidewalk) and curb 

extension are the two investigated mid-block pedestrian crossing designs and 

were embedded in an urban neighbourhood. Unfamiliarity, route-familiarity, 

and situational-familiarity were the three involvement types. Three different 

pedestrian time gaps (4, 6 and 8 seconds) were adopted.  

 

The experimental activity was carried out in the Road Safety and Driving 

Simulation laboratory of the Department of Environment, Land and 

Infrastructure Engineering (DIATI) at the Politecnico di Torino. The lab is 

equipped with a fixed-base driving simulator with a three-screen view that 

allows a 130° view. Four urban road scenarios were designed, and each 

participant drove just in one of them. Each of the four scenarios include 

different combinations of the experimental factors. The detailed description 

was included in the dedicated paragraph (Road Scenarios). 

 

The experiment required a 20-minute drive for each participant. The limited 

time spent at the simulator was adopted to mitigate any possible unpleasant 

sickness effects given by the simulation, and to be compliant with the 

anti-covid19 standards. Participants were asked to fill a questionnaire before 

the experiment. 

Fifty-two drivers divided into four groups and stratified for age and gender 

were involved. Drivers completed five laps of the circuit, four of which allow 

them to accomplish the assigned familiarization process. The choice of the 

laps number was made in accordance with the results found by Yanko et al. 

(Yanko & Spalek, 2013) and the harmonized methodology proposed by Intini 
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et al. (Intini, Colonna, & Ryeng, 2019). At the end of the driving session, 

participants were asked to fill the post-drive questionnaire to check any 

simulation sickness effect and eventually exclude those data from the final 

processing.  

 

Two different analyses were carried out. The first involved the interaction 

plots, which exhibit the effects of the experimental factors on the measured 

variables. The second was performed through the calibration of some 

mixed-effects models to include both fixed and random effects on the driver 

outputs. 

3.2  Experimental factors 

The multi-level factorial experiment was based on three independent factors: 

(i) mid-block pedestrian crossing layouts, (ii) pedestrian time gap acceptance, 

and (iii) driver familiarity (Figure 7). 

These might be called controlled variables, which were varied in the 

experiment to produce a response in the observed variables that depict driver 

behaviour. The structure of the experiment requires the study of eighteen 

combinations obtained from the different levels of the independent factors. 

The mid-block pedestrian crossing treatment factor has two configurations, 

Figure 6-Outline of the experimental factors 
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the linear curb (baseline) and the curb extension. Unfamiliarity, 

route-familiarity, and situational-familiarity are the three conditions in which 

the drivers were involved. Three different values of pedestrian time gap 

acceptance to model their crossing behaviour (4, 6 and 8 seconds) were 

adopted. They are explained in detail in the following subsections.  

3.2.1 Mid-block pedestrian crossing 

The investigated mid-block pedestrian crossing layouts were the linear 

sidewalk (baseline) and the curb extension. The first one is the most used 

pedestrian crossing configuration in Italy, and it does not involve any 

protection for pedestrians. The second is the countermeasure found to be 

most effective in two studies by Bella and Silvestri (Bella & Silvestri, 2015) 

(Bella & Silvestri, 2016).  

Baseline layout 

This layout (Figure 7) includes two lanes 3 m wide for the circulation of 

vehicles, two parking lanes of 2.20 m in width, two sidewalks 2 m wide, and 

a vertical signal to indicate the crosswalks location.  

The strips of the crosswalks have been designed accordingly to the Italian 

Highway Code, which establish that they must be 1.5 meters long, 0.5 meters 

wide and spaced 0.5 meters one from another (Ministero delle Infrastrutture 

e dei Trasporti, 1992).  

Figure 7-Baseline mid-block pedestrian crossing layout 
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Furthermore, in the proximity of the crosswalk two bulky vehicles were 

positioned to reduce the visibility of the pedestrian from the driver point of 

view.  

Curb Extension 

The geometry adopted for this layout is consistent with the Italian Policy, 

which requires a trapezoidal shape for the extension. The basic idea behind 

this layout is to improve the visibility for both the pedestrian and the driver. 

According to the ACI guidelines (Automobile Club d'Italia (ACI), 2011), the 

width of the sidewalk shall be of 1.5 m as a minimum, the length with a 

minimum of 2 m, and the width at least equal to the crosswalk. The final 

geometry was based on the case studies of Venice (Comune di Venezia, 2007) 

and Portogruaro (Portogruaro, 2007). The geometry adopted is shown in 

Errore. L'origine riferimento non è stata trovata.: 2 m wide sidewalk, 2.2 m 

of curb extension, and 12 m of crossing area. Small poles 0.9 meters high have 

been placed on the edges of the trapezoid to provide protection for 

pedestrians and to prevent cars from getting onto the sidewalk. 

3.2.2 Pedestrian time gap acceptance 

Modelling the driver-pedestrian interactions is not an easy task because of 

the difficulty in replicating a human-like behaviour. In this research, the 

pedestrian time gap acceptance (risk acceptance) concept was considered. 

Three time gaps of (i) 4, (ii) 6, and (iii) 8 s were adopted. The selected speed 

for pedestrians was set equal to 1.1 
𝑚

𝑠
, which was already considered in the 

Figure 8-Curb extension mid-block pedestrian crossing layout 
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study of (Wu, Radwan, & Abou-Senna, 2016). With this speed value, the 

pedestrian needs 2 s to reach the vehicular lane along the crosswalk. In the 

baseline condition, this distance was on the asphalt pavement surface, while 

with the second layout on the sidewalk extension. To avoid the 

administration of an order effects, two different interaction sequences were 

provided: crosswalk No. 1, 3, and 6, and No. 2, 4 and 5. 

The DP interaction was controlled through a fix-time trigger as per the 

following formula:  

𝑇𝑟𝑖𝑔𝑔𝑒𝑟𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 =
𝐷

𝑉𝑣𝑒ℎ
 [𝑠] 

where: 

− D is the distance between the vehicle’s bumper and the pedestrian; 

− 𝑉𝑣𝑒ℎ is the actual vehicle speed. 

Finally, the DP interactions always involve the pedestrian coming from the 

right-side, which is the more hazardous.  

3.2.3 Driver familiarity 

Two kinds of driver familiarity were explored: (i) the route and (ii) the 

situational one.  

According to Intini et al. (Intini, Colonna, & Ryeng, 2019), a frequency-based 

approach for the route-familiarisation process was adopted. Participants 

drove four times along the same track to reach a route-familiar condition. The 

whole procedure was carried out without interacting with other road users. 

Furthermore, the situational familiarity was accomplished by introducing 

three DP interactions for each turn, in which pedestrians cross the roadway 

in the mid-block sections. In the second, third and fourth lap, pedestrians 

crossed whenever the vehicle was about 70 m far from the mid-block 

crosswalk. The crossing action was governed through a fixed-space trigger 

installed in the virtual scenario. This methodology allows a constant 

familiarization process for all drivers, regardless of their driving behaviour 

or adopted speed. In the experiment, pedestrians crossed also from the left, 

in pairs or at different speeds. This was done so as not to produce a systematic 

DP interaction. 
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3.3 Road Scenarios 

One of the core parts of this work was the design of the scenario in which the 

drivers have been involved. The length, the shape of the circuit and its 

surroundings were designed to make drivers familiar with the route and the 

situation, to limit the driving sessions to reduce any simulation sickness, and 

to replicate a typical urban setting. Four different scenarios were designed. 

The common characteristics of the rectangular-shaped tracks (Figure 9) are: 

• 6 mid-block pedestrian crossing areas; 

• “urban-canyon” with surrounding building; 

• rectangular shape and 1.6 km in length; 

• distance between consecutive pedestrian crosswalks of 200 m; 

• two intersections regulated with stop signal; 

• posted speed limit of 50 
𝑘𝑚

ℎ
 according to the Italian regulations; 

• two cars and five pedestrians moving in each mid-block crossing area 

to reproduce a typical urban traffic; 

• the driven vehicle was isolated in the lane. 

Figure 9-Top view of the experimental urban track 
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The track is made up of two legs 500 m long and other two 300 m long. The 

crossing zone were distributed along the track to comply with the distance of 

200 m between consecutive crossings. A street view of the road scenario is 

shown in the Figure 10-Street view of the urban scenario. 

To reproduce the urban environment, we needed to include other road users 

besides those needed for the tests. Five pedestrians per crossing were 

included to replicate pedestrian traffic along the sidewalks. Furthermore, two 

cars per crossing were included in the opposite lane to simulate city traffic. 

Therefore, there are thirty pedestrians and twelve cars that travel along the 

road scenario without interacting with the driver. The road users' behaviour 

was modelled through SCANeR™studio, which has a specific language 

called MICE to make users interact together. The implementation of the 

environment and the scripts were reported in the appendix (Scenario codes 

(MICE language).A). The vertical and horizontal markings have been installed 

following the standards specified for urban areas. Blue parking areas, 

horizontal markings, stop, posted speed limit, crosswalk signals are some of 

them. In particular, the posted speed limit signal was included at the 

beginning of each leg of the scenario, to remind the speed regulations during 

Figure 10-Street view of the urban scenario 



Methodology 

20 
 

the duration of the drive. The following sub-sections explain in detail the 

structure of each scenario. 

Scenario 1 

Route-familiarity and baseline mid-block pedestrian crossing are the two 

pillars of this scenario. In this road scenario, drivers undergo the route 

familiarity process. This process mainly consists of driving around the 

neighbourhood four times without any interactions with pedestrians. To 

make the driving more lifelike, we decided to make some pedestrians cross 

at the intersections. However, these road users do not interact with drivers 

because they start crossing the road when the vehicle is 150 meters away from 

the intersection and having only a visual function.  

After driving four laps around the city block, drivers were considered 

familiar with the road (frequency-based approach). In the fifth lap, we 

observed the driver behaviour during the first exposure to a DP interaction 

at the mid-block crosswalks. The investigated crosswalk layout was the linear 

sidewalk, and it was reproduced in all the six mid-block locations. The Table 

1 summarized the combinations included on this scenario. 

Table 1-Scenario 1 combinations 

 

Scenario 2 

The second scenario involved the same mid-block layout as the first (linear 

curb), but in this instance, drivers were subjected to the process of becoming 

familiar both with the road and the situation. Route-familiarization process 

is the same as seen in the first scenario and it is reproduced here as well. To 

recap, the drivers travel the same road four times to be familiar with it.  

The distinction with the previous configuration lies in the inclusion of the 

concept of familiarity with the situation. This process is accomplished 

through the introduction of three DP interactions per each lap, where 

pedestrians cross the roadway in the mid-block sections. The investigated DP 

Mid-block layout Familiarity Ped. time gap acceptance Lap 

Baseline Route 4 seconds 5 

Baseline Route 6 seconds 5 

Baseline Route 8 seconds 5 
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interaction were approached by drivers in the first and last lap of the scenario. 

Those DP interactions were the same for both the laps, and this has been done 

to investigate a possible shift in driver’s response between an initial situation 

(unfamiliar) and the final stage (route and situational familiar). The Table 2 

illustrates the investigated combinations. 

Table 2-Scenario 2 combinations 

 

Scenario 3 

This scenario was designed to afford investigation regarding route-

familiarity under curb extension mid-block crossing layout. The purpose of 

it is to represent a kind of safe island for pedestrians, improving drivers' 

visibility of the pedestrians. The procedure for road familiarization is the 

same as in scenario 1, in which drivers are required to drive four times 

Mid-block layout Familiarity Ped. time gap acceptance Lap 

Baseline Unfamiliar 4 seconds 1 

Baseline Unfamiliar 6 seconds 1 

Baseline Unfamiliar 8 seconds 1 

Baseline Route and Situational 4 seconds 5 

Baseline Route and Situational 6 seconds 5 

Baseline Route and Situational 8 seconds 5 

Figure 11-Frames of the designed scenarios 
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around the road scenario before being exposed to DP interactions. The Table 

3 shows the analysed configuration of the interactions. 

Table 3-Scenario 3 combinations 

Mid-block layout Familiarity Pedestrian time gap acceptance Lap 

Curb extension Route 4 seconds 5 

Curb extension Route 6 seconds 5 

Curb extension Route 8 seconds 5 

 

Scenario 4 

The latter scenario allowed to analyse the remaining combinations. Route and 

situational familiarity are both considered with curb extension as mid-block 

pedestrian crossing layout. Familiarity with the situation is achieved as 

explained for scenario 2, in which the driver started to interact with 

pedestrians from the first lap. The curb extension, as in scenario 3, follows the 

Italian custom of having a trapezoidal design shape. The Table 4 exhibit the 

obtained combinations. 

Table 4-Scenario 4 combinations 

Mid-block layout Familiarity Pedestrian time gap acceptance Lap  

Curb extension Unfamiliar 4 seconds 1 

Curb extension Unfamiliar 6 seconds 1 

Curb extension Unfamiliar 8 seconds 1 

Curb extension Route and Situational 4 seconds 5 

Curb extension Route and Situational 6 seconds 5 

Curb extension Route and Situational 8 seconds 5 

 

3.4 Participants 

The participants (drivers) were chosen from external volunteers, professors, 

students, and employees of the Politecnico di Torino. All drivers took part in 

the activity voluntarily and without receiving any monetary compensation. 

The number of people involved is 52 and they were randomly distributed 

across the four designed scenarios. The drivers have been stratified by age 

and gender to have a good sample and an acceptable distribution of drivers 

among the four groups. Moreover, the drivers having a driving license for 

less than three years were excluded, consistently with the concept that 

unfamiliarity is different to unexperienced driver. 
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For each of the four designed tracks the number of involved drivers is equal 

to thirteen. This number allowed having thirteen observations of each 

measured variable for each combination. The age range of the sample is 23 to 

60 years old and the mean driver age was about 36 years old. Age distribution 

by age and gender was summarized in the pie charts (Figure 12).  

To test the goodness of fit between subgroups, f-tests and t-tests were 

conducted on the age characteristic per each couple of groups. The f-test is a 

preliminary test used to figure out whether two populations of data have 

equal variance. It was also needed to decide which t-test to use. If the p-value 

resulting from the f-test is lower or equal to 0.05, means that the populations 

have equal variance.  

The t-test allowed to estimate the probability of obtaining a difference 

between the averages at least as large as that observed when the null 

hypothesis is true. This probability is expressed by the p-value, and if it is 

higher than 0.05 means that the discrepancy between the means of the two 

groups is not statistically significant. Mean values and the standard deviation 

can be represented through interval plots (Figure 13). The p-values of all t-

tests are well above the 0.05 significance threshold, so all the drivers were 

considered (Table 6). 

Table 5-Age means and standard deviations of each group 

                                                                     Age 

Group Mean Std Dev 

1 35.31 11.24 

2 36.46 10.08 

3 36.23 11.58 

4 37.69 12.43 

 

8%

63%

29%

Driver classes by Age

<25 25-45 45-64

Figure 12-Pie charts describing the sample age distribution in terms of gender and age 

69%

31%

Driver classes by Gender

M F
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Table 6-P-values of the T-tests and F-tests for each couple of groups 

Age 

Group F value               p-value (f test) t value     p-value (t test) 

1-2 1.24 0.36 -0.28 0.79 

1-3 0.94 0.46 -0.206 0.84 

1-4 0.82 0.37 -0.513 0.61 

2-3 0.76 0.32 0.05 0.96 

2-4 0.66 0.24 -0.277 0.78 

3-4 0.87 0.41 -0.31 0.76 

3.5 Experimental protocol 

Driver recruitment 

The starting step was driver recruitment, which initially involved drivers 

who had participated in previous experiments. They received an invitation 

email (Appendix K) asking for their availability to be involved and contacted 

for scheduling an appointment. It contained as attachments the presentation 

of the experiment (Appendix L), anti-covid19 procedure for laboratories and 

information for guests and visitors (Appendix M).  

Age, average mileage driven in a year, number of incidents in which you have 

been involved, familiarity with driving software (i.e. videogame), and use of 

the contact lenses are some of the required information. If the driver is used 

to wearing contact lenses, he is asked to do so during the experiment to be 

able to replicate the actual situation more faithfully. A further question in the 

questionnaire concerns the weekly driving frequency. This request serves as 

Figure 13-Interval plot of the drivers' age stratified by group 
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a filter for the final definition of the sample, and it was decided to select 

people with similar driving frequency to have as homogeneous a sample as 

possible. The detailed questionnaire has been included in the appendix L. 

Given the difficulty determinates by the actual moment in finding drivers 

and the need to increase the sample size, new participants were invited 

through a google form which was forwarded to the internal staff of the 

university. 

The participants were contacted by phone or WhatsApp message after giving 

their willingness to take part in the experiment. During the phone call, a day 

and time for the driving session were agreed upon, it was reminded to always 

wear a mask, and it was suggested that participants not consume coffee or 

similar beverages in the two hours before the drive, so as not to affect their 

perceptions and create possible discomfort. Appointments were reported on 

the Google Calendar cloud platform so that all students using the laboratory 

were known about them and the number of people within the room was 

limited.  

Furthermore, to guarantee access to people who do not work at the 

Politecnico, it was necessary to inform the logistics office of the university 

through an email containing the name, surname, email, and access time of 

the participants. Once permission for access was granted, the logistics office 

sent an email to each driver communicating that authorization to take part in 

the experiment had been obtained. 

Pre-guide session 

When participants arrived at the laboratory, they were asked to sanitize their 

hands with gel and fill out some questionnaires. The first is the one regarding 

the anti-covid19 regulations, which was used for contact tracing and must be 

kept for 15 days (Appendix M). The second is the one containing the 

presentation of the research activity and the personal information of the 

participant (Appendix L). If the driver has already completed this form and 

emailed it, she/he is not required to fill it out again. The last one is the pre-

guide questionnaire, which contains some questions concerning health 

conditions, medication intake and food ingested in the previous hours 

(Appendix N).  
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Training Scenario 

This session aims to acclimate the drivers, to adapt themselves to the physical 

feelings involved in driving the simulator and to embed them safely in the 

virtual environment. The trial scenario about 2 km long and it is necessary to 

increase driver confidence with the equipment of the driving simulator, 

which is represented by the steering wheel, gearbox, and pedals. Participants 

were involved in a usual situation for them, since drivers have been seated in 

an ordinary car seat including belt and are required to use a six-speed manual 

transmission. As the instrumentation is commonly used, no long training 

time is required so two or three minutes of driving session are considered 

congruous. It was observed that only two drivers did not complete the 

training phase because they experienced simulation sickness. They were 

replaced with participants with similar characteristics. 

Experimental session 

If the driver did not feel any disease after the training session, he started the 

test phase. The participant drove 5 laps on the randomly assigned scenario. 

During the simulation it was not necessary to communicate with the driver, 

as directions were provided on the screen through arrows implemented with 

a proper code (Figure 14). A message indicating to park the car on the right 

was displayed to notify the driver of the end of the experiment. During the 

driving session we turn off the lights to give a context and to delete source of 

Figure 14-Indications displayed through arrows on the three screens 
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possible distraction for the driver. The audio level has been kept the same for 

all the experiments (35%). 

Post-drive questionnaire 

At the end of the drive, the participant was asked to complete a post-drive 

questionnaire. It was written based on an experiment previously conducted 

by Tenca (Tenca, 2019). It is intended to collect information regarding 

simulation sickness and the driving experience. Feelings, consequences of 

experience, immersion, and presence are the four sections into which the 

questionnaire is divided. Responses to this form were provided based on a 4-

point Likert scale (Appendix  O). The driving simulator was sanitized at the 

end of each experimental session so that the tests could be safely conducted. 

3.6 Observed measures 

Four surrogate safety measures i.e., (i) minimum instantaneous time to 

collision (MTTC), (ii) post encroachment time (PET), (iii) maximum car 

deceleration (MaxD) and (iv) maximum car speed within 100 m before the 

crosswalk (MaxS) were used to evaluate the driver’s response. 

3.6.1 Minimum instantaneous time to collision 

The TTC is a surrogate safety measure which is used to evaluate the crash 

nearness between two road users. In this study an instantaneous calculation 

of the time-to-collision (ITTC) was adopted, meaning that the distance 

between the potential collision points and the users’ speed difference have 

been computed at each instant.  

A

B

V1

V2

Figure 15-Outline of the ITTC calculation 
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The equation that allowed to compute the ITTC is the following one: 

𝐼𝑇𝑇𝐶(𝑡) [𝑠] =
𝐷

‖∆𝑉‖
  

Where: 

− D is the current distance between the potential collision points (on 

car’s bumper and pedestrian). 

− ‖∆𝑉‖ is module of the actual relative speed difference of the road 

users. 

To detect the end of the driver’s evasive manoeuvre, it has been decided to 

consider the minimum value of the ITTC (MTTC). The MTTC has been 

already proposed as surrogate safety measure for traffic events (Hayward, 

1971) (Wu, Radwan, & Abou-Senna, 2016). A low MTTC value corresponds a 

high probability of a collision between road users.  

The computational procedure has been implemented in the SCANeR™ 

studio software through a script embedded into the main code (Appendix A). 

The post-processing phase has been carried out in Matlab® to build the 

Figure 16-MTTC experimental graph for undisturbed passage, conflict, and collision events 
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graphs and highlight the MTTC values. Those minimum values were 

extracted and saved in Excel sheets to be analysed (Appendix B). 

Furthermore, the SSAM default threshold to classify the observed traffic 

events were adopted (Figure 16): 

• if the MTTC > 1.5 s, event is classified as an undisturbed passage 

• if the 0 < MTTC ≤ 1.5 s, event is classified as a conflict 

• if the MTTC ≤ 0 s, event is classified as a collision 

3.6.2 Post-encroachment time 
 

The second considered SSM was the post-encroachment time (PET). It is a 

measure of crash nearness, but differently to the TTC, it is a post-event 

observation. This variable has been already considered in the literature both 

for vehicle-vehicle conflict events (Saulino, Persaud, & Bassani, 2014) and for 

DP interactions (Wang, Cheng, Li, André, & Jiang, 2019). The PET was 

computed as follow (Figure 17):  

𝑃𝐸𝑇[𝑠] = 𝑡2 − 𝑡1 

where: 

− 𝑡2 is the arrival time of the second user at the potential conflict point; 

− 𝑡1 is the time at which the first road user left the potential conflict 

point; 

 

To carry out the PET calculation, we decided to implement in the virtual 

scenario some detection areas at the potential conflict areas (mid-block 

crossings). These areas match the portion of the crosswalks that are in the 

                                         (a)                                                                                         (b) 

Figure 17-Example of PET observation. (a) describe the moment at which the pedestrian left the conflict 

point (t1), (b) represents the arrival of the driver at the same point (t2). 
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car's lane of responsibility. This operation allowed collecting images from the 

simulation when the two road users are inside the conflict area.  

 

To save and extract the images and the corresponding simulation time it was 

necessary to use the “TimeMarker” function. Through this tool, it was 

possible to obtain the images in which the users were inside the conflict areas 

with a sampling time equal to 0.1 seconds (Appendix A). The images 

referring to the same traffic event were superimposed through a Matlab® 

code (Appendix B), to assess the location of the potential conflict point.  

 

Similarly to what has been done for MTTC observations, three categories for 

the traffic events were identified: 

• If the PET > 5 s, event is classified as an undisturbed passage. 

• If the 0 < PET ≤ 5 s, event is classified as a conflict. 

• If the PET = 0 s, event is classified as a collision. 

3.6.3 Maximum Deceleration of the vehicle 

FHWA defined MaxD as the maximum instantaneous deceleration rate of the 

vehicle observed during the conflict event (U.S. Department of 

Transportation, 2008). This surrogate safety measure has been used in 

previous study (Wu, Radwan, & Abou-Senna, 2016), in which the 

deceleration is evaluated during the DP interaction event. Max deceleration 

should change accordingly to the different drivers’ behaviour, particularly if 

Figure 18-Experimental graph of the vehicle acceleration within 100 m the 

crossing area 



Methodology 

31 
 

the driver adopts a much higher speed than allowed, he will have a more 

rapid deceleration, representing a potential danger to other road users. It is 

usually adopted to measure the conflict severity. 

The data were acquired through the SCANeR™ studio software. We wrote a 

code by which the acceleration is detected from the moment in which the car 

is 100 meters from the crossing, with a time frequency of 0.1 seconds (10 Hz). 

The data were extracted in csv format and post-processed in Matlab® to get 

the minimum acceleration and plot the graphs. The Matlab® and the MICE 

(e.g. SCANeR™ studio language) code for obtaining the data can be found in 

the attachment (Appendix A, B). 

3.6.4 Maximum Speed of the vehicle 

The maximum speed is a surrogate safety measure which is as the maximum 

speed of the vehicle during the conflict event. This value is extracted from the 

car speed profile that is recorded when a vehicle is 100 m away from the 

crossing area. This variable is used to denote the severity of the potential 

resulting collision whether the traffic event led to a collision instead of a near 

miss, meaning that the higher the maximum speed, the higher the severity of 

the conflict.  

The data were recorded through the SCANeR™ studio software. The vehicle 

speed was detected from the moment at which the car was 100 meters from 

the crossing area. The data were extracted in csv format and post-processed 

Figure 19-Experimental graph of the vehicle speed within 100 m the 

crossing area 
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in Matlab® to get the maximum speed and plot the graphs. The Matlab® and 

the MICE (e.g. SCANeR™ studio language) code for obtaining the data were 

included in the attachment (Appendix A, B). 

3.7 Analysis methods 

Two different analysis were carried out. The first with interaction plots 

exhibited the effects of the experimental factors on the measured variables. 

The second was performed through the calibration of mixed-effects models. 

Interaction plots 

The interaction plots revealed as the experimental factors differently impact 

on the observed measures. Interaction plots allowed to understand if there is 

a possible interaction between the considered fixed factors. These plots refer 

to the mean values of the observed variable and supported in assessing the 

effect of the different levels of the independent factors. The graphs must be 

interpreted observing the trends of the lines connecting the mean values. If 

the lines are not parallel, it means that the effect of one fixed variable depends 

on the other one. When a possible interaction between the variable is found, 

it is necessary to adopt a model to further investigate it. 

MTTC, PET, MaxS, MaxD are the four measured variables and is obtained an 

interaction plot for each of them. These plots were obtained through Minitab, 

that is a statistical software for data analysis, statistical and process 

improvement. 

The interaction plots allowed us to perform a graphic analysis on the 

observed measures. Those graphs have been obtained through Minitab, 

which is widely used statistical software. Whether the lines are not parrallel 

it means that the effects of one independent factor depend on the other one. 

The software generates a report card at the end of the analysis which helps 

the users to interpret the results. An example of the output is shown in Figure 

20. 
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Mixed-effects model 

The linear mixed effects model (LMM) allowed to do a step ahead in the data 

analysis with respect to the graphic analysis. The main reasons to adopt this 

model are: (i) inclusion of at least one random factor, (ii) the observed 

variable must be continuous, (iii) and the data sample must be random. It is 

an extension of the typical linear model (e.g. linear regression or fixed effects 

ANOVA) and is used for more complex experimental designs. Its choice is 

due to the multi-level design of this experiment, which requires an analysis 

on the considered factors and on the effect that their interaction might 

produce on the observed measures. 

This model includes both fixed and random effects. Fixed effects are 

parameters that are investigated and does not vary (independent variables). 

But the main advantage of this model is that it explain the variation in the 

response which is not only explained by the fixed factors. Random effects 

associated to personal characteristics may be included in the model. In this 

Figure 20-Example of diagnostic report on the interaction plots 
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study the identification factor (ID) of the test driver was . The ID acts as an 

anchor for repeated measures, and it allowed to associate each observation to 

a given driver. This represents the random factor in the investigated models.  

A  linear mixed-effects model for each of the four observed variables was 

fitted. These models were obtained through Jamovi (ver. 1.16.13), which is an 

open source statistical software. The variables included in the model are: 

• Test Driver ID (TD ID);  

• Test Driver Age (quantitative variable), (TDAge); 

• Test Driver Gender (categorical variable), (TDGen); 

• Mid-Block layout (categorical variable), (MidB); 

• Familiarity (categorical variable), (Fam); 

• Pedestrian time gap acceptance (categorical variable), (PTGA); 

• MTTC, PET, MaxS, MaxD (observed variable)  

The quantitative variables are continuous, while the categorical are used 

whether the measure is expressed in levels. To fit the LMM it was used a 

restricted-maximum likelihood (REML) approach, which perform the 

estimates through a likelihood function measuring the goodness of fit of a 

statistical model to the database. The equation 3.1 shows the general LMM 

formulation, where independent factors, their combinations, and random 

factors were considered: 

𝑌 ~ 1 +  𝐹𝑖𝑥𝑒𝑑 𝐹𝑎𝑐𝑡𝑜𝑟𝑠 +  𝐶𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐹𝑖𝑥𝑒𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 + 𝑅𝑎𝑛𝑑𝑜𝑚 𝐹𝑎𝑐𝑡𝑜𝑟𝑠 + 𝐸𝑟𝑟𝑜𝑟𝑠 (3.1) 

The dependent variable (Y) is the observed one (i.e. MTTC, PET, MaxS or 

MaxD). The experimental factors (i.e. Familiarity, Mid-block layout, 

Pedestrian time gap acceptance), the test driver gender and age were 

considered as fixed factors. The random variable (cluster) was the test driver 

ID. The model allowed to evaluate the significance of each factor and of their 

combinations through “p-value” observations. The selected confidence 

interval is 95 % (𝛼 = 0.05), and whether the p-value associated to the factor 

is lower than 𝛼, the factor had a significant effect on the output. 
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At the end of the analysis the model summary shows how well the model fits 

the data. The model summary results gave some important information on 

the outcomes. It contains the R-squared factor, that is the percentage of 

variation in the response explained by the model. The linear mixed-effects 

model includes two R-squared factors: (i) the marginal and (ii) the conditional 

one. The R-squared marginal (3.2) is the proportion of total variance 

explained through fixed effects, while the R-squared conditional (3.3) refer 

both to fixed and random effects. 

𝑅𝑀𝑎𝑟𝑔𝑖𝑛𝑎𝑙
2 =

𝜎𝑓𝑖𝑥𝑒𝑑
2

𝜎𝑓𝑖𝑥𝑒𝑑
2 + 𝜎𝑟𝑎𝑛𝑑𝑜𝑚

2 + 𝜎𝜀(𝑒𝑟𝑟𝑜𝑟)
2                                 (3.2) 

𝑅𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙
2 =

𝜎𝑓𝑖𝑥𝑒𝑑
2 + 𝜎𝑟𝑎𝑛𝑑𝑜𝑚

2

𝜎𝑓𝑖𝑥𝑒𝑑
2 + 𝜎𝑟𝑎𝑛𝑑𝑜𝑚

2 + 𝜎𝜀(𝑒𝑟𝑟𝑜𝑟)
2                             (3.3) 

The model summary reports other two important results, which are the 

Akaike’s information criterion (AIC) and the Bayesian information criterion 

(BIC). The AIC (equation 3.4) provides a measurement of quality of the 

estimation, considering both the complexity of the model and the goodness 

of fit. The BIC (equation 3.5) is a criterion devoted to the selection of a model 

among a set of different parametric model. The model with lower AIC and 

BIC values is the preferred one. Both attempts to resolve the possible 

overfitting problem caused by the addition of many parameters in the model. 

Their formulas include a reward (negative function) for the goodness of fit, 

and a penalty (positive function), which is regulated by an increasing 

function of the number of estimated model parameters. The penalty aims to 

discourage overfitting and promote model parsimony. The equations pointed 

out that the penalising term is higher in the BIC than in AIC: 

𝐴𝐼𝐶 = 2𝑘 − 2 ln(�̂�)               (3.4) 

𝐵𝐼𝐶 = 𝑘 ln(𝑛) − 2 ln(�̂�)          (3.5)     

where: 

− k is the number of parameters estimated by the model; 

− �̂� is the maximized value of the likelihood function; 

− 𝑛 is the sample size; 



Methodology 

36 
 

After fitting the LMM, the Holm post-hoc test on the significant factors to 

contrast the issue of the multiple comparison was carried out. This method 

allowed to control the probability that one or more Type I error occur, which 

is the rejection of a true null hypothesis. The tables containing the post-hoc 

test results were included in the Annex H.  

The mean values of each combination were plotted in the interval plots to 

display the model results. This is a graphic way to show the difference among 

the several investigated configurations. 

3.8 Driving Simulator 

The experiment was carried out through the use of a driving simulator. It is 

a research tool that investigate some aspects of the road infrastructure field 

and to explore some psychological discomfort. Many factors belonging to the 

reality could be replicated and controlled in the virtual environment: weather 

conditions, daytime, vibration deriving from the pavement texture, vehicles’ 

technical characteristics, pedestrian model, and ADAS are some of them. 

Driving simulators has been widely adopted in the scientific research field 

and documented in the literature. 

 

The DP interaction topic has been already investigated in several researches 

by using this tool. Results have shown that the virtual environment could 

represent a useful and safe tool to test the driver’ behaviours approaching 

pedestrian crossing, and to explore the countermeasures’ effectiveness. (Bella 

& Silvestri, 2015) (Chrysler, Ahmad, & Schwarz, 2015).  

 

The driving simulator installed at the Road Safety and Driving Simulation 

laboratory was used. The laboratory is located within the Department of 

Environmental, Land and Infrastructure Engineering (DIATI), where 

research activities on geometric design of infrastructures with the aim of 

improving safety for road users are carried out. The driving simulator is of 
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the fixed base model. The software and hardware components are provided 

by the French company AV Simulation. 

3.8.1 Hardware 
The driving simulator is of the 3-screen system and consists of three 

computers that allow to model and interact with the virtual environment. The 

main computer (superior) is in charge of running the scenarios and recording 

the output data. Its features are to have an Intel Xeon 3.70 GHz processor (E5 

1620 v2), an 8 Gb RAM, a 512 Gb Hard Disk and a graphics card NVIDIA 

GTX 780 Ti. The other two computers are dedicated to putting scenarios on 

screen. The first (visual) is used to carry out the three-screen simulation, and 

its characteristics are quite analogous to those of the previous one. The last 

computer is dedicated to performing the activity with virtual reality, but it is 

not actually used in this experiment. The audio system consists of a 

subwoofer (Dolby Surround 5.1), which is located under the seat, and four 

speakers, two located on its sides and two on the side screens. It allows the 

reproduction of engine noise and sounds due to what is on the road 

environment. 

Figure 21-Politecnico di Torino driving simulator 
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The central part of the instrumentation is what lets drivers interact with the 

virtual environment, it is showed in the Figure 21 and in detail listed below: 

• Three 32” Full HD Samsung LCD 16:9 screens that allow the virtual 

environment to be displayed. The field of view provided to drivers is 

130°. 

• Steering wheel with force feedback simulating pavement roughness 

and impacts, and includes two paddles that operate the turn signals, 

headlights, and windshield wipers. 

• 9" screen representing the car's dashboard. 

• Manual six-speed gearbox. 

• The clutch, brake, and throttle pedals. 

• Hand panel that has buttons for the ignition, horn, and handbrake. 

• Seat that is the same as a real car seat, which can be translated and 

reclined. 

3.8.2 Software 

The software employed is SCANeR™ studio version 1.9. It is a software suite 

dedicated to driving simulation and provides all the necessary tools to build 

a virtual environment that can give the driver an immersive and realistic 

experience. It consists mainly of five modules each with a distinct function: 

(i) terrain, (ii) vehicle, (iii) scenario, (iv) simulation, and (v) analysis. 

The terrain module is dedicated to the geometric modelling of the route and 

allows the insertion of elements that are part of the road environment, such 

as signs, parked cars, buildings, barriers, and vegetation. 

The vehicle module controls the performance of the vehicle even if our 

university is not licensed to use it.  

The scenario module allows to manage the entities included in the virtual 

environment. It is used to manage autonomous vehicles, sampling rate and 

script execution. Scripts are written in the language specific to this software 

(MICE), and extensive use is made of it in this thesis. These are used to give 

directions to drivers while driving, model pedestrian behaviour during the 

simulation, and quantify some of the observed variables. There are also traffic 

tools called triggers that allow you to manage parts of code or make events 
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happen during the simulation. You can also adjust the weather conditions 

and time of the simulation to your preference.  

The simulation section controls the events during the driving, in which is 

possible to enable or disable some sub-module. We displayed on the three 

screen the cockpit of the Renault scenic to better involve the drivers in the 

virtual scenario (Figure 22). It was done through the visual module, in which 

we attach the selected cockpit. 

The function of the analysis module is to extract data mainly in csv format, 

and build graphs based on them. 

  

Figure 22-Renault scenic cockpit displayed on the three-screen driving simulator 
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Chapter 4 

Results and Discussion 

4.1 Traffic events classification 

This first rough analysis allowed to classify events according to the MTTC 

and PET critical thresholds. The traffic events can be classified as undisturbed 

passage, conflict, or collision. 

Four bar charts exploring all the possible combinations are plotted. The 

graphs related to the time to collision observations point out that the conflict 

and collision events occur only when the pedestrian time gap acceptance is 

equal to 4 seconds (Figure 23 and Figure 24). The curb extension layout 

provides a strong decrease in the number of dangerous events. The collisions 

occurred with this countermeasure were only two, while without any 

treatment (baseline) seven crash events were counted. Moreover, the 

sidewalk extension does appear to prevent the collisions related to the 

unfamiliarity effect on the drivers’ behaviour. The situational-familiarity 

effects were limited, but not eliminated.  

Figure 25 and Figure 26 show the events frequency about PET observations. 

The number of collisions is clearly consistent with the one counted in MTTC 

measurements. This allowed to assess that the MTTC and PET observations 

were consistent among them and properly recorded. The conflict events were 

significantly more than in the MTTC graphs giving a different event risk 

evaluation for the road users. It is due to the different nature of the 

observations and to the different critical threshold values. PET is a post-event 

observation and sometimes it does not reflect the experienced risk by the 

users or the collision probability. It is considered as a good measure to count 

collisions but might not be an adequate measure to quantify the users 

perceived risks. The different mid-block layouts do not appear as 

significantly effective in reducing the number of conflict events.  

 



Results and Discussion 

41 
 

 
Figure 23- Traffic event classification according to the MTTC thresholds and baseline mid-block layout 

 

Figure 24-Traffic event classification according to the MTTC thresholds and curb extension mid-block 

layout 
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Figure 25-Traffic event classification according to the PET thresholds and baseline mid-block layout 

 

Figure 26-Traffic event classification according to the PET thresholds and curb extension mid-block layout 
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4.2 Interaction plots 

MTTC interaction plot (Figure 27) shows that the effects of the pedestrian gap 

acceptance factor depend both on mid-block pedestrian crossing design and 

on familiarity. It does not appear to be an interaction between familiarity and 

mid-block pedestrian crossing designs factors, because the lines are almost 

parallell among them. Anyway, it can be evidenced a difference in the means 

of the MTTC across the levels of this independent variables, meaning that 

they can affect the MTTC but their influence is independent from the other 

fixed variable.  

The graph referred to PET means (Figure 28) points out that the effects of the 

pedestrian time gap acceptance factor depend on mid-block pedestrian 

crossing design. Familiarity and mid-block do not interact and the mean 

values do not change significantly across mid-blocks. However, PET means 

are different among the familiarity levels. Familiarity and pedestrian time 

gap acceptance also exhibit only a change in the MTTC average but without 

interacting with each other. 

MaxS interaction plot (Figure 29) reports no interaction between mid-block 

pedestrian crossing designs and pedestrian time gap acceptance. Focusing on 

these two variables, it shows a change in the means across the mid-block 

levels but not in the other one. Moreover, it does not appear to be an 

interaction between familiarity and pedestrian time gap acceptance, but just 

a change in the MaxS average across the familiarity levels. The last 

comparison is related to familiarity and mid-block designs. No interaction is 

showed between them, but a significant variation of the mean across their 

levels. The last observed variable is MaxD (Figure 30). Its plot shows that an 

interaction between familiarity and mid-block designs factors does not 

appear. The mean values change significantly only across mid-block levels. 

Pedestrian time gap acceptance and mid-block designs do not interact among 

them. Anyway, the MaxD means significantly vary across the level of both 

the fixed factors. The last combination regards familiarity and pedestrian 

time gap acceptance factors. No interaction is showed, but just a variation in 

the averages among the pedestrian time gap acceptance levels. 
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The analysis of these plots allowed to have a graphic evaluation of the 

interactions among the experimental factors and of theirs on the measured 

variables. For a more advanced analysis, the data modellling was used to 

further investigate the interactions. The linear mixed-effect model (LMM) 

was used. 

Figure 28-Interaction plot for PET 

Figure 27-Interaction plot for the MTTC 
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Figure 29-Interaction plot for MaxS 

Figure 30-Interaction plot for MaxD 



Results and Discussion 

46 
 

4.3 Linear Mixed-effects Models 

Minimum time to collision  

The output of the LMM with the MTTC is summerized in Table 7. The 

R-squared marginal shows that 65% of the variation in the response is 

explained through the fixed variables. This percentage increase till 75% 

whether the sum of the random variance components is included in the 

R-squared calculation (R-conditional). Being a behavioural model on driver 

response, it can be considered a remarkable result since more than 50% of the 

response variation is explained thorugh the considered factors. The 

R-conditional is higher than the marginal one, meaning that the driving 

behaviour of participants explain the MTTC model variance for an additional 

10%.  

Results show that (i) mid-block layouts, (ii) familiarity, and (iii) pedestrian 

time gap acceptance were relevant for the MTTC model. The Table 8 shows 

that familiarity (p-value = 0.013), pedestrian time gap acceptance 

(p-value < 0.001), and mid-block layout (p-value = 0.007) were significant for 

the model response. Furthermore, the older the driver the higher the MTTC 

(p-value = 0.016 and coefficient estimate = 0.0172). In other terms, older 

participants were more cautious than the younger ones in the DP interaction. 

The effects produced by the pedestrian time gap acceptance factor depend 

both on mid-block pedestrian crossing layout and on familiarity, which is 

consistent with the findings of the graphic analysis (interaction plot). This 

means that the variables interacted among them producing a significant effect 

on the model response. 

The post-hoc test on the familiarity levels shows that the effect on MTTC 

produced by route-familiarity is significantly different respect to 

unfamiliarity (p-value = 0.045) and situational-familiarity (p-value = 0.011) 

effects, generating MTTC lower mean values than the others (Appendix C). 

The combinations which consider a PTGA equal to 4 s and the baseline layout 

stressed this difference. The mean MTTC associated to the situational 

familiarity (2.08 s) is twice the one found for route-familiar drivers (1.04 s). 

Moreover, according to MTTC means, the unfamiliar drivers were more 

cautious (1.23 s) in this configuration with respect to the route-familiar one.  
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The mid-block layout significant is confirmed by Holm test (p-value = 0.007). 

The MTTC mean values related to the curb extension layout are significantly 

higher than those found with the linear sidewalk. The most notable results 

are related to a PTGA equal to 4 s, for which the curb extension generated a 

higher MTTC mean value for each type of familiarity. The MTTC mean 

passed from 1.04 s of the baseline to 1.77 s of the curb extension, which is 

above the critical threshold that identify a conflict (1.5 s). This 

countermeasure produced similar effects also for unfamiliarity (from 1.23 s 

to 2.28 s) and situational-familiarity (from 2.08 s to 2.85 s) conditions. The 

levels of the PTGA generate significant different effects among them (p-

value < 0.001). As we expected, a PTGA equal to 4 s generated the lower 

MTTC mean values (1.88 s) with respect to 6 s (3.46 s) and 8 s (4.28 s). 

The interval plots revealed, as we expected, that the curb extension brings 

benefits in terms of reducing the risk of a potential collision, since the 

difference in the MTTC mean values between the two layouts appears to be 

significant across all the combinations (Figure 31). A further general trend 

PTGA=4 s PTGA=6 s 

PTGA=8 s 

Figure 31-LMM interval plots of MTTC (Familiarity ID 1 = Unfamiliarity, ID 2= Route, ID 3 Situational) 
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was produced by the route-familiarity factor, that for each combination 

generated lower MTTC mean values.  

Focusing on the plot referring to PTGA equal to 4s, which appears to be the 

most relevant, the baseline layout combined to the route-familiarity provided 

the lower value of MTTC. This result is consistent with our hypothesis that 

the linear sidewalk leads to more hazardous DP interactions. The higher level 

of pedestrian accepted risk (4 s) stressed the low effectiveness of this mid-

block configuration. The higher effectiveness in terms of safety of the curb 

extension layout has been revealed by the observation of the same plot. An 

increasing trend of the MTTC mean values can be noticed across all the 

familiarity levels. Among the different familiarity levels, the situational one 

generates a higher value of MTTC, meaning that it results in a more prudent 

driver’ behaviour. The unfamiliarity condition made the drivers significantly 

less aggressive when approaching to the pedestrian crossing than the route-

familiarity.  However, driver’s unfamiliarity appeared to be more hazardous 

than situational-familiarity for pedestrians at crossings. The plots for PTGA 

equal to 6 and 8 s did not show a significant trend across the combinations. 

Anyway, the curb extension layout generated a smaller benefit with respect 

to the baseline condition. 

Table 7-MTTC mixed effect model summary 

Model Info 

Estimate Linear mixed model fit by REML 

AIC 579.533 

BIC 742.697 

LogLikel. -264.97 

R-squared Marginal 0.647 

R-squared Conditional 0.756 

Converged yes 

 

Table 8-Fixed Effect Omnibus tests of the MTTC mixed-effects model 

Fixed Effect Omnibus tests 

  F Num df Den df p 

Test Driver Age 6.24 1 46.6 0.016 

Mid-block layout 7.98 1 46.5 0.007 

Familiarity ID 4.63 2 76.7 0.013 

Pedestrian Time Gap Acceptance 250.74 2 173.2 < .001 

Mid-block layout ✻ Pedestrian Time Gap Acceptance 6.01 2 173.2 0.003 

Familiarity ID ✻ Pedestrian Time Gap Acceptance 4.59 4 173.2 0.002 
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Table 9-Random factor tests for the MTTC mixed-effects model 

Random Components 

Factor Name SD Variance ICC p-value 

Test Driver ID (Intercept) 0.456 0.208 0.308 <0.001 

 Residual 0.684 0.467   

Note. Number of Obs: 234 

Post-encroachment time 

The PET model summary (Table 10) showed a R-squared marginal equal to 

0.25, meaning that the 25% variance in the database is explained through the 

fixed variables. This percentage increases till 45% whether the sum of the 

random variance components is included in the R-squared calculation 

(R-conditional). The R-conditional is about twice the marginal, meaning that 

the variation explained by the random effects (drivers ID) is significant.  

Two out of the three fixed experimental factors resulted as significant for the 

PET model (Table 11). The familiarity (p-value = 0.004) and pedestrian time 

gap acceptance (p-value < 0.001) factors appeared to affect PET observations. 

This results revealed that the different level of risk accepted by the virtual 

pedestrians and the three familiarization process affect the PET response 

model. The mid-block curb extension layout did not produce a significant 

beneficial effect in terms of safety (p-value = 0.310) and the PET mean value 

is about 4.5 for both configurations. This post-event observation appeared as 

not able to capture the effectiveness of the curb extension layout. The 

different interactions among the factors were found as not significant for this 

model. This result did not confirm the one assessed through the interaction 

plots, where the PTGA and mid-block layout factors appeared as interacting 

among them. 

The interval plots (Figure 32) showed a general small upward trend in PET 

averages across mid-block levels, still demonstrating a small benefit 

generated by the curb extension countermeasure. The graphs referring to 

PTGA equal to 4 and 6 seconds looks like not significantly different among 

them. The higher PTGA (8 s) generated larger PET as one can expected. 

“Unfamiliar” drivers appeared to be more cautious than the familiar ones for 

all the PTGA levels. The situational and route familiar drivers produced a 

similar response among them. 
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The post-hoc test on the familiarity levels confirmed that the effect on PET 

produced by unfamiliarity factor is significantly different with respect to 

situational-familiarity (p-value = 0.005) effects. The unfamiliar drivers were 

more cautious than situational-familiars according to the PET mean values. 

The difference between route-familiarity and unfamiliarity is about to be 

significant (p-value = 0.053), while it does not appear any difference among 

route and situational familiarity (p-value = 0.990). The PET mean values 

pointed out that the most hazardous situation for the pedestrians refer to a 

PTGA equal to 4 s and the baseline layout, in which the unfamiliar drivers 

had a more prudent behaviour (4.03 s) than the ones familiar with route and 

situation (2.65 s and 3.61 s). The PET mean values for all the combination were 

included in the Appendix C. 

The PTGAs equal to 4 s and 6 s do not appear as significantly different among 

them (p-value = 0.115), with mean PET values about 4.3 s. The differences 

across the other levels resulted as relevant (p-value < 0.001), in particular the 

PTGA equal to 8 s produce a higher mean PET value (5.3 s) than the others. 

Table 10- PET mixed effect model summary 

Model Info 

Estimate Linear mixed model fit by REML 

AIC 848.305 

BIC 958.371 

LogLikel. -375.534 

R-squared Marginal 0.25 

R-squared Conditional 0.452 

Converged yes 

 

Table 11-Fixed Effect Omnibus of PET mixed effect model 

Fixed Effect Omnibus tests 

  F Num df Den df p 

Familiarity ID 5.82 2 74.9 0.004 

Pedestrian Time Gap Acceptance 29.52 2 176.0 < .001 

 

Table 12-Random factor test for PET mixed-effects model 

Random Components 

Groups Name SD Variance ICC p-value 

Test Driver ID (Intercept) 0.748 0.56 0.269 <0.001 

 Residual 1.232 1.518    
Note. Number of Obs: 234  
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Maximum car speed  

The MaxS model summary (Table 13) showed a R-squared marginal equal to 

0.22, meaning that the 22% variation in the response is explained through the 

controlled variables. This percentage significantly increase till 82 % whether 

the sum of the random variance components is included in the R-squared 

calculation (R-conditional). The huge difference pointed out the very 

significant impact of the drivers’ behaviour on the model response.   

Model results revealed (Table 14) that all the three experimental factors 

significantly affect the MaxS outputs. Mid-block layout and pedestrian time 

gap acceptance factors had the same p-value (0.009), while familiarity has 

even lower value (p-value < 0.001). Mid-block layout and familiarity factors 

seem to interact with each other, meaning that this combination produce an 

effect on the MaxS (p-value = 0.017). It means that the effect of one fixed 

variable depends on the other one. This result was not consistent with the 

finding of the graphic analysis, which did not show an interaction between 

these factors. 

PTGA = 4 s PTGA = 6 s 

PTGA = 8 s 

Figure 32-LMM interval plots of PET (Familiarity ID 1 = Unfamiliarity, ID 2= Route, ID 3 Situational) 
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The post-hoc tests on the familiarity levels revealed that the effect on MaxS 

generated by unfamiliarity significantly differs with respect to situational-

familiarity (p-value < 0.001) and route-familiarity (p-value = 0.006) effects. 

The route-familiar driver had a more aggressive behaviour approaching the 

mid-block crosswalks, and the higher mean MaxS was recorded with the 

baseline layout and PTGA equal to 4s (57 
𝑘𝑚

ℎ
).  

The median PTGA (6 s) produced significantly different effects with respect 

to 4 s (p-value = 0.014) and 8 s (p-value = 0.027) values. The mean MaxS 

showed that drivers had a similar behaviour approaching the mid-block 

crosswalks whenever PTGA was equal to 4 s or 8 s (51 
𝑘𝑚

ℎ
 ). A PTGA equal to 

4 s induced driver to adopt a lower mean MaxS (48 
𝑘𝑚

ℎ
 ).  

Observing the interval plots containing the mean values, it is possible to 

notice a significant downward trend of the speed values across the mid-block 

levels (Figure 33). It demonstrates the effectiveness of the curb extension 

layout with respect to the baseline configuration. The designed 

infrastructural countermeasure promoted a more cautious drivers behaviour 

when approaching the crossing area. The most evident effect of this 

countermeasure is appreciated by looking at the measures associated with 

unfamiliar drivers. The discrepancy between the averages of MaxS measures 

is the largest among those observed. Route-familiarity appeared to generate 

a more aggressive behaviour of the drivers with respect to the other 

familiarity levels for every combination. The situational familiarity generated 

a beneficial effect compared to the familiarity with the route, meaning that 

the driver maximum adopted speed was lower. 

Table 13-MaxS mixed effects model summary 

Model Info 

Estimate Linear mixed model fit by REML 

AIC 1550.13 

BIC 1552.223 

LogLikel. -672.461 

R-squared Marginal 0.224 

R-squared Conditional 0.818 

Converged yes 
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Table 14-Fixed Effect Omnibus test of MaxS mixed effect model 

Fixed Effect Omnibus tests 

  F Num df Den df p 

Mid-block layout 7.36 1 45.8 0.009 

Familiarity ID 16.82 2 73.9 < .001 

Pedestrian Time Gap Acceptance 4.88 2 177.1 0.009 

Mid-block layout ✻ Familiarity ID 4.28 2 73.9 0.017 

 

Table 15-Random factor test for MaxS mixed-effects model 

 Random Components 

Groups Name SD Variance ICC p-value 

Test Driver ID (Intercept) 8.21 67.4 0.765 <0.001 

 Residual 4.55 20.7    
Note. Number of Obs: 234  

 

 

  

 

 

 

 

  

 

 

 

 

PTGA = 4 s PTGA = 6 s 

PTGA= 8 s 

Figure 33-LMM interval plots of MaxS (Familiarity ID 1 = Unfamiliarity, ID 2= Route, ID 3 Situational) 
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Maximum car deceleration  

The MaxD model summary (Table 16) shows the model estimations. The R-

squared marginal pointed out that 28.5% of the variation in the response is 

explained through the fixed variables. This percentage becomes 45% whether 

the sum of the random variance components is included in the R-squared 

calculation (R-conditional). These results was consistent with the outcomes 

found for the other LMM, where R-conditional was larger than the marginal. 

This finding revealed that the human (driver) factor strongly affects the 

model responses. 

The fixed effect omnibus tests revealed that familiarity (p-value = 0.519) does 

not appear to be an effect on the MaxD values, and the interval plots support 

this statement (Figure 34). Mid-block layout (p-value = 0.046) and pedestrian 

time gap acceptance (p-value<0.001) factors were both found as significant 

for this model (Table 16). Higher the pedestrian time gap acceptance, and 

higher the instantaneous maximum deceleration values (i.e. less severe DP 

interaction).  

It may be observed that the curb extension layout promoted a less severe DP 

interaction with respect to the linear sidewalk configuration. This can be 

inferred from observation of the interval plots that exhibit an increasing trend 

between the baseline condition and the improved condition. The lines 

referring to the different familiarity levels are almost superposed for all the 

combinations, and it is consistent with the non-significance of this factor on 

the MaxD model response. It means that the drivers, among the familiarity 

levels, had a similar deceleration rate across all the drive for each PTGA. The 

higher mean MaxD observation was found for a PTGA equal to 4 and 

considering the linear sidewalk crosswalk layout (-6.3 
𝑚

𝑠2
). This result pointed 

out the low effectiveness of the baseline condition on pedestrian protection.  

The Holm post-hoc tests confirmed the significance of mid-block 

(p-value = 0.046) and pedestrian time gap acceptance (p-value<0.001) factors. 

The mean MaxD value associated to the curb extension (-4.5 
𝑚

𝑠2) is higher than 

the baseline layout (5.3 
𝑚

𝑠2), pointing out that this design promoted less severe 

DP interactions.  
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The levels of the pedestrian time gap acceptance generate significant different 

effects among them (p-value < 0.001). According to the mean PET values, the 

lower PTGA (4 s) induced drivers to a stronger deceleration rate (-6 
𝑚

𝑠2) with 

respect to 6 s (5.1 
𝑚

𝑠2) and 8 s (3.8 
𝑚

𝑠2). As we expected, a more imprudent 

behaviour of the pedestrians generated a more severe conflict, and require a 

strong evasive manouvre of the drivers. 

 

Table 16-MaxD mixed effects model summary 

Model Info 
Estimate Linear mixed model fit by REML 

AIC 882.598 

BIC 987.388 

LogLikel. -390.043 

R-squared Marginal 0.336 

R-squared Conditional 0.492 

Converged yes 

 

 

Table 17-Fixed Effect Omnibus tests of MaxD mixed effects model 

Fixed Effect Omnibus tests 

  F Num df Den df p 

Mid-block layout 4.195 1 50.8 0.046 

Pedestrian Time Gap Acceptance 54.536 2 182.9 < .001 

Note. Satterthwaite method for degrees of freedom 

 

Table 18-Random factor test for MaxD mixed-effects model 

Random Components 

Groups Name SD Variance ICC p-value 

Test Driver ID (Intercept) 0.743 0.552 0.235 <0.001 

Residual   1.342 1.8     
Note. Number of Obs: 234 
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4.4 Post-guide questionnaire analysis 

The post-guide questionnaire (Appendix O) was written based on a previous 

experiment conducted by Tenca (Tenca, 2019). It is intended to collect 

information regarding simulation sickness and the driving experience. 

Feelings, consequences of experience, immersion, and presence are the four 

sections. Responses to this form were provided based on a 4-point Likert scale 

and the resulting graphs were included in Appendix I.  

Feelings 

This section is devoted investigating the drivers’ feelings during the driving 

experience. The results reveal that the almost all drivers were comfortable 

(87%) and they were in full control of the situation (96%). Although driving 

five times around a neighbourhood can be a nerve-wracking experience, the 

90% drivers didn't have that kind of feeling.  

 

 

PTGA = 4 s PTGA = 6  

PTGA = 8 s 

Figure 35--LMM interval plots of MaxD (Familiarity ID 1 = Unfamiliarity, ID 2= Route, ID 3 Situational) 
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Consequences of the experience  

This second part of the questionnaire allowed to detect possible simulation 

disease experienced by the drivers. Nausea, general discomfort, blurred 

vision, and fatigue are some of the checked conditions. In general, it can be 

observed that most drivers reported mild or no discomfort. The 15% of the 

drivers’ sample reported a general disease, which may be related to the 

repeated turning maneuvers required by the presence of the intersections, or 

the frequent braking they had to do. Being a fixed-base simulator, the braking 

maneuver may cause discomfort to the driver (especially to novices), as they 

cannot perceive the lateral or frontal acceleration that they would experience 

in the real environment.  

Immersion 

In this section drivers were asked to give a feedback about the realism of the 

virtual scenario and about the immersiveness of the experience. The 

participants found the virtual environment to be highly realistic, especially 

the roadway (92%), vertical (94%) and horizontal (98%) markings. The 

presence of vehicles was considered by 87% of the sample to be good or 

excellent, which is an important indicator of how well we were able to 

recreate a credible urban environment. The correspondence between the real 

vehicle and the driving simulator was positively rated by the drivers. 

Truthfulness of on-board instrumentation (90%), gearbox(79%), steering 

wheel (63%) and throttle (81%) received positive appreciation from the 

participants. It must be noticed the negative rank given to the brake pedal 

perception, which was judge significantly far from the real one by the 

majority of the drivers (79%).  

Presence 

In this part of the questionnaire, drivers were asked to evaluate to what extent 

the simulated driving experience can be compared to the real one. Most 

drivers felt physically involved (96%) and stimulated (90%) by the virtual 

environment, and found a similar level of engagement (81%) as in the real 

world. The 65% of the drivers affirmed that they felt involved enough to not 

know what was going on around them. This allowed to check that they were 

properly isolated from the external environment.  
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Chapter 5 

Conclusions 
 

This study aimed at investigating the effects of two different unsignalized 

mid-block pedestrian crossing designs, (i) the linear sidewalk, and (ii) the 

curb extension, on driver-pedestrian (DP) interaction. The hypothesis is that 

the sidewalk extension better protects the pedestrian with respect to the 

baseline condition, by promoting a more cautious behaviour of drivers. 

However, the drivers negotiating a crosswalk can be influenced not only by 

the infrastructural solution of the crossing area, but also by other several 

factors. The effects of drivers’ familiarity and pedestrian risk acceptance on 

drivers’ behaviour approaching the two investigated mid-block layouts were 

investigated. 

 

The hypothesis about drivers’ familiarity is that it promotes a wide spectrum 

of behaviours, which in turn can significantly affect the safety of pedestrians 

at mid-block crossings. This research aims to investigate two types of 

familiarity: (i) the route and (ii) the situational one. Although the route 

familiarity has been investigated in the literature through naturalistic and 

simulation studies, there is a lack of knowledge about the effects of familiarity 

in the DP interaction.  

 

Both familiarization process took place according to a frequency-based 

approach. Drivers route-familiarity was achieved by repeating four times the 

track containing the same mid-block layout without interacting with 

pedestrians. Drivers situational familiarity is accomplished through repeated 

exposure to DP interactions at mid-block crosswalks by interacting with 

pedestrians at three out of six crossings in each lap. This study investigated 

the driver behaviour in (i) unfamiliar conditions, (ii) after repeated exposure 

to DP interactions, and (iii) in the first exposure after several missed DP 

interactions at mid-block crosswalks. 

 

A multi-level factorial experiment was designed to manage three 

experimental factors: (i) mid-block crosswalk design, (ii) driver’ familiarity, 
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and (iii) pedestrian time gap acceptance. The experimental activity was 

carried out through the fixed-base driving simulator of the Road Safety and 

Driving Simulation (RSDS) laboratory of the Department of Environment, 

Land and Infrastructure Engineering (DIATI) at the Politecnico di Torino. The 

driving sessions involved fifty-two participants (drivers), which were 

stratified by age and gender in four different groups.  

 

Four different driving scenarios were designed, and drivers were asked to 

complete five laps around one of them. The road scenarios were specifically 

designed to investigate the DP interactions in an urban neighbourhood 

implemented in the driving simulation environment. Three different 

pedestrian time gap (risk) acceptance (4, 6 and 8 s) were adopted. The goal is 

to have a wide spectrum of possible pedestrian behaviour, from that of more 

cautious (8 s) to that of more imprudent ones (4 s). The pedestrians crossed 

the road regardless the driver behaviour, so the drivers need to properly react 

to avoid collisions.  

 

This study aimed at measuring the severity of traffic conflicts related to the 

risk of a collision. The two dimensions allowing to evaluate both aspects and 

to quantify the traffic conflicts are the (i) collision proximity and (ii) the 

intensity of the evasive manoeuvre. For this purpose, four surrogate safety 

measures were adopted: (i) the minimum instantaneous time to collision 

(MTTC), (ii) the post encroachment time (PET), (iii) the maximum car 

deceleration (MaxD) and (iv) the maximum car speed within 100 m before 

the crosswalk (MaxS). Two analyses were carried out for each observed 

variable. The first was a graphic analysis through interaction plots. The 

second was performed calibrating a linear mixed-effects model for each 

observed variable. Furthermore, Holm post-hoc test on the significant factors 

was carried out to contrast the issue of the multiple comparison.  

 

Results pointed out that the curb extension layout significantly improve the 

pedestrian safety, showing more evident and positive effects on MTTC and 

MaxS. This conclusion is also supported by the lower number of reported 

collisions with this layout respect to the baseline.  

 

The familiarity factor was found significant for the MTTC, PET and MaxS. 
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The MTTC and MaxS model outcomes showed that route-familiarity led to 

more aggressive driving behaviour than the other familiarity levels. The 

LMM models revealed that situational familiarity positively affects the 

driving behaviour. The repeated exposition to DP interaction across all the 

driving session represents a continuous stimulus for drivers, which made the 

drivers always focused on their tasks. They appeared more prone to safely 

interact with pedestrians with respect to the route familiarity condition. The 

continuous exposition to the DP interaction limited the mind-wandering 

effects produced by the route-familiarity which made driver more 

aggressive.  

 

Further studies need to focus on different familiarization processes. This 

procedure could take place across a week or a month instead of being 

completed in the same driving session and could be interesting to investigate 

their possible effects on the driver’s behaviour. Further investigations on 

pedestrian modelling in the virtual environment are needed. To model more 

properly the pedestrian behaviour could be possible to perform some on-field 

observation regarding the time gap acceptance at unsignalized mid-block 

crossing. Further works are needed to investigate the safety of different VRUs 

in the urban environment, such as cyclists and two-wheelers. 
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Appendix 

A. Scenario codes (MICE language). 

The rule “Indicazione 1” allowed us to display a green arrow on the screens 

to indicate the driver the road. 

The following rule was necessary to communicate to the simulation software 

at which lap the driver was approaching. When the car passed through the 

installed trigger, we add 1 to the counter. (lap number)  

The “Delete pedestrian” rule allowed us to eliminate virtual pedestrian 

when they are not anymore necessary for the simulation purposes. 

The “On Blocco” rule turned on the vehicles of a specific crossing block 
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The “Off Blocco” rule was necessary to turned off the vehicles and the 

pedestrians of a specific crossing block. Furthermore, it allowed us to reset 

the position of the road users when the test drivers are far from them. This 

allows to replicate the same scenario across all the laps. 

The rule governing the pedestrian visibility allowed us to make the 

pedestrian visible for the driver when the vehicle is about 150 meters from 

the crossing area. Counter 2 variable was necessary to display the 

pedestrian if the lap counter was equal to 1.  
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PET trigger activation rule was necessary to communicate to the system that 

since the driver was in the first or the fifth lap, the triggers which identified 

the conflict areas must be turned on. 

This rule allowed us to give the input to the pedestrians when the assigned 

time risk acceptance was reached. 

The time marker rule is necessary to extract and save the images, regarding 

both the road users, when they were inside the conflict area. 

The following rule allowed us to display on the central screen the indication 

about the end of the scenario. The drivers were invited to park on the right 

side of the carriageway.  
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B. Matlab® codes. 

This section contains the Matlab® codes that were used for the post-

processing step.  

The following codes are dedicated to the minimum time to collision detection 

and plot. An example of how the work was done is given (test driver 2). The 

code is repeated in almost the same way for the other test drivers. 

These strings allow to set pedestrian speed and the time to cross the lane. 

PedSpeed=1.1; %m/s 

ParkLen=2.2; %m 

LaneWid=3; %m 

ParkTime=ParkLen/PedSpeed; %Tempo impiegato dal pedone dal marciapiede alla fine 

dell'area di parcheggio 

LaneTime=LaneWid/PedSpeed; %Tempo impiegato dal pedone per percorrere l'intera 

corsia 

This section considers the test drivers which face the first crossing order. 

These are the thresholds which determine the pedestrian crossing. If the 

driver was subjected to a different scenario the crossing orders are changed. 

TTC_Soglia1_ID1=8; %s 

TTC_Soglia2_ID1=4;%s 

TTC_Soglia3_ID1=6; %s 

The following code string allows to import the Excel file related to the test 

driver 2 and that has been extracted from SCANeR™ Studio. 

%load excel file TD 2 

TD2_TTC_Lap5=xlsread('Base(R)\TD_2\TD2_TTC_Lap5.xlsx',1); 

The following code allows to consider only the time window in which the 

pedestrian is inside the conflict area and to take the minimum value of the 

time to collision. This area can be seen as the portion of the zebra crossing 

which is located on the lane occupied by the car. This code is repeated for 

each crossing zone. 
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%per TTC2 

TD2_Pos_Start8_2=find(TD2_TTC_Lap5(:,2)<TTC_Soglia1_ID1); 

TD2_Tempo_Start=TD2_TTC_Lap5(TD2_Pos_Start8_2(1,1),1); 

TD2_Tempo_Enter=TD2_Tempo_Start+ParkTime; 

TD2_Tempo_End=TD2_Tempo_Enter+LaneTime; 

TD2_Pos_Enter8_2=find(TD2_TTC_Lap5(:,1)<=TD2_Tempo_Enter); 

TD2_Pos_End8_2=find(TD2_TTC_Lap5(:,1)<=TD2_Tempo_End); 

TD2_TTC2_Lap5=TD2_TTC_Lap5(TD2_Pos_Enter8_2(end,1):TD2_Pos_End8_2(end,1),2); 

TD2_minTTC2_Lap_5=min(TD2_TTC2_Lap5); 

TD2_Pos_Min2=find(TD2_TTC2_Lap5==TD2_minTTC2_Lap_5); 

TD2_x_min2=TD2_TTC_Lap5(TD2_Pos_Min2,1)+TD2_TTC_Lap5(TD2_Pos_Enter8_2(end,1),1); 

This section is dedicated to the plot of the results. The minimum value is 

highlighted by a red dot. 

plot(TD2_TTC_Lap5(:,1),TD2_TTC_Lap5(:,2),"b") 

hold on 

plot(TD2_x_min2,TD2_minTTC2_Lap_5,"or") 

xline(TD2_Tempo_Start,"--r","Pedestrian Start Crossing") 

xline(TD2_Tempo_Enter,"--","Pedestrian Enter") 

xline(TD2_Tempo_End,"--","Pedestrian Exit") %--Dashed, -.Dash-dot, :Dotted 

xlabel('Time [s]') 

ylabel('Instantaneous TTC [s]') 

xlim([TD2_Tempo_Start-5 TD2_Tempo_End+5]) 

ylim([-1 12]) 

hold off 

title ("TTC 2 Lap5") 

grid on 

set(gca,'xtick',[TD2_Tempo_Start-5:2:TD2_Tempo_End+5]) 

set(gca,'ytick',[-1:2:12]) 

Published with MATLAB® R2020a. 

The previous procedure is repeated for all the test drivers. The code and the 

graphs are included in the specific appendix.  

The following codes are related to the maximum speed measures. An 

example of how the work was done is given (test driver 2). The code is 

repeated in almost the same way for the other test drivers. 

%%%%%%%%%%%%%%%%%%ID 1%%%%%%%%%%%%%%%% 

TD2_CarSpeed_Lap5=xlsread('Base(R)\TD_2\TD2_CarSpeed_Lap5.xlsx',1); 

%%%%%%%%%Attraversamento 2%%%%%%%%%%%% 

TD2_DistPos2_Lap5=find(TD2_CarSpeed_Lap5(:,5)<=100 & TD2_CarSpeed_Lap5(:,5)>=-10); 

TD2_Speed2_Lap5=TD2_CarSpeed_Lap5(TD2_DistPos2_Lap5,2); 

TD2_MaxSpeed2_Lap5=max(TD2_Speed2_Lap5); 

TD2_Pos_Max2_Lap5=find(TD2_CarSpeed_Lap5(:,2)==TD2_MaxSpeed2_Lap5); 

TD2_x_Max2_Lap5=TD2_CarSpeed_Lap5(TD2_Pos_Max2_Lap5,5); 

https://www.mathworks.com/products/matlab
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This section is dedicated to the plot of the results. The maximum value is 

highlighted by a red dot. 

%rappresentazione grafica 

plot(TD2_CarSpeed_Lap5(:,5),TD2_CarSpeed_Lap5(:,2),'g') 

hold on 

plot(TD2_x_Max2_Lap5,TD2_MaxSpeed2_Lap5,'ok') 

set(gca,'Xdir','reverse') 

xlabel('Distance to Crossing Area [m]') 

ylabel('Car Speed [km/h]') 

title('Test Driver 2, Car Speed Crossing 2') 

xlim([-10 100]) 

ylim([0 80]) 

legend('Speed Lap5','MaxS') 

grid on 

hold off 

The following codes are related to the maximum deceleration measures. An 

example of how the work was done is given (test driver 2). The code is 

repeated in almost the same way for the other test drivers. 

%%%%%%%%%%%%%%%%%%ID 1%%%%%%%%%%%%%%%% 

%%%%%%%%%%%%%%%%%%TD 2%%%%%%%%%%%%%%% 

TD2_Acceleration_Lap5=xlsread('Base(R)\TD_2\TD2_Acceleration_Lap5.xlsx',1); 

%%%%%%%%%Attraversamento 2%%%%%%%%%%%% 

TD2_DistPos2_Lap5=find(TD2_Acceleration_Lap5(:,5)<=100 & 

TD2_Acceleration_Lap5(:,5)>=-10); 

TD2_Acceleration2_Lap5=TD2_Acceleration_Lap5(TD2_DistPos2_Lap5,2); 

TD2_MinAcceleration2_Lap5=min(TD2_Acceleration2_Lap5); 

TD2_Pos_Min2_Lap5=find(TD2_Acceleration_Lap5(:,2)==TD2_MinAcceleration2_Lap5); 

TD2_x_Min2_Lap5=TD2_Acceleration_Lap5(TD2_Pos_Min2_Lap5,5); 

This section is dedicated to the plot of the results. The minimum value is 

highlighted by a red dot. 

%rappresentazione grafica 

plot(TD2_Acceleration_Lap5(:,5),TD2_Acceleration_Lap5(:,2),'g') 

hold on 

plot(TD2_x_Min2_Lap5,TD2_MinAcceleration2_Lap5,'ok') 

set(gca,'Xdir','reverse') 

xlabel('Distance to Crossing Area [m]') 

ylabel('Car Acceleration [m/s^2]') 

title('Test Driver 2, Car Acceleration Crossing 2') 

xlim([-10 100]) 

ylim([-8 3]) 

legend('Acceleration Lap5','MaxD') 

grid on 

set(gca,'ytick',[-8:2:3]) 

hold off 
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The following code is necessary to extract and saved the minimum values 

directly in the excel sheet. 

filename='Base_R_Lap5_MTTC4sec.xlsx'; 

writematrix(Base_R_Lap5_MTTC_4sec,filename,'Sheet',1) 

 

filename='Base_R_Lap5_MTTC6sec.xlsx'; 

writematrix(Base_R_Lap5_MTTC_6sec,filename,'Sheet',1) 

 

filename='Base_R_Lap5_MTTC8sec.xlsx'; 

writematrix(Base_R_Lap5_MTTC_8sec,filename,'Sheet',1) 

The following code was used to superpose the images referring to the 

arrival time of the vehicle and pedestrian at the conflict point. 

%# some image 

I = im2double( imread('FotoPed.PNG') ); 

Z = im2double( imread('FotoCar.PNG') ); 

%# I create here a random mask (gaussian centered in middle of image) 

%# show image and mask separately 

subplot(121), imshow(I) 

subplot(122), imshow(Z) 

%# show overlayed images 

figure, imshow(I), hold on 

hImg = imshow(Z); set(hImg, 'AlphaData', 0.75); 
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C. Mean values of the observed variables 

Table 19-Mean MTTC observations for each combination 

Mean MTTC 
Mid-block layout Familiarity ID Pedestrian Time Gap Acceptance MTTC[s] 

Baseline 

1 

1 1.23 

2 3.6 

3 4.16 

2 

1 1.04 

2 3.12 

3 3.78 

3 

1 2.08 

2 3.48 

3 4.37 

Curb Extension 

1 

1 2.28 

2 3.75 

3 4.77 

2 

1 1.77 

2 3.37 

3 4.31 

3 

1 2.85 

2 3.42 

3 4.27 

 

Table 20--Mean PET observations for each combination 

Mean PET 
Mid-block layout Familiarity ID Pedestrian Time Gap Acceptance PET[s] 

Baseline 

1 

1 4.03 

2 4.54 

3 6 

2 

1 2.65 

2 4.26 

3 4.7 

3 

1 3.61 

2 3.72 

3 5.37 

Curb Extension 

1 

1 4.82 

2 4.38 

3 5.26 

2 

1 4.25 

2 4.23 

3 5.16 

3 

1 3.62 

2 3.74 

3 5.18 
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Table 21-Mean MaxS observations for each combination 

Mean MaxS 
Mid-block layout Familiarity ID Pedestrian Time Gap Acceptance MaxS[km/h] 

Baseline 

1 

1 50.4 

2 50.1 

3 51.5 

2 

1 57 

2 54.9 

3 57.3 

3 

1 52.1 

2 51.2 

3 54.1 

Curb Extension 

1 

1 42.1 

2 40.7 

3 42.5 

2 

1 53.5 

2 48.1 

3 49.8 

3 

1 49.2 

2 46.7 

3 47.4 

 

Table 22-Mean MaxD observations for each combination 

Mean MaxD 
Mid-block layout Familiarity ID Pedestrian Time Gap Acceptance MaxD[m/s^2] 

Baseline 

1 

1 -6.3 

2 -5.52 

3 -4.66 

2 

1 -6.31 

2 -5.92 

3 -3.48 

3 

1 -6.28 

2 -4.98 

3 -4.22 

Curb Extension 

1 

1 -5.64 

2 -4.53 

3 -3.35 

2 

1 -5.79 

2 -5.41 

3 -3.91 

3 

1 -5.85 

2 -4.37 

3 -3.26 
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D. MTTC graphs 

Scenario 1 results 
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Scenario 2. 
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Scenario 3. 
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Scenario 4. 
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E. PET results. 

This attachment includes tables containing PET results for each scenario. The 

green cells indicate that the “safe” traffic event, the red highlights crashes.  

Scenario 1 
LAP 5 

Crossing_ID 

TD At conflict point 1 2 3 4 5 6 

1 

PedTime 09:22.294 - 10:10.594 - - 11:11.093 

VehTime 09:26.094 - 10:14.393 - - 11:14.993 

PET 03.800 - 03.799 - - 03.900 

2 

PedTime - 09:27.093 - 10:25.992 10:45.842 - 

VehTime - 09:31.143 - 10:25.992 10:50.642 - 

PET - 04.050 - 00.000 04.800 - 

3 

PedTime 09:23.892 - 10:11.341 - - 11:14.240 

VehTime 09:28.492 - 10:14.741 - - 11:17.641 

PET 04.600 - 03.400 - - 03.401 

4 

PedTime - 12:49.794 - 14:01.094 14:21.694 - 

VehTime - 12:54.294 - 14:04.844 14:24.794 - 

PET - 04.500 - 03.750 03.100 - 

5 

PedTime 10:05.341 - 10:57.740 - - 12:09.240 

VehTime 10:10.490 - 11:00.540 - - 12:13.289 

PET 05.149 - 02.800 - - 04.049 

6 

PedTime - 07:52.004 - 08:39.994 09:00.893 - 

VehTime - 07:56.544 - 08:39.994 09:07.393 - 

PET - 04.540 - 00.000 06.500 - 

7 

PedTime 12:12.143 - 13:12.292 - - 14:36.742 

VehTime 12:15.793 - 13:16.793 - - 14:41.592 

PET 03.650 - 04.501 - - 04.850 

8 

PedTime - 12:59.094 - 14:17.244 14:43.893 - 

VehTime - 13:07.194 - 14:21.643 14:51.294 - 

PET - 08.100 - 04.399 07.401 - 

9 

PedTime 10:23.140 - 11:21.439 - - 12:41.489 

VehTime 10:27.190 - 11:25.740 - - 12:46.838 

PET 04.050 - 04.301 - - 05.349 

10 

PedTime - 09:05.489 - 09:57.338 10:15.138 - 

VehTime - 09:09.989 - 09:57.338 10:18.388 - 

PET - 04.500 - 00.000 03.250 - 

41 

PedTime 09:52.842 - 10:46.042 - - 11:56.391 

VehTime 09:54.142 - 10:49.641 - - 12:00.740 

PET 01.300 - 03.599 - - 04.349 

42 

PedTime - 09:51.544 - 10:55.095 11:17.543 - 

VehTime - 09:58.294 - 10:58.794 11:22.543 - 

PET - 06.750 - 03.699 05.000 - 

49 

PedTime 08:21.696 - 09:04.000 - - 10:01.594 

VehTime 08:21.696 - 09:06.895 - - 10:04.395 

PET 00.000 - 02.895 - - 02.801 
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Scenario 2 
LAP 1 

Crossing_ID 

TD At conflict Point 1 2 3 4 5 6 

11 

PedTime 00:31.350 - 01:21.349 - - 02:40.148 

VehTime 00:31.350 - 01:25.398 - - 02:44.548 

PET 00.000 - 04.049 - - 04.400 

12 

PedTime - 00:43.899 - 02:03.498 02:27.948 - 

VehTime - 00:51.149 - 02:09.398 02:32.147 - 

PET - 07.250 - 05.900 04.199 - 

13 

PedTime 00:28.149 - 01:26.549 - - 02:46.147 

VehTime 00:35.249 - 01:30.149 - - 02:53.098 

PET 07.100 - 03.600 - - 06.951 

14 

PedTime - 00:58.799 - 02:18.598 02:41.748 - 

VehTime - 01:05.850 - 02:22.098 02:47.298 - 

PET - 07.051 - 03.500 05.550 - 

15 

PedTime 00:33.099 - 01:38.448 - - 03:04.146 

VehTime 00:37.349 - 01:42.547 - - 03:09.296 

PET 04.250 - 04.099 - - 05.150 

16 

PedTime - 00:34.399 - 01:24.448 01:41.148 - 

VehTime - 00:40.998 - 01:24.448 01:45.048 - 

PET - 06.599 - 00.000 03.900 - 

17 

PedTime 00:39.199 - 01:44.698 - - 03:15.247 

VehTime 00:44.349 - 01:49.648 - - 03:20.547 

PET 05.150 - 04.950 - - 05.300 

18 

PedTime - 00:59.849 - 02:07.898 02:33.298 - 

VehTime - 01:03.649 - 02:11.798 02:37.598 - 

PET - 03.800 - 03.900 04.300 - 

19 

PedTime 00:37.848 - 01:48.997 - - 02:57.196 

VehTime 00:44.448 - 01:53.597 - - 03:03.746 

PET 06.600 - 04.600 - - 06.550 

20 

PedTime - 00:53.399 - 02:17.898 02:49.298 - 

VehTime - 01:01.249 - 02:24.248 02:54.047 - 

PET - 07.850 - 06.350 04.749 - 

43 

PedTime 00:23.449 - 01:04.099 - - 01:58.348 

VehTime 00:26.950 - 01:07.999 - - 02:04.197 

PET 03.501 - 03.900 - - 05.849 

44 

PedTime - 00:38.349 - 01:59.648 02:23.747 - 

VehTime - 00:45.749 - 02:05.798 02:29.647 - 

PET - 07.400 - 06.150 05.900 - 

50 

PedTime 00:27.500 - 01:22.990 - - 02:35.348 

VehTime 00:27.500 - 01:28.249 - - 02:39.148 

PET 00.000 - 05.259 - - 03.800 
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Scenario 2 
LAP 5 

Crossing_ID 

TD At conflict Point 1 2 3 4 5 6 

11 

PedTime 11:55.741 - 12:49.390 - - 14:07.290 

VehTime 11:59.591 - 12:52.441 - - 14:12.690 

PET 03.850 - 03.051 - - 05.400 

12 

PedTime - 11:48.490 - 12:50.588 13:18.788 - 

VehTime - 11:52.739 - 12:58.938 13:22.738 - 

PET - 04.249 - 08.350 03.950 - 

13 

PedTime 11:49.343 - 12:41.792 - - 13:51.892 

VehTime 11:52.243 - 12:45.592 - - 13:57.542 

PET 02.900 - 03.800 - - 05.650 

14 

PedTime - 11:53.491 - 12:55.791 13:17.641 - 

VehTime - 11:58.441 - 12:59.541 13:21.740 - 

PET - 04.950 - 03.750 04.099 - 

15 

PedTime 11:46.486 - 12:45.985 - - 14:04.934 

VehTime 11:50.636 - 12:48.734 - - 14:09.283 

PET 04.150 - 02.749 - - 04.349 

16 

PedTime - 08:56.440 - 09:56.889 10:14.639 - 

VehTime - 09:02.440 - 10:00.238 10:19.638 - 

PET - 06.000 - 03.349 04.999 - 

17 

PedTime 12:22.689 - 13:16.288 - - 14:32.987 

VehTime 12:24.939 - 13:20.289 - - 14:39.587 

PET 02.250 - 04.001 - - 06.600 

18 

PedTime - 11:31.444 - 12:38.744 12:57.794 - 

VehTime - 11:38.295 - 12:41.944 13:01.994 - 

PET - 06.851 - 03.200 04.200 - 

19 

PedTime 10:30.640 - 11:21.990 - - 12:32.589 

VehTime 10:33.589 - 11:25.489 - - 12:39.488 

PET 02.949 - 03.499 - - 06.899 

20 

PedTime - 13:08.238 - 14:17.087 14:42.587 - 

VehTime - 13:13.788 - 14:20.687 14:46.387 - 

PET - 05.550 - 03.600 03.800 - 

43 

PedTime 08:23.892 - 09:03.690 - - 09:59.939 

VehTime 08:24.292 - 09:06.840 - - 10:03.240 

PET 00.400 - 03.150 - - 03.301 

44 

PedTime - 13:19.686 - 14:35.484 14:59.084 - 

VehTime - 13:26.036 - 14:39.534 15:02.734 - 

PET - 06.350 - 04.050 03.650 - 

50 

PedTime 10:39.194 - 11:30.794 - - 12:36.343 

VehTime 10:43.293 - 11:34.144 - - 12:39.993 

PET 04.099 - 03.350 - - 03.650 
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Scenario 3 
LAP 5 

Crossing ID 

TD At conflict point 1 2 3 4 5 6 

21 

PedTime 10:33.142 - 11:15.791 - - 12:35.091 

VehTime 10:33.142 - 11:19.141 - - 12:40.940 

PET 00.000 - 03.350 - - 05.849 

22 

PedTime - 13:17.094 - 14:33.644 14:58.193 - 

VehTime - 13:22.895 - 14:38.693 15:02.743 - 

PET - 05.801 - 05.049 04.550 - 

23 

PedTime 09:57.744 - 10:56.044 - - 12:12.343 

VehTime 10:04.294 - 11:00.243 - - 12:18.143 

PET 06.550 - 04.199 - - 05.800 

24 

PedTime - 12:34.736 - 13:47.534 14:14.235 - 

VehTime - 12:39.286 - 13:52.135 14:19.234 - 

PET - 04.550 - 04.601 04.999 - 

25 

PedTime 08:17.047 - 09:04.996 - - 10:08.095 

VehTime 08:20.396 - 09:08.096 - - 10:12.345 

PET 03.349 - 03.100 - - 04.250 

26 

PedTime - 11:56.339 - 13:03.638 13:27.588 - 

VehTime - 12:01.939 - 13:08.888 13:31.988 - 

PET - 05.600 - 05.250 04.400 - 

27 

PedTime 13:58.840 - 15:14.638 - - 16:54.138 

VehTime 14:04.989 - 15:18.438 - - 16:58.537 

PET 06.149 - 03.800 - - 04.399 

28 

PedTime - 09:37.943 - 10:26.092 10:38.242 - 

VehTime - 09:41.043 - 10:26.092 10:40.542 - 

PET - 03.100 - 00.000 02.300 - 

29 

PedTime 11:25.590 - 12:28.138 - - 13:51.187 

VehTime 11:31.339 - 12:32.889 - - 13:54.937 

PET 05.749 - 04.751 - - 03.750 

30 

PedTime - 12:26.444 - 13:44.494 14:12.644 - 

VehTime - 12:34.333 - 13:47.745 14:16.791 - 

PET - 07.889 - 03.251 04.147 - 

45 

PedTime 10:59.990 - 11:58.089 - - 13:21.938 

VehTime 11:05.140 - 12:03.789 - - 13:27.839 

PET 05.150 - 05.700 - - 05.901 

46 

PedTime - 10:43.191 - 11:46.890 12:12.039 - 

VehTime - 10:47.940 - 11:52.640 12:16.839 - 

PET - 04.749 - 05.750 04.800 - 

51 

PedTime 10:41.143 - 11:38.393 - - 12:58.642 

VehTime 10:45.594 - 11:43.243 - - 13:04.092 

PET 04.451 - 04.850 - - 05.450 
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Scenario 4 
LAP 1 

Crossing_ID 

TD At conflict Point 1 2 3 4 5 6 

31 

PedTime 00:37.746 - 02:02.848 - - 03:49.598 

VehTime 00:44.049 - 02:08.199 - - 03:54.309 

PET 06.303 - 05.351 - - 04.711 

32 

PedTime - 00:57.448 - 02:31.697 03:00.696 - 

VehTime - 01:01.448 - 02:34.647 03:04.546 - 

PET - 04.000 - 02.950 03.850 - 

33 

PedTime 00:44.499 - 01:59.049 - - 03:38.048 

VehTime 00:49.999 - 02:02.499 - - 03:42.248 

PET 05.500 - 03.450 - - 04.200 

34 

PedTime - 00:53.699 - 02:30.098 02:54.897 - 

VehTime - 01:01.149 - 02:36.048 03:00.498 - 

PET - 07.450 - 05.950 05.601 - 

35 

PedTime 00:34.049 - 01:54.647 - - 03:42.545 

VehTime 00:40.448 - 02:00.897 - - 03:48.595 

PET 06.399 - 06.250 - - 06.050 

36 

PedTime - 00:53.649 - 02:12.148 02:35.348 - 

VehTime - 00:58.749 - 02:17.148 02:39.547 - 

PET - 05.100 - 05.000 04.199 - 

37 

PedTime 00:38.599 - 01:42.049 - - 03:15.798 

VehTime 00:44.699 - 01:47.899 - - 03:21.648 

PET 06.100 - 05.850 - - 05.850 

38 

PedTime - 00:48.000 - 02:07.149 02:29.699 - 

VehTime - 00:54.049 - 02:10.449 02:33.498 - 

PET - 06.049 - 03.300 03.799 - 

39 

PedTime 00:41.299 - 01:49.648 - - 03:23.946 

VehTime 00:44.998 - 01:52.597 - - 03:28.098 

PET 03.699 - 02.949 - - 04.152 

40 

PedTime - 01:06.799 - 02:47.897 03:16.946 - 

VehTime - 01:12.998 - 02:51.247 03:20.896 - 

PET - 06.199 - 03.350 03.950 - 

47 

PedTime 00:44.050 - 01:54.499 - - 03:29.198 

VehTime 00:48.750 - 01:57.649 - - 03:34.498 

PET 04.700 - 03.150 - - 05.300 

48 

PedTime - 00:40.399 - 01:39.148 02:03.598 - 

VehTime - 00:45.499 - 01:44.898 02:07.549 - 

PET - 05.100 - 05.750 03.951 - 

52 

PedTime 00:24.499 - 01:18.089 - - 02:25.399 

VehTime 00:28.099 - 01:22.648 - - 02:29.648 

PET 03.600 - 04.559 - - 04.249 
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Scenario 4 
LAP 5 

Crossing_ID 

TD At conflict Point 1 2 3 4 5 6 

31 

PedTime 13:42.644 - 14:46.243 - - 16:04.193 

VehTime 13:47.894 - 14:51.143 - - 16:09.193 

PET 05.250 - 04.900 - - 05.000 

32 

PedTime - 15:09.537 - 16:30.185 16:55.884 - 

VehTime - 15:14.435 - 16:34.185 16:59.634 - 

PET - 04.898 - 04.000 03.750 - 

33 

PedTime 13:21.594 - 14:25.643 - - 15:50.743 

VehTime 13:25.744 - 14:28.643 - - 15:55.743 

PET 04.150 - 03.000 - - 05.000 

34 

PedTime - 14:20.589 - 15:39.988 16:00.688 - 

VehTime - 14:28.339 - 15:44.188 16:06.188 - 

PET - 07.750 - 04.200 05.500 - 

35 

PedTime 14:59.331 - 16:08.830 - - 17:52.378 

VehTime 15:02.881 - 16:12.580 - - 17:56.628 

PET 03.550 - 03.750 - - 04.250 

36 

PedTime - 12:43.489 - 13:54.888 14:14.288 - 

VehTime - 12:48.238 - 13:57.837 14:18.387 - 

PET - 04.749 - 02.949 04.099 - 

37 

PedTime 12:30.544 - 13:29.993 - - 15:15.143 

VehTime 12:34.095 - 13:32.544 - - 15:19.243 

PET 03.551 - 02.551 - - 04.100 

38 

PedTime - 12:11.993 - 13:20.892 13:38.442 - 

VehTime - 12:17.893 - 13:23.642 13:42.192 - 

PET - 05.900 - 02.750 03.750 - 

39 

PedTime 12:48.588 - 13:56.587 - - 15:33.885 

VehTime 12:51.088 - 13:58.938 - - 15:38.635 

PET 02.500 - 02.351 - - 04.750 

40 

PedTime - 13:52.636 - 15:00.884 15:23.034 - 

VehTime - 13:57.636 - 15:03.434 15:26.883 - 

PET - 05.000 - 02.550 03.849 - 

47 

PedTime 11:20.293 - 12:04.393 - - 13:08.992 

VehTime 11:24.694 - 12:07.344 - - 13:12.843 

PET 04.401 - 02.951 - - 03.851 

48 

PedTime - 10:35.694 - 11:34.993 11:56.993 - 

VehTime - 10:40.993 - 11:38.543 12:00.643 - 

PET - 05.299 - 03.550 03.650 - 

52 

PedTime 10:29.844 - 11:18.643 - - 12:34.043 

VehTime 10:33.494 - 11:23.143 - - 12:40.792 

PET 03.650 - 04.500 - - 06.749 
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F.         Max Deceleration graphs. 

Scenario 1 
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Scenario 2 
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Scenario 3 
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Scenario 4 
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G. Max Speed graphs 
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Scenario 2 
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Scenario 3 
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Scenario 4 
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H. Post-hoc tests results  

 
Table 23-Post-hoc test on familiarity factor (MTTC model) 

 Post Hoc Comparisons - Familiarity ID 

Comparison  

Familiarity    Familiarity  Difference SE t df pholm 

Route  -  Unfamiliar  -0.381  0.163  -

2.335 
 66.4  0.045  

Route  -  Situational  -0.491  0.163  -

3.015 
 66.4  0.011  

Unfamiliar  -  Situational  -0.111  0.116  -

0.951 
 180.0  0.343  

  

Table 24-Post-hoc test on mid-block layout factor (MTTC model) 

Post Hoc Comparisons - Mid-block layout 

Comparison  

Mid-block layout   Mid-block layout Difference SE t df pholm 

Baseline  -  Curb Extension  -0.425  0.151  -2.82  46.9  0.007  

  

Table 25-Post-hoc test on pedestrian time gap acceptance factor (MTTC model) 

Post Hoc Comparisons - Pedestrian Time Gap Acceptance 

Comparison  

Pedestrian Time Gap 

Acceptance 
  

Pedestrian Time Gap 

Acceptance 
Difference SE t df pholm 

6 seconds  -  8 seconds  -0.821  0.116  -7.0  180  < .001  

4 seconds  -  6 seconds  -1.585  0.116  -13.6  180  < .001  

4 seconds  -  8 seconds  -2.406  0.116  -20.6  180  < .001  
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Table 26-Post-hoc test on familiarity factor (PET model) 

Post Hoc Comparisons - Familiarity  

Comparison  

Familiarity  Familiarity Difference SE t df pholm 

Route  -  Unfamiliar  -0.62963  0.278  -2.2647  67.8  0.053  

Route  -  Situational  0.00350  0.278  0.0126  67.8  0.990  

Unfamiliar  -  Situational  0.63313  0.198  3.1909  180.0  0.005  

  

Table 27-Post-hoc test on pedestrian time gap acceptance factor (PET model) 

Post Hoc Comparisons - Pedestrian Time Gap Acceptance 

Comparison  

Pedestrian Time Gap 

Acceptance 
  

Pedestrian Time Gap 

Acceptance 
Difference SE t df pholm 

6 seconds  -  8 seconds  -1.135  0.198  -5.7  180  < .001  

4 seconds  -  6 seconds  -0.314  0.198  -1.5  180  0.115  

4 seconds  -  8 seconds  -1.449  0.198  -7.3  180  < .001  

 

 

 
Table 28-Post-hoc test on mid-block layout factor (MaxS model) 

Post Hoc Comparisons - Mid-block layout 

Comparison  

Mid-block layout  Mid-block layout Difference SE t df pholm 

Baseline  -  Curb Extension  6.53  2.41  2.71  46.6  0.009  
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Table 29-Post-hoc test on familiarity factor (MaxS model) 

Post Hoc Comparisons - Familiarity 

Comparison  

Familiarity  Familiarity  Difference SE t df pholm 

Route  -  Unfamiliar  7.24  2.330  3.11  50.5  0.006  

Route  -  Situational  3.35  2.330  1.44  50.5  0.157  

Unfamiliar  -  Situational  -3.89  0.730  -5.33  178.0  < .001  

  

Table 30-Post-hoc test on pedestrian time gap acceptance factor (MaxS model) 

Post Hoc Comparisons - Pedestrian Time Gap Acceptance 

Comparison  

Pedestrian Time 

Gap Acceptance 
 Pedestrian Time Gap 

Acceptance 
Difference SE t df pholm 

6 seconds  -  8 seconds  -1.826  0.730  -2.5  178  0.027  

4 seconds  -  6 seconds  2.098  0.730  2.8  178  0.014  

4 seconds  -  8 seconds  0.272  0.730  0.3  178  0.710  

 

 
Table 31-Post-hoc test on mid-block layout factor (MaxD model) 

Post Hoc Comparisons - Mid-block layout 

Comparison  

Mid-block layout  Mid-block layout Difference SE t df pholm 

Baseline  -  Curb Extension  -0.558  0.273  -2.05  47.9  0.046  
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Table 32-Post-hoc test on pedestrian time gap acceptance factor (MaxD model) 

Post Hoc Comparisons - Pedestrian Time Gap Acceptance 

Comparison  

Pedestrian Time  

Gap Acceptance 
 Pedestrian Time  

Gap Acceptance 
Difference SE t df pholm 

6 seconds  -  8 seconds  -1.307  0.213  -6.1  180  < .001  

4 seconds  -  6 seconds  -0.907  0.213  -4.2  180  < .001  

4 seconds  -  8 seconds  -2.214  0.213  -10.3  180  < .001  
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I. Post-drive questionnaire graphs 

 
 

 

13%

4%

38%

90%

87%

87%

96%

62%

10%

13%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

A SUO AGIO

IN GRADO DI CONTROLLARE LE PROPRIE AZIONI

PIENO DI ENERGIA

NERVOSO

CON LA MENTE CHE VAGAVA

Feelings

Moderato-intenso Per nulla-Lieve

85%

92%

98%

92%

98%

98%

96%

79%

96%

87%

98%

92%

90%

96%

87%

90%

15%

8%

2%

8%

2%

2%

4%

21%

4%

13%

2%

8%

10%

4%

13%

10%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

GENERALE DISAGIO

FATICA 

MAL DI TESTA

STANCHEZZA VISIVA

DIFFICOLTÀ NELLA MESSA A FUOCO

INCREMENTO DI SALIVAZIONE

INCREMENTO DI SUDORAZIONE

NAUSEA

DIFFICOLTÀ DI CONCENTRAZIONE

INTONTIMENTO

VISIONE OFUSCATA

CAPOGIRO (A OCCHI APERTI)

CAPOGIRO (A OCCHI CHIUSI)

VERTIGINI

SENSIBILITÀ DI STOMACO

DISTURBI DIGESTIVI

Consequences of the experience

Moderato-intenso Per nulla-Lieve



Appendix 

183 
 

 
 

 

12%

12%

12%

8%

2%

6%

13%

12%

25%

27%

10%

37%

21%

19%

79%

88%

88%

88%

92%

98%

94%

87%

88%

75%

73%

90%

63%

79%

81%

21%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

QUALITÀ DELL'IMMAGINE

AMBEINTE ESTERNO ALLA STRADA

MARGINI STRADALI

SEDE STRADALE

SEGNALETICA ORIZZONTALE

SEGNALETICA VERTICALE

PRESENZA DI ALTRI VEICOLI

RIPRODUZIONE DEL CAMPO VISIVO

PERCEZIONE DEGLI SPECCHIETTI

VERIDICITÀ DEGLI EFFETTI SONORI

VERIDICITÀ DELLA STRUMENTAZIONE DI BORDO

RISPOSTA DEL VOLANTE

RISPOSTA DEL CAMBIO

PERCEZIONE DELL'ACCELERATORE

PERCEZIONE DEL FRENO

Immersion

Buono-Ottimo Pessimo-Sufficiente

4%

10%

19%

35%

63%

96%

90%

81%

65%

37%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

FISICAMENTE INSERITO NELL'AMBIENTE 
VIRTUALE

STIMOLATO DALL'AMBIENTE VIRTUALE

COINVOLTO COME NELL'AMBIENTE REALE

COINVOLTO TANTO DA NON SAPERE COSA 
STESSE ACCADENDO INTORNO

PERSO LA COGNIZIONE DEL TEMPO

Presence

Abbastanza-Molto Per nulla-Poco



Appendix 

184 
 

J. List of participants 

TD ID Gender Age 
Driving license 

achievement (year) 
Average annual mileage N° of crashes 

1 M 29 2009 5000 0 

2 F 34 2005 18000 1 

3 M 23 2015 500 0 

4 M 25 2013 1000 0 

5 F 26 2013 500 0 

6 F 30 2008 10000 1 

7 M 46 1992 9000 5 

8 M 41 1998 20000 1 

9 F 54 1991 10000 0 

10 M 57 1993 10000 0 

41 M 28 2011 15000 3 

42 M 39 1999 30000 0 

49 M 27 2010 1000 0 

11 M 30 2008 10000 0 

12 F 25 2014 10000 1 

13 M 24 2015 40000 1 

14 M 30 2009 5000 0 

15 F 43 1995 4000 0 

16 F 33 2005 6000 1 

17 M 46 1992 10000 0 

18 F 52 1986 10000 0 

19 M 52 1987 20000 2 

20 M 38 2001 12000 3 

43 M 29 2010 15000 0 

44 M 45 1994 30000 1 

50 M 27 2011 35000 0 

21 F 25 2013 500 0 

22 F 31 2007 10000 1 

23 M 23 2016 10000 1 

24 M 38 2000 10000 0 

25 M 26 2012 10000 1 

26 M 30 2009 10000 0 

27 M 28 2011 10000 0 

28 M 49 1990 20000 1 

29 F 45 1993 20000 2 

30 M 60 1979 12000 0 

45 F 40 1998 5000 0 

46 M 49 1989 25000 0 

51 M 27 2011 10000 0 

31 M 25 2013 1000 0 

32 F 25 2013 500 0 

33 F 36 2002 850 0 

34 F 23 2016 2000 0 

35 M 38 2001 3000 0 

36 M 31 2008 5000 4 

37 M 57 1982 30000 0 

38 M 53 1986 25000 3 

39 M 31 2008 10000 0 

40 M 59 1980 20000 3 

47 F 38 2000 5000 1 

48 M 46 1992 20000 2 

52 M 28 2010 10000 0 
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K.        Invitation email 

 
Carissimi, 

vi scrivo per coinvolgervi in alcuni esperimenti di guida che stiamo per far partire in questo 

periodo. 

Ben conscio della situazione generale, vi chiedo se comunque siate disponibili per 

supportarci nelle ricerche che prevedono anche la redazione di due tesi di laurea. 

Seguiremo rigorosamente i protocolli per l’accesso ai locali, e la postazione di guida sarà 

sanificata prima che voi entriate in laboratorio. 

Per voi è sufficiente che indossiate una mascherina, il gel sanificante per le mani lo 

forniamo noi. 

In allegato, oltre alla presentazione dell’esperimento, trovate le disposizioni del 

Politecnico (per visitatori e ospiti, per l’accesso ai laboratori). 

Come specificato nel documento di presentazione dell’esperimento, qualora disponibili è 

sufficiente un “Rispondi” positivo a questa e-mail. 

Sarete poi chiamati da Alberto Terrafino o Francesco Angioi (in CC) per definire giorno e 

ora a voi più comodi. 

Vi ringrazio in anticipo per la disponibilità. 

Cordiali saluti --- 

Marco 

________________________________________________________ 

Marco Bassani 

Office +39 011 0905635 

Lab +39 011 0905607 

Mobile  +39 335 1300230 

marco.bassani@polito.it 

 

 

mailto:marco.bassani@polito.it
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L.        Presentation of the experiment 
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M. Anti-covid19 prevention rules 
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N.          Pre-guide questionnaire 
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O. Post-guide questionnaire 
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