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Abstract 
This thesis analyses the gender differences in spatial orientation and mental imagery 
when navigating a virtual environment with only auditory cues. A prototype was 
developed for an iPod Touch device to evaluate possible gender difference in 
performance of orientation. A sketch map task was conducted to externalize the 
participants’ mental representation they achieved from the environment. 
Questionnaires were used to collect data on previous video game experience, spatial 
orientation self-assessment and spatial anxiety. A post-interview was conducted to 
gather qualitative information from the participants on how they experienced the 
experiment and to collect some background about them. In total, 30 participants (15 
females, 15 males) with tertiary education participated in the experiment. The result 
indicates that there are gender differences in time to complete the tasks in the virtual 
environment. In the sketch map task, there were no gender differences in how well 
they sketch and externalize their mental representation of the environment. The post-
interview showed tendencies that there are possible gender differences in vividness of 
mental imagery. 

 

Keywords: spatial orientation, mental imagery, serious games 

  



Acknowledgement 
 
I would like to express my honest gratitude to my supervisor Henrik Engström for 
his support and assistance for this project. 
 
Thank you Henrik Engström, Per Backlund, and Mikael Johannesson and all other 
lecturers for these past two amazing years. 
 
Thank you to Iman Farhanieh and all my friends who have supported me and pushed 
me during this project. 
 
Thank you to my family for supporting me during the harsh times of this project. 
 
Thank you to Per Anders Östblad and the team of Inclusive Game Design Research 
for the use of content of the prototypes and for being a part of the development team 
of Frekvens Saknad. 
 
A final thank you to all 34 participants who applied in the pilot study and the main 
experiment to provide results to this project.  



Table of Contents 
Glossary of terms ..................................................................................................... 1	  

1	   Introduction ......................................................................................................... 2	  
1.1	   Inclusive Game Design Research ............................................................................... 2	  
1.2	   Aim .............................................................................................................................. 3	  

2	   Background ......................................................................................................... 4	  
2.1	   Mental Imagery ........................................................................................................... 4	  
2.2	   Perception ................................................................................................................... 5	  

2.2.1	   Selective Attention .............................................................................................................. 6	  
2.3	   Spatial Abilities ............................................................................................................ 7	  

2.3.1	   Spatial Orientation .............................................................................................................. 8	  
2.3.2	   Cognitive Maps ................................................................................................................. 10	  
2.3.3	   Mental Rotation ................................................................................................................ 11	  
2.3.4	   Spatial Visualization ......................................................................................................... 13	  

2.4	   Auditory Display ........................................................................................................ 14	  

3	   Problem .............................................................................................................. 16	  
3.1	   Method ...................................................................................................................... 17	  

3.1.1	   Prototype and hardware ................................................................................................... 17	  
3.1.2	   Participants ....................................................................................................................... 18	  
3.1.3	   Instruments ....................................................................................................................... 18	  
3.1.4	   Procedure ......................................................................................................................... 19	  
3.1.5	   Ethical considerations ...................................................................................................... 20	  

4	   Experiments ....................................................................................................... 21	  
4.1	   Pilot study ................................................................................................................. 21	  

4.1.1	   Changes for the main experiment .................................................................................... 22	  
4.2	   Main experiment ....................................................................................................... 22	  

4.2.1	   Prototype .......................................................................................................................... 22	  
4.2.2	   Equipment ........................................................................................................................ 23	  
4.2.3	   Participants ....................................................................................................................... 23	  
4.2.4	   Test sessions ................................................................................................................... 24	  

5	   Result and Analysis .......................................................................................... 25	  
5.1	   Compilation of unknown target space ....................................................................... 25	  
5.2	   Compilation of the sketch map .................................................................................. 26	  
5.3	   Compilation of the questionnaires ............................................................................. 27	  

5.3.1	   Video game experience .................................................................................................... 27	  
5.3.2	   Santa Barbara Sense of Direction .................................................................................... 28	  
5.3.3	   Spatial anxiety .................................................................................................................. 28	  
5.3.4	   Correlations ...................................................................................................................... 29	  

5.4	   Compilation of the post-interviews ............................................................................ 30	  
5.4.1	   Mental representation of the environment ........................................................................ 30	  
5.4.2	   Orienting and navigating .................................................................................................. 30	  
5.4.3	   Instructions and earlier experiments ................................................................................ 30	  
5.4.4	   Previous experience in sound and music ......................................................................... 31	  
5.4.5	   Problems and deceptive sound ........................................................................................ 31	  

5.5	   Interpretation of the results ....................................................................................... 31	  



6	   Conclusions ....................................................................................................... 33	  
6.1	   Summary of result ..................................................................................................... 33	  
6.2	   Discussion ................................................................................................................. 34	  
6.3	   Future Work .............................................................................................................. 35	  

7	   References ......................................................................................................... 37	  
 



 1 

Glossary of terms 
Word:   Definition: 

SPATIAL COGNITION knowledge of spatial objects and events in an environment 

OLFACTORY   sense of smell 

GUSTATORY   sense of taste 

HAPTIC   form of interaction involving touch 

VESTIBULAR   system that contributes to movement and sense of balance 

SOMATOSENSORY sensory system that compromises sensory modalities  
(e.g. touch, temperature and pain) through the skin 

PROPRIOCEPTION ability to determine position and movement of body parts, 
necessarily used in order to maintain balance 
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1 Introduction 
In 2014, a master’s thesis was conducted at the University of Skövde with the purpose to 
analyze if the change of auditory feedback could improve the effectiveness of performance in 
the interaction of a non-visual system, or a system developed for individuals with visual 
impairment (Bergqvist, 2014). The master’s thesis was conducted as a part of the Inclusive 
Game Design Research at University of Skövde where the aim is to develop a framework for 
inclusive game design, and try to identify the key aspects in order to encourage other to 
develop more inclusive video games (Östblad, Engström, Brusk, Backlund, & Wilhelmsson, 
2014). The current research is focused on interaction with smart phones and tablets, and 
because of this, the master’s thesis was designed in order to contribute to the area 
(Bergqvist, 2014). 

Two identical prototypes were used with the only exception of auditory feedback. No visual 
feedback was used during the test sessions and all participants were blindfolded in order to 
know that they relied only on the auditory feedback. The task was to find and locate different 
objects in a certain order in six rooms on a tablet device. When all objects were found in one 
room, the participants were asked to proceed to the next one. When the participants had 
finished the first three rooms, they were asked to enter them again with the exception to find 
the objects in a new order. The result in the master’s thesis showed that there were no 
evidence of that any of the auditory feedbacks were more efficient than the other in order of 
performance in interactions. It was showed though that all the female participants had used 
a technique where they had tried to mentally visualize the different rooms. Some of the male 
participants replied in using the same technique while the others replied of more directional 
strategies. This raised the question if there might be gender differences (Bergqvist, 2014).  

1.1 Inclusive Game Design Research 
Inclusive Game Design is a research project conducted at University of Skövde. The aim of 
the current project is to increase the understanding of how video games can be developed to 
benefit both sighted and visually impaired players. The motivation for this is that visually 
impaired players have been found to be excluded from majority of available video games in 
the market. There have been audio-based video games developed for this population of 
individuals, but these have given graphics very little importance, which may lead to a 
situation where sighted players may lose interest due to they might be too challenging. This 
has led to a science-design project to develop a point-and-click adventure video game for 
smart phones and tablets that can be played by both sighted, and visually impaired players. 
This means that the video game can possibly be completed with graphics, as well as audio 
only, and will be able to provide the same play experience in both of these (Östblad, et al., 
2014). Current findings have shown that when participants played with graphics, they 
missed a lot of important sound content in the game, while those who played with audio 
managed to identify almost all of the important sound of the video game (Östblad, et al., 
2014).  
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1.2 Aim 
The aim of this thesis is to map the context of the previous results found in the studies of 
Inclusive Game Design, and to discover how gender differences affect performance in spatial 
cognition, and mental imaging when navigating with the only use of auditory cues in an 
virtual environment. The current research of Inclusive Game Design focuses on involvement 
of visually impaired individuals, but this study will generally focus on how men and women 
perform in a non-visual environment and how they imagine it, and will be conducted to work 
as a basis for future research in the area. 

 In order to do this, the following objectives will be performed in this study: 

1. Review previous literature in the area. 
2. Develop an experiment design for the experiment of this study. 
3. Perform an experiment in order to discover and evaluate possible gender differences. 
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2 Background 
The following chapter will do a review of previous literature in order to get a deeper 
understanding and to acknowledge previous studies in the area. 

2.1 Mental Imagery 
Mental imagery has been the central role of mental function and has fallen in and out of 
fashion since the times of Plato. The definition has been restricted to the confines of mind, 
and has fallen in and out of fashion due to that it is difficult to study (Kosslyn, Ganis, & 
Thompson, 2001). Many researchers and inventors have used mental imagery in order to 
describe their nature of thought. Nikola Tesla used mental imagery in order to mentally 
assemble and manipulate the design for complex motors, while Richard Feynman and 
Stephen Hawking used it to visualize parts of scientific reasoning (Pearson, 2007). 

Mental imagery is a simulation, or a re-creation of an individual’s perceptual experience 
received from different modalities (Pearson, Deeprose, Wallace-Hadrill, Burnett Heyes, & 
Holmes, 2013). It is an internal representation that reproduces, or simulates properties from 
memories of perceptual experience (e.g. details of a relative), or fantastical objects (e.g. a 
green elephant) or events that has never directly been experienced in real life (Thompson, 
Slotnick, Burrage, & Kosslyn, 2009; Pearson, 2007; Kosslyn, Ganis, & Thompson, 2001). 
Visual- and auditory modalities are the most common modalities to create mental imagery, 
but it can also be perceived from other modalities such as olfactory, gustatory and haptic. 
There are various terms used in order to describe an individual’s subjective experience of 
mental imagery. These are vividness, detail and frequency of occurrence. There have also 
been reports of where individuals’ have not experienced perceptual imagery at all.  Mental 
Imagery is a regular feature used every day by the majority of people (Borst, Ganis, 
Thompson, & Kosslyn, 2012; Pearson, 2007). It is commonly used during circumstances 
when some form of perceptual judgment has to be made in the absence of an external 
referent. One example is found when an individual is asked whether an elephant has a long 
or short tail. It has been found that many respond with visualizing the appearance of an 
elephant from their memory. (Pearson, 2007). Even though it is used every day by many 
people, it has been denied that mental imagery has ever existed. In 1913, John B. Watson 
(founder of the magazine Behaviorism) suggested that thinking consists of subtle 
movements of vocal apparatus, and many researchers were not convinced imagery was a 
distinct form of thought. Later on, a new chapter opened up to imagery due to the emergence 
of neuroscience. Research has shown that it uses the same neural machinery as perception, 
and can engage mechanisms used in memory, emotion and motor control (Kosslyn, Ganis, & 
Thompson, 2001).  

How mental imagery is re-created in an individual’s mind can be explained with the use of a 
computational approach derived from a computational theory of imagery and high-level 
visual perception. It explains the processes and subsystems of mental imagery in the brain, 
and has been influential in experimental cognitive psychology, but also in 
neuropsychological investigations of how imagery maps on different structures of the brain 
(Pearson, et al., 2013). The first step is image generation that is where an individual creates 
a mental image in the mind derived from the long-term memory (Pearson, et al., 2013; 
Pearson, 2007). The second step is image maintenance, which is how long a mental image 
can be maintained, where the average time is 250ms (milliseconds) before it starts to decay 



 5 

(Pearson, et al., 2013). The third step is image inspection, which involves the process of 
interpreting spatial property of a generated image (Kosslyn, Ganis, & Thompson, 2001). One 
example of this is if an individual is asked to describe the shape of a fox’s ear. It is a common 
response that the individual first images the fox in the mind and then examines the shape of 
the ear within the mental image represented. The last step is image transformation, which 
involves the process of mentally transforms an image, e.g. mentally rotate an image or 
change the color or size (Pearson, et al., 2013). 

2.2 Perception 
Perception is the definition of how humans interpret stimuli received from various sensory 
modalities. The world is not perceived exactly how our eyes see it; the brain tries to make 
sense of the stimuli that is perceived through our eyes to the retina. Depending on the 
viewpoint, environmental objects can reveal different details and make these objects look 
quite different. (Sternberg & Sternberg, 2012). The two most common types of perception is 
visual- and auditory perception, and it is believed that these are of much more disparate 
nature than we might believe. These two types of perceptions influence each other and create 
an audiovisual contract, where they lend each other their retrospective properties by 
contamination and projection. Both of these bear a fundamental relationship to motion and 
stasis, where sound contrary to sight presupposes movement. Visual- and auditory 
perceptions have their own average pace due to their natures, where the ear analyzes, 
processes, and synthesizes faster than the eye. Fast visual movement cannot form a distinct 
figure and will not enter the memory in a precise figure. At the same time, sound will during 
the same length of duration succeed to outline a clear and definite form, which is 
individuated, recognizable, distinguishable. This is not due to the matter of attention; as it 
has been found that an individual might watch the shot of visual movement alternately ten 
times (e.g. a person waving his arm) and will still not be able discern a precise figure. If the 
individual would listen to a rapid sound sequence ten times, and the perception will be 
confirmed with more and more precision (Chion, 1990).   

It has long been believed that perception and mental imagery shares the same mechanisms 
(Hubbard, 2013; Spiller & Jansari, 2008; Kosslyn, Thompson, & Alpert, 1997). In perception 
we can sometimes perceive things that are not there, and other times we do not perceive 
things that are there, and still other times we perceive things that cannot be there. 
Sometimes perceptual illusions can occur, and what we sense is not necessarily what we 
perceive. An explanation is that the mind must use the available sensory information and 
manipulate the information in order to create mental representations of objects, properties 
and other spatial relationships with the surrounding environment (Sternberg & Sternberg, 
2012). It has been demonstrated in research that participants have been confused whether if 
they actually did see the stimulus or if they did just imagine seeing it (Kosslyn, Thompson, & 
Alpert, 1997). Other evidence in neuroimagery studies shows that visual mental imagery and 
visual perception shares the same part of the brain, where it has been found that both of 
these activates blood flow in the posterior visual areas of the brain (Spiller & Jansari, 2008; 
Kosslyn, Thompson, & Alpert, 1997). 
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2.2.1 Selective Attention 
Attention can be defined as a concentrated mental activity. It can be seen as a form of mental 
activity that is distributed among different stimuli. When the attention has been allocated to 
one stimulus, the stimulus comes into conscious awareness and information from that 
stimulus is processed into the mind (Friedenberg & Silverman, 2006; Johnston & Dark, 
1986). Selective attention is the definition of how individuals choose to attend specific 
stimuli while they ignore other stimuli (Sternberg & Sternberg, 2012; Friedenberg & 
Silverman, 2006), e.g. where an individual select whom to listen to during a conversation at 
a party. The mentioned example is a phenomenon known as the cocktail party problem, 
which is a process of keeping track of one conversation, while try to avoid distraction from 
other conversations. (Sternberg & Sternberg, 2012; Johnston & Dark, 1986). Involved 
sources in selective attention are both internal sources (e.g. memory and knowledge) and 
external sources (e.g. environmental objects and events) (Johnston & Dark, 1986). There are 
several theories regarding the processes of selective attention. The differences between these 
theories are how it is believed stimuli is filtered and attended. The filtering differs in two 
ways. First is if there is a distinct filter for incoming information, and the second is when in 
the processing of information the filter starts to filter out unimportant information 
(Sternberg & Sternberg, 2012; Friedenberg & Silverman, 2006; Johnston & Dark, 1986). 

Studies in gender differences in selective attention have shown limited empirical evidence of 
differences (Teleb & Awamleh, 2012; Merritt, Hirshman, Wharton, Stangl, Devlin, & Lenz, 
2007). The studies have showed that men are superior in visual-spatial tasks, while women 
have showed advantage in verbal and episodic memory tasks. If there actually are gender 
differences in selective attention, it could mean that it may moderate or contribute to 
observed gender differences in other types of spatial tasks. One example is how the ability to 
inhabit information could play a role, as women have shown advantage in episodic memory 
tasks (Merritt, et al., 2007). A primary measurement used in visual selective studies is the 
reaction time (Teleb & Awamleh, 2012; Merritt, et al., 2007), and results are often described 
as costs (increased reaction time) and benefits (decreased reaction time). Benefits accrue to 
an attended stimulus, while costs is where an individual must respond to a previously 
ignored stimulus. Benefits are derived from valid cues (the correct location is cued), while 
costs are incurred from invalid cues (an incorrect location is cued) (Merritt, et al., 2007). 
Men often have faster reaction time than women. Research suggests that men are faster 
when it comes at aiming at a target, but instead women have showed to be more accurate.  
(Teleb & Awamleh, 2012). It has been argued that men have showed to be faster due to that 
they have played different genres of video games since childhood. The spatial attentional 
capacity is an important component in visual cognition, and it has been found that players 
who regularly play first-person short action games have developed enhanced spatial 
attentional ability. This type of game genre has often been found to be more appealing to 
men. Another possible reason can be due to early recreational activities, which often have 
been cited as a major cause of gender differences in adult spatial cognition. (Feng, Spence, & 
Pratt, 2007). 
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2.3  Spatial Abilities 
The term spatial ability normally refers to the skill to represent, transform, generate and 
recall symbolic, nonlinguistic information (Spence & Feng, 2010; Linn & Petersen, 1985). It 
has been agreed that spatial abilities is an important component of intellectual ability 
(Kaufman, 2007; Linn & Petersen, 1985). There are various definitions and models in spatial 
ability (Spence & Feng, 2010; Kaufman, 2007), but research has led to that spatial ability can 
be decomposed into two distinct forms. These are visualization and orientation. 
Visualization is referred to as the ability to mentally rotate and manipulate objects, while 
orientation is referred to as the ability to retain spatial orientation with the respect to one’s 
current location. Other researchers have divided visualization into mental rotation ability, 
and spatial visualization ability (see figure 1). Spatial ability has also been distinguished to 
three categories based upon the process needed in order to solve a spatial ability task. These 
three are identified as spatial perception, mental rotation, and spatial visualization 
(Kaufman, 2007). Linn & Petersen (1985) present that activities such as perception of 
horizontality, mental rotation of objects, and location of simple figures within complex 
figures are used in order to measure spatial ability. In the field there is four research 
perspectives in which are most common in studies of spatial ability. These are comparison 
between two populations (e.g. men and women), comparison of correlations in order to 
define factors, identification of processes used to solve a spatial ability task, and 
identification of different strategies in order to solve a spatial ability tasks by different 
respondents. 

Figure 1 Chart of the different groups and subgroups of spatial abilities. 

Gender differences in spatial abilities are considered to be the largest gender differences in 
overall cognitive abilities (Lawton & Morrin, Gender Differences in Pointing Accuracy in 
Computer-Simulated 3D Mazes, 1999). In traditional tests of spatial abilities, it has been 
found that men perform better than women, but that the degree to how much men perform 
better depends on the spatial ability measured, e.g. mental rotation (Coluccia & Louse, 
2004). In tests regarding gender differences in spatial orientation, there have been 
conflicting results ranging from studies where men outperform women to studies where the 
differences are absent (Lawton & Morrin, 1999). There are many variations of theories of 
why there are gender differences in spatial abilities (Coluccia & Louse, 2004). Biological 
theories mean that hormones can affect spatial cognition, e.g. spatial memory (Williams, 
Barnett, & Meck, 1990). It has been found that in spatial ability tests, women perform better 



 8 

when their hormone levels were low, while men seemed to perform better when their 
concentration of hormones were high (Moffat & Hampson, 1996). The performance of spatial 
abilities has also been discussed if it could be affected by environmental factors. The time 
spent with spatial activities could have an effect on the performance, and present that males 
normally have more experience in activities that enhance the development in spatial skills. 
They mean that since early childhood, men are more exposed to activities such as playing 
games with high spatial components e.g. exploratory games, team sports, Lego constructions 
and video games, which means that boys are more allowed to explore new environments 
frequently than girls (Lawton & Morrin, 1999). Other theories are the interactionist theories. 
These theories hypothesizes that both biological and environmental factors have an effect on 
spatial abilities of genders (Coluccia & Louse, 2004).  

Studies regarding video games and spatial abilities have been going for almost three decades 
Early studies in the area conducted experiments with games such as Pong, Pac-man, Donkey 
Kong, Battlezone, Invaders and Tetris. In Spence & Feng (2010), Maccoby and Jacklin 
conducted the first study that assessed gender differences in 1974, which showed that 
females did not perform as men in spatial tasks. A question was raised if there was a chance 
that the disparity could be eliminated with the use and training of video games, and several 
researchers took upon the challenge to answer it (Spence & Feng, 2010). Only a few of the 
studies that were conducted were able to show that there were a relationship between 
playing video games and improved performance in spatial tasks (Achtman, Green, & 
Bavelier, 2008). This was due to that many of the conducted studies had methodological and 
statistical problems, and the question if the gender gap in spatial cognition could be reduced 
and eliminated remained unsolved (Spence & Feng, 2010). 

2.3.1 Spatial Orientation 
Spatial orientation is the ability used in order to locate oneself to a respective point of 
reference, or an absolute system of coordinates (Coluccia & Louse, 2004). Orientation skills 
always involve some kind of environment and implication of movement (e.g. actual 
navigation or an imagined scanned map), and information about surroundings (Coluccia & 
Louse, 2004). People use a great amount of navigation skills. Some of these are to monitor 
one’s position and orientation with respect to both local and distant landmarks, as well as 
individuals’ use time and distance constraints. Wayfinding is a goal-directed navigation 
technique where individuals must adopt a strategy in order find a target location (Coluccia & 
Louse, 2004; Saucier, Green, Leason, MacFadden, Bell, & Elias, 2002). There have been two 
common approaches used in navigation strategy. These are landmark- and Euclidean 
strategies. Landmark refers to a strategy where environmental information is the key, as of 
where and when to turn right or left in detail to major landmarks. Euclidean is a strategy 
where representation of space is the key, such as cardinal directions (north, south, east, 
west) or exact distances. The last mentioned has an advantage when an individual have 
taken a wrong turn and use cardinal directions in order to assess the individual’s position, 
while landmark strategies can lead to disorientation (Saucier, et al., 2002).  

A common reorientation task in spatial orientation experiments is The Unknown Target 
Space. It consists of first, a learning phase where participants are free to orient in order to 
get know the environment and the location of a target object. When this is done, participants 
are blindfolded and rotated in order to disturb their reference system. Finally, participants 
are proceeded to a testing phase where the previous target object have been hidden, and the 
participant have to find the location where it was last found (Picucci, Caffó, & Bosco, 2011). 
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This type of task is commonly used as a basis for spatial orientation experiments in real 
environments (De Nigris, Piccardi, Bianchini, Palermo, Incoccia, & Guariglia, 2013; Piccardi, 
Bianchini, Iasevoli, Giannone, & Guariglia, 2011; Sun, Chan, & Campos, 2004) and in virtual 
environment (Livingstone-Lee, Zeman, & Gillingham, 2014; Weisberg, Schinazi, Newcombe, 
Shipley, & Epstein, 2014; Picucci, Caffó, & Bosco, 2011; Chai & Jacobs, 2010; Sun, Chan, & 
Campos, 2004; Wang & Spelke, 2002).  

Similar types of The Unknown Target Space task have been found in spatial orientation 
experiments with blind or visually impaired individuals, and are used to measure orientation 
and mobility skills. The differences are that they rely on auditory- or haptic feedback instead 
of visual feedback in order to help the participants to orient through the environment 
(Sánchez & de Borba Campos, 2013; Villane & Sánchez, 2009; Lahav & Mioduser, 2008; 
Lahav & Mioduser, 2004). The procedure is similar, but is modified in some way. One 
example can be that the target location is exchanged with musical boxes located in different 
places within a scenario ( Villane & Sánchez, 2009), or with the use of both auditory and 
haptic feedback to navigate from location A to B (Sánchez & de Borba Campos, 2013). It is 
also used in both real- and virtual environments (Lahav & Mioduser, 2008; Lahav & 
Mioduser, 2004). Results found from this type of tasks with blind and visually impaired 
individuals showed improved orientation and mobility skills, allow participants to develop 
new exploration strategies, and apply spatial knowledge achieved in a virtual environment to 
a real environment (Sánchez & de Borba Campos, 2013; Villane & Sánchez, 2009; Lahav & 
Mioduser, 2008; Lahav & Mioduser, 2004).  

There have been mixed gender differences in measurement of spatial orientation in the real 
world (Coluccia & Louse, 2004; Lawton & Morrin, 1999). Men have been found to rely more 
on Euclidean strategies, while women relies more on landmark strategies. It has also been 
found that men rely on cardinal directions and other type of reference point when navigating 
in an environment. Women have shown to refer more on landmarks when giving directions, 
and have also shown to have better accuracy in recalling and estimating distances to 
landmarks (Saucier, et al., 1999). Other studies have also shown that gender differences in 
spatial orientation have been totally absent, and that strategies are selected depended on a 
combination of environmental features, past experience and individuals’ fluency, or 
competency with particular strategies (Livingstone-Lee, Zeman, & Gillingham, 2014; 
Coluccia & Louse, 2004).  

Methods used in order to study gender differences in spatial orientation have varied. These 
have varied from landmark and/or route recall, landmark replacement, pointing, map-
drawing, straight-line and route distance estimation, verbal description of route, route 
learning, route reversal, way finding, orienting and maze learning. There has also been found 
a great variation of the environment used in these methods. The environment has varied 
from maps, real outdoor environments, real indoor environments, and virtual tours. Self-
report questionnaires are also a common method found in order to study gender differences 
in spatial orientation. In simulated environments, both active and passive environments 
have been used. The differences are that active contains interactive three-dimensional 
computer simulations, while passive consists of slides and video recordings. There have been 
found that men normally performs better in active simulated environments, and this could 
be due to men spend more time playing video game (Cherney, Brabec, & Runco, 2008; 
Coluccia & Louse, 2004; Lawton & Morrin, 1999). It was found that both in real and 
simulated environments, men have the functionality to switch between a route perspective to 
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a survey one, while women are more constrained of a given perspective (Sandstrom, 
Kaufman, & Huettel, 1998). A route perceptive can be defined as a mental tour where an 
environment is represented through an individual’s perspective, as if the individual were 
walking around in the environment. Survey perspective is when the environment is showed 
from a top-down perspective (Morales, Satake, Kanda, & Hagita, 2011). It has also been 
found that during sketch maps tasks, females were found to be more sensitive to landmarks, 
while men were particularly aware of routes and connectors (Sandstrom, Kaufman, & 
Huettel, 1998). In sketch map tasks, participants are asked to do simple sketches of the map 
represented in their mind of a real environment (Coluccia, Iouse, & Brandimonte, 2007). 

In theories that discuss the gender differences in spatial orientation, there are evolutionistic 
theories that hypothesize women to have developed a highly specialized memory system for 
object location since prehistoric age. These studies claim that this has led to and mean that 
women are better at landmark position than males. It is hypothesized that women spent the 
time in caves taking care of children while the men were out hunting for food in extended 
and unfamiliar areas, and that this led to men have developed Euclidean and 
configurationally properties (Cherney, Brabec, & Runco, 2008). Other strategies discusses 
that men rely on “survey strategies” where they rely on a global reference point, while 
women relies on landmarks and’ “route strategies”, where they attend to instructions of how 
to get from place to place (Saucier, et al., 2002; Lawton & Morrin, 1999). The different 
performances between genders is not due to that one has the better orientation ability than 
the other, but due to the different strategies they employ. In studies where these two 
strategies were tested on both genders, it was found and claimed that women performed 
worse where they relied on Euclidean information while men performed similar to women 
on landmark information. Men also seemed to be better at swapping strategies when needed. 
In studies, it also seemed the personality factors can have an effect on the gender differences 
in spatial orientation (Coluccia & Louse, 2004).  

2.3.2 Cognitive Maps 
The most efficient and flexible strategy for individuals to use in orientation is the use of 
cognitive maps (Ishikawa & Montello, 2006; Coluccia & Louse, 2004; Wang & Spelke, 
2002). A cognitive map is formed when individuals become familiar with an environment 
(Liu, Levy, Barton, & Iaria, 2011; Ishikawa & Montello, 2006). The cognitive map is a 
complex mental representation of the environment where individuals relate to 
environmental landmarks and spatial relationships (Liu, et al., 2011; Byrne & Becker, 2007; 
Ishikawa & Montello, 2006; Coluccia & Louse, 2004). When a cognitive map has been 
formed, individuals have the possibility to reach any location of the environment. If a 
cognitive map has not been formed, individuals are limited to learn and perform a small 
number of routes with the use of other types of orientation strategies (Liu, et al., 2011). One 
of these is a path integration strategy known as dead reckoning. It consists of continual 
integration of self-motion information, and is used in order to locate one self’s current 
location with respect to a starting position with the use of environmental landmarks. In this 
strategy, distances and directions traveled are continuously updated with the use of 
vestibular, somatosensory and proprioceptive inputs (Liu, et al., 2011).  

Path integration research is normally conducted by leading blindfolded participants through 
an environment, removes the blindfold and then asks them to return to their original start 
position (Liu, et al., 2011; Wolbers, Wiener, Mallot, & Büchel, 2007). Another adaptable 
strategy is the left-right orientation strategy (Liu, et al., 2011). This type of strategy focuses 
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on traveled distances and the sequence of body turns, and ignores landmarks available in the 
surrounding environment (e.g. walk to blocks, then turn right, then left, then left again) 
(Bohbot, Lerch, Thorndycraft, Iaria, & Zijdenbos, 2007). Use of this strategy leads to a quick 
procedural approach, in where the routes are navigated in an automatic manner (Liu, et al., 
2011; Iaria, Petrides, Dagher, Pike, & Bohbot, 2003). A third possible strategy is heading 
orienting strategy, which is an advancement of the previous mentioned strategy where 
environmental landmarks are incorporated in a body-referenced fashion. This means that 
individuals navigate by making associations between specific landmarks and body turns (e.g. 
turn right at the bank, turn left at the cinema) (Liu, et al., 2011; Wolbers & Hegarty, 2010). A 
common method to express a cognitive map in the real world is to ask individuals to draw a 
sketch map of the map represented in their mind. It is normally used in order to externalize 
individuals’ environmental knowledge. (Coluccia, Iouse, & Brandimonte, 2007). 

A major research question that has been found, which has attracted much theoretical 
interest concerns the structure of spatial knowledge about environments, and how the 
process of spatial knowledge works in new environments (Ishikawa & Montello, 2006). A 
proposed theoretical framework of how the process of spatial knowledge works in new 
environments (spatial cognitive microgenesis) (Herman & Siegel, 1975). The framework 
proposes that when individuals are exposed to a new environment internal representation of 
the environment progress in initial time from landmark knowledge to route knowledge to 
survey knowledge. Landmark knowledge is the knowledge of discrete objects or scenes that 
is recognizable by an individual. Route knowledge is a combination of environmental 
landmarks and associated decisions. Survey knowledge is a two-dimensional map like 
representation of the environment, where distance and directional relationships to 
landmarks are important factors (Ishikawa & Montello, 2006; Herman & Siegel, 1975). 

2.3.3 Mental Rotation 
Mental rotation is the ability to quickly and accurate rotate two- and three-dimensional 
objects in one’s mind (Voyer, Voyer, & Bryden, 1995; Linn & Petersen, 1985). Zacks, (2008) 
present that mental rotation has been a controversial research subject since the first 
presented reports. Classic mental rotation tasks in studies have been to view pairs of three-
dimensional abstract shapes for participants, where they then are asked to find pairs that are 
identical or different (e.g. Vandenberg Mental Rotations Test) (Weisberg, Schinazi, 
Newcombe, Shipley, & Epstein, 2014; Pearson, Deeprose, Wallace-Hadrill, Burnett Heyes, & 
Holmes, 2013).  

It has been found that the time taken to make a judgment of a rotated object increases with a 
near-linear fashion due to the amount of rotation that is needed to bring an object to an 
alignment with a comparison object, or a previously learned template. It has been found that 
participants in mental rotation tests normally form a mental image of the stimulus and 
imagine rotating it until it is matched with a compared object (see figure 2). This means that 
they perform an operation on analogue spatial representations, which means that they do 
intermediate stages of an internal process that have a demonstrable one-to-one relation to 
intermediate stages of an external corresponding process (Zacks, 2008; Linn & Petersen, 
1985). Research suggest that metal rotation in two-dimensions is easier than mental rotation 
in three-dimensions. This could reflect there is a different process to mentally rotate objects 
in three-dimensions. Another factor that differences two-dimensional and three-dimensional 
stimuli is complexity due to that research have found that when participants encounter 
complex stimuli, some have provided that strategies used for simple stimuli were no longer 
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effective. It has been suggested that the longer response times found in three-dimensional 
stimuli was due to that some participants used inefficient strategies, which interfered with 
success. Even though all participants use a process analog spatial representation to rotate 
objects, some may use this inefficiently (Linn & Petersen, 1985). Results have been used to 
provide evidence for the existence of analog spatial representations in the mind/brain. There 
have however been alternative representations that have tried to explain the behavioral 
patterns found in mental imagery experiments without recourse to analog representations. 
Studies conducted in neuropsychology and neuroimagery have presented data with further 
evidence to larger imagery debates that supports the analog representation view. Another 
debate is motor processes in mental rotation. Studies have found that during activities of 
mental rotation tasks parts of the posterior frontal cortex of the brain have been activated, 
which is associated with motor planning and execution (Zacks, 2008). It has also been 
showed in functional neuroimagery that mental rotation can be linked to selective attention, 
and spatial attribution to attention. It has been found that the right posterior parietal cortex 
of the brain is strongly activated in tasks involving attention, and the same goes for mental 
rotation (Feng, Spence, & Pratt, 2007). 

Figure 2 Mental rotation task – Participants are asked to find two correct 
responses that show the standard in different orientation  

(Linn & Petersen, 1985). 

Studies have shown support that gender differences in navigation and orientation (see 
chapter 2.3.1) are related to mental rotation skills. Men have been reported to outperform 
women (Liu, Levy, Barton, & Iaria, 2011; Campos, Pérez-Fabello, & Gómez-Juncal, 2004), 
and the studies have shown correlations in the participants score in performance of mental 
rotation and geographic knowledge tests (Liu, et al., 2011). There have been various 
explanations proposed why men outperform women in mental rotation skills. One is that 
women select and consistently use less efficient or less accurate strategies in order to solve 
the tasks. A second is women’s mental rotation skills are negatively affected by hormonal 
changes around puberty. A third explanation is that this is due to socialization factors, where 
men during childhood were encourage to play with cars, construction toys, and electronic 
games which favor development of mental rotation skills. It is believed though in more 
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recent studies that gap between genders in spatial skills is decreasing. (Campos, Pérez-
Fabello, & Gómez-Juncal, 2004). 

2.3.4 Spatial Visualization 
Spatial visualization is the known term for spatial ability tasks that involve more complex, 
multistep manipulations of spatially presented information. These tasks involve the 
processes of spatial perception and mental rotation, but can be distinguished by multiple 
solution strategies. (Linn & Petersen, 1985). Another description of spatial visualization is 
that it is an ability to mentally manipulate an entire spatial configuration. One example can 
be to manipulate, rotate, twist or invert images of objects (Prieto & Velasco, 2010; Dean, 
2009; Workman & Zhang, 1999; Ozer, 1987). Other examples found can be to imaging 
folding and unfolding of flat patterns, and to imagine the relative change of objects in a 
space. It is related to tasks such as creative thinking, concept generation and conceptual 
problem solving. Spatial visualization ability is measured with tests such as visual memory, 
form recognition, block counting, paper folding, object manipulation, and surface 
development (Workman & Zhang, 1999). 

There are four various types of mental transformation. These four types of mental 
transformation depends on whether the original object is perceived two-dimensional or 
three-dimensional, and whether the outcome is perceived two-dimensional, or three-
dimensional. This means that the following possible types of combinations can be: two-
dimensional to two-dimensional, two-dimensional to three-dimensional, three-dimensional 
to two-dimensional, and three-dimensional to three-dimensional. Two of these require a 
dimensionally crossing (two-dimensional to three-dimensional, and three-dimensional to 
two-dimensional). To solve a spatial problem in one dimension one has to transform it to 
another dimension. This means that three-dimensional to two-dimensional transformation 
displays a three-dimensional image and requires a solution of a two-dimensional image. 
(Workman & Lee, 2004) One example of this type of test is the Paper Folding Test, which 
requires participants to fold a piece of paper after given instructions. The paper is then 
punctuated and the participants are given an amount of possible outcome, with one correct 
answer of how the paper will look like when the paper is unfolded (see figure 3) (Linn & 
Petersen, 1985). An opposite example is the Surface Development Test, where the task is to 
imagine how a piece of paper can be folded to form a three-dimensional object, and then 
determine which one of a given set of possible outcomes is the correct one. In order to 
complete this type of test, participants have to mentally fold the figures and mentally 
transform two-dimensional flat diagrams to three-dimensional solid forms (two-dimensional 
to three dimensional) (Workman & Lee, 2004). 
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Figure 3  Paper folding test – Participants are asked to choose which of the 
following answers indicates how the paper would look when unfolded (Linn & 

Petersen, 1985).  

Studies in gender differences have often showed that men perform better in spatial 
visualization. In training programs of spatial visualization, it has been shown that women 
often improve in performance more than men (Prieto & Velasco, 2010; Dean, 2009). It has 
been argued though that this finding is only correct if the previous socio-cultural 
experiences, which been considered differentially beneficial for men may have brought them 
to the higher level of improvement (Prieto & Velasco, 2010). It has been discussed that if 
men is superior in spatial visualization due to their experience with video games (Dean, 
2009). 

2.4 Auditory Display 
In orientation and navigation, the human auditory system is used to provide individuals with 
critical information about the spatial layout of an environment. Examples of these types of 
critical information can be during conditions where vision is ineffective, such as dark 
environments, or where critical events occur outside the individual’s field of view. In modern 
display technology, spatial sound reproduction has become a norm to provide individuals 
with spatial information of the system (Zahorik, 2002). In virtual reality applications, 
smooth and easy navigation has become a desirable feature. In these types of applications, 
navigation is often found to be based on visual information. Three-dimensional virtual 
reality environments often use three-dimensional audio equipment as well to improve the 
navigation. This means that auditory navigation can be used as a part of an immersive 
visualization of an environment, where it can provide guidance to locations that are not 
visible because of obstacles (Gröhn, Lokki, & Takala, 2003). The use of audio to convey 
information with speech, and non-speech audio in a system is nothing new, and is known as 
auditory display. The need and availability of auditory displays is claimed to have increased. 
It is in need in areas such as to provide information for visually impaired individuals, and 
information to individuals whose eyes are busy attending other tasks. (Hermann, Hunt, & 
Neuhoff, 2011; Camille Peres, Best, Brock, Shinn-Cunningham, Frauenberger, Hermann, 
Neuhoff, Valgerdur Nickerson, & Stockman, 2008). 
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There are various techniques and subtypes in order to present information with the use of 
audio. One subtype to present information with non-speech audio is sonification (Hermann, 
Hunt, & Neuhoff, 2011; Camille Peres, et. al., 2008). Sonification transforms data into 
acoustic signals to facilitate communication or interpretation.  (Hermann, Hunt, & Neuhoff, 
2011). It is used in hospitals to keep track of physiological variables electrocardiogram (ECG) 
machines. The audio output can be used to draw the attention of hospital personnel if there 
has occurred significant changes in a patient while they have been occupied with other tasks. 
It is also used in electroencephalogram (EEG) signals to predict and avoid seizures of 
patients (Camille Peres, et. al., 2008).  

Auditory display is not only used for the tasks of data analysis or perceptualization. It is also 
used as icons in graphical user interfaces to represent different software programs of 
functions within a program. It is equivalent to visual icons and these auditory displays and 
known as auditory icons and earcons (Camille Peres, et. al., 2008). Auditory icons use 
common everyday sounds to represent objects, functions and actions in a program (e.g. 
using the sound of a rattling trash bin to represent the deletion of a file) (Park, Heo, & Lee, 
2015). It is designed so that the user of a program can learn the meaning of an auditory icon 
on the go (Sodnik, Jakus, & Tomazic, 2011). Earcons are more abstract sounds and do not 
entail any semantic relation between an event and a sound like auditory icons (Park, Heo, & 
Lee, 2015; Sodnik, Jakus, & Tomazic, 2011). Earcons are a technique used to represent 
functions or objects with abstract and symbolic sounds. Compared with auditory icons, 
earcons have to be learned in order to understand what they represent (Camille Peres, et. al., 
2008). It can be designed to represent a single object, and the objects position, and it has 
been shown that earcons can successfully improve the usability of multimodal interfaces. 
Two other types of auditory techniques to improve the usability of multimodal interfaces are 
spearcons and hearcons. Spearcons is text generated from a text of a menu item that is 
converted to a speech that is speeded up until it is no longer a comprehensible speech. 
Hearcons is three-dimensional abstract auditory objects positioned in an auditory 
interaction realm. It has been found commonly used to support navigation on websites and 
hierarchical menus. Even though sound has a limitation of what it can represent, it is argued 
to be a good solution to enrich the meaning of an event, or the position of an object (Park, 
Heo, & Lee, 2015). 
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3 Problem 
Previous research, presented in the background, reveals that a lot of research has assessed 
mental imagery and the various areas of spatial cognition during a large period of time. The 
indication that was found in the auditory feedback experiment conducted in a previous 
thesis (Bergqvist, 2014) that there seems to be differences in how men and women mentally 
imagine and recreate rooms seems to mostly have been assessed in spatial orientation 
(Livingstone-Lee, Zeman, & Gillingham, 2014; Cherney, Brabec, & Runco, 2008; Coluccia & 
Louse, 2004; Saucier, Green, Leason, MacFadden, Bell, & Elias, 2002; Lawton & Morrin, 
1999; Sandstrom, Kaufman, & Huettel, 1998). The findings in these studies discuss different 
strategies used between genders where it seems that it is common that women rely on 
landmark properties while men rely on Euclidean properties. These studies seem to focus on 
visual cues in their experiments in order to identify gender differences, but how are these 
gender differences affected if there are only auditory cues available? There have been spatial 
orientation studies conducted with blind and visually impaired individuals, but these studies 
have not assessed gender differences and have been focused on improvement of orientation 
and mobility skills of these individuals (Sánchez & de Borba Campos, 2013; Villane & 
Sánchez, 2009; Lahav & Mioduser, 2008; Lahav & Mioduser, 2004).  

It also seems that studies that have assessed gender differences in navigation and orientation 
have involved mental rotation (Liu, Levy, Barton, & Iaria, 2011; Campos, Pérez-Fabello, & 
Gómez-Juncal, 2004). As in most studies regarding gender differences, men seem to 
outperform women, and it has been showed to be correlations in score between mental 
rotation and geographic knowledge tests (Liu, et al., 2011). Reasons of why men outperform 
women in spatial cognition tasks seem to vary. Example found is some researchers argue it is 
due to evolution (Cherney, Brabec, & Runco, 2008), while others believe it is biological, and 
that the hormone levels may have effect on the gender differences (Moffat & Hampson, 1996; 
Williams, Barnett, & Meck, 1990). Other studies have tried to remove the gap between 
genders (Spence & Feng, 2010). 

This thesis is not interested in the reasons why there are gender differences in spatial 
cognition, or if it can be decreased. This study focuses on the indication found (Bergqvist, 
2014) where it seem that there are differences in how gender imagines and recreates room, 
and the result found in the Inclusive Game Design Research (Östblad, Engström, Brusk, 
Backlund, & Wilhelmsson, 2014). As presented, studies of gender differences in spatial 
orientation (Livingstone-Lee, Zeman, & Gillingham, 2014; Cherney, Brabec, & Runco, 2008; 
Coluccia & Louse, 2004; Saucier, et al., 2002; Lawton & Morrin, 1999; Sandstrom, Kaufman, 
& Huettel, 1998) have focused on visual experiments, and the studies conducted with audio- 
or haptic only (Sánchez & de Borba Campos, 2013; Villane & Sánchez, 2009; Lahav & 
Mioduser, 2008; Lahav & Mioduser, 2004) have not assessed gender differences. Compared 
with the studies done in spatial orientation that have assessed gender differences, this thesis 
will focus on gender differences in how rooms are mentally imagined with the use of auditory 
feedback only. This has led to the following research question:  

What are the gender differences in spatial orientation and mental imaging when 
navigating a virtual environment with only auditory cues? 
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3.1 Method 
To answer the research question, an experiment was conducted to compare how men and 
women perform in a virtual environment with only auditory cues. The following subchapters 
will present the methodology that will be used to conduct the experiment. 

3.1.1 Prototype and hardware 
For this study, a prototype was developed to discover and analyze how men and women 
perform in a virtual environment with the use of only auditory cues. The prototype was 
developed to simulate the Unknown Target Space task (De Nigris, Piccardi, Bianchini, 
Palermo, Incoccia, & Guariglia, 2013; Piccardi, Bianchini, Iasevoli, Giannone, & Guariglia, 
2011; Sun, Chan, & Campos, 2004), and was developed with the game engine Unity3D. The 
motivation for simulation of this task was that it has been found to be a common method to 
measure gender differences in spatial orientation (Livingstone-Lee, Zeman, & Gillingham, 
2014; Weisberg, et al., 2014; De Nigris, et al., 2013; Picucci, Caffó, & Bosco, 2011; Piccardi, et 
al., 2011; Chai & Jacobs, 2010; Sun, Chan, & Campos, 2004; Wang & Spelke, 2002). The 
prototype focused on audio as the only feedback. This as it has been found to be the most 
common type of feedback in research that has conducted experiment with no visual cues 
(Sánchez & de Borba Campos, 2013; Villane & Sánchez, 2009; Lahav & Mioduser, 2008; 
Lahav & Mioduser, 2004). As this study was a part of Inclusive Game Design, the primary 
platform area was smartphones and tablets; this study focused in the same area and the 
prototype was developed for the tablet platform. 

The interaction of the interface was similar to point-and-click video games (e.g. Monkey 
Island, Broken Sword), where the user has to point and touch the screen of the tablet to 
orient in the environment and to interact with different objects. The auditory feedback 
consisted of both non-speech and speech audio cues. The non-speech audio cues were used 
to indicate what kind of object (e.g. a telephone) the user was currently hearing and as 
environmental landmarks, while the speech audio cues were used to provide the user with 
instructional information of what to do.  

It has been found common to use three-dimensional virtual environments in experiments 
involving the Unknown Target Space task (Livingstone-Lee, Zeman, & Gillingham, 2014; 
Weisberg, et al., 2014; Picucci, Caffó, & Bosco, 2011; Chai & Jacobs, 2010; Sun, Chan, & 
Campos, 2004; Wang & Spelke, 2002). This study used a two-dimensional virtual 
environment as it was developed to the tablet platform and used content from Inclusive 
Game Design. In order to make it as similar as possible, it was modified that it simulated the 
original procedure of the task as close as possible. The prototype contained five different 
representations of rooms with different environmental landmarks (see figure 4), instead of 
one room. In the original concept of the task, when the participant have located the target, 
the individual is moved to a new start location and rotated, and asked to find the location of 
the target again. As this was not possible to exactly replicate, the participants were instead 
moved to new room as a starting location. They then had to navigate back to the room where 
the target space was located and locate it once again.  
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Earcons have been found to be an effective technique to use as a navigational aid (Park, Heo, 
& Lee, 2015), but was not used in this study. This as it uses abstract sound cues to help 
individuals to navigate in a system. As this study used semantic sound cues to represent the 
environmental landmarks, auditory icons (Park, Heo, & Lee, 2015; Sodnik, Jakus, & 
Tomazic, 2011) were found to be a better selection for this study. Other possible techniques 
that could have been selected were spearcons and hearcons (Park, Heo, & Lee, 2015). As this 
study used semantic auditory cues as navigational aid, and as it was developed in a two-
dimensional environment, it was not suitable to use neither spearcons nor hearcons. 

Figure 4 Overall map of the environment. The squares represent different rooms 
of the environment. Landmarks were represented to a matching auditory icon in 
each room. The stippled rectangles represent the doors and how the rooms were 

connected. Video game console* indicates the target the participants were asked to 
locate during the Unknown Target Space task. 

3.1.2 Participants 
Participants for this study were tertiary students and were recruited for the test sessions. The 
participants received two lottery tickets as gratitude for taking part of the test sessions in this 
study. All participants participated anonymously and no private information is disseminated 
throughout this study. The requirement for participation in this study was that the 
participants were able to talk and understand Swedish fluently. This was due to that the 
contents used in the prototype contained Swedish language, and as all test sessions were 
conducted in Swedish. 

3.1.3 Instruments 
In studies where the Unknown Target Space task is used to measure performance of gender 
differences in spatial orientation, there are two parameters that are common (Livingstone-
Lee, Zeman, & Gillingham, 2014; De Nigris, et al., 2013; Piccardi, et al., 2011; Picucci, Caffó, 
& Bosco, 2011; Chai & Jacobs, 2010). These are latency and path length. Latency is defined 
as the amount of time that is needed to locate the target space. Path length is referred to the 
total distance traveled each time a participant have to locate the target space. These two 
parameters were used in this study to discover how men and women perform in the 
environment with the use of auditory icons. 
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The participants also participated in a sketch map task in order to externalize the 
environmental knowledge the participants possibly addressed from the environment of the 
prototype. It has been showed that sketch map accuracy can be used as an external measure 
of self-reported feeling of orientation (Coluccia, Iouse, & Brandimonte, 2007; Ishikawa & 
Montello, 2006). It has been found that participants that reported feelings of being well 
oriented in a virtual environment produced better sketch maps (Billinghurst & Weghorst, 
1995). High positive correlations have been found between subjective ratings of orientation, 
sketch maps accuracy and topological knowledge. Participants who have shown to have 
better accuracy in sketch maps have also shown to be better in way-finding performance, and 
that accuracy of map drawing is an indicator of map learning abilities (Coluccia, Iouse, & 
Brandimonte, 2007).  

To collect information of spatial ability experience, self-report questionnaires were used. 
Previous studies have found that previous gaming experience can have an effect on gender 
differences in performance in virtual navigation tasks. In order to collect and determine 
previous gaming experience of participants, questionnaires have been used (Livingstone-
Lee, Zeman, & Gillingham, 2014; Picucci, Caffó, & Bosco, 2011; Chai & Jacobs, 2010; Feng, 
Spence, & Pratt, 2007). This study used a Swedish translated version of the self-report Video 
game experience questionnaire (see Appendix A) used in Terlecki & Newcombe (2005) to 
determine the previous gaming experience of the participants. 

This study also used a Swedish translated version of Santa Barbara Sense of Direction 
questionnaire (See Appendix B). The purpose of translating them to Swedish was that all the 
test sessions were held in Swedish. Santa Barbara Sense of Direction is a questionnaire with 
a 7-point scale used in order to measure individuals’ self-aware navigation ability. It has 
been used in spatial navigation and cognitive map studies (Weisberg, Schinazi, Newcombe, 
Shipley, & Epstein, 2014; Ishikawa & Montello, 2006). Another reason why this 
questionnaire was used in this study is that it has showed correlations with tasks where it is 
required to use survey knowledge (see chapter 2.3.2). It has also been showed that it has 
correlations with performance of route-reversal tasks, when the questionnaire was 
completed after a navigation task (Weisberg, Schinazi, Newcombe, Shipley, & Epstein, 2014). 

A third questionnaire was used in order to collect participants’ spatial anxiety. Spatial 
anxiety, or the “fear of getting lost” has been found to affect the performance negatively 
during spatial ability tasks (Coluccia & Louse, 2004). In order to measure the participants’ 
spatial anxiety level, Lawton’s Spatial Anxiety Scale (Lawton, 1994) was used. The scale is a 
5-point scale developed to measure the level of anxiety that individuals would experience in 
situations where spatial/navigational skills are required (Lawton, 1994). A Swedish 
translated version was used in this study (see Appendix C). 

3.1.4 Procedure 
Each test session was conducted with each participant individually in a separate room. The 
same amount of males and females were recruited for the study. This was in order to 
compare performance and the differences of how each gender mentally visualizes rooms. 

The whole procedure followed a script to make sure that all participants were given the same 
information. The test sessions begun with the participants signing a consent form before 
they were able to participate in the study. This to make sure that the participants understood 
that they would not be harmed and that they would not experience any kind of fear or stress 
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during the different tasks. They were also informed that they were available to discontinue 
the test sessions at any time without giving a reason why. After the consent form had been 
signed, they were given brief instructions of the different tasks of the prototype. When the 
participants had understood what to do, they were asked to put on a blindfold to suppress 
their vision. The purpose of this was to make sure that they only focused on the auditory 
feedback of the prototype. When the instructions had been understood and everything had 
been equipped, the participants were ready to begin with the tasks of the prototype. 

The procedure of the Unknown Target Space task in the prototype begun with a tutorial 
phase of how to locate and interact with the target space that has been hidden, as well as how 
to interact with environmental landmarks. Next, the participants were presented to an 
exploration phase where the participant was asked to find environmental landmarks in a 
certain order in each room and then proceed to the next room. This task was repeated until 
the participants had progressed through all five available rooms. This task was done to give 
the participants an overview of the overall environments. Finally, the participants was 
presented to the unknown target space phase, there the participants was asked to find the 
location of a video game console. The participants had to locate the video game console five 
times. Every time the video game console had been located, the participants was moved to a 
new room as starting location. The video game console remained in the same position in the 
same room all five times. 

When all the phases of the prototype were completed, a sketch map task was conducted. The 
task was to do a hand-sketch map of how the participants mentally imagined the overall 
environment. 

After the sketch map task was completed, the participants were asked to fill in three 
questionnaires. The questionnaires were not directed toward how they believed they 
performed in the tasks of the prototype or the sketch map task, but how they perceive their 
overall level of these skills. 

The final step of the experiment was a post-interview to address each participant’s 
experience from the test session and to address problems they encountered (see Appendix 
D). Background data was collected to discover if this could have had an effect on the result of 
the test session, i.e. if the participants have some kind of hearing loss. The post-interviews 
were recorded and held in Swedish, but interesting findings were transcribed into English 
for this study. 

3.1.5 Ethical considerations 
As this study was conducted on human recourses, ethical considerations were considered 
following the Codex – rules and guidelines for research (Centre for Research Ethics & 
Bioethics, 2010). This means that no individuals during participation in this study were 
discriminated, harassed, or harmed in any manner. All individuals were also acknowledged 
that they had the possibility to discontinue the participation without giving any certain 
reasons. 
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4 Experiments 

4.1 Pilot study 
Before the main experiment, a pilot study was conducted. The purpose of the pilot study was 
to discover how the methodology selected for this study worked in practice, and if there were 
any changes that were in need to be made. It was also conducted in order to discover how 
long it approximately took to complete all the tasks the participants needs to complete. A 
prototype was developed by Inclusive Game Design (Östblad, et al., 2014) in order to 
simulate the unknown target space task. During this pilot study, the participants were given 
instructions by a text-to-speech synthesized voice. 

Three participants applied for the pilot study. The participants were individuals with tertiary 
education and were selected from acquaintances. They were all contacted personally and 
were two males and one female. As thanks for participation each participant was given two 
lottery tickets, totally worth €6.  

As the purpose of the pilot study was to examine if the selected methodology works in 
practice, and if there were any changes that were in need to be made, the results of the 
participants were not analyzed. The participants were allowed to proceed with the prototype 
until they had finally completed the unknown target space task. This was in order to 
discover the average time it took to complete all the tasks of the prototype. The average time 
it took to complete all the tasks was approximately 14minutes. A few problems occurred 
during the tasks with the prototype. One participant had trouble with the auditory icons of 
the doors. All four doors had their own type of characteristic auditory icon of a door. This in 
order to be able to tell them apart, but the participant still had trouble to distinguish them. 
This was not changed for the main experiment due to time limitation. 

The sketch map task did not go as well as planned overall. Two of the participants were able 
to draw almost identical maps of the original map were designed (see figure 4).  The problem 
was that the instructions were not that well defined as one participant missed sketching the 
doors of how the rooms were connected. The other two who sketched doors sketched them 
differently. For the main experiment, instructions were changed to make sure the doors were 
better defined of how they were supposed to be sketched. A finished figure was designed of 
how the doors were supposed to look like in order to make the evaluation easier. 

The questionnaires and the post-interviews worked as intended. One question was removed 
from the post-interview about what could be improved for the main experiment. No valuable 
answer was acknowledged in this question in the pilot study that could have been used to 
improve the tasks for the main experiment. The average time to complete all tasks was 
approximately 40-45minutes, which was the time limit for finishing the main experiment. 
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4.1.1 Changes for the main experiment 
The result of the pilot study showed that the methodology selected is functional, but that 
there were some improvements that was in need to be made. The following changes were 
made before the conduction of the main experiment: 

• The text-to-speech voices were changed to real voice actors in the prototype to avoid 
misinterpretation. 

• Instructions of the sketch map task were improved to avoid misinterpretations. 
• Question was removed the post-interview of how to improve the experiment. 

4.2 Main experiment 

4.2.1 Prototype 
The prototype developed used a “point-and-click” interface and was developed for the iPod 
touch platform. In the prototype, the participants had to complete three different tasks. The 
first task was a tutorial phase where the participants learned how to interact with the 
prototype and how to find and interact with different objects. The second task was a 
discovery phase, where participants were given the task to find objects in a certain order and 
had to navigate through five different types of rooms. The rooms the participants had to 
navigate through (see figure 4) were an office, a hallway, a basement, a kitchen, and a living 
room. The order of the rooms the participants had to locate the different objects in can be 
seen in figure 5. 

Figure 5 The order of the rooms the participants had to orient through during 
the discovery phase. 

Once the discovery phase started, a male voice told the participants what object to find first. 
When the participant had found an object, he/she, was told by a female voice what object the 
participant had found, and if this was the correct or wrong object he/she were supposed to 
find. When the correct object had been found, the male voice told the participant what object 
to find next. The purpose of two voice actors and the choice of different genders was that 
they provided with different information to the participants, which also made the two pieces 
of information more distinct from each other.  When all objects were found in a room, the 
participants were asked to proceed to the next room and were given instructions of what 
object to find first there. When all objects had been found in all rooms, participants were 
asked to proceed to the final task of the prototype. 

The final task was the unknown target space phase. In this task, the participants started in 
the kitchen and were then given the task to orient and navigate to the video game console, 
which was located in the living room. Once the video game console had been found, the 
participants are moved to a new starting point, which was a new room and were then asked 
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to once again to find the video game console. The participants had to repeat this task five 
times. The order of the starting points of the rooms the participants had to start from in 
order to find the video game console can be seen in figure 6. 

Figure 6 Starting point orders of the unknown target space task. 

4.2.2 Equipment 
In order to document and trace the interaction from the participants’ interaction, equipment 
was used. During the test sessions of the main experiment, the iPod Touch was connected to 
a Macbook Pro laptop with the use of a network. On the laptop, an application was running 
that traced and stored all interactions done on the iPod Touch. As the prototype on the iPod 
Touch used visual content in order to display which room (see figure 7) the participants were 
currently visiting, a blindfold was used to make sure that the participants only relied on the 
auditory icons to orient. A pair of equalized stereo headphones was used to provide auditory 
feedback and to help the participants to define the direction of the objects. A Zoom H4N 
audio recorder was used to record the post-interviews. 

Figure 7 Basement – the left dotted circle was the interaction object of the stairs, 
the top left circle was the lamp, and the top right circle was the cabinet, the bottom 

right circle was the dripping bucket. 

4.2.3 Participants 
For the main experiment, a total of 31 participants applied. One of these participants had to 
be removed as this participant already had participated in a similar experiment conducted in 
the Inclusive Game Design project (Östblad, et al., 2014). After the removal of this 
participant, there were 15 females (mean age=22.9) and 15 males (mean age=22.7). The 
participants were recruited through advertisements, social media and lecturers. All 
individuals who participated got two lottery tickets, totally worth €6 as compensation, and 
those who wanted were also invited to participate in a giveaway of an iTunes gift card, worth 
€16. 



 24 

4.2.4 Test sessions 
All of the test sessions were held in a separate room and were held in duration of eight days. 
Only the participant that was currently attending was allowed to be in the room at the time. 

The test sessions followed a script to make sure that all participants were given the same 
information.  The participants were handed a consent form that they had to sign before being 
able to participate in the study. All participants decided to continue with the study. 

Once the consent formed had been signed, the participants were given instructions of the 
first task. When the instructions had been given, the participants were asked to put on the 
blindfold and the headphones. Before they were given the iPod Touch, a volume check was 
done in order to make sure that the volume was at a comfortable level for the participants. 
When this was complete, the participants were given the iPod and could begin with the first 
task. When they had completed the discovery phase, the participants were allowed to take a 
small break. Majority of the participants chose to continue directly, but a few took a small 
break. They were asked if there were any problem and if they experienced nausea. Everyone 
answered that they felt fine and continued the tasks of the prototype until they completed it. 

The next task was the sketch map task. The participants were instructed to draw a sketch of 
how they experienced the overall environment. They were given instruction to sketch all 
rooms as squares and label them with the name of the room and sketch doors after a given 
symbol how they experienced the rooms were connected. 

The third task was the questionnaires regarding the participants’ own perceived experience 
regarding video games, spatial navigation and spatial anxiety. If they were uncertain 
regarding some question they were allowed to ask for help of how to answer it. After all three 
questionnaires had been filled the participants were preceded to the fourth and final task of 
the experiment. The last task was a post-interview. After finishing the post-interview the 
participants were done with all the tasks in the experiment and were given two lottery tickets 
as promised. 
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5 Result and Analysis 

5.1 Compilation of unknown target space 

Figure 8 Box chart of the five phases of unknown target phase 

The data that was stored from the traces of the finger movement on the iPod Touch were 
used to extract the measurements of latency and path length (see chapter 3.1.3). The 
parameters were only extracted from the unknown target phase. The data from the first time 
they had to find the video game console was removed. The reason for this can be seen in 
figure 8 where there is a quite big difference between the first and the second time they had 
to find the video game console, especially for the males. Because of this, the first time they 
had to find the video game console was interpreted as a practice round. This means that only 
the last four times will be used. The latency was measured by the time it took for each 
participant to travel from the starting position to when they found the video game console. 
Path length was measured as the detour the participants made to find the video game 
console in the living room. Example of a path drawn by a participant can be seen in figure 9. 

Table 1 Mean latency (of second to fifth round) 

Gender Mean latency  

Females 43.9 seconds 

Males 27.1 seconds 

 

The mean time in latency (see table 1) it took for females to move from starting point to the 
unknown target location was 43.9 seconds (SD=21), while the mean time for males were 27.1 
seconds (SD =8) (see Appendix E). This difference is significant (p=0.01) using a two-tailed 
unpaired t-test. This means that there is a significant difference between genders, and that 
men performed better than females in latency. 
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Table 2 Mean path length (of second to fifth round) 

Gender Mean path length  

Females 543 pixels 

Males 527 pixels 

 

The mean for females (see table 2) was 543 pixels (SD=413), while the mean for men were 
527 pixels (SD=344) (see Appendix F). This difference is not significant (p=0.91) using a 
two-tailed unpaired t-test. This means that there is no significant difference between genders 
in path length. 

Figure 9 Distance drawn by participant in the living room. The green flag 
indicates the start position of the drawn line and the red square indicates the stop 
position. The dotted circle to the left is the interaction area of the door. The dotted 

circle to the right is the interaction area of the stereo. The dotted circle in the middle 
is the interaction area of the video game console. 

5.2 Compilation of the sketch map 
In order to get quantitative data from the overall maps of the sketch maps, parameters were 
developed in order to evaluate how accurate the maps of the participants were compared to 
the original map (see figure 4). Examples of the sketches drawn can be seen in figure 10. A 
total of 18 parameters were identified where a participant got one score for every correct 
parameter, which means that the maximum score was 18. The score of each participant can 
be seen in a table in Appendix G. The parameters developed were the following: 

1. Correct number of rooms sketched 
2. Kitchen was included 
3. Hallway was included 
4. Office was included 
5. Living room was included 
6. Basement was included 
7. Living room was located to the right 
8. Basement was located to the right 
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9. Office was located to the left 
10. Kitchen was located to the left 
11. Living room was located on the top 
12. Basement was located on the bottom 
13. Office was located on the top 
14. Kitchen was located on the bottom 
15. Kitchen door was located left of hallway 
16. Living room door was located to the right of hallway 
17. Office door was located to the left of hallway 
18. Basement door was located to the right of hallway 

In the overall score of all parameters, the mean score of females resulted in 13.67 (SD=3.5). 
The mean score of males resulted in 12.27 (SD=3.3). This difference is not significant 
(p=0.26) using a two-tailed unpaired t-test. This means that there is no significant difference 
in how well the participants remembered the layout when they sketched the overall 
environment.  

 

Figure 10 Examples of the sketches of the overall environment made by two of 
the participants. 10a shows a successful sketch of the environment (score=18), while 

10b shows a less successful sketch (score=13). 

5.3 Compilation of the questionnaires 

5.3.1 Video game experience 
The video game experience questionnaire based on Terlecki & Newcombe (2005) was 
evaluated in a similar manner as Terlecki & Newcombe (2005) and Terlecki, Brown, Harner-
Steciw, Ivrin-Hannum, Marchetto-Ryan, Ruhl, Wiggins (2011). Qualitative questions where 
the participants had to answer with text were removed and were not analyzed. Questions 
with multiple answers were converted into a Likert-scale. All scores from the questions were 
then summed where the minimum score were zero and the maximum score were 18 points. 

All participants answered that they had played video games at least once. 60% of the females 
presented that they were still currently playing video games, while 93% of the males were 
still currently playing. The reason the other females and males were not currently playing 
were that they had no interest or too little time to play. 40% of the females replied that they 
had played video games ten years or more, while 33% had played between five to ten years. 
93% of the males had played ten years or more, while 7% had played between five to ten 

10a 10b 
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years. Regarding how they began playing video games, 33% of the females responded that 
they started playing because of their own interest, 33% that they were introduced by other 
women, 27% that they were introduced by other men and 27% that they began playing 
because of other reasons. Of the males, 50% responded that they started playing by own 
interest and 50% answered that other men introduced them. Regarding how regular they 
play video games, 27% of the females presented that they played video games daily, while 
80% of the males presented that the played video games daily. Only 7% of both females and 
males presented that they were very good in how they experience their skills in playing video 
games, while 80% of the females and 87% of the males presented they were moderately 
good. The most common genres for females were god games (40%), strategy games (33%), 
while first-person shooters (53%) and strategy games (53%) were the most common among 
males. The most common video games played by females were The Sims (40%), followed by 
Zelda (20%) and Super Mario (20%). Among the males, Counter Strike (60%) was the most 
common followed by League of Legends (33%) and World of Warcraft (27%). 93% of the 
females presented that they would be interested in playing video games in the future, while 
all males presented that they would be interested. 

After the questions been converted to a Likert-scale and summed (according to Terlecki & 
Newcombe, (2005); Terlecki, et. al., (2011)). The mean score of the females were 10.40, 
while the mean score of the males were 13.47. This difference is significant (p=0.01) using a 
two-tailed unpaired t-test. This means that there is a significant difference between the two 
genders and that males have greater experience than the females in playing video games. 

5.3.2 Santa Barbara Sense of Direction 
The questionnaire used in order to evaluate the participants’ self-perceived experience in 
spatial orientation followed the same scoring syntax used by Hegarty, Richardson, Montello, 
Lovelace, & Subbiah (2002). The scores of questions that were not written in bold (see 
Appendix B) were reversed. After the score had been reversed, all scores of each participant 
were summed together and then divided on the amount of questions (15) to get the overall 
score of the scale. The minimum score to achieve was one and the maximum was seven, 
where a higher score means a better-perceived spatial orientation. The scores of each 
participant can be seen in the table in Appendix H. 

The mean of the female participants resulted in 3.97, while the men resulted in 4.57. This 
difference is not significant (p=0.13) using a two-tailed unpaired t-test. This means that 
there is no significant difference between the two genders in how they perceived their 
experience in spatial orientation. 

5.3.3 Spatial anxiety 
The spatial anxiety questionnaire used in order to measure the spatial anxiety of the 
participants followed the same scoring syntax used with the Santa Barbara Sense of 
Direction questionnaire. All scores of each participant were summed together and then 
divided on the amount of questions (8) in order to get the overall score. The minimum score 
the participants were able to achieve were one and the maximum were five. Lower score 
means lower spatial anxiety. The score of the participants can be seen in the table in 
Appendix I. 
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The mean of the female participants resulted in 2.74 and the men resulted in 2.19. This 
difference is significant (p=0.05) using a two-tailed unpaired t-test. This means that there is 
a significant difference in spatial anxiety, and that female participants could possibly be 
more anxious than the male participants. 

5.3.4 Correlations 
To show if there were any relationship between the result of the questionnaires and the 
result of the performance of the prototype, a Pearson’s correlation coefficient test was 
conducted. This was only conducted on the result that showed significant differences. The 
result between latency and the video game experience score showed an R-value of -0.33 (see 
figure 11), which shows that there is a weak negative relationship. The result between latency 
and the score of the spatial anxiety questionnaire showed an R-value of 0.17 (see figure 12), 
which shows that there is a weak positive relationship between the data. 

Figure 11 Scatter diagram of the result of the performance in latency and the 
result video game experience questionnaire (R=-0.33). 

Figure 12 Scatter diagram of the result of the performance in latency and the 
result spatial anxiety questionnaire (R=0.17). 

 

 

 

0	  

5	  

10	  

15	  

20	  

0	   20	   40	   60	   80	  Vi
de
o	  
ga
m
e	  
ex
pe
ri
en
ce
	  

Latency	  (time	  in	  seconds)	  

0	  

1	  

2	  

3	  

4	  

5	  

0	   20	   40	   60	   80	  

Sa
pt
ia
l	  a
nx
ie
ty
	  

Latency	  (time	  in	  seconds)	  



 30 

5.4 Compilation of the post-interviews 
As previously mentioned, all interviews were audio recorded with a ZoomH4N recorder. The 
interviews were transcribed into text to make it easier to compile all the answers. The 
compilation of the post interviews will be divided into subchapters in order to easier 
organize the information. 

5.4.1 Mental representation of the environment 
22 of 30 participants (12 females, 10 males) presented that they got a mental representation 
of how they experienced how the rooms looked like. Some described the rooms in more 
detail than others. The most common properties that were used to describe the rooms were 
size, age, color, shape, type of the residence, objects and light. Five females, and four males 
described the size of the different rooms they visited. Regarding how old they experienced 
the environment to be, five females and three males described that they imagined that the 
residence and the objects in it were pretty old. Two female participants were able to describe 
that they imagined color in some of the rooms. One of the females described that the hallway 
and the living room were brown and the basement was grey. The other described that she 
experience plump colors in the rooms. Some of the participants were also able to tell the 
shape of the different rooms (4 females, 4 males). Example of description of shape was that 
the hallway felt oblong and bare. It seems that it was only the female participants that got a 
mental representation of the type of residence they were visiting. Four females presented 
that they felt that it was either an apartment or an old resident building. The objects in the 
rooms seem to be the property the participants remembered best. Ten females, and six males 
were able to describe the characteristics of the different objects and where in the rooms they 
were located. Three females, and three males described the lightning of the different rooms. 
Some experienced that room such as the basement, kitchen and the hallway felt dark while 
the living room felt lighter. 

5.4.2 Orienting and navigating 
There seems to be two common strategies that were used in order to orient and navigate to 
find the different objects in the prototype. The most common seems to be that the 
participants tried to listen to where the different objects were located in the rooms, and then 
tried to remember the locations of the objects. The second most common strategy seems to 
be to start on the middle of the screen and search for the current object on the lower or the 
top part of the screen. If the object was not found, the participant changed the searching area 
to either top or lower part of the screen. Other types of strategies presented were to first get 
to know each room and where everything was located and try to imagine how the rooms 
looked like. 

5.4.3 Instructions and earlier experiments 
There seems to be some participants that misunderstood or misinterpreted the instructions. 
33% of the females, and 40% of the males presented that they had some trouble with the 
instructions. The instruction they had trouble to understand was that they thought they only 
could move horizontally on the screen and did not understand that they could also move 
vertically. All participants were given two minutes to solve the problem by themselves. If 
they did not succeed, they were given help after the two minutes had passed. Ten 
participants (4 females, 6 males) were given help during the test sessions. 
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5.4.4 Previous experience in sound and music 
There were some participants (11 females, 5 males) that had some earlier experiences in 
sound and music. They did either have experience from education or hobby. Seven 
participants (4 females, 3 males) also presented that they had some kind of hearing loss. 
These were tinnitus or that they have trouble to concentrate in big rooms with a lot of 
people. 

5.4.5 Problems and deceptive sound 
There does not seem to be any great common pattern of problem that the participants 
presented. What can be found is that some participants had trouble in order to distinguish 
the different doors from each other. Many presented that they thought the doors sounded 
very similar in the beginning and that it took some time before they learned to distinguish 
them. Other problems that occurred was that they had trouble to find objects they did not 
know how they sounded like, and that it was sometimes difficult to hear when they had 
found an object. Other deceptive sounds were the boiling pot that some though were a frying 
pan, and some had trouble to figure out how the dripping bucket sounds like. 

5.5 Interpretation of the results 
From the results found in the unknown target space task in the prototype it can be showed 
that the males performed better in latency (p=0.01), while there does not seem to be any 
significant differences in path length (p=0.91). This shows that the males performed better 
than women in performance in spatial orientation The females seem to have greater 
experiences in sound and music, but this does not seem to have any effect on the result as 
they performed worse. 

The results from the sketch map task shows that there does not seem to be any gender 
differences in how the participants externalize the environmental knowledge they addressed 
from the environment of the prototype. The overall score showed that there is no significant 
difference found (p=0.26). 

In the questionnaires the males showed to have more experience than the females in video 
games (p=0.01), but the correlation test (R=-0.33) shows that this does not seem to have any 
greater impact on the time it took to find the unknown target. Another observation found is 
that in the Spatial Anxiety questionnaire, there was significance difference (p=0.05) 
between genders and female participants seems more anxious about their orientation and 
navigation skills. This did not seem to have any greater effect on the unknown target space 
task as the correlation test showed that the relationship was weak (R=0.17). 

In the post-interview it was possible to qualitatively observe that the females had a more 
vivid imagery of how they mentally recreated the different rooms. It was also found that 
many of the participants had some common properties they used in order to describe their 
mental representation they achieved during the tasks of the prototype. They were able to 
describe the size, the age, color, type of residence, objects and the lightning of the 
environment. An observation found in these parameters is that only the female participants 
reported the colors of the different rooms and what type of residence they were visiting. It 
cannot be proved, but it seems that female participants get a more vivid mental 
representation of the different rooms and the objects in the environment. 
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The greatest problem that occurred during the experiment seems to be the sound of the 
doors. It seems that participants have trouble to identify how a door should sound, and that 
the doors sounded too similar to each other in order to distinguish them. This can possibly 
have an effect on the results of the unknown target space task, as it seems that it took longer 
for some participant to learn and acknowledge the different sound of the doors. Similar 
observation can be done with the bucket and the pot, as some presented they did not know 
how the bucket would sound and was not sure it was the bucket when they heard the 
dripping, as well as some thought the pot was a frying pan. For future research it may be a 
good idea to examine with participants of how they believe and imagine how different 
objects sound in order to avoid deceptive sounds. 



 33 

6 Conclusions 

6.1 Summary of result 

Table 3 Result of test sessions 

 

 

 

 

 

 

 

 

In this study, an experiment was conducted with the total amount of 30 participants (15 
females, 15 males). The result of all tasks can be showed in table 3. A prototype was 
developed to virtually simulate the unknown target space task to evaluate if there were any 
gender differences in performance between genders. Two parameters used in previous 
studies (Livingstone-Lee, Zeman, & Gillingham, 2014; De Nigris, et al., 2013; Piccardi, et al., 
2011; Picucci, Caffó, & Bosco, 2011; Chai & Jacobs, 2010) were used in order to evaluate the 
performance in this task. These were latency, the amount of time taken to locate the hidden 
location, and path length, the detour to find the target space. The result of the task showed 
significance difference in latency (p=0.01) and showed that the males were faster than the 
female participants. There was no significant difference found in path length (p=0.91) 
between genders. The result in latency shows that the males performed better than the 
females in performance in spatial orientation. 

A sketch map task was conducted to externalize the mental representation the participant 
got from the environment in the unknown target space task. In the task the participants 
were asked to sketch a map of how they experienced the overall environment, and were 
asked to sketch rooms and doors of how the rooms were connected to each other. 18 
Parameters were designed to evaluate how accurate the participants’ maps were compared to 
the environment. After all scores from the parameters from each participant had been 
summed to a total score it was showed that there were no significant differences (p-value, 
0.26) between the genders. 

Questionnaires were used to evaluate the previous experiences of there participants in video 
games, spatial orientation and spatial anxiety. The results from the video game experience 
showed that the genders play different types of video games and that there were significant 
differences (0.01) between the two genders in video game experience. The Santa Barbara 
Sense of Direction questionnaire that was used to examine participants’ self-perceived 
experience in spatial orientation showed that there were no significant differences (p-value, 
0.13) between the genders. Lawton’s Spatial Anxiety questionnaire used to examine the 
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participants spatial anxiety showed significant differences (p-value, 0.05) between the 
genders, and showed that the female participants were more anxious than the male 
participants. The Pearson’s correlation coefficient test showed that the result of the video 
game experience questionnaire and the spatial anxiety questionnaire had weak relationship 
with the result of the latency in performance. 

The last task was a post-interview to gather qualitative information from the participants. It 
was possible to observe that based upon the description from the females, it seems that they 
have a more vivid mental representation of the different rooms than the males. Common 
properties were also found used to explain the different environments. These properties were 
size, age, color, shape, type of the residence, objects and light. The most common technique 
described was to listen to where the different objects were located in the room. More females 
than males responded that they had previous experience in music and sound, but this does 
not seem to have an effect on the result of the performance as the females performed worse 
than the males. The most common problem found was the sound of the doors as some 
participants had trouble to distinguish them. 

6.2 Discussion 
Tertiary students with various education participated in this study, and it seems that the 
males performed better than the females in spatial navigation. It does not seem that the 
participants’ previous experience in video games had any greater effect on the result of the 
performance. This as it did show to be weak correlations between the result of the latency 
and the result of the video game questionnaire. It may have some effect on the result, but not 
any effects that can be seen as obvious. Similar results were found in a study conducted by 
Picucci, Caffó, & Bosco, (2011). In their study, they performed the unknown target task on 
female and male participants with comparable experience in video games and computers. 
Their result showed that the males performed better than the females in latency as well, but 
that previous experience with computers and video games did not have an effect on the 
result. Previous studies (Cherney, Brabec, & Runco, 2008; Coluccia & Louse, 2004; Lawton 
& Morrin, 1999) has found that men normally perform better in active simulated 
environments as well, but as found in this study and in Picucci, Caffó, & Bosco, (2011) it does 
not seem that video game experience had a greater effect on spatial navigation. Picucci, 
Caffó, & Bosco, (2011) mean that the reason why females perform slower than the males is 
unclear, but that it might arise from that males have the ability to discriminate spatial cues 
faster than females. They also discuss that it could be that females have lower spatial 
confidence, and that this may prolong their decision processing. It was found in this study as 
well that females are more spatially anxious than the males, but it does not seem that spatial 
anxiety did have any greater effect on the performance either. This as it was showed to be 
weak correlations between the result of the latency and the result of the spatial anxiety 
questionnaire. It could be that some female participants did possibly orient more carefully 
around the environment, but it does not seem that spatial anxiety had any greater effect on 
the performance. Piccardi, Bianchini, Iasevoli, Giannone, & Guariglia, (2011) found the 
males to perform better in latency as well. They also found that females were slower than 
males in learning a path illustrated on a map, and that females required more repetitions to 
learn a path in a real environment. This could possibly be true, as it seems that the females 
required more repetitions to learn the path in this study as well. As it can be seen in figure 8 
(see chapter 5.1), the male participants seem to learn the path faster than the female 
participants.  
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Previous experience in sound and music does not seem to be a factor that could have had an 
effect is the participants’ performance either. In a qualitative analysis of the post-interview it 
seems that the females have greater experience in sound and music than the males. It cannot 
be directly confirmed, but as the males performed better even though the females had more 
experience in sound and music, it does not seem that it have any effects on the result. Other 
suggestions of why the males performed better could be due to that males have a 
functionality to switch between route perspectives to a survey one, while females are more 
constrained to a given perspective (Sandstrom, Kaufman, & Huettel, 1998). This could have 
possibly occurred during the unknown target space task, in which helped the male 
participants to find the target space. 

In a qualitative analysis it seems that the female participants have a more vivid mental 
imagery when it comes to how they mentally recreate the rooms in their mind. No significant 
differences can be shown, but this seems to agree with the result found in Bergqvist (2014). 
In an experiment conducted in the study, a similar task as the unknown target space task 
was conducted. Female participants described that they tried to create a mental 
representation of the different rooms to locate different objects. In this current study, males 
described the different rooms in the unknown target space task as well, but it seems that the 
females description of the rooms in this current study were a little more vivid. Previous 
studies have shown that it seems that females tend to have a more vivid imagery than males 
as well (Richardson, 1999). The problem is though that the results in these previous studies 
have either shown to be relatively small or that there have been no significant differences. 
This current study have not either found any more recent study that have confirmed or 
declined if females have a more vivid imagery than males, which mean that the question 
remains unsolved. Another interesting finding is that there seem to be common properties in 
describing the environments. The properties used were size, age, color, shape, type of the 
residence, objects and light. 

As found in Bergqvist (2014), it seems once again to be a problem what participants 
experience objects to sound like. In this study participants seem to have trouble to 
distinguish the doors as well as they were not sure how the bucket would sound like as well 
as the pot was mistaken for a frying pan. For future studies this might be something one 
should be taken into regard as it might have an effect on the outcome. 

6.3 Future Work 
There are some possible outcomes for future work from this study. As this study was 
developed in a two-dimensional environment, it would be interesting to discover the results 
of the same study in a three-dimensional environment. By doing the experiment in a three-
dimensional environment there are some possible outcome. One is that it is possible to do 
correlations with previous studies with three-dimensional environments where the focus 
have been visual cues to discover differences that occur then the vision is removed. This 
could possibly provide with new interesting results that were not found with the two-
dimensional environment used in this study. Another interesting study in the same area is 
how the result would be affected with the use of a head-tracking device and the use of 
surround sound technology. This would make the virtual environment more realistic and 
would be interesting to compare this with studies used in real environments.  
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As found in this study, it seems that females tend to have a more vivid imagery than males 
when it comes to create mental representations of rooms. It currently seems to be very low or 
none recent studies in the area, and it would be interesting to discover if this indication can 
be solved with the use of a quantitative experiment. 

Another topic for future work would be to try to define a standard for sound how individuals 
experience how objects sound like. This would decrease deceptive sounds, which seem to 
make participants confused in which have been found in this study and in Bergqvist (2014).  
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I.  

Appendix A -  Video game experience questionnaire

Video game experience                                         ID:__________ 

Video game experience questionnaire (Based on Terlecki & Newcombe, (2005))  

Kön (ringa in ett):           Man                           Kvinna                    Annat  

Dagens datum: ________________  

Ålder:______________________  

Utbildning:____________________________________  

Antal syskon:_______________        

Syskonens kön:__________________________  

Anvisningar 

: Ringa in det bästa svaret i följande frågor, elle 

r markera och svara med  

“annat”.  

1. Har du någonsin spelat tv-spel?        Ja                                             Nej  

2. Spelar du för närvarande tv-spel?      Ja                                             Nej  

Om du svarade ”Nej” på någon av frågorna, förklara gärna varför du inte spelar tv-spel?   

                a. kostnad                                    d. bristande skicklighet   

                b. inte intresserad                           e. inte tillåten (föräldrar, lärare, etc.)  

                c. inte tillräckligt med tid    

f. annat__________________________________________  

Om du svarade ”Nej” på frågorna 1 och 2, var snäll  

och hoppa direkt till fråga 12.  

3. Under hur lång tid har du spelat tv-spel?  

                a. 6 månader                                 d. 5-10 år  

                b. 1 år                                         e. 10 år eller mer  

                c. 2-5 år  

 



 II  

4. Hur kom du in på att börja spela tv-spel; vem eller vad fick dig motiverad till att börja  

spela?  

                a. eget intresse              d. reklam (tidskrifter, TV, tidning)  

                b. andra kvinnor            e. internet  

                c. andra män                 f. annat__________________________  

5. Hur ofta (ungefärligt) spelar du för närvarande tv-spel?  

                a. dagligen                                   d. någon gång under 6 månader  

                b. veckovis                                   e. någon gång om året  

                c. någon gång i månaden         f. mindre än ett år eller aldrig  

6. Hur bra uppfattar du dig när du spelar tv-spel?  

                a. mycket skicklig                           c. inte mycket skicklig  

                b. måttligt skicklig                          d. ingen skicklighet  

7. Vilka tv-spelkonsoler äger du (om några)? Lista gärna alla.  

___________________________________________________ 

8. Om du inte äger en tv-spels konsol, hur spelar du då?  

                a. andra vänner som äger ett                              d. på min telefon   

                b. online/internet                                           e. handhållen  

                c. arkad                                                         

f. annat______________________________  

9. Vilka är dina topp 3 (i ordning) genrer, eller tv-spels kategorier, som du tycker om att  

spela? (Välj gärna från lista på sista sidan av detta frågeformulär, eller lägg till dina egna). 
#1._________________________________________ 

#2._________________________________________ 

#3._________________________________________ 

10. Vilka är dina topp 5 (i ordning) tv-spel som dutycker om att spela?  

#1._____________________________#4_________________ 

#2._____________________________#5_________________ 

#3._____________________________  

 



 III  

11. Baserat på dina svar i topp 3 och topp 5, vad är det som lockar dig att spela dessa typer av  

spel?  

___________________________________________________ 

___________________________________________________ 

___________________________________________________ 

12. Skulle du vara intresserad av att spela tv-spel i framtiden?             Ja           Nej  

13. Vilken typ av marknadsföring lockar dig, eller  

skulle locka dig till att spela tv-spel?  

___________________________________________________ 

___________________________________________________ 

___________________________________________________ 

14. Vad skulle du vilja se i ett tv-spel som var utvecklat just för dig?   

___________________________________________________ 

___________________________________________________ 

___________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 IV  

Action God games 

Fighting Economic simulation games 

First-person shooter City-building games 

Role-playing Adventure 

Massively Multiplayer Online Games Arcade 

Simulators Educational 

Flight Maze 

Racing Music 

Sports Pinball 

Military Platform 

Space Puzzle 

Strategy Stealth 

Strategy wargames Survival horror 

Real-time strategy and turn-based strategy Vehicular combat 

Real-time tactical and turn-based tactical Annat (specificera) 
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Appendix B -  Santa Barbara Sense of Direction 
Scale 
Barbara Sense of Direction Scale     ID:__________ 

SANTA BARBARA SENSE-OF-DIRECTION SCALE (Based on Hegarty, Richardson, 
Montello, Lovelace, & Subbiah (2002))  

Detta frågeformulär består av flera påståenden om dina spatiala- och navigationskunskaper. 
Under varje påstående ska du ringa in ett nummer som indikerar hur mycket du håller med 
påståendet. Ringa in ”1” om du håller med att påståendet stämmer in på dig, ”7” om du inte 
håller med att påståendet stämmer in, eller något nummer där i mellan beroende på hur väl 
det stämmer in. Ringa in ”4” om det varken stämmer, eller inte stämmer in på dig.   

(Frågor där koden ska omvändas skrivs i fetstil)  

1. Jag är mycket bra på att ge väganvisningar  

Håller med   1       2       3       4       5     6       7     Håller inte med   

2. Jag har ett dåligt minne för vart jag har lagt saker 

Håller med   1       2       3       4       5      6       7    Håller inte med   

3. Jag är mycket bra på att bedöma avstånd  

Håller med   1       2       3       4       5       6       7    Håller inte med   

4. Mitt lokalsinne är mycket bra  

Håller med   1       2       3       4       5      6       7     Håller inte med   

5. Jag brukar se min omgivning i form av väderstreck (Norr, Syd, Öst, Väst)  

Håller med   1       2       3       4       5       6       7    Håller inte med   

6. Jag har mycket lätt för att gå vilse i en ny stad 

Håller med   1       2       3       4       5       6       7    Håller inte med   

7. Jag tycker om att läsa kartor  

Håller med   1       2       3       4       5       6       7    Håller inte med   

8. Jag har svårt att förstå väganvisningar 

Håller med   1       2       3       4       5       6       7    Håller inte med   

9. Jag är mycket bra på att läsa kartor  

Håller med   1       2       3       4       5      6       7    Håller inte med   

 



 VI  

10. Jag har svårt att komma ihåg väg rutter mycket väl när jag reser som 
passagerare i en bil  

Håller med   1       2       3       4       5       6       7    Håller inte med   

11. Jag gillar inte att ge väg anvisningar 

Håller med   1       2       3       4       5       6       7    Håller inte med   

12. Det är inte viktigt för mig att veta vart jag är 

Håller med   1       2       3       4       5       6       7    Håller inte med   

13. Jag brukar vanligen ge någon annan ansvaret att sköta navigeringen under 
långa resor 

Håller med   1       2       3       4       5       6       7    Håller inte med   

14. Jag kommer i vanliga fall ihåg en väg rutt efter jag rest denna en gång   

Håller med   1       2       3       4       5       6       7    Håller inte med   

15. Jag har inte en så bra ”mental karta” över min omgivning 

Håller med   1       2       3       4       5       6       7    Håller inte med 

 

 

  



 VII  

Appendix C -  Spatial Anxiety Scale 
Spatial Anxiety Scale                                             

ID:__________ 

Spatial Anxiety Questionnaire (Based on Lawton, (19 

94))  

I detta frågeformulär kommer du fylla i din nivå av oro som du anser att du skulle uppleva i 
åtta situationer där det ställs krav på dina spatiala- och navigeringsfärdigheter. Under varje 
påstående ska du ringa in ett nummer som indikerar hur mycket du håller med påståendet. 
Ringa in ”1” om du anser att du inte alls skulle uppleva oro i en sådan situation, ”5” om du 
anser att du skulle uppleva väldigt mycket oro i en sådan situation, eller något nummer där i 
mellan beroende på hur väl det stämmer in.  

1. Du lämnar en butik som du besökt för första gången och ska besluta vilket håll du ska gå  

för att nå en destination.  

Ingen oro   1       2       3       4       5     Mycket oro  

2. Hitta ut ur ett komplex av kontor som du besökt för första gången.   

Ingen oro   1       2       3       4       5     Mycket oro  

3. Peka åt en riktning, när du befinner dig i ett fönsterlöst rum, mot en plats utanför som  

någon behöver väganvisningar till.   

Ingen oro   1       2       3       4       5     Mycket oro  

4. Hitta din bil på en mycket stor parkering eller i ett parkeringshus.  

Ingen oro   1       2       3       4       5     Mycket oro  

5. Pröva en ny vägrutt som du anser kommer vara en genväg utan att ha en karta.  

Ingen oro   1       2       3       4       5     Mycket oro  

6. Hitta din väg tillbaka till en bekant plats efter att du insett att du tagit en fel sväng och  

kommit vilse under körning.  

Ingen oro   1       2       3       4       5     Mycket oro  

7. Hitta din väg runt när du befinner dig i en obekant galleria.  

Ingen oro   1       2       3       4       5     Mycket oro  

8. Hitta vägen till ett möte i ett område av en stad eller ort som du inte är bekant med.  

Ingen oro   1       2       3       4       5     Mycket oro   
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Appendix D -  Experiment Post-Interview 
Intervjufrågor 

Ver 1.0 

1. Hur uppfattade du de olika rummen i prototypen? Kan du beskriva din mentala bild av hur 
de såg ut?  

2.  Vad  använde  du  dig  av  för  strategi  för  att  navigera  omkring  och  för  att  hitta  

föremål?  

3. Hade du några problem att förstå instruktionerna?  

        3.1. Om ja, vad var det du inte förstod?  

4. Har du gjort något liknande detta innan?  

        4.1. Om ja, vad har du genomgått innan?  

5. Vad har du för tidigare erfarenhet inom ljud och musik?  

6. Har du någon form av hörselnedsättning?  

        6.1. Om ja, hur och när fick du den?  

7. Vad var det största problemet som du upplevde under undersökningen?  

8. Var det något ljud som du upplevde som  oklart i prototypen, eller var svårt att förstå? 

  



 IX  

Appendix E -  Latency (time in seconds) 

  

Females 

P1 160 11,2 41,3 74 71,6 

P2 42,4 5 14,9 40,5 25,7 

P3 27,3 6 18,4 35,8 21,9 

P4 24,4 5,1 19,5 31,4 20,1 

P5 49,5 11,7 16,2 40,1 29,4 

P6 39,7 5,8 26,1 35,5 26,8 

P7 61,5 6,6 23,8 36 32,0 

P8 30,2 11,3 43,3 46,4 32,8 

P9 126,3 43,7 22,8 40,1 58,2 

P10 190,2 8,2 23,6 35,1 64,3 

P11 77,4 12,7 43 180,4 78,4 

P12 23,9 7,1 26,1 23,5 20,2 

P13 66,4 8,8 23 122,2 55,1 

P14 160,8 5,8 16,3 26,6 52,4 

P15 50,4 15,4 137,4 77,8 70,3 

Males 

P16 33,2 7,5 49,7 29,6 30,0 

P17 72,5 5,7 43,2 15 34,1 

P18 47,2 39,6 24,8 20 32,9 

P19 28,5 2,5 11,2 13,4 13,9 

Participants 2nd 
round 

3rd round 4th round 5th round Mean time 



 X  

P20 62,5 5,9 12,6 37,1 29,5 

P21 26,4 4,9 8,3 26 16,4 

P22 31,8 6,7 39,5 28,4 26,6 

P23 20,4 5,3 16,4 37,2 19,8 

P24 73,7 8,7 23,9 21,8 32,0 

P25 79,2 7,4 14,7 30,4 32,9 

P26 34,7 5,2 30,1 39,6 27,4 

P27 24,2 13,8 11,8 36,6 21,6 

P28 36,2 6 25,5 18,4 21,5 

P29 42,9 7 23,9 17,6 22,9 

P30 69,4 7,9 26,9 77,5 45,4 

 

Average 

Females 43,93 

Males 27,13 

Standard deviation 

Females 21,02 

Males 8,07 

2-tailed unpaired t-test 

	  	  	  	  	  	  	  	  	  	  	  0,01	  
 



 XI  

Appendix F -  Path length (in pixels) 

 

Females 

P1 748 1906 839 188 920 

P2 398 32 147 558 284 

P3 33 3 15 6 14 

P4 28 46 1173 44 323 

P5 736 858 608 465 667 

P6 8 2230 398 2499 1284 

P7 157 162 8 56 96 

P8 719 29 394 365 377 

P9 339 700 1301 5 586 

P10 377 290 369 195 308 

P11 1183 1959 527 2110 1445 

P12 282 4 133 318 184 

P13 334 292 218 606 363 

P14 355 471 637 860 581 

P15 891 1080 748 140 715 

Males 

P16 150 601 531 774 514 

P17 1382 100 767 539 697 

P18 1169 323 873 380 686 

P19 394 119 287 36 209 

Participants 2nd 
round 

3rd round 4th round 5th round Mean length 



 XII  

P20 736 858 608 465 667 

P21 8 2230 398 2499 1284 

P22 157 162 8 56 95,75 

P23 719 29 394 365 377 

P24 1191 2090 554 338 1043 

P25 468 487 327 662 486 

P26 492 130 302 104 257 

P27 40 1668 17 11 434 

P28 97 217 201 138 163 

P29 241 138 239 50 167 

P30 546 2136 7 584 818 

 

Average 

Females 543 

Males 527 

Standard deviation 

Females 413 

Males 344 

2-tailed unpaired t-test 

	  	  	  	  	  	  	  	  	  	  	  0,91	  
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Appendix G -  Overall map sketch data 
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Females 

P1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 12 

P2 1 1 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 8 

P3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 16 

P4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18 

P5 1 1 1 0 1 1 0 1 1 0 0 1 0 0 1 0 0 1 10 

P6 1 1 1 1 1 1 0 1 1 0 1 1 0 0 1 0 0 1 12 

P7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 17 

P8 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 1 14 

P9 1 1 1 1 0 1 0 1 1 1 0 1 0 0 0 0 0 0 9 

P10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 16 

P11 1 1 1 1 1 1 0 1 1 0 0 1 1 0 0 0 0 1 11 

P12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18 

P13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18 

P14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 15 

P15 1 1 1 1 1 1 1 0 1 1 0 1 1 0 0 0 0 0 11 

Males 

P16 1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 6 



 XIV  

P17 1 1 1 1 1 1 0 1 1 0 1 1 0 0 1 0 0 1 12 

P18 1 1 1 1 1 1 1 0 0 1 0 1 1 0 0 1 1 0 12 

P19 1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 1 1 0 13 

P20 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 1 0 1 14 

P21 0 1 1 1 1 0 0 0 1 0 0 0 1 1 1 0 0 1 9 

P22 0 1 0 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 9 

P23 0 1 0 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 11 

P24 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 16 

P25 0 1 0 1 1 1 1 0 1 0 1 1 1 1 1 1 0 0 12 

P26 1 1 1 1 1 1 0 1 0 0 0 1 0 0 0 0 0 1 9 

P27 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 1 0 0 12 

P28 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18 

P29 1 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 0 1 14 

P30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 17 

 

Average 

Females 13,67 

Males 12,27 

Standard deviation 

Females 3,5 

Males 3,3 

2-tailed unpaired t-test 

	  	  	  	  	  	  	  	  	  	  0,26	  
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Appendix H -  Santa Barbara Direction Scale 
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Females 

P1 1 2 1 1 1 1 1 1 1 1 1 3 1 6 1 2	  

P2 1 5 4 1 1 2 3 6 4 3 3 3 1 2 2 3	  

P3 6 4 4 7 4 6 7 7 7 3 7 5 7 5 6 6	  

P4 6 7 4 6 7 4 6 6 5 3 7 7 5 7 7 6	  

P5 6 3 4 6 5 6 7 5 6 6 6 7 5 5 7 6	  

P6 4 3 2 1 4 5 7 7 7 3 4 7 7 5 5 5	  

P7 1 2 5 1 1 4 7 4 3 1 2 4 4 1 2 3	  

P8 3 4 3 3 1 6 5 5 4 2 4 3 2 3 4 3	  

P9 3 1 4 7 1 4 1 2 1 7 7 7 3 7 4 4	  

P10 4 2 3 7 2 7 6 4 5 7 1 7 7 7 6 5	  

P11 5 2 6 2 2 1 5 2 5 4 4 7 2 2 2 3	  

P12 4 2 4 2 1 2 5 6 6 1 3 3 1 1 2 3	  

P13 3 2 2 2 7 6 7 5 6 6 6 7 2 3 6 5	  

P14 5 7 3 6 1 4 3 3 3 3 1 5 1 7 6 4	  

P15 4 3 4 3 2 5 3 4 3 4 3 2 4 6 2 3	  

Males  

P16 5 4 7 5 2 3 2 3 3 3 4 6 2 7 7 4	  

P17 3 2 3 1 1 6 4 6 6 7 6 7 6 3 7 5	  



 XVI  

P18 6 6 1 2 3 7 7 7 6 7 5 2 4 5 4 5	  

P19 7 5 6 7 3 6 5 7 7 6 4 7 4 5 7 6	  

P20 2 2 5 6 4 2 7 3 6 2 6 2 7 4 2 4	  

P21 4 3 2 5 3 3 7 3 6 1 2 3 4 2 5 4	  

P22 6 3 6 7 5 6 5 7 6 6 5 6 6 7 6 6	  

P23 5 3 6 6 5 4 2 5 4 4 5 6 3 6 3 4	  

P24 2 4 5 6 5 2 6 2 4 3 2 6 4 3 5 4	  

P25 4 7 6 7 7 7 7 7 5 7 6 4 6 6 6 6	  

P26 3 2 7 3 1 3 1 5 1 6 6 7 4 2 7 4	  

P27 5 5 6 5 2 6 7 2 7 4 6 5 6 6 4 5	  

P28 4 6 5 4 6 5 4 6 4 5 5 6 6 6 4 5	  

P29 2 5 3 3 5 2 6 5 7 2 1 4 3 2 3 4	  

P30 3 4 4 3 1 6 2 6 4 2 5 6 3 2 7 4	  

 

Average 

Females 3,97 

Males 4,57 

Standard deviation 

Females 1,3 

Males 0,8 

2-tailed unpaired t-test 

	  	  	  	  	  	  	  	  	  	  	  0,13	  
 

 



 XVII  

Appendix I -  Spatial anxiety scale 
Participants 1. 2. 3. 4. 5. 6. 7. 8. Average 

 

Females 

P1 4 5 5 3 4 5 3 4 4 

P2 1 2 3 3 3 4 2 4 3 

P3 1 2 2 2 1 3 2 2 2 

P4 1 3 1 2 1 5 1 5 2 

P5 2 2 2 4 4 5 3 4 3 

P6 3 1 1 2 5 1 1 3 2 

P7 1 4 3 3 5 5 1 5 3 

P8 2 2 1 2 3 4 1 4 2 

P9 2 5 1 1 3 4 1 1 2 

P10 2 4 3 1 2 2 3 1 2 

P11 2 4 4 4 2 1 1 4 3 

P12 4 3 4 4 5 4 3 4 4 

P13 4 4 2 1 1 4 2 5 3 

P14 1 4 2 3 1 2 3 4 3 

P15 2 1 3 1 3 3 2 4 2 

Males 

P16 2 1 3 1 3 3 2 4 2 

P17 1 1 2 1 3 1 2 2 2 

P18 1 1 1 1 2 1 1 2 1 

P19 1 1 1 1 2 1 1 1 1 

P20 1 1 3 4 4 3 1 3 3 



 XVIII  

P21 1 2 2 1 1 2 2 3 2 

P22 1 1 1 1 2 1 1 2 1 

P23 1 2 2 3 3 4 3 4 3 

P24 2 2 4 3 4 2 2 4 3 

P25 1 2 1 2 3 2 2 4 2 

P26 3 1 4 5 4 5 1 5 4 

P27 1 1 3 1 2 2 2 2 2 

P28 3 4 1 1 2 4 4 5 3 

P29 2 4 4 2 4 5 4 4 4 

P30 1 1 2 1 2 1 1 2 1 

 

Average 

Females 2,74 

Males 2,19 

Standard deviation 

Females 0,7 

Males 0,8 

2-tailed unpaired t-test 

	  	  	  	  	  	  	  	  	  	  0,05	  
 

 


