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Abstract 
 

This thesis studies the acquisition of spatial knowledge, through the use of virtual 
reality, and the role that audio can have in this type of learning. Two versions of a 
simulator were developed, one with the presence of audio and the other one without. 
26 participants, divided into two groups (one group per version), were tested the 
simulator. The goal is to understand if the version with audio would lead to greater 
learning than the other. The results show that there was no difference between the 
groups and that they have learned in the same way. Both groups have subjects who 
suffered nausea or dizziness, with a greater presence in the group with the audio. 
Future work could consider trying to reduce the problem of these symptoms to have a 
clearer analysis. 
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1 Introduction 
Performing evacuation drills in modern buildings, in real conditions, can be difficult 
(Gwynne et al., 1999). During evacuation drills, the occupants typically come at a slow pace, 
without panic and without events such as smoke, fire or other unexpected factors such as 
blocked emergency exits. Ko, Spearpoint and Teo (2007, p. 91) observed that there "is always 
an uncertainty regarding the exact situation evacuees would find themselves in an 
emergency evacuation". Moreover, evacuation drills are either very disruptive when they 
occur unannounced or boring if practiced routinely (Ren et al., 2006). Furthermore, there 
are problems concerning the threat of injury to the participants and the lack of realism 
inherent in any demonstration evacuation scenario. As volunteers cannot be subjected to 
trauma or panic nor to the physical ramifications of a real emergency situation such as 
smoke, fire and debris, such an exercise provides little useful information regarding the 
suitability of the design in the event of a real emergency.  

One alternative is the use of virtual environments to simulate evacuation scenarios. Virtual 
simulations can lead to an initial cost for the development of the application, but then allow 
to overcome problems such as loss of time to carry out the evacuation in real structure, 
business interruption (e.g. the production phase in a company) or difficulty in the 
reproduction of different types of scenarios. With the help of serious games, this training 
could be engaging to carry out and eliminate the boredom factor from ordinary evacuation 
drills. Before the development of these applications, it might be interesting to try to figure 
out if they really work to transfer information about the structural configuration of the 
environment (spatial knowledge) to the subjects. An important factor in this field of research 
is whether this type of learning allows acquiring the spatial knowledge (thus helping to save 
lives). However, sometimes, there may be a negative feedback: computer-based simulator 
may cause a low perception of reality and a low interest in people. A possible solution to the 
low perception of reality is virtual reality. Virtual reality can be referred to as immersive 
multimedia that replicates an environment and simulates physical presence in places in the 
real world or imagined worlds. Virtual reality can recreate sensory experiences, which 
include virtual taste, sight, smell, sound, and touch. This study focuses only on sight (with 
the use of a HMD) and sound (with the use of 3D audio). Regarding sounds, the introduction 
of them can improve the effectiveness of virtual training scenarios providing task-relevant 
information and by affecting users emotionally. It is known that emotionally compelling 
Virtual Environments provide more effective training (McGaugh, Ferry, Vazdarjanova, & 
Roozendaal, 2000; Tulving & Craik, 2000), and result in a high degree of initial learning and 
subsequent retention of the lessons learned (Ulate, 2002). 

The aim of this thesis is to try to understand whether virtual environments allow gaining 
spatial knowledge and, in particular, whether the introduction of audio can help in this task. 
The evaluation was carried out by developing two versions of a serious game. The two 
versions are practically the same, with the only difference in the audio; one of them presents 
audio and the other not. The experiment includes free exploration of a virtual environment 
followed by several tasks to test the acquired spatial knowledge of the subject. Beyond the 
individual evaluations, this paper presents a proposal for an overall evaluation system as a 
"sum" of the tasks. 
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2 Background 
This section contains the works on which this study is based and explains some concepts 
like: Serious games, Spatial ability, Spatial knowledge, Transfer of Spatial Knowledge in 
Virtual Environment Training, Evacuation Simulation, Sounds in Virtual Training and 
Spatialized audio. These concepts are important to understand the research problem that 
will be explained in the next chapter. In fact, this thesis is focused on evacuation training 
using virtual reality and serious games. As evacuation involves navigation this section gives 
the background on the theoretical basis of navigation and the cognitive processes involved. 
In addition, this section also presents previous studies that have been conducted with the 
aim to study navigation in virtual environments. Important aspects in these studies, which is 
used in this thesis, are the proposed methods for studying navigation. Spatial ability and 
spatial knowledge are involved in the process of acquiring knowledge of an environment. To 
be able to study the affect of audio in the transfer of spatial knowledge this section presents 
spatialized audio and previous studies that have been conducted with the help of sounds in 
the virtual training. 

2.1 Serious Games 
The idea of using video games as a learning method was formulated by Abt in 1975 who 
states: 

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. 

(Abt, 1975, p. 9) 

Serious Games are interactive virtual simulations that appear as a real game but with a 
serious goal. They reproduce real situations, that are otherwise hard to reproduce, thus 
allowing the player to interact with the virtual environment or with an artificial scenario 
allowing him/her to learn. There are many examples of scenario reproduced by Serious 
Games: emergency surgery (Michael & Chen, 2006; Cromley, 2006), natural disasters and 
situations related to the daily needs of people with various types of disabilities (Omelina et 
al, 2012). 

The information and sensations experienced by the player allow him/her to improve 
perception, attention and memory by promoting understanding of the context and 
behavioural changes through the so-called "learning by doing" (Dewey, 1916). According to 
de Freitas (2006) there are some benefits combining visualization techniques and training 
simulations with the interactivity and motivational potential of computer games: increased 
motivational levels for learners, increased learner completion rates through engagement and 
enjoyment, potential for widening participation to new learners, use of collaborative learning 
and efficacy of learning through experience. 

This new vision of video games comes from some psychological studies that have shown that 
they help improve several aspects, such as memory and practice. Boot et al. (2008) noted 
that the use of video games could provide improvements in virtual reality as well as in 
everyday practice. The use of a serious game for evacuation drills training allows analyzing 
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different aspects, like the spatial ability (how well a person is able to acquire spatial 
knowledge).  

2.2 Spatial Ability 
Spatial ability means the ability to perceive an environment through the senses and the 
cognitive process of learning the environment. It is also the capacity to understand and 
remember the spatial relations among objects (Thorndyke and Goldin, 1983). 

Spatial skills are very important in solving many tasks in everyday life. For example, using a 
map to guide a person through an unfamiliar city or orienting yourself in your environment 
(like when you are learning your way around in a new school building) are all activities that 
involve spatial skills. 

Spatial ability consists of three basic cognitive skills (Thorndyke and Goldin, 1983): 

• visual memory (the ability to encode and retain purely visual information),  
• visualization (the ability to manipulate and transform a visual image in order to solve 

spatial problems), 
• spatial orientation (the ability to maintain a consistent frame of reference in a 

transformed or rotated visual array). 

The spatial ability of a person is how he/she acquires the knowledge of an area (spatial 
knowledge) and the different strategies used during navigation.  

2.3 Spatial Knowledge 
Spatial knowledge is information about the structural configuration of an environment. 
People have various types of spatial knowledge that they acquire from different sources 
(maps, navigation experience, photographs, etc.). For example, someone could acquire a 
view of the environment by studying a map and a detailed route from navigation. 
Furthermore, people give different spatial judgments, in relation to the type of knowledge 
they have acquired. For example, a person can judge the direction of a destination in two 
different ways when using a map and when using knowledge derived from navigation. 
Finally, the accuracy in the judgment is based on the level of knowledge that the individual 
has acquired (Waller, Hunt and Knapp, 1998). 

Spatial knowledge concerns the information gained when a person is moving in an unknown 
space. Studies have demonstrated that the type and amount of spatial knowledge people 
have change with increased familiarity with the environment (Appleyard, 1970). 

According to Shemyakin (1962), observers first develop route maps and then acquire higher-
level spatial knowledge that is characterized by panoramic survey maps that respect the 
general configuration of the objects in the environment. 

Siegel and White (1975) distinguish three different levels of Spatial Knowledge: landmark, 
route and survey knowledge. 
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2.3.1 Landmark, route and survey knowledge 
Psychologists have identified three stages of development of an individual's cognitive 
representation of a large-scale navigable space (Seigel and White, 1975). The first consists of 
a disconnected set of landmarks that a person focuses on in the initial period. After more 
exposure people are able to link important landmarks into routes (route representation) and 
with additional exposure, some people develop a map-like representation of the environment 
(survey representation). 

Landmarks knowledge is acquired first. Landmarks are discrete objects or scenes stored 
in memory and recognized when perceived. Siegel and White (1975, p. 23) states:  

"Landmarks are unique configurations of perceptual events (patterns)" 

There are two different types of landmarks: 

• Global: distant landmarks (towers, mountains, etc..), visible from a large distance. 
• Local: nearby landmarks, visible only from a small distance. 

O’Keefe and Nadel (1978) state that local landmarks can be used either for guidance, that is, 
as reference points guiding the observer to the intermediate goal, or as pointers (arrows), 
directing the observer’s way onwards from the intermediate goal. They are discrete units that 
do not in themselves contain spatial information, other than the local spatial information 
implied by recognizable pattern. 

After more exposure to an environment, people are able to link together important 
landmarks into routes. Routes are typically described as "chains" of landmarks linked by 
experienced paths of movement connecting them. Knowledge of this type is said to be a 
route representation consisting of information about the appropriate action to perform 
at "choice-point" landmarks and about the order of landmarks. It doesn't contain 
information about metric distances and directions. 

Routes are nonstereotypic sensorimotor routines for which one has 
expectations about landmarks and other decision points. Learning between 
landmarks is, to some extent, incidental and irrelevant except to the extent 
that intermediary landmarks serve as course-maintaining devices... A 
conservative route learning system would then be, in effect, "empty" between 
landmarks... The "empty" space between landmarks receives "scaling" during 
extended experience with the routes. 

(Siegel and White, 1975, p. 24) 

The third and last step is survey representation and is said to derive from accumulated 
route knowledge. It's a map-like representation of metric spatial relationships between non-
linearly-aligned sets of environmental features such as routes and landmarks, organized 
within a common frame of reference (Montello, 1998). 

Survey knowledge allows people to estimate distances between landmarks and infer 
alternate routes that have never been travelled. Darken and Sibert (1996) states that survey 
knowledge is the most important information a person needs to successfully navigate in an 
environment. 



 5 

Survey representations develop when knowledge of separate routes is combined into more 
complex clusters of routes. Evidence for its existence consists of the ability to take shortcuts, 
create efficient routes, and point directly between landmarks (Waller, Hunt and Knapp, 
1998). It is assumed that survey knowledge represents a more flexible understanding of the 
spatial characteristics of an environment compared to route knowledge. 

 

Figure 1 The three steps of spatial knowledge 

Siegel and White (1975) state that a person has to go through a constructive dynamic process 
to achieve complete knowledge (survey knowledge) in a new large-space environment and 
summarize the previous steps in the "Sequential and Hierarchical" model: 

1. Landmark recognition: Objects become landmarks for their distinctiveness and 
personal meaning (Lynch, 1960) and become salient landmarks when they also give 
directional information. 

2. Routes or Links: Traveling between two landmarks, routes and links are formed. 
Now the distance between two landmarks on a route is achieved. 

3. Survey knowledge: After significant traveling of routes and links the primary 
survey knowledge is achieved and alternate routes can be inferred. 

The issue of transition from a route to a survey representation is particularly important when 
learning a Virtual Environment because people can be in a real environment for more than a 
year without acquiring a survey representation of it. So it depends on the individual skills of 
persons and the time when they were in the environment (Moeser, 1988). For this reason, is 
very difficult to analyze if a person is able to acquire the survey knowledge. 

Landmark, route and survey knowledge are related to a spatial frame of reference according 
to the distinction between the Egocentric and Exocentric. Egocentric refers to the body and 
the Exocentric (or allocentric) refers to fixed external landmarks that require the out-of-
focus capacity to imagine a different viewpoint from one’s own viewpoint (Wallet et al., 
2009). To understand better, exocentric provides a vision of an object or a space from the 
outside; the egocentric provides a view from within the object or space. The egocentric 
referential corresponds to the first two knowledge levels (Landmark and Route) while the 
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exocentric referential corresponds to the third knowledge level (Survey). 
These three steps of knowledge are essential for the way-finding. 

2.3.2 Way-finding 
Way-finding is the cognitive element of navigation and is the way in which people orientate 
themselves within a building (Tong and Canter, 1985). 

Gluck (1990) states: 

The process used to orient and navigate. The overall goal of way-finding is to 
accurately relocate from one place to another in a large-scale space. 

(Gluck, 1990, p. 117) 

 Downs and Stea (1973) propose that way-finding is done in four steps: 

1. Orientation: Determining the position in relation to nearly objects. 
2. Route Decision: Choosing a route to the destination. 
3. Route Monitoring: Monitoring the route one has taken to confirm that it is correct. 
4. Destination Recognition: Recognizing that one has reached the correct 

destination. 

Way-finding involves tactical and strategic parts that guide movement. An essential part is 
the development and use of a cognitive map (survey knowledge), also referred to as a mental 
map. The cognitive map refers to the more elaborate mental representations of spatial 
environment. 

Successful way-finding requires the use of all three types of spatial knowledge. Landmarks 
are used to acquire orientation, route knowledge is needed to follow a route, and survey 
knowledge is required to choose the best route. 

It's possible to be a successful navigator with just route knowledge, but survey knowledge is 
the most important type of knowledge needed for successful way-finding in any environment 
(Darken and Sibert, 1996) 

There are three categories of way-finding: 

• Naive search: any task where a navigator is looking for a specific target, without 
knowledge of where the target is located. 

• Primed search: navigator knows the location of the target. 
• Exploration: navigator is not looking for targets and is acquiring survey knowledge. 

If an environment is unstructured or lacking sufficient navigational cues a navigator will be 
unable to perform an efficient search. It's important to construct virtual environments that 
allow searches to be executed efficiently.  

2.3.3 Transfer of Spatial Knowledge in VE Training 
Most games, even serious games, require navigating in a virtual environment. Navigation is 
the main task that users perform in virtual environments and to do it successfully they must 
plan their movements using spatial knowledge gained from the environment. The biggest 
problem is that 20-30 % of users have difficulties in navigating in virtual environments 
(Witmer et al., 1996). 
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Using the concept of fidelity, Waller et al. (1998) examined the variables that mediate the 
transfer of spatial knowledge from the virtual environment to real world. They investigate 
the ways in which exposure to a computer generated replica of an environment can 
substitute for actual exploration of the real world. In addition, Witmer et al (1996) have 
shown that exposure to a virtual environment can be effective in training knowledge about 
the route through a large and complicated office complex. These studies reveal the efficacy of 
virtual environments in training spatial knowledge. In order to analyze the transfer of spatial 
knowledge from a virtual environment to real world is necessary to refer to the concept of 
fidelity. 

Waller et al. (1996) defined fidelity as follow:  

the extent to which the Virtual Environment and interactions with it are 
indistinguishable from the participant's observations of and interactions 
with a real environment. (Waller et al., 1996, p. 129) 

Environment fidelity refers to the mapping from the real world environment to the training 
environment. In contrast, interface fidelity refers to the mapping from the virtual 
environment to the mental environment of the trainee (Waller et al., 1998). The latter is very 
important to ensure that the perception of the reality and the sense of realism are as high as 
possible. 

2.4 Evacuation Simulation 
One of the main application areas for the study in this thesis is evacuation plans. Emergency 
evacuations are essential for the safety of buildings. Time is one of the key factors of an 
evacuation plan in case of emergency. A successfully evacuation also means a lower time to 
go the collection points (Ozel, 2001). 

The main reason for a failure of an evacuation is that occupants take unreasonable 
evacuation measures because of panic or unfamiliarity with the building (Li, Tang, and 
Simpson, 2004). One solution is to conduct emergency evacuation training in real buildings. 
However, there are a lot of disadvantages like high cost, poor repetitive capability and easy to 
cause accidents. To overcome these disadvantages Virtual Reality (VR) can be used to make 
sure that users can immerse themselves in the virtual building environment with different 
scenarios. Professionals and occupants can interact with the virtual environment, simulate 
emergent evacuation process, judge whether the inner layout and decoration of the building 
is reasonable or not and conduct evacuation trainings and drillings.  

Users are able to navigate in the virtual building environment as that in the real world and 
training themselves to go in the collection points in the shortest possible time.  

People need to have spatial knowledge and different cognitive skills to be able to find the 
right exit and be safe. There are two crucial aspects in the way-finding performance: cues 
and choices. The way-finding performance is mainly influenced by the perception and prior 
knowledge of people who has to find their way in the building.  
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Figure 2 An example of an emergency evacuation plan 

Survey representations facilitate spatial inferences and can allow people access to spatial 
information regardless of orientation (Sholl, 1987). In order to understand an evacuation 
plan (Figure 2) it is necessary to know the structure of the environment. Having a complete 
knowledge (survey knowledge) of the environment can help people to find the fastest way to 
escape. 

Assessments of emergency evacuations have shown that evacuees are hardly aware of the 
presence of escape route signs or their route choice is not based upon it (Johnson, 2005; 
Ouellette, 1993). The main choice of the escape route depends on the knowledge that people 
have of the building and occupants normally evacuate by using familiar routes, mainly the 
main entrance of the building (Graham and Robert, 2000; Sandberg, 1997), instead of 
closest path.  

Case studies shown that occupants are often unable to escape in time and the major fatalities 
occur in evacuations with a substantial loss of time (Purser and Bensilum, 2001). 

2.5 Sounds in Virtual Training 
Game industry devotes many of their resources to develop soundtracks that allow the player 
to be engaged or immersed in the represented world (Collins, 2008). Conversely the 
developers of serious games focus on the visual environment (Doornbusch, 2002) mainly 
due to the fact that it requires a considerable budget and the benefits for the users are not 
immediately evident. 
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Studies show that humans learn more efficiently if they have an emotional involvement with 
the training scenario (McGaugh, Ferry, Vazdarjanova, & Roozendaal, 2000; Tulving & Craik, 
2000; Ulate, 2002). Audio can improve the effectiveness of virtual training scenarios by 
increasing the naturalness of the experience, by providing task-relevant information and by 
affecting the users emotionally. This is possible through a simulation as real as possible and 
that it can trigger memories or emotions. The sounds and soundtracks that are as close to 
reality as possible can therefore contribute to the effectiveness of the training. 

Obviously users expect that the visual events they perceive in the computer-mediated 
environment are accompanied by sounds like in reality and the absence of audio is 
experienced as unnatural thus decreasing the perception of reality. In addition, sounds can 
engage and immerse the trainee, which is thought to increase the effectiveness of the 
training (Rozendaal, Keyson, de Ridder, & Craig, 2009). Moreover, since users are used to 
playing games with high-quality audio, they probably expect an equally quality in the virtual 
training. Any discrepancy between their expectations and the actual experience may lead to a 
lower perceived quality (Pettey, Campanella Bracken, Rubenking, Bunche, & Gress, 2010). 

Arousal and engagement are the main aspects of the response that determine the 
effectiveness of a computer-mediated training. Audio that present relevant information for 
the training make a more convincing scenario (in dangerous scenarios this is expected to 
lead to high arousal). Moreover by attracting attention, sounds enhance the experience of 
presence and the engagement of the trainee. 

Darken et al (1999) observed that the addition of audio to a virtual environment can 
significantly enhance the level of presence and engagement and induce arousal in the user 
(Dekker and Champion, 2007). One study (Tan, Baxa, & Spackman, 2010) found that the 
inclusion of audio information has only improved the performance of experienced players, 
probably because they are able to grasp more information from the environment. 

2.6 Spatialized Audio 
Spatialized audio is sound processed to give the listener the impression of a sound source 
within a three-dimensional environment. This is a more realistic experience when listening 
to recorded sound than stereo because stereo only varies across one axis, usually the 
horizontal axis. Spatialized audio can also provide information about things that are 
happening in a 360-degree circle around a person, unlike vision, which can only provide 
information for roughly 150 degrees. 

Previous studies (Mulgund et al., 2002) show that spatialized audio can be used to 
communicate the direction, location, movement, and to help the navigation. Makino et al. 
(1996) states that adding spatialized audio in a virtual environment can increase the 
performance of navigation making it faster and more efficient. Furthermore, supporting the 
visual input with the audio input, the time required to perform target detection tasks is 
reduced when the targets are within the current field of view (Bolia et al., 1999), as well as 
when audio is used to direct attention to targets in the peripheral visual area (Perrott et al., 
1990). It is important to assess the effects of spatialized audio when subjects are immersed 
in a virtual environment with the aim of acquiring spatial knowledge of it. 



 10 

3 Problem 
This study is focused on the acquisition of spatial knowledge: if people can acquire it in a 
virtual environment and if the introduction of audio can influence the learning. The 
acquisition of spatial knowledge is essential in our daily lives. In emergency situations, it 
allows us to survive moving away from dangerous situations. A practical example is 
evacuation plans in buildings. In a building on fire, occupants have to be able to evaluate the 
structure before the situation becomes dangerous. Evacuation time is thus a critical factor 
and the recommendations are to reduce it. Previous training is important to decrease the 
evacuation time. It could be very useful because stress, lack of knowledge about the building 
and suitable behaviours produces may cause a "mental paralysis", where an occupant does 
not take any action at all or takes a lot of time to evacuate the building.  

The main goal is to assess whether audio in virtual reality allows users store information 
more easily. This factor will be essential to understand if the introduction of audio 
landmarks can lead to significant improvements in the acquisition of spatial knowledge. It is 
measured the acquisition of spatial knowledge of an environment through a virtual simulator 
in presence of audio and what benefits could lead compared with no audio. 

3.1 Hypotheses 
It is expected that audio will contribute to the acquisition of spatial knowledge from a virtual 
environment for Landmark and Way-finding tests. Therefore, three different hypotheses are 
going to be stated: 

Hypothesis 1a: 

• H01a: The performance on the Landmark test will be the same for the HMD-S and 
the HMD group.  

• Ha1a: The performance on the Landmark test will be better for the HMD-S 
compared to the HMD group.  

 
Hypothesis 1b: 

• H01b: The performance on the Sketch-mapping test will be the same for the HMD-S 
and the HMD group.  

• Ha1b: The performance on the Sketch-mapping test will be better for the HMD-S 
group compared to the HMD group.  

 
Hypothesis 1c: 

• H01c: The performance on the Way-finding test will be the same for the HMD-S and 
the HMD group.  

• Ha1c: The performance on the Way-finding test will be better for the HMD-S 
compared to the HMD group. 
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3.2 Method 
In this section the research method to study if people can acquire spatial knowledge in a 
virtual environment, with and without audio, will be reported. 

There are two objectives to answer research question: 

1. Test to what extent a player immersed in a virtual environment, can acquire spatial 
knowledge of the environment. 

2. Measure if the introduction of audio landmarks helps to store spatial knowledge. 

In order to meet these objectives, the idea is to develop two versions of the same game: one 
with audio landmarks, and one without audio landmarks. In the audio version of the game, 
the sounds are in the form of acoustic landmarks (3D audio) to provide the player with 
additional navigational cues. 

To do this there are two groups of users. Both groups consist of players that are immersed in 
the virtual environment through the Oculus Rift (Head-Mounted Display). The first group is 
with headphones and the second group is without because there will be no audio. All users 
use a gamepad for walking and the rotation of the head to move the camera. 

The experiment consists of two sessions. The first consists of gathering information for the 
groups balancing: 

A document containing the basic information regarding the test procedure is given to all 
participants in order to be sure that all get equal information. The document has been 
reported in Appendix B. Other minor instructions where given by voice. 

Firstly, the groups are balanced, in order to make this test more reliable. The following tests 
are conducted as a basis for balancing the groups:  

• One questionnaire to gather information such as gender, nationality and gaming 
experiences (5 minutes). 

• One questionnaire to measure the spatial orientation (Hegarty and Waller, 2004). In 
this test the ability to imagine different perspectives or orientations in space is 
evaluated (5 minutes).  

To achieve balanced groups, the subjects are distributed in equal manner that is: 
• Equal distribution of male and female. 
• Equal distribution of people with game experience. 
• Equal distribution of people with a good score in spatial orientation test. 

 
The questionnaires are available in the Appendix A.  

After collecting all data, analyzed results and formed groups, the second session starts: 
subjects are asked to navigate the virtual environment for 10 minutes. Before starting to 
play, the subject has the opportunity to be familiar with the Oculus. Moreover, 10 minutes is 
enough to allow the player to visit the entire environment.  

Free navigation. The user is instructed to use the available time to try to memorize the 
environment. Not given other instructions, because the visit of the environment should be as 
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close to a visit of a real environment where no one gives instructions on how to acquire the 
configuration of the environment. The visit is recorded in order to make the next steps. 

Landmark test. The next step is to show to the subject pictures regarding landmarks in the 
environment. The pictures are taken from the perspective of the player to facilitate the 
recognition. Among them there are pictures of landmarks not present in the environment. 
Are included landmark that are not present in the environment in order to really understand 
which those saw in it. The player's goal is to select only those landmarks really present in the 
game. This step is necessary to see if the user has acquired the landmark knowledge and it 
takes 90 seconds (maximum time). The time is not important, is only to put a cap. 

Sketch-mapping test. Then is shown to the subject a map of the environment and a 
picture of a room (in our case the "Research room", Figure 3) and is asked to reach that room 
on the map (drawing the path) starting from a specific position (Figure 4). The users have 90 
seconds (maximum time), but like previous step, the time is only to put a cap. 

 

Figure 3 Research room (goal for the sketch-mapping and way-finding test) 
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Figure 4 Sketch-mapping test (X in the first floor is the start point and the red path 
is the correct path drawn by subject) 

Way-finding test. Then will be asked to re-enter the game to reach the same room of the 
previous step (sketch-mapping test). This step is way-finding test and it will take 90 seconds 
(maximum time). It's a confirm of the sketch-mapping test. 

The final step is to present users a final questionnaire to collect feedback and for the group 
HMD with audio is asked subjects to recognize, after hearing a sound at a time, in which 
floor there is any audio landmark (5 minutes).  

3.2.1 Ethical considerations 
Considering that the simulator may cause nausea, participants are informed that they can 
stop the experiment whenever they want. In addition, participants are informed that all data 
collected will be used only for research purposes. The participants agreed on the above 
conditions and gave their written and informed consent signing the document reported in 
the Appendix C. 

3.3 Simulation hardware & software 

3.3.1 Unity 3D 
Unity3D is a free development environment designed specifically for creating games in 2D, 
3D, PC, Mac, iPhone, Xbox, Nintendo and Playstation. It's based on an engine that gives a 
comprehensive support for various aspects: rendering, light effects, physics and so on. Unity 
provides the use of 3 different programming languages: C#, JavaScript and Boo. It is 
possible to achieve the same thing with all three languages so is possible to choose one 
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according to the feeling with it. The Unity scripts are all classes that inherit from 
Monobehaviour. A class identifies a category of objects that have all the same properties. 

Several virtual reality components are designed to work with Unity. These components can 
be used in isolation or pieced together to provide fully immersive experiences. Unity includes 
an intuitive interface while at the same time allowing low-level access for developers. 
Thousands of assets provided by other content creators can be reused to quickly develop 
immersive experiences. Because of Unity’s widespread use and ease of use, several virtual 
reality companies now fully support Unity. The reason that led to this choice was the extreme 
compatibility with all platforms and countless presence of 3D models on the web. 

3.3.2 Oculus Rift 
The HMD (Head-Mounted Display) is the main device that comes to mind when thinking 
about Virtual Reality. Most of the HMDs that are in the market have stereoscopic displays 
and tracking systems. It enables the user to see 3D environment through a big field of vision 
and the camera moves with the user's head position. 

The Oculus Rift provides an extended field of view of 110 degrees, fast head tracking and 
stereoscopic vision. The data comes through 3-axis gyroscope, accelerometer and 
magnetometer, giving the user a fast image update. In addition, the Oculus Rift HMD has 
been shown to present a significantly more realistic and compelling virtual world experience 
in comparison to traditional computer monitors (Reiners et al. 2014).  

The integration between Unity3D and the Oculus Rift was carried out through the Unity 4 
Integration Plugin available on the official website of the Oculus. The plugin was for version 
4 of Unity3D, with few tweaks, it was possible to get it running the new version without 
problems. 
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4 Experiment 
This chapter describes the process of creation of the simulator. Will also be presented in 
detail the two pilot tests and the main study. 

4.1 Virtual environment 
The virtual environment is a university building and it consists of two floors (Figure 5-6).  

 

Figure 5 Map of the virtual environment 

In the first floor there are 5 corridors (Figure 6D), 4 intersections and 2 stairs. In this floor 
there are:  

• One classroom with tables (Figure 6B), chairs, two projectors and two radiators. This 
room has two entrances.    

• One living room (Figure 6C) with three sofas, several tables and chairs, a central 
column, a TV and a window. This room has two entrances. 

• One laboratory room with workstations, a whiteboard and a printer. This room has 
one entrance. 

• Two studying rooms with chairs, tables, lights and plugs. These rooms have only one 
entrance. 

• Two bathrooms, one for men and one for women. There are two signs that indicate 
the gender. 

In the second floor there are a corridor, 2 intersections and 2 stairs. In this floor there are:  
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• One research room (Figure 6A) with several workstations, two printers and a column. 
• Two meeting rooms: one with a big table and chairs and one with two tables and 

chairs. Both rooms have an internal window and an entrance. 
• Five teacher offices with a whiteboard, a sofa, a desktop, two chairs and a library. 

These rooms have one entrance. 

 

 

Figure 6 Virtual environment 

 

Every intersection presents a different landmark (Figure 7) that helps users to make 
decisions. The landmarks will be audio and visual. They are necessary to help the storage of 
path information. 

 

 

Figure 7 Landmarks 
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4.2 Visual and audio landmarks 
As mentioned above, the virtual environment presents several visual and audio landmarks. 
Most of landmark includes a looped audio in order to associate to each decision point a 
support from the sounds. They were not included other audio, because the presence of too 
many sounds might confuse the subject. Each visual landmark has a sound that reflects the 
characteristics of the object that plays it (i.e. the clock has a sound that reproduces the clock 
ticking). The landmarks were included in order to represent as much as possible the 
potential items that can be found in a university environment. 

Table 1 contains the visual landmark, with associated audio, in the environment. 

Table 1 Summary of visual landmark with associated audio 

Visual landmark Associated audio Floor number 
Clock Ticking clock 1 

Painting - 1 
Plant Background noise 1 

Computer workstation Fan noise 1 
Toilet sign - 1 

Toilet Toilet flush 1 
Coffee machine Coffee machine sounds 2 

Robot model Robot sound 2 
 

Also, there are various posters, in order to differentiate the environment. In addition, each 
room has wall colours that are different in every other room. The addition of a different walls 
color for each room is motivated by the creation of additional landmarks that support the 
subject. Table 2 shows a summary of colors used for each room in the environment. 

Table 2 Summary of different wall's color of the rooms 

Room Wall color 
Living room Brown 
Study rooms Grey 

Classroom White 
Laboratory Blue 

Teacher rooms Ivory 
Meeting rooms Beige with black line 
Research room Red 

4.3 The simulator 
As previously mentioned, the simulator was created through Unity3D v. 5.0.1f1. Regarding 
the Head-Mounted Display, the Oculus Rift Development Kit version 1 was used (Figure 8). 
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Figure 8 Oculus VR Development Kit 1 

The only game mode was provided in way-finding task. The subject must reach a room in the 
virtual environment in the shortest time possible. In the simulator the subject is simply free 
to move in the environment in order to achieve knowledge useful to the continuation of the 
test. 

The player is aware only of the remaining time, through a timer located in the graphical user 
interface of the game, in order to better manage the remaining time. When the time expires, 
or the subject reaches the goal (as in way-finding), he/she will be unable to move and the 
simulation stops. 

In order to be free to move in the environment, the player use a simple gamepad with which 
it interacts only through the left stick and the "X" button (Figure 9). Also, to allow 
familiarization with the HMD, the player decides when to start the simulation (and then 
start the timer) interacting via the X button on the gamepad. 
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Figure 9 Gamepad 

To allow free movement and let Oculus captures the movements of the body (to move the 
virtual camera in the simulator) has been using a "backpack solution" (Figure 10). The 
subject is wearing a backpack with: 

• Laptop running Unity3D and screen recording performed by QuickTime 
• An extension cord 
• A power strip 
• Oculus Rift Control Unit 

The extension cord was carried down from the ceiling, to avoid that the subject stumble in 
the cables. 

The setting for the experiment was prepared in a room. The environment was silent and has 
been cleared from obstacles that could endanger people hitting against them. It was created 
a delimited circuit to allow the free movements of subjects. 
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Figure 10 Backpack solution 

4.4 Pilot test 
Two pilot test have been conducted: the first to analyze the simulator experience, the second 
to analyze the affect of some changes made after the first pilot test.  

4.4.1 First pilot test 
This test has been conducted with three volunteers who where asked to conduct this test as if 
it were a real test to assess their impressions and consider some improvements. They were 
given the same instructions and questionnaires of the real experiment. 

Initially the environment consisted of three floors and some rooms were also identical. The 
rooms had doors closed and the user had to interact to open them. Analysis of the 
questionnaire shows that all subjects enjoyed the simulation but it was slightly difficult. 

The pilot test revealed some problems such as: 

• Environment too big 
• Inability to recognize similar rooms 
• Waste of time to open the doors to enter the rooms 

Using the result of this test, to improve the simulator experience the number of floors was 
reduced from three to two. The similar rooms were deleted and the doors removed in order 
to make easier to recognize the position inside the environment. Furthermore, each room 
has been provided with walls with different colours (a different colour for each room) in 
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order to give the user more landmarks. 

It emerged from the questionnaires that the sitting position and rotation of the view through 
the gamepad made the gaming experience uncomfortable (Figure 11 shows the previous 
position of the subject). Moreover, it was noted that no one was able to reproduce the exact 
chronological order of the landmarks (old landmark test), due to the fact that subjects travel 
along different paths several times and met the landmark in chronologically different order.  

 

Figure 11 Previous subject's position 

Video recordings showed that the time for the free navigation was too short. It was noted 
that in the way-finding task was possible to reach the room by chance (trying to get into all 
the rooms). With way-finding before sketch-mapping, many people simply repeated (in the 
sketch-mapping) the path made in the way-finding and it was to easy to achieve. 

4.4.2 Second pilot test 
Given all the observation above and feedback collected were made the changes shown in 
Table 3. Then these changes were tested in a second pilot test. 

Table 3 Summary of changes made after first pilot test 

 Before After 

Free navigation time 5 minutes 10 minutes 

Camera rotation Performed by gamepad 
and head's rotation. 

Camera rotation performed 
only by head/body rotation. 

Subject position Seated Standing to allow body 
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rotation 

 

Computer/cable position 
On the table. 

Subject is wearing a 
backpack with computer and 

cables (to allow body 
rotation). 

Landmark test 

Sort chronologically (free 
navigation task order) 

images of the landmarks 
in the environment. 

Choose pictures of 
landmarks present in the 

environment. 

Hierarchical position of 
Way-finding and Sketch-

mapping tasks 

Way-finding task before 
Sketch-mapping task. 

Sketch-mapping task before 
Way-finding task. 

 

After these changes have been made, the second pilot test was conducted with three more 
volunteers and the changes showed positive results. 

The previous seated position caused nausea and dizziness to subjects, but with the standing 
position and the backpack solution (Figure 10) none of the volunteers showed these 
symptoms. This result was also fundamental regarding the increase of the free navigation 
time, because the previous short time was due to the inability to play for more than 5 
minutes. 

Finally, swapping between way-finding and sketch-mapping led to good results showing 
really who acquired knowledge and who reached the goal by chance or landmarks. 

The second pilot test showed no problem, and then nothing has been changed for the main 
test. 

4.4.3 Main test 
After finishing the two pilot tests and making the necessary changes based on the received 
feedback, the main test began. The number of participants reached for this test was 26, 
divided equally in two groups of 13. Each participant did the experiment individually with 
the experiment instructor.  

Participants were all international students (different nationalities) of University of Skövde 
aged 20 to 26. As mentioned above, there were two groups equally distributed through the 
group-balancing phase. 

The two groups differ only by the presence and absence of audio. Each group presents equal 
number of male and female (7 male and 6 females per group).  In the questionnaire for 
group-balancing subjects have been asked if they have sound or game skills, due to balancing 
the number skilled subjects in each group. The skilled subjects were 9 for sound skills and 10 
for game skills. A key factor that has influenced the composition of the groups was the score 
achieved in spatial orientation test. The average score achieved by all participants was 7,04 
out of 12.  
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Table 4 summarizes the composition of the two different groups. 

Table 4 Summary of composition of the two groups 

Group Gender Sound-
skilled 

subjects 

Game-
skilled 

subjects 

Average 
age 

Spatial 
Orientation 

average score 
Male Female 

HMD 7 6 4 4 23 7,23 
HMD-S 7 6 4 5 23 6,85 

Total 14 12 8 9 23 7,04 
26 

 

The equipment worn by the subjects of the two groups was practically the same, except the 
introduction of headphones regarding the group HMD with audio. In Figure 12 it can be 
seen, in particular on the left a subject of the HMD with audio group (with headphones) and 
on the right a subject of HMD group (without headphones). 

 

Figure 12 HMD subject with audio (left) and HMD subject without audio (right) 
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5 Results and Analysis 
The aim of this thesis is to assess whether audio in virtual reality allows users store 
information more easily. This factor will be essential to understand if the introduction of 
audio landmarks can lead to significant improvements in the acquisition of spatial 
knowledge. 

As mentioned above (Method section, 3.2), the experiment has been conducted with 26 
subjects, who were asked to use an HMD to visit a virtual environment and to accomplish 
different tasks. After a brief questionnaire to collect information about subjects to compose 
balanced groups, they will be subjected to four different tasks: 

1. Free navigation: 10 minutes to freely explore the virtual environment. 
2. Landmark test to determine if the subject has knowledge of the landmarks present in 

the virtual environment. 
3. Sketch-mapping test to determine if the subject knows how to move in the virtual 

environment through a map. 
4. Way-finding test to determine if the subject knows how to move in the virtual 

environment through the simulator. 

Later, they were collected feedback to assess the possibility of improving the simulator. 

In the following sections, results obtained by the two groups for each task are analyzed. The 
results will be shown in tabular form and with graphs to better understanding. The group 
who played the simulator without audio will be abbreviated as "HMD Group" and the second 
group who played the game with audio will be abbreviated as "HMD-S Group" from now on. 

5.1 Metric used for each phase 
This section contains the scoring method for each individual task and the factors taken into 
account at every phase. Each task has a different metric. 

Below there is a quick summary for each phase, containing the factors taken into account for 
each of them. 

• Group balancing phase 
o General questionnaire: the factors taken into consideration are gender, 

gaming experience and sound skills. 
o Spatial orientation score: it was assigned one point for each correct answer 

(range 0 to 12). 
• Free navigation 

o Stored the time used by the player to explore the virtual environment. In case 
of stop, stored the reason. It was also video recorded the entire visit. 

• Landmark test 
o The score of this test is calculated as the sum of the correct landmarks and the 

subtraction of the wrong landmarks  (+1 point for correct landmark, -1 for the 
wrong landmark). 

• Sketch-mapping test 
o This task can only have two results: success or failure. The reason of binary 

result is simple: the user can complete (reaching the room within 90 seconds) 
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or not (inability to reach the room, out of time, wrong room reached, inability 
to read map, etc.) the task. 

• Way-finding test 
o If this step has been successfully completed, the remaining time will be 

considered the score. Otherwise it will be assigned 0 points as score. There 
are two results, success or failure. The reason of binary result is like the 
previous step: the user can complete (reaching the room within 90 seconds) 
or not (inability to reach the room, out of time, wrong room reached, inability 
to play, etc.) the task. 

• Final questionnaire 
o Stored data to gather information to improve the simulation and know the 

feelings of the subjects. Furthermore, only for the group HMD-S, it is 
contained a test for audio landmark, with the assignment of +1 point for 
correct answer, -1 for wrong answer (as for the landmark test). 

5.1.1 Game experience and sound skills 
In general questionnaire is asked subject to mention previous experience with video games 
or sounds / music. Regarding game experience question was raised in order to discover the 
participant's previous experience in games. Questions refer to the time spent on video games 
and the most used categories. Regarding sound skills, question was raised in order to 
discover the participants’ previous experience in sound and music. The experiences varied 
from previous or current education in sound or music, or that they had previously worked 
with or current works with sound or music as a hobby. The reason is to find out if being 
experienced with sounds can improve performances. 

5.2 Comparison HMD vs. HMD-S 
This analyze whether the HMD-S group (with the introduction of audio) performs better 
than the HMD group (without audio). For the following analysis was made an unpaired t-
test. In this comparison the size of the samples is 13 per group. 

Table 5 Result comparison between HMD and HMD-S for each task 

Task HMD HMD-S P (t-test) 
Free navigation time 398.08 443.85 0.4920 

Landmark test 4.85 4.23 0.4786 
Way-finding test 17.77 16.39 0.8687 

 

The average free navigation time was 398.08 (SD=182.16) for the HMD group and 443.85 
(SD=150.80) for the HMD-S group. This difference was not statistically significant 
(t(24)=0.6978, p=0.4920) and Cohen's d = -0.274 suggests a small effect size. However, it 
seems that group with audio visited the environment for more time than the other group. 
The average landmark test result was 4.85 (SD=2.03) for the HMD group and 4.23 
(SD=2.31) for the HMD-S group. Also this difference was not statistically significant 
(t(24)=0.7199, p=0.4786) and Cohen's d = 0.285 suggests a small effect size. The average 
way-finding test result was 17.77 (SD=22.05) for the HMD group and 16.39 (SD=20.17) for 
the HMD-S group. Also this difference was not statistically significant (t(24)=0.1670, 
p=0.8687) and Cohen's d = 0.065 suggests a very small effect size. 
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Given the nature of the data of the sketch-mapping test (binary results), is used the Fisher 
exact test for this comparison.  

Table 6 Comparing sketch-mapping results between two groups 

 Successful Unsuccessful Total 
HMD 5 8 13 

HMD-S 6 7 13 
Total 11 15 26 

The two-tailed P value equals 1,0000 and so there is no difference. 

Therefore hypotheses H01a, H01b and H01c are accepted. 

5.2.1 Analysis without the subjects who interrupted tests for nausea 
As the subjects who stopped for nausea may affect the comparison, in this analysis they will 
not be considered. These subjects are excluded to determine if the different number of them 
in the two groups (23% in HMD group and 46% in HMD-S group, as can be seen in section 
5.2.2) have affected the outcome of the comparison. 

The average free navigation time was 472.50 (SD=139.15) for the HMD group and 536.67 
(SD=105.35) for the HMD-S group. This difference was not statistically significant 
(t(17)=1.1227, p=0.2772) and Cohen's d = -0.519 suggests a medium effect size. The average 
landmark test result was 5.70 (SD=1.14) for the HMD group and 5.50 (SD=1.48) for the 
HMD-S group. Also this difference was not statistically significant (t(17)=0.3325, p=0.7435) 
and Cohen's d = 0.151 suggests a small effect size. The average way-finding test result was 
23.10 (SD=25.78) for the HMD group and 26.17 (SD=20.41) for the HMD-S group. Also this 
difference was not statistically significant (t(17)=0.2851, p=0.7790) and Cohen's d = -0.132 
suggests a small effect size. For sketch-mapping is used Fisher exact test and the two-tailed P 
value equals 1,0000 so there is no difference. Also in this analysis, hypotheses H01a, H01b 
and H01c are accepted. 

5.2.2 Free navigation interrupted 
Some subjects interrupted their navigation due to several reasons, such as nausea, dizziness 
or knowledge (people that stated that they know the environment before the time were over). 
In the Figure 13, are summarized briefly the reasons for the interruption of the free 
navigation, with the help of charts. 

 

Figure 13 Subjects who stopped for some reasons 
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As shown in Figure 13, only two subjects use the whole available time for free navigation in 
HMD group (15%), compared to 4 for HMD-S group (31%). Regarding subjects who decided 
to voluntarily interrupt the free navigation, in the HMD group more subjects (precisely 8) 
have interrupted navigation claiming to know the whole environment before time runs out 
(62%) against 3 belonging to the other group (23%). The subjects who felt nausea and 
dizziness so much that having to stop the simulation were 3 for the HMD group (23%) and 6 
for the HMD-S group (46%). It must be said, however, that in the HMD-S group 2 people 
have previously stated to be subject to nausea, which occurred.  

As can be seen, the performances of the two groups are almost the same so it is difficult to 
notice any difference. 

5.3 Comparison between experienced gamers 
Since, as mentioned before, previous studies (Tan, Baxa, & Spackman, 2010) claim that the 
introduction of audio increases the performance of the experienced players, analysis of each 
task it was also carried out between HMD and HMD-S experienced gamers. For the 
following analysis was made an unpaired t-test. The sample's size for HMD group is 4; the 
sample's size of HMD-S group is 5. 

Table 7 Result comparison between HMD and HMD-S for experienced gamers 

Task HMD HMD-S P (t-test) 
Free navigation time 472.50 474 0.9877 

Landmark test 5.25 5.60 0.7398 
Way-finding test 31.5 30 0.9361 

 

The average free navigation time was 472.50 (SD=165.81) for the HMD gamers and 474 
(SD=117.81) for the HMD-S gamers. This difference was not statistically significant 
(t(7)=0.0159, p=0.4920) and Cohen's d = -0.010 suggests a very small effect size. The 
average landmark test result was 5.25 (SD=1.50) for the HMD gamers and 5.60 (SD=1.52) 
for the HMD-S gamers. Also this difference was not statistically significant (t(7)=0.3456, 
p=0.7398) and Cohen's d = -0.231 suggests a small effect size. The average way-finding test 
result was 17.77 (SD=29.42) for the HMD gamers and 16.39 (SD=24.89) for the HMD-S 
gamers. Also this difference was not statistically significant (t(7)=0.0830, p=0.9361) and 
Cohen's d = 0.050 suggests a very small effect size. 

Given the nature of the data of the sketch-mapping test (binary results), is used the Fisher 
exact test for this comparison.  

Table 8 Comparing sketch-mapping results between experienced gamers of two groups 

 Successful Unsuccessful Total 
HMD 3 1 4 

HMD-S 3 2 5 
Total 6 3 9 

 

The two-tailed P value equals 1,0000 (Fisher test).	   It suggests that it is not statistically 
significant. 
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5.4 Comparison between subjects with sound skills and without 
(only HMD-S) 

In this section, it has been performed a comparison between subjects who initially reported 
that have sound skills and those who don't. For the following analysis was made an unpaired 
t-test. The sample's size is 4 per group. 

Table 9 Result comparison between subjects with sounds skills of HMD and HMD-S group 

Task HMD HMD-S P (t-test) 
Free navigation time 475 525 0.5504 

Landmark test 5.50 5.75 0.7304 
Way-finding test 20 21.5 0.8875 

 

The average free navigation time was 475 (SD=125.83) for the HMD gamers and 525 
(SD=95.74) for the HMD-S gamers. This difference was not statistically significant 
(t(6)=0.6325, p=0.5504) and Cohen's d = -0.447 suggests a medium effect size. The average 
landmark test result was 5.50 (SD=0.58) for the HMD gamers and 5.75 (SD=1.26) for the 
HMD-S gamers. Also this difference was not statistically significant (t(6)=0.3612, p=0.7304) 
and Cohen's d = -0.254 suggests a small effect size. The average way-finding test result was 
20 (SD=15.81) for the HMD gamers and 21.5 (SD=12.77) for the HMD-S gamers. Also this 
difference was not statistically significant (t(6)=0.1476, p=0.8875) and Cohen's d = -0.104 
suggests a small effect size. 

Given the nature of the data of the sketch-mapping test (binary results), is used the Fisher 
exact test for this comparison.  

Table 10 Comparing sketch-mapping results between sound-skilled subjects of HMD and 
HMD-S group 

Subject's type HMD HMD-S P value 
Successful Unsuccessful Successful Unsuccessful 

Sound-skilled 3 1 3 1 1.0000 
 

The two-tailed P value equals 1,0000 (Fisher test).	   It suggests that it is not statistically 
significant. 

After analyzing whether subjects with sound skills performed better in the group with audio, 
is analyzed if subjects with sound skills performed better than those without in the HMD-S 
group. For the following analysis was made an unpaired t-test. The sample's size of sound 
skilled is 4; the sample's size of non-sound skilled is 9. 

Table 11 Result comparisons between subjects with sounds skills and those without (only 
HMD-S group) 

Task Sound-skilled Non-sound-skilled P (t-test) 
Free navigation time 525 407.78 0.1764 

Landmark test 5.75 3.55 0.1651 
Way-finding test 21.5 14.11 0.6002 
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The average free navigation time was 525 (SD=95.74) for subjects with sound skills and 
407.78 (SD=145.70) for those without. This difference was not statistically significant 
(t(11)=1.4564, p=0.1764) and Cohen's d = 0.950 suggests a huge effect size. The average 
landmark test result was 5.75 (SD=1.26) for subjects with sound skills and 3.55 (SD=2.77) for 
those without. Also this difference was not statistically significant (t(11)=1.4869, p=0.1651) 
and Cohen's d = 1.022 suggests a huge effect size. The average way-finding test result was 
21.5 (SD=12.77) for subjects with sound skills and 14.11 (SD=25.55) for those without. Also 
this difference was not statistically significant (t(11)=0.5397, p=0.6002) and Cohen's d = 
0.365 suggests a medium effect size.  

Given the nature of the data of the sketch-mapping test (binary results), is used the Fisher 
exact test for this comparison. 

Table 12 Comparing sketch-mapping results between sound-skilled and non-sound-skilled 
subject in HMD-S group 

Group Sound-skilled Non-sound-skilled P value 

HMD-
S 

Successful 3 3 
0.2657 

Unsuccessful 1 6 

 

The two-tailed P value equals 0.2657 (Fisher test).	   It suggests that it is not statistically 
significant but is easy to see how subjects with sound skills performed better in all tasks than 
those without sound skills. 

5.5 Comparison between gamers and non-gamers 
In this section, it has been performed a comparison between subjects who initially reported 
that usually play and those who don't usually play or never played. The reason is to find out 
if being experienced with the games can help in these kinds of simulations. 

Were analyzed all aspects of this comparison and gamers performs better than non-gamers 
in all tasks but were not found significant differences. The only statistically significant 
difference was found on way-finding test for gamers in the group with audio (HMD-S). The 
average way-finding test result was 30 (SD=23.78) for the HMD-S gamers and 7.87 
(SD=3.91) for the HMD-S non-gamers. This difference is statistically significant 
(t(11)=2.6443, p=0.0228) and Cohen's d = 1.298 suggest a huge effect size so it can be stated 
that with the introduction of audio, experienced gamers are more able to orientate 
themselves (in-game) than non-gamers with the aim of finding a target.	  
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Figure 14 Way-finding result (HMD-S) between gamers and non-gamers 

5.6 Comparison between genders 
Previous studies (Coluccia, 2004) states that in the "active simulation" the number of cases 
in which males outperform females is 85.7%. This effect could be given by a higher 
familiarity of the males with the 3-D computer simulations, as they spend more time playing 
videogames (Barnett et al., 1997). Were analyzed all aspects of this comparison and there 
was no significant differences between male and females. 

5.7 Spatial orientation test results 
Spatial orientation test (Hegarty and Waller, 2004) was carried out in the group-balancing 
phase (first session of the experiment). With it is tested the ability to imagine different 
perspectives or orientations in space is evaluated. The maximum score achievable is 12 
correct answers out of 12. The average score of spatial orientation test was 7.03 for all 
subjects. In particular, 7.23 for the HMD group and 6.85 for the HMD-S group. So all of the 
subjects achieved an average score of 7. The groups were balanced around that score. 

5.8 Correlation analysis for spatial orientation test 
In this section is present an analysis of correlation between the results obtained from the 
subjects in the spatial orientation test and every single task. 

The analysis is divided into two parts: one considering the totality of the subjects regardless 
of group and another considering the subjects with regard to the group. This will try to 
determine whether a high score in spatial orientation test is correlated with a high score in 
any task. No correlations were found.  

5.9 Feedback from final questionnaire 
The last phase of the experiment is to collect feedback on the simulation. Subjects expressed 
their appreciation and gave their feedback on the experiment. Below are the most relevant 
questions with their collected feedback:  
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"Did you enjoy this experiment?" All subjects (100%) said they liked it and have fun. 
It's a important result. It shows how people can enjoy this kind of experiment, and it might 
make a boring thing interesting. 

"Do you think you have acquired information from the virtual environment?" 
The possible answers were: yes, more yes than no, more no than yes. 

 

Figure 15 Subject's answer for acquired information question 

As Figure 15 shows, most of the subjects claimed to have acquired knowledge of the 
environment (yes, more yes than no). In particular, the subjects in the HMD group said that 
they acquired more compared to HMD-S group. 

"Do you think you are able to move in that environment?" The possible answers 
were: yes, more yes than no, more no than yes. 

 

Figure 16 Subject's answer for moving ability in the environment  

As Figure 16 shows, most of the subjects claimed to be able to move in the environment (yes, 
more yes than no). Once again, feedback said that HMD subjects claim to be more able 
compared to HMD-S subjects. 

"What do you think about your performance in this experimental?" The possible 
answers were: very good, moderately good, not very good, bad. 
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Figure 17 Subject's answer for their performance in the experiment 

As Figure 17 shows, most of the subjects claimed that their performances were good (very 
good, moderately good). In particular in the HMD group, 31% said about very good 
performances. Compared to their real results, only 25% of HMD subjects that answer "very 
good" had a good results in all tasks. This shows that not everyone in HMD group has a 
proper self-assessment. Instead, 100% of HMD-S subjects who said they had moderately 
good performance had really good results. 

"Do you think that the environment is realistic?" All subjects (100%) said they feel 
that the environment is realistic. The realistic environment means they have found the 
virtual environment to be a good reproduction of the university. This is a great result for the 
virtual environment created in this research. 

5.10 Proposal for an interpretation of overall results 
In this section a system is proposed to interpret the overall result as the "sum" of the results 
of each task.  

The development of this assessment system has emerged out to try to give a final result in 
this type of evaluation like a "sum" of all individual tasks. For a proper understanding see 
Figure 18 and then the written description above it. 
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Figure 18 Possible test outcomes 

Table 13 explain the attribution of good/bad score for each step. 

Table 13 Phases summary 
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Phase 
n° 

Name Type Score Aim 
Bad Good 

1 Group 
balancing Questionnaires - - Balance groups 

2 Free 
navigation 

Free 
immersion in 

VE 
- - 

Explore	  the	  environment	  to	  
get	  knowledge	  of	  it 

3 Landmark 
test 

Questionnaire 
test 0-3 4-7 

Assess	  the	  landmark	  
knowledge	  

 

4 Sketch-
mapping test Drawing test Wrong 

path 
Correct 

path 
Assess	  the	  route	  knowledge	  

on	  the	  map 

5 Way-finding 
test Immersive test 0-30 31 

more 

Assess	  the	  route	  knowledge	  -‐	  
Ability	  to	  move	  in	  VE.	  

Confirm/disprove	  sketch-‐
mapping	  test	  and	  landmark	  

test 

6 Final 
questionnaire Questionnaire - - Catch	  participant's	  opinion	  

and	  feedback	  
 

Before analyzing the method, care must be taken on the division of good and bad for the 
results of way-finding and landmark tests. The threshold of division was introduced to divide 
the participants into two performance categories: good and bad. The threshold was decided 
after seeing the results obtained from the individual to decide carefully the appropriate 
threshold. 

It follows a written description of the previous figure (Figure 18).  

• Successful sketch-mapping: 
o Way-finding step has been successfully completed (the player has achieved 

the goal within 90 seconds), the player has probably the route knowledge 
(outcome A). 

o Way-finding step was unsuccessful (the player did not reach the goal within 
90 seconds)  

§ Landmark test with a good score: the player has probably acquired 
knowledge but has problems of orientation in the game (outcome B). 

§ Landmark test with a bad score: the player has no knowledge and 
probably reaches the room in sketch-mapping task by chance 
(outcome C). 

• Unsuccessful sketch-mapping: 
o Way-finding step has been successfully completed: 
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§ Landmark test with a good score: probably the player has problems 
using the map but in game orients itself through the landmarks 
(outcome D). 

§ Landmark test with a bad score: the player has no knowledge and 
reach the room in way-finding task by chance (outcome E). 

o Way-finding step was unsuccessful, the player has no knowledge of the 
environment (outcome F). 

This model was derived from the need to try to state if the subjects have acquired route 
knowledge, trying to "sum" the results of each task. The tree shows that the outcomes A and 
F do not consider the landmark test. They are borderline cases: outcome A identifies the 
subject that has probably gained the spatial knowledge; outcome F identifies the subject that 
probably has not acquired the spatial knowledge. For the first (outcome A) is not necessary 
to check results of landmark test because in this study is considered only the possibility to 
acquire the route knowledge (because the survey knowledge is impossible to acquire in few 
visits) and so if the subject is able to complete successfully sketch-mapping and way-finding 
tests he/she acquired the spatial knowledge. For the last (outcome F) is the same: if the 
subject didn't complete successfully sketch-mapping and way-finding test, is useless to check 
the landmark test because a positive result of it indicates only that he/she acquired the 
landmark knowledge and therefore not the route knowledge. 

The following explains the meaning of the other outcomes and how they were derived: 

The outcome B is also a positive outcome because it states that the subject has the knowledge 
of the environment but is not able to play the game. The subject complete successfully the 
sketch-mapping task, but he/she didn't complete successfully the way-finding test. At this 
point a positive result in the landmark test means that the subject knows the landmarks 
present in the environment and then the sketch-mapping test was not completed by chance. 
It follows that the failure to complete the way-finding test is attributable to a difficulty that 
he/she had interacting with the simulator. However, a negative result in landmark test can 
indicate that the subject has no knowledge of the environment (because he/she don't have 
the landmark knowledge) and then probably completed the sketch-mapping test by chance. 

The other positive outcome is D. It states that the subject has the knowledge of the 
environment but is not able to read the map. The subject didn't complete successfully the 
sketch-mapping test but he/she complete successfully the way-finding test. At this point a 
positive result in the landmark test means that the subject knows the landmark present in 
the environment and then the way-finding test was not completed by chance. It follows that 
the failure to complete the sketch-mapping test is attributable to a difficulty that he/she had 
reading the map of the environment. However, a negative result in landmark test can 
indicate that the subject has no knowledge of the environment (because he/she don't have 
the landmark knowledge) and then probably completed the way-finding test by chance. 
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5.10.1 Results obtained according to this interpretation system 
It follows in Table 14 the use of the interpretation system proposed above, for both groups. 

Table 14 Summary of overall results for the two groups 

Outcome HMD HMD-S 
A 3 3 
B 2 3 
C - - 
D 1 - 
E - - 
F 7 7 

 

To better understand the nature of the results, Table 15 contains a brief summary of the 
meaning of the outcome. 

Table 15 Summary of outcomes meaning 

Outcome Meaning 

A Best combination, the subject has gained the knowledge of the environment 

B The subject has gained knowledge, but is not able to play the game 

C The subject has no knowledge of the environment and probably complete 
sketch-mapping test by chance (i.e. tried to guess the room, and succeed) 

D The subject has gained knowledge, but is not able to read the map. He/she 
needs the landmarks to orientate himself/herself. 

E The subject has no knowledge of the environment and probably complete way-
finding test by chance (i.e. visiting all the rooms until reaching the right one) 

F Worst combination, the subject has no knowledge of the environment 

 

Analyzing the table, the proposed system suggests that subjects who acquired knowledge of 
the virtual environment are in equal numbers in both groups (23% of total subjects).  

The same happens to those who have acquired knowledge of the environment, but have 
encountered some problems (trouble moving around in the game or reading the map).  In 
fact in both groups, 23% of people have acquired knowledge of the virtual environment 
experiencing some problems. 

Subjects that didn't acquire knowledge of the virtual environment are in equal number for 
both groups, 54% them. 
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6 Conclusions 
In this section a summary of the obtained results will be presented, as well as a discussion on 
the knowledge contribution of this study. Some proposal for future works related to this and 
future areas are also presented. 

6.1 Summary of results 
This thesis has analyzed the possibility of acquiring spatial knowledge of a virtual 
environment through a simulator with the help of virtual reality, and also to assess whether 
the introduction of audio can be helpful to it.  

The main study was done with 26 participants, all students from the University of Skövde 
with ages between 20 and 26. They were divided into two groups of 13; the first, HMD group 
and the second, HMD-S group. The HMD group played the serious game version of the 
simulator without audio therefore without headphones. The HMD-S group played the same 
version but with audio, wearing headphones. Besides that, the conditions were identical. The 
experiment was carried out individually with each participant and it included several steps to 
analyze learning. 

In order to evaluate which group was able to acquire more spatial knowledge of the other one 
were made several comparisons. First of all, comparison was made within the two groups 
and between the two groups (HMD and HMD-S). The analyses carried out are based on 
various differences analyzed in the past by previous studies. 

The different comparisons were made by analyzing the individual results of each step. For 
each one of them, the analysis includes the mean time for free navigation, the results 
obtained in the landmark test, the results obtained in the sketch-mapping test and the 
results obtained in the way-finding test.  

HMD group vs. HMD-S group. From this comparison, the groups have the same 
performance and therefore the introduction of the audio has not brought any benefit in the 
acquisition of spatial knowledge. The proposal interpretation system (Section 5.10) is in line 
with the performance of individual tasks, indicating that the two groups are equal. This 
system, however, suggests that only 12 of 26 subjects (46%) have acquired knowledge of the 
environment. This mean that currently people are not familiar with this practice and the 
devices must improve (nausea problem). Furthermore, effect size analysis suggests that 
there is a small effect size. It was also carried out the analysis excluding subjects affected by 
nausea in both groups, but was not found any difference. This is due to the fact that by 
reducing the sample size, the difficulty in finding significant differences increases. 

HMD experienced gamers vs. HMD-S experienced gamers. Tan et al. (2010) claim 
that the introduction of audio increases the performance of the experienced players. This 
comparison was made to assess if it's the same in this study, and so if experienced gamers in 
the group with the audio (HMD-S) have performed better than those in the group without 
audio (HMD). This analysis did not bring the same results of the study carried out by Tan et. 
al (2010) because gamers of both groups performed equally 

Subjects with sound skills vs. subjects without (HMD-S):  this is only made in the 
group with audio (HMD-S) and assess whether be experienced with sounds can affect 



 38 

learning and the acquisition of spatial knowledge. The analysis of the effect size suggests a 
huge effect size, as subjects with sound skills have performed better (in all tasks) than those 
without, but no statistically significant difference was found. 

Gamers vs. non-gamers. This assess whether be experienced as player can affect learning 
and the acquisition of spatial knowledge. From this comparison gamers perform better than 
non-gamers, but no statistically significant differences was found. The only one statistically 
significant difference is in the HMD-S result of way-finding test, so it can be stated that with 
the introduction of audio, experienced gamers are more able to orientate themselves (in-
game) than non-gamers with the aim of finding a target. 

Differences by gender: several studies report differences found in the acquisition of 
spatial knowledge between males and females. 

Sadalla and Montello (1989) states that for landmark test there is no difference between 
gender and this results confirm it because there is no statistical difference.  

Regarding to sketch-mapping results, Ward et al. (1986) states that there is no difference 
between genders and, again, this result confirm it because there is no statistical difference. 

For way-finding results, Sandstrom et al. (1998) states that there is no difference between 
genders and, again, this result confirm it because there is no statistical difference. 

Correlation between spatial orientation results with each task. This analysis allows 
understanding whether the achievement of a good result in the spatial orientation test can 
lead to a better result in some phase of the experiment. No correlation was found between 
spatial orientation results and each task, but the higher value (not statistically significant) 
was found regarding the way-finding test. It should better investigated, but probably having 
a high result in this test may actually lead to an easier orientation in the game. 
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6.2 Discussion 
Although this study has led to interesting assessments, there was no statistically significant 
difference between the main aspects evaluated. The introduction of the audio, in this 
experiment, has not led to a significant increase in performance and thus did not help to 
transfer spatial knowledge more easily. The interesting result, even if not statistically 
significant, was that subjects who reported having skills with the sounds have performed 
significantly better than those without (in the game version with audio). It should be noted 
that not being statistically significant should be interpreted with care. When is tested the 
difference and is stated that it is not significant, this does not mean that there is no 
difference but that are not 95% sure there is a difference. 

It should also be noted, however, (as summarized in Section 5.2.1) that the group that played 
the version with audio (HMD-S) had a greater number of subjects who stopped the 
simulation because of nausea or dizziness (46% of HMD-S subjects against 23% of HMD 
subjects). This happened even though most of them had stated (in the initial questionnaire, 
group balancing phase) that they generally did not suffer of nausea or dizziness. The 
reduction of subjects who suffer nausea or dizziness could lead to a different result in this 
study. A consideration must be made as regards the nausea or dizziness that causes the use 
of the HMD. 35% of subjects (9 of 26) said they felt nausea or dizziness after a short 
exposure time in the game. Most of them, especially those who have felt after a few seconds, 
had to stop the simulation (free navigation) and therefore not able to proceed with all 
following phases. However, 100% of users said they like the experiment and to be interested 
in a future experiment. This shows that if the problem of nausea/dizziness could be reduced, 
virtual reality could be a good way to conduct evacuation drills of a structure. Excluding 
those who did not complete the experiment for nausea, there is no difference from current 
results. This is due to the fact that by reducing the sample size, the difficulty in finding 
significant differences increases. 

Regarding the differences between gender, have been achieved the same results of some 
previous studies. Sadalla and Montello (1989) for landmark test, Ward et al. (1986) for the 
sketch-mapping test, and Sandstrom et al. (1998) for way-finding test states that there is no 
bigger differences between male and female. In this study it was found the same. 

Comparisons between gamers and non-gamers have shown, in most cases, that having 
experience gaming can help increase learning in this type of virtual simulations. The only 
one statistically significant difference was obtained by experienced gamers against those 
without experience, as regards the way-finding test in the HMD-S group. This is pretty 
reasonable, because the use of devices such as gamepads and HMD can be difficult to handle 
skilfully to those who have no experience in the world of video games. In addition, 
experienced gamers also collect information from the audio that an inexperienced player 
might ignore. 

At last, Tan et al. (2010) claim that the introduction of audio increases the performance of 
the experienced players. However, in this study, the performances of experienced gamers 
were the same for both groups. The comparisons showed no statistically significant 
differences between the two groups, so it is not possible to confirm the statement of Tan et 
al. (2010). 
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From the final feedback, all subjects (100%) have shown interest and they liked the 
experiment. This leads to very important conclusions, because the use of this type of 
applications can make evacuation plans less boring. 

Witmer et al. (1996) states that the biggest problem is that 20-30 % of users have difficulties 
in navigating in virtual environments. After 19 years in this study is found the same: an 
important percentage of subjects had difficulty in acquiring knowledge of the virtual 
environment through the simulator. Probably this is due to the short time of exposure and 
the lack of familiarity that people have with virtual reality. However it is possible to see that 
most of the tested subjects showed that they learned the knowledge of the environment. This 
result is still important because over the problems related to the simulator (nausea and 
unfamiliarity with controllers) it follows that improving the simulation and possibly 
prolonging the exposure time is possible to introduce this type of teaching in a reality like a 
company. 

6.3 Future Work 
From this work, two issues for future research could be stressed: the first of all is that 
actually currently people are not familiar with using the virtual reality (such as HMD). Many 
people felt nausea and dizziness and cannot carry out this type of training. This is probably 
caused by the use of one of the first versions of HMD. The use of a more recent one could 
lead to more interesting results and perhaps significantly reduce the number of people who 
felt these symptoms. In this regard, a new technology may reduce the problem. The company 
that produces it claims that their novel technique (Vive HMD) does not cause nausea, in fact 
0% of the test subjects had nausea or dizziness (Pearson, 2015). Replacing the version used 
in this study, with this type of HMD could be a great opportunity to evaluate the results 
without the problem of nausea. Furthermore this study evaluates only if the virtual reality 
can help to acquiring spatial knowledge of a structure, for situations such as evacuation tests, 
and if the sound can lead to a benefit. However, being a simulation without scenarios, there 
is no stress factor (fundamental thing in a real evacuation). To introduce it, is possible to 
develop a version of the game with the introduction of missions and dangerous situations 
that may introduce the stress variable in the assessment. 

Significant is also the difference found between subjects with game experience and those 
without, in the way-finding. The difference, of course, is also due to the use of a controller 
typically used by players (gamepad). To abolish, or at least reduce this difference, it could be 
considered the elimination of the gamepad to move within the environment. It could be 
replaced with sensors in shoes that can lead the user to simulate the movement of the steps 
to move within the environment, leading also to increased involvement and the perceived 
reality. A further important future development would be to recreate a real environment in 
the simulator. This will make possible training people in the simulator and verify the 
effective acquisition of spatial knowledge in the real environment. 
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Appendix A -  Questionnaires 
 

1st - General Questionnaire 

Name (please print):______________________________________ 

Gender (please circle one): Male  Female 

Age:___ Nationality:__________________________________ 

Occupation field:__________________  

Directions: Please circle the best answer for each of the following questions, or write your 
answer in the space marked “other”. 

 

1. Have you ever played video games? Yes   No 

2. Do you currently play video games? Yes   No 

If your answer was “No” to either question, why don’t you play video games?  

 a. cost   d. lack of skill 

 b. not interested e. not allowed (parents, teachers, etc.) 

 c. not enough time f. other________________________ 

If your answer to # 1 or # 2 was “No”, answer please skip to question # 8. 

3. How long have you been playing video games? 

 a. 6 months   b. 1 year  c. 2-5 years  

d. 5-10 years   e. 10 or more years 

4. What are your Top 3 (in order) genres, or video game categories, that you enjoy to play? 

(Choose from the list on the last page of this questionnaire, or add your own). 
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 #1.________________________________________________________ 

#2.________________________________________________________ 

#3.________________________________________________________ 

5. How often (approximately) do you currently play video games? 

 a. more hours per day            b. daily            c. weekly    d. once a month e. 

once in 6 months              f. once a year            g. less than once a year or never 

6. How good do you feel you are at playing video games? 

 a. very good           b. moderately good       c. not very skilled          d. no skill 

7. Which platform do you use to play video games? 

 a. Personal Computer  b. Mobile Device  c. Console   

8. How good do you feel you are at spatial orienting (in real life)? 

            a. very good  b. moderately good      c. not very skilled          d. no skill 

9. When you visit a new place, how you orientate yourself? 

 a. map             b. navigation system      c. signs      d. landmarks 

10. Have you some experience (skills) with music, sounds, musical instruments? 

 a. very good b. moderately good   c. not very skilled d. no skill 

11. You suffer…  

             a. nausea  b. claustrophobia  c. dizziness d. none 

e. other:_____________________________________________ 
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Video Game Genres (for #4)  

Action; Fighting; First-person shooter; Role-playing; Massively Multiplayer Online Games; 

Simulators; Flight; Racing; Sports; Military; Space; Strategy; Strategy war-games; Real-time 

strategy and turn-based strategy games; Real-time tactical and turn-based tactical; God 

games; Economic simulation games; City-building games; Adventure; Arcade;	   Educational;	  

Maze;	  Music;	  Pinball;	  Platform;	  Puzzle;	  Stealth;	  Survival	  horror;	  Vehicular	  combat;	  Other	  (please	  

specify).	  
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2nd - Final Questionnaire 

Name (please print):__________________________________________ 

Experimental Group:__________________________________________ 

1. Did you enjoy in this experimental?  Yes   No 

If your answer was “No”, why?  

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

2. Do you think you have acquired information from virtual environment? 

 a. no  b. more no than yes  c. more yes than no  d. yes 

3. Do you think you are able to move in that environment? 

 a. no   b. more no than yes  c. more yes than no  d. yes 

4. Did you complete all phases of the experimental? Yes  No 

If your answer was “No”, why?  

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

5. What do you think about your performance in this experimental? 

 a. very good  b. moderately good  c. not very good d. bad 

6. What you think about the gameplay in this environment? 
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 a. very good  b. moderately good  c. not very good d. bad 

If your answer was “bad”, why? (You can add something even your answer was 

different) 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

7. Do you think that the environment is realistic? Yes  No 

If your answer was “No”, why? (You can add something even your answer was “Yes”) 

_______________________________________________________ 

_______________________________________________________ 

_______________________________________________________ 

8. (ONLY FOR HMD-S GROUP) Now the instructor plays a sound at time (those below). Try 

to remember in which floor is located and report it to the table. 

SOUND FLOOR NUMBER 

Clock  

Plant  

Computer workstation  

Toilet  

Coffee machine  

Robot model  
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If you have some suggest or you want add something write here: 

____________________________________________________________ 

____________________________________________________________ 

____________________________________________________________ 

____________________________________________________________ 

____________________________________________________________ 

 

Thank You very much for your time! 
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Appendix B -  Game instructions 
 

Group: HMD with Sounds 

Instructions: 

Initially you have to answer some questionnaire then you will have a free navigation in a 
specific environment. The environment represents a university model with different classes, 
rooms, offices, etc. You have to understand and store as much as possible of the structure. 
The goal is, in little time, to visit the whole environment so you can obtain the spatial 
knowledge of the environment. After you have to do some test, useful to assess how much 
you stored on the environment. 

Phases: 

1. Groups Balancing: The test allows knowing your abilities to move in an 
environment. You have to answer two different questionnaires. The first one is a 
general questionnaire (nationality, age, gender, game experiences, etc.). (About 300 
seconds) 
 The second, Spatial Orientation questionnaire, is a test of their ability to imagine 
different perspectives or orientations in space. (At most 300 seconds) 

2. Free Navigation: You will navigate for 600 seconds (at most) to explore the whole 
environment. Your goal is to visit all room and to store as much as possible. 

3. Landmarks Test: Will be showing you different pictures of object that you could 
have cross on own route. You should to choose the pictures that you remember. If 
you think that you didn’t meet some object you can no insert it in the list. You have to 
choose, only, the objects that you remember. There may be some figure of objects not 
present in the environment  (At most 90 seconds). 

4. Sketch-mapping Test: You have to draw simple outline sketch (the connected 
segments) on the reproduction of the environment map (At most 90 seconds). You 
have to draw the path on the map from a determined location to a specific room. The 
room will be shown you at the beginning of this phase. 

5. Way-finding Navigation: You have to reach a specific room that will be shown you 
at the beginning of this phase (the same of Sketch-mapping test), starting from a 
determined location in the game. The maximum time to reach the goal will be 90 
seconds at most. You should reach the room in the shortest possible time to have a 
better score. 

6. Final Questionnaire: You have to answer different questions to capture 
impressions, opinions and advice on this experience. (About 300 seconds) 

 

You will use for Free Navigation and Way-finding Navigation the following devices: 

• A computer to play you to the simulation. 
• A Head Mounted Display (Oculus rift) to allow you to use it as a display and allow 

you to turn the camera in the simulation. 
• A gamepad to move you in the virtual environment.  
• Headphone to listen the environment sounds. 
•  

N.B.: You can leave the experiment whenever you want. You can stop each phase, whenever 
you want. If you don’t want answer to some question you aren’t constrained.  
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In the next paper you can read more information about this experiment and you can accept 
(signing) the conditions and the privacy policy. 

To guarantee a good experiment PLEASE DON’T TALK WITH OTHER PEOPLE 
who have to participate after you. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group: HMD without Sounds 
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Instructions: 

Initially you have to answer some questionnaire then you will have a free navigation in a 
specific environment. The environment represents a university model with different classes, 
rooms, offices, etc. You have to understand and store as much as possible of the structure. 
The goal is, in little time, to visit the whole environment so you can obtain the spatial 
knowledge of the environment. After you have to do some test, useful to assess how much 
you stored on the environment. 

Phases: 

1. Groups Balancing: The test allows knowing your abilities to move in an 
environment. You have to answer two different questionnaires. The first one is a 
general questionnaire (nationality, age, gender, game experiences, etc.). (About 300 
seconds) 
 The second, Spatial Orientation questionnaire, is a test of their ability to imagine 
different perspectives or orientations in space. (At most 300 seconds) 

2. Free Navigation: You will navigate for 600 seconds (at most) to explore the whole 
environment. Your goal is to visit all room and to store as much as possible. 

3. Landmarks Test: Will be showing you different pictures of object that you could 
have cross on own route. You should to choose the pictures that you remember. If 
you think that you didn’t meet some object you can no insert it in the list. You have to 
choose, only, the objects that you remember. There may be some figure of objects not 
present in the environment  (At most 90 seconds). 

4. Sketch-mapping Test: You have to draw simple outline sketch (the connected 
segments) on the reproduction of the environment map (At most 90 seconds). You 
have to draw the path on the map from a determined location to a specific room. The 
room will be shown you at the beginning of this phase. 

5. Way-finding Navigation: You have to reach a specific room that will be shown you 
at the beginning of this phase (the same of Sketch-mapping test), starting from a 
determined location in the game. The maximum time to reach the goal will be 90 
seconds at most. You should reach the room in the shortest possible time to have a 
better score. 

6. Final Questionnaire: You have to answer different questions to capture 
impressions, opinions and advice on this experience. (About 300 seconds) 

 

You will use for Free Navigation and Way-finding Navigation the following devices: 

• A computer to play you to the simulation. 
• A Head Mounted Display (Oculus rift) to allow you to use it as a display and allow 

you to turn the camera in the simulation. 
• A gamepad to move you in the virtual environment.  
•  

N.B.: You can leave the experiment whenever you want. You can stop each phase, whenever 
you want. If you don’t want answer to some question you aren’t constrained.  

In the next paper you can read more information about this experiment and you can accept 
(signing) the conditions and the privacy policy. 

To guarantee a good experiment PLEASE DON’T TALK WITH OTHER PEOPLE 
who have to participate after you. 
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Appendix C -  Informed consent 
Informed Consent: 

We kind ask you to participate in a test aimed at evaluating the transfer of spatial knowledge 
in a virtual environment. 

Participation is voluntary, and you can stop the test whenever you want. If that happens, we 
just ask you to tell us why and answer the final questionnaire (if you want). 

Keep in mind that some people can experience simulation sickness, that is, some discomfort 
when using the system. If this happens to you, let us know and we will stop the test. 

Also, if you affected or you think you can be affected by nausea or dizziness, please report it 
in the first questionnaire. We can insert you in a group experiment where you could not 
suffer it.  

The experiment consists in six phases (questionnaire, test and game simulations), explained 
more precisely in the Instructions paper. During each session, some data about your result 
will be gathered, and we are going to ask you some questions about your impressions and 
feedback (in final questionnaire). 

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 allows us to use the gathered 
information in the ways described above. 

 

 

Date:         Test Subject: 

___ / ___ /_________                                                  ___________________ 

         Test Conductors: 

        ___________________ 

        ___________________ 

 

 

 

 

 

 


