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Abstract 
 

In this project, the perception of distance and the degree of immersion in a game, with 

two different visualisation techniques, have been evaluated. A bicycle simulator was 

used, and the game has been tested in a non-immersive virtual reality, by projecting 

the game on a screen, and using an immersive virtual reality by Oculus Rift. The study 

provides a preliminary investigation that focuses on how humans can perceive the 

distance, an overview of the term immersion and how to quantify this component.  

Regarding the study of the perception of distance, to subjects who have tested the 

game has been asked their perceptions of distance with respect to a given object. The 

immersion was studied and evaluated using a questionnaire given to each subject.  

The results showed an underestimation of distance in both the visualisation of the 

game, precisely a greater underestimation respect to real distance when the screen was 

used was found.  

The degree of immersion did not detect large differences between the two visualisation 

techniques. 
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1 Introduction 

One of the classical images that come to mind when thinking about virtual reality is that of a 

person with a device on her head, covering her eyes (Boas, 2012). This device is called head 

mounted display (HMD) and immediately after its birth, a long history of research on it has 

been started. 

HMDs have been around since the 1960s, with Ivan Sutherland's first FIMD which was a 

see-through stereo system with miniature CRTs as the display devices, a mechanical tracker 

to provide head position and orientation in real time, and a hand-tracking device (Rolland, 

Holloway & Fuchs, 1995). 

Ever since Sutherland's first see-through HMD, there have been many attempts to develop 

different varieties of HMD. On the following years, this technology has influenced the 

military field. We can consider, for example, the first prototype of an aircraft used to help to 

detect heat sources missiles opponents or in the United States, the study on providing the 

crew with a lot of information through the use of HMD. An uncomfortable limitation was 

considered as being related with the first big and bulky prototypes of the HMD which were 

limited in head movements, and did not give the users the ability to move their head in the 

same way as in real life. Recent technological advances however, have meant that HMDs 

have become very small and light, almost as simple glasses, giving greater comfort and no 

restriction of movement. 

However, no HMD is perfect for all purposes owing to technological limitations and 

depending on application domain. For this reason, we must be able to validate both the 

advantages and disadvantages of each HMD, capabilities and limitations (Kiyokawa, 2007). 

Some examples of recent versions of HMD are the Oculus Rift, the smart goggles by Sensics 

and the HMZ -T2 3D viewer by Sony. The main characteristics of HMDs are enclosed in two 

fundamental aspects: they are able to provide the user with a close-up view of a virtual 

world, and providing the user with a completely immersive 3D environment, thus enabling 

the tracking of head movements.  

The aim of the study presented in this thesis, attracted by the large diffusion of this new 

technology, is to compare the different involvement of a player in a game using the Oculus 

Rift and a normal screen. In addition, it will be possible to study the perception of distance 

by using the Oculus Rift and compare it with the distance perceived using the screen. 
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2 Background 

In order to understand the study we are dealing with, we need to define and explain various 

elements: Simulations, virtual reality, perception of distance and immersion in the virtual 

reality.   

2.1 Simulations 

Simulation is the imitation of the operation of a real-world process or system over time 

(Banks, Carson & Nelson, 2000). The act of simulating something requires a model to be 

developed. The model represents the system and the simulation represents the operation of 

the system over time. 

In other words, simulation is the process of designing a model and conducting experiments 

with that model (Encyclopedia of Computer Science, 2014). 

However, many real-world problems are very complex to replicate. Then the simulation is 

limited to an approximate degree of acceptable fidelity for the purposes of the study. The 

models that were constructed in the past have been applied for any system imaginable, such 

as factories, highway systems, national economies, flight dynamics, and imaginary worlds.  

In each of these environments, the system has proven to be more effective, faster, less 

dangerous, or more practical. 

Despite this, some limitations should be recognized when a simulation is running. The first 

problem is the possibility of creating the system thoroughly the simulation. The real systems 

may be extremely complex, so some details have to be omitted. For this reason, developers 

must accept and evaluate a little inaccuracy in the system. The availability of data to describe 

the behaviour of the system can be considered as another limitation. The input data for a 

model can be scarce or unavailable. Both limitations, thus lead to approximate results. For 

this reason, the simulation usually does not provide specific data and exact results, but the 

general trend measures (Encyclopedia of Computer Science, 2014). 

 

2.1.1 The history of simulations 

 

One of the inventors of the concept of simulation was John von Neumann (Eckhardt, 1987). 

At the end of the 1940s, Neumann conceived the idea on running multiple repetitions of the 

same model by deriving behaviour of the real system on the basis of these models. This 

model, called the Monte Carlo method, is a numerical method that is begin used on finding 

the solutions of mathematical problems, which may have many variables and which cannot 

be solved easily, for example the integral calculus (Eckhardt, 1987). 

In 1960 Keith Douglas Tocher developed a simulation program for the operation of a 

production plant. The main purpose was to let the machines run in the following cycles: in 

use, on standby, and fault not available. This work has also led to the first book on the 

simulation: the art of Simulation (Tocher, 1963). 

At that time, in the early 60s, IBM has developed the General Purpose Simulation System 

(GPSS). GPSS was designed to perform simulations teleprocessing, which included for 

example the booking of airline tickets, the urban traffic control, management of telephone 

calls, etc. This became very popular in those years, thanks to its ease of use (Lander, 2014). 

In addition to the developments made by IBM, the Royal Norwegian computing centre in 

1961 began the development of the SIMULA program, which has probably been the most 

https://archive.org/search.php?query=creator%3A%22Tocher%2C+K.D%22
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important programming language in history (Lander, 2014). In 1967, the Winter Simulation 

Conference was founded, and since then and the present time, records of simulation 

languages and derived applications have been filed there.  Today this is the benchmark 

insofar as advances in the field of simulation systems are concerned (Lander, 2014). 

 During this period and in subsequent years, the results of modelling tools and advanced 

analysis have been developed. The simulation has reached its expansion phase so it has been 

applied to various fields. 

Typical simulations are being applied: in aeronautical field, from meteorology to flight 

simulators; in land field, from systems of representation of videos, simulations of weapon 

systems, to the generation of images; in the naval field, the systems of mobile platforms; in 

the aerospace, systems of interactive evaluation of remote data from multiple sources 

(satellites, probes, sensors, etc.). 

An important milestone was reached when the simulations have been incorporated into the 

military field. The use of simulations in the military field has a long history of research. 

The military has been using games for training, tactics analysis, mission preparation, and 

systems analysis for centuries (Smith, 2010).  

Computer simulations, hence the prediction of outcomes, was also used during the World 

War II. To attack an enemy, artillery on the ground was used and depending on the distance 

of the target and the type of artillery used, the bullet had to assume a correct angle, 

considering meteorologists factors such as wind. In order to determine this correct angle, the 

artillery men used the so-called firing tables. Computations of these ballistic studies were 

done at the Moore School of Electrical Engineering, part of the University of Pennsylvania, 

but those could take up to 40 hours when a desktop calculator was used. The speed of 

development of projects of artillery, led to the need for computing power. 

In the 80s, a Combat Training Center, by the U.S., had been developed in California, at Fort 

Irwin, where soldiers were being trained and techniques and simulation systems were being 

tested. In 1991, the Department of Defense studied the steps necessary to apply Modelling & 

Simulation, to improve the military capabilities of the armed forces.  

The high technological level of realism achieved today by the simulation systems, has led the 

United States to consider simulation as a "strategic asset" of considerable importance so 

much that even Joseph Redden, commander of the Air Force's Air University, at Maxwell Air 

Force Base, told an industry briefing in Orlando, Fla. "We're using simulation to anticipate 

critical events as realistically as possible before we actually have to deal with them in real 

life". 

 

2.1.2 Computer Simulations 

 

A computer simulation is a simulation running on a single computer, or a network of 

computers, to reproduce behaviour of a system. 

In agreement with Mills (2002), computer simulation can be defined as a model for setting 

up a problem and investigating diagnostics for the model thus seeking possible violations of 

assumptions. 

Over the past 20 years, with the increasing availability of powerful computers, computer 

simulations have become an attractive method to research the behaviours of complex 

systems. In science, simulation techniques have been used to study problems such as 

dynamic systems, critical phenomena and the large-scale structure of the universe 

(Huberman & Glance, 1993).  

http://en.wikipedia.org/wiki/Simulation
http://en.wikipedia.org/wiki/System
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As suggested by da Zeigler, Prehofer & Kim (2000), the simulations, depending on the model 

on which they are applied, can be divided into: 

 Statistical models, a representation of a system at a particular instant of time, in 

which the variable of time does not play any role. 

 Dynamic models, which is a system that evolves over time. 

 Deterministic models, when the time evolution of a model is determined by its 

characteristics and initial conditions. These do not take into account the randomness 

and are resolved with specific functions. 

 Stochastic models are resolved through the use of random elements. 

 Continuous simulation models and discrete simulation models. In the first ones 

(continuous simulation models) the state of the variable changes continuously as a 

function of time. The models in discrete simulation are seen as an overlapping of 

sequences, divided between them by pauses of inactivity. These operations are 

starting and ending in well-defined instants called events. The system undergoes a 

change of state upon the occurrence of any event. 

 

We all know the level of computational power that has been reached. By means of this, 

computer simulations have become a useful part of mathematical modelling of many natural 

systems in physics, chemistry and biology, human systems in economics, psychology, and 

social science and in the process of engineering new technology, to gain insight into the 

operation of those systems. 

2.1.3 Traffic simulations 

 

Computer models are also widely used in traffic analysis and transportation system. The first 

thesis published in this field has been to Gerlough: "Simulation of freeway traffic on a 

general-purpose discrete variable computer" at the University of California, Los Angeles, in 

1955 (Pursula, 1999).  

Since those years, computer simulation has become an important tool much used in 

transport engineering, much related to the training and demonstration. 

We can consider for example the problem of simulation linked to the issue of the flow of 

traffic, delays and queue lengths that are also a subject of endless study, the behaviour of the 

drivers in the presence of an intersection or danger, and many other factors that can increase 

safety on the roads. 

These are just giving us an overview of car simulators, but we must not forget so many other 

advantages of simulation applications in railroad, air and maritime transportation. 

Today airlines simulators are able to provide realistic experiences, similar to a real airline. 

These simulators are able to provide scenarios identical to those of a real aircraft. These 

homes of simulators also provide an outlet for those who are interested in aviation.  

As of 2014, an estimated 80 percent of virtual pilots hold no real world pilot's license 

(Murphy, 2014). 

There are also bicycle simulators, designed to provide greater safety on the road thus 

focusing the study about the behaviour of cyclists in certain situations. We can consider, for 

example, the development of two setups of bicycle simulators to conduct psychophysical 

experiments; extensive theoretical studies on the interactive bicycle simulator; development 

two generations of bicycle simulators and connected them together to realize bicycle racing 

(Yin S. & Yin Y., 2007); Liu Chung at al. (2012), that describe an experiment with bicycle 

simulator on urban road, where show the response time of cyclists in case of danger and Yin 
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at al. (2007), that have studied the force sensing and force display device for the interactive 

bicycle simulator. 

The main benefits of simulation are that it allows you to perform specific tests and targeted 

training to maximize efficiency, costs, security and data collection (Nilsson, 1993). 

2.1.4 Serious Games 

 

“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” 

(Seriousgaming, 2014). 

Starting in 2007, the market for serious games was $ 20 million, and the digital gaming 

sector was 10 billion dollars a year (Susi, Johannesson & Backlund, 2007). 

The research, however, has not stopped yet and now the number of serious games in 

development is growing rapidly. 

Many entertainment games are used for other purposes than entertainment: such as 

Civilization, Hidden Agenda are used as learning tools in schools and universities around the 

world. 

Serious Games offer new economic opportunities for a lot of industries, employing tens of 

thousands of high-tech workers in the U.S. and worldwide. 

Some examples, shown below, can give us an idea of the vastness of the environments in 

which these types of games can be exploited.  

We can for example refer to works such as Supercharged! (MIT Comparative Media Studies, 

2002) that deals with the improvement of learning physics; VR Phobias (Wiederhold, 2004) 

that focuses on the research of possible phobias like fear of the dark or of spiders, the 

simulator training for dealing with terrorist attacks Biohazard (Carnegie Mellon 

Entertainment Technology Center et al., 2004); or Sidh in game-based firefighter training 

simulation (Backlund et al., 2007) developed by the University of Skövde in collaboration 

with the Swedish Rescue Service Agency, for the training of firemen. 

To give us an idea about the advantages of this field is enough to consider that is possible 

simulate a landing or a take off without worrying about possible human or environmental 

disasters, or study the effect that alcohol has on driving reflexes without the risk of causing 

fatal accidents. 

Serious games then not only have the purpose of entertainment and fun for the users, but 

most have as their purpose the education and training. 

The main purpose of serious games, so it can be locked in four key areas: to stimulate mental 

agility, memory, readiness and concentration through the simulation of reality. 

 

2.2 Virtual Reality 

 

As Morganti and Riva (2006) has stated, virtual reality may be considered an interface to 

experience, in which the perceptual component (visual, tactile) merges with interactivity: 

one knows the objects and uses them to learn through direct experience and real-time of 

their reactions according to her actions. Hence virtual reality is used to learn the subject of 

complex motor activities in flight simulators, driving or in the medical field. 
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Virtual Reality (VR) can be seen as the idea of replicating the real life, in all its forms, from 

the point of view of visual, tactile and auditory. 

One may be able to do this through communication interfaces of the computer (keyboard, 

mouse, and monitor) or through devices that completely "immerse" the user in a virtual 

environment, such as special gloves to interact manually with 3D components, motion 

tracking and helmets with stereoscopic viewers.  

The virtual reality allows people to enter the visual world, thus giving the possibility to 

explore and often interact with objects inside.  

Simulation and virtual reality share the same basic meaning: imitating and reproducing a 

reality. The main difference stands in the final goal. The purpose of the simulation is to 

reproduce a real system, for example in the workplace, the simulation can have a great utility 

as a training tool. We could mention, for example, police training, pilot training aircraft, 

medical simulations, and the test cars. 

The purpose of virtual reality is based on recreating worlds and objects which are the digital 

transposition of real environments or fantasy. In other words, the virtual reality tries to 

create another reality. 

It is possible to split virtual reality into immersive and non-immersive. The immersive 

virtual reality envelops the user in a new reality (details about the concept of immersion will 

be made in chapter 2.3). The non-immersive virtual reality is a reality in which the user can 

interact through a joystick with the virtual environment through a screen or monitor.  

There are additional distinctions that can be made for different types of VR. We can, for 

example, consider single-user VR vs. multi-user or networked VR. In the first we have the 

presence of a single user in the VR in the networked VR there are multiple users who share 

the same virtual environment. 

VR dates back to 1960 when Sutherland invented the first prototype of head mounted 

displays and 1977, Sandin and Defanti (1977) worked together and made the first data glove 

in the world. The glove detects movements of a hand, to enable interaction with computer 

interfaces (Sherman at al., 2002). 

All this evolution has led to the creation of great tools that allow the last user to be immersed 

in virtual reality.  

In 1987, NASA's research has led to the development of VIEW. This was intended to help the 

design of space missiles and was the first system used to combine computer graphics, video, 

three-dimensional sound, voice recognition, a virtual helmet and Data Glove. 

Projection VR is introduced in 1992, when the CAVE was presented. The CAVE is a virtual 

Portal that allows up to 10 people to share the visual of VR. 

In 1994 the VROOM venue at the SIGGRAPH convention in Orlando demonstrates over 40 

applications running in CAVE VR system (Sherman at al., 2002). 

Technology has made great progress, now CAVA is presented in this way: CAVE consists of a 

video theatre sited within a larger room, the walls of a CAVE are typically made up of rear-

projection screens, with a very high-resolution due to the near distance viewing. The user 

inside the Cave wears 3D glasses. Moreover, inside the Cave the people can see objects, can 

walk around them obtaining a correct view similar to the real one. There are typically 

multiple speakers placed at multiple angles in the CAVE, providing 3D sound to complement 

the 3D video. 

Virtual reality is like a total simulation, fully perceived by our senses, especially visual, 

followed by hearing and touch. Within the virtual reality a user is free to decide his moves, to 

make his own decisions, to create his own reality. 
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2.2.1 Input devices for VR 

 

There are many options giving the user a way to get around in a virtual environment without 

using the joystick. Such a system is the treadmill. This allows the user to remain stationary 

with respect to the real world, while giving the impression that he is actually walking in the 

virtual world. An obvious limitation of this is that you can just walk in two directions: 

forward and backward. Several companies, however, have now developed omni-directional 

treadmills, which allows the user to move in all directions. 

An alternative to the treadmill is a pressure mat. This uses sensors that are activated when 

pressure is exerted on them. 

The company VirtuSphere, Inc., offers another way to move around in virtual reality. The 

user in this case is within a "sphere" that rests on a stable platform and with different wheels, 

allowing the ball to roll in any direction, but remaining stable in the real world.  

Particularly interesting are the devices designed to be worn by users. These include gloves 

and bodysuits that allow a completely interactivity with the Virtual world. 

Wired gloves are gloves replacing the mouse, keyboard, joystick, trackball and other manual 

input. They can be used for the movement, in order to issue commands, type on virtual 

keyboards, etc... Using a wired glove, the user can interact with virtual objects by making 

various hand gestures. Gloves are allowing the user to manipulate computer data in an 

intuitive way. Cybertuta is a suit that covers the body, it can realize a three-dimensional scan 

of the user's body and can place it in the virtual environment. 

A more detailed description about a helmet or glasses will follow in the next pages. 

 

2.2.2 Audio for VR 

In most applications of virtual reality visual feedback is considered the most important 

component. Often the effort on equipment for the visual system is by factor 10 or even by 

factor 100 higher than for the auditory system (Cybertherapy.info, 2014). To realize how 

these two features are on the same level, let us just think of visual perception without 

hearing and vice versa. 

If they are taken singularly, they will give us a sense of disorientation, so they are both 

necessary to achieve an optimal feeling inside in the virtual reality. It is no coincidence that 

larger producing houses for the development of devices for virtual reality, work in parallel on 

visual and auditory research. Let us consider for example the new Sony viewer that will have 

a system of sound reproduction that will work directly stimulating the ears of the player, for 

obtaining more precise directionality. 

We have often referred to the head mounted display under the name of viewer, helmet, they 

will be described in detail in the following section. 

 

2.2.3 Head mounted display 

 

An introduction about the head-mounted display has already been made in sections above. It 

is a device that is worn on the head, covering the eyes, which allows the user to live in virtual 

reality. More precisely, we can define the head mounted display as image display units that 

are mounted on the head (Shibata, 2002), which allow us an immersion in virtual reality and 

simulations used for training, even if there are in development projects to use  them in play 

and in the medical field.  Initially the first HMD as for example that of Ivan Sutherland, was 

http://cybertherapy.info/pages/sound.htm
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of great size, uncomfortable and gave limited movements of the head. Today some HMDs 

may be capable of detecting the movements of the head, as in real life, and their size is a little 

bigger than a pair of glasses, or even the same. 

The strong point of these devices is the three-dimensional effect that is given to our eyes. 

HMD are capable of playing stereoscopic images, and isolating the player in the virtual 

reality and give him/her a stereoscopic three-dimensional effect, giving a total immersion. 

The stereoscopy is actually an illusion, not reality: the three-dimensionality that we can see 

is only an illusion created by bypassing the binocular system of the human visual system. 

Binocular vision is stimulated to perceive the 3D, the brain is the processor that is tricked to 

process the image that is made by adding depth. Roughly we can say that the two images for 

left and right eye reproduce the same subject by two slightly different perspectives, the more 

the object is offset in the two images, the more is perceived remoteness or proximity. Many 

studies on the effects of viewing stereoscopic images for a long period, have reported that 

users may be subjected to eyestrain, eye heaviness, eye dryness, sleepy and weariness 

(Shibata, 2002). In agreement with Ukai & Howarth, 2008, that shows why the stereoscopic 

images face may cause a number of collateral effects, viewers should be careful to avoid 

viewing stereoscopic images for extended durations because as visual fatigue might be 

accumulated. 

 

2.2.4 Stereoscopic image and perception of depth 

 

During the first half of the nineteenth century Sir Charles Wheatstone produced the first 

stereoscopic experiments. Wheatstone put two close to identical drawings, one seen by the 

right eye and the other seen by left eye. For the visualisation of these two drawings, 

Wheatstone used an optical tool based on mirror systems prisms. Looking at these two-

dimensional images, it was possible to experiment the illusion of three-dimensional distance 

(Pinker, 1999).  Wheatstone called this tool Stereoscope (1832). 

In 1852, the first binocular camera was invented, also known as stereoscopic camera.  

Over time the black and white photographs on paper, were joined by colourful photographs 

printed on thin paper, and then printed on glass plates, which gave it a greater sense of 

distance to stereoscopic images. 

Initially, it was thought that the perception of distance occurred in the eye, but thanks to the 

experiment of Julesz we can say with certainty that it is a neurological process.  

Julesz used a computer to create images in a couple of random points that, when observed 

with a stereoscope, allow the brain to see the three-dimensional shapes. This proved that 

depth perception is a neurological process. 

 

 

2.2.5 Field of view of HMD and perception of depth 

 

Another factor that was thought to affect the perception of distance was the field of view of 

the HMD.  

The field of view (abbreviated FOV) is the extend of the observable world when a 

determinate point is fixed or set of point in the space perceived by an eye looking ahead. 

With reference to both eyes we are talking about binocular field of vision (Campo Visivo, 

2014). Different living beings have different fields of view, depending on the placement of 
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the eyes. According to Arthur (2000) the human field of view (FOV) spans approximately 

200 degrees horizontally, taking into account both eyes, and 135 degrees vertically.  

The field of view in most head-mounted displays (HMDs) is no more than 60 degrees wide; 

restricting a person’s FOV, however, has been shown in real environments to affect people’s 

behaviour and degrade task performance (Arthur, 2000). 

The first prototypes of HMD had decidedly smaller field of view and a resolution lower than 

those of today even if they were of larger size. We can consider, for example, the HMD 

presented by Conan Inc. in 1996, which had a FOV of 34° degrees horizontal and a display of 

180,000 pixels, or one presented by Yamazaki at al., 1999, offering a HMD with images at 

920,000 pixels and a FOV of 51° degrees. 

For the reasons just described the FOV of the HMD, which is considerably less compared to 

humans, was thought to be a variable negative as regards the perception of depth. Studies on 

the subject have shown the opposite. 

Consider for example the study conducted at the University of California at Santa Barbara 

(Knapp & Loomis, 2004), it highlights the fact that the use of Head-Mounted Displays, and 

the resulting visual limitation is not the cause of distance underestimation in virtual 

environments. 

In this experiment two different viewing conditions were analysed: one with a visual field 

without restrictions and the other having a field of view smaller than human FOV. For the 

restriction of the visual field, it has been used a simulated HMD formed by a rectangular box, 

made from cardboard and Styrofoam, attached to a pair of plastic lenses. This was positioned 

15.2 cm in front of the eyes. The total FOV was 58°, dimension slightly larger than most of 

HMD of that time (Arthur, 2000), but smaller than nowadays HMDs’ FOV. 

The experiment consisted of setting a certain point and gather information regarding the 

distance perceived by participants with and without the limitations of the visual field.  

Two types of distance judgment were collected for each viewing condition, verbal reports and 

visually directed walking. The results presented indicate that reducing FOV to the size used 

in this experiment produced no reliable underestimation of distance. 

Of great importance is also the study by Yang & Kim (2014), in contrast to the Knapp’s study, 

here it has been studied the perception of depth using an HDM, but in this case, by 

increasing the field of view and by providing participants with additional feedback  tactile, 

visual and perceptive.  

The studies have shown that stimuli with visual and proprioceptive feedback, the field of 

view could be increased to nearly 170% without introducing significant changes in the 

perception of distance.  

Our conclusion is that using a HMD we can have a perception of depth very similar to the 

real one. 

 

2.2.6 Oculus Rift 

Oculus Rift (Oculus Rift, 2013) is a particular HMD with sensor and a gyro to calculate the 

movement of the head. It allows a user to move the camera in a virtual world by turning her 

head, just as it is done in reality. 

It is being developed by Oculus VR, with the resolution 1280×800 (16:10 aspect ratio), which 

leads to an effective of 640×800 per eye (4:5 aspect ratio).  

The panel's resolution is expected to be upgraded to at least 1920×1080 for the final 

consumer version. 
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Oculus Rift has the following future: the field of view of Oculus Rift is more than 90° degrees 

horizontal (110° degrees diagonal), which is more than double the FOV of most competing 

devices, thus it has around 960 x 1080 pixel and is the primary strength of the device 

(Oculus Rift, 2013). It is intended to almost fill the wearer's entire field of view, and the real 

world is completely blocked out, to create a strong sense of immersion. 

 

2.3 Immersion 

 

"We seed the same feeling from a psychologically immersive experience that we do from a 

plunge in the ocean or swimming pool: the sensation of being surrounded by a completely 

other reality, as different as water is from air, that all takes over of our attention, our whole 

perceptual apparatus " (Murray, 1997).  

From the definition made by Murray, it is possible to understand that with the term 

"immersion", we are referring to the ability of the virtual environment to directly engage the 

senses of the subject, isolating it from the stimuli of the real environment. 

The immersion can be seen as an absorption in the activity where the experience of the 

person is occupied by a sense of discovery not only physically but also mentally and 

emotionally. 

Such a psychologically immersive experience means the sensation of being surrounded by a 

completely different reality considering that is a psychological immersion were characterized 

by perceiving oneself to be enveloped by and interacting with an environment which  

provides continuous stimuli (Qin, Patrick Rau, & Salvendy,  2009). 

Even the immersion can be described as a feeling of being hired in a fictional world deeply 

similar to a real world (Qin et al., 2009). 

This way to interact with the virtual world, in which the user is detached from the real world, 

it is also called Telepresence. This term was coined by the famous computer scientist 

Jonathan Steuer.  

Telepresence can be defined as an experience of presence in an environment by means of a 

communication medium (Steuer, 1992). 

In other words the immersion can be viewed as critical to game enjoyment, being the 

outcome of a good gaming experience. 

In spite the common use of the term immersion in VR, it is not easy to face the discourse of 

how to measure the impact of this component on.  

In an attempt to understand what immersion is, Brown and Cairns (2004) conducted a 

qualitative study in which they interviewed seven gamers and asked them to talk about their 

experiences playing computer games. In this study there was evidence of the limitations that 

may affect the degree of immersion and subsequent satisfability. These barriers may cover 

for example the users preferences of a type game compared to another, the construction of 

the game, environmental distractors. 

On the other hand, if there are limitations that affect the degree of immersion, factors such 

as easiness of the game and aesthetics of the game increases the pleasure of the player. 

Game aesthetics is an expression of the game experienced as emotion, fun as pleasure 

(Niedenthal, 2009). 

In another study conducted by Jennett, Cox, Cairns, Dhoparee, Epps, Tijs, & Walton (2008), 

it was verified whether the immersion can be defined quantitatively. The studies, as stated by 

the authors themselves suggest that immersion can be measured subjectively (through 
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questionnaires), as well as objectively (task completion time). In addition, the immersion is 

not only seen as a positive experience: negative emotions, inconvenience and discomfort are 

high. 
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3  Problem 

This project is focused on serious games in particular a bicycle simulator and Oculus Rift 

have been used. The main purpose is to compare the users' perception of distance and the 

degree of immersion in the virtual reality, in two different visualisation of the same game. 

One visualisation is the head mounted display Oculus Rift, and the other a projection of the 

game on a screen. 

The reasons that led to this study of these two features are the following: 

The perception of distance is of relevant importance when using games that reproduce 

dangerous situations through virtual reality. Consider, for example, in our cases, being with 

our bicycle in the nearest point of an intersection. Player will do different actions depending 

on the distance perceived from a car that will go through the intersection before him. If you 

feel a greater distance than the real one, you can cause an accident, otherwise most of the 

time there has to wait before crossing the intersection.  

Immersion in virtual reality: in the introduction the variety of fields in which the virtual 

reality is used has been analysed. This prompted me to check if there is a greater immersion 

and a greater involvement for the users who experience virtual reality. 

3.1 Method 

The simulator used for this experiment, had until now no implementation, so no testing was 

done prior to this. 

The task of the player was to complete the game, along a straight road with the presence of 

intersections, paying attention to the passage of the car and accordingly avoid the impact 

with them. 

It was decided not to leave complete freedom to the cyclist in the environment (making them 

go on a straight road). The reason for this was to give the user a greater incentive in order to 

avoid the impact with cars in intersections, and to have more possibilities of assess their 

perception of the approaching cars. 

According to Niedenthal (2009), the immersion and the gratification of games are also given 

by the building and the surrounding environment. To make the environment more 

immersive, the graphical aspects have been considered. Within the game, a maritime 

landscape was developed. 

Figure 1 shows a part of the city. 
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Figure 1 Environment in the game. 

 

Both, the perception of distance and the degree of immersion in the game, in two different 

visualisation of the same game have been compared.  

The first visualisation achieved projecting the game on a screen using a projector, the second 

one used the simulator and the Oculus Rift for an experience in 3D.  

The players (chosen according to the parameters that will be defined in section 3.2) have 

been divided in two different groups. Each group tested just one type of game and everyone 

has been submitted a questionnaire used to evaluate the present work, at the end of the 

game. The same user did only try one type of visualization of the game. Otherwise the stimuli 

of the second test by the user, would be affected by the first one, and it would compromise 

the final tests, especially those that relate to the immersion in the game. 

During the game, each tester has submitted information about the perception of distance 

with respect to certain objects. 

 

The goals described above will be possibly achieved acting as follows:  

Objective 1: Compare which of the two perceptions of distance (by Oculus Rift or through 

screen) is closest to the distance reported by Unity3D. 

To achieve this task, taking a cue from the study done by Knapp et al. (2004) a certain point 

has been fixed and the player has been questioned about their perception of distance to the 

fixed point. 

After getting the feedback from the users, the answers given by the players have been 

compared with the actual distance, to verify if the distance perception is closer to that of real 

life by Oculus Rift or through screen. Figures 2 and 3 for example, show two different 

distances from the bike to the black car down the road. In Figure 2, the bike is at a distance 

of about 50 meters from the car. We can see the correct distance given by Unity3D in the 

bottom left of the photo with an output that shows: Distance to bike 50.10649. Figure 3 

instead has a shorter distance of only about 20 meters. We can see the finding of Unity which 

shows a distance equal to 20.16488.  
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Figure 2 represents a distance of approximately 50 meters between the bicycle and 

the machine perceived by a screen. 

 

Figure 3 represents a distance of approximately 20 meters between the bicycle and 

the machine perceived by a screen 

Objective 2: Measure the degree of immersion in the game by Oculus Rift and compare it 

with the same game projected on screen. 

In this case, the degree of immersion in the game, taking a cue from the study performed by 

Jennett at al. 2008 is measured subjectively. After the test phase, a questionnaire has been 

given to each player. Specific questions on stimuli from the game, the focus within the game, 

the sense of control of hardware and involvement have been exposed. 

In order to answer each question mentioned above, many features of the game have been 

taken into consideration. 
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Regarding the stimuli of the game, in the street, moving cars in both directions have been 

put. The user has be asked to pay attention to the passage of cars and avoid accidents. To 

increase the sense of immersion, 3D sound effects have been added to the game.  

 

3.2 Ethical Aspects 

To evaluate the system, we have been given access to the laboratory at the University of 

Skövde. To carry out the tests will select students and non-student volunteers from different 

nationalities and without a specific age restriction. Each participant will be informed of the 

purpose of the study, the rules to follow for a proper evaluation will be informed (especially 

for the people who will use the Oculus Rift) of the possible risk of nausea and collateral 

effects written in paragraph 2.2.3 and will be invited to stop when he/she will want. For each 

tester, it will be explained that the personal data and the results of all tests will be held in 

confidence and used only for research purposes. 
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4 Software and Hardware Simulator  

This section describes the basic of hardware and software of the bicycle simulator and all the 

details added in order to assess the target presented in the previous paragraphs, namely the 

perception of distance and measure the degree of immersion in the game. 

Unity3d engine has been used for the implementation of the system. The creation of the 

bicycle simulator software was developed from scratch, starting from a car simulator 

implemented by Franco (2013) and Procaccini (2013). To meet the objectives of the 

experiment, substantial changes were carried out that will be described in the following 

paragraphs. 

4.1 Hardware Infrastructure 

The object of the study presented in this document will be implemented and tested on the 

bicycle simulator available at the University of Skövde, which has the particularity to use a 

bicycle as a real joystick (figure 4). 

 

 

Figure 4 The bicycle simulator used in this study. 
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The bike works like a normal road bike. 

It is composed by the pedals, which with the help of sensors, allow the user to give your input 

to see when a user is pedalling, and make sure to move forward, and the brake, a simple 

button that when is being pressed, gives a different input that indicate that the user wants to 

brake. 

The peculiarity of this type of bicycle, is given by the base on which it rests. 

The base, shown in Figure 5, is characterized by the presence of four sensors that indicate 

the movement that the player wants to perform (intended as the direction towards the right 

or left). 

There are four sensors, two placed under the front of the bike, which allow the displacement 

via the handlebars, and the other two sensors placed under the rear of the bike that allow the 

movement of the user even only with the displacement of the pelvis.  

We can consider these sensors initially balanced, and then they allow movements thanks to 

the help of the forces that the user exerts on it (e.g., if the user applies greater force on the 

right side of the bike, the bike will steer to the right, and will steer to the left in the opposite 

case). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 The sensor of the bicycle. 

 

 

Figure 6, shows a box where all the signals of the sensors, thanks to an USB cable, arrive at 

the computer as signals of a simple joystick. 
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Figure 6 The box for the input of sensor. 

Figure 7 shows the interface as it displayed on a computer,  in the form of a joystick.  

The cross in the square, represents the axis of movement of the bike. The x-axis indicates the 

movement towards the right or left respectively, the y-axis indicates movement towards, 

forward or a stalled position.  

The buttons numbered from 1 to 8 represent other types of input, but in this case we use only 

the button number 1 which indicates when the player is braking. 

 

Figure 7 The graphical interface to joystick controls. 
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The information has been provided by Lebram during an oral interview. 

4.1.1 Other Hardware used 

As it has already been discussed in previous chapters, the game will be compared in two 

distinct modes so as to be able to study the differences.  

In both types, the game will run on a Samsung Ativ Book 2 having the following features: 

   

 Windows 8.1; 

 Processor Intel® Core™ i5 3230M (da 2,6 GHz a 3,2 GHz, cache L3 da 3 MB) Intel 

HM75 ; 

 Graphics Card NVIDIA ® GeForce ® 710M GDDR3 graphics memory with 2 GB 

(Optimus ™) ; 

 System Memory 8 GB DDR3 1600 MHz (4 GB x 2)  2 SODIMM;  

 HD LED Display 15.6 "(1366 x 768), anti-glare ; 

The Oculus Rift (described in paragraph 2.2.6 ) and  NEC WT 610 projector were also used;   

the projector  has Maximum Resolution UXGA (1,600 x 1,200) with Advanced AccuBlend 

and 16.7 million colours simultaneously reproduced. 

 

4.2 Bicycle Simulator Software 

The model of bicycle used in the game, was taken from the asset store available on the site 

www.unity3d.com. 

In order to make it stable on the ground, to the two wheels, both the front and the rear, 

objects on which is applied a forward friction and a sideways friction have been added as 

well. Moreover in order to give it weight a mass has been added for further stabilization. 

Since the first time that this bicycle was tested, many input from joystick (simulator), have 

been remapped to make them compatible with Unity and allow proper operation of the bike. 

Regarding the steering, precisely returned values from the joystick when attempting to turn 

respectively to the right and left, have been remapped to a range [-1, 1 ], to allow Unity to 

give the desired response from the player within the game. 

Many other values implemented are served for a correct functioning, such as the steering 

angle and the pedalling of the bicycle.  

Figure 8 shows the bike used in the game, with the positioning of the chamber such as to give 

the impression to the player to drive a real bicycle, making visible a part of the steer. 
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Figure 8  The Bicycle used in the game. 

 

4.3  Road Environment 

The bike simulator environment has been completely redesigned to suit the purposes of this 

study. An environment has been created using Unity 3D. Taking a cue from the experiment 

of Chung Liu at al., 2012, this work is based on an urban environment with a presence of 

moving cars.  

Using prefab, available free of charge on asset Store, a city street, with the presence of a bike 

lane to the side has been chosen. The track is a straight line with a length of one kilometre 

and with the presence of four intersections, placed at different distances from each other. 

Within the environment they have been included passing cars, so that they might be able to 

have more information on the study of the perception of distance, and other objects to make 

the environment more immersive to the user (sea, trees, houses, parking etc...). Figure 9 

shows the structure of the final circuit. 
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Figure 9 representation of the final circuit in the simulator. 

4.4 Car’s Behaviour on the circuit 

The cars on the circuit are an important details for the present study. As already mentioned 

above, they represent obstacles to feel and to avoid. 

Every car on the track has a car mother that generates an instance of itself every t seconds. 

Each car, using a script, has been assigned a movement speed and direction. When the car 

arrives at an established point, it disappears and the object in Unity is disabled. Logically, 

the generation and disappearance of the car takes place away from the eyes of the player.  

A 3D sound (offered by Unity software) was added to each car, so that the closer the bicycle 

is to the sound source, the more the noise of the machine becomes evident. When the car 

moves away from the source, the sound becomes vanish. 

4.5 Distance calculation 

To calculate and then to study the perception of distance, a parked car has been placed at the 

end of the virtual road. A script that calculates the distance from the bicycle has been 

associated to the car. The calculation takes place if the player remains stationary for a period 

greater than three seconds and the result of the distance is written in a text file. At the end of 

the simulation, the file will contain all the information about the distances from the bicycle 

to the car that it will be compared to the ones estimated by the player. 
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5 Evaluation study 

Having introduced and given details about the hardware & software that have been used and 

the points that have been studied, in this section the results obtained from the tests have 

been analyzed and the two different methods of play described above, have been compared. 

In total, the group of participants have been 30 subjects, exactly 7 women and 23 men. 

The test group consisted of people between 19 and 35 years of different nationalities and 

with various levels of experience in riding bicycles - both in the real & the virtual world. The 

users were asked to answer this question "How frequently do you spend time riding a 

bicycle?”. The possible answers were: never, rarely, sometimes, usually, and always. Exactly 

4 of 30 responded rarely, 15 of 30 sometimes, 9 of 30 usually and 2 have stated that they 

always use the bicycle. Only 30% had used a simulator before (car simulator, spinning 

simulator) and none had used a bicycle simulator. 20% have used Oculus Rift before or a 

similar head mounted display.  100% of subjects use the bicycle in the real life.   

Each subject tested either a simulator with Oculus Rift, or a simulator with screen. Particular 

attention has been taken so as to have the same number of participants for each visualisation 

of the game. 

Before starting the test, information about their task and the proper functioning of the 

bicycle has been given to each participant.  

Participants have been invited to ride the bicycle for a one kilometre long straight road, to 

perceive the visual field that the screen or the Oculus Rift offered him/her, and during the 

game they have been asked to stop and answer questions about the perception of distance 

with respect to a given object. 

The subjects have been evaluated through a questionnaire so that the various aspect of 

simulator might have been assessed (Appendix A). While driving, the cyclist was asked 

questions about his/her perception of distance in two different points with respect to a fixed 

object. The question they had asked to answer was the following: “How much distance you 

perceive between you and the parked car? ". At the end of each test, the subject was also 

asked to assess other general aspects of the simulator. 

At the end of the test, users were asked how their physical condition was. We did not detect 

any malaise for the group that had used the screen, unlike some people who had used the 

Oculus Rift which in many cases (6 out of 15) had experienced a little sick or nausea. One 

participant, who used the Oculus Rift, could not continue the game. 

The test sessions have been conducted in collaboration with two studies that are involving  

both the study of the ideal trajectory in a car simulator (Cianciulli, 2014) and a study on the 

behaviour of drivers at intersections (Grieco, 2014). The total duration of these three test 

sessions have been about 30 minutes where the choice of the order in which to perform the 

tests were carried out in a totally random way. 

5.1 Data and analysis 

In this section we are going to expose the result of the questions which have been presented 

to the user once when the test was completed. The range of responses is always between 1 

(minimum) and 5 (maximum). 

The subjects were asked a question regarding the field of view. The question was "The field of 

view provided by Oculus Rift/Screen helped me in the obstacles warning." As expected, 

Oculus Rift gave the highest presence of obstacles. The score is 4.3 for the Oculus Rift, 

compared to 3.6 for subjects who have used the screen. 
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A question about the role of the 3D sound was made: "The noise of the cars helped me in 

feeling the danger", it was found that the subjects, who have used the Oculus Rift, have not 

used this to the extent of the users who used the screen. The average value for subjects with 

Oculus Rift was 3.2 compared to a value of 4 for subjects who have used the screen. This is to 

be justified by the fact that the Oculus Rift offers a greater visual leader, with the ability to 

move your head in the game as in real life. The subjects who have used a non-immersive 

virtual reality (screen) were based more on the perception of 3D sound to sense the presence 

of cars at intersections, and to avoid accidents. 

Answers about the perception of distance have been organized in graphical form. Two 

questions about the perception of distance respect to a fixed object have been done. The 

subjects were asked to give a response of perceived distance in the order of meters. The 

results for the perception of distance of the subjects, of those who have used the Oculus Rift 

and of those who have used the screen, are shown in tabular form in Appendix B. 

 

The figure 10 shows the Box-plot of the average errors of subjects. In addition, Box-plot 

values (minimum value, first quartile, median, third quartile and maximum value) will be 

discussed. 

 

 

 

Figure 10 Comparison the Box-plot about the perception of distance. 

 

In table 1 a two-tailed paired t-test was done between the average of the mean error of each 

subject. The value p-value indicates if the values being compared are significantly different 

(with p <0.05). 

 

Table 1: p-value between average errors 

 

Average value the average 

error with Oculus Rift 

Average value the average 

error with Screen 

p-value 

18.32 25.83 0.17 
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From the figure 10 that compares the two Box-plots on the average errors in the perception 

of distance, we can see the following:  

A minimum average error in perception equal to 1.5 for testers who have used the Oculus 

Rift and the minimum average error equal to 7.5 of users who have used the screen.  

The distribution of the data focuses between a range that goes from the first quartile value 

equal to 8.5, up to the value of the third quartile equal to 22.9, with a median of 14.5 with 

regard to the average errors related to use of Oculus Rift. As referring to the distribution of 

values when the screen was being used, we have the first quartile of 15.5, a value of 33.25 for 

the third quartile and a median equal to 24.  

The maximum average error returned was 54.5 for testers who have used the Oculus Rift, 

compared to 63 from the subjects who have used the screen. 

The perception of distance using the Oculus Rift was slightly better than the perception of 

distance on the screen, having a smaller average error. The difference is however not 

statistically significant as the p-value is greater than 0.05.  

A difference in perception of distance between Oculus Rift and a screen might be due to the 

stereoscopic images which offer a greater sense of depth. Even during the testing phase, the 

users found it easier to feel the presence of obstacles when the Oculus Rift has been used. 

The question was the following: "I felt the presence of obstacles on the road especially at an 

intersection". In the range of values from 1 to 5, there was an average of 4.3 for users who 

have used the Oculus Rift, compared to 3.6 using the screen. 

An important fact emerged, referring to the perception of distance between the subjects who 

have already used simulators (Oculus Rift or technologies similar to these) and the subjects 

that never have used technologies like these. For better understanding and comparing the 

data, we will call experts, subjects who have already tried technologies such as simulators or 

Oculus Rift, and we will call no-experts subjects who are at their first experience with 

technologies such as head mounted displays and simulators. 

Experts were precisely 43%, and the no-experts were 57 % divided randomly between the 

test with Oculus Rift and the test with screen.   

The average of their average error is equal to 8.83 compared to a mean error of perception 

equal to 25.43 for non-experts with Oculus Rift.  

As regards the use of a screen the experts have had an average error equal to 16.5 compared 

to an average error of 34 for non-experts. 

Below, graphs and values related to the perceived relative distance will be shown. It will be 

possible then to check if there has been an underestimation or overestimation of the 

perception of distance. 

Figure 11 shows the box-plot of the relative error that relates to the first perception of 

distance when the Oculus Rift was used. 
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Figure 11 Relative error about first perception of distance whit Oculus Rift. 

 

In this case is possible to see that we have a minimum relative error of 52.38. This means 

that the maximum underestimation of the perceived distance, respect to the real one, was of 

52.38% (in this case the real distance was 63.00 and the perceived distance was 30.00).  

When the Oculus Rift was used, the distribution of values is between the first quartile, with a 

value equal to -40 and the end of the third quartile that is 24.99. We have an outlier, which 

corresponds to an overestimation of distance equal to 183.02% (with a real distance of 53.00 

and a perception of 150 meters).  

The median in this case is equal to -4.22. 

 

 

 

 

 
 

Figure 12 Relative error about second perception of distance whit Oculus Rift. 

 

In this case, as it is possible to see in figure 12, the maximum underestimation of the 

perception is 63.16% (in this case we have a real distance of 19.00 and a perception of 7.00). 

The value of the first quartile is -52.27, is present a median equal -18.75 and a value for the 

third quartile of 6.52. In this case, we can verify a better value of overestimation of the 

distance, compared to that of the first perception.  
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In figure 12 we have an overestimation equal to 71.43% (real distance 28.00, perceived 

distance 48.00), compared to 183.02 of Figure 11.  

This might be due to the fact that the second perception have occurred at a distance less than 

the first, so it was easier for the subjects to perceive a best distance. 

 

Below the Box-plot relate about the perception of distance when the screen have been used. 

  

 
Figure 13 Relative error about first perception of distance whit screen. 

 

As regards for the relative error about the first distance perceived when the screen has been 

used, is possible to see a maximum underestimated distance equal to -69.51 (a real distance 

of 82.00 with a perception of 25.00). The median is -19.54 and the data distribution is 

between -47.45 and 23.53 respectively the value of the first and third quartile. A maximum 

overestimated in this case is 138.1% respect to the real distance (real distance 84.00 and 

perceived distance of 200.00 meters). 

 

 

 
Figure 14 Relative error about first perception of distance whit screen. 
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In figure 14, that show the relative error about the second perception when the screen have 

been used, the data distributed is between -48.58 and 8.14, the median is -25, there is a 

maximum underestimated of -68.75% (real distance was 32.oo and the perceived was 10.00) 

and a overestimated equal to 89.19% (with a real distance of 37.00 and a perceived of 70.00 

meters).  

 

Having now shown the relative error to the perceptions of the distance with Oculus Rift and 

with screen, the two visualisation technique will be compared.  

Starting with the distances perceived when the Oculus Rift was used, as regards the 

perception of the first distance we have an overestimation of the distance of 7.32% compared 

to the distance real. This value has been calculated doing the average of the all relative 

distance about the first perception when the Oculus Rift has been used. Regarding the 

second perception of distance, an average underestimation of 15.16% has been found. 

When the screen has been used, the follow dates were found: the first perception of the 

depth has an average underestimation of 3.56%. For the second perception of distance we 

found an average underestimated of 16.59 % respect the real distance. 

 

Making an average of overestimates and underestimates just mentioned, the final result 

obtained was that present in the figure 15. 

 

 
Figure 15 Average relative error. 

 

As is possible to see in figure 15, there is a better perception when the Oculus Rift has been 

used. Is possible to see an underestimation of the distance equal 3.92% by Oculus Rift 

respect an underestimation of 10.07 % when the screen has been used. 

An important factor to be highlighted is in relation with the point of stop for the subject 

(when the question has been submitted) it was randomly. This means that the distance of the 

first and the second perception between Oculus and screen were different. Precisely the 

average distances were: the first distance was 58.64 with Oculus Rift respect to screen that it 

was 82.46 and the second distance was 22.79 with Oculus Rift and 37 with screen. 
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It is not excluded that this factor might affect the final results. A similar study, staring at a 

specific point and asking subjects their perception always at the same distance, might take 

part in future work. 

As regard to degree of immersion that the user perceives playing a questionnaire completed 

by each subjects has been considered. Taking a cue from the study of Jennett (2008), in 

order to measure the degree of immersion of users not only parameters such as the pleasure 

of playing have been take in consideration, but also additional parameters related to: the 

stimuli coming from the game, the feeling of control within the game, the desire to continue 

to play and a willingness to repeat a similar game in the future. 

Questions about the immersion are being presented in graphical form and the average values 

of the responses of subjects are compared. The subjects, as always, have been invited to give 

their assessment in a range of values from a minimum of 1 to a maximum of 5.  

 

 

 

Figure 16 Comparison about the average value of the answers about the immersion. 

 

Regarding the questions “I feel frustrated during gameplay” and “I didn't want continue after 

a while”, a high value corresponds to a negative value. 

As it is possible see from the figure 16, there is not a considerable difference in immersion, 

comparing the two techniques of visualisation of the game. We compare the graph in detail.  

The first question "I feel excited during gameplay" shows an average value of 4.2 from the 

users who have used the Oculus, and compared with an average value equal to 4 for those 

who have used to the screen. This result is due to the fact that some of the subjects, who used 

the Oculus Rift, had a sense of nausea or sick. Exactly 53.3% of the subjects felt a sense of 

malaise that has influenced too much on the evaluation of their level of emotion in the game. 

Despite this perceived nausea, the average value of the players who felt they were frustrated 

and that they would not continue the game is very low.  

As it is possible to see in figure 16 to the question "I feel frustrated during gameplay" an 

average value of 1.7 and 1.6 respectively for the users who have used the Oculus Rift and for 

those who have used the screen.  

Also to the question "I did not want to continue after a while" we have values of 1.7 for the 

use of Oculus Rift and an average value of 1 when the screen was used.  
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The average values of these two responses are evidently very low. All participants both those  

who used Oculus Rift and those who used screen, with an average value nearly equal to 5, 

would have like to try a similar game in the future. In this case to question was “I am willing 

to try other types of games with similar kind of device in future”. 

Even in this case, especially users who have not had any physical discomfort in the simulator 

test, the desire to try again the game was very high. 

The game was in both cases quite stimulant, maintaining high concentration of players in the 

game. To the question “The game provides a lot of stimuli from different sources" we have an 

average value of 3.9 for subjects with Oculus Rift, compared to 3.6 for users who have used 

the screen. “The game quickly grabs the player’s attention and maintains their focus 

throughout the game” was found an average value equal to 4.1 with Oculus Rift and 4.2 with 

Screen. 

An important fact, which might take part in a future study, is the ability to control the 

hardware (bicycle simulator). During the test phase, it has been highlighted an apparent ease 

of control (steering and braking) of the bicycle when the screen has been used. The subjects, 

who have used the Oculus Rift, found greater difficulty in learning the movements of the 

steering bicycle (the function of the bicycle is written in more detail in Section 4.1). The 

answers to questions "I feel a sense of control over their character and their movements and 

interactions in the game world" and "I feel a sense of control over the game interface and 

input devices (Simulator, Oculus Rift/Simulator, Screen) ", show an average value more 

higher when the screen was in use. 

If we combine the answers to these two questions, their average value turns out to be equal 

to 3.7 for users who have used the screen, compared to a value of 3.3 for the use of Oculus 

Rift. 

Participants were asked to answer "How do you feel during the simulation?” The possible 

answers were: 0 - N/A; 1 - sick; 2 - a little sick or nausea; 3-normal; 4 - good; 5 – perfect. 

The responses relating to the physical condition of each subject are presented in tabular 

form in Appendix C. 

In this case you can see a clear difference between the physical conditions of the subjects 

who have used the Oculus Rift compared with subjects who have used the screen.  

We have an average value of 3.26 when the Oculus Rift was used, compared to a value of 

4.26 with the use of a screen. Exactly 6 out of 15 subjects, who used Oculus Rift, reported a 

sick or nauseous. One of these testers failed to continue a game. 

Only one tester, who used the screen, reported a little sick of feeling or nausea.  
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6 Conclusions 

In the following chapter we discuss the work being carried out in this thesis in terms of 

result, and further more in terms of future expansion research work 

6.1 Summary of results 

The aim of this work was to build a bicycle simulator and let the people use it for both 

studying the perception of distance and the degree of immersion.  

Two different visualisations of the same game have been used. The first one was Oculus Rift, 

an immersive virtual reality device, and the other one was a non-immersive projection on a 

screen.  

The study of the data has highlighted a better perception of distance when the Oculus Rift 

was used. In both visualisation techniques of the game, the distance has been 

underestimated. 

Compared to the degree of immersion, involvement, the desire to continue the game and the 

stimuli from the users, they are more or less the same for both visualisations. It was also 

found in agreement with the study done by Shibata, 2002 that users who have used a head 

mounted display with stereoscopic images, have felt the presence of nausea and sickness. 

6.2 Discussion 

The statement made by Nilsson (1993), which shows the benefits that are obtained from the 

simulations, and the words used by Murray (1997) to describe the term immersion, have 

given me a strong inspiration for my project in combining these two components. The game, 

which consisted of riding a bicycle in an urban environment, may be of help in learning the 

rules of the road for adults and children, thus giving them the opportunity directly to interact 

with objects in the game. This type of learning is called experiential learning (Kolb, 1984). It 

has been noted, especially for people who have not accused any physical discomfort, a 

greater desire to continue to play and explore the Virtual environment when the immersive 

virtual reality has been used (Oculus Rift).  

This consideration shows that in the future, the use of serious games, combined with virtual 

reality, may have a great potential and will be available to all thanks to the low cost of this 

technology.  

6.3 Future Work 

The overall result may be considered quite satisfactory, but it should surely be improved and 

perfected with future studies. An important feature that could be analysed is whether the 

wider field of view through an Oculus Rift compared to the screen could allow for better 

presence of obstacles on the road, thus avoiding accidents. This could be studied by 

monitoring head movements when using an Oculus Rift, and comparing the number of 

dangerous situations that occur in the two different visualisation of the game (Oculus Rift 

and screen). 

Also as for the tester’s behaviour, differences have been found with the use of different 

visualisation of the game. Parameters such as steering, braking and pedalling speed could be 

compared in future work. 
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Another aspect that could be improved is the hardware side of the simulator, which can be 

considered as a fundamental aspect in a bicycle simulator. When the bicycle is being used, 

the steering through the applied force on the sensors is being allowed. A bicycle that allows 

turning simply by turning the steering can increase the degree of immersion and ease of play. 

Finally it would also be interesting to study and compare the perception of distance in virtual 

reality and real life. It would be interesting, for example, replicate a specific real 

environment and put a certain object at a certain distance as in the game. The subjects would 

have been asked about the perceived distance in both situations and compare the results. 

In this study, the perception of distance did not have a fixed size. It would be interesting to 

replicate the study but doing stop the subject at the same distance, and also occur in this case 

which of the two views of the game, you will have a better perception of distance. 
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 Appendix A - Questionnaire 

 

Welcome to my testing. 

 

Objectives of the game: 

Your goal: in the game you will be to ride a bicycle, walking along a city environment and continuing for a 

kilometre in  a straight lien, pedalling slowly and paying attention to the presence of cars on the road. 

Before the end of the road, you will be asked to stop your ride and answer some questions. 

 

  

1. How old are you?  

2. How frequently do you spend time riding a bicycle? (possible answers : never, rarely, 

sometimes, usually, always) 

3. How do you rate your driving experience on the bicycle in real life? (1 to 5, 5 being the best) 

4. Do you have any previous experience with a Simulator? (Yes/No) 

If  Yes, witch Simulator? _____________________________________________________________________ 

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

If  Yes, witch HMDs? _____________________________________________________________________ 

6. This is the first time that you use these devices together (Simulator, Oculus Rift / Simulator, 

Screen) ? (Yes/No) 

Please rate these questions from 0 to 5 (0 – N/A; 1 – sick; 2 – a little sick or nausea; 3 –normal; 4 – good; 5 – 

perfect ).  

Question Rate 

How do you feel after you use the Simulator?  

How do you feel during the game?  

How do you feel after the game?  

 

If you were not able to continue the game tick this box    
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Please rate the following criteria about the prototypes using a scale from 1 to 5 ( 1 disagree - 
5agree ). 

 
Element Criteria Rate 

Game The game provides a lot of stimuli from different sources.  

The game quickly grabs the player’s attention and maintains 

their focus throughout the game. 

 

I feel a sense of control over their character and their 

movements and interactions in the game world. 

 

I feel a sense of control over the game interface and input 

devices (Simulator, Oculus Rift / Simulator, Screen ). 

 

   

Immersion I feel excited during gameplay  

I fell frustrated during gameplay  

I didn’t want to continue after a while  

It feels that I am inside the game (Emotionally involved)  

I am willing to try other types of games with similar kind of 

device in future 

 

   

Obstacles I felt the presence of all the obstacles on the road especially at 

intersections 

 

The noise of the cars helped me in feeling the danger  

  

 

The field of view provided by the Oculus Rift/Screen helped me in warning the obstacles (1 to 

5, 5 being the best)   

  

 

 

In game questions  
 

1. Ask the player to stop at a certain distance from the parked car: How much distance 
you perceive between you and the parked car? 
 

Distance perceived: ______________ Real Distance:____________________ 
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2. After some meters ask the player to stop again and ask: How much distance you 
perceive between you and the parked car? 
 

Distance perceived: ______________ Real Distance:____________________ 
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 Appendix B - Results of perception of distance 

Perception of distance with Oculus Rift 

Tester 1°Distance 

Perceived 

1°Real 

Distance 

1°Error 

Distance 

2°Distance 

Perceived 

2°Real 

Distance 

2°Error 

Distance 

T1        30 
 

61 -31 10 25 -15 

T2 30 
 

50 -20 15 27 -12 

T3        50 
 

62 -12 25 25 0 

T4 50 
 

63 -13 12 22 -10 

T5 100 
 

60 40 48 28 20 

T6 150 
 

76 74 25 23 2 

T7 100 
 

75 25 25 25 0 

T8 30 
 

63 -33 7 19 -12 

T9 50 
 

55 -5 20 18 2 

T10 30 
 

50 -20 10 16 -6 

T11 50 
 

53 -3 20 20 0 

T12 150 
 

53 97 10 22 -12 

T13 30 
 

50 -20 10 24 -14 

T14 50 
 

50 0 40 25 15 

T15 0 0 0 0 0 0 
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Perception of distance with Screen 

Tester 1°Distance 

Perceived 

1°Real 

Distance 

1°Error 

Distance 

2°Distance 

Perceived 

2°Real 

Distance 

2°Error 

Distance 

T1        70 
  

95 -25 40 48 -8 

T2 30 
  

81 -51 15 34 -19 

T3         70 
 

80 -10 25 30 -5 

T4 60 
  

80 -20 30 42 -12 

T5 50 
  

87 -27 20 41 -21 

T6 100 
  

87 13 20 37 -17 

T7 200 
  

84 116 50 40 10 

T8 30 
  

63 -33 10 32 -22 

T9 25 
  

82 -57 15 20 -5 

T10 70 
  

87 -17 25 44 -19 

T11 100 
  

83 17 50 37 13 

T12 115 
  

83 32 70 37 33 

T13 100 
  

79 21 30 30 0 

T14 150 
  

82 68 50 43 7 

T15 30 
 

84 -54 15 40 -25 
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 Appendix C – Results of physical conditions 

Participants were asked to answer "How do you feel during the simulation?” The possible 

answers were: 0 - N/A; 1 - sick; 2 - a little sick or nausea; 3-normal; 4 - good; 5 – perfect. 

 

Tester with 

Oculus Rift 

Answers  Tester with 

Screen 

Answers 

       

Tester 1 5  Tester 1 4 

Tester 2 5  Tester 2 4 

Tester 3 3  Tester 3 5 

Tester 4 2  Tester 4 5 

Tester 5 4  Tester 5 5 

Tester 6 2  Tester 6 4 

Tester 7 3  Tester 7 4 

Tester 8 2  Tester 8 5 

Tester 9 2  Tester 9 4 

Tester 10 2  Tester 10 2 

Tester 11 5  Tester 11 4 

Tester 12 5  Tester 12 5 

Tester 13 3  Tester 13 5 

Tester 14 5  Tester 14 4 

Tester 15 1  Tester 15 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


