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3. EXECUTIVE SUMMARY 
The SIMUSAFE project (an acronym for "SIMUlator of behavioral aspects for SAFEr transport”) aims at 

analyzing and defining the individual variables related with risky uptake behavior in urban traffic 

situations, trace cause-consequence data to evaluate risk awareness and perception, and determine 

core factors of risky behavior and affected decision making processes. The ultimate goal is to obtain 

natural data from different actors (car drivers, motorbike drivers, bicycle drivers and pedestrians) in 

order to develop a next-gen driving simulator whose AI components behave in the most realistic way 

possible. 

This document presents the procedures that will be employed during the tests included in the 

SIMUSAFE project, which will cover four years of research. It will be based on ad hoc data collection, 

involving different test scenarios and questionnaires. A comparative study through different countries 

will take place to contrast results obtained and define the rules that are related with risky uptake 

behavior and road traffic risk. 

Firstly, this document offers a brief introduction on the experimental procedures that will be 

employed. Next, it presents the parameters that are going to be measured (e.g., collect data from risky 

maneuvers) and the selected variables related with risky behavior (e.g., demographics, health…). Later, 

it describes the set of sensors to be employed, as well as the variables that the experiments will 

measure. This is followed by a description of the three research cycles in which the SIMUSAFE project 

is divided, with an explanation of the procedures and protocols that will be employed in each of them, 

and also including the amount of volunteers that will be participating. After that, it is explained the 

selection process to recruit those volunteers. It is composed of different sections including the 

statistics for the sample size (power analysis), the psychological approach that will be employed, some 

additional questions related with the project and other “greener” mediums of transportation, and the 

actions to apply to the finally selected volunteers. Lastly, this document describes the ethical and legal 

requirements and approaches to be considered throughout the entire experiments and project, as well 

as the references used to support the documentation of the project. 
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4. EXPERIMENTAL PROCEDURES INTRO 
The organization of the research structure for the SIMUSAFE project will follow the FESTA-V model methodology 

(Ref1) in order to improve significance, comparability and transferability of available results. This methodology 

gives general guidance on organizational issues, methodology, procedures, data acquisition, data storage, and 

data evaluation. 

The project is based on defining several research cycles where data and results will be used recurrently. In each 

of the cycles the obtained data will be analyzed and studied, in case new metrics or data are required in the 

following cycle. This will allow us to correct the course of investigations and improve the final outcome. At the 

end, this research project will provide a strong simulation tool ready to be used as final product. 

A particular group of volunteers will be included in each of the Field Operational Tests (FOT), ensuring that this 

group is in some way representative of those drivers who will ultimately interact with the system. Different types 

of variables will be taken in account: 

 Demographics, such as age, gender, social economic variables, and permanent or temporary driver 

impairments that might interfere with driving ability. 

 Driving experience, in general but also experience with various systems, accident history and the usual 

time of driving and roads used. 

 Personality and attitudes. 

A questionnaire will be employed to obtain variables that are easy to measure and verify, like age and gender. A 

battery of psychological tests will be employed to measure other variables such as personality and attitudes, 

since they will need a deeper and complex analysis. Such measures are generally included in order to relate 

psychological factors to driving behavior. Drivers exhibiting certain attitudes or traits are known to engage in 

riskier driving behaviors (e.g., Ref2, Ref6, and Ref20); therefore it is important to consider a range of drivers to 

ensure that those traits are represented in the FOTs. 

Personality and attitudes are known to affect the ways in which drivers interact with the environment, and it 

may therefore be of interest to preselect certain personality types to cover a wide range of reactions, e.g. young 

males, or elderly drivers to a particular trial. Recruiting on a personality/attitude base will ensure differences in 

the interactions between testers and the environment. It may be also appropriate since attitudes and variations 

in beliefs influence driving behavior directly. Therefore, personality aspects that may be taken into account for 

this project are: 

 Sensation seekers, who tend to drive more recklessly. 

 Locus of control: drivers with an internal locus of control will continue to maintain direct involvement with 

the driving task choosing to rely on their own skills, whilst those with an external locus of control may be 

more likely to rely on the system and surrender involvement in the driving task. 

 Drivers’ attitudes towards road safety issues. 

In addition, personality and attitudes can also be used as covariates in analyses in order to identify several 

differences in driver behavior and hardware use between groups. Therefore, the inclusion of these parameters in 

the experimental design is recommended (Ref1), since it provides useful insight into the manner in which 

individual characteristics influence behavioral adaptation to (new) testing environments. 

By considering these (and others) parameters in the recruitment’s inclusion criteria, it is expected that there will 

be a progressive shrinking of the research participant population. It may be therefore necessary to screen a large 

number of subjects in order to recruit a relatively small number of participants with the appropriate 

characteristics, particularly since certain individuals will be less inclined to volunteer when considering certain 

conditions like activity monitoring and personal interviews, for example. 
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5. METRICS DEFINITION 

5.1. PARAMETERS TO BE MEASURED 

For the SIMUSAFE project, the most relevant and meaningful situations regarding topics like road safety in urban 

areas or risky behavior associated with transportation systems were identified by performing a literature 

research on accidentology and previous Naturalistic Driving (ND) studies, and also by taking into account 

experience from road psychologists and expert trainers. This review was employed not only as background 

knowledge, but also to extract useful metrics, create a system ready to analyze the volunteers and to provide a 

strong event traceability of the risky behaviors taken by them. Besides, since the goal of the SIMUSAFE project is 

not to conduct a general, large-scale ND study and it’s rather to focus on specific unsafe road situations, the 

SIMUSAFE consortium members have decided to conduct the experiments following three* objectives (*they 

may be later adapted to the concrete metrics defined in Deliverable 2.1; also, protocols employed on the 

simulator will depend on the observation done during ND phase): 

1) Collect data from risky maneuvers. Left turns at intersections and the use of roundabouts are the two 

main maneuvers selected, as they entail the most urban risky-uptake situations and are involved in multi-

actor interactions (other vehicles and/or pedestrians, for example). In addition, they are not well covered 

in previous studies. The purpose for studying these situations is threefold: 

a. Identify the rules that govern the decision making process for the drivers in these situations 

(which will serve as input for the AI based traffic simulation). 

b. Identify relevant scenarios for next SIMUSAFE stages, such as Controlled Environment (CE) and 

Simulator Driving (SD) scenarios from 2
nd

 cycle, and SD training scenarios from 3
rd

 cycle. 

c. Collect some individual traffic data, to be used for the validation of the AI based traffic 

simulation models. 

2) Collect data from incidents and near misses situations, whatever the road situation. Data collection for 

unsafe situations if of high interest, as they may enrich the database. However, we acknowledge that the 

occurrence of these unsafe situations is not high, and it will be presumably low or none within the 

volunteers of this project. Data and the situations recorded will potentially be used for CE and SD (2
nd

 

cycle) tests and for SD training scenarios (3
rd

 cycle). 

3) Collect observational data, whatever the road situation. These data will enrich the existing database, and 

will be used for the validation of the AI based traffic simulation at collective level (average measures, 

speed, time headway …). 

The identification of the rules that govern the decision making process of drivers for the left turns and 

roundabout maneuvers will be achieved thanks to the following stages: 

1) Identification of the database subset where drivers are in left turns and roundabout maneuvers. This 

will be achieved using GPS based geolocations and trajectory reconstruction. The output of this stage 

will be a database with markers and labels that allow a quick selection of the “periods of interest” (i.e., 

the sections of the videos and of the sensors database that cover those maneuvers). 

2) Self-confrontation interviews of the drivers. In presence of a road psychologist, each driver will watch 

videos of their own journeys and will be asked questions aiming at identifying the parameters 

controlling the decisions taken. The output of this stage will be a set of objects manipulated by the 

drivers (various elements in their environment), a set of actions conducted by the drivers (breaking, 

changing lane...), and a set of rules that motive the decision making process. 
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Due to the large amount of data that is expected to be 

recorded, the identification of the unsafe road situations will 

be limited to those that can be automatically detected based 

in sensor data analysis. Markers will be calculated based on 

the detection of abnormal parameters recorded by sensors (it 

is assumed that small variations in longitudinal and/or lateral 

acceleration reflect none or badly anticipated situations), and 

will be validated by experts. Those unsafe road scenarios will 

be extracted from the data collected, and will be potentially 

used for the definition of CE and SD scenarios, as well as used 

for testing the AI traffic simulation (test at individual level of 

the simulated behavior agents in equivalent situations). Lastly, 

data recorded along all drivers’ journeys will add and enrich 

the existing database on ND experiments. 

 

Figure 1: Parameters to 

be measured 

The main classifiers to be employed for measuring and analyzing the drivers’ mental activity during the different 

testing phases will be defined in a later part of the project. Alongside, different KPI (Key Performance Indicators) 

related to the robust classification of the mental states across the different tasks will be also defined. During this 

task, and in order to complement it, expert neuroscientists and psychologists (from BrainSigns and Progress123) 

will define various cerebral indexes and relevant human factors to measure metrics like cerebral workload, 

attention, mental fatigue or stress, for example.  

A deeper analysis and description of the metrics employed in the SIMUSAFE project will be available in further 

deliverables, like the deliverable 2.1 Dossier of metrics definition sheet templates (to be delivered in months 5, 

17 and 30 of the project) and the deliverable 2.2 Dossier of data collection tools and procedures (to be delivered 

in months 6, 18 and 31 of the project). 

5.2. VARIABLES RELATED WITH RISKY BEHAVIOR 

There is a plethora of variables related to risky uptake behavior, most of them linked with the attitude of each 

person and therefore not displayed equally across the population. In order to create the necessary accurate and 

realistic behavioral models in a transit environment of the SIMUSAFE project, and cover different road traffic 

attitudes, we will consider the following parameters: 

Demographics 

Different populations will be examined in order to gather as much driving diversity as possible for this project. 

We will obtain sample populations from Spain, Italy, Poland, France, UK and Sweden. 

It’s well known the existing driving differences among countries regarding driving style and traffic culture, as 

described for example in Özkan et al. 2006 (Ref2). Driving skills and situations are also different among countries 

which, overall, contribute to the differences in the number of traffic accidents. All these parameters (among 

others) contribute to define the driving behavior of each country and, therefore, are considered in the SIMUSAFE 

project in order to evaluate the risk probability among countries and define a realistic simulator. 
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Gender 

Gender is a well-known characteristic that influences driving behavior. In general, most people from both sexes 

(male and female) report a high concern over road accidents (males 84%, females 89%)(Ref3, Ref4). However, 

attitudes are not displayed equally among them and there are gender differences in risky driving attitudes. On 

average, males show a more careless attitude towards traffic, which translates in a larger rate of fatal accidents, 

as evidenced by the gender studies from the European Commission. For example, male drivers constitute a 76% 

of the road accident’s victims, being most of them young drivers. Males also self-report taking more driving 

related risks (Ref5, Ref6, Ref7, Ref8) including; exceeding the speed limit, tailgating and overtaking when illegal 

or unnecessary (Ref9, Ref10). On the other hand, females show far more concern for the potential of harming 

someone else while driving (Ref5, Ref6). In a wider context than just driving, females show less risky attitudes 

towards road-user behavior attitudes in general and are far more concerned about road safety in general than 

males. For example, females were more likely to express concern for the concept of breaking the speed limit, 

performing risky overtaking behavior, are better informed of potential road hazards and were more likely to rate 

the dangers of risky road-user behavior higher than males did (Ref3). 

There are also differences of behavior between genders (Ref11) at the same age group regarding risk taking 

when impaired by the ingestion of alcohol or other substances. Women in general tend to keep a lower-risk 

driving profile, even if the frequency of exposition of such substances is practically the same as men. On the 

other hand, when recently observed greater alcohol misuse severity was found in female DWI (Driving when 

impaired by alcohol) offenders compared with female non-DWI drivers but an equivalent effect was not detected 

in males (Ref12), implying a much more impulsive behavior. 

The risk of involvement in a crash adjusted by exposure is higher in male pedestrians than in females, especially 

in younger age groups (Ref13). It has been shown that pedestrian women are more sensitive to traffic safety 

than men, and appear to engage in fewer risk-taking behaviors (Ref14, Ref15 Ref16, and Ref17). Male 

pedestrians were more likely to be solely at fault than females in pedestrian–motor vehicle crashes (Ref18). 

Furthermore, males tended to follow others pedestrians crossing a road more frequently than females (Ref19). 

The higher fatality and risk of involvement in a crash in males compared to females is partially counterbalanced 

by their lower amount of exposure, observed for males of all ages except the extreme age groups. We can 

summarize that males are mainly killed as car drivers and motorcycle riders while females are mainly killed as 

pedestrians and car passengers. 

Age 

Age is another well-known characteristic that influences driving behavior. We will consider two different age 

groups: Young people (18-24 years) and elderly people (50-70 years). 

In general, young people are more adventurous and single, whereas elder people are experienced drivers (also in 

terms of risk-awareness), more conservative, engaged in relationships, and therefore probably people who drive 

at a low risk level (Ref3, Ref20). As an example of differences in risky attitudes, a very high percentage of younger 

drivers said that they enjoy driving fast (53% as a summary of the categories “very” and “fairly”), followed by 

middle-aged (38%) and older drivers (21%), who report to enjoy driving fast least often (Ref3). 

As shown in different studies, road behavior is different between these two age groups. Older drivers display 

fewer violations, especially aggressive violations, suggesting deliberate risky behavior is far less prevalent among 

this age group (Ref21). Regarding the use of safety devices within the car a study in 2012 showed that 89% of 

female drivers and 86% of female passengers were belted, compared with 86% of male drivers and 82% of male 

passengers (Ref22). Considering motorcycle bikers, it appears that being male, young and lacking experience is 

associated with increased fatality risk (Ref23). 
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Health requirements 

Driving is a complex task which involves different cognitive skills, physical skills and capabilities. Different health 

conditions, such as cardiac problems, deafness, glaucoma or surgery are known to affect driving behavior (e.g., 

Ref24) and, consequently, these conditions may influence risk probability. 

Since the SIMUSAFE project aims at developing a realistic driving simulator, some of these conditions are going 

to be considered and restricted in the selection of candidates. In addition to healthy candidates (sane both 

physically and mentally), we will also consider people suffering from cardiovascular diseases, diabetes, 

depression and stress in the 3
rd

 research cycle. 

Use of altering conscience substances 

Driving is a complex task that requires attention, awareness, good judgment, coordination, and experience.  Any 

substance that impairs a driver’s abilities in any of these areas creates unacceptable – and potentially deadly – 

risks (Ref25). Different substances may alter the driving behavior and increase risky attitudes and accident’s rate 

(Ref3). 

Inhibitory control is the ability to weigh up consequences and suppress impulsive and inappropriate behaviors; 

all of which are believed to be heavily dependent on the prefrontal cortex (PFC) activity (Ref26, Ref27). Young 

novice and particularly male accident types are typically representative of high risk and poor inhibitory control. 

Neuroimaging methods have also shown correlations between younger age groups, increased risk taking 

behavior and reduced prefrontal activity (Ref28). 

In this project, the influence of different substances such as alcohol, cannabis or medicines (diabetes, depression, 

stress and cardiovascular medicines) will be tested in the 3
rd

 research cycle, under a controlled environment. 
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6. SENSORS 
The sensorization process will be the bridge between the actors and the SIMUSAFE hardware and software tools 

in either real or simulated environments. This project will consider three actor categories in the urban 

environment (car drivers, two-wheeler drivers (which include both motorcycle and bicycle drivers) and 

pedestrians), and each of them will have their own set of sensors which will collect data derived from human, 

vehicle and environment components (see table 1). 

Human Vehicle Environment 

Demographic Behavior Psychological 
On board 

diagnostics 
IoT/Cloud-based 

 Gender 

 Age 

 Years of 
experience 

 Car ownership 

 Frequency 
of driving 

 Manchester 
driver behavior 
questionnaire 
reviewed 

 Behavioral 
insights toolkit 

 Mindspace 

 Human 
performance 
envelope 
distributed 
situational 
awareness 

 Drive Attitude 
Questionnaire 
(DAQ) 

 The Driving 
Style 
Questionnaire 
(DSQ) 

 Driver sleep 
hygiene 
information 

 Eye tracking 

 Heart rate Variability 
(HRV) 

 Respiration 

 Electrooculogram 
(EOG) 

 Electroencephalogram 
(EEG) 

 Electrocardiogram 
(ECG) 

 Electromyography 
(EMG) 

 Galvanic Skin 
Response (GSR) 

 Blood Volume Pulse 
(BVP) 

 Skin temperature 

 Eye tracking 

 Breath alcohol 
prototype (based on 
IR spectrometry) 

 Intoxication by 

cannabis (Gas 

chromatography) 

 Steering wheel 
angle 

 Lateral position 

 Brake 

 Accelerometers 

 Pedals positions 

 Video cameras 
(Environment) 

 Distance sensors 

 Time to collision 

 On-board 
diagnostics 
(OBD) 

 GPS position and 
speed 

 G force 

 Timestamp 

 Weather 
conditions 

 Traffic 

 Type of road 

 Hour of the day 

 Road structure 

 Regulations 

 GPS position 

Table 1: Data collected from sensors  

The data capture will be coordinated by a Single-Board Computer (SBC) such as Intel Edison/Raspberry Pi 

powered by a 12v outlet (vehicles) or standard Li-Po/Li-Ion batteries (pedestrians). Data will be stored in solid-

state media storage (SDD) when cloud connectivity is not available. Bi-directional connectivity to services 

providing context information based on vehicle location will be provided by LTE/3G modems in real 

environments or Ethernet connection in simulations. Data gathering will be facilitated by the IBM cloud platform 

integrating sensor data collection, security and privacy aspects. The IBM Real time Insights engine will enable 

device management, data access to applications and analytics for it in real-time. 

At this moment (first steps of the project), sensor instrumentation is still under development, and it will also 

change in the 2
nd

 and 3
rd

 cycles depending on the observations and data recorded during the ND study of the 1
st

 

cycle. These changes will adapt previous metrics and measures into more specific ones, in order to refine the 

data collected in the CE and SD test from 2
nd

 and 3
rd

 cycles. In general, instrumentation will be as non-intrusive 

and with the less vehicle modifications as possible. Some sensors will be selected from previous validated 

studies, while others will be designed specifically for the measures considered in this project. 
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7. PROJECT TESTS 
The Field Operational Tests (FOT) will be organized in three distinct categories: Naturalistic Driving (ND), 

Controlled Environment (CE) and Simulation Driving Tests (SD). The first two categories (ND and CE) are situated 

into a real environment where the difference is the degree of constraints in the driving environment and 

sensorization level. ND tests will be performed within an unconstrained environment (real world) where the 

biometric data will be measured by non-intrusive sensors, although the vehicle will be fully doted of vehicular 

and environmental sensors. In CE tests user and vehicle will be doted of the full set of sensors of every category, 

and will take place within a test circuit with capability of positional and motion measurement of every involved 

actor. The driving scenarios will be defined a priori and reproduced with accuracy within a simulated 

environment. Finally, the SD tests will be performed by using the same set of sensors as their paired ND/CE tests 

with the same user and vehicle class, and will be the closest equivalent to the real-world test settings (urban/test 

circuit) with the same degree of control (unconstrained driving / pre-defined scenario). 

In all the test phases, the work will follow the steps described below: 

 Preparation: In this stage, the consortium partners will design the test cases (whether applicable) taking 

into consideration their specific needs (sensorization). 

 Collecting: In this stage, the data collection will be performed using the developed SIMUSAFE 

infrastructure. 

 Reporting: At the end of each test the participant partner will create a report ensuring reproducibility, 

stating the data collected, methodology, testers (anonymized), incidents, and processed data. 

On the other hand, all these tests will be performed and distributed unequally along three FESTA cycles, as 

explained below in the following three sections. 

7.1. 1st RESEARCH CYCLE 

The first research cycle (data aggregation) will take place between the 7
th

 (December 2017) and 12
th

month (May 

2018) of the project. On it, a set of ND and SD tests will be performed to enable correlation and for 

determination of discrepancies and inaccuracies of the initially employed models and methodologies for data 

extraction and analysis. These tests will be performed with integrated already existing tools developed by the 

consortium members using the infrastructure proposed for the Actor model analysis and data retrieval. This 

Actor model includes the descriptors, patterns and states extracted from the raw data, and able to measure 

actor behavior and aid in the measurement of its proneness of risky behavior. 

During the 5
th 

month of the project (October 2017), personnel from PROMETEO, AIPSS, COU, MDH, DELPHI and 

IFSTTAR (4-5 workers of each entity) will be selected in order to be trained by PROGRESS123 in the methodology 

to be followed to obtain data from the subjects. 

The main test locations will be Burgos (Spain, coordinated by PROMETEO and ITCL) and Rome (Italy, coordinated 

by AIPSS). Different groups of subjects for the tests (testers) will be needed: young and old individuals with cars, 

motorbikes and bicycles, and pedestrians. The complete selection process for the subjects will be explained in a 

later section. Once the testers have been selected and met the ethical and legal requirements, the vehicles will 

be equipped with the sensors, and the tests will begin in both Spain and Italy (7
th

 month). ND tests will run during 

six months (7
th

 to 12
th

 month), meanwhile SD tests will run during three months (10
th 

to 12
th

 month). The testing 

procedure will follow these steps: 
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 Testers will be invited to the testing facilities at Spain and Italy to undergo to the psychological/cognitive 

assessment, with experts from PROMETEO and AIPSS. At the same time, testers will answer a general 

questionnaire retrieving opinion and expectations of the project, as well as information and behaviors on 

softer models of transport. 

 Testers will have their vehicles equipped with sensors and will perform ND testing (for three consecutive 

months) by using these vehicles in their routine. 

 Once a month, and appointment to collect the driving data from the vehicles will take place at the testing 

facilities. 

 Video data collected during ND tests will be analyzed off-line by PROGRESS123 experts (psychology), 

followed by individual scheduled interviews for determination of underlying motivations and 

psychological factors (expert post-session behavioral analysis). 

 In the last three months, testers will be asked to perform several simulation tests (SD) in order to retrieve 

data for correlation. 

1
st

research cycle 

Location Vehicle class Age group ADC Candidates Total 

Spain 
Car (young adults only), 

Two-Wheeler, Pedestrian 

Young Adults, 

Elderly Drivers 
- 15 75 

Italy Car Elderly Drivers - 15 15 

    TOTAL 90 

Table 2: Amount of candidates for the 1s t  cycle 

7.2. 2nd RESEARCH CYCLE 

The second research cycle will take place between the 20
th

 (January 2019) and 22
nd

 month (March 2019) of the 

project. On it, a set of CE and SD will take place on Poland to obtain data from special situations (interactions 

among actors, controlled extreme situations, etc.). These CE tests will take place on an isolated airstrip dotted of 

sensorization apparatus for actor multi-tracking and, in addition, ITCL will recreate the same scenario to perform 

the SD tests and correlate the obtained data. 

Once the testers have been selected and met the ethical and legal requirements, tests will start on month 20
th

 

(January 2019) and will run during three months (20
th

 to 22
nd

month). The testing procedure will follow these 

steps: 

 Selected testers will go to the SIMUSAFE facility in Poland to undergo the CE and SD tests, supervised by 

DELPHI’s personnel. 

 Testers will undergo the CE and SD tests replicating the same conditions on several days ensuring 

consistent data collection with varying emotional states. An expert evaluator (trained by PROGRESS123) 

will be present in the vehicle (car). 

 An expert evaluator (trained by PROGRESS123) will be present in the vehicle (car) or in the test site (two-

wheeler, pedestrian) during the test performance collecting data for accurate risk metrics (expert in-

session behavioral analysis). 

 After the tests, a psychologist from DELPHI trained by PROGRESS123 will perform an assessment (expert 

post-session behavioral analysis), analyzing the underlying motivation and behavior observed in the tests. 

Also, an expert from BRAINSIGNS will analyze user’s neurometrics (expert post-session behavioral 

analysis). 

 Data storage for Human Factors indexes related to the cerebral, cardiac and galvanic skin response data 

will be analyzed by using a relational database, and will be available for the next research cycle. 
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2
nd 

research cycle 

Location Vehicle class Age group ADC Candidates Total 

Poland 
Car, Two-wheeler, 

pedestrian 

Young Adults, 

Elderly Drivers 
- 7 42 

    TOTAL 42 

Table 3: Amount of candidates for the 2nd  cycle 

7.3. 3rd RESEARCH CYCLE 

The third research cycle will take place between the 31
st

 (December 2019) and 36
nd

 month (May 2020) of the 

project. On it, a set of SD tests will be performed to improve the analytic tools for the production of meaningful 

data for intervention planning regarding risk intervention, particularly under different Altered Driving 

Consciousness (ADC). 

A total of 324 candidates will test different ADC conditions among different countries, as explained in the table 

below. Due to such requirements, tests will only be done in simulators under a controlled environment, and 

partners will take full responsibility for the ethical application of the procedures. ADC control groups (unaffected 

volunteers) will consist in 50% of the tested volunteers. 

3
rd

 research cycle 

Location Vehicle class Age group ADC Candidates Total 

Spain 

Car, 

Two-wheeler, 
pedestrian 

Young adults Cannabis usage 
30 (14 users from ND tests 

from 1
st

 testing cycle) 
90 

Sweden 

Car, 

Two-wheeler, 
pedestrian 

Young adults, 
Elderly drivers 

Alcohol usage, 
Emotional state (Stress) 

15 (with overlapping) 90 

France Car 
Young adults, 
Elderly drivers 

Emotional state 
(Depression) inattention 

15 60 

Italy Car Elderly drivers 
Diabetes and Depression 

medicines 
14 28 

UK 
Car, 

Two-wheeler 
Young adults 

Cardiovascular 
medicines 

14 56 

    TOTAL 324 

Table 4: Amount of candidates for the 3 rd  cycle 

Once the testers have been selected in each country and met the ethical and legal requirements, tests will start 

on the 31
st

 month (December 2019) and will run during six months, until 36
th 

month (May 2020). The testing 

procedure will follow these steps: 

 Selected testers will go to the SIMUSAFE facility of the correspondent country to undergo the SD tests. 

 Testers will undergo simulation tests under specific AD conditions, always under medical surveillance and 

in a controlled environment. 

 An expert evaluator (trained by PROGRESS123) will be present in the test site during the test performance 

collecting data (expert in-session behavioral analysis), supervising the procedure. 
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 After the tests, a psychologist trained by PROGRESS123 in each country will perform and assessment 

(expert post-session behavioral analysis) analyzing the underlying motivation and behavior observed in 

the tests. This analysis will be made after the tester has recovered from the SD tests. 

Observations: The driving environment in the UK will not replicate a British driving environment; instead, it will 

replicate another European country (such as France or Spain). HÖK will provide their expertise to MDH 

concerning human alcohol studies, and will have the full responsibility for the ethical application in Sweden. 

8. SELECTION PROCESS 
For each of the three research cycles, a different selection process will take place in each of the countries 

involved on the corresponding cycle, according to the conditions of vehicle class and age group explained above. 

These selection processes will approximately start three months before each testing phase and will include the 

following phases: 

 A first broad recruitment with a public announcement. 

 A filtering phase, with those candidates that match the requirements and addressing sociodemographic, 

health and psychological topics. 

 A final gathering and selection of candidates. 

The first round of volunteers’ selection will take place between the 3
rd

 (August 2017) and the 5
th

 month (October 

2017) in Spain and Italy, the second round between the 17
th

 (October 2018) and the 19
th

 month (December 

2018) in Poland, and the third round between the 28
th

 (September 2019) and the 30
th

 month (November 2019) in 

Spain, Sweden, France, Italy and the UK. 

These volunteers will be selected through convenience sampling, considering different variables related with 

risky uptake behavior as, for example, age, gender, health status and other characteristics and attitudes 

(described above) appearing in the psychological test phase. 

8.1. FILTERING PROCESS 

For this project, we will gather different groups of individuals that will act as “control groups”, therefore those 

individuals within each group must be as similar as possible (compact group) and must have no disability that 

compromise the procedure of the experiment. 

Different criteria will be established to ensure the sample representation of the different categories for the 

different tests to be performed. The objective is to ensure, as much as possible, the internal validity of the 

research, while its external validity can be verified through replication. 

Sample size and power analysis 

The range of research questions under investigation determines the selection of certain groups of participants in 

terms of their demographics and driving patterns. Following the FESTA handbook (Ref1), a power analysis was 

made in order to estimate the minimum amount of people needed to ensure that the chosen sample size is 

representative for the behavior of a group of drivers and achieve significant results. 

According to the FESTA handbook (Ref1), and considering a between-groups design (different groups of drivers 

performing with a different system), a power of 80% (which indicates a chance of statistically proving a 

difference between the groups when it is there (i.e., a chance of 20 % of failing to prove it)), an alpha level of 5% 
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(i.e., the chance of falsely finding a significant effect), and a two-tailed test (because there is no reason to assume 

that either of the groups will perform better/worse than the other), the minimum amount can be calculated 

using the following diagram. 

 

Figure 2: Sample size and power analysis 

Considering an intermediate effect size of 0.3 (green line), between a typical small effect (effect size 0.2) that can 

be expected in a FOT with many disturbing factors, and a typical medium effect (effect size 0.5), and also 

considering that an Euro FOT analysis has indicated that is more effective to increase the number of individuals 

than extend the time period of data collection (Ref29), a minimum amount of 480 testing individuals was 

calculated. 

Besides, in order to narrow down the scope of the research, tests will only be performed in the different groups 

explained above (section 7 PROJECT TESTS). Therefore the final estimated population will be composed by 456 

testers from the different Europe countries considered in the study, which will be enough to obtain statistically 

significant results. 

This decision was based on the possible drawbacks regarding large samples, like equipment costs and the power 

of the small effects that might be found (they might not be relevant when looking at power effect); and also the 

amount of data and workforce needed to perform the analyses. 

Amount of people to be contacted 

To obtain the minimum amount of individuals that will produce data for the simulator, we will perform a battery 

of questionnaires and filtering processes in each of the different research cycles: 

 Contact stage: General questionnaire and media used to contact potential volunteers. 

 Pre-selection stage: Review questionnaires and filter out unsuitable profiles. 

 Psychological screen: Psychological test (more specific) to filter out unsuitable profiles. 

 Final selection: Selection of best candidates for each of the test groups. 

First of all, we will develop a general questionnaire addressing the specifications for subject recruitment for each 

cycle (contact stage). For example, in the first cycle we will consider the participant age, gender, method 

normally used to move around the city, driving license antiquity, annual mileage, driving behavior, annual 

incident history and also other medical aspects such as stress, diabetes, depression, cardiovascular diseases, and 

also drug consumption (focused on alcohol and cannabis) and simulation sickness among other variables. 

After this general screening, we will filter out those profiles that don’t match the project specifications (pre-

selection stage). If data for these variables do not meet participation criteria, no further data will be collected. 



D2.6: Study protocols for the tests 
 

 

 

MG 3.5-2016 Behavioral aspects for safer transport SIMUSAFE Project nº: 723386 Page 18 
This project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement N. 723386 
The content of this deliverable does not reflect the official opinion of the European Union. Responsibility for the information and views expressed therein lies entirely with the author(s) 

 

Note that the screening form will include personal identifiers and contact information. This information will be 

collected for subject recruitment purposes only and will not be turned over in order to comply with 

confidentiality requirements. 

Next, we will perform a health check and a psychological screening. Classification information will be collected 

upon first meeting with the volunteer. They will provide a wealth of information on driver medical and 

psychological characteristics that can later be correlated to driving performance data. The first general category 

of driver classification is the health assessment. Subjects will be given vision and hearing tests, and asked 

questions regarding their general health status such as medical problems and current medications. 

Questionnaires to determine their driving behavior and characteristics will be made in order examine the 

relationship between the stated propensity for angry driving and the rate and types of driving errors, near-

crashes, and crashes. Medical information on the use of the tested medicaments and its effects on the subjects, 

posology and alternatives will also be obtained. For the tests with alcohol and drugs information on previous 

consumption will also be demanded. The psychological tests employed are explained in the next section 

(PSYCHOLOGICAL TESTS). All this steps will contribute to define each person’s profile, allowing us to select those 

that best fit our requirements for SIMUSAFE. 

Finally, we will select and contact those candidates that best fit in each of the test groups, making each group as 

homogenous and compact as possible. An estimate of the individuals to be contacted for each group, as well as 

an estimate of those that should be filtered out at each stage is provided in the next table: 

Testers needed 
 

Contacted 
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e
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 (
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0
%

) 

Pre-
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-3
3

%
) Admitted 

individuals 

Fi
n

al
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el
ec
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o

n
 (

-2
5

%
) 

Selected 
individuals 

Each test 
group 

Young adults 
(18-24 years) 

♂ 72 36 12 8 

♀ 72 36 12 8 

Elderly people 
(50-70 years) 

♂ 72 36 12 8 

♀ 72 36 12 8 

       TOTAL n=32 

Table 5: Minimum amount of individuals per stage  

Gender proportion 

Regarding the amount of people of each gender to be selected for the different test, we will consider a 50-50% 

(male-female) distribution at first. The rationale employed was to consider the approaches followed in similar 

studies like, for example, the European project UDrive (www.udrive.eu), literature references available, 

experience from our scientific committee and the fact that is not always easy to find the specific volunteers 

needed for this project (people willing to use and sensorize their own vehicles). Once the selection and filtering 

process is completed, we will have a margin of people (admitted individuals) to balance this ratio and fit it as 

good as possible (selected individuals) within each testing group. 

  

http://www.udrive.eu/
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8.2. PSYCHOLOGICAL TESTS 

As described above, some psychological questions will be addressed in the candidate selection process in order 

to analyze their profiles and gather a compact and similar group for the different testing phases. Expert 

psychologists from PROGRESS123 will develop a panel of questions suitable for that purpose, and will participate 

and supervise in the recruitment process (coordinated by PROMETEO and ITCL). 

Besides, during the testing phases, psychologist from PROGRESS123 (or, if needed, native psychologist trained 

and coordinated by them) will conduct various in-deep analyses during private and individual interviews in order 

to evaluate the different reactions and behaviors to traffic situations in which the volunteers were involved. 

These analyses will add value to sensor’s data obtained, and will help explaining the correlation between the 

relevant traffic situations documented and the reasons beyond the actions taken by the volunteers. They will 

determine the core factors of risky uptake behavior that affect the decision making process, and will help in 

tracing the cause-consequence data to evaluate risk awareness and perception in user models. 

Psychologists will apply different test on each interview session, selecting those tests that better suit each 

particular situation and person. The Vienna Test System (VTS) is a collection of tests and assessments specifically 

developed for use in traffic psychology that can be used alone or combined as batteries of tests. The system 

contains some 59 multi lingual instruments covering work, health and education and categorized as Intelligence, 

General Ability, Special Ability, Personality Structure, Attitude and Interests and Clinical tests (Ref30). In addition, 

other tests like psychological and cognitive assessments or anamnesis questionnaires covering topics like driving, 

medical and personal issues will be performed to complete the volunteers’ behavioral profile and help 

understanding the data and results obtained. 

Employing this methodology, the psychologist will measure the fitness to drive of each volunteer through metrics 

such as attention, cognitive abilities, reactive behavior, visual functions, sensomotor coordination, mental 

stability or driving-related aspects of personality (e.g., readiness to take risks, stress behavior, concentration …). 

Data collected from the user can be separated in the three classes described in the section 4.3 Sensors: 

Demographics, Behavioral and Physiological. Demographic data will consist in the contextual socio-cultural 

information such as gender, age, level of driving experience (gathered by anamnestic questionnaires, interviews 

and traffic violence data), education and cultural conditions. A behavioral profile will be assembled accordingly 

with the methodologies presented by the Human Performance Envelope (Ref31) and Distributed Situation 

Awareness (Ref32), which will compose the Behavior data. More specifically, the actor will undergo the following 

questionnaires in order to establish his/her behavioral profile: 

Behavioral parameter Questionnaire 

Propensity for aggressive driving  AVIS, IVPE, Hostility Inventory (Buss & Durkee) 

Sleep Hygiene  
General Sleep habits and preferences, Sleep Related Symptoms, 
Substance-Related Sleep Problems, Primary Sleep Disorders, 
Psychological stressors  

Driving Style  Driver Style Questionnaire (DAQ)  

Incident/Violation Occurrence  Manchester Driving Behavior Questionnaire (DBQ), IVPE, ATAVT  

Situation Awareness  ATAVT, WRBTV  

Stress  DT  

Table 6: Behavioral profile questionnaires  
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8.3. ADDITIONAL QUESTIONS 

The SIMUSAFE project will also address other issues related to alternative modes of transport such as the 

demand of responsive public road transport services (which are “individual public services, partly scheduled 

according to user demand, for which pricing criteria are established in advance and which are provided using 

vehicles with a minimum of four seats, including the driver’s seat”), car sharing, carpooling, bicycle sharing 

schemes and walking (Ref24). Furthermore, we will self-evaluate our project by asking our volunteers their 

opinion and expectations of it. 

After the cognitive/psychological assessment process of each research cycle and before starting each testing 

phase (in order to seize the time), personnel from the correspondent SIMUSAFE facility will explain again the 

purpose of the project, the ethical and legal issues, and the testing procedure to the volunteers. Later, volunteers 

will be asked to complete a questionnaire addressing the two issues described above. The obtained results will 

contribute to the main goal of the SIMUSAFE project allowing us to increase awareness on topics like reduction 

of accidents, unsafe behavior patterns, effective enforcement of driving training schemes, awareness of other 

road users or improvement of safety devices, as well as contribute to the social awareness on environmental 

impact by using “greener” transport alternatives, driving education, and driving risks among others. 

8.4. SELECTED VOLUNTEERS 

On the other hand, finally selected volunteers will go through an adaptation process before each testing phase, 

especially when related to the simulator test. Volunteers and members from SIMUSAFE will evaluate the 

comfortability of vehicles and pedestrians once the sensors are installed, as well as ensure that the sensors will 

not interfere with the movement nor their normal activity. 

Moreover, in the cases of simulator tests with or without ADC (Altered Driving Consciousness), volunteers will 

check if they experiment some dizziness or discomfort in a simpler version of it at the correspondent SIMUSAFE 

facility. 

Furthermore, before starting the CE (Controlled Environment) tests, SIMUSAFE personnel will explain again the 

characteristics and purpose of the experiment, the role the volunteers must play and the situations they might 

face, solving any possible questions and issues that might arise. 
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9. ETHIC AND LEGAL ASPECTS 
All ethical and legal aspects to be considered in the entire SIMUSAFE project are being jointly developed by all 

project members and supervised by personnel from the University of Porto (UPORTO). Members of each 

SIMUSAFE country in which an experiment will take place will identify and provide the requirements under the 

correspondent national and/or European law. 

Activities raising ethical issues will comply with the “Ethics requirements”, set out as deliverable D2.7 (to be 

delivered in month 33
rd

, February 2020) in the Annex 1 of the Grant Agreement, which state that “Before the 

beginning of an activity raising an ethical issue, each beneficiary must have obtained: 

i. Any ethics committee opinion required under national law AND 

ii. Any notification or authorization for activities raising ethical issues required under national and/or 

European law.” 

This authorization and validation documentation, alongside with the signed informed consent from each 

volunteer, will be collected and submitted to the European Commission organism in the deliverable D2.7. 

On the other hand, the following Ethical and Legal guiding principles will be accounted in the preparation of the 

experiments; also, a clear explanation of how they are met in the experiment will be presented to the 

volunteers. 

• Respect for persons and their autonomy (subjects are autonomous to decide and should be respected at 

all times). 

• Beneficence and non-maleficence (a clear explanation that the research does good and does not harm 

should be provided). 

• Justice (all groups are treated equally, have the same rights, and access to the benefits of the research; no 

exclusions within and between groups should be considered). 

• Trust (important information cannot be omitted from the participants). 

• Fidelity and scientific integrity (data cannot be manipulated). 

The experiments should also provide the following guiding principles to protect the rights and welfare of 

participants: 

• Protect participants from harm (if any degrees of harm is foreseen, they should be explained, fixed or 

mitigated; if any degree of harm is unavoidable, it should be clearly explained and to which extent, 

together with potential effects). 

• Privacy (participants must be kept anonymous at all times; very importantly: if participants decide to leave 

the experiment, their data must be deleted). 

• Coercion (participants are free to say no). 

• Informed consent (all participants must sight the informed consent form). 

• Vulnerable participants (identify and excluded from the experiments): SIMUSAFE excludes explicitly the 

participation of vulnerable participants (e.g., children). 

The informed consent form provided to the volunteers must be in their own language. Among other pieces of 

information, it should include explicitly: 

• Purpose of research. 

• What participants will be doing, required to do, and for how long. 

• The form must offer participants to withdraw at any time for any reason. If participants decide to leave 

the project, their data must be deleted. 

• Potential benefits to participants/society. 
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• Potential harm or risk of discomfort (e.g., simulation sickness). 

• How privacy will be handled and protected. 

• Instructions on how to access and get copy of results. 

• Who the investigators are and how they can be reached. 

• Debriefing if deception is used. 

As for the data privacy, there are a number of elements that should be taken into consideration: 

• Personal data of participants should be anonymized before the data collection starts (it should be 

exchanged by a code). 

• Personal data and signed informed consent should be kept safely (all data related to participants that 

leave the experiment before its completion, should be deleted). 

• As for GPS logs, a mechanism to discard first and last records should be implemented, to avoid 

identification of addresses, etc. 

• As for video records, faces, vehicle registration plates, and other elements that can potentially identify the 

subject should be anonymized. 
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