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Abstract 

 

 

Traffic safety has been studied largely and has a lot of branches. In this work a 

simulation environment has been used to study the drivers’ behaviour at intersections.  

Conducting studies about traffic safety using a simulator has various advantages. In 

fact, in real life studies it is possible only to observe drivers’ behaviour and it is 

necessary to wait that a specific situation occurs in order to study the reaction of the 

drivers. On the contrary, using a virtual environment, it is possible to create an ad hoc 

situation in which the behaviour of the test subjects can be easily analyzed. 

Some critical intersections scenarios have been already identified in previous real life 

studies. The aim of the present work is to replicate these scenarios using a virtual 

environment and check if the dangerous situations identified in real life shows up as 

dangerous also in the virtual environment. 

Since in the present work, drivers have been classified according to the head 

movements they have performed at crossroads, a tool to track head movements has 

been necessary.  For this purpose the Oculus Rift has been chosen. 

The results show that there is not a correspondence between the dangerous of the 

scenarios studied in real life and the same scenarios replicated in the simulation 

environment. The reasons behind this are discussed, and they are considered for 

further improvements of the simulation environment for this kind of experiments.  

Keywords: Serious Games, Simulation Games, traffic safety, Unity3D, Oculus Rift. 
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1 Introduction 

Games are widely used nowadays and people usually associate them with entertainment 

(Stapleton, 2004). Serious games are much more as they could put together entertainment 

and education. In the present work, several different dangerous traffic situations that could 

occur in real life are analyzed without endangering the test subjects. 

This project is focused on traffic safety, analyzing what has already been done in real world 

studies, using the possibility of employing a simulator during the tests. Safety is a very 

critical aspect of traffic, especially in mixed traffic flows where bicycle and cars could interact 

at intersections (Schepers, Kroeze, Sweers & Wüst, 2011).  For this reason the use of the 

simulator has played an important role in the present project. In fact as it is also noted in 

Backlund, Engström, Johannesson, & Lebram (2010), different dangerous scenarios can be 

generated and, is possible to study the behaviour of drivers, without really endangering 

anyone.  

The software component of this project has been developed using Unity3D (Unity3D, 2013) 

and is almost totally based on the environment built and described in Franco (2013) and 

Procaccini (2013).  

 
Oculus Rift is used to track drivers’ head movements in each crossroad, more details about it 

are given in section 2.5.2 

Serious games were firstly defined by Abt in 1975, cited in Breuer & Bente (2010, p. 8): 

“We are concerned with serious games in the sense that these games have an 

explicit and carefully thought-out educational purpose and are not intended 

to be played primarily for amusement." 

 

Looking at this definition, it is possible to state that the game that has been deployed in this 

work is not properly a serious game because there is no learning effect on the user. Rather it 

is a simulation environment focused on the replication of crossroad scenarios already 

studied in real life. However since serious games have been first defined, more definitions 

have been given.  The following definition redefines serious games as: 

“games that engage the user and contribute to the achievement of a defined purpose 
other than pure entertainment (whether or not the user is consciously aware of it)” 

(Backlund et al, 2010, p. 147). 
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The following definition is the one that better relates to the game deployed in the present 

project. Since here, it is possible to find a relationship between simulation environments and 

serious games. 

 Serious Games are defined as: 

Serious Games are generally held to be applications developed with game 

technology and design principles having training, situation simulation or education  

while entertaining the user as a prime purpose. Serious Gaming is, thus, games  

that engage users in their pursuit and contribute to the achievement of a defined  

purpose other than pure entertainment” SeriousGame(2014). 

 

Hence it is possible to define this simulation environment as a serious game because it is 

based on game technology. There are some issues common to simulations and serious games 

that should be solved. Both this kind of software can in fact suffer of lack of realism and lack 

of seriousness. In order to avoid the lack of realism, a visual cues based cyclists’ AI has been 

implemented. All the details about the cyclists’ AI features can be found in paragraph 2.4. 

Lack of seriousness has been avoided by implementing a simulation environment and not an 

entertainment/arcade game (Charsky, 2010). All additional on-screen information that 

could push the test subjects to behave differentially from their own natural driving 

behaviour, have been excluded. 

The details about the research approach that has been used during this project are discussed 

in section 3 and the method is discussed in section 3.1. 

An overview of the simulation environment is presented in section 4 and a discussion about 

the results of the tests conducted on it is presented in section 5. Section 6 contains 

comments about the results and potential future work. 
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2 Background 

 This section starts with a general description of Serious Games and their comparison with 

entertainment games. The Serious Games field represents the bigger field in which this 

project can be collocated. More specifically, this project is related with traffic safety. For this 

reason in section 2.2 previous studies involving a simulator are presented. They are a good 

starting point to show the important role that Serious Games play in a critical field as the one 

of traffic safety. 

The dissertation will continue with the main studies presented in section 2.3. They represent 

the basis of the developed software. In fact, some of the scenarios that have been replicated 

through the use of Unity3D have been previously observed in these studies. 

In section 2.4 an experiment about visual cues that cyclists give in traffic is analyzed as this 

is a starting point of the cyclists’ implementation. Even though the implemented cyclists do 

not follow a precise model of artificial intelligence, they give some of the cues that have been 

studied in Hemeren, Johannesson, Lebram, Eriksson, Ekyman and Veto (2014). 

2.1 Entertainment Games and Serious Games 

The debate about the positive and negative aspects of games is always present. Many 

contrasting opinions have been expressed about videogames. Some studies show that 

videogames can seriously harm health and social skills. In fact games can affect gamers’ 

behaviour with mood swings, depression and will of isolation (Susi, Johannesson & 

Backlund, 2007). At the same time, games are claimed to be a good way to improve several 

skills such as spatial cognition, memory (Spence & Feng, 2010) but also more specific skills 

such as mental rotation (Cherney, 2008).  

Actually in the field of videogames entertainment and education have been related since 

1970s. In fact edutainment became popular since the first games targeting children’s 

learning were developed. The problem with these games is that they are only focused on 

“drill and kill” interactive learning paradigms (Susi et al., 2007). On the contrary, although 

serious games achieve the same goal as edutainment games, they extend beyond the teaching 

and the rote memorization, covering all three aspects of education: teaching, training and 

informing (Wong, Shen, Nocera, Carriazo, Tang, Bugga, Narayanan, Wang, & Ritterfeld, 

2007). 

The differences between serious games and videogames can be found in various aspects of 

them. According to Charsky (2010), a serious game is more focused on problem solving, 

while an entertainment game is focused on giving to the player as much experience as 

possible. Serious games and entertainment games differ also from the point of view of 

communication, a measurement of how much the player is aware of what to do in a given 

moment. To give to the user important elements of learning, the simulation made in serious 

games is as much realistic as possible and the field in which the serious games should be 

employed is considered (Susi et al., 2007). The communication with the user is therefore 

natural and often leads to misunderstandings. On the contrary entertainment games, which 

are focused on giving fun to the player, are characterized mostly by simplified simulation 

processes and a perfect communication. In these games it is easier to reach achievements 

rather than learn something (Susi et al., 2007). 
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According to Charsky (2010), the main difference between simulation and entertainment 

games can be found in the responsibility the users have when they play. There are different 

kind of simulations: the experiential simulation put the user in a context where he must play 

a specific role (doctor, lawyer, driver) while the symbolic simulation let the users practice in 

several scenarios, being free of experience how their actions cause reactions in the virtual 

environment (e.g. students working with dangerous materials). In both its specialization, the 

simulation environment is always very context-specific and has no component of fantasy that 

could be easily found in the entertainment games. Actually there are some games that are 

realistic, in the sense that they have a simulation component (such a flight simulator can be) 

but they are still based on the competition that is a fundamental component of the 

entertainment games (Charsky, 2010). 

 

Thanks to the more realistic and natural approach to the game experience that serious games 

offer to the player, they have found application in many areas. From military to health care, 

from government to education, serious games have been employed in several different 

contexts and for this reason there are several stakeholders who are now active in this specific 

market. 
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2.2 Games for Traffic Education and Traffic Safety 

Several studies have already been conducted using driving simulators and simulation 

environments. The purpose of these studies is varied and embraces education but also traffic 

safety in general. Drivers’ behaviour can in fact be studied either in various dangerous 

situations or when they are in a dangerous state of mind (under the effects of alcohol or 

drugs) without really endangering them. 

The simulator that has been used to conduct the present study has been employed before in a 

study conducted by Backlund et al., in 2010. The tests conducted evaluated several aspects of 

the simulator; in the first test, the learning effects of the simulator were analyzed through 

simulation sessions. Then, through an interview study aimed at analyzing traffic school 

students’ perception of the virtual reality environment, the simulator was evaluated as a tool 

for learning, and finally it was evaluated as a pedagogical tool through an interview study 

conducted with traffic school instructors. Through this project, it has been empirically 

demonstrated that there is a positive relation between gaming and education. Additionally, 

the possibility of simulating risky situations represents a valuable reason to continue the 

developing of serious games. 

Guzek, Lozi, Zdanowicz, Jurecki & Stańczyk,  (2009) have used a simulator conceptually 

similar to the one used in the present project (more details in Section 2.5.1), to study the 

behaviour of drivers in terms of reaction time in risky situation such as crossroads. A real 

road was replicated in the simulator. There were two roadblocks on the track, one was a car 

approaching the crossroad from the right side and the other was a car passing on the other 

lane while an overcome manoeuvre was performed by the driver. The main variable of the 

study was defined as “risk time”, the time between the moment in which the driver notice the 

roadblock and the moment of the collision. The risk time was calculated as a combination of 

car’s velocity and distance from the roadblock. The outcomes of experiment were statistics 

about the number of collisions that occurred in different scenarios with different values of 

risk time. They confirmed the results conducted by the same authors in a real life 

experiment: there is a correlation between risk time and number accidents. This is a good 

example of how a simulation environment can be used to replicate a previous study 

conducted in real life. 

Brookhuis, de Waard & Samyn (2004), have studied the effects of drugs on drivers' 

behaviour. Thanks to the use of a simulator it has been possible to let the participants take 

different drugs before starting the simulation session that was aimed to measure driving and 

psychological performances. 
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2.3 Crossroads scenarios in mixed traffic flow 

Traffic safety has many branches and there are several kinds of studies that can be 

conducted. One interesting case that has been analyzed is the interaction between drivers 

and cyclists at crossroads. These are situations in which one common error called “looked 

but failed to see” arises (Herslund & Jørgensen, 2003).  

Summala, Pasanen, Räsänen, & Sievänen (1996) analyzed some crossroads scenario in the 

city of Helsinki. Their study is divided into two parts. First they analyzed the police accidents 

database of the year 1990 and identified eight different scenarios, depicted in Figure 1. In the 

bottom left corner of each box (A-H), 𝑛 represents the number of accidents that occurred in 

the situation depicted. As it is easy to see, the A case is the most dangerous one. An 

explanation for this is that the driver is turning right and is only checking for incoming cars 

from left and is hence not paying attention to the incoming cyclist from the right and so, an 

accident occurs. 

The authors present the hypothesis that the cause of the accidents has to be searched in 

drivers’ scanning behaviour. In fact as the picture shows, the C box indicates that only three 

accidents occurred when the driver was turning left. The reason according to Summala et al. 

(1996) is that, to turn left, the drivers have to check both their right side and their left side. 

 

Figure 1 Crossroad scenarios, A-H, from the Helsinki accident database for the 
year 1990. In each box, n represents the number of accidents occurred in the 

situation depicted. The blue arrows represent the car, while the red arrow represents 
the bicycle  (Based on Summala et al., 1996) 
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The hypothesis has been checked using a two camera recording system, depicted in Figure 2, 

at two sight-obstructed T-Intersections. Three samples of 3 hours at both intersections have 

been collected; only those car drivers who could freely approach the intersection and turn 

into the main street have been included in the analysis. 

The drivers’ line of sight was estimated by looking at drivers’ head movements from the 

videotapes. During the main analyses, the data regarding the head pose of the driver were 

reduced to a three-point-scale that included looks left, looks straight ahead, and looks right. 

The head movements have been estimated using a high nominal accuracy of 5°. That means 

that the measurements are not perfectly accurate. 

The results visible in Figure 3, confirmed the hypothesis made by the authors; on one hand, 

considering the C scenario, most of the drivers turning left looked to right in the moment 

when the field of view to the right starts to become wider. On the other hand, considering the 

same distances, the percentage of drivers turning right who continued to look left is much 

smaller. 

 

Figure 2 Camera System used to observe drivers’ behaviour at a T crossroad. 
(Based on Summala et al., 1996). 

  



 8 

 

Figure 3 Results of the study about the scanning behaviour of drivers in two 
different intersections. (Based on Summala et al., 1996) 

 

One can argue that the number of accidents of each case is related to the frequency of a 

certain scenario rather than to the drivers’ scanning behaviour. Roughly, it is possible that 

the A case has been found with more accidents with respect to the others because of the fact 

that the scenario described occurs more often than the others. Summala et al. (1996) state 

that since the data have been gathered in 25 different intersections and in total only 39 

accidents occurred, this is not the case. Hence they believe that the accidents are related to 

the scanning behaviour and not to the frequency of a certain situation. 

In the next phase of the study done by Summala et al. (1996), some treatments were applied 

in order to change drivers’ scanning behaviour. In this phase only the cases in which drivers 
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turned right have been considered. A critical area was calculated and it has been later used to 

classify drivers according the head movements they performed within it. 

The critical area is identified by two bounds; the latter bound is defined as: 

𝑇 = 𝑣𝑡 +
𝑣2

2𝑎
                             (1) 

Where  

v = the speed of the car (m/s) 

t = the reaction time of the driver. Assumed to be 0.5s 

a= the deceleration of the car. Assumed to be 8𝑚𝑠−2. 

This bound has a really important property; in fact, looking to the right side after this 

boundary is useless because the driver can no longer stop before the cycle path. 

On the other hand, the front bound defined as: 

𝐹 = 𝑐 +
𝑣𝑎

𝑣𝑏𝑑
         (2)                                                                                                                  

 

Where 

c = distance of the cyclist’s path from the corner of the sight obstructing building 

d = distance of the driver’s head path from the corner of the sight obstructing 

building 

𝑣𝑎 =  The approaching car’s speed 

𝑣𝑏 = The approaching cyclist’s speed estimated to be equal to at most 5.6 m/s. 

 

Checking the critical area before the front bound is useless, in fact the sight obstructing 

building does not permit the driver to gain information about incoming cyclists if she checks 

for them before this bound. 

Using the critical area described above, the drivers were then classified in three different 

categories according to which head movements they performed within it. They were 

classified as “hazardous” if they kept their head turned left during the whole crossing or 

“safe” if they looked right within the critical area.  

To sum up, Summala et al. (1996) showed that even if drivers develop an efficient visual 

scanning strategy to avoid collision with other motor vehicles, they can unconsciously 

develop a strategy that hides “visual information about less frequent and less dangers such as 

a cyclist coming from the right” (Summala et al., 1996, p.153). 

Further studies about the crossroads have been conducted by Räsänen & Summala (1998). 

Their study is divided in two phases: during the first phase in each of the four Finnish cities 
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analyzed, a team composed by four experts has reconstructed accidents happened in various 

situations. In the second phase they submitted a questionnaire to the involved people; they 

analyzed the answers and then they grouped the results. The four different groups and the 

results associated to them are listed below: 

 The car turns, cycle track crosses before road crossing: this group has 

confirmed the hypothesis stated in Summala et al. (1996): the cyclist interprets the 

speed changing of the driver in a wrong way, believing that she will give him way. 

Actually the speed change is made because the driver is checking for incoming cars.  

 The car turns, cycle track crosses after road crossing: analyzing this group, 

it has been confirmed that one of the principal causes of bicycle - car crashes is the 

assumption made by the cyclist that drivers will give him way. 

 

  The car drives straight ahead, cyclist comes from the left: this type of 

scenario does not represent dangerous situations; in fact the driver going straight 

has plenty of time to take some evasive actions to avoid the cyclist. 

 

  The car drives straight ahead, cyclist comes from the right: in contrast 

with the opposite scenario described above, this represents the most surprising 

situation from drivers' point of view, indeed half of the drivers have declared they 

did not even realize that a cyclist was there and for this reason, they had no time to 

avoid the crash. 

 

2.4 Cyclists’ visual cues 

Hemeren et al. (2014) studied the behaviour of cyclists in mixed traffic situations. In 

particular they focused their research on the visuals cues that could be observed on a cyclist 

approaching an intersection and on how these cues can help drivers to predict their 

behaviour. 

 Some short video sequences were recorded near the University of Skövde. Each sequence 

started with the cyclist at almost 20 meters from the crossing line and ends with the cyclist at 

6 meters from the crossroad. There were two groups of cyclists, one who turned left and the 

other who went straight on.  

Some students participated in the experiment; they watched all the sequences and for each 

one of them, they were asked to determine if the cyclist was going to turn left or was going to 

go straight, indicating also what the cues that justified their answer were. 

To sum up, head movements, speed and speed changes are important cues that could be 

used by the drivers in mixed traffic scenarios even though sometimes they can be 

misinterpreted and they can lead drivers to bad decisions.  

2.5 Hardware Infrastructure 

This section describes the hardware infrastructure used in this project. A car simulator has 

been used as a controller, and an Oculus Rift has been used during the tests to track head 

movements and consequentially classify the test subjects. 
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2.5.1 Car simulator 

The car simulator used in this project was described for the first time in Lebram, Engström 

and Gustavsson (2006). It is composed of a real Volvo S80 surrounded by seven projector 

screens (Figure 4).  

 

Figure 4 A representation of the car simulator available in the InGaMe Lab, 
University of Skövde 

The car is detected by the operating system, in the same way as a normal controller. A 

“buttkicker” sound system is used to reproduce sound effects and the fans are used to 

reproduce the sense of speed. The authenticity of the car interior brings seriousness to the 

simulator - the driver feels more responsible and comfortable driving a real car, even if it is 

driven on a virtual road.  

The seven screens give an almost complete field of view for the driver. In fact there are five  

frontal screens that provide a 220 x 30 degrees field of view and two rear panels provide a 60 

x 30 degrees field of view (Backlund et al., 2010). Every panel is connected to a peer client 

that differs from the others just as to the positioning.  

 
In order to correctly use all the potential of the simulator described above, the software that 

runs on it should support multiple clients with adjustable camera positioning. 

2.5.2 Oculus Rift 

The Oculus Rift is a head mounted display that uses custom tracking technology to provide 

ultra-low latency 360° head tracking, allowing the users to seamlessly look around the 

virtual world just as they would do in real life (Oculus Rift, 2013). Every subtle movement of 

the head is tracked in real time. 

The Oculus Software Development Kit (SDK) is integrated with Unity 4 Pro. The integration 

provides two prefabs and their associated scripts, specifically a Camera and a Player 

Controller. Thanks to Unity drag and drop system, it is straightforward to start developing a 

game using Oculus Rift (OculusRift, 2013).  
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3 Problem 

Summala et al. (1996) and Räsänen & Summala, (1998) showed that there are some 

crossroad scenarios that are more dangerous than the others. For instance, in both these 

studies it is underlined how the situation described by the A case of Figure 1 is the most 

dangerous one. 

The main aim of this study is to replicate the dangerous situations observed in real life, in a 

virtual road environment and to observe the behaviour of drivers in them. The analysis is 

aimed to answer the following question: “Is it possible that a scenario observed as dangerous 

in real life, is also dangerous in the simulator?" Which are the differences?  

To evaluate the dangerous of a certain scenario, a measure is needed. The number of 

occurred accidents could be a good measure since it is used also in the real life studies. 

However in approaching this study using a simulator it was expected the number of 

accidents to be very low. It has been shown in the studies (Räsänen, M., & Summala, H, 1998 

and Summala et al. 1996) that the danger associated with a certain scenario is related to an 

erroneous drivers’ scanning behaviour- Since this correlation exists, the hazardousness of 

the drivers in terms of head movements has been chosen as a measurement of danger in the 

present project. Roughly, a scenario x is more dangerous than a scenario y if the number of 

hazardous people in x is greater than the number of the hazardous people in y.   

The purpose of the present study is hence to identify dangerous situations in terms of 

hazardousness of the drivers and to check during the analysis phase if the dangerous 

situations identified in real life studies are also dangerous (in terms of erroneous scanning 

behaviour) in the virtual reality environment represented using the simulator. It is important 

to underline that since there is not a definition of a critical area for the crossroads where 

there is not a sight obstructing building, the analysis is narrowed to the four crossroads for 

which is possible to calculate the critical area (A – D, in Figure 1). The calculation of a critical 

area /time is not uncommon in studies in which drivers’ behaviour is analyzed. For instance, 

Guezek et al. (2009) studied the drivers’ behaviour in high risk situations using the risk time 

as a parameter for the classification. 

As stated before, the study has been conducted using a simulation environment in which the 

subjects drive on a virtual road. Taking a cue from the definition given by Backlund et al. 

(2010) reported in section 1, it is possible to call the simulation environment that has been 

developed as a serious game. In fact even though the users are not aware of the purpose of 

the simulation game, it is achieved thanks to their unconscious contribution. 

 One of the most common problems that could affect a study based on a simulator is the lack 

of realism. In particular the behaviour of Non Playing Characters (NPCs) in a game is very 

critical and can affect the results. An NPC should be realistic enough to make the drivers feel 

responsible in the same way as they would be on a real road. As discussed in section 2.4, 

cyclists approaching crossroads actually send visual cues. These have been implemented in 

this project, in order to make cyclists NPC’s behaviour as realistic as possible. 
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3.1 Method 

In the following, the selection criteria used to choose the test subjects and design choices will 

be discussed. For more details about the features of the game that have been implemented, 

see Section 4.  

Since the results of the present study has been compared to some statistics obtained in 

Finnish studies (Summala et al., 1996 and Räsänen & Summala, 1998), the ideal condition 

about the selection of the test subjects would be to recruit only Finns. This has not been 

possible because it is difficult to recruit people with a specific nationality in a university 

campus. For this reason, the subjects analyzed were of different nationalities. Since the 

crossroads scenarios that have been replicated in the virtual road environment are taken 

from Finland, it has been tried to test as many Scandinavian people as possible, assuming 

that Scandinavian people from different countries (Sweden, Norway, Denmark and Finland) 

have a similar way of driving 

One of the crucial features that the deployed game should have, is the possibility to let the 

user drive on a specific path. One possibility could have been to let the driver drive freely 

into the urban road waiting for him to approach the different crossroads. This would have 

been more realistic because in real life traffic you are normally not forced to follow a specific 

road. On the other hand, the elapsed time for each of the test would have been too much and 

the probability of the subjects getting bored would have increased. For these reasons it has 

been chosen to “guide” the drivers through the session in such way that all possible scenarios 

that are presented in the game will be faced by them.  Several solutions have been considered 

and are reported below. 

 The driver could follow some indications given by the co-pilot: during the test a co-

pilot sitting in the passenger seat could give directions to the driver. 

 A GPS voice could give directions to the driver: the game could have a simplified 

integrated GPS navigation system in its features; a voice will then guide the driver, 

step by step, indicating to them which directions should be taken at each crossroad.  

The two alternatives presented above may both be effective but the first one is less efficient 

because to use it, there is the need of someone who constantly gives direction to the test 

subjects. This would be doable if the test subjects were a few, but since circa 30 persons are 

to be tested, it has been is necessary to have a test environment that does not constraint the 

test conductors to put too much effort in each test session. Additionally, the GPS voice gives 

realism to the virtual environment and contributes to make the game more immersive for the 

test subjects. For these reasons it has been chosen to implement an automatic GPS voice 

system that gives directions to the drivers. 

Despite all the features that could be added to help the driver in maintaining seriousness 

during the simulation, it is always possible that someone could start driving around in the 

map forgetting about the task. In that case the test would have been invalidated and a new 

test would have been started. 

The analyses have been conducted thanks to the data retrieved from the head movements 

tracking system based on the use of the Oculus Rift as a gyroscope. 
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During the tests, each subject has been interviewed in two different occasions: 

 Pre simulation interview. This is used to get some general information about the test 

subjects such age, experience with games and experience with driving; 

 Post simulation interview. This is used to get some general impressions of the test 

subjects about the simulation environment and about their own experience. The 

outcomes that have been obtained through the answers to these questions are not 

crucial for the present study but they represent a way to evaluate the simulation 

environment and to obtain the subjective opinion of the drivers about the dangerous 

that the various situations proposed during the simulation session represents. 

3.2 Ethical Aspects 

During the tests, it is necessary to consider that the test subjects are humans and hence there 

are different ethical issues that should not be ignored. In the following, some ethical 

guidelines will be discussed and some exclusion criteria related to ethics will be reported. 

At the beginning of each simulation session, users have been introduced to the simulator and 

to the software by a brief talk; every participant has been informed of the possibility to 

experience nausea and sense of discomfort and has been informed about the risks 

concerning the use of a simulator. The Informed consensus in the Appendix B has been 

provided to them and they have been asked to sign it. 

As it is reported on Codex (2014) the informed consent should follow some of the ethics 

guidelines described by the law on research ethics.  The informed consent signed by the 

people who participated to the experiments, covers all points of the guidelines presented on 

Codex website. 

Moreover, after the simulation session the health status of the each test subjects has been 

checked asking them if they would like to continue or they preferred to stop. 
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4 Software Layer 

In this section of the document, the software component of the project will be presented and 

discussed. The purpose of the following is to give a general idea about the gaming software 

developed using unity3D hence, for the sake of simplicity, the implementation details in 

terms of lines of code will be omitted. However at the end of this section, the reader should 

have a complete frame of the main features of the deployed game and how these features 

have been used during the test phase that is presented in Section 5. 

4.1 Virtual Road Environment 

The virtual road environment on which the test subjects have driven, has been built using 

Unity3D (Unity3D, 2013).  

To make the game run on the simulator, it has been necessary to add a configuration of the 

position of the camera on each client. 

The virtual reality environment is mostly characterized by urban roads. In fact, according to 

the purpose of the study the test subjects should experience a simulation session on a virtual 

urban road in mixed traffic scenarios. The road’s pieces have been downloaded from the 

Unity3D asset store and have been put together in order to built a “track” characterized 

especially from crossroads. X-intersections were available from the downloaded package: to 

be consistent with the study conducted by Summala et al. (1996), every X-crossroad has been 

“transformed” in a T-crossroad occluding one of the intersection’s arms with a building.  

As it is possible to see in Figure 5 and Figure 6, every piece of road is already provided with a 

cycle path (thick white line). In the first example there is also a sight obstructing building 

that hides the cyclist from the driver’s view. The crossroad instance depicted in Figure 5 can 

be thought as one instance of the four crossroads depicted in the first row of Figure 1: the 

driver is approaching the crossroad from the street below and there is a building that covers 

the cyclist coming from the left, hence the drivers should move their head in both left and 

right direction in order to detect the incoming cyclist. For this kind of crossroads, a critical 

area has been calculated, defined by two bounds similarly as the one calculated by Summala 

et al. (1996).  

In the crossroads depicted in Figure 6, there are no buildings because there is no way to put 

a building that occludes the sight of the driver. Since the formulas for the bounds of the 

critical area depend also on the position of the building, here no critical area has been 

calculated. 

During the simulation and in particular before each crossroad, a recorded GPS voice gives 

direction to the drivers in order to let them complete the session without avoiding any of the 

scenarios provided in the simulation environment. 
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Figure 5 A Virtual Crossroad built using Unity3D. In this crossroad there is a 
sight obstructing building that force the driver (blue arrow) to perform head 

movements before crossing the road in order to see the incoming cyclists (red circle).  

 

 

Figure 6 A crossroad without sight obstructing building. The blue arrows 
represent the direction of the car, the red circle is surrounding the cyclist and the red 

arrow represents her direction.  
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4.2 Non Playing Characters Behaviour 

The cyclists and the cars provided in the deployed game are an important component of it. In 

fact, they implicitly define themselves as an integrant part of a mixed traffic environment. 

The cyclist models have been animated manually using the animation system provided by 

Unity3D. The models are visible in Figure 7, the legs and the head have been animated 

together in order to reproduce a realistic movement of a cyclist pedalling and turning his/her 

head around. The cyclists do not react to the incoming car; they simply goes straight on 

assuming the driver will give them way. As suggested in Hemeren et al. (2014), the cyclists 

go straight on, with a constant speed. The speed has been chosen equal to 5.6 m/s  for the 

sake of consistency with respect to the study done by Summala et al. (1996) in which during 

the critical area calculation, a maximum cyclist speed of 5.6 m/s was assumed. 

 

Figure 7 Cyclist Models used in the virtual road environment. 

The cars that the driver could eventually encounter during the driving experience are not as 

important as the cyclist for the purpose of the study. However they help in giving to the 

simulation the necessary seriousness. In fact, if there were no cars on the track the drivers 

would feel too much “alone” and would drive in an incorrect way invading, for instance, the 

other lane and even forgetting to check the crossroads for incoming cyclists/cars. 

4.3 Head Movements Tracking System 

The head movements tracking system is a core component of this project. In fact one goal of 

this work is to study the behaviour of the users in terms of their head movements at 

crossroads. The Oculus Rift is used as a tracker of the head movements. The recording is 

performed in the segment of a street 120 meters before each crossroads. Identifying the 

threshold as x degrees, the output value of the Oculus Rift rotation on the y axis at a given 

time, as v and knowing that the perfectly straight position of the Oculus Rift is equal to 180° 

degrees of rotation on the y axis, it is possible to state that: 

 If 180° − 𝑥 ≤ 𝑣 ≤ 180° + 𝑥 the position of the head is “straight” 

 If 𝑣 > 180° + 𝑥 the position of the head is “right” 

 If 𝑣 < 180 − 𝑦 the position of the head is “left” 

Every head movement performed within the area covered by the tracking system is written 

as a string into a file named with the name of the crossroad (that is the name of the scenario 

that the specific crossroad represents) concatenated with the time in which the simulation 

session has started. Every line written in the file is a string containing: the positions of the 

head in degrees, a string s = {“straight”, “right”, “left”}, the position of the car with respect 

of the centre of the stop line of the crossroad and the position of the bicycle with respect to 

the centre of the crossroad. 
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4.4 Critical Area Calculation 

The critical area, in which the driver should turn his head to check for incoming cyclists at 

crossroads, has been calculated applying the formula seen in the study made by Summala et 

al. (1996).  The speed has been calculated right before the cyclist intersection, while the head 

position of the driver with respect to the cycle path has been calculated using the camera 

position that is stable on the head of the driver. The distance between the path and the sight 

obstructing building has been calculated by putting two empty Unity GameObjects in the 

appropriate positions and calculating the distance between them. 

Some words should be spent on the choice of the point where the speed has been recorded 

for the calculation of the critical area. The speed calculated right before the crossroad is the 

real speed at which the driver will cross the road. It gives a very accurate latter bound but it 

could give a less accurate front bound, since the front bound is calculated using a speed 

recorded in a point positioned after it. 

 

4.5 Network Communication 

The Network Communication component gives the possibility to run the software on the 

hardware described in section 2.5.1. In fact the seven screens are managed by seven clients 

that are responsible of the rendering of each frame of the game. Since the instance of the 

game running on the server makes the objects move, it is necessary to update the positions of 

every moving object at a given time, in each of the seven clients. 

To achieve this goal, a network layer was developed in 2013 by Franco and Procaccini. That 

layer has been reused providing each moving game object with an ID that is used by the 

system to identify the position messages on the net that are responsible to update the 

positions. 
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5 Tests and analysis 

This section will present the tests conducted during the test phase of the project and the data 

that have been gathered.  

The test plan can be divided into three different parts; each part is conducted differently and 

mainly has a different goal. 

 Preliminary tests: These tests are not considered in the study because they have been 

used only to evaluate the implementation, the realism of the simulator and to find 

and fix bugs by which the software was affected. No discussion about these tests is 

necessary because discussing about the bugs that have affected the intermediate 

versions of the software would be too far from the purpose of this study 

 

 Pilot tests: these tests have been used to evaluate the method that has been chosen to 

answer to the research questions presented in section 3. Thanks to these tests, the 

questionnaire (interview questions) have been refined in order to obtain more 

significant data from each simulation session 

 

 Main Tests: these tests are aimed to gather the results that have been analyzed in 

order to answer the research question 

The following section contains a presentation of the data that have been gathered during the 

main tests phase and the related analysis. 

5.1 Main Tests 

During the main tests session, 29 students from the University of Skövde have been 

involved.  The people involved were aged from 19 to 35 (the average was 24.6) and there 

were 22 males and 7 females. Only three participants did not own a right hand driving 

license. In particular one of them was studying to get a left hand driving license. However, it 

has been decided to include all of them in the analysis of the results.   

In the preliminary phase they were asked to evaluate their driving experience both in real life 

and in videogames. The histogram containing the rates from 1 to 7 of both the questions is 

depicted in Figure 8.  In average they have rated themselves better in driving in real life (5.3 

out of 7) than in videogames (5 out of 7). 
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Figure 8 Questions about the driving experience both in real life and 
videogames. The numbers in the legend indicate the rate. The sections of the bars of 

different colour are labelled with the number of users that have rated x for the 
videogame/real life driver experience. On the y axis, these values are expressed with 

the percentage. 

 

The data presented above included one subject who answered to the preliminary questions 

but suffered simulator sickness before starting the session. The effective number of people 

who participated to the experiment has been hence 28. 

The average duration of the test sessions has been of eight minutes. At the end of the session, 

each participant has been interviewed and asked for some feedback: the questions were 

divided in three main categories, questions about the car, the roads and the GPS voice, 

questions about the visibility of the cyclists and questions about their health status. 

The car controlling has been evaluated realistic in general but some of the users have 

experienced a bad feeling with it. The main problem with the car was the underestimated 

perceived sense of speed- a well known problem for this specific simulator, also presented in 

other studies such as Procaccini (2013). Additionally some problems with the brake were 

experienced. 

Before proceeding to the main analysis, a discussion about the speed is necessary. The 

average speed of the simulation session for each participant has been calculated and the 

results are presented in Figure 9. On average the speed has been of 52 km/h and there have 

been some participants that could be identified as slow (average less than 50 km/h) and 

some that could be identified as fast (more than 50 km/h on average). The main analysis in 

the following contains also a part in which these two groups are classified separately. 

However analyzing each single driver, there are no strong correlation between 

hazardousness and speed. 
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Figure 9 The average speed of each participant during the simulation session. 
The speed has been calculated dividing the length of the track for the duration of the 

session. 

Before proceeding to the analysis, it is useful to remind that a subject is safe if it has looked 

to the direction of the bicycle within the critical area, hazardous otherwise. The threshold 

used to convert the position of the head into a direction (left, right, and straight) has been set 

to 10° degree. This is the maximum gaze direction that was recorded during the experiments 

conducted by Summala et al. (1996). It means that every movement of 10° from the straight 

position has been considered either as “left” or “right”. The other movements have been 

considered as “straight”. 

The results of the main analysis on the head movements performed by the test subjects in 

the four scenarios taken in consideration are gathered in the histogram of Figure 10.  For 

these results the average of hazardous drivers has been calculated on the four different 

crossroads. It is of 61% with a standard deviation of 12%. 
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Figure 10 Data about the Analysis of the crossroads for which is possible to 
calculate the critical area. For each bar, the first letter on the x-axis represents the 

name of the scenario, the second letter represents the direction where the driver has 
to turn and the third letter represents the incoming direction of the cyclist. 

As it is possible to see in Figure 10, the results do not reflect the trend of accidents found by 

Summala et al. (1996) and Räsänen & Summala. (1998).  

The crossroad A, in which the driver has to turn right and the incoming cyclist is coming 

from the right side, is not the most dangerous one. Instead, the crossroad C that was not so 

dangerous according to Summala et al. (1996), is the one that presented the highest number 

of hazardous drivers. 

5.1.1 Speed Analysis 

Grouping the drivers by speed (slow < 50 km/h and fast ≥ 50 km/h as shown in Figure 11 

and Figure 12) does not change the trends. In fact, the only slight difference is that the D 

crossroad in the slow drivers analysis is more safe than the A crossroads. The main point is 

that C and B crossroads still remain more hazardous than the A one. However it is notable 

that in general, fast drivers have been more hazardous than slow drivers. In particular, the 

minimum percentage of hazardous drivers in the slow speed group is 32% but in the case of 

fast drivers this percentage goes up to 56%.  
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Figure 11 Analysis made on the slow drivers. For each bar, the first letter on the 
x-axis represents the name of the scenario, the second letter represents the direction 
where the driver has to turn and the third letter represents the incoming direction of 

the cyclist. 

 

 

 

Figure 12 Analysis made on fast drivers. For each bar, the first letter on the x-axis 
represents the name of the scenario, the second letter represents the direction where 

the driver has to turn and the third letter represents the incoming direction of the 
cyclist. 
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A further analysis has been made excluding the fastest and the slowest users. Only users with 

a speed x, 40 < 𝑥 < 60  have been taken in consideration. As it is possible to see in Figure 13, 

the trend does not change. The C scenario and the B scenario have the highest numbers of 

hazardous drivers. The A scenario is the safest; hence it is possible to conclude that the speed 

does not affect the main trend of these analysis. The A crossroads is more safe than the C one 

contradicting what has been shown by Summala et al. (1996) in their real life study.  

 

 

Figure 13 Analysis made on medium speed drivers. The speed is 40< 𝑥 < 60. For 
each bar, the first letter on the x-axis represents the name of the scenario, the second 

letter represents the direction where the driver has to turn and the third letter 
represents the incoming direction of the cyclist. 

 

5.1.2 Driving Games Experience Analysis 

An analysis dividing the subjects according to their experience in driving videogames has 

been made. In this way, it is possible to check if a greater experience in videogames modifies 

drivers’ scanning behaviour. During this analysis, people who have rated their gaming 

experience as 4 or less, have been considered non gamers (11) and people who have rated 

their game experience as 5 or more have been considered as gamers (17). 

The results from these analyses are presented in Figure 14 and Figure 15. What it is possible 

to note at a first glance, is that the trend remains the same. The A scenario is the one with the 

lowest number of hazardous subjects in both the cases. The C scenario remains the one with 

more hazardous people in both the groups. The only notable difference is that analyzing the 

gamers group, the A scenario and the D scenario present the same number of hazardous 

subjects. Comparing the two charts, it is possible to see that the in average gamers have been 

more hazardous than non-gamers. In fact, 60% of non-gamers have been hazardous while 

63% of gamers have been hazardous. This difference is not great but an interesting result is 

that the distribution of hazardousness in the gamer group is less scattered than in the non-

gamers group. In fact, the standard deviation from the mean of hazardous drivers in the 
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gamers group is only 8.82%; on the contrary this value for the non-gamer group goes up to 

19.6%. 

 

Figure 14 Analysis conducted on non-gamers test subjects. For each bar, the first 
letter on the x-axis represents the name of the scenario, the second letter represents 

the direction where the driver has to turn and the third letter represents the 
incoming direction of the cyclist. 

 

Figure 15 Analysis conducted on gamers test subjects. For each bar, the first 
letter on the x-axis represents the name of the scenario, the second letter represents 

the direction where the driver has to turn and the third letter represents the 
incoming direction of the cyclist. 
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5.1.3 Latter Bound Analysis 

Before discussing the reason behind the results presented in the sections above, it is worth to 

underline something about the calculation of the critical area. 

The two formulas that define the critical area have some conditions in which the front bound 

could be closer to the crossroad than the latter bound. In this case, using the definition of the 

two bounds it is possible to say that the cyclist is not yet visible when the driver should start 

to brake to avoid the impact. The calculation of the front bound is not only related to speed 

of the car but also to the position of the car before the crossroad. Since the results of the 

analysis about the speed have shown that there is not a strong correlation between speed and 

hazardousness, one can think that the position of the drivers has really influenced the results 

of the classification. As it will be shown in the following analysis, this is not the case.  

In the analysis conducted above, the special cases where the front bound was closer than the 

latter bound, have been treated as hazardous, but a further analysis has been made in which 

only the latter bound is considered as a limitation of the critical area. It is possible to take 

away the front bound from the definition of the critical area and consider the movement of 

the head performed until the latter bound is reached. The results obtained from the analysis 

conducted considering the latter bound only, are gathered in Figure 16. The average of 

hazardous drivers changes from 61% to 54% and the standard deviation changes from 12% to 

16.57%. 

 

 

 

Figure 16 Data about the head movement analysis in the crossroads (not 
considering the front bound). For each bar, the first letter on the x-axis represents 

the name of the scenario, the second letter represents the direction where the driver 
has to turn and the third letter represents the incoming direction of the cyclist.     

In terms of hazardousness, the situation changes slightly. Now the A scenario is more 

hazardous than the D scenario but it is still more safe than the B and C. What is possible to 

infer is that the intuition of considering the cases in which a front bound was closer to the 
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crossroad than a latter bound as hazardous, was not totally wrong. To conclude the analysis, 

it is important to underline that no mention about this special case has been made in 

Summala et al. (1996). These cases have been found out after the data had been already 

gathered and they have been treated in the way specified above. 

 The issue about the non correspondence with the real life studies still remains. Intuitively 

the answer can be found by analyzing the simulation environment. The experiment has been 

conditioned by the GPS voice. By analyzing the log files it has been discovered that people 

are safer in the scenarios where the cyclist is coming from the direction in which the driver 

has to turn (B and C). On the other hand, a driver that has to go to the right (A and D 

scenario) looks to the right rather than the left. This hypothesis has been confirmed by the 

results obtained by analyzing the crossroad C in which the driver has to go right as in the 

crossroad A but, the bicycle is coming from the opposite direction. In fact, most of the 

drivers crossing the C intersection look only to the right, resulting in a hazardous behaviour 

since the cyclist are coming from the left.  

5.1.4 Other Results 

This section presents the complementary results obtained by the analysis of the answers that 

have been given from the test subjects during the post session interviews. Looking at Table 1, 

some discussion could be made. In this table there are also feedback about the crossroads 

that have been not included in the analysis. However they have been reported because it is 

interesting to see the “other side” of the study represented by the users’ point of view. 

 

Table 1 Post session results. The numeric value represents the average rate of the specific 

question. The “Less Visible” and “Most Visible” columns refer to the crossroads and report 

how many time the cyclist in the specific crossroad has been identified as the “Less visible” 

and “Most Visible”. 

Question  Value 

GPS [1-5] 4.71 

Realism [1-7] 5.17 

Stress [1-7] 2.57 

Sickness [1-7] 1.60 

Dizziness [1-7] 1.96 

Most Visible Cyclist [A-H] A=0; B=2; C=0; D=1; E=5; F=4; G=4; H=6; 

Less Visible Cyclist [A-H] A=3; B=1; C=3; D=3; E=2; F=4; G=7; H =4; 
 

 

Starting from the top row, it is possible to see that the GPS instructions were clear enough. 

In fact, the lowest grade has been 3 and the average is 4.71. Some people complained about 

the fact that in the first crossroad the GPS voice had a delay. This is because there was a long 

straight road before it, where the users reached high speeds. 

The realism was rated high and this could be thanks to the variety of cyclists on the virtual 

road. Some of the subjects have underlined that the turns to the right have been more 

difficult than the turns to left. This justify why the G and H scenarios where the drivers had 

to turn right and the cyclist was coming from the side, have been mentioned in “less visible 

cyclist” seven and four times respectively. The cyclist in the A scenario that according to 
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Summala et al. (1996) is the most dangerous scenario a driver could be in, has been 

mentioned as “less visible” only three times. 

Three subjects have judged the cyclists in the scenario E, F, G, and H together as most 

visible. The reason is always the lack of a sight obstructing building. 

 

Finally, it is important to consider the health status of the participants. It is possible to see in 

Table 1, that no participants have shown particular problem of sickness or dizziness. Some of 

them have rated themselves stressed because in that cases this has been the third of three 

experiments conducted in the lab. 
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6 Conclusions and Future Work 

The present work is an example of how a simulator can be used to conduct studies in which 

the set up is similar to ones already conducted in real life. Guzek et al. (2009) used a 

simulator to conduct an experiment already conducted in real life, and in that case the 

simulator experiment confirmed the results obtained before. 

In this thesis, the results did not reflect the trends discovered in the real life studies hence it 

is possible to conclude that the trends that are present in the real life traffic are not present 

in the simulator. As discussed in Section 5, the reasons behind this may be multifaceted. The 

author strongly believes that the main reason is related to the way the users have approached 

to the simulation session. All of them have maintained seriousness during the tests but they 

were really focused on the instructions of the GPS. This does not mean that the GPS has been 

a wrong choice. In the author’s opinion the GPS represents the best way to give directions to 

the users. But the combination of users being focused on the directions to follow and the fact 

that there were no cars in crossroads, resulted in a general hazardousness in the head 

movements. In any case that has been analyzed in Section 5, the average of hazardous 

drivers has been circa more than 50%. 

Indeed, according to the hypothesis demonstrated by Summala et al. (1996), drivers’ 

scanning behaviour is influenced by the fact that they are aware of the danger represented by 

a car approaching a crossroad. On the contrary, in the simulator no other car is crossing an 

intersection. This has been a design choice for the sake of consistency with the study made 

by Summala et al. (1996). It is possible that the scanning behaviour used by drivers in real 

life has not been transferred to the simulator since they were aware of the safe simulation 

environment and they realized that no car would cross the intersections. Roughly the drivers 

could have changed their scanning behaviour assuming that no crossing cars were included 

in the scenarios. 

For what have been just said above, the first thing that should be improved in the current 

virtual environment is the variety of the crossroads. Not only intersections with cyclists 

should be included, but also the presence of some crossroads with cars could be necessary to 

increment the realism of the study. The users should drive in a more heavy traffic. As 

mentioned above, some cars in the intersections are necessary but also some incoming cars 

from behind or some overtaking cars could contribute to create a better “atmosphere” where 

the drivers would be forced to use their real scanning behaviour. The consistence with the 

study of Summala et al. (1996) can be maintained by including some crossroads with only 

cyclists. 

Since it has not possible to identify the critical area for some of the scenarios considered in 

this project, a more general definition would be necessary. An instance of this new definition 

could be the following: a hazardous driver will be a driver who does not look into the 

direction of the cyclist when crossing an intersection. On the other hand, a safe driver would 

be a driver who moves the head to the cyclist direction at least once before crossing the 

intersection. 

Concerning the analysis phase, it could be possible to conduct a deeper analysis as the one 

made by Summala et al. (1996) (Figure 3). In fact they have classified the drivers as 

hazardous in different intervals of space calculated before the crossroad. This approach 
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however, is just a fining of the approach used during the conduction of this project and 

would not have affected the final results observed here.  

A way to do further analysis without changing the approach, is to modify the threshold used 

to identify the staring direction. As stated above, the threshold has been chosen to 10° 

according to the maximum average measurement recorded by Summala et al. (1996). A finer 

analysis can be made considering a lower threshold of 5°. However, the Oculus Rift is 

affected from some bias related to its own calibration. So it has been chosen to have a higher 

threshold to take in consideration that the position of the head maintained during the 

calibration, slightly changes during the drive. Some analyses considering the lowest 

threshold of 5° have been conducted and for the sake of simplicity are not reported hereby. 

However the results have shown that in general, the trends do not change. 

Furthermore it is possible to expand the study using the crossroad scenarios studied in 

Räsänen & Summala (1998). They have considered four different groups of crossroads, 

taking into account also cases in which the car goes straight on. 

A more deep analysis could be conducted if more data would be available. Summala et al. 

(1996) based their work on the hypothesis that the danger of a certain scenario is related to 

drivers’ scanning behaviour rather than to the frequency of it. Starting from the data they 

had, they stated that the frequency of a certain situation should not affect its level of danger.  

It would be interesting to continue the present study analyzing scenarios for which also the 

frequency is available. In fact, it is possible to consider the present study as an instance of a 

more general study: every scenario occurred exactly 28 times; hence the results have been 

analyzed on an equally distributed setting. But if the frequency of a certain scenario would 

have been available it would have been possible to study if the hazardousness of people is 

related to the frequency of the scenario. The comparison with the results obtained in a real 

life study that takes in consideration also the frequency of the scenario would have been 

more accurate. Given the actual virtual environment, scenarios can be duplicated and the 

track can be expanded adding new crossroads. Hence it would be easy to expand the study.  

On the other hand, this leads to a greater duration of the simulation session and that could 

represent a considerable bias during the analysis since the tests subjects could be exhausted 

if the simulation session is too long. 

Another limitation of the present study has been the lack of an eye movement tracking 

system.  This lack has also affected the study made by Summala et al. (1996) so it is possible 

to state that given the same threshold to determine the staring direction, the classification 

made about the head movements has been conducted in a similar way. However a more 

accurate analysis would have been possible if an eye movement tracking system would have 

been implemented. This has not been done mainly because of the lack of time but is a 

considerable future work. 
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Appendix A -  Users’ Interview Questionnaire 

This section contains all the questions that will be asked to the test subjects before and after 

the simulation session. The purpose of this section is to provide data that will be analyzed 

during the last phase of the present work. Before every simulation session the user will be 

provided with instruction about his/her task and with some prior information about the 

simulator features and possible collateral effect deriving from simulator’s use. Moreover the 

users will be invited to sign the informed consent (see Appendix B - ) for personal data 

treatment. 

 

A.1 Preliminary Questions 

1. How old are you? (Possible answers in range 16-20, 21-25, 26-30 and so on) 
 

2. Do you to own a driving license of a right-hand driving country? (Yes/No) 
 

3. How do you rate your driving experience in real life? (1 to 7, 7 being the best) 
 

4. How do you rate your driving experience in computer games? (1 to 7, 7 being the 
best) 

 
5. Do you have any previous experience with a driving simulator? (Yes/No) 

A.2 Post Session Questions 

1. Did you experience any problem in controlling the car? Which Problems? 
 

2. Were the GPS instructions clear enough? (1 to 5, 5 being the best) 
 

3. Could you spot any difference in approaching the different crossroads? 
 

(a) Did any of them be more difficult to cross than the others? Which difficulties? 
(b) Did any of them be more visible than the others? Why? 
(c) Did any of them seem more realistic than the others? Why? 

 
4. Could you spot any difference in manage the danger of the incoming cyclists? 

(Yes/no). Why? 
 

(a) Did any of them force you to sudden manoeuvre the car? Whose fault was 
that? 

(b) Did any of them be more visible than the others? 
 

5. How would you rate the overall realism of the behaviours’? (1 to 7, 7 being the best) 
 

6. How comfortable could you drive among the other cars and cyclists? (1 to 7, 7 being 
the highest) 

(a) Stress Level 
(b) Sickness Level 
(c) Dizziness Level 
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The following crossroads scratches are used during the interview to help the test subject in 
recognizing the various situations in order to answer to the questions about the crossroads. 
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Appendix B -  Informed Consent  

 

We kindly ask you to participate in a test aimed at evaluating two simulators. 

Participation is voluntary, and you can stop the test whenever you want. If that happens, we 

just ask you to tell us why. 

Keep in mind that some people can experience “simulation sickness”, that is, some heavy 

discomfort when using the simulator for too long time. If this happens to you, let us know 

and we will stop the test. 

Also, if you are affected or you think you can be affected by amaxofobia, that is, the fear of 

driving, you are discouraged in take part in the experiment. 

The test consists in a series of driving sessions across different situations, which you are 

supposed to handle in the way that is more natural to you. During each session, some data 

about the way you drive will be gathered, and we are going to ask you some questions about 

your impressions. 

The collected information will be used by the research team for research purposes only and 

the published results will be anonymous, with no possibility to trace it back to single 

individuals. 

By signing this consent, you accept to take part in the test, and allow us to use the gathered 

information in the ways described above. 

Name Surname Signature 

   

 

Test Conductors 

__________ 

__________ 

__________ 

 

 

 

 
 
 


