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The ITERATE project 
 
This report is produced within the European project ITERATE (IT for Error Remediation And Trapping 
Emergencies), Grant agreement number 218496. The project started the 1st of January 2009 and will 
end 31st of December 2011. 
The objective of ITERATE is to develop and validate a unified model of driver behaviour (UMD) and 
driver interaction with innovative technologies in emergency situations. This model will be applicable 
to and validated for all the surface transport modes. Drivers’ age, gender, education and experience 
and culture (whether regional or company/organisational) are factors that will be considered togeth-
er with influences from the environment and the vehicle. 
Such a unified model of driver behaviour will be of great use when designing innovative technologies 
since it will allow for assessment and tuning of the systems in a safe and controllable environment 
without actually putting them to use in real traffic. At the concept stage, the model could guide de-
signers in identifying potential problem areas whilst at the prototype stage, the model could inform 
on the scenarios to be used in system evaluation. In this way the systems will be better adapted to 
the drivers before being available on the market and will provide better support to the driver in 
emergency situations. Along the same lines, the model could be of use for authorities as a guide in 
assessing and approving innovative technologies without performing extensive simulator experi-
ments or large scale field trials. 
ITERATE is based on the assumption that the underlying factors influencing human behaviour such as 
age, gender, culture etc. are constant between transport modes. This assumption allows for a unified 
model of driver behaviour, applicable to all surface transport modes, to be developed. This will be 
done within ITERATE and the model can be used to improve design and safety assessment of innova-
tive technologies and make it possible to adapt these technologies to the abilities, needs, driving 
style and capacity of the individual driver. The model will also provide a useful tool for authorities to 
assess ITS which is missing today. 
The project consortium consists of seven partners:  
Statens väg och Transportforskningsinstitut (VTI) Sweden; University of Leeds (UNIVLEEDS) UK; Uni-
versity of Valenciennes (UNIVAL) France; Kite Solutions s.n.c. (Kite) Italy; Ben Gurion University (BGU) 
Israel; Chalmers University (Chalmers) Sweden; MTO Psykologi (MTOP) Sweden 
For more information regarding the project please see http://www.iterate-project.eu/  
I hope you will enjoy this and all other deliverables produced within the ITERATE project. If you seek 
more information or have questions don’t hesitate to contact me. 
 
Björn Peters, VTI 
Project coordinator 
e-mail: Bjorn.Peters@vti.se  
tel: +46 13 20 40 00 
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EXECUTIVE SUMMARY 
 
 The aim of Deliverable 5.1 of the ITERATE project is to present results of analyses made of the data 
collected in the ITERATE WP4 driving simulator experiments. The ITERATE WP4 driving simulator 
experiments consisted of train and car driving experiments carried out on a portable car/train driving 
simulator platform and in full scale car and train driving simulators. 
 
The analyses conducted and presented in this deliverable consist of hypothesis testing, cluster analy-
sis and development of a procedure for estimation of parameters of relationships in the WP6 UMD 
simulation model. 
 
Findings from the analyses show that country was found to be an important factor in both the car 
and train driving experiment. Significant effects of the factor workload were also established in many 
of the events analysed. The conclusion of comparisons between the data collected in the portable 
and full scale simulators is that the ITERATE portable driving simulator platform is a suitable tool to 
studying underlying factors controlling driver behaviour. However, there were some minor differ-
ences between the portable and full scale train simulators which was attributed to the driver’s con-
trol device. These differences should be considered in for the further development of the train simu-
lator. 
 
The next step within the ITERATE project is to estimate relevant relationships in the WP6 UMD simu-
lation model based on the findings of the analyses presented in this deliverable. The analyses pre-
sented will also be important as inspiration for other studies outside of the present project with the 
ITERATE driving simulator dataset as an important source of data. 
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1. INTRODUCTION 

The aim of the ITERATE project is to develop a unified model of driver behaviour (UMD) and driver 
interaction with innovative technologies in emergency situations. The model should be applicable to 
all surface transport modes. As a basis of the model development it is assumed that the underlying 
factors influencing human behaviour such as age, gender, culture and so forth are constant between 
the different transport modes. The UMD will be implemented into a numerical simulation model 
that can be used to study interactions between the driver, the vehicle and the environment. 
 
In the early stages of the project, the UMD was developed based on a literature review of driver 
behaviour models. A review of innovative technologies, i.e. driver assistance systems such as Intelli-
gent Speed Adaptation (ISA) for the road traffic domain and the European Rail Traffic Management 
System (ERTMS) for the rail domain, was also conducted. Based on these reviews, a set of hypothe-
ses were formulated on how drivers will behave and interact with assistance systems depending on 
the underlying factors influencing human behaviour. To test these hypotheses and thereby verify the 
theoretically developed UMD, road and rail driving simulator experiments were conducted. Results 
of the driving simulator experiments will also be used to estimate parameters of the numerical UMD 
simulation model. The ITERATE driving simulator experiments are unique in the sense that common 
scenarios run on a common portable car/train driving platform as well as full scale train and car driv-
ing simulators. Two identical portable driving simulator platforms were used among the project 
partners across five countries allowing a large number of participants to take part in the experiment.  
 
The purpose of this deliverable is to present the results of the analyses performed on the data set 
collected in these driving simulator experiments and to describe how the driving simulator data will 
be used to estimate parameters in the numerical UMD simulation. The main part of the analysis is 
driven by the hypotheses formulated earlier in the project, i.e. the objective is to statistically test the 
hypotheses. As a complement to the hypothesis testing, exploratory data analysis in the form of a 
cluster analysis were conducted to study alternative underlying factors controlling driver behaviour.  
 
Details of the driving simulator experiments including the experimental design, the driving simula-
tors used, the experimental protocols and the data collected are given in the ITERATE deliverable 
4.1, Data and experimental protocol from the experiments. This report contains only an overview of 
the experiment to put the analysis into context.  In addition, as stated above, a description will be 
given on how the driving simulator results will be used to estimate parameters of the UMD simula-
tion model. The results of the application of this description will be presented in the ITERATE deliv-
erable 6.3.  
 
The remainder of this document is organised as follows. Chapter 2 gives an overview of the portable 
and full scale driving simulator experiments and the data collected in these experiments. The analy-
sis plan including the methods applied in the different parts of the analysis are presented in Chap-
ter 3. Chapter 4 is dedicated to statistics of the participants’ background data. The hypothesis testing 
results for the car and train domains are presented in Chapter 5 and 6, respectively. Chapter 7 con-
tains results of the complementing exploratory data analyses, cluster analyses, performed on the car 
and train questionnaire data sets. Chapter 8 gives a description of how the driving simulator data 
will be utilised to estimate parameters in the numerical UMD simulation model. An across mode 
discussion on the results of the analysis of the car and train data is given in Chapter 9 before the 
deliverable concludes in Chapter 1. 
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2. THE ITERATE DATASET 

This chapter gives a description of the dataset collected in the experimental studies carried out in 
ITERATE WP4 and described in detail in Deliverable 4.1. The aim of this chapter is to put the analysis 
and results presented in this deliverable into context. For complete details of the ITERATE experi-
mental studies refer to deliverables D3.1 and D4.1. 

2.1 Car and train driving simulator experiments 

The WP4 experimental studies consisted of a train driving experiment and a car driving experiment. 
These two experiments were conducted on a common portable car/train driving simulator platform 
developed within the ITERATE project, see Figure 1. The experiments were also conducted in the full 
scale train operator simulator at VTI and in the moving base car driving simulator at the University of 
Leeds, see Figure 2 and Figure 3.  
 

 

Figure 1 The ITERATE portable car/train driving simulator 
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Figure 2 The interior of the train cabin in the full scale train driving simulator at VTI 

 

 

Figure 3 The moving base car driving simulator at the University of Leeds 

Two identical portable driving simulator platforms were built within the project. These two simula-
tors were circulated among KITE solutions (Italy), Ben Gurion University (Israel), the University of 
Valenciennes (France), the University of Leeds (UK) and VTI (Sweden). The use of portable simulators 
made it possible to conduct identical experiments in five different countries. 
 
Focus of the ITERATE project is on the operator’s interaction with in-vehicle support systems. The car 
driving simulator experiment was divided into two parts, driving on a two-lane highway with an In-
telligent Speed Adaptation System (ISA) and motorway driving with a Forward Collision Warning 
System (FCW). During the train driving experiment, the driver interacted with (a simplified version 
of) the European Rail Traffic Management System (ERTMS) called ETCS (European Train Control Sys-
tem).  
 
The ISA part of the car experiment included negotiating speed limit changes and sharp curves, as 
well as driving through villages and a school zone. The ISA system gave an auditory and visual warn-
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ing to the driver if the driver exceeded the speed limit with more than 2 km/h.  In approaches to 
sharp curves there was a curve warning sign at the side of the road and the ISA system displayed an 
in-vehicle curve warning sign and issued an auditory warning to the driver if the driver drove faster 
than a given threshold speed at the position of the curve sign and at an intermediate position before 
the curve.  In the approach to the villages an auditory and visual warning was issued if the driver 
drove faster than a threshold speed at a fixed position before the village entry. Similarly, in the ap-
proach to the school zone there was a school warning sign and the ISA system displayed an in-
vehicle sign. A warning was issued to the driver if a threshold speed was exceeded in the approach 
to the school zone. The threshold speeds in the approach to the sharp curves, the village entries and 
the school zone was determined based on the difference between the general speed limit and a 
recommended curve speed, the village speed limit and the school zone speed limit, respectively. 
 
In the FCW part of the car experiment, the driver encountered events with a lane changing truck, a 
road work with a lane drop, the sudden braking of a car in front and breakdown of a downstream 
vehicle.  In the lane changing truck event, a truck changed lane in front of the driver in order to over-
take a slower truck. The driver responded to the lane changing truck by braking or lane-changing and 
was forced to follow the trucks until the overtaking was completed.  This event could therefore be 
divided into a reaction and a car-following part. The reaction part of the event was defined as the 
time that the faster truck started the lane-change until the driver responded by braking or lane 
changing and the car-following part was defined as the end of the reaction part until the overtaking 
of the slower truck was completed by the faster truck. In the road work event, the adjacent lane was 
closed due to a road work and vehicles were therefore cutting in ahead of the driver. This event 
could also be divided into a reaction and a car-following part with the reaction part being the time 
from the first vehicle cutting in to the driver responding to this vehicle by braking and the car-
following part being the time spent on the one-lane section created by the road work. In the event 
with a sudden braking of a lead car the driver had to respond to avoid collision. This event consisted 
of a reaction part measured from the time of the sudden braking of the lead vehicle to the time of 
the response of the driver. Similarly, the final event including breakdown of a downstream vehicle 
consisted of a reaction part measured from the vehicle breakdown to driver reaction by braking. 
During these events the FCW system issued an auditory warning if the driver came closer to the lead 
vehicle than a warning distance. The warning distance was based on the stopping distances of the 
lead and following vehicles.  
 
During the train driving scenario the drivers were asked to drive the train according to a given time-
table. The train driving scenario included several changes in speed limit and stations at which the 
driver were to stop. The changes in speed limit and the stops included different track alignments, i.e. 
slopes, and levels of the permitted speeds. The driver was assisted by the ETCS system that issued a 
continuous warning to the driver if the speed limit was exceeded. In the approach to changes in 
speed limit and stop at stations the system indicated the required braking through a permitted 
speed profile. A continuous warning was issued to the driver if the permitted speed profile was ex-
ceeded during the deceleration to new lower speed limit or to stop at a station.   
 
The purpose of the WP4 experiments and the analysis presented in this deliverable was to investi-
gate and test assumptions made in the theoretical Unified Driver-Vehicle-Environment interaction 
model (UMD) presented in ITERATE deliverable D1.2, see Figure 4. An important purpose was also to 
provide data for estimation of parameters in the numerical UMD simulation model to be developed 
in ITERATE WP6.  
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Figure 4 The ITERATE Unified Model of Driver behaviour 

 
In this model, the variables influencing driver behaviour are culture, attitude/personality, experi-
ence, driver state and task demand. Task demand (workload) is varied within each participant during 
the experiment by asking the participants to perform backwards counting tasks. Attitude/personality 
is measured through the Brief Sensation Seeking Scale (BSSS) (Hoyle et al. 2002). The Traffic Culture 
and Climate Scale developed by Özkan et al. (2006) with 44 items related to traffic culture version 
was used as an indicator of culture, country of living (and participation in the experiment). A set of 
complementary questionnaires are also used to allow more detailed analysis of driver culture. Driver 
state is in the experiment varied between participants in a dichotomous way by letting a group of 
“alert” participants drive the simulator in the morning and a group of “fatigue” participants to drive 
the simulator in the afternoon. The Karolinska Sleepiness Scale (KSS) (Gillberg et al., 1994) was used 
as a subjective measure to quantify the fatigue level in the two groups. Experience is measured by 
the number of years as a train driver or the number of years holding a car driving license for train 
and car drivers respectively. The participants were also asked to complete Sagberg and Bjørnskau’s 
hazard perception test (Sagberg and Bjørnskau, 2006) that could be used to verify the relationship 
between experience and hazard perception skills. 

2.2 Contents of the ITERATE dataset 

The ITERATE dataset collected in the experimental studies consists of:  
• Simulator data collected in the portable and full scale simulator experiments 
• Questionnaire data 
• Hazard perception test data 
• KSS scores before and after the simulator drive. 
• A participant information file  
• Column specifications for the simulator data files 

 
The simulator data was sampled at 60 Hz and the data recorded at each sample is described in the 
column specification files. From the car experiment there are also a set of two aggregate data files in 
the data set that contain the participant’s reactions to the events in the ISA and FCW parts of the 
experiment.  
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The questionnaire data includes general information about the participant and the answers to the 
driving culture and sensation seeking questionnaires. All questionnaire data was collected with a 
web-based questionnaire (SPSS Mr Interview) and stored in SPSS-format.  
 
The hazard perception test data consists of the output files from the hazard perception test for more 
details see D4.1. 
 
The participant information file contains information about the properties of each participant, i.e. 
gender, experience or novice, alert or fatigue and so forth.  Observations done during the experi-
ments are also included in the participant information file. Details about the participants in the car 
and train experiments are presented in Chapter 4. 
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3. METHOD 

3.1 Overview 

In this chapter, an analysis plan for the experiments conducted in WP4 is described. In section 3.2, 
the pre-processing of simulator and operator data is described. The hypotheses to be tested are 
described in section 3.3. These hypotheses are based on the hypotheses outlined in Deliverable 3.1. 
The hypotheses have been adjusted according to the final design of the experiments and according 
to what is most relevant for the work in WP6. In section 3.4, the statistical models used in the analy-
sis are described. Validation of the portable simulators against the full motion simulators in Leeds 
(car) and at VTI (train) is described in section 3.5. Section 3.6, Explorative data analysis, describes the 
cluster analysis on the questionnaire data . In section 3.7, a presentation is given of the method for 
estimation of relationships in the WP6 UMD simulation. 

3.2 Pre-processing of operator data 

3.2.1 Simulator data 

This step includes checking the data quality (missing data during the drive, interrupted drives, etc) 
and calculating performance indicators. The performance indicators to be applied for the car and 
train experiments are presented in the following sub-sections. 

3.2.1.1 Performance indicators for the car driving simulator experiment 

For the car driving simulator experiment, the performance indicators calculated for the ISA-part and 
FCW-part respectively are specified below. As mentioned in section 2.1, the ISA part of the car ex-
periment includes negotiating speed limit changes and sharp bends, as well as driving through villag-
es and a school zone. In the FCW part, the driver encountered events with a lane changing truck (A), 
vehicle breaks down of a car in front (B), a road work with a lane drop (C) and the sudden braking of 
car in front (D). 
 
ISA 
Normal driving (during sections with 80 km/h) 

• Mean speed and number of warnings at each section with 80 km/h  
 
Speed and warnings in relation to sharp curves 

• Spot speed and warnings 
o where speed curve sign visible 
o at curve sign (-250 m before curve) 
o at speed check point (-125 m before curve) 
o at curve entry 
o at curve apex (+ 76.5 m after curve sign) 
o at curve exit (+ 153 m after curve sign) 

• Mean speed through curves  
 
Speed and warnings at village entry  

• Spot speed and warnings 
o where speed limit sign becomes visible  
o where ISA speed check turned off  
o at speed check point  

o at village entry (speed limit sign) 
• Mean speed and number of warnings during section with 50 km/h (through the village) 
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Speed and warnings at school zone 

• Spot speed and warnings 
o where school sign becomes visible  
o at school sign (-100 m before speed sign 30 km/h) 
o at speed check point (-50 m before speed sign 30 km/h) 
o at start of school zone (at speed sign 30 km/h) 
o at end of school zone (+ 108 m, at speed sign 50 km/h) 

• Mean speed and total number of warnings during section with 30 km/h (school zone) 
FCW 
 
Event A: lane changing truck and Event C: a road work with a lane drop 
 
Reaction region 

• Reaction time  
• Min TTC  
• Frequency  of warning  

 
Car following region 

• Mean time headway  
• Min time headway  
• Frequency  of warning  

 
Event B: vehicle breaks down of a car in front and Event D: the sudden braking of car in front 
 
Reaction region 

• Reaction time  
• Min TTC 
• Frequency  of warning  

 

3.2.1.2 Performance indicators for the train driving simulator experiment 

In the train experiment, the following performance indicators were used in the analysis (see Figure 7 
for definition of positions): 

• difference between permitted and measured speed (i.e. permitted speed – measured speed, 
km/h) at specific positions  

• mean difference between permitted and measured speed (km/h) between these positions 
and 

• warning duration (seconds) per kilometre during speed reduction 
 
In Table 1, Events (E from 1 to 25) in the train scenario are presented. There are three levels of work-
load (WL) in the scenario, Low (L), Medium (M) and High (H). Three types of events can be defined: 
 

1. Speed reduction at station approach are events in which the train driver has to reduce speed 
in the approach to a station. (in general the allowed speed is 40 km/h within the station area 
if there is a track change and a station stop) 

2. Speed reduction while driving are events in which the train driver has to reduce speed along  
the track. The required speed reduction is lower in the Speed reduction while driving events 
compared to the Speed reduction at station approach events. 
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3. Braking for station stop are events in which the train driver is required to stop at a station. 
The speed reduction during these events are in general from 40 km/h to zero. 

 

The driver gets information on how to perform the speed reduction on the ETCS display (see D4.1 for 
details). A brief description of the information given to the driver on the display is given below. 
 

 

Figure 5: The ETSC display – signal set to stop 

In Figure 5 the driver is driving at 40 km/h and receives a notification that there is a stop ahead. The  
countdown bar on the left indicates the distance to the stop. The number above the bar indicates 
the exact distance (in this case 772 meters). The dark green arc around the speedometer has been 
replaced with a light grey arc. This means that the current speed is allowed but as the train  ap-
proaches the stop this arc will shrink. Also note the small square in the upper left hand corner. This 
square will grow as the train  approach the point where braking has to start to be able to safely 
reach standstill. 
 

 

Figure 6: The ETSC display – new lower speed limit 

In Figure 6 the driver is driving at 140 km/h and then gets a notification about a new lower speed 
ahead, in this case 90 km/h. The bar on the left says that he has 845 meters left to the new speed. 
Also note the small square in the upper left hand corner. This square will grow as we approach the 
point where braking has to start to be able to safely reach the new speed. 
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Table 1 Events in the train scenario  

Event 

Position (Km+m) 

WL Type 
Start Speed reduction / End of platform End 

E1 23+185 24+113 25+271 M Speed reduction at station approach 

E2 25+271 25+980 26+175 M Braking for station stop 

E3 

31+050 32+501 32+650 

M Speed reduction while driving 32+651 32+914 33+054 

33+285 33+730 34+285 

E4 36+032 36+718 37+032 L Speed reduction at station approach 

E5 37+032 37+820 38+002 L Braking for station stop 

E6 45+160 45+997 46+000 L Speed reduction while driving 

E7 46+001 "" 46+160 H Speed reduction while driving 

E8 48+746 49+239 49+746 H Speed reduction at station approach 

E9 49+838 50+460 50+838 H Braking for station stop 

E10 55+060 55+828 56+060 H Speed reduction while driving 

E11 57+001 57+553 58+060 M Speed reduction at station approach 

E12 58+140 58+705 59+140 M Braking for station stop 

E13 67+283 67+897 68+284 M Speed reduction while driving 

 E14 68+536 69+075 69+536 M Braking for station stop 

E15 69+920 70+815 70+920 M Speed reduction while driving 

E16 74+391 74+884 75+391 M Speed reduction at station approach 

E17 75+444 76+025 76+444 M Braking for station stop 

E18 83+628 83+890 84+628 L Speed reduction at station approach 

E19 84+760 85+440 85+760 L Braking for station stop 

E20 89+430 90+267 90+430 L Speed reduction while driving 

E21 94+967 95+229 95+967 L Speed reduction at station approach 

E22 95+967 96+670 96+905 L Braking for station stop 

E23 102+050 102+312 103+050 H Speed reduction at station approach 

E24 103+050 103+840 104+035 H Braking for station stop 

E25 109+977 110+552 110+977 L Speed reduction while driving 

 
Start and End of events, and speed reduction positions were determined by analysing the raw data 
from the experiments. The End of platform position, was defined by running the full simulation twice 
and observing where the drivers actually stopped. Drivers were instructed to stop at the end of the 
platform in order to trigger the “clear to drive” signal i.e. new allowed speed (40 km/h). The same 
positions were used for all drivers in the analysis. 
 
Note that concerning event 6, there is "only" 3 meters of deceleration. In fact, events 6 and 7 were 
supposed to be only one during scenario specification but because of workload modification (Low to 
High) at Km 46+001, it was decided to split the event in two for the analysis. 
 
As shown in Table 2, there are multiple events of each type for the different levels of workload. 
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 Table 2 Events of different type and in different workload condition in the train scenario 

Event Workload 
Speed reduction at station approach, strong deceleration required L: E4, E18, and E21 

M: E1, E11, and E16 
H: E8, and E23 

Speed reduction while driving, mild deceleration required L: E6, E20, and E25 

M: E3, E13, and E15 

H: E7, and E10 

Braking for station stop L: E5, E19, and E22 
M: E2, E12, E14, and E17 
H: E9, and E24 

 
For each speed reduction event, the difference between measured and permitted speed perfor-
mance indicators will be calculated at three points (PI, PII and PIII) and over the two sections con-
necting these three points (SI and SII).  PI corresponds to the start of the event, PII is defined as the 
point at which the ETCS display begins to reduce the permitted speed and PIII is the end point of the 
event (the point at which the new speed should have been reached). SI is the section in between 
points PI and PII. Similarly, SII is the section between points PII and PIII. For the sections, SI and SII, 
the performance indicator used is the mean difference between permitted and measured speed.  
 
An example (speed reduction at station approach) that illustrates the points and sections PI-PIII is 
shown in Figure 7. 
 

 

Figure 7 Example speed reduction event including speed profiles for two British participants 
(GB04TA and GB05TA) 

In Figure 7 PI is located at km 48746, PII at km 49239 and PIII at km 49746. SI is defined as the sec-
tion between km 48746 and km 49239. Finally SII is the section between km 49239 and km 49746. 
Note that, in the example, the difference between permitted and measured speed will be negative 
at point PIII and over section SII for participant GB04TA. 
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For E6, we have only considered points from PI to PII and for E7, from PII to PIII, which corresponds 
to the initial scenario specification before splitting because of workload levels. 
 
If the train driver exceeds the permitted speed, the ETCS system issues a continuous warning. Due to 
the different lengths of the events, the warning duration performance indicator has been normal-
ised with respect to the length of the event. 

3.2.2 Operator data 

Pre-processing of operator data includes checking for missing data.  
 
The operators are categorised by a number of factors that are important to consider in the analyses. 
Many of the factors are already defined in Deliverable 3.1. These are: 
 
Culture 

Drivers from the five countries: Sweden, France, Italy, UK and Israel 
Experience 

− Inexperienced car drivers: license held for a maximum of 1 year; 
− Experienced car drivers: license for 5-10 years; drives a minimum of 10,000 km per year; 
 
− Inexperienced train drivers: qualified drivers, but less than 2 year experience as an active 

train driver;  
− Experienced train drivers: more than 4 year experience as an active train driver. 

 
Fatigue 

Fatigue was induced during the experiment and the factor has two levels: not fatigued and mild fa-
tigue. 
 

Workload 

There are three levels of workload in the experiments (low, medium and high) and workload will be 
manipulated within a run. 
 
In addition to these four factors we have defined high and low sensation seekers and a factor that 
describes the order of the two runs in the car experiment with different systems (ISA and FCW). 
 
Sensation seekers 

A convention that have been used in several other studies is that operators scoring under 3 are cat-
egorised as low sensation seekers and operators scoring over 3 as high sensations seekers 
(Zakletskaia et al., 2009). That categorisation can be used if the sample is more or less evenly divided 
between the two groups. If, instead, most operators are scoring under or over 3 one can consider 
dividing the sample in half according to the size of the actual scores. In this study we defined high 
sensation seekers as those who score over 3. The mean value of the average sensation seeking score 
was very close to 3 which is described in section 4.1.2 for car drivers and 4.2.1 for train drivers. 
 
Order 

Half of the operators in the car driving experiment start driving on the rural road with the ISA sys-
tem. The other half starts driving on the motorway with the FCW system. To take account of the 
different orders a factor order is included in the analyses of the car driving data. The factor is 1 if the 
operator started the drive with the system under study and 2 otherwise. 
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Finally, we include the factors gender and operator as covariates in the model. We have chosen not 
to include age since age is very closely related to experience.  
 
This part of the analysis also includes checking how well we succeeded to induce fatigue. This is done 
by comparing self-reported fatigue according to KSS within the two groups with induced fatigue. It 
should be noted that KSS normally is difficult to use for comparisons between operators since the 
levels of the scale might be interpreted differently by different operators. However, since we have a 
large number of operators the individual differences should be levelled out.  There are two KSS val-
ues for each driver, one from before the training and one from after the experimental drive. Thus, 
there is no KSS value from right before the experimental drive.  To take into account that different 
groups of operators might use the scale differently, we suggest that an analysis of variance model is 
used. Except fatigue, the factors culture and gender should also be included in the model.  
 
The drivers of the train scenario are asked to follow a timetable. At this stage of the project, since 
the train drivers are used to follow a timetable, it will be assumed that the timetable had no effect 
on the driving behaviour.  
Table 3, Table 4 and Table 6 summarises the situations that will be studied and corresponding hy-
pothesis for the different systems. The hypotheses are developed based on the scenari-
os/hypotheses described in D2.2 and in Appendix 1-4 in D 3.1. All hypotheses within the same situa-
tion will be tested by the same statistical model. 
 
The car experiment includes two different systems, ISA (Table 3) and FCW (Table 4). The train exper-
iment includes only a speed management system (Table 6). 
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3.2.3 Hypotheses of the car experiment 

Table 3 Situations and hypotheses during the drive on the rural road with ISA system 

Situation/trigger Performance indi-
cators 

Hypotheses 

Normal driving Mean speed and 
warnings 

1. High sensation seekers will chose higher speed than low 
sensation seekers 

2. Experienced drivers will chose higher speed 
3. Fatigued drivers compensate by choosing lower speed 
4. Operators choose higher speed during low workload 

and lower speed during high workload  
Approach to curves Warning and speed 

before curve 
1. High sensation seekers behave so that more warnings 

will be triggered 
2. Experienced drivers will receive fewer warnings than 

inexperienced 
3. Fatigued drivers will rely on the system to warn them 

and receive more warnings. 
4. Operators will receive more warnings during high and 

low workload. 
Driving through 
curves 

Mean speed 
through curves 

Same as for normal driving 

All changes in 
speed limit 

Warning and speed 
in relation to village 
entry and school 
zone 

1. High sensation seekers behave so that more warnings 
will be triggered 

2. Experienced drivers will receive fewer warnings than 
inexperienced 

3. Fatigued drivers will rely on the system to warn them 
and receive more warnings. 

4. Workload: not relevant due to that speed changes only 
occur under medium workload 

Table 4: Situations and hypotheses during the drive on the motorway with FCW system 

Situation Performance indi-
cators 

Hypotheses 

Car-following Warnings1 
Mean time head-
way 
Min time headway 

1. High sensation seekers will adopt shorter headway and 
receive more warnings 

2. No hypothesis for experienced drivers 
3. Fatigued drivers will rely on the system to warn them 

and receive more warnings 
4. Operators will receive more warnings during high and 

low workload. 
Reaction type of 
scenario 

Reaction time  
Min TTC 
Warnings  

1. No hypothesis for sensation seekers 
2. Experienced drivers will have shorter reaction time 
3. Fatigued drivers will have longer reaction time 
4. Operators will have longer reaction time during low and 

high workload 
1 Number of warnings may need to be adjusted to account for differences in road length for different workload conditions.  
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3.2.4 Hypotheses of the train experiment 

Table 5 contains the hypotheses presented in D3.1. 

Table 5 Hypothesis from D3.1 

H1 Sensation-seeking operators adopt (or choose) shorter warning thresholds. 
H2 Sensation-seeking operators will behave in such a way that more warnings will be triggered. 
H3 Sensation-seeking operators will seek stimulation to cope with monotonous situations. 
H4 Experienced operators will receive fewer warnings than inexperienced operators. 
H5 Fatigued operators will rely on the system to warn them about a critical situation. 
H6 Operators will receive more warnings when fatigued than when alert. 
H7 Fatigued operators will have less situational awareness than alert operators. 
H8 Fatigued operators may compensate for their fatigue by increasing the safety margin. 
H9 Operators will receive more warnings when under low workload. 
H10 Operators will receive more warnings when under high workload. 

 
These hypotheses have to be modified by formulating them in a more detailed way to fit a train driv-
ing scenario. Table 6 contains the modified hypotheses to be tested in the analysis.  

Table 6 Modified hypotheses for the train driving experiment 

H1 High sensation seekers will drive as close as possible from permitted speed (and keep their current speed 

as close as possible from permitted speed before deceleration). 
H2 High sensation seekers behave so that more warnings will be triggered. 
H3 High sensation seekers will drive as close as possible from permitted speed (and behave so that speed 

lowering -deceleration curve- will be as close as possible from permitted speed). 
H4 Experienced operators will receive fewer warnings than inexperienced. 
H5 Not relevant for train drivers as they always try not to be warned by system. 
H6 Fatigued operators will receive more warnings than alert. 
H7 Fatigued operators will fail to stop at station. 
H8 Fatigued operators will set their speed much lower from permitted speed (and start to lower their speed 

-deceleration curve- as soon as possible) 
H9 Low workload, more warnings. 
H10 High workload, more warnings. 

 
The hypotheses in italics (H1, H3, H5, H7, and H8) have been adapted to fit the train driving scenario. 

3.3 Statistical analysis 

All situations described in 3.2.1 can be modelled with either of two basic models. The difference 
between the models is whether workload is included or not. Below the model used for analysis of 
variance with workload included is described. In situations with only one level of workload is rele-
vant, all factors including workload cancel out. 
 
The models include a large number of factors which makes it challenging to interpret the data. It is 
worth noticing that if 7 factors and all two-way interaction terms are included in the model, the 
probability for at least one significant test only by chance is about .72. Thus, it is important to restrict 
the number of interaction terms. To limit the number of interaction terms, a priority list for the two-
way interactions of interest to include in the model was made. No higher order interactions were 
included.  
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Model  description:  
Factors Culture 

Experience 
Fatigue 
Sensation seeker 
Gender 
Age 
Order 
Operator(Culture*Experience*Fatigue* 
Sensation seeker*Gender*Age*Order)1 

Workload2 

All factors except operator are fixed  
Interaction terms Country*Experience 
 Country*Gender 
 Experience*Fatigue 
 Experience*Sensation seeker 
 Experience*Gender 
 Experience*Workload2 
 Fatigue*Workload2 
 Sensation seeker*Workload2 
1) Nested factor 
2) If relevant 
 
The main type of results from the analyses will be: 

− ANOVA table with F-tests 
− Comparison of different levels of the factors. The comparisons are based on the estimated 

marginal means which compensate for an unbalanced design if that is the case. 

3.4 Validation against full motion simulators 

Primarily, we will use data from Swedish participants in the portable train simulator and validate 
against the full motion simulator at VTI and likewise for the car experiment at Leeds. 
Data from both types of simulators (portable or full motion) will be incorporated in the same model. 
In that way, direct tests of the differences can be made. 
 
The model described in section 3.3 can be used with slight modification: the factor culture should be 
removed and a factor that describes simulator type should be added. 
 
The main effect of simulator type answers whether there are differences in level between simulator 
types for different performance indicators. To test whether there is any differences in effect for dif-
ferent groups of operators, interaction terms will be studied. For example if the term experi-
ence*type is significantly different from zero, this indicates that becoming more experienced does 
not affect the behaviour in the portable simulator in the same way as in the full motion simulator. 
Even if the interaction is not statistically significant the relevant effect should be studied to see 
whether it goes in the same direction for the different simulators. 
 
The same situations as those described in section 3.2 will be analysed 

3.5 Exploratory data analysis 

The theoretical ITERATE model developed in WP1 considers that operators’ performance would be 
affected by their attitude towards risk. Sensation seeking is a personal trait which refers to the ten-
dency to pursue sensory pleasure and excitement. Individuals with such a trait tend to proactively 



Deliverable No. 5.1. Dissemination Level (PU) 
Grant Agreement 
Number: 218496 

 

Page 17 of 89 

seek for novelty and complexity, and may take risks in the pursuit of such experience. Due to its 
global applicability to human beings across cultures, it was adopted as an independent variable rep-
resenting operator attitude in WP2 for hypothesis formulation and in WP3 for experiment design.  
 
Sensation seeking is commonly measured by a set of questions relating to a range of activities (Sen-
sation Seeking Scales, SSS), which are not directly relating to driving. In order to verify the applicabil-
ity of sensation seeking to the ITERATE model, another instrument, Driver Attitude Questionnaire 
(DAQ), which has been developed in the field of car driving behaviour, was adopted in the WP4 ex-
periment, in order to obtain empirical data for examining the association between SSS and DAQ. 
 
Sensation seeking is used as a categorical variable in WP5 for exploring the differences in behaviour 
among groups of drivers. The most commonly adopted approach is to group samples by statistical 
central tendency indicators, such as mean, median, or mode. In addition to this, cluster analysis is 
proposed as an exploratory tool to classify samples into relatively homogeneous groups, in order to 
explore the sensitivity of different categorisation approaches. 

3.6  Derivation of correlation relationships 

To formulate the correlations which enable to account for the UMD in a simulation of the Driver-
Vehicle-Environment interaction, a generic function defining interactions among the driver parame-
ters has been defined. 

)(*)()(*)(),(*)()( TDhCULTDSgCULTEXPATTfCULTCULTKF iiiii βγα +++=
 

F is a generic function used in the driver simulation to compute different variables such as speed, 
distance form a leading vehicle or obstacle, acceleration and braking rate etc. In other terms, F is 
associated to a wide range of driver performances. This is the reason of the presence of the index i, 
which determines the specific F function that is being considered.  

In particular, for the car driver, the behaviour that is analysed is associated with the dependent vari-
able: “intended speed”, “braking and acceleration modes” and “intended distance from leading ve-
hicle or obstacle”. For the train driver behaviour the same dependent variable as the car driver are 
considered, with the obvious exclusion of the condition “distance from a leading vehicle”. Other 
dependent variables, such as for example “reaction distance to signals”, will also be studied as part 
of the detailed development of the simulation tool (see Deliverable D 6.2).  

The F mathematical function is defined by a set of: 

• Parameters: ATT, EXP, DS, TD, CULT 

• Functions: f(), g() and h() 

• Coefficients: α, β and γ 

• Constant K 

The parameters affect functions, coefficients and constant. Namely, the parameters ATT, EXP DS and 
TD are used to compute the output of the functions f(), g(), and h(), while the parameter CULT is 
used to compute the coefficient α, β and γ  and the constant K. This might appear to  suggest that no 
difference exist between functions, coefficients and constants, but it would be a wrong assumption. 
Coefficients and constant do not change during the simulation and their values are determined by 
CULT, which is a not numeric value representing the nationality of the driver. On the other hand 
functions are computed on the basis of parameters having numeric values and their output, as well 
as the input parameters, can change during the simulation. 

The way in which the function F is formulated assumes that it is possible to develop a linear correla-
tion between the parameters ATT, EXP DS and TD and the dependent variables associated to F. 
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Moreover, the parameter CULT is also affecting the overall value of F, but it characterises entire sets 
of data collected according to different cultures. This implies that the function F is in reality depend-
ent on CULT. Moreover, for each cultural environment it is assumed that the parameters ATT, EXP, 
DS and TD are not associated to continuous variation and can assume discrete values, which corre-
spond to precise numerical quantities as shown in Table 7.  

Table 7 Driver parameters value 

ATT 
0 

(Prudent) 
 1/8 

(Sensation seeker) 

EXP 
-1/8 

(Novice) 
 1/8 

(Experienced) 

DS 
1/8 

(Alert) 
 -1/8 

(Fatigued) 

TD 
1/8 

(Low) 
0 

(Medium) 
-1/8 

(High) 
 

Given these boundary conditions, the functions associated to the parameters α, β and γ have a very 
simple formulation: 

TDTDh

DSDSg

EXPEXPATTfATTif

EXPATTfATTif

=

=

=⇒=→

=⇒=→

)(

)(

),(0

4/1),(8/1

 

The function F is used in several cases. The most significant ones are shown hereafter, while for a 
more exhaustive list, which include vehicle dependant cases, please refer to deliverable D6.2 specifi-
cally dedicated to the simulation detailed implementation. 

• Intended speed computation, depending the maximum allowed speed: 

maxint * vFv v=
 

• Intended distance from a leading vehicle, depending on current vehicle speed: 

sF

tv
s

)(*6.1
int =

 

• Gas pedal pressure rate, depending on current and intended speed 

gr F
tv

tv
tg

2

1

)(

)(
1)(

int








−=

 

• Brake pedal pressure rate, depending on current and intended speed 

br F
tv

tv
tb

2

1

)(

)(
1)( int









−=

 

In order to obtain a complete definition of correlations, the values of the coefficients will be deter-
mined by the linear regression analysis of experimental data. For each F, specific sections of the 
roads used in the experiments will be identified where the dependent variables used in the correla-
tions can be clearly identified and assessed. This is an objective difficulty of the proposed approach, 
as it will be necessary, for example, to identify sections of the road/rail where the driver will be driv-
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ing at the “intended” speed, or sections of the roads where the driver is maintaining the intended 
distance between the “ego-vehicle” and the “leading vehicle”.  
 
Once these sections of the roads are selected, the data of experimental files, for those specific sec-
tions of the roads/rail, will be used to perform linear regressions and to compute the values of the 
constant Ki, and coefficients αi, βi and γi associated to each function Fi.  
 
The main difficulty in this operations lies in the evaluation of measurable variables which are not 
directly included in the data files, expressing different kind of intention of the driver, e.g., the in-
tended speed and intended distance from a leading vehicle or an obstacle (a steady queue blocking 
the road).  



Deliverable No. 5.1. Dissemination Level (PU) 
Grant Agreement 
Number: 218496 

 

Page 20 of 89 

4. PARTICIPANTS’ BACKGROUND DATA 

4.1 Car drivers 

The car driving data set collected in the portable and in the moving base big driving simulators con-
sists of data from 154 and 29 participants, respectively. The numbers of participants from each 
country and in each group (gender, experience, driver state (fatigue) and order) are shown in Table 
8. The order group refers to the order at which the participants have done the two parts of the car 
driving experiment, i.e. participants in the FCW group did the FCW part of the experiment before the 
ISA part and vice versa.  
 

Table 8 Number of participants in the car driving simulator experiment 

 

4.1.1 Experience 

Participants were recruited into the Experienced/Novice groups based on the number of years that 
they had been holding a driving license.  Naturally there will be a correlation between the partici-
pants’ age and experience measured as the number of years as a driving license holder.  Descriptive 
statistics of the age of the participants in the experienced and novice groups are shown in Table 9.  

Table 9 Descriptive statistics - Age of the participants in the car driving simulator experiment 

 
 
Table 10 contains descriptive statistics of the number of years holding a driving license for the partic-
ipants in the Experienced and Novice groups. 

Female Male Experienced Novice Alert Fatigue FCW ISA

FR 32 7 25 16 16 16 16 16 16

GB 30 15 15 16 14 15 15 14 15

IL 31 16 15 16 15 16 15 16 15

IT 27 11 16 20 7 16 11 14 13

SE 34 16 18 26 8 14 20 17 17

Tot 154 65 89 94 60 77 77 77 76

GB, big sim 29 17 12 15 14 14 15 14 15

Country
OrderGender Experience Fatigue

Number

Country
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Mean 33.2 21.7 35.8 25.3 25.6 23.3 35.5 21.1 39.4 18.4 43.4 18.4

Std. Error Mean 2.30 1.03 2.96 1.96 0.47 1.23 2.90 0.46 2.21 0.18 3.19 0.23

Median 31.5 20.0 31.5 24.0 25.0 23.0 30.0 22.0 36.5 18.0 41.0 18.0

Std. Deviation 9.21 4.13 11.83 7.08 1.86 4.77 12.98 1.21 11.25 0.52 12.35 0.85

Minimum 23.0 18.0 22.0 17.0 23.0 17.0 20.0 19.0 18.0 18.0 22.0 18.0

Maximum 47.0 32.0 65.0 38.0 31.0 32.0 61.0 22.0 58.0 19.0 66.0 21.0

Percentiles 15 24.0 18.3 27.8 18.0 24.0 17.1 23.0 19.9 29.0 18.0 36.2 18.0

Percentiles 85 45.5 25.5 47.0 35.2 26.0 28.0 56.2 22.0 54.0 19.0 57.1 19.0

Number 16 16 16 13 16 15 20 7 26 8 15 14

GB, big simFR GB IL IT SE
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Table 10 Descriptive statistics – Number of years holding a driving license for the participants in 
the car driving simulator experiment 

 
 
Note that all Swedish drivers had a licence for less than a year giving a mean of zero years. 
 
An alternative grouping based on the participants’ age instead of the experience in terms of number 
of years holding a driving license resulted in the same participants in the Experienced and Novice 
groups. There is consequently no benefit of including both age and driving experience in the analy-
sis. Age will therefore not be taken into account in the analysis presented in Chapter 5. 
 
Descriptive statistics of the number of kilometres driven during the last year for the participants in 
the Experienced and Novice groups are shown in Table 11. 

Table 11 Descriptive statistics - Number of km driven last year 

 
 
One Israeli novice driver with 120 000 kilometres driven last year is treated as an outlier and there-
fore removed from the data shown in Table 8. It can be concluded that the Israeli participants in the 
experienced group drove about the same number of kilometres as the French and British novice 
drivers.  Another observation to be made is that all Italian novice drivers stated that they drove 
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Mean 12.9 0.7 17.2 0.3 7.8 0.5 16.2 1.6 19.9 0.0 22.0 0.3

Std. Error Mean 2.41 0.25 2.73 0.17 0.53 0.17 2.80 0.37 2.56 0.00 3.80 0.19

Median 8.5 0.5 13.5 0.0 8.0 0.0 11.5 2.0 15.0 0.0 22.0 0.0

Std. Deviation 9.01 1.01 10.92 0.63 2.14 0.64 12.53 0.98 12.54 0.00 14.70 0.65

Minimum 5.0 0.0 4.0 0.0 4.0 0.0 1.0 0.0 0.0 0.0 2.0 0.0

Maximum 29.0 4.0 44.0 2.0 13.0 2.0 43.0 3.0 39.0 0.0 48.0 2.0

Percentiles 15 5.0 0.0 10.0 0.0 6.3 0.0 4.9 0.9 8.0 0.0 6.2 0.0

Percentiles 85 25.1 1.0 28.3 1.0 9.0 1.0 33.5 2.1 36.0 0.0 38.2 0.5

Number 14 16 16 13 16 15 20 7 24 8 15 11

GB, big simFR GB IL IT SE
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Mean 18 750 11 375 19 835 11 377 11 031 4 546 16 018 10 000 22 875 4 643 17 318 11 691

Std. Error 

Mean 2 050 718 5 375 1 333 1 210 1 544 1 494 0 2 542 1 238 1 005 1 580

Median 20 000 10 000 15 289 9 978 10 000 2 000 15 000 10 000 20 000 4 000 16 093 9 978

Std. Deviation 8 202 2 872 21 499 4 804 4 839 5 567 6 682 0 12 453 3 275 4 263 5 910

Minimum 10 000 10 000 9 978 9 978 1 000 100 10 000 10 000 10 000 1 000 9 978 9 978

Maximum 40 000 20 000 99 779 27 359 22 000 20 000 33 360 10 000 60 000 10 000 24 140 32 187

Percentiles 15 10 250 10 000 11 265 9 978 7 125 500 10 000 10 000 15 000 1 000 13 760 9 978

Percentiles 85 25 000 14 250 18 507 10 332 15 000 8 400 23 300 10 000 32 750 7 750 23 255 10 501

Number 16 16 16 13 16 13 20 7 24 7 18 14

SE GB, big simFR GB IL IT



Deliverable No. 5.1. Dissemination Level (PU) 
Grant Agreement 
Number: 218496 

 

Page 22 of 89 

10 000 km. This is likely due to the instructions given by the experimental leader to the Italian driv-
ers. 

4.1.2 Sensation seeking 

The sensation seeking questionnaire consisted of eight questions to be scored between one and five.  
The average score on the eight questions is used to group the participants into sensation seekers 
and non-sensation seekers. High average sensation seeking score indicate that a participant belongs 
to the sensation seeking group and, conversely, low average sensation seeking score indicate a non-
sensation seeker. In the literature, both the total group mean and the score ‘three’ have been used 
to divide participants into two groups. The mean value of the average sensation seeking score for all 
participants in the car experiment was 3.06.  A grouping of participants based on the mean value of 
the average sensation seeking score and the number ‘three’ resulted in the same grouping.  A group-
ing of participants with sensation seekers having an average sensation seeking score above three 
and non-sensation seekers having an average score below three was therefore used in the analysis 
presented in this deliverable. 
 
It is of interest to check if the sensation seeking score differs between the different participant 
groups. An analysis of variance with average score on the eight questions in the sensation seeking 
questionnaire as the response variable gave P values as shown in Table 12. 

Table 12 Analysis of variance P values – average sensation seeking score 

 
  
As can be seen in Table 12, significant differences were found between the different countries and 
between genders.  Descriptive statistics of the average sensation seeking score for the 5 different 
countries and the two genders are shown in Table 13. 
 

SensationSeeker

Source Sig.

Intercept .0000

Country .0052

Experience .1103

Fatigue .9259

Gender .0014

Order .7522

SubjectID(Country * Experience * 

Fatigue * Gender * Order)

.

Country * Experience .1037

Country * Gender .6449

Experience * Fatigue .3482

Experience * Gender .3357
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Table 13 Descriptive statistics – Sensation seeking score for the participants in the car driving 
experiment 

 
 
As can be seen in the table the mean value of the average sensation seeking score vary between 2.8 
(GB) and 3.4 (IL) across different countries.  
 
However, grouping of the participants with respect to gender is not the same as a grouping of the 
participants with respect to average sensation seeking score. Both gender and sensation seeking will 
be included in the analysis in Chapter 5. 

4.1.3 Driver state 

The grouping of the participants with respect to driver state was done according to if the partici-
pants participated in the experiment in the morning (Alert group) or after lunch (Fatigue group).  The 
participants were asked to rate their state on the KSS before and after the simulator drive.  Differ-
ences in these KSS score between the participant groups were studied by means of univariate analy-
sis of variance with KSS before and KSS after the drive as response variable.  Table 14 show resulting 
P values from these ANOVAs.  

Country

Gender
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Mean 2.6 3.1 3.0 2.7 3.0 2.8 3.1 3.7 3.4 3.2 3.3 3.3 2.6 3.3 2.9 3.1 3.2 3.1

Std. Error Mean 0.31 0.18 0.16 0.16 0.20 0.13 0.20 0.16 0.14 0.23 0.11 0.11 0.14 0.14 0.11 0.15 0.19 0.11

Median 2.6 3.0 2.9 2.6 2.7 2.6 3.0 3.9 3.5 3.4 3.4 3.4 2.4 3.1 2.9 3.1 3.1 3.1

Std. Deviation 0.82 0.92 0.91 0.60 0.76 0.69 0.79 0.62 0.76 0.77 0.44 0.59 0.54 0.58 0.66 0.61 0.65 0.62

Minimum 1.5 1.5 1.5 1.6 2.3 1.6 1.9 2.5 1.9 2.1 2.1 2.1 1.9 2.4 1.9 2.1 2.3 2.1

Maximum 3.8 4.6 4.6 3.8 4.5 4.5 4.4 4.5 4.5 4.5 3.8 4.5 4.0 4.5 4.5 4.1 4.3 4.3

Percentiles 15 2.0 2.1 2.0 2.1 2.4 2.3 2.5 3.0 2.5 2.3 2.9 2.6 2.1 2.8 2.4 2.3 2.6 2.4

Percentiles 85 3.4 4.3 4.1 3.3 3.8 3.7 4.1 4.4 4.2 3.9 3.7 3.8 3.0 3.9 3.8 3.6 3.9 3.7

Number 7 25 32 15 14 29 16 15 31 11 16 27 16 18 34 17 12 29

GB, big simFR GB IL IT SE
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Table 14 Analysis of variance P values – KSS score before and after the simulator drive 

 
 
As can be seen in Table 14, two main effects came out as significant, country for the KSS score be-
fore the drive and driver state (Fatigue) after the simulator drive.  The interaction between country 
and gender did also turn up as significant in the KSS before the drive. The significant of this interac-
tion effect is difficult to explain and may be due to the large number of groups included in the ANO-
VA model.  
 
Of importance for the analysis is that it was not possible to establish any difference in KSS between 
the Alert and Fatigue groups before the simulator drive. There is however a difference in KSS be-
tween the Alert and Fatigue groups after the simulator drive. 
 
Descriptive statistics of the KSS scores before and after the drive for the different countries and driv-
er state groups are shown in Table 15.  

KSS Before KSS After

Source Sig. Sig.

Intercept .0000 .0000

Country .0020 .1382

Experience .3597 .2479

Fatigue .5288 .0016

SensationSeeker .2491 .2484

Gender .2677 .8688

Order .5004 .3725

WorkLoad . .

SubjectID(Country * Experience * Fatigue * 

SensationSeeker * Gender * Order)

. .

Country * Experience .2709 .3729

Country * Gender .0438 .6883

Experience * Fatigue .1702 .4709

Experience * SensationSeeker .4432 .3035

Experience * Gender .1794 .7130

Experience * WorkLoad . .

Fatigue * WorkLoad . .

SensationSeeker * WorkLoad . .

Country * Fatigue .0995 .4183

Fatigue * Gender .6927 .8809
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Table 15 Descriptive statistics – KSS scores before and after the experiment for the participants in 
the car driving experiment 

 
 
As can be seen in Table 15, participants in the Fatigue group scored higher on the KSS than partici-
pants in the Alert group after the simulator drive.  It can therefore be concluded that it is relevant to 
keep the Alert and Fatigue groups in the analysis, despite that no difference in KSS before the simu-
lator drive could be established. 

4.2 Train operators 

The train driving data set collected in the portable and in the moving base big driving simulators 
consists of data from 78 and 32 participants, respectively. The numbers of participants from each 
country and in each group (gender, experience and driver state (fatigue)) are shown in Table 16. In 
the train driving experiment, events related to speed management and collision avoidance are 
mixed and so order is no longer a valid variable.  

Table 16 Number of participants in the train driving simulator experiment 

Country Number 

Gender Experience Fatigue 

Fem
ale 

M
ale 
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erien

ced
 

N
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vice 

A
lert 

Fatigu
e 

FR 6 . 6 6 . 4 2 

GB 19 3 16 11 8 10 9 

IL 14 . 14 11 3 7 7 

IT 18 1 17 16 2 8 10 

SE 21 1 20 16 5 10 11 

Tot 78 5 73 60 18 39 39 

SE, big sim 32 4 28 21 11 16 16 
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Mean 3.2 4.2 2.9 4.8 4.2 4.6 3.6 6.4 2.9 4.6 2.5 5.4 3.1 4.6 4.5 5.6 4.1 5.6 3.9 5.3 3.4 4.8 3.9 5.9

Std. Error Mean 0.32 0.32 0.34 0.46 0.48 0.52 0.34 0.37 0.31 0.43 0.32 0.46 0.34 0.42 0.28 0.43 0.29 0.33 0.24 0.30 0.31 0.39 0.42 0.41

Median 3.0 4.0 2.5 5.0 4.0 4.0 3.0 6.5 3.0 4.5 2.0 5.0 3.0 5.0 4.0 6.0 4.0 6.0 4.0 5.0 3.0 5.0 3.0 6.0

Std. Deviation 1.28 1.28 1.34 1.83 1.86 2.03 1.28 1.39 1.24 1.71 1.25 1.76 1.34 1.67 0.93 1.43 1.07 1.22 1.09 1.34 1.16 1.48 1.64 1.60

Minimum 2.0 2.0 1.0 1.0 2.0 2.0 2.0 3.0 1.0 2.0 1.0 2.0 1.0 1.0 3.0 3.0 3.0 3.0 2.0 3.0 2.0 3.0 1.0 3.0

Maximum 7.0 6.0 5.0 8.0 8.0 8.0 6.0 8.0 5.0 8.0 5.0 8.0 6.0 7.0 6.0 7.0 6.0 7.0 6.0 8.0 5.0 7.0 7.0 9.0

Percentiles 15 2.0 3.0 2.0 3.0 2.1 3.0 3.0 5.0 2.0 3.0 1.1 4.0 2.0 3.0 4.0 4.0 3.0 4.0 3.0 4.0 2.0 3.0 3.0 4.1

Percentiles 85 3.8 5.8 5.0 6.8 6.0 7.0 5.1 8.0 4.0 6.0 3.0 7.9 3.8 6.0 5.5 7.0 5.1 7.0 5.0 7.0 5.0 6.1 5.0 7.0

Number 16 16 16 16 15 15 14 14 16 16 15 15 16 16 11 11 14 14 20 20 14 14 15 15
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4.2.1 Experience 

Similar to the car driving experiment, participants were recruited into the Experienced/Novice 
groups based on the number of years that they had been holding a driving license. Descriptive statis-
tics of the age of the participants in the experienced and novice groups are shown in Table 17. 

Table 17 Descriptive statistics - Age of the participants in the train driving simulator experiment 
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Mean 37,5 . 41,1 36,1 38,8 33,7 39,4 40,5 47,5 33,1 47,7 31,2 

Std. Error Mean 2,3 . 2,3 3,3 1,7 1,5 2,1 16,5 1,4 1,5 1,8 1,4 

Median 34,5 . 41,0 36,5 38,0 34,0 37,0 40,5 49,0 32,0 49,0 31,0 

Std. Deviation 5,5 . 7,5 9,3 5,4 2,5 8,3 23,3 8,6 6,0 8,4 4,7 

Minimum 33 . 29 23 32 31 28 24 26 23 26 23 

Maximum 46 . 51 51 48 36 55 57 62 46 61 36 

Percentiles 25 34,0 . 35,0 29,0 34,0 31,0 33,0 24,0 42,0 29,0 42,0 27,0 

Percentiles 75 43,0 . 47,0 42,0 39,0 36,0 47,5 57,0 54,0 36,0 54,0 36,0 

Number 6 0 11 8 11 3 16 2 37 16 21 11 

 
Table 18 contains descriptive statistics of the number of years holding a driving license for the partic-
ipants in the Experienced and Novice groups. 

Table 18 Descriptive statistics – Number of years holding a driving license for the participants in 
the train driving simulator experiment 
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Mean 11,3 . 8,4 1,3 12,3 1,7 13,3 1,0 18,6 2,2 19,3 2,2 

Std. Error Mean 1,1 . 1,3 ,3 1,8 ,9 1,8 1,0 1,8 ,2 2,3 ,3 

Median 11,0 . 7,0 1,5 12,0 2,0 14,0 1,0 23,0 2,0 23,0 2,0 

Std. Deviation 2,8 . 4,4 ,9 5,9 1,5 7,2 1,4 10,9 ,8 10,4 ,9 

Minimum 8 . 4 0 5 0 5 0 4 0 4 0 

Maximum 15 . 16 2 24 3 24 2 35 3 35 3 

Percentiles 25 9,0 . 5,0 ,5 8,0 ,0 6,0 ,0 8,0 2,0 9,0 2,0 

Percentiles 75 14,0 . 12,0 2,0 18,0 3,0 20,5 2,0 29,0 3,0 29,0 3,0 

Number 6 0 11 8 11 3 16 2 37 16 21 11 
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As for the car drivers, an alternative grouping based on the participants’ age instead of the experi-
ence in terms of number of years holding a driving license resulted in the same participants in the 
Experienced and Novice groups. Age will therefore not be taken into account in the analysis present-
ed in Chapter 6. 

4.2.2 Sensation seeking 

The mean value of the average sensation seeking score for all participants in the train experiment 
was 2.87. A grouping of participants with sensation seekers having an average sensation seeking 
score above 3 and non-sensation seekers having an average score below 3 was therefore used in 
both the car and the train analysis in order to compare the results. 
 
An analysis of variance with average score on the eight questions in the sensation seeking question-
naire as the response variable gave P values as shown in Table 19. 

Table 19 Analysis of variance P values – average sensation seeking score 

Sensation Seeker Sig.  

Intercept ,000 

Country ,612 

Experience ,231 

Fatigue ,619 

Gender ,163 

ParticipantID(Country * Experience * Fatigue * Gender) . 

Country * Experience ,636 

Country * Gender ,715 

Experience * Fatigue ,760 

Experience * Gender ,993 

 
As can be seen in Table 19, no significant differences were found between the different parameters. 
This is of course partly due to the smaller set of train drivers but it can also be that the train drivers 
are more homogenous than car drivers. Descriptive statistics of the average sensation seeking score 
for the 5 different countries and big simulator grouped by gender are shown in Table 20. 
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Table 20 Descriptive statistics – Sensation seeking score for the participants in the train driving 
experiment 

 
 
As can be seen in Table 20, no significant differences were found between the different parameters, 
mainly because the number of female drivers that have participated in train driving experiments was 
low. Gender will consequently not be used in the analysis whereas sensation seeking, which is used 
to represent differences in driver attitude, will be included in the analysis in Chapter 6. 

4.2.3 Driver state 

The grouping of the participants with respect to driver state was done in the same was as in the car 
driving experiment, i.e. according to if the participants participated in the experiment in the morning 
(Alert group) or after lunch (Fatigue group). P values obtained in an analysis of variance of the KSS 
scores before and after the simulator drive are shown in Table 21. 
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Mean . 3,1 3,1 2,5 3,1 3,0 . 2,6 2,6 2,5 2,8 2,8 2,8 2,9 2,9 2,7 3,0 2,9 

Std. Error Mean . ,2 ,2 ,1 ,2 ,1 . ,2 ,2 . ,2 ,2 ,2 ,1 ,1 ,2 ,1 ,1 

Median . 3,1 3,1 2,5 3,3 3,1 . 2,6 2,6 2,5 2,9 2,7 3,0 2,8 2,8 2,8 2,9 2,9 

Sd. Deviation . ,5 ,5 ,1 ,6 ,6 . ,6 ,6 . ,7 ,7 ,5 ,6 ,5 ,5 ,6 ,6 

Minimum . 3 3 2 2 2 . 2 2 3 2 2 2 2 2 2 2 2 

Maximum . 4 4 3 4 4 . 4 4 3 4 4 3 4 4 3 4 4 

Percentiles 25 . 2,6 2,6 2,4 2,7 2,5 . 2,3 2,3 2,5 2,3 2,3 2,5 2,5 2,5 2,3 2,5 2,5 

Percentiles 75 . 3,6 3,6 2,6 3,6 3,5 . 3,1 3,1 2,5 3,3 3,3 3,1 3,4 3,3 3,1 3,4 3,4 

Number 0 6 6 3 16 19 0 14 14 1 17 18 5 48 53 4 28 32 
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Table 21 Analysis of variance P values – KSS score before and after the simulator drive 

Source Sig. KSS before Sig. KSS after 

Intercept ,000 ,000 

Country ,116 ,058 

Experience ,940 ,195 

Fatigue ,099 ,813 

SensationSeeker ,087 ,299 

Gender ,662 ,244 

ParticipantID(Country * Experience * Fatigue * SensationSeeker * Gender) . . 

Country * Experience ,625 ,835 

Country * Gender ,828 ,935 

Experience * Fatigue ,824 ,418 

Experience * SensationSeeker ,394 ,414 

Experience * Gender ,947 ,119 

Country * Fatigue ,478 ,874 

Fatigue * Gender ,388 ,991 

 
As can be seen in Table 21, no main effect came out as significant. Descriptive statistics of the KSS 
scores before and after the drive for the different countries and driver state groups are shown in 
Table 22. 

Table 22 Descriptive statistics – KSS scores before and after the experiment for the participants in 
the train driving experiment 

 
Table 22 indicates that participants in the Fatigue group scored higher on the KSS than participants 
in the Alert group after the simulator drive (except for the French drivers), this is the same result as 
we found for the car drivers. For train drivers, due to the smaller sample size, it was not possible to 
statistically prove the difference. However, the two driver state groups, alert and fatigue, will be 
kept in the analysis to allow comparisons with the results found in the car experiment. 
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Mean 2,8 3,5 2,0 2,0 2,9 4,1 2,9 5,8 2,3 3,3 2,4 4,0 3,4 4,3 3,8 5,7 3,6 4,5 4,0 5,1 3,7 4,6 4,2 5,7 

Std. Error Mean ,3 ,5 1,0 1,0 ,4 ,7 ,1 ,5 ,4 ,6 ,6 ,8 ,5 ,8 ,5 ,4 ,2 ,3 ,3 ,4 ,3 ,4 ,4 ,5 

Median 3,0 3,0 2,0 2,0 3,0 5,0 3,0 6,0 2,0 3,0 3,0 4,0 3,0 3,5 4,0 6,0 3,0 4,0 3,0 5,0 3,0 4,0 3,5 6,0 

Std. Deviation ,5 1,0 1,4 1,4 1,3 2,2 ,3 1,4 1,1 1,5 1,3 1,9 1,3 2,1 1,7 1,3 1,1 1,5 1,5 1,9 1,2 1,5 1,7 1,9 
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Percentiles 75 3,0 4,0 3,0 3,0 4,0 6,0 3,0 7,0 3,0 5,0 3,0 5,0 4,0 5,5 5,0 6,0 4,0 5,0 5,0 7,0 4,0 5,5 5,5 7,0 

Number 4 4 2 2 10 10 9 9 7 7 7 7 8 8 10 10 26 26 27 27 16 16 16 16 
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5. HYPOTHESIS TESTING RESULTS - CAR DRIVERS 

5.1 Hypothesis testing results 

The hypotheses of interest for each scenario are specified in Table 3 and Table 4. 

5.1.1 ISA – mean speed during normal driving 

Table 23 shows the p-values for the tests of factor effects during normal driving. Three of the main 
factors are significant: country, gender and workload. We can also see the significant effect of partic-
ipant. This was expected since we know from previous experience that there are large individual 
differences in driver performance. The only significant interaction effect was participant*gender. 
The mean speed levels for different countries, gender and workload are shown in Table 24. The 
speed limit on the road in the parts of the drive defined as normal driving was 80 km/h. 

Table 23 Analysis of variance - P values. Mean speed during normal driving  

 

Table 24 Analysis of variance – adjusted mean values, mean speed during normal driving 

Culture Mean Gender Mean Workload Mean 
GB 73,50 Female 73,41 Low 75,79 

SE 75,50 Male 75,59 Med 75,11 

FR 75,93   High 73,08 

IT 71,58     
IL 76,27     
 
We can see that during normal driving, the drivers from Israel have the highest mean speed and 
drivers from Great Britain the lowest. Male drivers drive about 2 km/h faster than female drivers. 
During high workload the speeds are about 2 km/h lower than at low and medium workload. In Fig-
ure 8 adjusted mean speed for culture and gender are shown. There are minor differences between 
men and women in Great Britain, Sweden and France, while in Italy and Israel male drivers drive 
considerable faster than women. 

Factor P-value

Intercept .000

Country .002

Experience .152

Fatigue .956

SensationSeeker .896

Gender .021

Order .217

WorkLoad .000

SubjectID .000

Country * Experience .523

Country * Gender .045

Experience * Fatigue .566

Experience * SensationSeeker .526

Experience * Gender .616

Experience * WorkLoad .528

Fatigue * WorkLoad .062

SensationSeeker * WorkLoad .142

Mean speed normal driving
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With this analysis of variance, neither the hypotheses (Table 3) that high sensation seekers choose 
higher speed than low sensation seekers could not be confirmed, nor that experienced drivers chose 
higher speed than inexperienced or that fatigued drivers chose higher speeds. As shown in Table 24, 
drivers seem to choose lower speed during high workload compared to low and medium workload. 
 

 

Figure 8 Adjusted mean speed for culture and gender. 

In Table 25, p-values for effects on the number of warnings during normal driving are shown. Con-
cerning the number of warnings during normal driving only the factors country and order turned out 
significant. Compared to speeds, the number of warnings seems to be a less sensitive performance 
indicator. This is likely due to the relatively low speeds together with the warning threshold setting, 
2.5 km/h above the speed limit. 
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Table 25 Analysis of variance - P values, number of warnings during normal driving 

 
 

5.1.2 ISA – speed through curves 

In Table 26, p-values for the tests of factor effects for speed at various locations in relation to curves 
are shown. In general, three of the main factors are significant: country, gender and workload. We 
can also see the significant effect of participant. The interaction effect significant for most of the 
events is sensation seeker*workload. The adjusted mean speed levels for different countries and at 
various locations in relation to curves are shown in Table 27. The ISA system warned the drivers at 
the speed check point if the driver’s speed was above 73.4 km/h. 
  

Factor P-value

Intercept .000

Country .000

Experience .460

Fatigue .429

SensationSeeker .912

Gender .345

Order .038

WorkLoad .054

SubjectID .000

Country * Experience .307

Country * Gender .488

Experience * Fatigue .251

Experience * SensationSeeker .507

Experience * Gender .942

Experience * WorkLoad .349

Fatigue * WorkLoad .586

SensationSeeker * WorkLoad .358

Number of warnings during normal driving
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Table 26 Analysis of variance - P values, speed at various locations in relation to curves 

 

 

Table 27 Analysis of variance – adjusted mean values for different countries 

Culture Sign visible At sign Speed 
check point 

Entry Apex Exit Speed 
through 
curve 

GB 74,00 72,42 66,18 55,09 57,97 62,01 57,30 

SE 75,13 72,07 66,68 53,46 57,88 62,71 57,16 

FR 75,66 74,79 70,53 60,76 62,55 66,03 62,14 

IT 73,08 72,09 68,93 61,42 63,68 67,19 61,82 

IL 77,49 76,55 72,62 58,36 57,88 61,97 57,12 

 
In Figure 9, drivers from Israel have the highest speed before the curve starts (at curve sign visible, at 
sign and at speed check point), but at curve apex they tend to slow down and through the curve 
(apex) they have among the lowest speeds. With an exception of the point where curve sign is visi-
ble, the Swedish drivers tend to have among the lowest speeds at all spots through the curves. 

Factor

Signe 

visible At sign

Speed 

check 

point Entry Apex Exit

Speed 

through 

curve

Intercept .000 .000 .000 .000 .000 .000 .000

Country .068 .056 .010 .005 .006 .044 .017

Experience .378 .786 .679 .482 .919 .698 .649

Fatigue .829 .492 .377 .461 .712 .936 .753

SensationSeeker .904 .717 .477 .899 .799 .854 .615

Gender .028 .007 .010 .137 .039 .003 .031

Order .580 .434 .538 .463 .543 .492 .507

WorkLoad .000 .000 .000 .000 .001 .049 .009

SubjectID .000 .000 .000 .000 .000 .000 .000

Country * Experience .382 .108 .181 .404 .375 .418 .410

Country * Gender .120 .368 .259 .359 .423 .486 .511

Experience * Fatigue .465 .541 .676 .464 .426 .907 .699

Experience * SensationSeeker .468 .719 .204 .141 .539 .744 .379

Experience * Gender .811 .643 .455 .132 .191 .670 .360

Experience * WorkLoad .281 .407 .617 .009 .140 .963 .091

Fatigue * WorkLoad .603 .513 .638 .479 .767 .441 .975

SensationSeeker * WorkLoad .229 .040 .168 .003 .020 .005 .221

Speed through curves, P-values
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Figure 9 Adjusted mean values of spot speeds at different locations through the curve. 

In Table 28, adjusted means for gender are shown. The tendency is the same at all locations were 
spot speeds are measured, male drivers drive at higher speeds than female drivers. 
 

Table 28 Analysis of variance – adjusted mean values for gender 

Gender Sign visible At sign Speed 
check point 

Entry Apex Exit Speed 
through 
curve 

Female 73,61 71,24 66,31 55,08 57,14 60,99 56,27 

Male 76,26 75,36 70,95 59,64 61,98 66,12 61,14 

 
In Table 29 and Figure 10, compared to the situation with normal driving, the difference between 
high and low/medium workload is not the same at different measurement points. 

Table 29 Analysis of variance – adjusted mean values for workload 

Workload Sign visible At sign Speed 
check point 

Entry Apex Exit Speed 
through 
curve 

Low 76,41 75,10 69,89 56,16 58,85 64,55 58,33 

Medium 75,21 72,04 66,29 57,62 59,74 63,30 58,96 

High 73,76 73,65 70,72 59,30 61,15 63,93 59,88 
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Figure 10 Adjusted mean values of spot speeds at different locations through the curve 

In Figure 11 Adjusted mean speeds for workload and sensation seekers at curve entry are shown. 
The difference between high and low sensation seeker is smaller during high workload. There are 
similar tendencies for mean speeds at the other locations were spot speeds are measured.  

 

Figure 11 Adjusted mean speeds for workload and sensation seekers at curve entryTable 30: 
Analysis of variance, p-values. Number of warnings during curves shows the analysis result of 
number of warnings in curves.  The total number of warnings is calculated between the spot 
where the curve sign is visible and curve exit.  Similar to the analysis where mean speeds are 
studied; country, gender and workload are significant. There are no significant interaction effects.  
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Table 30: Analysis of variance, p-values. Number of warnings during curves 

 
 

5.1.3 ISA – speed at village 

In Table 31, p-values for the tests of factor effects for speed at village are shown. When driving 
through the village, country, order and participant are the main factor effects that are significant at 
sign visible, speed check point and entry of village. When studying the mean speed through village,   
country is the only significant main effect. At the spot where the sign is visible and at the speed 
check point, the interaction effects country*experience and sensation seeker*experience are signifi-
cant. The mean speed levels for different countries and at various locations in relation to the village 
are shown in Table 32 and Figure 12. The drivers from Israel have the highest speeds and drivers 
from Sweden, Italy and Great Britain tend to drive more slowly, France drivers are in the middle. 
Looking at the last column in Table 32, showing the mean speed through the village (speed limit 50 
km/h) for drivers from different countries, drivers from Great Britain and Italy drive at about 46 
km/h while drivers from Israel have mean speeds at almost 53 km/h through the curve.  
  

Factor P-value

Intercept .000

Country .000

Experience .490

Fatigue .189

SensationSeeker .922

Gender .026

Order .108

WorkLoad .002

SubjectID .000

Country * Experience .172

Country * Gender .074

Experience * Fatigue .270

Experience * SensationSeeker .112

Experience * Gender .806

Experience * WorkLoad .586

Fatigue * WorkLoad .596

SensationSeeker * WorkLoad .454

Number of warnings during curves
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Table 31 Analysis of variance - P values, speed at village 

 
 

Table 32 Analysis of variance – adjusted mean values for different countries 

Culture Sign visible ISA turned 
off 

Speed 
check point 

Entry Exit Speed 
through 
village 

GB 70,15 74,99 69,19 51,66 53,03 45,72 

SE 70,55 76,05 70,11 51,35 56,81 47,29 

FR 73,18 76,29 72,53 55,01 60,35 48,95 

IT 68,54 72,74 68,03 53,20 54,79 45,70 

IL 77,17 77,65 77,10 61,07 60,02 52,73 

 
 

 

Figure 12: Adjusted mean values of spot speeds at different locations through the village. 

Factor

Signe 

visible

ISA 

turned 

off

Speed 

check 

point Entry Exit

Speed 

through 

village

Intercept .000 .000 .000 .000 .000 .000

Country .000 .007 .000 .000 .005 .000

Experience .299 .015 .274 .064 .132 .118

Fatigue .827 .571 .645 .088 .237 .139

SensationSeeker .905 .777 .893 .521 .361 .774

Gender .172 .102 .189 .271 .292 .211

Order .049 .170 .037 .050 .414 .112

SubjectID .000 .000 .000 .000 .000 .000

Country * Experience .011 .154 .012 .090 .905 .050

Country * Gender .587 .091 .686 .338 .741 .082

Experience * Fatigue .486 .461 .480 .834 .243 .933

Experience * SensationSeeker .019 .723 .010 .617 .950 .738

Experience * Gender .399 .975 .338 .486 .699 .712

Speed through village, P-values
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In Table 33, adjusted mean values for gender are shown. Similar to the situation driving through 
curves, male drivers in general drive at higher speeds than female when driving through the village. 
 

Table 33: Analysis of variance – adjusted mean values for gender 

Gender Sign visible ISA turned 
off 

Speed 
check point 

Entry Exit Speed 
through 
village 

Female 70,852
a
 74,494

a
 70,358

a
 53,129

a
 55,442

a
 47,151

a
 

Male 72,818
a
 76,473

a
 72,274

a
 55,392

a
 58,354

a
 48,862

a
 

 
In Table 34 , adjusted mean values for order are shown. Only spots where the main effect of order is 
significant are shown in the table. Those who start to drive with the ISA-system seem to have a high-
er speed through the village. 
 

Table 34 Analysis of variance – adjusted mean values for order 

Order Sign visible ISA turned 
off 

Speed 
check point 

Entry Exit Speed 
through 
village 

FCW first 70,988
a
  70,379

a
 53,457

a
   

ISA first 72,993
a
  72,559

a
 55,417

a
   

 

In Figure 13 adjusted mean speeds at the speed village check point are shown. There are no major 
differences between novice and experienced drivers in Great Britain and France, but in Sweden 
novice drivers tend to have a higher speed than experienced drivers before the village starts. In Italy 
and Israel, the situation is the opposite; novice drivers chose a lower speed than experienced 
drivers. The pattern is similar (though not shown below) at the spot where the village sign is visible. 

 

Figure 13 Adjusted mean speed for culture and experience at speed village check point  
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Figure 14 shows the adjusted mean speeds through the village. There are minor differences of the 
speed choice between novice and experienced drivers in all countries except for Israel. In Israel, the 
mean speeds through village are about 10 km/h higher for experienced than novice drivers.  

 

Figure 14: Adjusted mean speed for culture and experience, mean speed through village 

The adjusted mean speeds at two spots before the village (village sign visible and speed check point) 
for sensation seeker and experience are illustrated in Figure 15 and Figure 16. The pattern is the 
same in both figures: if classified as a sensation seeker, experienced drivers have a higher speed 
than novice, but if classified as a non-sensation seeker, novice drivers have higher speeds than expe-
rienced. 
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Figure 15 Adjusted mean speed for sensation seeker and experience where village sign visible 

 

Figure 16 Adjusted mean speed for sensation seeker and experience at speed village check point 

In Table 34, the p-values for the number of warnings at speed check point and at village entry are 
shown.  Similar to the analysis of speeds, the significant main effects are country and order. No sig-
nificant interaction effects. 
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Table 35: Number of warnings at speed check point and village entry 

 
 

5.1.4 ISA – speed at school 

In Table 36, p-values for the tests of factor effects for speed at the school zone are shown. When 
driving through the school zone, the only significant factor effect is country. Table 37 and Figure 17 
shows adjusted mean speeds at school zone for drivers from different countries. For all spots in rela-
tion to the school zone shown in the figure, the drivers from Italy have the lowest speeds and drivers 
from Israel the highest. Looking at the mean speed through the school zone, (last column, Table 37) 
drivers from Sweden, Italy and Great Britain drive at the speed limit, while drivers from France and 
Israel drive at about 5-6 km/h above speed limit. 
 

Table 36: Analysis of variance, P-values. Speed at school. 

 
 

Factor Speed check 

point Entry

Intercept .000 .000

Country .004 .000

Experience .992 .219

Fatigue .438 .341

SensationSeeker .534 .344

Gender .656 .680

Order .003 .002

Country * Experience .016 .125

Country * Gender .957 .352

Experience * Fatigue .093 .967

Experience * SensationSeeker .083 .699

Experience * Gender .945 .354

Number of warnings, P-value

Factor

Sign 

visible

ISA 

turned 

off

Speed 

check 

point Entry Exit

Speed 

through 

village

Intercept .000 .000 .000 .000 .000 .000

Country .003 .023 .006 .000 .001 .001

Experience .921 .835 .383 .504 .425 .224

Fatigue .650 .156 .080 .703 .575 .996

SensationSeeker .948 .097 .458 .917 .911 .907

Gender .227 .418 .081 .597 .221 .640

Order .093 .202 .346 .195 .596 .947

Country * Experience .193 .138 .225 .920 .682 .784

Country * Gender .082 .685 .210 .670 .793 .682

Experience * Fatigue .113 .532 .598 .362 .349 .579

Experience * SensationSeeker .498 .562 .368 .766 .256 .505

Experience * Gender .238 .559 .290 .588 .548 .941

Speed at school, P-values
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Table 37 Analysis of variance – adjusted mean values for different countries 

Culture Sign visible ISA turned 
off 

Speed 
check point 

Entry Exit Speed 
through 
school 

GB 46.40 45.39 38.94 32.19 32.53 3.15 

SE 46.27 44.17 34.63 3.02 31.53 29.51 

FR 51.19 44.38 37.18 35.17 37.46 34.58 

IT 45.57 41.53 34.67 29.77 33.32 29.54 

IL 52.19 49.70 42.15 38.72 39.83 36.01 

 

 

Figure 17 Adjusted mean speeds for different countries 

 
In Table 38 adjusted mean speeds for gender is shown. Though not significant, the tendency is the 
same as for villages, curves and normal driving, male drivers choose higher speeds than female driv-
ers. 
 

Table 38: Analysis of variance – adjusted mean values for gender 

Gender Sign visible ISA turned 
off 

Speed 
check point 

Entry Exit Speed 
through 
school 

Female 47.44 44.36 36.14 32.79 33.95 31.64 

Male 49.21 45.72 38.89 33.56 35.92 32.27 

 
 

5.1.5 FCW – reaction type of event 

The FCW part of the car experiment included four reaction events, a lane changing truck (A), a road 
work with a lane drop (B), the sudden braking of a car in front (C) and breakdown of a downstream 
vehicle (D). During the experiment it was found that the different events did not always work as 
intended. Some drivers were so far behind the vehicle in front that they did not have to break to 
avoid a critical situation. It was therefore decided to only look at reaction times less than 5 seconds.  
The results in Table 39 show that the proportion of drivers with legitimate reaction times is very low, 
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between .22 and .46 for the different events. Moreover, since the reason whether a driver is includ-
ed in the sample or not depends on the behaviour of the driver prior to the event, the drivers in-
cluded in the sample cannot be seen as representative of all drivers. Therefore, we do not show any 
results for the reaction event. It could be noted, however, that when an analysis of variance was 
applied to the events (event A, B and D), only one factor for one of the events showed a significant 
result. 
 
The hypotheses for reaction events could not be either confirmed nor rejected. 
 

Table 39 Proportion of drivers in the four different events with a reaction time less than 5 seconds. 

  Proportion of drivers with reaction time < 5 s 
Country Number of 

drivers 
Event A Event B Event C Event D 

FR 32 .44 .53 .22 .69 
GB 30 .40 .23 .23 .30 
IL 31 .52 .52 .23 .61 
IT 27 .33 .26 .22 .26 
SE 34 .41 .32 .21 .41 
Total 154 .42 .38 .22 .46 
 

5.1.6 FCW – car following 

The events A and C described above also included a car following part. Since the car following part 
followed directly after the reaction part of these events, similar problems were found here. If a driv-
er were far behind the vehicle in front when the event started, it could not be regarded as a car fol-
lowing situation. A time limit of 6 seconds was set for both minimum and mean time headway. If 
both the minimum and mean values were less than 6 seconds, the driver was included in the sample. 
The proportions of included drivers were .74 and .68 for event A and C respectively (Table 40). Some 
differences between countries can be seen, the proportion is lowest for drivers in Italy and highest 
for drivers from France. Overall, the proportion is relatively low, but better than for the reaction 
times and we will therefore present results for both car following events. 
 

Table 40 Proportion of drivers with minimum and mean time headway less than 6 seconds. 

  Proportion of drivers with 
min and mean HWT < 6 s 

Country Number of 
drivers 

Event A Event C 

FR 32 .91 .78 
GB 30 .80 .63 
IL 31 .71 .71 
IT 27 .44 .56 
SE 34 .79 .68 
Total 154 .74 .68 
 
 
In Table 41, p-values for mean and minimum time headway during events A and C are shown. The 
only significant main effect is order in event C. Both mean and min headway is longer when the FCW 
part of the experiment is conducted first (Table 42). The interaction between country and gender are 
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significant for both mean and min time headway during event C. The adjusted mean values for fe-
male and male drivers in the different countries are shown in Figure 18 and Figure 19. The behaviour 
of female and male drivers differs between countries. For example male drivers from Great Britain 
and Italy keep a longer mean headway to the vehicle in front than the female drivers from the same 
country. The results are opposite for drivers from France and Israel. However, these results cannot 
be seen for event A and should be interpreted with care. 
 

Table 41: Analysis of variance, P-values. Mean and minimum time headway for event A and C. 

 
 

Table 42 Analysis of variance – adjusted mean values for order in event C 

Order Min time 
headway 

Mean time 
headway 

FCW first 1,81 2,69 

ISA first 1,41 2,33 

 
 
 

Factor

Mean time 

headway

Min time 

headway

Mean 

time 

headway

Min time 

headway

Intercept .000 .000 .000 .000

Country .768 .244 .472 .559

Experience .825 .717 .231 .193

Fatigue .924 .096 .285 .313

SensationSeeker .580 .889 .493 .399

Gender .333 .473 .408 .619

Order .132 .625 .032 .007

Country * Experience .539 .540 .130 .037

Country * Gender .833 .659 .049 .041

Experience * Fatigue .245 .025 .434 .587

Experience * SensationSeeker .811 .660 .469 .217

Experience * Gender .604 .461 .224 .044

Event A Event C

Time headway, P-value
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Figure 18 Adjusted mean of mean time headway for gender and country during event C. 

 

 

Figure 19 Adjusted mean of minimum time headway for gender and country during event C. 
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The hypotheses for sensation seekers and fatigue drivers cannot be confirmed since no differences 
are found for these factors. 
 

5.2 Validation against full motion car simulator 

When validating the portable car simulator against the full motion car simulator at Leeds only partic-
ipants from Great Britain are used. Data from both types of simulators are incorporated in the same 
model. In Table 43, p-values from the analysis of variance during normal driving are shown. Three of 
the main factors are significant: type of simulator (Sim), fatigue and workload. None of the interac-
tion effects with simulator type are significant. This means that we cannot see that for example be-
coming more experienced, fatigued, changing workload etc. affects the behaviour in the portable 
simulator in another way than the full motion simulator. In  
Table 44, adjusted mean speeds during normal driving are shown. The mean speed during normal 
driving is about 3 km/h higher in the full motion simulator compared to the portable one. Comparing 
the mean speeds during alert and fatigued, the alert seems to choose a higher speed than the fa-
tigued. Similar to the results in the portable simulator where all five countries were represented, a 
higher workload during normal driving seem to lower the speeds. There is no difference in speed 
choice between low and medium workload. 
 

Table 43 Analysis of variance - P values. Mean speed, normal driving. 

 

Table 44 Analysis of variance – adjusted mean values, mean speed during normal driving 

Type of simu-
lator 

Mean Fatigue Mean Workload Mean 

Portable 72,77 Alert 75,27 Low 75,84 

Full motion 75,96 Fatigue 73,25 Med 75,51 

    High 71,50 

Factor P-value

Intercept 0.000

Sim 0.003

Experience 0.311

Fatigue 0.045

SensationSeeker 0.163

Gender 0.758

Order 0.147

WorkLoad 0.000

SubjectID 0.000

Sim * Experience 0.504

Sim * Gender 0.944

Experience * SensationSeeker 0.302

Experience * WorkLoad 0.008

Fatigue * WorkLoad 0.514

SensationSeeker * WorkLoad 0.658

Sim * Fatigue 0.496

Sim * SensationSeeker 0.145

Sim * Order 0.637

Sim * WorkLoad 0.170

Mean speed normal driving
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5.2.1 ISA – speed through curves 

In Table 45 the p-values from the analysis of variance for speed at various locations in relation to 
curves are shown. In general, two of the main factors are significant: simulator type (sim) and work-

load. The adjusted mean speed levels for the two simulator types are shown in Table 46. Similar to 
normal driving, the speeds are in general higher for the full motion simulator. This is also illustrated 
Figure 20. The speed difference between the portable and full motion simulator is almost 9 km/h at 
curve entry and about 3 km/h at curve apex and exit. 

Table 45: Analysis of variance - P values, speed at various locations in relation to curves 

 
 

Table 46 Analysis of variance – adjusted mean values for type of simulator, driving through curves 

Type of 
simulator 

Sign visible At sign Speed 
check point 

Entry Apex Exit Speed 
through 
curve 

Portable 73,57 72,27 66,05 54,93 57,76 61,79 57,13 

Full motion 76,12 74,81 72,04 63,30 60,60 64,88 61,00 

 

Factor

Sign 

visible At sign

Speed 

check 

point Entry Apex Exit

Speed 

through 

curve

Intercept .000 .000 .000 .000 .000 .000 .000

Sim .043 .075 .001 .000 .061 .012 .013

Experience .551 .451 .674 .472 .753 .798 .835

Fatigue .106 .246 .224 .984 .462 .627 .491

SensationSeeker .541 .468 .328 .261 .238 .580 .198

Gender .948 .342 .058 .135 .235 .180 .147

Order .183 .196 .297 .120 .230 .896 .270

WorkLoad .000 .010 .000 .036 .193 .013 .325

SubjectID .000 .000 .000 .000 .000 .000 .000

Sim * Experience .062 .274 .321 .143 .064 .067 .078

Sim * Gender .859 .479 .387 .868 .148 .064 .193

Experience * SensationSeeker .608 .565 .774 .394 .149 .021 .129

Experience * WorkLoad .064 .226 .074 .154 .651 .460 .956

Fatigue * WorkLoad .558 .469 .881 .832 .577 .293 .427

SensationSeeker * WorkLoad .465 .527 .341 .621 .364 .520 .540

Sim * Fatigue .314 .489 .873 .283 .548 .433 .691

Sim * SensationSeeker .087 .331 .575 .620 .493 .623 .738

Sim * Order .961 .952 .710 .747 .827 .639 .932

Sim * WorkLoad .407 .516 .713 .170 .261 .755 .193

Speed through curves, P-values
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Figure 20: Adjusted mean speed for type of simulator, driving through curves. 

 

5.2.2 ISA – speed at village 

Table 47 shows the p-values from the analysis of variance, driving through village. The most con-
sistent result is the significant effect of simulator type (sim) and order. The effect of order is in 
agreement with the portable simulator trial with all 5 countries. Table 48 and Figure 21 shows the 
adjusted mean speeds for type of simulator. The pattern is the same for all points through the vil-
lage; the speed is about 3-4 km/h higher in the full simulator trial. 

Table 47: Analysis of variance - P values, speed at various locations driving through villages 
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Factor

Sign 

visible

ISA 

turned 

off

Speed 

check 

point Entry Exit

Speed 

through 

village

Intercept .000 .000 .000 .000 .000 .000

Sim .003 .094 .002 .281 .006 .029

Experience .696 .291 .737 .192 .220 .509

Fatigue .093 .001 .233 .626 .624 .357

SensationSeeker .494 .020 .577 .487 .345 .179

Gender .491 .899 .507 .166 .824 .322

Order .010 .126 .007 .043 .783 .023

SubjectID .006 .007 .002 .000 .000 .000

Sim * Experience .059 .077 .041 .774 .498 .782

Sim * Gender .762 .487 .717 .550 .186 .488

Experience * SensationSeeker .052 .680 .033 .739 .983 .777

Sim * Fatigue .347 .613 .274 .391 .197 .144

Sim * SensationSeeker .149 .050 .262 .357 .697 .652

Sim * Order .146 .347 .071 .869 .789 .936

Speed through village, P-values
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Table 48: Analysis of variance – adjusted mean values for type of simulator, driving through 
villages 

Type of 
simulator 

Sign visible ISA turned 
off 

Speed 
check point 

Entry Exit Speed 
through 
village 

Portable 70,15 74,99 69,19 51,66 53,03 45,72 

Full motion 74,65 77,23 74,22 54,10 59,63 48,99 

 

 

Figure 21 Adjusted mean values for type of simulator, driving through villages 

5.2.3 ISA – speed at school 

In Table 49, p-values for the tests of factor effects for speed at the school zone are shown. When 
driving through the school zone, effect of simulator type is significant when driving through school 
zone, at the spot where ISA is turned off and at school zone exit.  Table 50 and Figure 22 shows ad-
justed mean speeds at school zone for the full motion simulator and the portable simulator, similar 
to normal driving, driving through curves and driving through villages the speeds are higher in the 
full motion simulator trial. 
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Table 49: Analysis of variance - P values, speed at various locations driving through school zone. 

 
 

Table 50 Analysis of variance – adjusted mean values for type of simulator, driving through school 
zone 

Type of 
simulator 

Sign visible ISA turned 
off 

Speed 
check point 

Entry Exit Speed 
through 
school 

Portable 46,45 44,94 38,67 32,09 32,41 30,17 

Full motion 48,55 49,52 41,75 36,09 39,20 35,65 

 

 

Figure 22 Adjusted mean values for type of simulator, driving through school zone 

  

Factor

Sign 

visible

ISA 

turned 

off

Speed 

check 

point Entry Exit

Speed 

through 

school

Intercept .000 .000 .000 .000 .000 .000

Sim .681 .011 .198 .054 .005 .020

Experience .599 .714 .875 .459 .950 .340

Fatigue .610 .527 .652 .040 .143 .005

SensationSeeker .088 .184 .223 .864 .363 .831

Gender .582 .317 .203 .380 .864 .448

Order .126 .034 .113 .947 .137 .729

Sim * Experience .631 .695 .734 .300 .537 .437

Sim * Gender .267 .849 .650 .907 .665 .450

Experience * SensationSeeker .505 .079 .442 .747 .307 .121

Sim * Fatigue .505 .083 .181 .451 .080 .550

Sim * SensationSeeker .826 .753 .829 .436 .591 .719

Sim * Order .770 .713 .877 .672 .351 .696

Speed at school, P-values
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6. HYPOTHESIS TESTING RESULTS - TRAIN OPERATORS 

6.1 Hypothesis testing results 

The hypotheses of interest are specified in Table 6.  
 
The difference between permitted and measured speed have been analysed for the Speed reduction 
while driving and Speed reduction at station approach events and the normalised warning duration 
have been analysed for all three types of events (Speed reduction while driving, Speed reduction at 
station approach and Braking for station stop).  
 
For the Braking for station stop event, the quality of the stop at the stations will be evaluated to test 
hypothesis H7 in Table 6. The performance indicators used in the stop quality analysis are stop posi-
tion and the duration of the stop. The stop position was considered to be appropriate if the driver 
stopped the train within the last 20 meters of the platform. If stopping before or after this area, 
100% correct position is degraded 5% each meter, i.e. 50% for stopping 30 meters before or 10 me-
ters after correct position (end of platform). The duration of the stop is considered to be correct if 
the driver stopped for at least 30 seconds or until receiving an auditory authorisation to leave the 
station. If the drivers started before the end of the 30 seconds, 100% correct duration is degraded 
3.33% each second, i.e. 50% for stopping only 15 seconds. 
 
Data from all events presented in Table 2 have been utilised to produce the results presented in this 
chapter. P-values from the analysis of variance of the performance indicators of the train driving 
experiment are shown in Table 51 - Table 54 Analysis of variance – p-values, stop quality for the 
Braking for station stop events. Factors that are found to be significant at the .05 level are highlight-
ed in the tables. 

Table 51 Analysis of variance – p-values, difference between permitted and measured speed for 
the Speed reduction at station approach events 

Difference between permitted and measured speed PI SI PII SII PIII 

Intercept .000 .000 .000 .000 .000 

Experience .064 .899 .999 .711 .691 

Fatigue .982 .479 .612 .617 .843 

SensationSeeker .107 .023 .056 .967 .313 

Country .000 .000 .000 .001 .488 

WorkLoad .000 .000 .000 .003 .000 

ParticipantID(Experience * Fatigue * SensationSeeker * Country * Work-

Load) 

     

Country * WorkLoad .016 .135 .377 .840 .938 

Experience * WorkLoad .905 .359 .472 .622 .971 

Experience * Country .095 .501 .268 .140 .897 

SensationSeeker * WorkLoad .827 .395 .599 .798 .497 

Experience * SensationSeeker .511 .309 .293 .498 .042 

Fatigue * WorkLoad .930 .680 .746 .986 .402 

Experience * Fatigue .615 .373 .767 .774 .920 
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Table 52 Analysis of variance – p-values, difference between permitted and measured speed for 
the Speed reduction while driving events 

Mean difference of speed PI SI PII SII PIII 

Intercept .000 .000 .000 .000 .000 

Experience .661 .262 .847 .723 .088 

Fatigue .499 .850 .747 .759 .378 

SensationSeeker .514 .340 .896 .646 .633 

Country .242 .000 .001 .009 .024 

WorkLoad .787 .222 .001 .320 .000 

ParticipantID(Experience * Fatigue * SensationSeeker * Country * Work-

Load) 

     

Country * WorkLoad .998 .000 .941 .968 .931 

Experience * WorkLoad .889 .987 .785 .724 .953 

Experience * Country .985 .250 .012 .033 .007 

SensationSeeker * WorkLoad .901 .400 .943 .980 .906 

Experience * SensationSeeker .692 .852 .721 .785 .432 

Fatigue * WorkLoad .934 .948 .776 .649 .967 

Experience * Fatigue .360 .044 .292 .254 .488 

 

Table 53 Analysis of variance – p-values, warning duration for the Speed reduction at station 
approach events, the Speed reduction while driving events, the Braking for station stop events, 
and all events 

Warning Duration / Km 

Speed reduction 

at station ap-

proach 

Speed reduction 

while driving 

Braking for sta-

tion stop 

All events 

Intercept .023 .000 .000 .000 

Experience .156 .037 .443 .098 

Fatigue .308 .130 .240 .172 

SensationSeeker .234 .522 .265 .441 

Country .008 .000 .002 .021 

WorkLoad .071 .028 .000 .001 

ParticipantID(Experience * Fatigue * 

SensationSeeker * Country * Work-

Load) 

    

Country * WorkLoad .841 .711 .017 .966 

Experience * WorkLoad .455 .511 .886 .470 

Experience * Country .000 .000 .711 .000 

SensationSeeker * WorkLoad .942 .549 .575 .803 

Experience * SensationSeeker .043 .102 .420 .098 

Fatigue * WorkLoad .946 .456 .989 .935 

Experience * Fatigue .856 .753 .668 .981 
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Table 54 Analysis of variance – p-values, stop quality for the Braking for station stop events 

Stop quality Position Duration 

Intercept .000 .000 

Experience .652 .040 

Fatigue .181 .397 

SensationSeeker .280 .193 

Country .000 .908 

WorkLoad .762 .206 

ParticipantID(Experience * Fatigue * SensationSeeker * Country * WorkLoad)   

Country * WorkLoad .101 .182 

Experience * WorkLoad .750 .899 

Experience * Country .994 .000 

SensationSeeker * WorkLoad .790 .657 

Experience * SensationSeeker .005 .666 

Fatigue * WorkLoad .853 .572 

Experience * Fatigue .027 .019 
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Estimated marginal means for a selection of performance indicators for the different main factors 
and interactions found in the analysis are presented in Tables 55 - Tables 58. Significant differences 
(p<.05) are highlighted in yellow. 
 

Tables 55 Mean difference of speed between permitted and measured (in kilometres per hour) 

Sensation Seeker 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Low sensation seeker 8.994 11.858 2.819 18.590 3.935 4.567 1.661 13.076 1.808 4.445 

High sensation seeker 8.103 1.251 19.305 18.495 3.930 3.940 1.885 14.411 12.182 4.224 

 

Country 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

GB 8.002 9.905 19.384 18.480 3.789 3.709 13.599 12.923 1.444 3.912 

FR 13.260 17.569 28.889 26.001 4.786 4.725 17.953 16.286 13.599 5.349 

IL 9.284 12.324 22.898 19.453 3.136 4.526 12.224 16.966 13.830 4.358 

IT 1.524 12.503 2.215 17.652 4.667 6.127 9.327 13.378 11.543 5.787 

SE 5.640 8.375 16.348 16.637 3.721 2.914 6.405 11.733 1.051 3.196 

 

Workload 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Low 5.437 13.865 22.987 2.862 3.126 4.437 11.415 1.856 12.845 7.367 

Medium 15.946 1.448 2.263 17.934 7.139 4.141 9.424 14.163 11.481 2.962 

High 4.366 9.036 17.110 16.842 1.534 4.255 11.454 16.057 1.001 2.699 

 

Fatigue 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Alert 8.775 11.356 2.407 18.394 3.773 4.768 11.762 13.947 11.701 4.351 

Fatigued 8.391 1.877 19.833 18.698 4.092 3.787 9.767 13.437 11.184 4.334 

 

Experience Country 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Novice GB 8.444 1.363 2.319 19.382 3.998 3.487 13.753 13.351 1.810 4.162 

 FR           

 IL 7.317 9.317 21.523 19.364 4.071 4.151 11.726 22.879 18.533 1.188 

 IT 16.852 13.515 15.015 11.528 3.562 5.190 5.260 6.635 6.135 5.802 

 SE 6.233 8.563 17.846 19.310 3.708 2.627 6.497 11.686 9.919 3.603 

Experienced GB 7.680 9.572 18.703 17.824 3.636 3.870 13.487 12.612 1.178 3.731 

 FR 13.260 17.569 28.889 26.001 4.786 4.725 17.953 16.286 13.599 5.349 

 IL 9.821 13.144 23.273 19.478 2.881 4.629 12.359 15.353 12.547 5.223 

 IT 9.734 12.376 2.865 18.418 4.805 6.244 9.835 14.221 12.219 5.785 

 SE 5.455 8.316 15.880 15.801 3.725 3.003 6.376 11.747 1.093 3.069 
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Tables 56 Warning duration (in seconds per kilometre) 

Experience  

Speed reduction 
at station ap-

proach 

Speed reduc-
tion while 
driving 

Braking 
for station 

stop 

Novice 2.520 .166 2.328 

Experienced 1.100 .094 2.194 
 

Fatigue  

Speed reduction 
at station ap-

proach 

Speed reduc-
tion while driv-

ing 

Braking for 
station stop 

Alert 1.631 .135 2.546 

Fatigued 1.224 .086 1.904 
 

 

Sensation Seeker  Speed reduction at station approach Speed reduction while driving Braking for station stop 

Low sensation seeker 1.339 .131 2.519 

High sensation seeker 1.530 .087 1.882 

 

Country  
Speed reduction at 
station approach 

Speed reduction 
while driving 

Braking for 
station stop 

GB 2.670 .105 1.802 

FR .007 0 .621 

IL 1.049 .226 4.883 

IT 2.359 .163 1.087 

SE .163 .025 2.269 
 

Workload  

Speed reduction 
at station ap-

proach 

Speed reduc-
tion while driv-

ing 

Braking for 
station stop 

Low .291 .007 1.030 

Medium .302 .230 1.389 

High 3.689 .094 4.256 
 

 

Experience Country Speed reduction at station approach Speed reduction while driving Braking for station stop 

Novice GB .364 .096 1.698 

 FR    

 IL 1.837 0 3.455 

 IT 18.466 1.110 2.305 

 SE 0 0 2.671 

Experienced GB 4.347 .1110 1.877 

 FR .007 0 .621 

 IL .834 .288 5.273 

 IT .346 .044 .935 

 SE .214 .033 2.144 

 

Tables 57 Warning duration for all events (in seconds per kilometre) 

Country  All events

GB 1.718 

FR .229 

IL 2.186 

IT 1.335 

SE .898 

 

Experience  All events

Novice 1.868 

Experienced 1.231 
 

Workload  All events

Low .445 

Medium .593 

High 3.097 
 

Experience Country 
All 

events 

Novice GB .797 

 FR  

 IL 1.905 

 IT 8.277 

 SE .995 

Experienced GB 2.389 

 FR .229 

 IL 2.263 

 IT .467 

 SE .867 
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Tables 58 Stop Quality (percentage), stop at good position (within 20 meters before the end of 
platform) and stop time respected (wait 30 seconds or sound signal authorization to go) 

Experience  Stop position Stop duration

Novice .517 .481 

Experienced .469 .403 

 

Fatigue  Stop position Stop duration

Alert .486 .388 

Fatigued .474 .454 
 

Country  Stop position Stop duration

GB .487 .512 

FR .745 .440 

IL .698 .363 

IT .216 .319 

SE .480 .460 

 
 

Experience Fatigue Stop position Stop duration 

Novice Alert 0.599 0.504 

 Fatigued 0.465 0.467 

Experienced Alert 0.462 0.363 

 Fatigued 0.478 0.449 
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Below, based on the results of the analyses of variance performed, each hypothesis in Table 6 is 
considered in detail 
 

H1 
High Sensation 

Seekers vs. Others 

Speed reduction at station 
approach 
& Speed reduction while 
driving 

Mean difference of speed between per-
mitted and measured (from PI to PII) 

 
Figure 23 is based on the performance indicator values presented in Tables 55. 
 

 

Figure 23 Difference between permitted and measured speed (km/h) depending on Sensation 
seeking score during the Speed reduction at station approach event and the Speed reduction while 
driving event, at point PI and PII and over section SI 

 

In the analysis of variance the factor Sensation Seeker was not significant for any point (PI, PII) and 
only significant for section (SI) of the Speed reduction at station approach event (Table 51 Analysis of 
variance – p-values, difference between permitted and measured speed for the Speed reduction at 
station approach events - 52). As can be seen in Figure 23, the difference in speed between the Sen-
sation Seeker groups over section SI is about 2 km/h. It is consequently possible to conclude that 
there is support for hypothesis H1 (High sensation seekers will drive as close as possible from permit-

ted speed (and keep their current speed as close as possible from permitted speed before decelera-

tion)) in the data. However, no differences between the groups were found for the speed reduction 
while driving event which required use of a lower deceleration rate compared to the speed reduc-
tion at station approach event. 
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Figure 24 is based on the performance indicator values presented in Tables 56. 
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Figure 24 Warning duration per kilometre (s/km) depending sensation seeker score for the Speed 
reduction at station approach event, the Speed reduction while driving event and the Braking for 
station stop event 

 

The results of the analysis of variance showed no significant effect of the Sensation Seeker factor on 
the warning duration (Table 53 Analysis of variance – p-values, warning duration for the Speed re-
duction at station approach events, the Speed reduction while driving events, the Braking for station 
stop events, and all events). As can be seen in Figure 24 there is no indication of such an effect for 
the considered events. It is consequently possible to conclude that there is no support for hypothesis 
H2 (High sensation seekers behave so that more warnings will be triggered) in data.  
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Figure 25 is based on the performance indicator values presented in Tables 55. 
 

 

Figure 25 Difference between permitted and measured speed (km/h) depending on Sensation 
seeking score during the Speed reduction at station approach event and the Speed reduction while 
driving event, at point PII and PIII and over section SII 
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The results of the analysis of variance showed no significant impact of the Sensation Seeker factor 
for any point (PII, PIII) or section (SII) (Table 51 Analysis of variance – p-values, difference between 
permitted and measured speed for the Speed reduction at station approach events - 52). There is 
consequently no support for hypothesis H3 (High sensation seekers will drive as close as possible 

from permitted speed (and behave so that speed lowering -deceleration curve- will be as close as 

possible from permitted speed)) in the data. 
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Figure 26 is based on the performance indicator values presented in Tables 56. 
 
 

 

Figure 26 Warning duration per kilometre (s/km) depending on experience for the Speed 
reduction at station approach event, the Speed reduction while driving event and the Braking for 
station stop event 

 

A significant effect of Experience on warning duration was found for the Speed reduction while driv-
ing events (Table 53 Analysis of variance – p-values, warning duration for the Speed reduction at 
station approach events, the Speed reduction while driving events, the Braking for station stop 
events, and all events). However, it can be seen in Figure 26, there are indications of such an effect 
for the Speed reduction at station approach events. It can be concluded that there is support for 
hypothesis H4 (Experienced operators will receive fewer warnings than inexperienced) in the data. 
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Figure 27 is based on the performance indicator values presented in Tables 56 
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Figure 27 Warning duration per kilometre (s/km) depending on driver state for the Speed 
reduction at station approach event, the Speed reduction while driving event and the Braking for 
station stop event  

 

In the analysis of variance, no significant effect of the fatigue level on the warning duration was 
found (Table 53 Analysis of variance – p-values, warning duration for the Speed reduction at station 
approach events, the Speed reduction while driving events, the Braking for station stop events, and 
all events). However, as can be seen in Figure 27 are indications of shorter warning duration for the 
fatigue group for the events that required stronger deceleration, i.e. Speed reduction at station ap-
proach and Braking for station stop.  
 
H7 Fatigued vs. Alert Braking for station stop Quality of stop in front of the platform 

 
Figure 28 is based on the performance indicator values presented in Tables 58. 

 

 

Figure 28 Stop quality during the Braking for stop event depending on driver state. 

No significant effect of driver state on any of the stop quality indicators were found in the analysis of 
variance (Table 54 Analysis of variance – p-values, stop quality for the Braking for station stop 
events). There is no support in the data for hypothesis H7 (Fatigued operator will fail to stop at sta-

tion). This result is also illustrated by the performance indicator values shown in Figure 28. Note that 
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be the advice given to the participants before the experiment. In real train operation the stop quality 
indicators would be close to 100% (i.e. always stop at correct position and according to time sched-
uled).  
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Figure 29 is based on the performance indicator values presented in Tables 55. 
 

 

Figure 29 Difference between permitted and measured speed (km/h) depending on driver state 
during the Speed reduction at station approach event and the Speed reduction while driving event  

 
In the analysis of variance, no significant effect of driver state on the difference between permitted 
and measured speed was found (Table 51 Analysis of variance – p-values, difference between permit-

ted and measured speed for the Speed reduction at station approach events - 52). This is also illus-
trated by the performance indicators shown in Figure 29. There is consequently no support for hy-
pothesis H8 (Fatigued operators will set their speed much lower from permitted speed (and start to 

lower their speed-deceleration curve as soon as possible)) 
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Figure 30 is based on the performance indicator values presented in Tables 56 and Tables 57. 
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Figure 30 Warning duration per kilometre (s/km) depending on workload for the Speed reduction 
at station approach event the Speed reduction while driving event and the Braking for station stop 
event  

In the analysis of variance, a significant effect of workload was found for all events except the Speed 
reduction at station approach events (Table 53 Analysis of variance – p-values, warning duration for 
the Speed reduction at station approach events, the Speed reduction while driving events, the 
Braking for station stop events, and all events). There was an effect of high workload, as can be seen 
in the Figure 30 Warning duration per kilometre (s/km) depending on workload for the Speed 
reduction at station approach event the Speed reduction while driving event and the Braking for 
station stop event, for all events except for the Speed reduction while driving events. It is 
consequently possible to conclude that there is support for hypothesis H10 (High workload, more 

warnings) in the data. The low workload condition did not seem to influence warning duration. It 
therefore possible to conclude that there is no support in the data for hypothesis H9 (Low workload, 

more warnings). 
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The results of the hypothesis testing based on the results of the train driving experiment is 
summarised in Table 59. 

 

Table 59 Testing of hypotheses from D2.2 for the train experiments 

 Hypothesis Comments 

H1 Sensation-seeking operators 
adopt (or choose) shorter warning 
thresholds. 

Supported by the data for the Speed reduction at station 
approach events. No indication of this for the Speed 
reduction while driving events. 

H2 Sensation-seeking operators will 
behave in such a way that more 
warnings will be triggered. 

No evidence found in the data. 

H3 Sensation-seeking operators will 
seek stimulation to cope with 
monotonous situations. 

No evidence found in the data.  

H4 Experienced operators will receive 
fewer warnings than inexperi-
enced operators. 

Supported by the data for the speed reduction while 
driving events. Indications of this for the other events. 

H6 Operators will receive more warn-
ings when fatigued than when 
alert. 

Indications of the opposite. More warnings when alert 
than fatigued. 

H7 Fatigued operators will have less 
situational awareness than alert 
operators. 

No evidence found in the data 

H8 Fatigued operators may compen-
sate for their fatigue by increasing 
the safety margin. 

No evidence found in the data 

H9 Operators will receive more warn-
ings when under low workload. 

No evidence found in the data 

H10 Operators will receive more warn-
ings when under high workload. 

Supported by the data for the stop at station events. 
Indications of this for the Speed reduction at station 
approach and no indication of this for the speed reduc-
tion while driving events. 

 
These results will be taken into account in the WP6 UMD simulation tool and for the WP7 validation 
scenario description. No impact of the mild form of fatigue induced to the Fatigue group of partici-
pants was found. Based on this result the number of factors in the WP7 experiments can be reduced 
to sensation seeking, experience and workload. A first validation of the results presented in this 
chapter is the validation against the full scale train operator simulator presented in the next section. 
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6.2 Validation against full scale train simulator 

In the analysis of the data from the experiments in the portable simulator presented in the previous 
section, the country factor was found to be significant in the analyses of variance. As a consequence, 
in the comparison between the portable and full scale simulators the data from the Swedish partici-
pants in the portable simulator was compared with data from the Swedish participants in the full 
scale simulator. 
 
In the comparison between the simulators, a similar set of analyses of variances as presented in the 
previous section was conducted. In these analyses the country factor was replaced by simulator. The 
term “advanced” will be used to describe the full scale simulator to avoid any mix-up between the 
simulators. 
 
P-values from the simulator comparison analyses of variance are shown in Table 60 - Table 63 Analy-
sis of variance – p-values, stop quality for the Braking for station stop events. Factors that are found 
to be significant at the .05 level are highlighted in the tables. 

Table 60 Analysis of variance – p-values, difference between permitted and measured speed for 
the Speed reduction at station approach events 

Difference between permitted and measured speed  PI SI PII SII PIII 

Intercept .000 .000 .000 .000 .000 

Sim_type .249 .114 .209 .169 .006 

Experience .716 .846 .395 .039 .842 

Fatigue .798 .246 .027 .040 .684 

SensationSeeker .687 .008 .009 .029 .854 

WorkLoad .000 .000 .000 .000 .000 

ParticipantID(Sim_type * Experience * Fatigue * SensationSeeker * 

WorkLoad) 

     

Sim_type*Experience .055 .154 .098 .111 .834 

Sim_type*Fatigue .843 .364 .962 .910 .833 

Sim_type*SensationSeeker .421 .639 .686 .608 .973 

Sim_type*Workload .648 .628 .996 .115 .021 
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Table 61 Analysis of variance – p-values, difference between permitted and measured speed for 
the Speed reduction while driving events 

Mean difference of speed PI SI PII SII PIII 

Intercept .000 .000 .000 .000 .000 

Sim_type .116 .295 .194 .011 .003 

Experience .600 .550 .369 .247 .629 

Fatigue .603 .543 .170 .053 .862 

SensationSeeker .760 .763 .484 .211 .255 

WorkLoad .787 .000 .000 .018 .000 

ParticipantID(Sim_type * Experience * Fatigue * SensationSeeker * 

WorkLoad) 

     

Sim_type*Experience .699 .587 .930 .976 .038 

Sim_type*Fatigue .170 .590 .202 .090 .218 

Sim_type*SensationSeeker .017 .274 .003 .001 .132 

Sim_type*Workload .543 .879 .205 .604 .459 

 

Table 62 Analysis of variance – p-values, warning duration for the Speed reduction at station 
approach events, the Speed reduction while driving, the Braking for stop, and All events 

Warning Duration / Km 

 Speed reduc-

tion at station 

approach 

Speed reduc-

tion while driv-

ing 

Braking for 

stop 

All events 

Intercept .002 .006 .000 .000 

Sim_type .078 .008 .004 .000 

Experience .268 .273 .837 .709 

Fatigue .797 .282 .124 .593 

SensationSeeker .245 .282 .588 .427 

WorkLoad .486 .529 .000 .001 

ParticipantID(Sim_type * Experience * Fa-

tigue * SensationSeeker * WorkLoad) 

    

Sim_type*Experience .798 .257 .498 .852 

Sim_type*Fatigue .999 .270 .416 .991 

Sim_type*SensationSeeker .269 .266 .220 .181 

Sim_type*Workload .841 .589 .709 .916 
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Table 63 Analysis of variance – p-values, stop quality for the Braking for station stop events 

Stop quality Position Duration 

Intercept .000 .000 

Sim_type .000 .005 

Experience .732 .218 

Fatigue .879 .398 

SensationSeeker .036 .000 

WorkLoad .002 .000 

ParticipantID(Sim_type * Experience * Fatigue * SensationSeeker * WorkLoad)   

Sim_type*Experience .430 .007 

Sim_type*Fatigue .940 .910 

Sim_type*SensationSeeker .051 .408 

Sim_type*Workload .001 .001 

 
 
There were quite few differences with respect to driving performance indicators (speed control) 
between the portable and the full scale simulator were quite few (see Table 64). Also few intereac-
tion effects between simulator type and other factors were discovered. 
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Estimated marginal mean values for a selection of performance indicators for the different main 
factors and interactions for the comparison between simulators are presented in Table 64, Table 65 
and Table 66. Significant differences are indicated by yellow cell colour. 
 

Table 64: Mean difference of speed between permitted and measured (in kilometres per hour) 

Sim_Type 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Portable 5.640 8.375 16.348 16.637 3.721 2.914 6.405 11.733 1.051 3.196 

Advanced 6.611 9.492 18.457 16.015 2.303 2.356 6.035 11.032 8.405 2.541 

 

Sim_type SensationSeeker 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Portable Low sensation 

seeker 

5.658 8.980 17.109 17.066 3.743 3.121 6.174 1.819 8.939 3.127 

 High sensation 

seeker 

5.613 7.390 15.111 15.938 3.687 2.577 6.779 13.217 11.860 3.309 

Advanced Low sensation 

seeker 

6.326 1.087 19.966 17.397 2.343 2.058 6.214 11.850 9.170 2.887 

 High sensation 

seeker 

6.934 8.817 16.747 14.449 2.257 2.693 5.832 1.105 7.538 2.150 

 

Experience 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Novice 5.935 8.739 17.824 17.255 2.844 2.403 5.902 1.872 8.446 2.519 

Experienced 6.353 9.183 17.534 15.832 2.874 2.652 6.303 11.499 9.322 2.922 

 

Fatigue 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Alert 6.295 9.511 18.871 17.349 2.747 2.674 6.297 11.697 9.583 2.751 

Fatigued 6.160 8.604 16.418 15.214 2.978 2.483 6.070 1.937 8.551 2.848 

 

SensationSeeker 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Low sensation 

seeker 

6.036 9.607 18.728 17.254 2.950 2.518 6.197 11.403 9.070 2.991 

High sensation 

seeker 

6.474 8.321 16.178 14.967 2.754 2.653 6.161 11.188 9.041 2.553 

 

Workload 

Speed reduction at station approach Speed reduction while driving 

PI SI PII SII PIII PI SI PII SII PIII 

Low 3.116 1.798 2.117 18.757 2.542 2.671 5.908 7.975 1.183 5.780 

Medium 12.584 8.651 17.436 16.614 6.223 2.479 3.865 12.098 9.137 1.429 

High 2.980 7.699 15.311 13.413 -.171 2.581 8.772 13.857 7.852 1.193 
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Figure 31 Difference between permitted and measured speed (km/h) depending on simulator 
during the Speed reduction at station approach event and the Speed reduction while driving event 

In the analysis of variance, no significant effect of simulator type on the difference between permit-
ted and measured speed was found except for SII (only Speed reduction while driving events) and 
PIII (Table 51 Analysis of variance – p-values, difference between permitted and measured speed for 
the Speed reduction at station approach events60 - 61). This is illustrated by the performance indica-
tors shown in Figure 31 Difference between permitted and measured speed (km/h) depending on 
simulator during the Speed reduction at station approach event and the Speed reduction while driv-
ing event. The operators that drove the full scale simulator adopted speeds more or less similar to 
the operators that drove portable simulator for both Speed reduction at station approach events 
and Speed reduction while driving events. Nevertheless, it is important to mention that operators 
that drove on portable simulator adopt speed that is closer to permitted specially during speed re-
duction for speed reduction while driving events. 
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Table 65: Warning duration (in seconds per kilometre) 

Sim_type 
Warning duration (s) during  

Speed reduction at station approach 
Warning duration (s) during  
Speed reduction while driving 

Warning duration during  
Braking for stop 

Portable .163 .025 2.269 

Advanced .395 1.743 5.097 

 
Table below is not significant for simulator comparison but is given for further in-depth analysis of significant effects. 
 

Workload 
Warning duration (s) during  

Speed reduction at station approach 
Warning duration (s) during  
Speed reduction while driving 

Warning duration during  
Braking for stop 

Low .208 1.111 2.775 

Medium .276 1.553 2.361 

High .426 .522 6.793 

 

 

Figure 32 Warning duration per kilometre (s/km) depending on simulator for the Speed reduction 
at station approach event, the Speed reduction while driving event and the Braking for station 
stop event  

 
In the analysis of variance, significant effect of simulator type on the warning duration was found for 
speed reduction while driving and braking for stop (Table 62 and Figure 32). Operators that drove on 
the stationary simulator received much longer warnings (in duration) than operators on portable 
simulator. 
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Table 66: Stop Quality (percentage), stop at good position (within 20 meters before the end of 
platform) and stop time respected (wait 30 seconds for sound signal authorization to go) 

Sim_type Stop position Stop duration 

Portable .480 .460 

Advanced .799 .576 

 

Sim_type Workload Stop position Stop duration 

Portable Low .476 0.476 

 Medium .560 0.483 

 High .405 0.267 

Advanced Low .969 0.823 

 Medium .711 0.484 

 High .719 0.422 

 

Workload Stop position Stop duration 

Low .774 .686 

Medium .651 .509 

High .594 .396 

 

SensationSeeker Stop position Stop duration 

Low sensation seeker .634 .454 

High sensation seeker .723 .630 

 
 

 

Figure 33 Stop quality during the Braking for stop event depending on simulator. 

 
Also for the stop quality measure (stop position and stop duration) there was a significant difference 
between the two types of simulators. Drivers in the stationary simulator stopped closer to the right 
position and had longer stop duration. 
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In conclusion, as can be seen in tables 60 – 66 above the factor simulator type (small scale portable 
or full scale stationary) was found to have a significant effect on three out of ten speed performance 
indicators for all events (speed reduction for station stop and while driving). Thus, in most cases the 
result was similar. This is a good result, given that the drivers speed controls were quite different 
(see Deliverable 4.1 and chapter 2 in this deliverable) with simple game control for the portable and 
a real full functioning control in the full scale stationary simulator. However, warning duration and 
stop quality (see table 62 and 63) was different in the two types of simulators. Thus, mean warning 
duration was longer in the stationary simulator (see table 65 and figure 32). This could possibly be an 
effect of more intrusive warning in the portable simulator (the drivers in the Swedish test site had to 
wear earphones in order not to disturb the environment. In the analysis of variance, significant ef-
fect of simulator type on the stop quality indicators was found (Table 62 and Figure 33). Operators in 
advanced simulator get better results than operators with portable simulator, especially for stop 
position. This can be explained by screen size that allows operators in advanced simulator to antici-
pate the good place to stop with the train. Note that the values of the stop quality performance indi-
cators are still lower than expected (compare to H7 hypothesis discussion). However, it should be 
noted that the current version of the train simulator (hardware and software) is still under develop-
ment and has not yet be validated to real driving. 
 
Thus, it can be concluded that there exists differences between the portable and full scale simulators 
but these are quite limited and reasonable. However, it seems like set-up and perhaps the simple 
train driver control used in the portable simulator might have an adverse impact on driver behaviour 
and a further development should be considered. Further development is required. 
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7. EXPLORATORY DATA ANALYSIS 

7.1 Cluster analysis of the questionnaire data from the car driving experiment 

7.1.1 Grouping participants by statistical central tendency measures 

Sensation seeking was measured by a set of eight questions from the Brief Sensation Seeking Scale 
(BSSS; Hoyle, et al., 2002). A BSSS score for each participant was obtained by averaging the 8 scores. 
Central tendency measures of the BSSS score across all 185 car drivers are shown in Table 67, which 
suggests that the BSSS scores are fairly close to a symmetric distribution. The sample was therefore 
categorised into two groups by the mean. Table 68 shows that the two groups are fairly equally sized 
with a similar variance. 

Table 67: Central tendency of the BSSS scores 

 Mean Median Mode 
BSSS score 3.08 3.12 3.25 

Table 68: Descriptive statistics of participant grouping by the mean BSSS score 

 

Mean SD N 

BSSS_1 2.45 .39 89 

BSSS_2 3.67 .42 96 

 
Participants’ attitude towards safe driving practice was assessed by the Driver Attitude Question-
naire (DAQ; Parker, Stradling, and Manstead, 1996). The DAQ contains questions relating to four 
types of driving scenarios: speeding, close following, dangerous overtaking, and drink driving. The 
questions based on speeding and close following scenarios were used. There were 20 items in total. 
A DAQ score for each participant was obtained by averaging the 20 scores. Central tendency 
measures of the DAQ score across all 185 car drivers are shown in Table 69, which suggests that the 
DAQ scores are very close to a symmetric distribution. The sample was therefore categorised into 
two groups by the mean. Table 70 shows that the two groups are fairly equally sized with a similar 
range of variance. 

Table 69: Central tendency of the DAQ scores 

 Mean Median Mode 
DAQ score 3.33 3.35 3.40 

Table 70: Descriptive statistics of participant grouping by the mean DAQ score 

 

Mean SD N 

DAQ_1 2.88 .38 89 

DAQ_2 3.75 .34 96 

 
Figure 34 illustrates a comparison of grouping participants by sensation seeking scores and DAQ 
scores. Participants’ driving experience (defined as the number of years holding a driving licence) in 
the correspondent group is provided for benchmarking purposes. There are two demographic varia-
bles in the data set – gender and experience. Experience is a continuous variable and was therefore 
used as a benchmark. Sensation seeking might not correlate with experience but DAQ is expected to 
be associated with experience to some extent. The annotated asterisk denotes that the two clusters 
for the measure in question are statistically different at the .05 level. The intention here is not to 
ascertain if the relationship between experience and SS or DAQ does exist, but to compare the rela-
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tive sensitivity of SS and DAQ in terms of being a grouping variable. Interestingly, it shows that sen-
sation seeking seems to be a relatively more sensitive grouping variable than DAQ on this occasion, 
even though DAQ is developed based on scenarios directly relating to driving situations. 

  

Figure 34: Tentative grouping of participants by mean scores 

7.1.2 Grouping participants by homogeneous clusters 

The approach adopted in the cluster analysis was the Ward’s algorithms (Ward, 1963). The Ward’s 
method uses an analysis of variance approach to evaluate the distances between clusters. It at-
tempts to minimise the sum of squares of any two hypothetical clusters that can be formed at each 
step of the clustering procedure. Attempts were made to group participants into two clusters ac-
cording to sensation seeking scores (8 items), DAQ scores (20 items), and the combination of the 
two measures (28 items), as illustrated in Figure 35. Participants’ driving experience is again used as 
benchmark for comparison purposes. Similar to grouping participants by mean scores, sensation 
seeking seems to be a relatively more sensitive measure than DAQ, as experience classified by DAQ 
alone or the combination of DAQ and sensation seeking did not lead to statistical significance be-
tween the two groups in question. 
 

 

 

Figure 35: Tentative grouping of participants by homogeneous clusters 
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Figure 36 presents the same grouping criteria with the data split by countries. By comparing the top 
and middle graphs, it seems to suggest again that SS is in general a relatively more sensitive measure 
than DAQ. Figure 36 additionally shows how cultural differences might affect the interaction be-
tween attitude/trait and experience. 
 

 

 

 

Figure 36: Comparison of the sensitivity of grouping variables across countries 
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7.1.3 Sensitivity of the grouping variables to driving conditions 
It is of ultimate interests to explore the potential impact of participant grouping variables on the 
analysis; e.g. would mean split variables work out better than cluster based variables in terms of 
uncover behavioural differences between groups? Table 71 summarises the results with respect to 
relative “points” of each grouping variable for comparison. Two points are given to a variable where 
the between-group difference was significant at the .01 level, and one point given for significance at 
the .05 level, in order to take the sensitivity of the grouping variable applicable to the specific exper-
imental events into account. Hence, the higher the number, the more sensitive the grouping variable 
to revealing behavioural difference for the corresponding driving event. 
 
In terms of dichotomy, DAQ seems to be far less sensitive than BSSS for differentiating behaviour 
distinctively. However, DAQ works relatively well when it comes to cluster based grouping. Table 71 
also suggests an interaction between the grouping variable and environmental characteristics, indi-
cated by the “vehicle speed” part of the table. Sensation seeking scores show a greater sensitivity to 
behaviour on curve negotiation, while DAQ demonstrates stronger influence on roads passing 
through villages and schools. This suggests that most participants are rather “sensible”; going round 
the bends fast for thrills but watching out the speed where it needs the most (i.e. the likely presence 
of pedestrians and other vulnerable road users). 
 

Table 71: Sensitivity of participant grouping variables to experimental events 
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It is somewhat surprised that the sensation seeking scores works far better than the DAQ scores in 
terms of associating attitude with behaviour, considering that the sensation seeking scale is based 
on non-driving scenarios while the DAQ is based on driving scenarios. However this analysis supports 
the inclusion of sensation seeking as a representative variable for operator attitude in the ITERATE 
model. 
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7.2 Explorative analyses of the questionnaire data from the train driving experiment 

7.2.1  Introduction 

The questionnaire data from the train driving experiments were further explored. Train drivers´ re-
ported behaviours and errors as measured in twelve questions in the Train Driver Behaviour Ques-
tionnaire (TDBQ) were investigated for differences in sensations seeking (BSS scores), country and 
experience. 

7.2.2 Descriptive analyses of the data set and identification of subgroups 

Sensation seeking – grouping participants by statistical central tendency measures 
Central tendency measures of the BSSS score across all 110 train drivers are shown in Table 72. The 
sample was categorised into two groups by the mean which gives two groups equally sized and with 
similar variance (Table 73).  
 

Table 72: Central tendency of the BSSS scores 

 Mean Median Mode Std Dev 
Train BSSS score 2.87 2.81 2.13 .60 

 

Table 73: Descriptive statistics of participant grouping by a BSSS score of 3 

 
Mean SD N 

TrainBSSS_1 2.47 .34 68 

TrainBSSS_2 3.50 .29 42 

 
A T-test was used to compare the two BSSS groups (based on a grouping on mean BSSS score of 3) 
on all twelve TDBQ items (see Table 74 for the TDBQ items), however, no statistically significant dif-
ferences were found between the groups.  
 
Train driver behaviour questionnaire – central tendency measures 
The train drivers’ were asked to report behaviour and errors in twelve separate questions (TDBQ). 
The TDBQ contained questions relating to e. g. unintentional typing errors, driving “too fast”, passing 
a red signal unintentionally. The TDBQ scales were designed specifically for the Iterate project. The 
questions were developed based on previous studies of train drivers behaviour and errors (e g Ingre, 
Soderstrom, Kecklund, Akerstedt & Kecklund, 2000; Olsson, Kecklund, Ingre & Jansson, 2001). The 
scale was designed to have a similar construction as the validated behaviour and error scale for car 
drivers (DBQ) (Rimmo& Aberg, 1999) as was used in the car driving experiments. 
 
Central tendency measures for all TDBQ items are shown in Table 74. 
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Table 74: Central tendency of the TDBQ scores and the twelve questions. Scale from 1-6,  1=Never, 
2= Hardly ever, 3=Occasionally, 4=Quite often, 5=Frequently, 6= Nearly all the time. 

TDBQ - Items Mean Median Mode Std Dev 
1 Drive the train unaware that the automatic safety system 
has been temporarily disabled  

1.20 1.0 1 .48 

2 Insufficient braking when approaching a platform conse-
quently missing the platform/train stop. 

1.41 1.0 1 .53 

3 Unintentionally typed in incorrect values in the automatic 
safety system   

1.38 1.0 1 .57 

4 Neglect (unintentionally or deliberately) to focus atten-
tion on potential risk factors (e.g. people, cars, etc.) when 
approaching a railway crossing 

1.67 2.0 1 .74 

5 Drive the train “too fast” with the intention to reduce a 
delay in the timetable 

2.13 2.0 1 1.43 

6 Passing a red signal (SPAD) unintentionally 1.35 1.0 1 .53 
7 Deliberately passed a red signal (SPAD) without approval 
from traffic control officer   

1.01 1.0 1 .095 

8 Drive the train over the speed restriction even though 
there is no delay in the timetable 

1.62 1.0 1 .90 

9 Reversed the train without approval from traffic control 
officer   

1.03 1.0 1 .16 

10 Unknowingly exceeding the speed limit due to insuffi-
cient presentation of current speed 

1.68 1.0 1 .78 

11 Driving or accelerating too fast, thus resulting in auto-
matic service brakes being applied 

1.46 2.0 1 .35 

12 Application of automatic service brakes, due to signal 
passed at danger (intentionally or unintentionally) 

1.65 1.0 1 1.03 

 
 
Train Drivers Behaviour Questionnaire - comparing drivers from different countries 
The TDBQ questions were compared for the different countries by use of a one-way ANOVA as pre-
sented in Table 75 below. Statistically significant differences were found for 10 out of the 12 ques-
tions.  
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Table 75: Results from the One-way ANOVA comparing drivers from different countries 

ANOVA 

 Sum of 
Squares 

df Mean Square F Sig. 

Drive the train unaware that 
the automatic safety system 
has been temporary disabled 

Between Groups 4.262 4 1.065 5.243 .001 

Within Groups 21.338 105 .203   

Total 25.600 109    
Insufficient braking when ap-
proaching a platform conse-
quently missing the plat-
form/train stop.  

Between Groups 5.381 4 1.345 5.603 .000 

Within Groups 25.210 105 .240   

Total 3.591 109    
Unintentionally typed in incor-
rect values in the automatic 
safety system   

Between Groups 4.283 4 1.071 3.549 .009 

Within Groups 31.681 105 .302   

Total 35.964 109    
Neglect (unintentionally or 
deliberately) to focus attention 
on potential risk factors (e.g. 
people, cars, etc.) when ap-
proaching a railway crossing 

Between Groups 9.406 4 2.351 4.859 .001 

Within Groups 5.812 105 .484   

Total 6.218 109    

Drive the train “too fast” with 
the intention to reduce a de-
lay in the timetable 

Between Groups 89.910 4 22.477 17.572 .000 

Within Groups 134.308 105 1.279   

Total 224.218 109    
Passing a red signal (SPAD) 
unintentionally 

Between Groups 8.130 4 2.033 9.384 .000 

Within Groups 22.742 105 .217   

Total 3.873 109    
Deliberately passed a red 
signal (SPAD) without ap-
proval from traffic control of-
ficer   

Between Groups .010 4 .002 .262 .902 

Within Groups .981 105 .009   

Total .991 109    
Drive the train over the speed 
restriction even though there 
is no delay in the timetable 

Between Groups 13.720 4 3.430 4.851 .001 

Within Groups 74.244 105 .707   

Total 87.964 109    
Reversed the train without 
approval from traffic control 
officer   

Between Groups .049 4 .012 .450 .772 

Within Groups 2.869 105 .027   

Total 2.918 109    
Unknowingly exceeding the 
speed limit due to insufficient 
presentation of current speed 

Between Groups 3.563 4 .891 2.606 .040 

Within Groups 35.891 105 .342   

Total 39.455 109    
Driving or accelerating too 
fast, thus resulting in auto-
matic service brakes being 
applied 

Between Groups 8.626 4 2.156 3.956 .005 

Within Groups 57.238 105 .545   

Total 65.864 109    
Application of automatic ser-
vice brakes, due to signal 
passed at danger (intentional-
ly or unintentionally)  

Between Groups 39.304 4 9.826 13.599 .000 

Within Groups 75.869 105 .723   

Total 115.173 109    



Deliverable No. 5.1. Dissemination Level (PU) 
Grant Agreement 
Number: 218496 

 

Page 79 of 89 

TDBQ – Results from Post Hoc tests comparing drivers from different countries 
Table 76 summarizes the statistically significant differences for the 10 question that were found to 
differ between countries. 
 
Sweden seems to stand out somewhat compared the other countries. For several questions the 
Swedish drivers´ scores were statistically significant higher, indicating that the drivers reported more 
errors as compared to the other countries. Concerning the two questions “Drive the train “too fast” 
…” and “Drive the train over the speed restriction…” the design of the Swedish ATP system “allows” 
the driver to drive slightly over the speed limit. This strategy can be used to make up for delays. 
 
Israeli scores were statistically differently for two questions as compared to several other countries. 
A higher frequency of errors was reported in one question and a lower frequency in another. 
 
For one question each Italian and British drivers’ scores were statistically different in the compari-
sons to the other countries.  
 
Several types of Automatic Train Protection Systems (ATP) are used in the different countries. Some 
of the differences in the reported errors may be due to the drivers´ using different strategies in 
adapting to the automatic safety systems. However, other factors should also be considered when 
explaining the differences such as differences in rule and regulations, safety management systems 
and safety culture.  
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Table 76: Results from Post Hoc tests comparing drivers from different countries 

Dependent Variable (I) Country (J) Country 
Mean Difference 

(I-J) 
Std. Error Sig. 

Drive the train unaware that 
the automatic safety system 
has been temporary disabled                                                                

ITALY 

GB .558
*
 .148 .000 

FR .611
*
 .213 .005 

ISRAEL .611
*
 .161 .000 

SE .422
*
 .123 .001 

Insufficient braking when ap-
proaching a platform conse-
quently missing the plat-
form/train stop.  

FR 
GB .456

*
 .229 .049 

ISRAEL .595
*
 .239 .014 

SE 

GB .393
*
 .131 .003 

ISRAEL .532
*
 .147 .000 

ITALY .382
*
 .134 .005 

Unintentionally typed in incor-
rect values in the automatic 
safety system   

ITALY ISRAEL .556
*
 .196 .005 

SE 
GB .299

*
 .147 .044 

ISRAEL .509
*
 .165 .003 

Neglect (unintentionally or 
deliberately) to focus attention 
on potential risk factors (e.g. 
people, cars, etc.) when ap-
proaching a railway crossing 

ISRAEL 

GB -.526
*
 .245 .034 

ITALY -.833
*
 .248 .001 

SE -.868
*
 .209 .000 

Drive the train “too fast” with 
the intention to reduce a delay 
in the timetable 

SE 

GB 1.741
*
 .302 .000 

FR 2.057
*
 .487 .000 

ISRAEL 1.985
*
 .340 .000 

ITALY 1.612
*
 .309 .000 

Passing a red signal (SPAD) 
unintentionally 

SE 

GB .517
*
 .124 .000 

FR .623
*
 .200 .002 

ISRAEL .623
*
 .140 .000 

ITALY .456
*
 .127 .001 

Drive the train over the speed 
restriction even though there 
is no delay in the timetable 

SE 

GB .646
*
 .225 .005 

FR .962
*
 .362 .009 

ISRAEL .819
*
 .253 .002 

ITALY .462
*
 .229 .046 

Unknowingly exceeding the 
speed limit due to insufficient 
presentation of current speed 

SE 
GB -.386

*
 .156 .015 

ISRAEL -.398
*
 .176 .026 

Driving or accelerating too 
fast, thus resulting in automat-
ic service brakes being ap-
plied 

GB 

FR -.728
*
 .346 .038 

ITALY -.673
*
 .243 .007 

SE -.763
*
 .197 .000 

Application of automatic ser-
vice brakes, due to signal 
passed at danger (intentionally 
or unintentionally)  

ISRAEL 

GB 1.895
*
 .299 .000 

FR 2.000
*
 .415 .000 

ITALY 1.889
*
 .303 .000 

SE 1.264
*
 .255 .000 

SE 

GB .631
*
 .227 .007 

FR .736
*
 .366 .047 

ITALY .625
*
 .232 .008 

 
 
Train Drivers Behaviour Questionnaire (TDBQ)–  comparing experienced and novice drivers  
T-tests were performed in order to compare experienced drivers with novice drivers on the DBQ 
questionnaire. For one question a statistically significant difference was found between the two 
groups (see Table 77). According to the results the novice drivers more often neglect to focus atten-
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tion on potential risk factors when approaching a railway crossing as compared to experienced driv-
ers (novice (m=2.0; n=29) and experienced (m=1.56; n=81)). This might be explained by experienced 
drivers having developed strategies on how to identify risk situations and thus allocate attention 
accordingly. Novice driver have not yet developed such strategies. 
 
No statistically significant differences were found for the other questions. 
 

Table 77: Statistically significant differences between Experienced and Novice drivers 

 
  

Independent Samples Test 

 
t-test for Equality of Means 

t df 
Sig. (2-

tailed) 

Mean Differ-

ence 

Std. Error Dif-

ference 

Neglect (unintentionally or 
deliberately) to focus atten-
tion on potential risk factors 
(e.g. people, cars, etc.) 
when approaching a railway 
crossing 

Equal variances 
assumed 

-2.852 108 .005 -.444 .156 

Equal variances 
not assumed 

-2.763 46,687 .008 -.444 .161 
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8. DERIVATION OF CORRELATION RELATIONSHIPS 

The procedure for estimation of parameters in the WP6 UMD simulation model is described in this 
chapter. Results of the application of this procedure will be reported in ITERATE Deliverable D6.3.  
 
To compute the constant Ki, and the coefficients αi, βi and γi associated to each function Fi, the ex-
perimental data are examined and processed by means of a linear regression approach. To perform 
this task, adequate subset of the experimental data must be chosen for the analysis. In particular 
two basic conditions must be met: 
 

1. The selected data must be able to express the dependent variables included in the correla-
tions in terms of both physical measurements, such as speed of the vehicle or gas pedal rate, 
and intentions of the driver, such as intended speed or distance from obstacle. 

2. Moreover, particular care must be taken in ensuring that, in the selected data set, the values 
of the parameters of the driver, i.e., ATT, EXP, DS, WL and CULT, show variety of values. This 
is particular true for WL which depends on the scenario design, contrary to other parameters 
that depend on participant recruitments. 

 
Another relevant issue is associated to driver intentions, that, unlike physical measurements, are not 
easy to evaluate and not all the parts of the roads and scenarios are suitable to be used for the anal-
ysis. 

8.1 Car driver correlations 

8.1.1 Intended speed 

The intended speed is computed with the expression: 
 

maxint * vFv v=
 

 
Where vmax is the maximum allowed speed, determined by current speed limits.  
 
To compute the parameters of Fv a set of known and certain values for vint and vmax must exist. While 
the latter is available from the scenario definition, the same is not true for vint. In practice, it is not 
even possible to collect a measurement of the speed that the driver wants to reach. 
For this reason, the approach that has been followed is to identify some parts of the road in which it 
is reasonable to assume that the driver travels at the intended speed. Moreover, is necessary that in 
these sections of roads, the driver is performing a “cruising task” and is not following another vehi-
cle. The FCW scenarios data have thus been excluded for this regression analysis and only the ISA 
experiments have been considered. Moreover, it has been necessary to exclude the presence of 
external factors affecting driver performance, such as slowing down due to a curve, as these factors 
obviously have an effect on the choice of the intended speed. 
 
For these reasons, the chosen sections of the experimental data to be used for the regression analy-
sis are: straight parts in the urban area and close to school, where speed limits strongly decrease, 
and straight parts where WL changes. 
To avoid disturbances caused by change in speed when entering or leaving the speed limit area, the 
collection of data was limited to the following range: 

• Between ¼ of the length and  ¾ of the length 
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The considered portions of the road are listed in Table 78. 
 

Table 78 Considered road intervals of intended speed 

From 
[m] 

To 
[m] 

WL Vmax (Speed Limit) 
[Km/h] 

7350 7687 Medium 50 
13692 13988 Medium 50 
14163 14217 Medium 30 
14307 14433 Medium 50 
20125 20482 Medium 50 
21178 22231 Low 80 
27760 28760 High 80 

8.1.2 Intended Distance 

The same considerations apply also for the formula of the intended distance of the ego-vehicle from 
a leading vehicle: 
 

sF

tv
s

)(*6.1
int =

 

 

In this case, the ISA scenario was excluded because no cars on the same lane of the ego vehicle are 
present.  
As in the previous case of the intended speed, the FCW scenario for regression analysis was limited 
those parts of the road in which the driver is performing a follow task, and not travelling in cruise 
mode. The parts of the road in which this condition is verified are when the road’s lanes reduce to 
one and the driver can no longer overtake but is forced to follow the car ahead. 
In order to discard side effects due to entering the road portion, leaving it and approaching the vehi-
cle, the section of road utilised for of data analysis has been : 

• Between ¼ of the length and ¾ of the length 

8.1.3 Gas and brake rate 

Two other correlations in which the function F is involved are those used to compute gas and break 
pressing ratio: 
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For the evaluation of these correlations, the ISA scenario is utilised and to be sure that braking or 
acceleration are actually present, the portions of the road to analyse are those in presence of speed 
limit changes, respectively when maximum speed increases and when it decreases. 
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8.2 Train driver correlations 

When the railway system is taken into account, the UMD does not perform follow task. For this rea-
son, intended distance is not required and is not computed. Of major interest is instead the intended 
speed of the driver, which will be determined in the same way of the road case: 
 

maxint * vFv v=
 

 
Also in this case, the portions of the railway in which vint is evaluated are those in which the speed 
limit remains constant for a “reasonable” amount of time, allowing the driver to reach the intended 
speed.  
 
Following the approach used for the road case, the sections of the railway used to evaluate the coef-
ficients of the correlations managing accelerator and braking are those where speed limits are pre-
sent. The following expressions are applied for acceleration and braking, respectively: 
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The results of the analysis of the data performed according to the criteria described in this section 
are be presented and discussed in detail in Deliverable D6.2. 
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9. DISCUSSION 

Findings of the analyses presented in this deliverable are discussed in this chapter. 

9.1 Participants’ background data 

In the participant recruitment process, participants were to be grouped in to experienced and novice 
drivers based on the number of years as a driving license holder. As a part of the experiment, partic-
ipants were asked to fill in information in a web questionnaire about number of years as a driving 
license holder, this data is presented in Chapter 4.  Among the car driving participants there are indi-
viduals that, based on the information given in the questionnaire, should change group from experi-
ence to novice and vice versa. There are consequently minor inconsistencies between the partici-
pant recruitment process and the information stated by the participants during the experiment.  
 
The analysis of variance of the average sensation seeking score showed significant effects of the 
factors gender and country for the car drivers. No significant effects of these factors could be estab-
lished for the train drivers. The absence of an effect of gender and country on sensation seeking 
score for the train drivers is probably due to the lower number of participants and the few female 
participants in the train driving experiment. The data sets from the car and train driving portable 
simulator experiments consisted of 154 and 78 participants, respectively.  However, it can also be 
that the train drivers are a more homogenous group.  
 
Analysis of the KSS scores before and after the simulator drive showed no difference in KSS between 
the alert and fatigue groups before the simulator drive.  Nor were any significant effects of fatigue 
found in the analysis. The strategy to induce sleepiness by allowing participants in the fatigue group 
to participate in the experiment in the afternoon was consequently not very effective. However, the 
participants in the fatigue group scored higher on the KSS scale after the simulator drive compared 
to the participants in the alert group but it is difficult to draw conclusions from this result. 

9.2 Hypothesis testing, comparison between train and car 

The performance indicators from the experiments have mainly been evaluated by analysis of vari-
ance. The number of performance indicators is rather large but no adjustment for multiple tests has 
been conducted. The importance of occasional significant values should therefore not be overstated. 
In this discussion we have instead tried to identify general patterns in the results. 

9.2.1 Car 

The results from the analyses of variance show that the factor Country is statistically significant for 
almost all performance indicators and is an important factor for both speed choice and number of 
warnings given from the ISA system. It should be noted, however, that the participants in the study 
may not be representative of drivers in general in the different countries. The effects of Country 
may, at least partly, reflect that the participants have been recruited from different groups of drivers 
in different countries.  
 
Gender is another important factor; however, it only affects some components of the drive. The 
results show that gender is a statistically significant factor for speed choice in normal driving and 
when driving through curves, but not when driving through villages or when passing school. In nor-
mal driving and when driving through curves, males drivers generally drive faster than female driv-
ers. 
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Three levels of workload are evaluated; low, medium and high. The results show that driving under 
different workloads affects speed choice in both normal driving and driving through curves. In nor-
mal driving, the mean speed is about the same for low and medium workload, and lower for high 
workload. The effects of driving under different workloads when driving through villages or passing 
schools have not been evaluated  
 
The FCW part of the experiment included four different events with the aim of testing the drivers’ 
reaction to sudden events and behaviour in car following situations. However, the events did not 
work out very well. For example, some of the drivers behaved in a way that they didn’t have to re-
spond to the sudden events. The reaction to sudden events could therefore not be evaluated. The 
car following events were analysed, but the results only showed statistically significant effects for 
the main factor order which describes if a driver started with the FCW or the ISA part of the experi-
ment. 
 
When validating the portable car simulator against the full motion car simulator at Leeds only partic-
ipants from Great Britain were used. The comparison showed different levels of speed for every 
scenario studied. The speeds were about 3-4 km/h higher in the advanced simulator. In general, 
there were no interaction effects between type of simulator and other factors, meaning that we 
cannot see that for example becoming more experienced, fatigued or changing workload affects the 
behaviour in the portable simulator in another way than the full motion simulator. 

9.2.2 Train 

Support for some of the hypotheses was found in the data. However, there are inconsistencies in the 
sense that there are differences between the speed reduction events.  Some hypotheses are sup-
ported by data from the speed reduction while driving events and some are supported by data from 
the speed reduction at station stop events. It is therefore difficult to draw more general conclusions 
based on the results of the analysis. 
 
As in the analysis of the car driving experiments, the factor country is found to be significant for al-
most all performance indicators in all three types of events. Moreover, no consistencies in the anal-
yses of the interaction effects were found. 
 
The relatively low values of the stop quality indicators are unexpected. This is the case for both the 
stop position and stop duration indicators. With respect to stop duration, observations where made 
of driver starting again after receiving a sound notification less than 30 s after having stopped. Other 
drivers strictly obeyed the 30 s stop instruction and some waited longer than 30 s. There is conse-
quently a difference between the stop duration depending on the participants’ patience. A reason 
for the low stop quality can be differences in the instructions given to the participants by the test 
leaders. This issue needs to be considered in the development of the experimental protocols for the 
WP7 validation experiments. 
 
Comparison between portable and full scale simulator for Swedish participants showed different 
levels of both speed and warning duration. There were also significant interactions between type of 
simulator and the other factors, in particular for the Speed reduction while driving event.  Observa-
tions that can be made are the speeds and the stop quality where higher in the full scale simulator 
compared to the portable simulator. For warning duration, there are inconsistences between events 
in the direction of the difference between the simulators. It can be concluded that there exists dif-
ferences between the portable and full scale train driving simulators that need further investigation. 
 
The impact of the time table on the behaviour of the train drivers was not analysed. If some of the 
drivers had problems to follow the schedule, they may have changed their behaviour during the 
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drive in order to catch up. Such impacts of the time table could be studied in more detail based on 
the ITERATE WP7 driving simulator experiments. 

9.2.3 Car vs. train 

Given the difference in the driving tasks and the scenarios, it is difficult to compare car and train 
driving on a detailed level. For example, the car driving events included driving through curves and 
vehicles cutting in front of the participant. Such situations are not relevant in a train operator set-
ting. Similarly, “stop at station” is not a relevant event in a car driving scenario.  
 
It can be concluded that country was found to be an important factor for both car and train. Howev-
er, the order between countries is not the same. For example, in general, drivers from Israel chose 
the highest speed in the car experiment, whereas Swedish drivers chose the highest speed in the 
train experiment. Another factor found to be important for both car and train is workload. 
 
A similarity found in the comparisons between the portable and the advanced full scale simulators is 
that both train and car drivers chose higher speeds (speeds closer to permitted speed) in the ad-
vanced simulator. No interaction effects between type of simulator and the other factors were 
found in the car driving experiment. However, for the train driving experiment, significant interac-
tion effects including type of simulator were found. A reason for this difference between the car and 
train experiments can be that the participants of the train driving experiments were professional 
drivers that may be more sensitive to differences between the experimental setting and real (train) 
driving.  There is consequently a need for further research on the impact of the realism of the simu-
lator used in train driving simulator experiments. 

9.3 Implications of the cluster analysis 

The addition of the DAQ to the BSSS did not seem to provide a “better” method for grouping partici-
pants. However, clusters based on DAQ alone uncovered rather different trends from the base clas-
sification, mean-split BSSS, with respect to participants’ objective performance. DAQ clusters 
demonstrated a meaningful way of identifying negative behaviour on roads passing through villages 
and schools, while the base classification did not show great effect in participants’ choice of speed in 
school zones. The results of the analysis suggest that the sensitivity of grouping variables depends on 
the experimental scenarios. 
 
Cluster analysis classifies samples into relatively homogeneous groups, but does not necessarily pro-
vide a clean cut-off point for grouping the samples. Dichotomous methods for classifying operators 
would be preferable for the modelling work in WP6. Hence, this analysis supports the adoption of 
mean-split BSSS as indication of an operator’s attitude. However, the sensitivity of BSSS will be vali-
dated again based on a different set of samples in WP7, where different experimental scenarios will 
be used, before the final conclusions from the project are made. 
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10. CONCLUSIONS 

Analyses of the ITERATE WP4 driving simulator experiments have been presented. The aim of the 
analyses was to test assumptions made in the theoretical Unified Model of Driver behaviour (UMD) 
and to provide input to the development of the UMD simulation model in ITERATE WP6.  
 
The analyses presented in this report consist of hypothesis testing by analysis of variance methods, 
cluster analysis and a development of a procedure for estimation of relationships in the UMD simu-
lation model. The hypotheses tested were a subset of the hypotheses formulated in WP2 and 3. The 
subset of hypotheses tested was chosen with respect to the experimental design of the driving simu-
lator studies. The purpose of the cluster analysis was to explore alternative ways to classify partici-
pants into homogenous groups. The procedure for estimation of relationships in the UMD simulation 
model consists of identification of parts of the car and train driving scenarios were suitable for use as 
a basis for estimation of parameters in the simulation model. 
 
An important finding of the analyses is that country was found to be a significant factor for almost all 
performance indicators and events in both the car and train experiments. However the order be-
tween countries was found to be different for the car and train experiments. Another factor found 
to be significant for many events is workload. Comparisons between the results of the portable and 
full scale simulator results revealed that participants drove faster in the full scale car simulators. No 
significant interaction effects between type of simulator and the other factors were found in the car 
driving experiment. This indicates that the portable simulator platform is a relevant tool for studying 
underlying factors controlling driver behaviour, at least for car driving. For the train driving experi-
ment a few significant main effects of simulator were found for speed control. This could possibly be 
explained by the difference in the speed controls used (gaming control vs. real). There were also 
some significant interaction effects between simulator type and other factors which require some 
further investigation. It should also be noted that the train simulator (hardware and software) is still 
under development and has not yet been validated to real driving.  
 
The next steps within the ITERATE project is to estimate relevant relationships in the WP6 UMD sim-
ulation model based on the findings of the analyses presented in this deliverable. The UMD simula-
tion model will then, in WP7, be validated using data from an additional set of driving simulator ex-
periments. These validation experiments will cover all surface transport modes, i.e. car, train and 
ship domains.   
 
The analyses presented in this deliverable should be viewed as a fraction of all studies possible 
based on the unique data set collected through the ITERATE driving simulator experiments. An im-
portant contribution of the work presented is therefore to provide inspiration for further studies of 
the underlying factors influencing driver behaviour for surface transport modes. 
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