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Abstract 
 

This project starts with the idea to develop a game to train people in evacuation drills. 
The game has to allow people to learn evacuation plans. To do it, the core aspect to be 
considered is the transfer of spatial knowledge from a virtual environment. Hence in 
this study, the transfer of spatial knowledge has been evaluated. In particular, the 
acquisition from a virtual environment has been compared between head mounted 
display and desktop display. 26 subjects have participated in the experiment. They 
have been divided in two groups: the first group played the game with a desktop 
display, the second group played with a head mounted display. The collected data and 
feedback underline that it is possible to acquire spatial knowledge from a virtual 
environment, and that participants who used a desktop display obtain more 
information than participants who used head mounted display.  

Keywords: spatial knowledge, evacuation, HMD, desktop display, serious game, 
virtual environment 
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1 Introduction 
Evacuation problems can be traced back more than 100 years. Events such as the disaster of 
the Ringtheater in Vienna (1881) and the urban theatre in Nizza (1881), to the most recent 
terrorist attack of 11 September 2001 (2749 dead) are examples of situations in which 
evacuation has been of great importance. The importance and the interest for the evacuation 
concept and then of the evacuation plans and evacuation drills have increased. However, 
people continue to underestimate the need for evacuations drills. Evacuation drills are not 
mandatory in all countries and in other cases, evacuation drills are carried out very rarely. 
Some of the reasons are: organizing them has a cost, work hours are lost, and employers may 
also be worried that someone could get hurt in the drill. The result of this condition could be 
really dangerous in an emergency situation. Furthermore, an evacuation drill in real life, 
focus on a specific scenario and doesn’t give people the possibility to know all the possible 
evacuation paths from several starting location points. A solution for this problem could be a 
game-based training system. The scientific community has produced many studies on this 
kind of game, called “Serious Games”, to deal with dangerous situations (St Julien & Shaw, 
2003; Backlund et al., 2007; Dugdale et al., 2004; Mól, Jorge & Couto, 2008; Chittaro & 
Ranon, 2009). A serious game could be a solution for people to train themself in evacuation 
practice. Games are interesting and fun, so people could thus want to play it in free time at 
home, not losing working hours. In this case, a game increases the exposure time of people to 
learn evacuation plans. In an evacuation game, hence, people need to acquire the spatial 
knowledge from a virtual environment. 

This last concept is the core of this work. To be sure that an evacuation game works in a real 
situation there is a need to study the idea of the transfer of spatial knowledge in a virtual 
environment. Many previous studies face this concept and attempt to understand hidden 
patterns  (Richardson, Montello & Hegarty, 1999; Bailey & Witmer, 1994; Gillner & Mallot, 
1998; Goerger et al., 1998, Wallet et al., 2011; Ganier, Hoareau & Tisseau, 2014; Serino & 
Riva, 2015).  

The aim of this study is to compare the acquisition of spatial knowledge between head 
mounted displays (HMDs) and desktop displays.  

First a realistic virtual environment (VE) using the Unity3D engine was developed and tested 
under two conditions. Participants were divided in two groups. The first group used a 
desktop display to interact with the VE. The second group, instead, interact with the game 
using a HMD. Participants faced several tasks, and each one of them had a purpose. The 
collected data have been used to analyse and compare the two different game modalities 
(display and HMD) for the transfer of spatial knowledge from a virtual environment. 

This kind of work can help, in the future, to develop a more complex serious game aimed at 
evacuation drills. Thus the evacuation practice could be seen in a different view, and games 
could help to acquire enough knowledge to save people in dangerous situations. 
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2 Background 
Background section will introduce previous studies on which this work is based. The 
discussion starts from the concept of Serious Games. Then, It will talk about evacuation and 
educational games about evacuation. It will, also, introduce the important notion of the 
transfer of spatial knowledge. Finally, it will talk about two different types of display, which 
can be used in a game simulation, the desktop display and the HMD.  

2.1 Serious Games 
Serious Games are (digital) games that haven’t just got an entertainment scope. Mainly they 
are used to teach something, they are used in a pedagogical way. They include educational 
elements for serious aspects and motivation. Behind a serious game there is an important 
solution to create a training experience to transfer information, knowledge and skill from the 
games to the real world. It is important to assert that serious games are games in every 
respect. In the last 10 years a lot of people, researches and institutions are interested in the 
phenomenon “Serious Games”. There is an increasing research to assess the effectiveness of 
game based learning as well as to show the improvement of motivation, engagement and 
attitudes reducing. Another goal is to reduce the training times compared to normal training 
methods. The serious games were used first by Abt (1970). He describes them as education 
games with an explicit and well-structured educational purpose, not designed primarily for 
entertainment, but not excluding it. 

Zyda (2005, pp. 25-26) define Game, video game and serious game as follows: 

Game: “a physical or mental contest, played according to specific rules, whit 
the goal of amusing or rewarding the participant.” 

Video game: “a mental contest, played with a computer according to certain 
rules for amusement, recreation, or winning stake”. 

Serious game: “a mental contest, played with a computer in accordance with specific 
rules, that uses entertainment to further government or corporate training, 
education, health, public policy, and strategic communication objectives”. 

Serious games exploit the assumption that the information and the sensations from the game 
remain fixed and stored allowing the player to learn (learning by doing). The main advantage 
is that the player can learn without risk. This can, for example, be applied to: the fire-fighter, 
police, drive training or the treatment of different phobias, etc.. 

Today serious games are used for a number of purposes: Training, Simulation, 
Collaboration, Advertising, Investigating, e-learning, etc. They are used in many industries 
and sectors: education, scientific exploration, emergency management, city planning, 
healthcare, military defence, etc. 
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2.2 Evacuation 
The ‘Serious Games’ concept can be used for an application in the field of evacuation.  

The first approaches to the evacuation problem can be traced back more than 100 years. 
Events such as the disaster of the Ringtheater in Vienna (1881) and the urban theatre in 
Nizza (1881) with more than 100 fatalities (Dieckmann 1911), to the disaster at the Troquois 
Theater in Chicago (500 dead), to the most recent terrorist attack of 11 September 2001 
(2749 dead), have stressed the importance of the evacuation concept and then of the 
evacuation plans and evacuation drills.  

The importance of evacuation, generally in the world, is always underestimated (Bourque et. 
al., 2006). People do not devote much time to training evacuation, and in some cases they 
have no idea about the evacuation plans. Bourque et. al. (2006) claimed that one reason may 
be that the mangers of companies in general consider evacuation drills a loss of time and loss 
of money. In the best case, when companies develop evacuation plans and tested them, there 
is still the risk that people don’t take the tutorial seriously, aren’t careful, and soon forget 
what they have learned. Evacuation must be conceived as a useful practice to reduce loss of 
life and prevent major disasters (Kolen & Helsloot, 2010). 

On many occasions, people gather in a single place. For example, the larger part of people 
live in apartments, and in one building there are a lot of apartments. Furthermore a large 
number of events, for example entertainment, sport, cultural events, etc., occur in big 
buildings. Furthermore, a lot of people work in offices located in large buildings. Hence the 
need to be prepared for evacuation emergency is crucial. 

It is possible to consider, as an alternative method to real evacuation exercises, to use a 
virtual simulation system that can replace and complement emergency drills (Ren, Chen, & 
Luo, 2008; Chittaro & Ranon, 2009; Almeida, Kokkinogenis & Rossetti, 2012). Kuligowski, 
Peacock & Hoskins (2010) present a review of bulding evacuation models. 

The idea is to use the information acquired in a virtual simulation to understand and store 
what to do in the real world. For an evacuation simulation system it is important, hence, that 
the building’s spatial information (include escape routes) acquired, are transferred to the 
real environment. 

2.3 Transfer of Spatial Knowledge in VE 
Serious games, and more generally applications used to teach something to the user through 
virtual environments are based on the idea of transfer of spatial knowledge from the 
simulation to the real world situation.  

An important concept is “fidelity”. It is the extent to which the VE and interactions with it 
are indistinguishable from participant’s observation or interaction with a real environment 
(Waller, Hunt, & Knapp, 1998). Furthermore the authors claim that in a virtual simulator 
with perfect fidelity the knowledge acquired is equivalent to real word training.   

In a training session, the fidelity and the perceived realism are fundamental. Poor fidelity and 
realism during training may decrease motivation, attention to details, and then transfer of 
knowledge (Lampton, Bliss, & Morris, 2002). 
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Siegel & White, (1975) assert that there are three steps of development in an individual’s 
cognitive representation of a large scale navigable environment. In the first step, only the 
important locations in the environment are stored (disconnected landmarks). In the second 
step (after more exposure to an environment) people create a connection among landmarks 
in the path they have taken (route representation). In the last step (with additional exposure) 
people could link the spatial relationship among the different landmarks in an environment 
independently of the route that connect these landmarks  (survey representation). Therefore 
a survey representation is developed only with effort, if people are really motivated and the 
environment allows them to learn it (Lindberg & Gärling, 1983).  

Furthermore, we need to consider that the learning is influenced in a VE simulation because 
the user has a radius of view narrower than the real world (Sholl, 1993). A potentially useful 
technology to improve the user involvement and then reduce the gap between VE and real 
world is the HMD consist of two screen mounted in glasses. The two screen can present the 
same image to both eyes or be stereoscopic, so as to allow a wide range of resolutions. 

2.3.1 Spatial Cognition  

Spatial cognition is a key ability that allows creating mental representations useful to define 
an object’s position into maps and relationships among objects in routes. In short, spatial 
cognition allows us to move in an environment without losing our way. This capacity would 
be not possible to acquire without the storage and manipulation of spatial information. 

Hart & Moore (1973, p. 248) define spatial cognition as: 

"...the knowledge and internal or cognitive representation of the structure, 
entities, and relations of space; in other words, the internalized reflection and 
reconstruction of space in thought."  

The firsts studies about the relationship between games and spatial cognition analysed the 
effects and benefits on paper-and-pencil tests of spatial abilities (Dorval & Pepin, 1986). 
Dorval & Pepin (1986) found that spatial visualization test scores could be significantly 
improved by video game playing. Furthermore, the gender difference in visual spatial skills 
reported doesn’t appear. Male and female subject gained equally from playing games. 
 
Finally, to acquire the ability to move in a particular environment, to find a place, to reach a 
goal, a person must to create a cognitive map. It represents the sum of all the environmental 
information stored in memory by the person (Golledge & Stimson, 1987). 

2.3.2 Landmark, Route Representation, Survey Representation  

Previously it has been mentioned three different levels of cognitive representation as stated 
by Siegel et al. (1975). They represent the different levels of learning by gradually acquiring 
elements of the world.  

Landmarks are important elements in the process to create a cognitive map. They are points 
of reference (Lynch, 1960) or decision points. A landmark must be different from the other 
objects in the environment (Presson, DeLange & Hazelrigg,  1987). The landmark should be 
easy to remember. The spatial representation gained through the landmark provides no 
information on the relations (paths) between different landmarks (figure 1, the first one on 
the left). There are two different types of landmark: local and global. Global landmarks are 
objects visible from far distance in a large area (towers or mountains) and they resemble a 



 5 

compass. These landmarks are used to move in a way to keep landmark bearings constant. In 
contrast, local landmarks are visible only from a short distance. They are linked to route 
navigation. Navigation through them relies on a sequence of intermediate points defined 
exactly by these local landmarks. Several previous studies show that route navigation based 
on local landmarks is a common strategy in human way-finding. (Allen, Kirasic, Siegel et. al., 
1979; Helf, 1979; Thorndyke & Hayes-Roth, 1982; Gale, Golledge, Pellegrino et al., 1990). 
Landmarks are used to direct the observers to the destination. Direction is the crucial 
mechanism for the construction of higher level memories of space (route and survey 
representation).  

Route representation is based both on landmarks and paths (Thorndyke & Goldin, 1983). It 
is used to connect landmarks to reach the goal (figure 1, the middle). Route representation 
contains sensory information acquired through experience (Waller et. al, 1998). It is a 
procedural knowledge (to the station turn right, then continue straight up to the gym, after 
turning left). Route representation is a list of information useful to the person to get to a 
place (Kuipers, 1978). 

Survey representation is a global representation of the environment. It enables a person to 
code directions and distances between places without considering location (Byrne, Becker & 
Burgess, 2007). It is possible to acquire the survey representation only after several 
exposures to an environment (Waller et. al, 1998). The person is able to find alternatives 
paths to those defined in the route representation (figure 1, the last one on the right). The 
acquisition of these knowledge levels provides cognitive maps (Tolman, 1948). 

Figure 1 summarizes the previous statements. 

 

Figure 1 Landmark, Route and Survey representation 

2.3.3 Cognitive maps 
Downs & Stea (1973, p. 312) define cognitive mapping as follows: 

“cognitive mapping is a process composed of a series of psychological 
transformations by which an individual acquires, codes, stores, recalls and decodes 
information about the relative locations and attributes of phenomena in his 
everyday spatial environment.” 
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Walmsley, Saarinen & MacCabe, (1990) affirmed that a cognitive map is information stored 
in the mind. It helps people to simplify and to order the interactions between the 
environment and people. People need to learn the environment because they will use the 
information to make the spatial decisions, that guide their behaviour, and cater for 
geographical 'survival' knowledge (Stea, 1969; Kaplan, 1973). 

Downing (1992, p. 442) describes cognitive maps:  

“Suspend impressions, thoughts, feelings and ideas until, for some reason, 
consciously or unconsciously, the mind solicits, changes, and often distorts or 
manipulates its contents for some immediate purpose. In this way cognitive 
maps (images) allow us to bridge time, by using past experiences to 
understand present and future situations.” 

Cadwallader (1976) suggests that there are three types of decisions that a cognitive map 
allows us to take: 

• The decision to stay or go. 

• The decision of where to go. 

• The decision of which route to take. 

Garling, Book & Lindberg (2013) later added one more: 

•  The decision of how to get there (what is the plan to visit this place? To take the 
decision on order in witch to visit the place to minimize the travel distance). 

The previous statements allow us to consider the cognitive map as a fundamental tool for 
spatial decision-making. The cognitive map helps people to answer the following questions: 
whether to go somewhere; why to go there; where the destination is; and how to get there. It 
is clear how important it is to have these answers in a dangerous situation (e.g. evacuation). 
However, to be able to move within an environment the concept of spatial orientation is 
important. Garling  & Golledge (1989) claim that the spatial orientation is the process by 
which a person knows where something is relative to something else. More precisely, it is 
possible to distinguish two types of orientation: one that allows referring to the own position 
and one that refers to the position of one or more objects in the environment: egocentric and 
exocentric (Klatzky, 1998). 
 
In the egocentric system the positions of objects or points are represented with respect to the 
perspective of the person. The right and the left correspond to right and left of the field of the 
person’s view (referring to the body). In the exocentric system, instead, the positions of 
objects or points are represented with respect to the coordinate of an external system and 
independent of the position of the person. The right and the left correspond to the objects 
position (referring to fixed external landmarks). 
The egocentric representation refers to the first two knowledge levels (landmark and route) 
while the exocentric representation refers to the third knowledge level (survey), or more 
precisely the cognitive map. 
 
Finally, way-finding is the capacity to learn and remember the routes in an environment 
(Blades, 1991) with the aim to move from one place to another. Way-finding means finding 
the way and concerns all the artefacts which are possible to use in the search for a goal. Way-
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finding is, therefore, the way to organize the space, and how to use it, to help, to support or 
to direct our orientation. 

2.4 Head-Mounted display versus Desktop 

When thinking about VR, one of the images that come to mind is of someone with a device 
on the head, covering the eyes. There are, actually, many HMDs in the market that have 
stereoscopic display and tracking system. These HMDs allow the user to see 3D image 
through a large field of vision and have the virtual camera move accordingly to the use’s head 
position. As there is one display of each eye, stereoscopic images are made simply by 
including two virtual cameras on the software. However, the virtual environments can be 
displayed both with desktop displays and with immersive displays (HMD, Cave).  

The main differences between a traditional interface and HMD are more than one. The 
users, in a desktop mode, use mouse and keyboard and use a desktop display. Whereas, in a 
HMD simulation, the users use, usually, a gamepad or physically turn around to change 
direction. The HMD doesn’t allow seeing the surrounding room and the users, are usually 
standing. Hence they have different characteristics and may lead people to induce VE in 
different ways (Santos, Dias, Pimentel et al., 2009).   

Furthermore, different HMD features may influence user performance. HMDs can have the 
same image to both eyes or be stereoscopic. There are a lot of range resolution and 
ergonomic issue such as display size and weight. To adjust these parameters it is important 
to improve the users’ performance. 

In a VE the navigation is a core task. In fact the user can find the virtual environment similar 
to the real word only if the navigation works well. People must plan the navigation in the 
simulator through the mental paths stored. However, there are some difficulties, for some 
users (20-30%) when navigating in VEs (Witmer, Bailey, Knerr et al., 1996). It is important 
to ensure easy navigation, so that users can focus on the purpose of the simulation. 

The scientific community has produced many studies comparing virtual realty systems using 
HMD and desktops and some of them will be described in the following: 

Pausch, Proffitt & Williams (1997) found differences between a moveable HMD (with 6 
degrees of freedom1) and a fixed HMD (the users can’t move). The users were placed in a 
virtual room with the task to search for a camouflaged target. It was noticed that when a 
target was present, there was no important difference in the immersive environment. 
However, if the target was not present, the users in the immersive environment were more 
able to reach the goal than the users in the stationary display. Hence the participants using 
the moveable HMD concluded faster if the searched target was not present whereas when it 
was present there was no difference. Furthermore a positive transfer from the moveable 
HMD to fixed HMD was observed (but no in the opposite direction).  

                                                        
1 Degrees of freedom: related to the body movements inside space. It could be seen as an object can move in different basic 
ways. There are 6 DOF possible, it is possible to divide them in 2 different types, translations and rotations: 

o Translations: A body is free to translate in 3 degrees of freedom: forward/back, up/down, left/right. 
o Rotations: A body can also rotate with 3 degrees of freedom: pitch, yaw, and roll. 

For example, Oculus Rift Version 1.1 provides 3 DOF (rotational) head-tracking which is not positional. 
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Subsequently Robertson, Czerwinski & Van Dantzich (1997) found differences between HMD 
(with 3 degrees of freedom) and a desktop. The authors extend the Paush et al. (1997) study, 
using a visual search paradigm to analyse navigation in a desktop virtual reality (VR) (with 
and without navigational aids). The users using desktop VR searched faster when the target 
was present and no advantage for HMD users were found when the target was missing. 
Robertson et al. (1997) claim that it could be due to the fact that a fixed HMD (used by 
Pausch et al., 1997) was different from a desktop system for 2 reasons: it involved the 
participant wearing a fixed HMD receiving the low resolution of HMDs without their 
advantage of head-centric camera control; the participants used an unfamiliar two handed 
input device. Furthermore Robertson et al. claim that even if desktop VR is shown to be 
slower than HMD, adding simple navigation aids, the performance difference may 
disappear.  

Ruddle, Payne & Jones (1999) confronted HMD (with 3 degrees of freedom without stereo) 
and desktop. Participants navigated in a large-scale virtual building to learn the layout in 
repeated exposition within two large virtual building. Each user navigated one building four 
times using the HMD, and navigated the second building four times using the desktop. The 
experiment showed no significant difference between the two modalities in terms of the 
distance or the mean accuracy of participant direction estimates. However, users navigated 
quicker with the HMD, they spent less time still, looking around more while moving. This 
was attributed to the fact that users took advantage of the natural, head-tracked interface 
provided by the HMD in ways that included looking around more often while traveling 
through the virtual environment.  

Mizell, Jones, Slater et al. (2002) comparing HMD (with 3 degrees of freedom) and 
desktop/joystick. Participants found no difference between the desktop/joystick and HMD. 
The experiment consisted of visualizing complex 3D geometry (sculpture), and participants 
were tasked with assembling a physical replica of the sculpture. It was measured the speed 
and the accuracy with which they assembled it. The authors consider that the features of the 
equipment could influence these results.  

Ruddle & Péruch (2004) found differences between HMD (with 3 degrees of freedom) and 
desktop. The researchers found no difference in the rate at which knowledge developed with 
the two displays were observed. Straight-line distances were estimated more accurately with 
the desktop. The effect of proprioceptive information and environmental characteristic on 
spatial learning was analysed using a complex 3D virtual maze. In contrast to the previous 
study of Ruddle et al. (1999), proprioceptive information, provided by viewing the mazes 
using a HMD, was found to have a little effect. The authors claimed that a motivation was, on 
the benefit of proprioceptive information, the lower spatial resolution of the HMD, which 
might have hindered the estimation of distance. The experiment was focused on 
environmental characteristics such as layout, lines of sight, a visually defined perimeter and 
global landmarks. The results showed that both orthogonally and lines of sight are equally 
important. Global landmarks promoted a similar rate of spatial learning to a visual 
perimeter.  

Santos et al. (2009) found differences between HMD (low-cost) and desktop. The users 
found the desktop configuration better than the HMD configuration, but they enjoyed using 
HMD. The low-cost VR system with HMD was compared to a traditional desktop setup 
through an experiment that assessed user performance, when carrying out navigation tasks 
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in a game scenario for a short period. The influence on user performance of several factors, 
namely, gaming experience, familiarity with 3D environments, and gender was also 
analysed. The authors claimed that repeating this experiment, letting users familiarize 
themselves with this setup and then gaming for longer periods, would useful to clarify if the 
use of a HMD would have more benefits over the desktop in such circumstances. The table 1 
summarize the previous studies. 

Table 1 Overview of previous studies 

Authors Hardware Main findings 

Pausch, et al. 
(1997) 

HMD (6 DOF), fixed 
HMD 

Participants using the HMD were faster that 
the searched target is not present. Positive 
transfer from HMD to fixed HMD (negative 
the opposite direction) was observed. 

Robertson, et al. 
(1997) 

HMD (3DOF), desktop 
display (extends Pausch’s 
experiment to desktop) 

Participants using desktop were able to 
search faster when the target was present. No 
advantage for HMD user was found when the 
target was absent. 

Ruddle, et al. 
(1999) 

HMD (3DOF, no-stereo), 
desktop 

Participants navigated quicker with the 
HMD, thay spent less time stationary, looking 
around more while moving. 

Mizell, et al. 
(2002) 

HMD (3DOF, stereo), 
desktop/gamepad 

No difference was found between the 
desktop/gamepad and HMD. 

Ruddle, et. al. 
(2004) 

HMD (3DOF), desktop  The researchers found no difference in the 
rate at which knowledge developed with the 
two displays were observed. Straight-line 
distances were estimated more accurately 
with the desktop. 

Santos, et al. 
(2009) 

HMD (low-cost), 
Desktop 

Participants found the desktop configuration 
better than the HMD configuration, but they 
enjoyed using HMD. 

 

2.4.1 Problems with virtual environments 

Mon-Williams, Wann & Rushton (1995, p. 207) make the following claim about HMDs: 

 “a number of factors have the potential to cause such stress to the visual system. 
Important factors are: poor illumination, poor contrast, and an unusually close 
working distance. All of these factors diminish as the quality of design improves and 
the technology of the components increases”. 

Mon-Williams, Wann & Rushton (1993) made an experiment including 20 adult volunteers 
who interacted with a virtual environment with HMD resulted in 60% of participants 



 10 

reporting symptoms of eye-strain, nausea and headache, and 20% reporting a reduction in 
binocular visual acuity. 

Lampton, Knerr, Bliss, et al (1994) found symptom severity during and following interaction 
with a range of HMDs. Authors claim that 4-16% of participants dropped out of the 
immersion due to adverse symptoms before their allotted time was over. Participants, also, 
enjoyed the experience but reported some discomfort. 

Dillon & Emurian (1996) investigated effects associated with standard displays. They 
reported that visual fatigue may be evoked by: time on task, viewing distance, glare and 
lighting. Authors claim a task time on extended periods of work (3-4 hours) can cause 
temporary discomfort, viewing distance of 65 cm was optimum (Stammerjohn, Smith & 
Cohen , 1981) and should be avoided or include rest breaks. Workstations should be glare 
and proper lighting should be available (Taptagaporn & Saito,  1990). 

Vlad et al. (2013) found, in line with the previous study conducted by Howarth & Costello 
(1997), that the participants’ performances are influenced from sickness symptoms. Vlad et 
al. (2013) found that participants could obtain a physiological adaptation with the HMD 
visualization. Furthermore, about the sickness problems, Llorach, Evans & Blat (2014) show 
that simulator sickness is significantly reduced when using a position estimation system 
rather than using the more traditional game controller for navigation. 
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3 Problem 
This work wants to analyse the main differences that are encountered in the training of 
evacuation in a virtual environment between desktop display and HMD. Will users learn 
differently in an HMD application than in a desktop application? The aim is to create a 
system that can be of help in evacuation training. Planning for evacuation is useful, only, if 
these plans are tested and evaluated in reality or in simulated events. As seen previously, in a 
real situation the evacuation drills are carried out very rarely and are underestimated by 
people, who don’t take them seriously. This is an important issue because people don’t know 
about or forget evacuation plans quickly.  

A possible solution is to use a game to teach the evacuation plans in case of potential 
disasters. Serious games can help to save the lives of many people.  

A good virtual simulation environment, as close as possible to reality, is needed (see Section 
2,3). Furthermore to ensure people’s attention the simulation shouldn’t be boring, but it 
must catch the user. The use of video games allows user interaction and through the 
entertainment the user can obtain useful information. In our case the users are people who 
need to learn evacuation routes in potentiality dangerous situations. Some concepts are 
summarized in few points to describe important features for a good simulation. It must be 
interesting: people shouldn’t get bored and people could be motivated to play. Przybylski, 
Rigby & Ryan (2010) have assessed the relationship between the player’s needs (autonomy, 
competence, and relatedness) and the enjoyment of video games. The authors found that 
games where players experience freedom and sense of accomplishment are likely to be 
attractive. Being in control of one’s own actions, setting goal, devising strategies and setting 
goals are characteristic of successful video games. If people find the game interesting, they 
continue to play (Przybylski et. al, 2010). Therefore they acquire more information from it. 
Furthermore the simulation must be lifelike: people should feel involved. The realism 
increases the involvement and the concentration. It has been shown to influence people as 
the effectiveness of health messages (Andsager, Austin, and Pinkleton, 2001), as well as 
involvement, presence and excitement (Ivory & Kalyanaraman, 2007). Moreover, Potter 
(1988) claim that more realistic portrayals are positively effects with social learning. Meijer, 
Geudeke, & Van den Broek (2009) found that realism increases the user's spatial knowledge 
in the VE. The users have to store the information of the game environment. Then finally, the 
game must transfer knowledge from the virtual world to the real world. It needs to be 
designed to give information on an environment. The users should be facilitated in storing 
information.  

To satisfy the above criteria a reproduction of a university building will be developed. The 
major effort in this thesis will focus on the last point (transfer of spatial knowledge). An 
efficient system, that allows transferring the spatial knowledge, allows to acquire spatial 
information from it. This knowledge is stored in the memory of people. So, that they can use 
it in the real world. The game will be designed in order to have a particular simulated 
environment responsible for knowledge transfer. The aim of the study is to investigate 
differences in the learning of the spatial knowledge between two user groups using HMD 
mode and desktop display mode respectively. This study will evaluate the merits and defects 
of both modes. The research question addressed in this thesis is: what are the differences 
between users' acquisition of spatial knowledge when using a HMD or a desktop display?  
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An important factor, that will be assessed, is if people can acquire route knowledge from this 
experience. As seen by Session 2.3.2 there are tree levels of spatial knowledge: landmark, 
route and survey knowledge. The acquisition of survey knowledge is not possible from only a 
few exposures (Witmer et. al., 1996), hence, this study will assess the acquisition of route 
knowledge. 

3.1 Method 
To approach the problem has taken several steps. Initially a specific environment was 
developed to obtain a good experience in accordance with Section 2.3. In this work a realistic 
environment was developed because the study starts from the idea to provide a system to 
support evacuation drills. The aim, in fact, is to study how spatial knowledge can be acquired 
from a virtual environment. An experiment will test the difference in how spatial knowledge 
is acquired and accounted for depending on what type of visualization that is used: HMD or 
desktop display. Volunteers were recruited with ads in Facebook. All subjects gave their 
written consent (Appendix C), to take part in the experiment. They, also, received written 
and oral instructions on what the test consisted of (Appendix B). 
Participants were divided in two groups:  

1. HMD group: Users play with a head mounted display (Oculus Rift) in the 
environment. The movements in the game are allowed through a gamepad and 
rotation in the virtual environment is allowed by physical rotation on the spot. The 
users were standing up. 

2. Display group: Users play with a normal monitor (desktop display) in the 
environment. All movements in the game are allowed, only, through a gamepad. 

 
The subdivision between groups is not random. The groups have been balanced with the help 
of a particular test. This test consists of two questionnaires: a general questionnaire (some 
information about the user), and a specific orientation test to measure the user’s orientation 
abilities (Hegarty & Waller, 2004). The main considered factories were: gender, participant’s 
game experience and participant’s result of the spatial orientation questionnaire. The 
decision to consider the gender to balance the groups is due to previous study that found 
some difference between male and female subjects in spatial orientation (Coluccia & Louse, 
2004). Furthermore Richardson, Powers and Bousquet (2011) found some difference 
between participants with game experience and participant without game experience in 
game navigation performance. For this reason, the groups subdivision is influenced by the 
participants’ game experience. Moreover, Garling  & Golledge (1989) claim that a good 
spatial orientation helps people to acquire the spatial knowledge quickly. In fact, in this work 
the result of the spatial orientation questionnaire is considered in the group balancing. 
Participants of each group interacted with the game for a free navigation. Then each 
participant answered a test to assess the landmark knowledge. Then each participant was 
asked to draw simple outline sketch (the connected segments), on the reproduction of the 
environment map, of the path from start location to a specific room. The next phase was 
way-finding navigation. Participants were asked to reach a specific room, from a start 
location, in the shortest possible time. Finally, participants answered the final questionnaire, 
useful to capture impressions and feedback of users. The questionnaires used in this 
experiment are reported in Appendix A. 
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The analysis will assess the differences between desktop display and HMD. The analysis will 
include, also, the comparison between desktop display and HMD considering gender, game 
experience and spatial orientation result. The reason to evaluate gender, game experience 
and spatial orientation result is due to the fact that these factors were considered in the 
group balancing. The aim is to assess if in this experiment these factories influence the 
results. Furthermore, it is important to assess for non-gamers subjects where they obtain a 
better result (between desktop display and HMD). In fact, the future purpose is to create a 
game to train people for evacuation drills. So it is addressed to all people regardless of game 
experience.   

3.1.1 Procedure 
In this work the main experiment were conducted through the following research approach. 
It consists of two main parts: 
 

•  First part (approximately 10 minutes): 
Group Balancing: to obtain a result independent of the spatial abilities, gender and 
game experience of the users, the groups were formed after the analysis of this phase. 
Each participant was asked to answer two questionnaires. The first one is a general 
questionnaire (nationality, age, gender, game experiences, etc.), which they have to 
complete in 300 seconds. The second one is a spatial orientation questionnaire, 
which is a test of the participant ability to imagine different perspectives or 
orientations in space. Participant has to answer 12 questions, and for each correct 
answer it will be assigned one point (300 seconds). Depending on the results of those 
tests, the groups were formed in order to have two groups with comparable skills. 
The two groups were formed in order to have: 

o Equal number of male and female subject  
o Equal number of subjects with game experience 
o Equal number of subjects with a good spatial orientation  

Wallet et. al. (2009) used a similar method to balance the groups, assessing their 
spatial skills. 

 

•  Second part (approximately 20 minutes): 
1. Free Navigation: Users of each group were allowed to freely navigate for 600 

seconds to explore the whole environment (participants can stop before if they 
want). Participants were asked to memorize the environment as much as possible. 
Participants have to focus on the environment structure and have to explore, if 
possible, all rooms.  The information that users acquire in this session will be 
useful in the next sessions. 

2. Landmarks Test: Users were shown different pictures of objects that they may 
have come across during the free navigation. They were also shown pictures of 
objects not present in the environment. Then they were asked to choose the 
pictures of the objects that they have met in the previous phase (90 seconds). Nys 
et. al. (2014) used a similar method to recognize landmarks in the virtual 
environment. Whereas Wallet et. al. (2009) used a pictures classification where 
participants had to choice the pictures (landmarks) in chronological order in 
accordance with their route. In this work the last method is not applicable because 
the participant could be meet more than once the same object in the free 
navigation. As seen in Section 2.3.2, the landmark knowledge is the knowledge of 
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the important objects in the environment. This test is useful to understand if 
people have acquired the landmark knowledge. A score was assigned to each user, 
based on the result of the test (see Section 6.1). Figure 2 shows an example of the 
landmark test: the pictures with red cover are an example of the participant’s 
choices.  

 

 
Figure 2 Example of answer for landmarks test in the VE 

3. Sketch-mapping Test: Users were shown a room (figure 3) in the environment 
and a reproduction of the environment map (figure 4). On the map, clearly, it was 
not indicated where the target room is. Instead, the “X” symbol indicates the 
location from which to trace the route.  Subjects were asking to draw simple outline 
sketch (the connected segments) on the map form the determinate location (“X”) to 
the target room (90 seconds). Participants should use the knowledge acquired in 
the free navigation session. Wallet et. al. (2009) used a similar test to assess if 
participants acquired the route knowledge. Whereas, Nys et. al. (2014) asked to 
participant to draw the whole map of the environment. This last method is not 
applicable in this work because it is not possible to acquire the cognitive map with 
only few minutes in the virtual environment (Witmer et. al., 1996). As seen in 
Section 2.3.2 the route knowledge is the ability to reach, from a starting location, 
the destination even knowing only one of more possible ways. This test is useful to 
assess if the participant have acquired the route knowledge.  

 

 
Figure 3 Target room for sketch-mapping test 
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Figure 4 Map of the virtual environment with starting position 

The figure 5 shows a way to draw the right route for sketch-mapping test. 

 
Figure 5 Example of a right answer for sketch-mapping test 

 
4. Way-finding Navigation: Users of each group were asked to reach, in the game 

simulation, a specific room starting from a determined location. The starting 
location and the target room are the same as in sketch-mapping test. The 
maximum time to reach the goal was 90 seconds. A score was assigned to each 
participant, based on the result (see Section 6.1). Wallet et. al. (2009) used a 
similar test to assess if participants acquired the route knowledge. As seen in 
Section 2.3.2 the route knowledge is the ability to reach, form a starting location, 
the destination even knowing only one of more possible ways. Furthermore, it is 
possible, also, to acquire the route knowledge linking the important objects in the 
environment (using the landmark knowledge). The way-finding navigation test is 
used to confirm the sketch-mapping test and the landmark test based on the 
overall interpretation system presented in Session 6.2. 

5. Final Questionnaire: Finally, participants were asked to answer different 
questions to capture impressions, opinions and advice on this experience. It is 
useful to compare the obtained result with participant’s judgments (300 seconds). 

3.1.2 Ethical Consideration 
Participants have been informed that all the data will be used in an anonymous way and only 
for research purposes. Participants were asked to accept the conditions reported in a 



 16 

document (Appendix C) and gave their written and informed consent by signing it. Moreover 
participants were informed that they might stop their participation in the experiment 
whenever they want. 

3.2 Experiment setup: Software & Hardware 

3.2.1 Unity 3d 
Unity 3D is a tool‐engine to develop video games. Unity is composed of a graphic engine, a 

powerful physic engine and a live game preview. The preview allows showing, during the 
development, the changes in real time. Furthermore Unity allows realizing 3D video game, 
three-dimensional environments, and shorts films. Unity is a multiplatform tool, which 
allows to create the same game for PC (Windows, Mac), Xbox, Play Station, Wii, Nintendo 
and also for mobile device (iOS, Android, Windows Phone etc). Unity can interact with other 
software (useful for 3D modelling) like: Cinema 4D, Maya, Blender etc. It is possible, also 
buy or unload from Unity store environments, object and characters created by other 
developers. Unity allow to develop in three programming languages: C#, JavaScript and Boo. 
Thank to the plug‐ins for integration in Web browser is possible use JavaScript language and 

Ajax. 

3.2.2 Oculus Rift Version 1.1 (3 degrees of freedom) 
The Oculus Rift creates a stereoscopic 3D view with depth, scale, and parallax. The Rift has a 
flat 7-inch (17.8-centimeter) and 60Hz LCD display screen with a resolution of 1280 by 800 
pixels (around 720p high-def resolution). The screen is divided into 640 by 800 pixels per 
eye, with a 2.5-inch (64-millimeter) fixed distance between lens centres. The user views the 
screen through two lens cups. The Oculus Rift version 1.1 provides 3 DOF (rotational) head-
tracking which is not positional. It allows to look around the virtual reality world by tilting 
and turning head, but it doesn’t allows, for instance, to lean down to inspect objects on the 
floor or lean around corners because there’s no way to tell exactly where you head is. 
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4 Experiment 

4.1 Virtual environment 
The virtual environment represents a university building. The environment consists of two 
main floors (figure 6).  

Floor 1 is the biggest one. It consists of five big rooms and two bathrooms:  

- One classroom with table, seat and educational equipment. 
- Two study rooms where students can study. 
- One living room where people can take breaks.  
- Two bathrooms: man bathroom and woman bathroom. 
- Five corridors, four intersections and two stairs. 

Floor 2 can be reached, directly, via two staircases from the ground floor. It consists of three 
big rooms and five small ones: 

- One research room with several workstations and two printers. 
- Two meeting rooms with table and seat. 
- Five teacher offices with desk, seat and office equipment. 
- One corridor, two intersections and two stairs. 

 

Figure 6 Map of the VE 

Every intersection or decision point has a particular landmark useful to help people for 
guidance. Floor 1 has five landmarks and floor 2 has two. The landmarks are objects, which 
are possible to find in a university building (figure 7). Every room is different from the others 
to allow a distinction between different places. However they represent reproductions of 
possible rooms that can be found in a university building (figure 8). 
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Figure 7 Some example of landmarks in the virtual environment 

 

 

Figure 8 Some example of rooms in the virtual environment 

4.2 The simulator 
The game has been created through Unity3D v. 5.0.1f1. The reason for this choice was the 
compatibility with the major part of platforms and countless presence of 3D models on the 
web. 

The experiment needs two different groups: HMD group and display group. For the last one, 
a desktop display will be used to allow the interaction between users and game. Specifically 
integrated monitor 13,3’ (1440x900), with Intel HD Graphics 3000, 384 MB (video board) 
has been used. Regarding the HMD group, it was used the Oculus Rift Development Kit 
version 1. 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. Despite that the 
plugin was for version 4 of Unity3D it was possible to get it running with the new version 
without problems. 

In both cases, participants use a gamepad to move in the simulator. In the display group, 
players use the left and right sticks and button “X” (Figure 9) respectively to move in the four 
directions, to turn the game view and, finally to start the simulation. In the HMD group, 
players use only the left stick (body movement) and button “X” (start). The right stick, in 
HMD mode, was disabled because players have to turn the game view through their head 
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movements using the tracking system of the Oculus Rift (to capture the movements of the 
head and move the camera in the simulator). Also, to allow familiarization with the HMD, 
the player decides when to start the simulation (and then start the timer) interacting through 
the “X” button on the gamepad. 

 

Figure 9 Gamepad 

In HMD mode, a “backpack solution” (Figure 10) has been used to allow free movements and 
use the tracking system of the Oculus VR. Participants were 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 prevent that cables wrapped the 
participants. The surrounding environment has been cleared from obstacles that could 
endanger people hitting against them. A delimitated area was created to allow movements of 
participants. 

 

Figure 10 Backpack solution 
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The experiment consists of two interactions between every participant and the environment: 
in the free navigation task and in the way-finding navigation test. In both, players are aware 
only of the remaining time, through a timer located in the GUI of the game, in order to better 
manage the remaining time. When the time expires, or participants reach the goal (as in the 
way-finding navigation) the simulation stops. The first interaction with the simulation starts 
with the free navigation task. It was not a game mode (e.g. mission) because it probably 
would have shifted the focus of the subject. Introducing the game modes, subjects would 
focus their efforts to achieve goals (i.e. achieve the best score), which were not useful for the 
purpose of the phase. 

4.3 Pilot Tests 
To be sure to produce a good experiment, two pilot tests was been done. Both the pilot tests 
aimed to test on a few subjects (3 participants). Participants were asked to perform as if it 
was the real experiment. Feedback, impression and advice were collected through 
questionnaires and an oral interview in order to improve the experience. Although 
participants enjoyed the experience and didn’t have any problem in understanding all 
phases, some adjustments were done based on the two pilots.  

4.3.1 First pilot test: 
To allowed a better understanding of the changes done after the first pilot test. Only the 
main aspects, that have changed, will be presented.   

First, the environment consisted in tree floors (two main floors and one intermediate floor). 
In HMD mode users played sitting down (figure 11). In HMD mode users could turn the 
direction of view or by head movement or by gamepad. 

The phases order was:  

1. Group-balancing  

• General questionnaire (general questions) 

• Spatial orientation questionnaire (questions to assess the spatial 
orientation ability for all participants. 300 seconds) 

2. Free navigation (a free navigation to visit and to memorize the virtual 
environment. 300 seconds) 

3. Landmark test (Different pictures of objects in the environment were shown to 
the participants who had to sort the objects in chronological order according to 
their own route in free navigation phase. 90 seconds) 

4. Way-finding navigation test (Participants had to reach a target room from a 
starting location. 90 seconds) 

5. Sketch-mapping test (Participants had to draw the path from a starting 
location to the target room on the paper-map. The path coincided with the way-
finding route.  90 seconds) 

6. Final questionnaire (general questions about participants’ feedback. 300 
seconds) 
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Figure 11 HMD mode before first pilot test 

During the pilot test and later, it has been noted that the environment was too big. People 
lost time to open doors to enter the rooms. Furthermore some rooms were too similar. In 
HMD mode, participants can feel nauseous after a short period. Moreover, participants in 
HMD mode could use the gamepad to turn the direction of view and it doesn’t make sense. 

Changes after the first pilot test, in accordance with what had been observed: 

• The intermediate floor has been deleted.  

• Doors have been deleted (doors aren’t necessary for the aim in this work).  

• Some similar rooms have been deleted, and others have been changed. Rooms’ inner 
walls have been painted in different ways to make clear the differences among rooms.  

• In HMD mode it has been decided to create a “backpack system” to put the pc on the 
back to allow users to play standing.  

• In HMD mode the gamepad’s turning direction view was disabled so that users 
navigated by physically turning around. 

4.3.2 Second pilot test: 
To allowed a better understanding of the changes done after the second pilot test. Only the 
main aspects, that have changed, will be presented.   

The environment consisted of two floors. In HMD mode users played standing and could 
turn the direction of view by the head movement. 

The phases order was:  

7. Group-balancing  

• General questionnaire (general questions) 

• Spatial orientation questionnaire (questions to assess the spatial 
orientation ability for all participants. 300 seconds) 

8. Free navigation (a free navigation to visit and to memorize the virtual 
environment. 300 seconds) 
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9. Landmark test (Different pictures of objects in the environment were shown to 
the participants who had to sort the objects in chronological order according to 
their own route in free navigation phase. 90 seconds) 

10. Way-finding navigation test (Participants had to reach a target room from a 
starting location. 90 seconds) 

11. Sketch-mapping test (Participants had to draw the path from a starting 
location to the target room on the paper-map. The path coincided with the way-
finding route.  90 seconds) 

12. Final questionnaire (general questions about participants’ feedback. 300 
seconds) 

During the second pilot test and later, it has been noted that some participants weren’t able 
to visit the whole environment in 300 seconds in free navigation task. Furthermore, in HMD 
mode, nobody felt nauseous. An other important observation was that in the landmark test 
for the participants it was not possible to remember the order in which they saw the objects 
in the free navigation because they could pass in the same location more than once. 
Moreover, all participants, who completed successfully the way-finding navigation test, were 
able to draw the right path in sketch-mapping test. Furthermore, some participants, who 
completed successfully the way-finding navigation phase by chance, were, however, able to 
draw the right path in sketch-mapping test. 

Changes after the second pilot test, in accordance with what had been observed: 

• The time in free navigation has been increased to 600 seconds.  

• The landmark test has been changed: several pictures of objects, in the environment 
or not in the environment, will be shown to the participants, and they will then have 
to choose only the objects in the environment.  

• The order of way-finding navigation and the sketch-mapping test has been swapped. 

Finally, the two pilot tests have been useful to produce the final version of the experimental 
method in this work. The final procedure for the experiment has been presented in detail in 
Section 3.1.1. 

4.4 Participants and Groups 
The experiment has been conducted on 26 voluntaries subjects. Subjects are from different 
nationalities and all of them are students. The participants had ages ranging from 20 to 29 
(mean 22,84). 14 were male subjects and 12 were female subjects, 11 of the subjects declared 
they usually play games. 2 subjects of 26 declared that they suffered from nausea or dizziness 
(7%).  

Groups, as explained in Section 3.1.1, have been formed through the group balancing phase. 
The display group consisted of: 6 female and 7 male subjects, of which 5 were gamers and 8 
non-gamers. The HMD group consisted of: 6 female and 7 male subjects, of which 5 were 
gamers and 8 non-gamers. Another factor has influenced the subdivision: the spatial 
orientation result. This result springs from the spatial orientation questionnaire (the second 
questionnaire in the group balancing phase). The mean of these results for the display group 
was: 6,92. The mean for HMD group was: 6,85. Figure 12 shows on the left a participant who 
plays in display mode and on the right a participant who plays in HMD mode. 
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The experiment has been conducted in a room in the Xenia residence in Skövde. 

 

Figure 12 Display mode and HMD mode 
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5 Results and analysis 
In this section will be analysed the data collect during the experiment. As seen in Section 4.4, 
the experiment has been conducted with the help of human subjects, who were asked to play 
in two different modalities. The data will be analysed comparing desktop display and HMD 
mode. And then, the data will be analysed comparing display and HMD mode considering 
gender, game experience and the results of spatial orientation questionnaire. 

5.1 Comparison display and HMD mode results 
This analysis assesses the experiment’s results comparing display mode and HMD mode. 
The aim is to understand what kind of differences there are and if one modality has obtained 
better results than the other. Results will be analysed for all tasks in accordance with the 
procedure mentioned in Section 3.1.1.  

5.1.1 Free navigation task 
The free navigation is the first part of the experiment. Participants had to visit the virtual 
environment and to memorize the virtual environment as much as possible. The maximum 
time to complete it is 600 seconds but the subjects could stop earlier.  People could stop for 
several motivations:  

• They think they have acquired enough information to know the environment (stop 
for knowledge) 

• They feel too bad to continue to play (stop for nausea or dizziness) 

• They feel bored or just don’t want to continue (stop for others motivations) 

It is clear that the game modality could influence in the free navigation time. To assess if the 
modality have a big impact in the free navigation phase it has been analysed the average time 
used, in game, by the participants in the 2 groups.  

In this experiment, participants in display mode and HMD mode spend, on average, the 
same time in free navigation.  

It is interesting to understand how many participants have used all time at their disposal, 
how many participants have stopped before and why. In the display group, 4 participants 
(31%) have used all time at their disposal, and 9 (69%) have stopped because they thought to 
have acquired enough information to memorize the environment. In the HMD group, 4 
participants have used all time at their disposal (31%), 3 have stopped because they thought 
they have acquired enough information to memorize the environment. 6 participants (46%) 
in HMD mode have stopped because they felt nausea or dizziness, but only one of them 
decided to leave the experiment definitively. So the number of participants in HMD group 
became 12. It is interesting to observe, also, that 9 subjects (69%), in the display group, have 
stopped before for knowledge, whereas only 3 subjects (23%) in the HMD group stopped for 
the same reason.  

After that one participant decided to leave the experiment (for nausea), the HMD group 
consisted of: 5 female and 7 male subjects, of which 4 were gamers and 8 non-gamers. So the 
following analysis will be shown considering 12 participants in HMD mode. 
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5.1.2 Landmark test 
Participants, after the free navigation task, had to choose the pictures of objects present in 
the virtual environment among a set of several pictures. Results have been collected for each 
participant assigning one point for each right choice and minus one point for each wrong 
choice. Table 2 shows the comparison between display and HMD mode related to the 
average score in the landmark test. Results of 13 participants (n=13) for display group and 12 
participants (n=12) for HMD group have been analysed.  

Table 2 Comparison between display mode (n=13) and HMD (n=12) in the landmark test 

 Display mode HMD mode P (t-test) 

 Landmark test average score 5.7 4.4 0.048 

 

Participants in display group obtain, on average, 5.7 points (approximately 6 right choice), 
whereas participants in HMD group obtain, on average, 4.4 points (approximately 4 right 
choice). The t-test result shows that the difference between the two observed means is 
statistically significant under an unpaired t-test (p<0.05), but is not statistically significant 
under an unpaired t-test (p<0.01). The figure 13 shows this difference. 

 

Figure 13 Box plot - Comparison between display mode (n=13) and HMD mode 
(n=12) in the landmark test 

The box plot shows how the data are distributed in different way between display mode and 
HMD mode. An important difference is for the minimal values. HMD mode presents a lower 
value for the landmark test score than for the display mode. This could be explained because 
some participants in HMD mode stopped earlier for nausea or dizziness. In this case, 2 
subjects obtained zero points in the landmark test. But only one of them decided to stop the 
experiment after accusing nausea in free navigation. Another difference is for the median 
value where display mode presents a higher value than HMD mode. These results show that 
the participants in display mode are performing better than participants in HMD mode. 
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5.1.3 Sketch-mapping test 
Participants, after the free navigation task and landmark test, had to draw, on the map, the 
right route from a determinate location to a target room (shown at beginning of this phase). 
The result (success or failure) has been collected for each participant during the experiment.  

No statistically significant difference was found between desktop display and HMD mode in 
sketch-mapping test.  

5.1.4 Way-finding navigation test 
Participants, after the sketch-mapping test, had to reach the target room from a determinate 
location in the virtual environment. The time to reach the target room has been collected for 
each participant. The table 3 shows the comparison between display and HMD mode related 
to the average time to reach the target room in the way-finding navigation test. Results of 11 
participants (n=11) for display group and the results of 9 participants (n=9) for HMD group 
have been analysed. Participants who didn’t reach the target room were not considered.  

Table 3 Comparison between display  (n=11) and HMD mode (n=9) in the way-finding 
navigation test 

 Display mode HMD mode P (t-test) 

Way-finding average time (seconds) 39.4 66.3 0.001 

 

Participants in display group reach the target room, on average in 39.4 seconds, whereas 
participants in HMD mode, on average, reach the target room in 66.3 seconds. 2 participants 
in display mode and 3 in HMD mode didn’t reach the target room. So these participants were 
not considered in the test. The t-test result shows that the difference between the two 
observed means is statistically significant under an unpaired t-test (p<0.01). The figure 14 
shows this difference. 

 

Figure 14 Box plot - Comparison between display mode (n=11) and HMD mode 
(n=9) in the way-finding navigation test 
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The box plot shows that, the data are distributed in different ways between display and HMD 
mode. An important difference is for the median value. Display mode presents a lower value 
than HMD mode. These results show, clearly that, the participants in display mode are 
performing better than participants in HMD mode in the way-finding navigation test. 

5.2 Comparison display and HMD mode considering the gender 
In this section, the difference will be analysed between male and female participants for the 
two modalities. Furthermore the difference between display and HMD mode will be analysed 
for the gender. This analysis is motivated by the fact that the gender was one of the 
considered factors when forming the groups. Results will be analysed for all tasks in 
accordance with the procedure order mentioned in Section 3.1.1. 

5.2.1 Free navigation task 
Free navigation average times have been analysed considering modality and gender. This 
analysis attempts to understand if the gender influences the result in this task.  

No statistically significant difference was found in between display mode and HMD mode 
considering gender in free navigation task. Furthermore no difference between genders was 
observed both in display mode and in HMD mode. 

5.2.2 Landmark test 
The landmark average score have been analysed considering modality and gender. This 
analysis attempts to understand if gender influences the result in this test.  

The results show that there are no statistically significant differences in this task. However, 
female subjects, generally, obtained a better result than male subjects, regardless of the 
modality. Even if in the HMD group, the difference between male and female subjects is 
wider. Furthermore, both male and female participants obtain a better result in display 
mode than HMD mode. 

5.2.3 Sketch-mapping test 
The number of successful instances in sketch-mapping test have been analysed considering 
modality and gender. The following analysis attempts to understand if the gender influences 
the result in this test.  

No statistically significant differences were found in this task. However, male subjects obtain 
a better result in display mode than m in HMD mode. Whereas, female subjects obtain the 
same result, regardless of modality. Even if in HMD group, there is no difference between 
male and female participants. In display mode male subjects obtain a wide number of 
successful instances for the sketch-mapping test than female subjects. 

5.2.4 Way-finding navigation test 
Way-finding navigation times have been analysed considering modality and gender. This 
analysis attempts to understand if the gender influences the result in this test.  

The table 4 shows the comparison between male and female participants related to the 
average time for the way-finding navigation test in display mode. Results of 7 male 
participants (n=7) and the results for 4 female participants (n=4) have been analysed in 
display mode. 
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Table 4 Comparison between male (n=7) and female (n=4) subjects for the way-finding 
navigation test in display mode 

Display mode Male subjects Female subjects P (t-test) 

Way-finding average time 
(seconds) 

34.5 48.0 0.03 

 

It is possible to observe that male subjects in display mode, on average, reach the target 
room in 34.5 seconds, whereas female subjects, on average, reach the target room in 48.0 
seconds. Furthermore, 2 female subjects in display mode didn’t reach the target room. So 
these participants were not considered in the test. The t-test result shows that the difference 
between the two observed means is statistically significant under an unpaired t-test 
(p<0.05).  

Instead, the comparison between male and female participants, related to the average time 
for the way-finding navigation test in HMD mode, presents no statistically significant 
difference. In this test, 2 male and 2 female participants didn’t reach the target room in 
HMD mode. Figure 15 shows the previous statements. 

 

Figure 15 Histogram charts – Comparison male (n=7) and female (n=4) subjects in 
display mode and comparison male (n=5) and female (n=4) subjects in HMD mode 

for the way-finding navigation test for modality 

The table 5 shows the comparison between display mode and HMD mode related to the 
average score in the way-finding navigation test for male participants. Results of 7 male 
participants (n=7) in display mode and 5 male participants (n=5) in HMD mode have been 
analysed. 

Table 5 Comparison between display mode (n=7) and HMD mode (n=5) in the way-finding 
navigation test for male subjects 

Male subjects Display mode HMD mode P (t-test) 

Way-finding average time 
(seconds) 

34.5 59.2 0.03 
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Male participants obtain a better result in display mode than in HMD mode for the way-
finding test. In fact, male subjects in display mode reach the target room in 34.5 seconds, 
whereas in HMD mode they reach the target room, on average, in 59.2 seconds.  2 male 
subjects in HMD mode didn’t reach the target room. So these participants were not 
considered. The t-test result shows, clearly, that the difference between the two observed 
means is statistically significant under an unpaired t-test (p<0.05). 

Table 6 shows the comparison between display mode and HMD mode related to the average 
time in the way-finding navigation test for male participants. Results of 4 female participants 
(n=4) in display mode and 4 female participants (n=4) in HMD mode have been analysed. 

Table 6 Comparison between display mode (n=4) and HMD mode (n=4) in the way-finding 
navigation test for female subjects 

Female subjects Display mode HMD mode P (t-test) 

Way-finding average time 
(seconds) 

48.0 75.2 0.02 

 

It is possible to observe that on average, female subjects obtain a better result in display 
mode than in HMD mode for the way-finding test. 2 female subjects in display mode and one 
in HMD mode didn’t reach the target room. So these participants were not considered in the 
test. The t-test result claims that the difference between two observed means is statistically 
significant under an unpaired t-test (p<0.05). The chart in figure 16 shows the previous 
statements. 

 

Figure 16 Histogram charts - Comparison display mode (n=7) and HMD mode 
(n=5) for male subject and comparison display mode (n=4) and HMD mode (n=4) 

for female subject in the way-finding navigation test for gender 

The previous analysis presents important statistically significant results. In display mode, 
male subjects are performing better than female subject. Moreover, male and female subject 
obtained a better results using display mode than HMD mode.  
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5.3 Comparison display and HMD mode considering game 
experience 

In this section will be shown the differences between gamers and non-gamers for the two 
modalities. Furthermore, the differences between display mode and HMD mode considering 
subject’s game experience will be observed. This analysis is motivated by the fact that, to 
form two groups (display group and HMD group), the game experience was one of the 
considered factors. Results will be analysed for all tasks in accordance with the procedure 
mentioned in Section 3.1.1. 

5.3.1 Free navigation task 
Free navigation average times will be analysed considering modality and game experience. 
This analysis attempts to understand if game experience influences the results in this task.  

There are no statistically significant results in this analysis. However it is possible to observe, 
generally that in display mode non-gamer subjects use, on average, more time than gamer 
participants. Whereas in HMD mode non-gamers subject spend less time than gamers 
subjects. Furthermore, gamer participants use more time in HMD mode than Display mode. 
Instead non-gamer participants use, on average, more time in Display mode than HMD 
mode. 

5.3.2 Landmark test 
The landmark average score have been observed considering modality and game experience. 
The following analysis attempts to understand if the game experience influences the result in 
this test.  

No statistically significant result was found between gamers and non-gamer both in display 
mode and in HMD mode. Furthermore, for gamer no difference was observed between 
display mode and HMD mode. Whereas, the table 7 shows the comparison between display 
mode and HMD mode related to the average score in the landmark test for non-gamers. 
Results of 8 participants (n=8) for each group have been analysed. 

Table 7 Comparison between display mode (n=8) and HMD mode (n=8) in the landmark 
test for non-gamers 

Non-gamers Display mode HMD mode P (t-test) 

Landmark test average score 5.5 3.3 0.03 

 

It is possible to observe, in this case that, non-gamers in display mode, on average, obtain a 
better score (approximately 6 right choices) than in HMD mode (approximately 3 right 
choices). The t-test result shows, hence, that the difference between the two observed means 
is statistically significant under an unpaired t-test (p<0.05). The figure 17 shows the previous 
results. 
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Figure 17 Histogram charts – Comparison display mode (n=8) and HMD mode 
(n=8) in landmark test for game experience 

5.3.3 Sketch-mapping test 
The number of successful instances in the sketch-mapping test have been analysed 
considering modality and game experience. This analysis attempts to understand if the game 
experience influences the result in this test.  

No statistically significant results were found in this task. However, in HMD mode, it was 
observed that gamers obtain a better result than non-gamers. Furthermore, non-gamers are 
performing better in display mode than in HMD mode.  

5.3.4 Way-finding navigation test 
Way-finding navigation test average times have been analysed considering modality and 
game experience. The following analysis attempts to understand if the game experience 
influences the result in this test.  

It was observed no difference between gamers and non-gamers both in display mode and in 
HMD mode. Furthermore, no difference was found between display mode and HMD mode 
in way-finding navigation test for gamers subjects. Whereas, the comparison between 
display mode and HMD mode, related to the average time in way-finding navigation test for 
non-gamers, is shown in table 8. Results of 6 participants (n=6) in display mode and the 
results of 4 participants (n=4) in HMD mode have been analysed. 

Table 8 Comparison between display (n=6) and HMD mode (n=4) in the way-finding 
navigation test for gamers 

Non-gamers Display mode HMD mode P (t-test) 

Way-finding test average time 
(seconds) 

42.1 74.2 0.004 

 

It is possible to observe that on average, non-gamers obtain a better result in display mode 
(42.1 seconds to reach the target room) than in HMD mode (74.2 seconds to reach the target 
room) for the way-finding test. Furthermore, 2 non-gamer participants in display mode and 
4 in HMD mode didn’t reach the target room. So these participants were not considered in 
the test. The t-test result shows, in fact, that the difference between two observed means is 
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statistically significant under an unpaired t-test (p<0.01). The figure 18 summarizes the 
previous results. 

 

Figure 18 Histogram charts – Comparison display mode (n=5) and HMD mode 
(n=4) for gamer participants and comparison display mode (n=6) and HMD mode 

(n=4) for no-gamer participants in the way-finding navigation test for game 
experience 

5.4 Comparison display and HMD considering the spatial 
orientation questionnaire 

The correlation coefficient will be analysed between spatial orientation questionnaire results 
and results for all tasks, in this section. Firstly the correlation coefficient regardless of the 
modality will be presented. Then, the correlation coefficient will be observed for each task 
related the modality. This analysis is motivated by the fact that, to form the two groups 
(display group and HMD group), the spatial orientation questionnaire result was one of the 
factors considered.  

No correlation was found between the spatial orientation questionnaire results and task 
results. This indicates that to have a good or a bad result in the spatial orientation 
questionnaire didn’t influence the player’s performance in this experiment.  

No correlation was found between the spatial orientation questionnaire results and task 
results both display mode and HMD mode. This indicates that to have a good or a bad result 
in the spatial orientation questionnaire didn’t influence the player’s performance in this 
experiment regardless of the modality.  
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6 Interpretation of results 
In this section will be proposed a method to interpret the participants’ result. An 
interpretation will be defined according with the results for each test.  This interpretation 
could be, for instance, assessing if participants acquired the route knowledge of the VE 
during the experiment. This proposal attempts to give an overall result. Firstly, to present 
the several interpretations, it is necessary to define a score system, as examined in the 
following section. 

6.1 Score system 
The Section 3.1.1 lists the phases of the experiment. In this section, instead, it will be 
explained how that phases are analysed to extrapolate, for each participant the information 
on the participant’s result.  

1. Group balancing:  
a. General questionnaire: It has paid particular attention for the answer on 

gender and game experience. 
b. Spatial orientation test: It was assigned a point for each right answer. 

2. Free navigation: It has been store, for each participant, the time in navigation, if they 
stop before, the motivation and if they felt nauseated.  

3. Landmark test: It has been assigned one point for each correct choice picture, instead 
minus one point for each wrong choice picture. A good score is if the participant 
obtains at least 4 points on 7.  

4. Sketch-mapping test: The result of this test may be: 
o Success: Participant drew a right path (room reached). 
o Failure: Participant drew a wrong path or just didn’t draw the path (room not 

reached). 
It is important that the route to reach the target room is one of the possible paths (it 
should be possible to reproduce this route in the virtual environment).   

5. Way-finding navigation test: The score is the time to reach the goal. Participants had 
90 seconds to reach the target room. The score is exactly the time they use to reach 
the target room. A good score is if the participant reaches the target room in 
maximum 60 seconds. 

6. Final questionnaire: It has paid particular attention for the answer on: 
a. If participants have enjoyed the experiment. 
b. The motivations in case they haven’t completed all phases. 

The table 9 summarize the score system. 
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Table 9 Score phases summary table 

Phases 
n° 

Name Type Score Aim 

Bad Good 

1 Group 
balancing 

Questionnaire
/test 

- - To balance the groups 

2 Free 
navigation  

Free 
immersion in 

VE 

- - First step to acquire the 
environment's spatial 

knowledge 

3 Landmark 
test 

Questionnaire 
test 

0-3 0-7 To assess the landmark 
knowledge 

4 Sketch-
mapping test 

Drawing test Wrong 
route 

Right 
route 

To assess the route 
knowledge on the map 

5 Way-finding 
navigation 

test 

Immersive test 0-60 61-
more 

To assess the route 
knowledge - Ability to 

move in VE. 
Confirm/disprove sketch-

mapping and landmark 
test 

6 Final 
questionnaire 

Questionnaire - - To catch participant's 
opinion and feedback 

 

6.2 Proposal of an overall interpretation based on the participant’s 
results 

The following cases represent a proposal to give meaning to the 6 steps of the experiment. 
This proposal attempts, through the users’ results analysis, to obtain information from it, to 
understand for each user if he/she could have gained the route knowledge: 
 

A. The participant has successfully completed the sketch-mapping test (able to draw 
the path on the map) and has a good score in way-finding navigation test, 
probably the participant has acquired the route knowledge. 

 
B. The participant has successfully completed the sketch-mapping test (able to draw 

the path on the map) but has a bad result in way-finding navigation test and a 
good result in the landmark test, probably the participant has the route 
knowledge but is not able to use the simulator (e.g. having problems with the 
game or game devices). 

 
C. The participant has successfully completed the sketch-mapping test (able to draw 

the path on the map) but has a bad score in way-finding navigation test and in the 
landmark test, probably the participant has drawn the right route in the map the 
destination by cache (the route knowledge is not acquired). 

 
D. The participant has not successfully completed the sketch-mapping test (the 

drawn path on the map is wrong) but has a good result in the way-finding 
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navigation test and in the landmark test, probably the participant is not able to 
use the map but is able to use landmark knowledge to reach the destination. The 
route knowledge is acquired. 

 
E. The participant has not successfully completed the sketch-mapping test (the 

drawn path on the map is wrong) but has a good result in the way-finding 
navigation test and a bad score in the landmark test, probably the participant has 
reached the destination by cache. The route knowledge is not acquired. 

 
F. The participant has not successfully completed the sketch-mapping test (the 

drawn path on the map is wrong) but has a bad score in the way-finding 
navigation test, the participant has not acquired the route knowledge. 

 
As seen in Section 2.3.2, landmark knowledge is a lower level of spatial knowledge than 
Route knowledge. This statement justifies the previous interpretations. In fact for 
interpretation “A” if the subjects are able to draw the path on the map (from starting location 
to destination) and they are able to reach the destination in way-finding navigation, it is 
useless to check the landmark score because the previous result already confirm the route 
knowledge. Whereas in interpretation “F” if the subjects are not able to draw the path on the 
map and they are not able to reach the destination in way-finding navigation, even if they 
obtained the landmark knowledge, this is not sufficient to obtain the route knowledge (in 
fact landmark knowledge is a lower level of spatial knowledge than the route knowledge). 
 
Figure 19 shows this process more clearly. 
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Figure 19 Interpretation system summary tree 

 



 37 

6.2.1 Results derived from the proposed interpretation system  
This section is created with the purpose to generate an overall result based on the previous 
proposal system. In accordance with the results in each test will be visited the tree presented 
previously to assign to all participants the relative interpretation letter. This letter, as seen in 
the previous paragraph, represents an interpretation based on the meaning of every test. As 
mentioned in Section 3.1.1 each test assesses a particular condition in accordance with the 
meaning of landmark and route knowledge seen in Section 2.3.2. The table 10 shows the 
number of participants for each interpretation. The division was made, also, for groups. 
Results of 25 participants have been analysed (13 participants in display mode and 12 
participants in HMD mode). One of the participants in HMD mode has not been considered 
because he/she has left the experiment for nausea. 

Table 10 Comparison between display mode (n=13) and HMD mode (n=12) by proposal 
system 

Interpretation Display mode HMD mode Total 

A 8 3 11 

B 1 3 4 

C 0 0 0 

D 3 0 3 

E 0 0 0 

F 1 6 7 

 

It is possible to observe that 11 participants gained the route knowledge (interpretation “A”). 
8 of them gained it in display mode, whereas only 3 participants gained the route knowledge 
in HMD mode.   

Regarding the interpretation “B”, 4 participants gained the route knowledge but probably 
they were not able to use it in the simulator (i.e. they have some problem with game device). 
Furthermore, it is interesting to observe that the 4 participants claimed that they had no 
game experience. Moreover, only 1 of them played in display mode, whereas 3 of them in 
HMD mode.  

No one of the observed subject’s result is in accordance with the interpretation “C”. Hence no 
one has completed the sketch-mapping test by chance and then obtaining a bad score for 
way-finding navigation test and landmark test. 

Regarding the interpretation “C”, 3 participants gained the route knowledge (they were able 
to use the landmark knowledge in the virtual environment) but, probably, they were not able 
to use (read/understand) the map. All of them played in display mode. 

No one of the observed subject’s result is in according with the interpretation “E”. Hence no 
one has completed the way-finding navigation test by chance failing the sketch-mapping test 
and obtained a bad result for the landmark test. 
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Regarding the interpretation “F”, 7 participants didn’t gain the route knowledge failing the 
sketch-mapping test and obtained a bad result in way-finding navigation test. Only one of 
them played in display mode, whereas 6 played in HMD mode. The charts in figure 20 
summarize the previous statements. 

 

Figure 20 Chart of the results by proposal system interpretation 

The first chart shows that, in total, in accordance with the previous interpretations, 28% of 
participants didn’t gain the route knowledge. Whereas, 72% of the participants gained the 
route knowledge: 44% of them with the interpretation “A”, 16% with the interpretation “B” 
and 12% with the interpretation “D”. 

The second chart shows that, in display mode, in accordance with the previous 
interpretations, 8% of the participants didn’t gain the route knowledge. Whereas, 92% of 
participants gained the route knowledge: 62% of them with the interpretation “A”, 8% with 
the interpretation “B” and 23% with the interpretation “D”. 

The third chart shows that, in HMD mode, in accordance with the previous interpretations, 
50% of the participants didn’t gained the route knowledge. Whereas, 50% of participants 
gained the route knowledge: 25% of them with the interpretation “A” and 25% with the 
interpretation “B”. 

Finally, using the previous interpretation system, it is possible to claim that there were more 
participants who gained the route knowledge than participants who didn’t gained the route 
knowledge. In particular, in display mode more participants gained the route knowledge 
than participants who didn’t gained it. Whereas in HMD mode less participants gained the 
route knowledge than participants who didn’t gained it. 
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7 Conclusions 
This chapter presents an overview of the previous results, followed by a discussion on their 
meaningfulness and scientific importance. Finally, some proposals for future work in this 
field will be indicated. 

7.1 Summary of Result 
Results shown in Section 6 are focused on the difference between a desktop display and 
HMD with regard to the transfer of spatial knowledge from a VE. The main differences 
between display mode and HMD mode have been analysed for all tasks in this experiment. 
The analysis also assessed if gender, game experience and spatial orientation influence the 
participants’ performance.  

Generally, participants in display mode obtain a better score than participants in HMD 
mode. It is important to observe that for the landmark test and the way-finding navigation 
test this difference is statistically significant.  

In display mode, male subjects obtain a better score than female subjects in the sketch-
mapping test and in the way-finding navigation test. However only the way-finding result is 
statistically significant. In HMD mode, there are no statistically significant differences 
between genders. Regarding male subjects, they obtain a better score in display mode than 
HMD mode for every test. In the way-finding navigation test the difference is statistically 
significant. For female subjects there is only a statistically significant difference between 
modality: female subject are performing better in display mode than HMD mode.  

In display mode, gamers and non-gamers obtain comparable results. Hence, the differences 
between gamers and no-games are not statistically significant in display mode. In HMD 
mode, gamers obtain a better score than non-gamers for every test. However, these results 
are not statistically significant. Gamers in display mode and gamers in HMD mode obtain 
comparable results. However, in the way-finding navigation test, participants are performing 
better in display mode than in HMD mode. This difference, however, is not statistically 
significant. Non-gamers obtain a better score in display mode than in HMD mode for every 
test. Moreover, in the landmark test and in the way-finding navigation test the differences 
are statistically significant.  

Section 5.4 assessed the relation between the participant’s result in the spatial orientation 
questionnaire and the participant’s result in the experiment for each task. Generally, the 
analysis has shown that, there is no correlation between the two variables.  

7.2 Discussion 

The analysis conduct in Section 5 has produced interesting comments. The main analysis 
was between display mode and HMD mode. The first observation is that, for the free 
navigation task, the participants in display mode and HMD mode used, on average, the same 
time, but it needs some further clarification. First the average time for free navigation, in 
display mode, comes from the fact that 69% of the participants stopped before the maximum 
time because they thought they knew the virtual environment well enough (only one 
participant of them has left the experiment definitively). However, the average time for the 
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free navigation in HMD mode stems largely forms the fact that 46% of the participants 
stopped before the maximum time because they felt nauseas. This is in line with the previous 
results of Vlad et al. (2013) and Howarth & Costello (1997). Moreover, for the landmark test 
the analysis shows that participants, in display mode, are, on average, performing better 
than participants in HMD mode. The analysis of the sketch-mapping test’s results has shown 
no statistically significant differences, although participants in display mode were more 
successful than participants in HMD mode. There was a clear difference in the way-finding 
navigation test, where the average time of participants to reach the target room in display 
mode were better than participants in HMD mode. It is possible to claim, hence, that in this 
experiment the display mode results are better than in HMD display, which is in accordance 
with Robertson et. al (1997).  Furthermore, the previous statements could be confirmed, 
even, from the proposal interpretation system in Section 6.2. It shows that more participants 
gained route knowledge (according with the proposed interpretation system) in display 
mode than in HMD mode. It is interesting to observe that in HMD mode 25% of the 
participants who gained the route knowledge experienced some problems with the device. 
Whereas, only 8% of the participants in display mode who gained the route knowledge 
experienced some problems with the device. This aspect suggests that the desktop display is 
easier to use than the HMD. 

Another consideration comes from the comparison between display mode and HMD mode in 
relation to the gender. This analysis shows that, generally, there are no statistically 
significant gender differences between display mode and HMD mode. The only statistically 
significant difference is in display mode, where male subjects obtained a better score than 
female subjects in way-finding navigation test. These statements are in according with some 
previous studies: Sadalla and Montello (1989) for the landmark test; Ward, Newcombe & 
Overton, (1986) for the sketch-mapping test and Moffat, Hampson & Hatzipantelis (1998) 
for the way-finding navigation test. Whereas, Sandstrom, Kaufman & Huettel (1998) found 
no gender differences in the way finding navigation test. Moreover, both for male and for 
female participants the only statistically significant difference between display mode and 
HMD mode was found in the way-finding navigation test. This suggests that, probably 
participants are more able to play in the virtual environment with a desktop display 
regardless the gender.  

Regarding the difference between display mode and HMD mode considering game 
experience some important observation could be made. For instance, non-gamers obtain a 
better score for all tasks in display mode than in HMD mode (in the landmark test and in the 
way-finding navigation test the differences are statistically significant). These differences are 
probably due to the fact that for participants without game experience it is easier to learn to 
move in a virtual environment with a desktop display than with a HMD. Furthermore, in 
HMD mode, gamers are more able to reach the target room (in the way-finding navigation 
test) than non-gamers, which is in line with the statement made by Richardson et. al. (2011). 
Generally, gamers’ performances seem to be better than non-gamers performances, even if 
these differences are not statistically significant. Probably, the test analysis results come 
from the limited data available. However these statements can be confirmed by previous 
studies that claim that spatial abilities can be improved through playing video games (e.g., 
Dorval and Pepin, 1986; Subrahmanyam and Greenfield, 1994; De Lisi and Wolford, 2002; 
Green and Bavelier, 2006; Feng, Spence & Pratt 2007; Spence et al., 2009; Uttal et al., 
2012). 
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Finally, all participants claimed that they enjoyed taking part in the experiment, and they 
found the environment very realistic. These observations show that, a game could be a good 
way to teach evacuation paths of a building for people.   

7.3 Future Work 
As future lines of research, and since navigation is a core feature in many important VR 
applications, it would be interesting to extend this work in order to study spatial orientation 
tasks and potential ways of increasing the user’s performance. It could also be interesting to 
repeat this experiment, comparing display mode and HMD mode, using the newest version 
of HMD in the market. In fact, a problem found in this work was that some participants in 
HMD mode felt nausea. This, as seen in the previous sections, for sure, has conditioned the 
final result in favour of the display mode. Furthermore, It could be interesting to compare 
the display version with the new Vive HMD (created by collaboration between Valve and 
HTC). In fact, Gabe Newell (Managing director of Valve Corporation) has told press that 
Valve has the problem of motion-sickness for VR users, proclaiming that “zero per cent of 
people get motion sick” when using the company’s Vive headset. Another important future 
work should be to continue in the direction of creating a game for evacuation drills. 
Examples new levels could be added: to simulate an evacuation with a realistic scenario (i.e. 
fire and smoke in a building). In this case, it could be interesting to assess the users’ 
performance in situations of stress in game, or to assess the users’ involvement. Finally, it 
would be interesting to reproduce a real environment and to assess, in the real world, the 
knowledge acquired in the virtual reality. 
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Appendix A -  User Questionnaire 
PRE-SESSION –  

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).    
#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 
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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:_____________ 

 

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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POST-SESSION – 

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 score 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? 

 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”) 

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

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________ 
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Appendix B -  Game Instructions 
Instructions:                Group: Desktop Display 

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 desktop display (the monitor of the computer). 

• 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. 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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Instructions:             Group: HMD with Sounds              

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.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: 

____________________ 

____________________ 


