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Abstract 
This thesis analyses if the change of auditory feedback can improve the effectiveness of 
performance in the interaction with a non-visual system, or with a system used by 
individuals with visual impairment. Two prototypes were developed, one with binaural 
audio and the other with stereo audio. The interaction was evaluated in an experiment 
where 22 participants, divided into two groups, performed a number of interaction 
tasks. A post-interview were conducted together with the experiment. The result of the 
experiment displayed that there were no great difference between binaural audio and 
stereo regarding the speed and accuracy of the interaction. The post-interviews 
displayed interesting differences in the way participants visualized the virtual 
environment that affected the interaction. This opened up interesting questions for 
future studies. 
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1 Introduction 
In our daily activities we use our spatial auditory perception in order to navigate and orient. 
In various computer systems, audio is used to convey information about an interaction that 
just has been made. Auditory displays is used and heard regularly in our daily activities in 
situations such as when we wait for the traffic light to turn green and display a noise that 
convey that we are allowed to cross the road. With the use of our spatial auditory perception, 
we are able to determine from which direction the sound of the traffic light is located, but in 
our various computer systems, the sound used to convey information normally uses mono 
audio or stereo audio as auditory feedback for the system. With mono audio, we are only able 
to tell the location of an audio cue in one direction, and with the use of stereo audio we are 
able to tell the location of one or multiple audio sources in two directions in the horizontal 
axis. If added a vertical axis with the use of binaural audio, it would be possible to locate the 
position of audio upwards and downwards. In a non-visual system, or in a system used by 
individuals with visual impairment, this could possibly enhance the users effectiveness to 
find various objects on a screen.  

The aim of this study was to perform an experiment that evaluates if binaural audio can be 
used as an auditory feedback to improve the effectiveness of performance of interaction in a 
system. This study is a part of the Inclusive Game Design research at the University of 
Skövde. The aim of the research is to find key aspects of inclusive game design that allows 
games to be played by all. The current research focuses on interaction on smartphones and 
tablets, as so was this study designed to be able to contribute to the area. Based upon one 
hypothesis, an experiment was performed with 22 participants. Two prototypes were 
developed with different types of auditory feedback, one with stereo audio and the other one 
with binaural audio. The task the participants were supposed to perform was to navigate and 
locate various objects upon a tablet with the use of audio as the only feedback. 

The following chapter will present previous research in the area for this study. It will also 
present the motivations for this present study. In chapter 3, the problem that this study is 
based upon will be presented, together with the methodology used for the conducted 
experiment. Chapter 4 presents a pilot study that was conducted before the experiment to 
acknowledge any risks and other useful information that was used to prepare the 
experiment. Chapter 5 will present the execution of the experiments while the results and 
analysis will be presented in chapter 6. In chapter 7, the results of the experiment and the 
study will be summarized and discussed. 
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2 Background 
This chapter will present the knowledge and the theories that were used to define the 
problem statement and the experiment. 

2.1 Inclusive Game Design 
This study is a part of the project Inclusive Game Design at the University of Skövde. The 
current aim of Inclusive Game Design is to develop two games for smartphones and tablets 
that can be played by players with visual impairments. During the progress of this thesis, a 
point-and-click adventure game is being developed that can be played by both sighted and 
blind players. The primary aim of the project is to develop games that can be played by all, 
and not only individuals with visual impairments. Inclusive Game Design focuses on trying 
to identify the key aspects of inclusive game design and hopefully encourage other to develop 
inclusive games and trying to targeting a larger audience (Ekman, 2014). 

Game accessibility guidelines (2014) present that the use of binaural audio in games can give 
the player an immersive gaming experience and may be a benefit for players with visual 
impairments. This is because binaural audio gives the player incredibly accurate position of 
sound through stereo headphones, and may allow visually impaired to get enough accurate 
spatial awareness to navigate in a 3D environment. 

The following subchapters will present knowledge and theories of binaural audio and 
interaction between human and computers. This to get a deeper understanding of how 
binaural audio can be used to benefit individuals with visual impairments. 

2.2 Spatial perception 
Research studying the underlying mechanisms of directional sound perception concludes 
that there are two primary mechanisms at work (Rumsey and McCormick, 2006). These are 
the nature of the sound signal and the conflicting environmental cues that may accompany 
discrete sound sources. These mechanisms involve the phase and spectral differences 
between the ears of the listener. It means that spatial perception is dependent on the listener 
having two ears. When a sound is played, it will give rise to a time difference between the 
ears of the listener. This will enable the brain to localize the sources in the direction 
depending on the ear the sound reached first. Holman (2002) explains that when it comes to 
localization, it is normally easier to localize transient sounds, such as fingers snapping or 
drum hits. Sound that is normally harder to localize is “steady-state” sound such as pipe 
organ notes. Holman means that when striking a piano note it first produces a transient, 
which then over time tends to evolve into a steady-state sound. The transient at the 
beginning of the note gives us enough information to be able to localize it, even if it contains 
reflections or reverberation. The maximum delay between the ears is 0.65ms and is called a 
binaural delay (Rumsey and McCormick, 2006). There is no obvious way to distinguish 
between front or rear sources or elevation by this method, except by resolving the confusion 
by taking into account the effects of head movements.  

Reflection that may arise from sources has the possibility to affect spatial perception 
significantly. It typically has the effects of broadening or deepening the perception of a 
source and are unlikely to be individually localizable. Reflection can cause severe timbral 
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coloration if it’s in a period about 20ms. After 80ms, reflections may tend to contribute more 
to the sense of envelopment or spaciousness of the environment. 

Holman (2002) explains that vision is also important for localization and that it dominates 
over sound. If the position of a sound source is visually and aurally mismatched it may cause 
cognitive dissonance. Rumsey and McCormick (2006) mean that from learned experience 
the brain expects certain cues to imply from certain spatial condition, and if they don’t it may 
lead to confusion. An example for this is that it is unusual to experience the sound of an 
airplane from beneath which sometimes can occur at mountain climbing. As people normally 
expect planes to fly above, some may actually look up or duck when a recording of airplanes 
is played, even if the spectral cues does not imply to that direction. 

Gonot, Natkin, Emerit and Chateau (2006) present that spatial audio can assist navigation in 
an environment either real or virtual. Larsson, Västfjäll and Kleiner (2001), present an 
attempted outline for ecological perception of auditory-visual in rooms. In this model, they 
explain that an individual will base his/her decision on the size of the room on both the 
visual and aural impression and based on previous experience of the visual and aural of 
other rooms. Most of the time, the visual and aural impression of a room is matched, but in 
cases where they are mismatched it’s most likely that the visual impression will dominate the 
perception. 

Gröhn, Lokki, Savioja and Takala (2001) explain that in virtual environments, structures or 
objects might not have any obvious directions or any other types of way finding cues. This 
could lead to the user getting lost in a virtual environment. To solve this problem, audio can 
be used as a navigational aid. According to Gröhn et al. (2001), auditory perception has two 
basic features that suggest that audio can be effective to represent data in a variety of 
settings. The first feature of auditory perception is that it is sensitive to temporal 
characteristics, and changes in sounds over time. This gives auditory perception a distinct 
advantage over visual perception. Fast-changing or transient data might be blurred or 
completely missed visually, but by the use of audio it has a greater chance of being detected. 
The second feature of auditory perception is that sound does not require the user to orient in 
a particularly direction, and can therefore be used in situations where eyes are busy. 

2.3 Binaural audio 
In the 90’s, the principles of Gehring (1997) regarding 3D sound were explained. 3D sound is 
everything one is hearing right now. If there is an airplane flying over ones head, it is 
possible to hear it even though one is inside. If there is a door slammed, one can tell the 
direction without turning ones head. 3D sound, also known as binaural audio, has like 
gravity a long history. 

Everest (2001) explains that in the early time, people thought that having a pair of ears was 
like having a pair of lungs or kidneys. If something wrong happened to one of the lungs, the 
other one would still function. Everest (2001) present an experiment made around the year 
1900 by Lord Rayleigh, from Cambridge University. In this experiment, Rayleigh wanted to 
prove that the ears worked together as what he calls “binaural localization”. He held the 
experiment on the lawn of Cambridge University where a circle of assistants walked around 
him and spoke or struck tuning forks. With his eyes closed, he was able to point out the 
sounds his assistants made with great accuracy. This experiment confirmed that the both 
ears work together and that there are two factors involved in localization of sound sources. 
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These two factors are difference in intensity and the difference in time arrival of the sound 
between the two ears. This means that the ear closest to the sound source receives the sound 
at a greater intensity than the ear that is further away from the sound source. Huber and 
Runstein (2005) explain this is because the shape of the skull casts a “sound shadow”, also 
known as the shadowing effect (see Figure 1), allowing only reflected sounds from the 
surrounding to reach the further ear. As the reflected sound travels further it loses energy 
and at each reflection the sound will reach the further ear with less insensitivity than the 
sound that reached the closest ear to the source. 

Figure 1 The shadowing effect. Based on Huber and Runstein (2005) 

2.4 Binaural recording 
There is a possibility to record binaural audio and is normally known as a binaural recording 
or a binaural reproduction of a person’s head (Rumsey and McCormick, 2006). Gardner 
(2004) present that binaural recordings can be made by mounting microphones in a 
human’s ear canals. Rumsey and McCormick explain binaural recordings as a form of a near-
coincident technique. A near-coincident technique is a stereo recording technique that uses a 
pair of directional microphones to create a small timing difference in the recorded audio 
track. The purpose of this this technique is to increase the localization of transient sounds 
and to increase the spaciousness of a recording. Near-coincident recordings rely on a 
combination of time and level differences between the recorded channels in the audio track, 
also known as HRTFs (head related transfer functions). 

In a binaural recording, a human head or a dummy head is used to create a shadowing effect 
(see Figure 1). Dummy heads (see Figure 2) are a recreation of the human head with 
microphones mounted in each ear and are normally used for measurements of acoustics or 
recordings of a persons hearing. There exist a number of commercial products, and some of 
these include shoulder or complete torsos. The issues with binaural recordings is that it can 
be hard to mount high-quality microphones in the ears of the head and that it may occur 
noise of head movements if it’s mounted on a real person. Rumsey and McCormick (2006) 
explain that in many cases a sphere or a disc is used as a dummy head to separate the 
directional microphones and simulate the shadowing effect. A drawback with this is that it 
does not give the spectral filtering effects of the outer ear. There are different types of 
microphones in binaural recordings and some these are designed for measurements of 
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acoustics while others are designed for creation reproduction of a persons hearing. Those 
designed for measurement are normally mounted at the eardrums while those for recordings 
of a persons hearing are mounted at the entrance of the ear canal. 

Figure 2 Neumann KU100 (Rumsey and McCormick, 2006) 

Rumsey and McCormick (2006) present some basic binaural principles when it comes to 
spatial sound representation. To achieve the most accurate reproduction of natural spatial 
listening cues, the listener must be provided with the same signals the as he/she would have 
experienced in the source environment or during natural listening. Gardner (2004) explains 
that exact reproduction is possible through equalized headphones. Rumsey and McCormick 
(2006) explain that all stereo reproductions are actually binaural, but that the term is 
normally used to represent individual’s ear signals or independent ear production. To make 
this kind of reproduction to work well, the recording of the person in the source environment 
must be accurately re-created at the listener’s ears upon reproduction. Since every 
individual’s recording is unique, like a fingerprint, it seems that to make binaural audio to 
work correctly it must be reproduced through every individual’s ears. 

There are some common problems in achieving accurate reconstruction of binaural audio. 
The heads and ears of all listeners are different, which makes it difficult to make a product 
that can be used to serve a lot of people. Head movements that listeners tend to do to resolve 
directional confusion in natural listening are difficult to incorporate in reproduction 
situations. Most binaural reproductions normally miss visual cues, which normally have a 
strong effect on the listener’s perception. Headphones that are normally used for binaural 
reproduction often differ in equalization and method of mounting, and may lead to that the 
recording gets distorted. When binaural recordings are played of sound scenes without any 
visual information or any form of head tracking, people normally localize the scene behind 
them rather than in front. Rumsey and McCormick (2006) explain that it is surprisingly 
difficult to obtain front images from any binaural system using headphones. It may be 
because people normally use the hearing sense to localize sources when it can’t be seen, and 
if it can’t be seen it’s likely to come from behind. If the listener has the ability to use head-
tracking when listening to a binaural recording to resolve front-back conflicts the brain tends 
to assume a rear sound image. This is consequently very common and normally known as 
“reversals” in binaural audio system. 
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2.5 Head-related transfer functions 
Rumsey and McCormick (2006) explain that when a sound reaches the pinna (the visible 
part of the outer ear), the pinna gives rise to reflections and resonances of the sound and 
changes its spectrum at the eardrum. The spectrum of the sound also gets modified to some 
extent by the reflections of the shoulders and the torso. These are some of the effects that are 
the sum of a head-related transfer function or also known as a HRTF. Rumsey and 
McCormick explain that there is possibility of identifying and to create generalized HRTFs 
that can be used reasonably well for a wide range of listeners. 

HRTF is also the known name to recreate binaural recordings digitally. Kim, Kim, Kim, Lee 
and Park (2005) explain this technology as virtual acoustic imaging system that attempts to 
generate an illusion to the listener that he/she is in another environment than his/her own. 
Virtual Barbershop (QSoundlabs, 1996), a radio drama made with the techniques of 
binaural recording, has been spreading through the Internet and raised a discussion if it is 
possible to implement binaural audio in video games. According to Goodwin, S.N (2009), 
the best way to implement real 3D sound in video games today is using HRTFs through 
headphones. 

2.6 Auditory displays 
An auditory interface is a bidirectional, communicative connection between a human and a 
technical product (Kortum, 2008). The communicative side toward the technical product 
may involve machine listening, such as speech recognition or dialog systems. The 
communicative side toward the human uses auditory displays, and can use speech or non-
speech audio to covey information. Auditory displays have existed for many decades and 
have been used for alarms, communications and as feedback information for various tools. 
As the technology improves the need for auditory displays have increased. Some of the needs 
that need to be solved through auditory displays can be of how to present information to 
individuals with visual impairment, provide additional information to people whose eyes are 
busy with other tasks, alert people of an error or an emergency state of a system, or provide 
information on devices with small screen where which can only provide a limit of visual 
information. 

Hermann and Hunt (2005) present that the research field of sonification, a subset in the 
topic of auditory displays, has been rapidly developed in the recent decades. Sonification 
presents information by the use of sounds so a user of an auditory display can obtain a 
deeper understanding of data or a process by listening. There is also interactive sonification, 
which is the use of sound in a tightly closed human-computer interface, where auditory 
signals is used to provide information about data under analysis, or the interaction itself. 

Hermann and Hunt (2005) explain that the simplest auditory display is the auditory event 
marker, which is a sound that is used to signal some kind of information. There have been 
developed techniques of auditory icons for this purpose, but these are rarely used to display 
larger or complete data sets. Wersényi (2009) present auditory icons as short sound events 
that have some semantic connection to the physical event they are supposed to represent. 
Wersényi acknowledges some issue when it comes to what sound are to represent. Speech 
can sometimes be too slow, language-dependent and sometimes, synthesized overload can 
happen. Pure tones can easily be confused with each other, may not be pleasant to listen to 
and take more time to learn. Musical instrumentation may be easier to listen to but also 
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takes time to learn. Environmental sound, music and non-speech sound can create good 
iconic representations, and iconic everyday sounds can be more intuitive than musical 
sounds. According to Wersényi, environmental sounds are very good for auditory icons, as 
they are easy to identify and easy to learn because they have a semantic connection to 
(visual) events. 

Kortum (2008), means that there exist various techniques in auditory display, and that 
sonification, auditory icons and earcons are some of them. Auditory icons are auditory 
equivalents of visual icons, and are useful in translating symbolic visual artefacts into 
auditory artefacts. Example of auditory icons can be a paper-“crinkling” noise that is 
displayed when a user empties the trash folder on a computer. Earcons is a technique used 
to represent with a more abstract or symbolic sound than auditory icons. Kortum claims 
though that the issue with the use of earcons is that the user has to learn the meaning of each 
earcon to understand what kind of information it represents. Auditory icons and earcons can 
be particularly appropriate to use in programs that have hierarchical structure as they allow 
communication by representing the different functions in the program. 

Even though the field of auditory interfaces still seem to be young and is currently 
experiencing exponential growth there are some constraints. The primary issues are the 
processing power and mode of rendering, as example for middle- and lower-tier platforms. 
Kortum claims that many handheld devices and portable computers do not have the capacity 
for a display or an interface that requires a lot of computational power, and that this seem to 
be an issue for years to come. Many portable devices such as smartphones or tablets 
currently lack processing power for real-time 3D auditory rendering of multiple sources. 
Another example Kortum presents is the available solutions of processing binaural audio and 
as Kortum claims, this technology is still “several” years away. Other issues can also be the 
consideration of loudspeaker or headphones as the location and other parameters can affect 
the sound. 

2.7 Human Computer Interaction 
Human computer interaction (HCI), also known as “man-machine interaction”, was 
automatically represented at the emergence of the machines (Karray, Alemzadeh, Saleh and 
Arab, 2008). HCI is a design with the purpose to make a fit between the user, the machine 
and the essential services. The purpose for this is in order to achieve a certain performance 
in quality and optimality of the services. What determines if the HCI is optimized for its task 
is mostly subjective and context dependent. As an aircraft part-designing tool should provide 
with high precisions in view and design, other tools such as graphical editing software may 
not need the same type of precision.  

Gupta (2012) presents two main terms defined in the field of HCI. These terms are 
functionality and usability. Functionality is defined as the complete amount of actions or 
services the user has to make. Usability is defined as how a technology can be efficiently 
utilized by the user, to perform the tasks covered in the functionality. Karray, et al., (2008) 
present that when designing HCI, the degree of activity that involves a user with a machine 
should be thought through as the user activity has three different aspects: physical, cognitive 
and affective. The physical aspect is the interaction between a user and a computer while the 
cognitive aspect is how the user understands the technology and can work with it. The 
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affective aspect is how to make the interaction pleasurable so that the user continues to work 
with the technology. 

Gupta (2012) also presents that there is multiple types of HCIs. Two examples of these are 
intelligent and adaptive HCIs. Intelligent HCI designs are interfaces that use some kind of 
intelligence in perception to help or assist the user in an innovative or different way. 
Examples can be to visually track the movement of the user, using speech recognition 
technology or pattern recognition. Adaptive HCI is different in the direction that it adapts 
itself to the user’s interaction. An example of adaptive HCI is where a search engine saves the 
searches and results in history and reuses them in future to search and suggest results to the 
user. Valente, Siechenius de Souza and Feijó (2009) explain that the underline of the HCI is 
different depending on the technology. Traditional HCI focuses mostly on the usability, 
which underlines the ease of use and the productivity of accomplishing tasks. In traditional 
HCI, a software interface should be easy for the user to learn, use and master. This is quite 
the opposite when it comes to Game HCI. Valente, et al., (2009) mean that in a Game HCI a 
game should be easy to learn but difficult to master. Cai (2009) presents that there is a close 
connection between HCI and game design. The connection between the two is usability. 
Usability is an important research area in traditional HCI, while in games it concerns a lot on 
the gameplay, which can more or less be seen as the usability of game software. Cai (2009) 
agrees with Valente, et al., (2009) that the human computer interaction in a game should be 
as simple as possible. If the interaction is too complicated there is a great risk the player 
won’t grasp the controls and will also interrupt the player’s gaming experience, which greatly 
reduces the entertainment of the game. 

2.8 Related work 

2.8.1 Enhancing navigation skills through audio gaming 
Sánchez (Sánchez, Espinoza and Garrido, 2012; Sánchez, Sáenz, Pascual-Leone and 
Merabet, 2010) has explored and made various work in audio-based navigation to help and 
improve different skills of individuals with visual impairments. One of these is AbES 
(Sánchez, et al, 2010) where the purpose was to explore if the application would improve the 
orientation and mobility skills of blind users. MovaWii (Sánchez, et al., 2012) is another 
application developed to improve orientation and mobility skills of blind users, but with the 
purpose to support the construction of the mental map of the navigating in virtual space 
through integration of audio and haptic components. The result showed that MovaWii could 
be used as a supportive tool for the construction of mental mapping, and that the users were 
able to transfer the information obtained to the real world environment. 

2.8.2 Toward mobile entertainment: A paradigm for narrative-based audio 
only games 

In Dragon’s Roar (2007), Roden, Parberry and Ducrest, wanted to create a framework and a 
methodology for authoring narrative-based audio-only games in three-dimensional 
environments that should be appealing for both sighted and non-sighted players. Their 
result showed that a user doesn’t have to be tied to a visual display and that if the technology 
takes advantage of spatial freedom, the user can take advantage of 360-degree field of 
interaction. 
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2.8.3 Turn off the graphics: designing non-visual interfaces for mobile phone 
games 

In a study by Valente, Sieckenius de Souza and Feijó (2009), they researched how to make 
mobile phone games more accessible for individuals with visual impairments. They 
developed a “treasure hunt” game that only used auditory and haptic feedback in order to 
navigate and find the treasure. The haptic feedback was represented through vibrations and 
was used in order to display if the participant had hit a wall in the game. In order to move 
and navigate, the player tilted the phone in the direction he/she wanted to move, and used 
auditory feedback in order to convey various information to the player. The experiment was 
conducted on both sighted and visually impaired players. Their study displayed that sound 
design in non-visual games is challenging, but that the use of non-visual games creates more 
personalized experiences, as the players used their imagination to visualize the game. 

2.8.4 Speech-based earcons improve navigation performance in auditory 
menus 

In a study by Walker, Nance and Lindsay (2006), they researched if spearcons possibly 
could improve the usability, effectiveness, speed and accuracy in an auditory menu-based 
interface. The spearcons used in the study were spoken phrases that were speeded up until 
they were not recognizable as speech. In their study they claim that auditory icons are more 
effective to convey information about an object, than to display the objects’ hierarchical 
position. Walker, et al., mean that earcons are a better selection to use to represent the 
hierarchical position of an object. An evaluation was made where they compared it with 
auditory cues, text-to-speech, and earcons. The result displayed that the spearcons improved 
effectiveness of the system and the users’ interaction with the system. 
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3 Problem 
In the previous research found in the background, there seems to be a focus on how to 
exchange information between a man and a computer with the use of different audio 
techniques (Gupta, 2012; Wersényi 2009; Kortum, 2008; Hermann and Hunt, 2005). The 
research seems to focus on how different audio techniques affect the interaction between a 
man and a computer, and how these techniques affect audio-based navigation (Sánchez, et 
al., 2012; Sánchez, et al., 2010; Valente, et al., 2009; Roden, et al., 2007). There currently 
seems to be a lack of studies in how different types of auditory feedback can be used and how 
they do affect these types of systems. More specifically, there does not seem to be any studies 
that focus on how these audio techniques or different auditory feedback do affect the 
effectiveness of interaction on smartphones or tablets, which this study is conducted after. 
Kortum, (2008) and Walker, et al., (2006) present that as the technologies improve there 
have become a need in development of auditory displays. Visual displays have started to 
shrink due to the increased development of mobile technologies. As they shrink there has 
become a limitation of how much information they can display. There is also an increased 
use of technology by users with visual impairment, who can’t use a “traditional visual 
interface”, which means that it’s important to identify methods or techniques that can 
improve usability in non-visual interfaces. Walker, et al., (2006) present that non-visual 
interfaces often are implemented via a menu structure, and mean that there are still many 
open questions when it comes to non-visual menus. The use of non-speech audio cues has 
been suggested to improve auditory interfaces in many ways. The research of Walker, et al., 
(see chapter 2.8.4) displayed that the use of spearcons improved both the effectiveness in a 
system and the users’ interaction with a system. 

As mentioned above, the focus in the previous studies seems to be how to use sound to covey 
different kind of information in a system. What kind of sound to use as an auditory icon to 
convey when the user empties the trashcan on the computer, or what sound to use when the 
user receives a message of an error etc. In the study of Walker, et al., they research which 
type of auditory cues is the most efficient to find objects in a system. As author of this thesis I 
ask myself this question: “Could it be possible to improve the effectiveness of a system by 
changing the auditory feedback?” As Game Accessibility Guidelines (2014) present that 
binaural audio gives the user incredibly accurate position of sound through stereo 
headphones and may even be a benefit for users with visual impairments. As studies have 
shown, binaural audio is used in our everyday life to display the direction the source of a 
sound. This should have an advantage against stereo audio, which can only display the 
position of sounds in the horizontal axis. As this study is a part of Inclusive Game Design 
(see chapter 2.1), with the use of binaural audio, there is a possibility that the user should be 
able to find the objects on a tablet or smartphone with a faster pace and accuracy. There may 
be possibilities that it may be more effective than a system using stereo audio. Kortum 
(2008) claimed that it is not currently possible to process binaural audio, or render real-time 
3D auditory rendering of multiple sources on mid- and low tier platforms such as tablets and 
smartphones. This statement is though six years old and there may be possibility new 
technologies have been developed or is in development. The following research question was 
formulated based on the aforementioned studies: How does binaural audio affect the 
effectiveness of performance in interaction of a non-visual interface? 
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3.1 Aim 
The aim of this study is to investigate and explore how binaural audio can affect the 
effectiveness in navigation and orientation in a non-visual interface. 

As binaural audio allows the user in a two-dimensional system to also experience audio on 
the vertical axis, it would possibly improve the user’s speed and accuracy to locate different 
objects in a system. From this statement, the following hypothesis was formulated. 

Hypothesis: The users of a non-visual system would be able to complete different tasks 
faster with the use of binaural audio. 

3.2 Methodology 

3.2.1 Prototype and hardware 
For this study two prototypes will be developed with the purpose to evaluate if binaural 
audio can be used to increase the effectiveness of a non-visual system. The reason to have 
two prototypes is to be able to do a comparison between binaural audio and stereo audio to 
discover the differences in user efficiency between these. 

The prototypes will be identical to each other with respect to design and tasks; the only 
difference the users will experience is the different selection of auditory feedback for the 
prototypes. The motivation for this is to create a similar test that was used in the studies of 
MacKenzie, Kauppinen and Silfverberg, (2001), and Natapov, Castellucci and MacKenzie, 
(2009), where they evaluated and measured the effectiveness of different computer-pointing 
devices. Both of the studies followed the methodology proposed in the ISO-standard 9241-9, 
which proposes a standardized methodology for evaluating performance and comfort in 
computer-pointing devices. To discover the effectiveness of a pointing device, the speed and 
accuracy is measured. In the study conducted by Walker, et al., (2006), where they 
researched the effectiveness of spearcons (see chapter 2.8), a non-visual menu system was 
used where the users had to find the different menu items in a menu hierarchy with the use 
of spearcons. To make the test of this study similar to these studies the prototypes will be 
similar to a “point-and-click” game, where the user have to point and click on various objects 
to interact with them. The choice of audio technique to represent the objects in the 
prototypes will be earcons as Walker, et al. (2006), claimed this is the best choice to 
represent the hierarchical position of an object. 

3.2.2 Participants 
The participants for this study will be selected from my acquaintance and recruited for the 
test sessions. The participation in the test sessions will be voluntary and the participants will 
not receive any kind of compensation for participating in this study. All participants will 
remain anonymous in this study so no sensitive private information is disseminated through 
this study. The only restriction for participation is that the participants can talk and 
understand Swedish fluently. The reason for this is that the test sessions will be held in 
Swedish. 

3.2.3 Procedure 
Each test session will be performed in a location where the participant will feel comfortable 
without feeling any kind of stress or discomfort. The only requirement of the locations is that 
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it can’t disrupt or interfere with the user or the prototypes during the test session. Each 
participant will be given brief information about the purpose of the study and will be given 
instruction of the tasks and how to interact with the software. The participants will be 
divided in to two different groups, depending on if they used the prototype with binaural 
audio (“BA Group”) or if they used the prototype with stereo audio (“SA Group”). If any of 
the participants feel any kind of stress or discomfort and want to end the test session, the 
test session will end immediately. 

When the participant feels ready, he/she will be asked to put on a blindfold and a pair of 
headphones. The purpose for using a blindfold in this test is based on a technique presented 
by Kortum (2008). When doing user-based studies on an interface, Kortum mean that it’s 
necessary to isolate only those feedback modalities that are of interest in a given study. After 
the participant has put on the blindfold the test session can begin. The participant will be 
given the task to orient and navigate to find specific objects in the software and when the 
object is found, the participant will be asked to navigate and to find the next object until all 
objects have been found or the time limit of the test sessions have run out. Each test session 
will have a time limit of approximate 10 minutes, as the tasks shouldn’t take longer to finish. 
When the time limit runs out the participant will receive a signal that the test session is over 
and that he/she can remove the blindfold and headphones. During the test sessions, software 
will record data of their interaction of how they oriented and navigated between the different 
object in speed and accuracy. When the participants are finished with the software, a post-
interview will be held and audio recorded where the participants present their own 
experience of the test session and what problem they felt they encountered during the test 
session. Some information of their background will also be collected to get information if 
they have any kind of hearing problem that could have caused any issues during the test 
session. Information of their previous skills in audio and music will also be collected to see if 
this somehow enhanced or reduce the result. The interviews will be held in Swedish, but will 
be transcribed into English for this study. 

3.2.4 Ethical considerations 
As this study will be conducted on human participants, ethical considerations will be 
considered following the APA Ethical Standards (Goodwin, C.J, 2009). By this, no 
participant will be harmed or disgraced by any manner during this study. 

3.2.5 Limitations 
In this study, no individuals with visual impairments will be select for the test session. This is 
due to time limitations. 

3.2.6 Expected results 
There are two results that can be expected in this study. The first expected result in this 
study is that the binaural audio will improve the effectiveness in a non-visual system, 
resulting in that a user will be able to complete various tasks in a more accurate and faster 
pace. The reason for these expected results is that in the “real world” we use binaural audio 
daily to determine from which direction from where the source of a sound is located 
(Gehring, 1997). Compared to stereo audio, which can only display auditory information on 
the horizontal axis, binaural audio makes it possible to determine auditory information on 
the vertical axis. Based upon this, the BA Group in the test session should be able to 
complete the tasks with better speed and accuracy than the SA Group. 
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The second expected result is based upon the results found in the previous research of 
binaural audio (Bergqvist, 2012). In the previous study it was found that by implementing 
binaural audio into a virtual environment, it could lead to that the user may get disorientated 
and may get nausea by using the software. 
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4 Pilot Study 
Before conducting the experiment, a pilot study was conducted. The aim of the pilot study 
was to reveal if the change of audio auditory feedback can affect the effectiveness of a system, 
and the effectiveness of the users’ interaction. A game prototype developed by Inclusive 
Game Design (see chapter 2.1) was borrowed to see if there is any difference in effectiveness 
between stereo audio and mono audio. During this pilot study the aim was also to discover if 
there were any differences in the techniques the participant used to progress through the 
game prototype, and to discover the amount of rooms the players was able to complete with 
the use of either stereo- or mono audio during a limited time period. 

Figure 3 The second room of Game Prototype I (Inclusive Game Design, 2014) 

4.1 Prototype 
The prototype developed by Inclusive Game Design was a point-and-click game developed 
for iPad devices. The aim of the game is to find the “girlfriend” of the protagonist that has 
gone missing. To progress and find clues of the missing girlfriend the player have to interact 
with objects in the game such as various items, non-playable characters (NPCs). The 
prototype is developed with two-dimensional visuals, but is designed with auditory- and 
narrative feedback that makes it possible for non-sighted players to also play the game. The 
interaction is done by the player swipes his/her finger across the screen and as the player 
gets close to an object, the volume of the earcon attached to the object will increase. If the 
player swipes the finger in the wrong direction away from the object, the volume of the 
earcon will decrease instead. When the user has the finger right upon an object a new sound 
will be played, and upon releasing the finger of the screen an interaction will be made with 
the current object. The prototype also includes an inventory system (see Figure 4) and a 
dialogue system (see Figure 5), which are used to use items found during the gameplay and 
to interact with NPCs that provide the player with information of how to progress. 
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Figure 4 Inventory system of Game Prototype I (Inclusive Game Design, 2014) 

Figure 5 Dialogue system of Game Prototype I (Inclusive Game Design 2014) 

4.2 Equipment 
Equipment was used together with the iPad to be able to document and record information 
about each participant. During each test session the iPad was connected to a network 
together with a Macbook Pro laptop. On the laptop, an application was used to trace and 
record the finger pattern movement made on the iPad that was saved into a database within 
the application. To make sure that nothing went lost if the application stopped working, an 
iPhone 5 mobile phone was also used to video record the finger pattern of each participant. 
The iPhone 5 was also used to record audio during a post-interview that wad held after the 
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test sessions. A blindfold was also used during each session to supress the vision of the 
participants to make sure that they only relied on the auditory feedback of the prototype. The 
audio equipment used was a pair of stereo headphones and a monophonic speaker. It was 
originally planned to use a pair of stereo loudspeakers that could produce both mono- and 
stereo audio, but due to malfunction they were removed. 

4.3 Participants 
A total of twelve participants applied for the study. The participants in the pilot study were 
students and former students of University of Skövde. They were each contacted personally 
through the social media network Facebook. Discussion was made of time and location 
where the test session would be held. The original plan was to conduct the pilot study in the 
home of participants, but due that some participant did not feel comfortable doing the study 
in their home, agreement was made to meet and do it somewhere where they felt 
comfortable and could feel no kind of stress. The participants were divided into two groups 
that differed in what audio equipment they used for the pilot study. The selection of audio 
equipment was changed upon each participant. They were not directly told what type of 
auditory feedback that was selected to them, but as they were able to see the audio 
equipment selected for them before the test sessions started, some were able to figure what 
type of auditory feedback that was selected for them. No kind of payment or reward was 
given to the participants for participating in the pilot study. 

4.4 Test sessions 
During the test session of the pilot study the participant was asked to play the prototype and 
to answer some questions in a post-interview that was held after the test session. When the 
participant felt ready they were given a blindfold and was asked to put it on. The test 
sessions started with a recorded audio message explaining the controls of the game to the 
player. Each participant was allowed to play the game for a maximum of 15 minutes, and 
when the time was over they were given a physical signal to acknowledge that they could take 
off the blindfold. When the session was over the iPhone 5 used to record video of the sessions 
was put down on a table to only record the audio from the post-interviews. After the test 
sessions, a post-interview were conducted (see Appendix A) In the post-interview, questions 
were raised to collect information regarding the following topics of each participant: 

• The participants’ response to the test session. 
• The participants’ thoughts of orienting and navigating with the selected auditory 

feedback 
• Feedback of what needs and should be improved in the prototype. 

4.5 Result 

4.5.1 Compilation of data 
Data of the finger pattern movement collected through the application and put into a table. 
From the finger pattern movement it was possible to collect data such as total amount of 
fingers movements of each participant, their total time of interaction etc. An unpaired t-test 
(2-tailed) was conducted upon the gathered data to display if there is any significance 
between the two groups. The result displayed that the average speed of those who 
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participated with mono audio was 262 pixels per second; while those who participated with 
stereo audio displayed a result of 132 pixels per second. This gave a p-value of 0.02, and 
displays that there is significance in between mono- and stereo audio. In total distance, 
mono audio gave a result of 117558/pixels, and stereo audio gave a result of 54114/pixels. 
This gave also a p-value of 0.02, which proves that there is significance in this data as well. 

4.5.2 Compilation of post-interview 
All interviews were transcribed into text. The compilation of the interviews will be included 
in the subtitles below. 

Response to the test 

Most of those who participated (10/12) agreed that it was a difficult test, but that it was an 
interesting experience. All participants explained that it took a bit of time to learn the 
mechanics and the controls of the game, and as soon they understood them, the interaction 
became easier. A great issue many participants agreed upon was the frame of the iPad. They 
explained that it was hard to notice when they were on off the screen, as there were no 
auditory or sensitive feedback when they were on the edge of the area of the screen where 
they could interact. One participant explained that some of the sound cues kept playing even 
if you were on the frame of the iPad, and made it pretty confusing at times. 

Orienting and navigating 

Ten of the participants answered that the auditory feedback they used worked to improve the 
orientation and navigation of the prototype. There were some cases where those who 
participated with mono audio explained that they would rather have used stereo audio in the 
pilot study. One of those answered that it would have improved to notify the player where on 
the screen he/she actually is, and why some of the objects are located in the places where 
they are located. One of those who participated with stereo audio mentioned that stereo 
audio improved the perception of the locations of the objects. Same participant explained 
that stereo audio improved in locating objects on the vertical axis, even though stereo audio 
only can reproduce audio on the horizontal axis. Another participant agreed on that it 
improved in locating objects on the vertical axis, but also that it improved to tell the player 
where on the screen he/she was located. 

Feedback of improvement 

Nine of the participants agreed on that there are some problems that need to be improved in 
the prototype. One of the greatest was the problem with the frame of the iPad. Many 
reported that they had problem to understand the inventory system (see Figure 4). To access 
the inventory menu the player had to touch the screen with two fingers. Many had problem 
to understand when they were in this menu and how to interact with the objects in the menu. 
This was a problem that became annoying for many of the participants. Another problem 
was the location of some objects. When the player progressed in the room shown in Figure 3 
a new objects appears that allows them to move to the next room, it appears too close below 
the door. The sound cue of this object and the door created a lot of confusion as they had 
quite similar sound and some participants thought they were one object together. Some 
participants expressed that the instruction that was given from the audio message was 
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unclear at the beginning of the game. This is possible that it could have had an effect of the 
result. 

4.6 Conclusion 
This pilot study was not entirely correctly performed. Firstly, the selection of audio 
equipment was not entirely accurately performed. As the stereo headphones and mono 
loudspeaker were not technically matched, it cannot give scientifically correct result. In the 
game prototype, all dialogues were recorded in Swedish and among the participants, there 
was one who was non-Swedish speaking. This makes this pilot study not completely 
impartial. 

Even though this study was not entirely correctly performed, there is still some useful 
information that emerged in the post-interview of the results. It seems that this prototype 
was a little bit too complex and the instructions was too unclear for many of the participants. 
The next prototypes that will be developed for the experiment will contain simpler tasks and 
better instructions. Other problems reported such as objects that were too close to each other 
will also be taken into mind. More participants will be recruited for the experiment and the 
audio equipment used will be technically matched. 
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5 Experiment 
As mentioned in chapter 3.2.1, two similar prototypes were developed to compare the 
efficiency of binaural audio with stereo audio. The only differences between these two were 
the auditory feedback, the first one was developed with binaural audio, and the second one 
was developed with stereo audio. The prototypes were developed and designed with the 
feedback that was acknowledged from the test sessions of the pilot study (see chapter 4). The 
tasks in the prototypes were to find various objects in a certain order with the only use of 
sound as feedback. This decision was made to make sure the prototypes was not as complex 
as Prototype I used in the pilot study, where the instructions were too unclear and some 
participants had some trouble to understand what to do.  

5.1 Prototypes 
The prototypes were developed with the use of the Unity 3D game engine. Unity 3D was 
selected for a number of reasons. The first reason was related to previous knowledge of Unity 
3D. The second reason was that the Inclusive Game Design project (see chapter 2.1) uses the 
same game engine, which makes it easier to borrow and import content to use in this project. 
The prototypes were developed with a two-dimensional environment and used some art. The 
art was not seen during the test sessions and was only used by me to be able to distinguish 
the rooms. The art and audio files used in the prototypes are borrowed from a point-and-
click game developed by Inclusive Game Design. A total of six scenes, or rooms were 
developed where the last three rooms were replicas of the first three ones. The differences 
between the replicas were the order the player had to find the objects. This was to discover if 
they were able to locate the objects faster when they knew where they were located. The 
scenes were designed to represent an office, an alley and a kitchen (see Figure 6, 7 and 8). 
The choice of this was because of the art and audio content borrowed from Inclusive Game 
Design. 

Figure 6 Office (Inclusive Game Design, 2014) 
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Figure 7 Alley (Inclusive Game Design, 2014) 

Figure 8 Kitchen (Inclusive Game Design, 2014) 

The objects the players were supposed to find were objects that normally can be found or 
heard in these types of locations. In the alley, the player could locate and hear objects such as 
a purring cat, crackling lamp, rattling container and rattling door. The objects were selected 
and located almost accordingly to the original point-and-click game developed by Inclusive 
Game Design (see chapter 2.1). Some objects and sound were changed to make them fit 
better in the room, and for making them easier for the player to find and identify. 

The stereo audio was produced with the audio engine Fmod, which is standard audio engine 
embedded into Unity 3D. To be able to produce binaural audio, the audio engine 3Dception 
(Nair and Thakur, 2014) was used. The 3Dception engine was chosen because it is one of few 
audio engines currently released that can simulate the perception of binaural audio on 
smartphones and tablets, which this study is focused on. The engine uses a combination of 
scripts that simulates the perception of binaural audio. These scripts were implemented into 
every object the player was supposed to find, together with an audio file representing the 
sound of the object.  

There were some issues with the use of 3Dception. During the development and the test 
session of the experiment, 3Dception was found to have insufficient support for smartphone 
and tablet development. The prototypes were from the beginning meant to be developed for 
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iPad, but this had to be changed due to the problem with 3Dception. This problem was 
solved be creating a networked version, using UDP (User Datagram Protocol). In this case, it 
was used to make it possible to control the prototypes running on a Macbook Pro from an 
iPad. To make it possible to remote the prototypes from the iPad, a lecturer assisted me 
writing two scripts, a sender scripts and a receiver script. The sender script was built and 
transferred to the iPad, while the receiver script was implemented into the prototypes. 

The interaction was made similar to the prototype in the pilot study (see chapter 4.1). The 
player swipes his/her finger on the screen on the iPad and when the player gets close to an 
object the volume of the earcon of this object increases. If the player swipes his/her finger 
away from the object the volume of the earcon will decrease. If the player’s finger is upon the 
object and an earcon will be played to confirm that the finger is on the object. An earcon has 
also been added to tell if the player mistakenly slides of the object. If the player releases the 
finger upon an object a text-to-speech recorded voice message is played to inform the player 
that he/she has found the right object. This is followed by a message that informs the player 
on what object to find next. If the player has found the wrong object a message will be played 
to inform the player to try again. 

5.2 Equipment 
As mentioned in the previous chapter, a Macbook Pro and an iPad were used to control and 
interact with the prototypes. The equipment used during the test session was similar to the 
one used during the pilot study (see chapter 4.2). A network was used to keep the iPad and 
Macbook Pro connected during the test session. No external software was used this time to 
trace and record the finger pattern movement of the participants. This time this was 
integrated into the code of the prototypes, which saved all finger pattern movement into txt-
files. A blindfold was once again used to suppress the vision to make sure that the participant 
only relied on the auditory feedback. A pair of headphones was used as audio equipment for 
both prototypes to make sure that the result would not be affected. For the post-interview, a 
Zoom H4n audio recorder was used to record the audio. 

5.3 Participants 

Table 1  Participants 

PERSON	   GENDER	   AGE	   OCCUPATION	   AUDIO/MUSIC	  EXPERIENCE	   AUDITORY	  FEEDBACK	  
Person	  A	   Male	   25	   Store	   Hobby	   Binaural	  
Person	  C	   Female	   33	   Education	   None	   Binaural	  
Person	  E	   Female	   42	   Education	   None	   Binaural	  
Person	  F	   Male	   33	   Education	   Hobby	   Binaural	  
Person	  I	   Male	   25	   Demolition	   None	   Binaural	  
Person	  K	   Male	   24	   Demolition	   Hobby	   Binaural	  
Person	  M	   Male	   25	   IT	   None	   Binaural	  
Person	  O	   Male	   23	   IT	   Hobby	   Binaural	  
Person	  Q	   Male	   27	   IT	   Hobby	   Binaural	  
Person	  S	   Male	   24	   IT	   None	   Binaural	  
Person	  U	   Male	   25	   IT	   Hobby	   Binaural	  
Person	  B	   Male	   42	   Music	   Professional	   Stereo	  
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Person	  D	   Female	   40	   Healthcare	   Hobby	   Stereo	  
Person	  G	   Male	   42	   IT	   None	   Stereo	  
Person	  H	   Female	   37	   Travel	   Hobby	   Stereo	  
Person	  J	   Female	   22	   Restaurant	   None	   Stereo	  
Person	  L	   Female	   34	   Economics	   None	   Stereo	  
Person	  N	   Male	   25	   Unemployed	   None	   Stereo	  
Person	  P	   Male	   20	   Mechanics	   None	   Stereo	  
Person	  R	   Male	   30	   IT	   None	   Stereo	  
Person	  T	   Male	   29	   IT	   Hobby	   Stereo	  
Person	  V	   Male	   25	   Mortician	   Hobby	   Stereo	  

 

A total of 22 participants volunteered for the test sessions. Among the participants who 
volunteered there were 16 men and six women between the ages of 20 to 42. As mentioned in 
chapter 3.2.2, the participants were selected from my acquaintance and applied freely to 
volunteer in the test sessions. The participants were contacted personally on location, 
through phone calls and through the social media network Facebook. Similar to the pilot test 
(see chapter 4.3) an agreement was made with participants to either do the test session in 
their home or in a place where they could feel comfortable and not be stressed. The 
participants were divided into two different groups, and the group they were divided into 
was changed at every new test session. It occurred once that two participants used the same 
prototype with the same auditory feedback after each other. This was a mistake that was 
made as it was forgotten to change the selection of prototype between the two participants. 

5.4 Test sessions 
Each test session begun with giving the participants instructions on what the task of the 
prototype was, and how to interact with it. During the instructions, the earcon for when they 
had their finger upon an object, and the earcon for when they had slide off the object were 
played to them, to make them understand the interaction of the prototype. They were then 
told what object to find first on the screen, which were repeated again by a text-to-speech 
message at the start of the prototypes. They were also instructed that there would be a post-
interview. When the participants were ready, they were asked to put on the headphone, the 
blindfold and await instructions from a text-to-speech message when they could start. There 
was no time limit during the test sessions, as it took no longer than 10 minutes at maximum 
to complete the prototypes. As presented in chapter 5.1, there were a total of six scenes, or 
rooms, the participants had to complete. When they had found the last object in every room, 
a message was played asking them to wait for the next room to load. They were also 
informed about the first object they were supposed to find in the new room. When they had 
found the last object in the sixth and final level, a message was played that told them they 
had find the last object and that they were allowed to remove the headphones and the 
blindfold. 

When they had removed the headphone and blindfold the participant were asked if they felt 
all right, and if they needed a pause before the post-interview. Most of them had to take a 
few seconds to get used to the light, but after the short recovery they answered that they were 
ready. During the post-interview (see Appendix D), question were raised to gather the 
following information from each participant: 
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• The participant's occupation and information of any hearing loss. 
• The participant's background and knowledge in audio and music 
• The participant's thoughts of navigating and orienting with binaural audio or stereo 

audio. 
• If the participant had developed any kind of technique to find the objects faster and if 

the participant used any similar software before. 
• How the participants experienced the different rooms. 
• Feedback of improvement to the prototypes. 
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6 Results and Analysis 

6.1 Compilation of data 
The data that was saved from the finger pattern movement made by each participant were 
used to extract measurement such as: the participants’ total number of touches on the 
screen, the shortest distance travelled upon the screen (from touch to release), the total 
distance travelled, and the total time of interaction in each room. Also the total speed (pixels 
per second) of each swipe of each participant, and each participant’s most effective swipes 
(pixels per second) were derived. The data of each room of each participant were calculated 
together and summarized and put into a table (see Appendix B). As mentioned in chapter 
3.2.3, the groups will be known as the “BA Group” and the “SA Group”, depending on the 
prototype they tested during the experiment. To display if there were any significant 
differences in the results between the groups, a one-tailed unpaired t-test were conducted on 
three last rooms of the prototypes. This in order to give more accurate results, as the 
participants performed better at locating the objects the second time they entered the rooms. 
The following results of the data are presented together with bar graphs. 

 

Figure 9 Total amount of touches 

In the amount of touches, the average amount of touches made by the BA Group was ≈ 23 
touches while the SA Group made an average amount of 28 touches. The p-value in the t-test 
resulted in 0.23, which displays that there are no significant differences in the result between 
the BA Group and the SA Group in the amount of touches or swipes made on the screen. 
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Figure 10 Accuracy (in pixels) 

The accuracy was measured from the shortest distance the participants could have navigated 
to the objects compared to the distance they did navigate to the objects. The result displayed 
that the BA Group had a greater accuracy of locating the objects than the SA Group. In the t-
test, this resulted with a p-value of ≈ 0.02 and displays that the BA Group performed better 
in finding the shortest routes. 

Figure 11 Total time of interaction (seconds) 

The mean total time of active interaction the participants used were ≈ 99.1 seconds, (1.65 
minutes) for the BA Group and ≈ 94.7 seconds, (1.57 minutes) for the SA Group. This means 
that the SA Group was able to finish the prototype only 8 seconds faster than the BA Group. 
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The p-value of the t-test resulted in 0.75. This means that there is no significant difference 
between groups. 

Figure 12 Total speed (pixels per second) 

The result from the total speed shows that the SA Group was faster than the BA Group in 
completing the prototypes. The mean of SA Group was≈ 214.8 pixels per second, while the 
mean of the BA Group was ≈ 146.5 pixels per second. The p-value is 0.02, which means that 
it is a significant difference in that the SA Group were faster than the BA Group. 

6.1.1 Comparison between the rooms 
The data reveals that both groups performed better in locating objects the second time they 
entered rooms compared to the first time. In a paired t-test (2-tailed) conducted between 
them displayed that there were significant differences (see Appendix C) between the first and 
the second time they entered the room. The data displayed significant differences in order of 
the number of touches, total time of interaction and accuracy from the shortest distance. In 
terms of total speed (pixels per second) and effective speed (pixels per second) there does 
not seem to be any significant differences between the first time they entered and the second 
time they entered the room. In the BA Group the p-value displayed 0.38 in order of both 
total speed and effective speed, while in the SA Group the p-value displayed 0.7 in total 
speed and 0.09 in effective speed. 

In comparison between the two groups between the first and second time of entering the 
rooms an unpaired t-test (2-tailed) was conducted. The data displayed no significant 
differences the first time the participants entered the rooms. The second time the 
participants entered the room the data displayed significant difference in accuracy from the 
shortest distance and total speed. In accuracy from the shortest distance the p-value 
displayed 0.04, and in total speed the p-value displayed o.o2. 
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6.2 Compilation of post-interviews 
As mentioned in chapter 5.2, all interviews were recorded with the use of Zoom H4n. The 
post-interview was transcribed to make it easier to compile all the answers. The compilation 
of the interviews will be divided into the subtitles below. 

6.2.1 Background of the participants 
The 22 participants who participated varied a lot in their occupations. Some were in the area 
of healthcare, education, IT etc. There was only one who participated who was working in the 
music and audio industry. In regard of their previous knowledge in music and audio, 50% of 
the participants answered that they have been working with music or audio in the past, or 
works with it currently as a hobby. To acknowledge if there could have been any disabilities 
that could have affected the result, a question was raised to all participants if they had any 
type of hearing loss that they are aware of. 18% of the participants answered that they had a 
hearing loss, and that they were either born with it, obtained through loud music concerts. 
One participant explained that he had received it by a blow in one ear.  

6.2.2 Response to the prototypes 
In order to acknowledge if there were any possible problems that occurred during the test 
sessions of the experiment (see chapter 5), questions were raised to identify those. The 
participants were asked if they felt any kind of problems during the test sessions. 72% 
answered that they felt some minor or major problems that could have affected the results. 
Most of them answered that they had problem to identify and to understand the description 
of the audio and what it was supposed to represent. They also reported that they had 
problems to distinguish some of the sounds from each other. Some subjects responded that 
they felt that some of the audio was either too intense or too loud, which made it hard to hear 
the interface sound that indicated that they were hovering the object or if they had slid off. 
To discover if there were any specific earcons that they felt were hard to understand, 
questions were raised in order to identify those. 81% answered that they felt some audio that 
was quite unclear. A majority of these answered that they had trouble separating two earcons 
in the first room. These two objects represented a door and a painting. Many thought that 
they had a too similar character of the sound. When they had found the painting they had 
actually found the door and vice versa. Others reported they had trouble to understand some 
other of the earcons. In the second room there were an object representing a cat and the 
earcon attached had the audio of a purring cat. Some reported that when they were given the 
instruction to find and locate a cat, they were searching for a mewing cat and were confused 
when they heard another sound. Others reported that they interpreted some of the earcons 
different to what they were actually supposed to represent. Examples of this can be found in 
the first room, where an object was supposed to represent a radio, while the participant 
though it was a concrete drill. Another participant thought an object in the second room that 
were supposed to represent a lamp, was a laser gun.  

In the pilot study (see chapter 4.5.2), many participants responded that they did not 
understand the instructions or that they had misunderstood them. In order to be sure that 
they had understood the instructions this time, a question was asked on whether they had 
had any trouble understanding the instructions. Only one participant answered that he had 
misunderstood the instructions, and thought that there only would be one object to find and 
locate in the room at the time until he understood that there were more.  
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6.2.3 Navigating and orienting 
Almost every participant agreed it was easy and simple to navigate and orient with his/her 
current auditory feedback. Some answered that using binaural audio gave a feel of navigating 
and orienting in surround sound. One participant who used binaural audio reported that he 
had trouble to locate the middle of the objects and reported that the sound in the 
headphones quickly changed panning from one ear to the other. This was possibly due to a 
glitch of 3Dception (see chapter 5.1).  

A question was asked to the participants if they used any certain technique, or techniques in 
order to navigate and locate the objects. This question was asked in order to discover if there 
were any common patterns or techniques between the participants. 90% answered that they 
used some technique of some sort to be able to locate the objects faster. Many reported that 
they tried to remember where objects were located, while others reported that they used 
various swiping techniques. Many reported that they first swiped the screen of the iPad 
horizontally; while some swiped the screen vertically to get an overview of where different 
objects were located. One participant reported on a technique where he tried to swipe from 
the middle of the screen downward, turned left, then turned up when he reached the frame 
of the iPad and then right to get an overview of the screen. Many reported that they tried to 
imagine what the rooms looked like. All six women who participated reported that they tried 
using this technique when navigating to be able to locate the objects. One reported that when 
she tried to find the painting, she searched on the top area of the screen as she thought that 
paintings normally are located high up on a wall. Of the 16 men who participated, nine 
reported that they tried to imagine the rooms. The other seven reported that they were too 
busy locating the objects to be able to use this technique. Some reported that they would 
have liked to have some kind of ambiance sound in each room to make it easier to identify 
and imagining them.  

The participants were asked if they had used any similar auditory display. Three participants 
answered that they had been in contact with similar auditory displays before. Two of those 
had been participating in a similar experiment while the third explained that he used a 
surround sound system when he played video games. He explained that he often used the 
auditory feedback of the surround system more than he used the visual feedback on the TV, 
as he felt the audio conveyed more information about the situation in the game. 

6.2.4 Feedback of improvement 
During the test sessions there were participants who contributed with feedback of how to 
improve the prototypes or the technology. One participant presented the idea to use two 
fingers to navigate the screen, as an individual with visual impairment might want to use 
both hands in order to navigate and orient on a screen. Another participant expressed that 
he found it to be very pleasant to work with his ears instead of his eyes. He suggested that it 
would be interesting to use a real functional system that had ear-to-hand coordination 
instead of the eye-to-hand coordination used in technologies such as video game systems. 

6.3 Interpretation of results 
The significant difference that could be displayed was that the BA Group performed better in 
accuracy, while the SA Group performed better in total speed. Overall there does not seem to 
be any results that display that binaural audio is a better choice for improving the 
effectiveness of interaction in a system. This implies that adding auditory feedback on the 
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vertical axis, will not make the user able to navigate and locate objects faster or with greater 
accuracy. It does not seem that the differences knowledge in music and audio did affect the 
result in any way. In the data, it seems that those who had greater knowledge did perform 
equally to the participants who had no previous knowledge.  

From the post-interview, it was possible to observe that the most common techniques were 
to swipe over the screen horizontally or vertically to get an overview of where the objects 
were located. Another technique that was also found was that participants tried to imagine 
what the rooms looked like in order to try to figure out where objects could possibly be 
located. It seems that this technique is more common with the female participants. All six of 
the women who participated reported that they used this technique compared to nine out of 
16. This could possibly imply that women have a better ability to imagine and recreate rooms 
in their mind. This cannot be verified through the small sample in this study. 

Regarding earcons, it seems that there is a difference in what the participants expects them 
to sound like. It is possible that what the participants expected the earcons to sound like is 
very personal. Some participants presented that they expected the cat to do a meowing 
sound instead of the purring sound that was attached to the object. Another observation 
from the first room, where participants had trouble to distinguish the painting and the door, 
is that it seems that sounds that had a similar characteristics should not be located too close 
to each other or in the same room. As some participants reported that they did not know 
what a rattling painting sounds like, it seems to be a better choice of using more common 
sounds that participants know how they sound like. It may also be a good idea to do research 
of what participants expects to hear before implementing sound to the objects. 

Another observation found in the post-interview is that there was at least one possible case 
of cognitive dissonance. Rumsey and McCormick (2006) presented that from learned 
experience, our brain expects that certain sounds is heard from certain directions, and may 
otherwise lead to confusion. This could possibly have happened as one of the participants 
reported that when she tried to locate the painting, she searched in the top area of the screen 
as paintings are normally expected to be high up upon a wall. If the painting now should 
have been located in the lower area of the screen, it could possibly have led to cognitive 
dissonance. This should be taken in mind for future projects when designing a system using 
earcons as the ones used in this study. 

6.3.1 Hypothesis 
Hypothesis: The users of a non-visual system would be able to complete different tasks 
faster with the use of binaural audio as it allows the user the hear and locate sound in the 
vertical axis, which would improve the efficiency and accuracy of locating objects in the 
system. 

The data displayed that the BA Group did not perform better than the SA Group. There does 
not seem to be any significant differences between the two groups. The results display that 
adding auditory feedback on the vertical axis does not seem to improve effectiveness of 
locating object in a system. A reason for this could possibly be that the participants were not 
actually aware of the effects of binaural audio, or that they relied on the 
increasing/decreasing volume of the earcons when navigating. To consider this hypothesis 
confirmed, or rejected it is possible that this study should have been conducted on one group 
instead of two, where the participants try both the prototypes. The purpose for this is to 
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discover if the participants do experience and differences between using binaural- or stereo 
audio. 
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7 Conclusions 

7.1 Summary of result 
In this study, an experiment was performed with a total of 22 participants. Two prototypes 
were developed with the only difference that one used binaural audio and the other used 
stereo audio. The participants were into two different groups. The group using the prototype 
with binaural audio was called the “BA Group” while the group who used the stereo audio 
was called “SA Group”. The results of the study showed that there were significant 
differences in the result, but none that display that binaural audio is more effective than 
stereo audio or vice versa. BA Group performed better in accuracy to the shortest distance 
they could have navigated to the objects, while The SA Group performed better when it 
comes to total speed. The occupations of the different participants did not seem to affect the 
result in any way where some people who had less experience in audio and music who 
performed equally well or better than those with greater experience. One observation from 
the interviews is that all female participants used a technique of visualizing the room they 
are navigating in order to locate the objects, while only nine out of 16 of the male 
participants used the same technique. This does not confirm that the female participants is 
better of visualization as the amount between women and men were unequal, but could 
possibly be a study for future research. 

The hypothesis used in this study cannot be completely confirmed or rejected. The result did 
display that there is no significant differences between binaural audio and stereo audio as 
use of auditory feedback. It could be possible though that the participants who participated 
with the prototype with binaural did not experience the effects of binaural audio. It could be 
possible they used only listened to the increase/decrease of volume to convey if they were 
orienting in the right direction. It could be possible that an un-paired t-test was the wrong 
selection for this study, and it would have been better with a paired t-test where participants 
tries both prototypes. 

7.2 Discussion 
In the experiment, participants with various occupations in healthcare, education, music, IT 
etc. participated. Their knowledge in music and audio do not seem to have affected the 
results. If their knowledge in music and audio would have had a great effect on the result it 
should have been greater differences between the participants. If this was the case, the 
participant working in the music industry should have been able to perform better than the 
majority, but as it seems now he performed equally well as most of the participants. It does 
not seem that participants who are more experienced in gaming or in IT performed better 
than anyone else either. None of the participants’ previous skill or use of tablets and 
smartphone were collected or documented and it is possible that it had affected the result 
somehow. 

From the result presented, it does not seem that binaural audio improves the effectiveness of 
performance of interaction in a system. As binaural audio makes it possible to hear audio in 
the vertical axis, those who participated with binaural audio should have been able to find 
the objects faster than the once who participated with stereo audio. There are many possible 
reasons why this was not achieved. It could be that the participants did not experience the 
effects of binaural audio. It is also possible, that participants relied on the volume 
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increase/decrease of the earcons more than the effects of binaural audio. Another reason 
may be that binaural audio has to be experienced in a three-dimensional environment in 
order to be able to tell the direction of a source. It could also be that simple that binaural 
audio does not improve the effectiveness of performance of interaction in a system. 

One interesting observation that was found in the post-interview was the participant who 
explained that when she was looking fora painting, she was searching in the top area of the 
screen, as if she was in a room. As Holman (2002), Rumsey and McCormick (2006) presents 
that if the position of a source is visually and aurally mismatched it can cause cognitive 
dissonance. An example they present is if the sound of an airplane comes from beneath, 
when it is expected to come from above. Because of this, it is possible that if the painting 
were located in the bottom area of the screen it could have caused cognitive dissonance. It is 
still not certain though that some participants did feel cognitive dissonance as some of the 
objects could have been expected to be in a certain area of the screen. This could be a 
possible reason why some of the participants had trouble finding some of the objects on the 
screen, as they tried to imagine a room and the location of objects were not matched with 
how they imagined the room. 

As noticed in the results, some participants had trouble to understand the earcons used to 
represent various objects. This was to some point suspected from Kortum (2008) who states 
that the difficulty with earcons is that users have to learn what they are supposed to 
represent. It was interesting to discover that it seems to be very personal of what the 
participants expected the earcons to sound like. An example of this can be found in the 
second room with the cat. The earcon attached to the cat had the sound of a purring cat. 
Many participants did not report this as a problem while some presented that they expected 
the sound of a mewing cat. Another example is that two participants thought the radio in the 
first room was just static white noise or a concrete drill. 

7.3 Future work 
There are multiple possibilities for future work. One future study could possibly be to 
rearrange this study in order to try to confirm or reject the presented hypothesis. A possible 
method for this could be to do an experiment on one group of participants, where they try 
both prototypes in order to see if they experience any differences. This could possibly 
enhance the result and possibly confirm or reject the hypothesis. Another study could be to 
look into the cognitive dissonance (Holman, 2002; Rumsey and McCormick, 2006) in games 
to discover how this really can affect players during gameplay. How would it affect the 
players when an airplane is heard from below when it is normally heard from above? Other 
research in cognitive dissonance could be how and where people expect different objects to 
appear, as one participant in this study expected the portrait to appear in the top area of the 
screen. In this study it was noticeable that all female participant tried to imagine a room as a 
technique to try to locate the different objects in this room. This technique was only used by 
nine out of sixteen of the male participants. This could possibly be conducted as a genus 
study to see if there is a difference between women and men when it comes to recreating a 
room when only auditory feedback is available. It would also be interesting if the participant 
would recreate their imagining of how they think the room looks like to discover how close a 
room can possibly be recreated with the use of only audio. Another possible study would be 
to find a standardization of earcons, to discover what sound effect people expect to hear in 
order to create more security that they have found the right object in a similar system as this. 
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And one last suggestion as binaural audio is currently being developed in to audio engines 
would be how it differs in effectiveness in a three-dimensional environment compared to a 
two-dimensional environment. 
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Appendix A – Pilot Study Post-interview Question 
1. What is your occupation? 
2. How did you think it went? 
3. How did you think it was possible to navigate and orient? 
4. Anything else you want to add? 
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Appendix B – Data from Experiment  

PERSON	   GENDER	   AGE	   OCCUPATION	  
AUDIO/MUSIC	  
EXPERIENCE	   AUDITORY	  FEEDBACK	  

Person	  A	   Male	   25	   Store	   Education	   Binaural	  
Person	  C	   Female	   33	   Education	   None	   Binaural	  
Person	  E	   Female	   42	   Education	   None	   Binaural	  
Person	  F	   Male	   33	   Education	   Hobby	   Binaural	  
Person	  I	   Male	   25	   Demolition	   None	   Binaural	  
Person	  K	   Male	   24	   Demolition	   Hobby	   Binaural	  
Person	  M	   Male	   25	   IT	   None	   Binaural	  
Person	  O	   Male	   23	   IT	   Hobby	   Binaural	  
Person	  Q	   Male	   27	   IT	   Hobby	   Binaural	  
Person	  S	   Male	   24	   IT	   None	   Binaural	  
Person	  U	   Male	   25	   IT	   Hobby	   Binaural	  
Person	  B	   Male	   42	   Music	   Professional	   Stereo	  
Person	  D	   Female	   40	   Healthcare	   Hobby	   Stereo	  
Person	  G	   Male	   42	   IT	   None	   Stereo	  
Person	  H	   Female	   37	   Travel	   Hobby	   Stereo	  
Person	  J	   Female	   22	   Restaurant	   None	   Stereo	  
Person	  L	   Female	   34	   Economics	   None	   Stereo	  
Person	  N	   Male	   25	   Unemployed	   None	   Stereo	  
Person	  P	   Male	   20	   Mechanics	   None	   Stereo	  
Person	  R	   Male	   30	   IT	   None	   Stereo	  
Person	  T	   Male	   29	   IT	   Hobby	   Stereo	  
Person	  V	   Male	   25	   Mortican	   Hobby	   Stereo	  

	   	   	   	   	   	  Average	   	  	   28	   	  	   	  	   BA	  Group	  
Average	   	  	   31	   	  	   	  	   SA	  Group	  
TTEST	   	  	   0,12	   	  	   	  	   1-‐tailed	  
TTEST	   	  	   0,24	   	  	   	  	   2-‐tailed	  
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#	  OF	  
TOU
CHES	  

SHORTEST	  
DISTANCE	  (FROM	  
TOUCH	  TO	  
RELEASE)	  

TOTAL	  DISTANCE	  
(FROM	  TOUCH	  
TO	  RELEASE)	  

TOTAL	  
TIME	  OF	  
INTERACTI
ON	  

ACCURACY	  
FROM	  
SHORTEST	  
DISTANCE	  

TOTAL	  
SPEED	  
(PIXELS	  
PER	  SEC)	  

38	   9315,0	   35479,4	   181,1	   16298,1	   178,8	  
37	   12456,6	   45745,9	   252,9	   26164,4	   198,5	  

199	   42662,2	   92920,1	   533,2	   33289,3	   272,2	  
44	   9859,7	   26157,9	   272,4	   50257,9	   102,3	  
66	   14616,1	   64304,0	   569,4	   49687,9	   104,6	  
30	   8601,7	   22199,5	   342,3	   13597,8	   81,9	  
40	   7195,2	   24496,0	   461,6	   17300,8	   52,5	  
35	   7260,6	   21856,2	   196,8	   14595,5	   141,6	  
30	   7189,7	   24721,9	   298,0	   17532,2	   80,3	  
31	   7844,2	   28976,2	   311,1	   21132,0	   105,1	  
58	   9772,9	   61976,7	   534,8	   52203,8	   120,6	  
64	   18527,9	   71062,1	   335,3	   52534,2	   203,0	  

108	   53111,9	   101349,2	   383,4	   48237,3	   274,6	  
42	   11340,2	   42725,4	   274,3	   31385,2	   151,1	  
96	   23777,0	   86277,5	   348,5	   62500,6	   219,9	  
54	   15764,7	   33158,1	   420,3	   17393,4	   96,0	  
80	   22167,6	   90880,8	   425,3	   68713,2	   206,7	  

136	   24838,8	   69447,6	   268,1	   44608,8	   226,5	  
61	   11471,3	   40253,9	   260,2	   28782,6	   103,8	  
39	   9617,5	   36811,5	   178,8	   27193,9	   185,1	  

171	   24372,9	   82850,9	   248,5	   58478,0	   218,9	  
51	   10738,4	   35839,4	   317,5	   25101,0	   86,6	  

	   	   	   	   	   	  55,3	   12434	   40803,1	   359,4	   28369,1	   130,8	  
82	   20520,8	   62787	   314,6	   42266,2	   179,3	  

0,09	   0,06	   0,02	   0,18	   0,03	   0,04	  
0,19	   0,11	   0,05	   0,37	   0,06	   0,08	  
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Appendix C – Comparison between the rooms 
BA Group 

PERSON	   GENDER	   AGE	   OCCUPATION	   AUDIO/MUSIC	  EXPERIENCE	   ROOMS	  
Person	  A	   Male	   25	   Store	   Education	   First	  three	  
Person	  C	   Female	   33	   Education	   None	   First	  three	  
Person	  E	   Female	   42	   Education	   None	   First	  three	  
Person	  F	   Male	   33	   Education	   Hobby	   First	  three	  
Person	  I	   Male	   25	   Demolition	   None	   First	  three	  
Person	  K	   Male	   24	   Demolition	   Hobby	   First	  three	  
Person	  M	   Male	   25	   IT	   None	   First	  three	  
Person	  O	   Male	   23	   IT	   Hobby	   First	  three	  
Person	  Q	   Male	   27	   IT	   Hobby	   First	  three	  
Person	  S	   Male	   24	   IT	   None	   First	  three	  
Person	  U	   Male	   25	   IT	   Hobby	   First	  three	  
Person	  A	   Male	   25	   Store	   Education	   Second	  three	  
Person	  C	   Female	   33	   Education	   None	   Second	  three	  
Person	  E	   Female	   42	   Education	   None	   Second	  three	  
Person	  F	   Male	   33	   Education	   Hobby	   Second	  three	  
Person	  I	   Male	   25	   Demolition	   None	   Second	  three	  
Person	  K	   Male	   24	   Demolition	   Hobby	   Second	  three	  
Person	  M	   Male	   25	   IT	   None	   Second	  three	  
Person	  O	   Male	   23	   IT	   Hobby	   Second	  three	  
Person	  Q	   Male	   27	   IT	   Hobby	   Second	  three	  
Person	  S	   Male	   24	   IT	   None	   Second	  three	  
Person	  U	   Male	   25	   IT	   Hobby	   Second	  three	  

	   	   	   	   	   	  Average	   	  	   	  	   	  	   	  	   First	  three	  
Average	   	  	   	  	   	  	   	  	   Second	  three	  
TTEST	   	  	   	  	   	  	   	  	   1-‐tailed	  
TTEST	   	  	   	  	   	  	   	  	   2-‐tailed	  
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#	  OF	  
TOU
CHES	  

SHORTEST	  
DISTANCE	  (FROM	  
TOUCH	  TO	  
RELEASE)	  

TOTAL	  DISTANCE	  
(FROM	  TOUCH	  
TO	  RELEASE)	  

TOTAL	  
TIME	  OF	  
INTERACTI
ON	  

ACCURACY	  
FROM	  
SHORTEST	  
DISTANCE	  

TOTAL	  
SPEED	  
(PIXELS	  
PER	  SEC)	  

17,0	   5497,5	   18780,2	   113,7	   13282,8	   146,1	  
21,0	   6868,8	   23390,8	   167,1	   22456,8	   155,7	  
133,0	   31068,1	   66964,0	   391,7	   35895,9	   289,5	  
27,0	   4928,1	   15230,4	   203,0	   10302,2	   73,1	  
31,0	   6653,5	   46728,5	   444,8	   40075,0	   65,7	  
18,0	   5071,9	   13846,1	   241,2	   8774,1	   82,2	  
21,0	   4577,7	   17809,8	   349,4	   13232,1	   56,6	  
21,0	   4645,2	   16006,1	   148,0	   11360,9	   147,7	  
18,0	   4072,5	   12988,5	   205,0	   8916,0	   64,8	  
18,0	   4331,8	   17543,9	   225,5	   13212,1	   94,5	  
40,0	   6915,5	   48480,4	   426,5	   41564,9	   118,8	  
21,0	   3817,5	   16699,2	   67,4	   12881,7	   205,3	  
16,0	   5587,8	   22355,0	   85,8	   16767,2	   254,2	  
75,0	   14073,6	   32368,8	   194,5	   18295,2	   237,4	  
17,0	   4931,6	   10927,5	   69,3	   5995,9	   148,6	  
35,0	   7962,6	   17575,5	   124,6	   9612,9	   139,0	  
12,0	   3529,7	   8353,4	   101,1	   4823,7	   81,3	  
19,0	   2617,6	   6686,2	   112,2	   4068,7	   39,8	  
14,0	   2615,4	   5850,1	   48,9	   3234,7	   127,5	  
12,0	   3117,2	   11733,4	   93,0	   8616,2	   97,8	  
13,0	   3512,4	   10585,7	   85,6	   7073,3	   155,2	  
18,0	   2857,4	   13496,3	   108,3	   10638,9	   125,2	  

	   	   	   	   	   	  33,2	   7693,7	   27069,9	   265,1	   14594,6	   117,7	  
23	   4965,7	   14239,2	   99,1	   9273,5	   146,5	  

0,04	   0,05	   0,00	   0,00	   0,00	   0,04	  
0,08	   0,10	   0,01	   0,00	   0,01	   0,08	  

 

 

 

 

 

 

 

 

 

 



 VI 

SA Group 

PERSON	   GENDER	   AGE	   OCCUPATION	   AUDIO/MUSIC	  EXPERIENCE	   ROOMS	  
Person	  B	   Male	   42	   Music	   Professional	   First	  three	  
Person	  D	   Female	   40	   Healthcare	   Hobby	   First	  three	  
Person	  G	   Male	   42	   IT	   None	   First	  three	  
Person	  H	   Female	   37	   Travel	   Hobby	   First	  three	  
Person	  J	   Female	   22	   Restaurant	   None	   First	  three	  
Person	  L	   Female	   34	   Economics	   None	   First	  three	  
Person	  N	   Male	   25	   Unemployed	   None	   First	  three	  
Person	  P	   Male	   20	   Mechanics	   None	   First	  three	  
Person	  R	   Male	   30	   IT	   None	   First	  three	  
Person	  T	   Male	   29	   IT	   Hobby	   First	  three	  
Person	  V	   Male	   25	   Mortican	   Hobby	   First	  three	  
Person	  B	   Male	   42	   Music	   Professional	   Second	  three	  
Person	  D	   Female	   40	   Healthcare	   Hobby	   Second	  three	  
Person	  G	   Male	   42	   IT	   None	   Second	  three	  
Person	  H	   Female	   37	   Travel	   Hobby	   Second	  three	  
Person	  J	   Female	   22	   Restaurant	   None	   Second	  three	  
Person	  L	   Female	   34	   Economics	   None	   Second	  three	  
Person	  N	   Male	   25	   Unemployed	   None	   Second	  three	  
Person	  P	   Male	   20	   Mechanics	   None	   Second	  three	  
Person	  R	   Male	   30	   IT	   None	   Second	  three	  
Person	  T	   Male	   29	   IT	   Hobby	   Second	  three	  
Person	  V	   Male	   25	   Mortican	   Hobby	   Second	  three	  

	   	   	   	   	   	  Average	   	  	   	  	   	  	   	  	   First	  three	  
Average	   	  	   	  	   	  	   	  	   Second	  three	  
TTEST	   	  	   	  	   	  	   	  	   1-‐tailed	  
TTEST	   	  	   	  	   	  	   	  	   2-‐tailed	  
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#	  OF	  
TOU
CHES	  

SHORTEST	  
DISTANCE	  (FROM	  
TOUCH	  TO	  
RELEASE)	  

TOTAL	  DISTANCE	  
(FROM	  TOUCH	  
TO	  RELEASE)	  

TOTAL	  
TIME	  OF	  
INTERACTI
ON	  

ACCURACY	  
FROM	  
SHORTEST	  
DISTANCE	  

TOTAL	  
SPEED	  
(PIXELS	  
PER	  SEC)	  

44	   10160,7	   38924,1	   206,0	   28763,4	   176,6	  
68	   36048,6	   66323,7	   271,7	   65389,7	   262,5	  
26	   7276,3	   21806,1	   178,8	   14529,8	   119,9	  
55	   11897,0	   44422,2	   206,1	   32525,1	   180,2	  
34	   9525,2	   23017,3	   332,8	   13492,0	   79,6	  
49	   13891,5	   67567,9	   332,3	   53676,3	   197,7	  

109	   18659,9	   54078,3	   196,5	   35418,4	   225,6	  
48	   7829,3	   21186,5	   179,9	   13357,2	   77,7	  
19	   4408,2	   15547,0	   98,1	   11138,8	   136,8	  

108	   15909,0	   55567,5	   176,5	   39658,5	   238,5	  
29	   9269,5	   27908,1	   260,0	   18638,7	   91,9	  
20	   8367,2	   32138,0	   129,3	   23770,8	   261,1	  
40	   17063,4	   35025,5	   111,7	   17962,1	   295,1	  
16	   4063,9	   20919,3	   95,5	   16855,4	   201,8	  
41	   11879,9	   41855,4	   142,3	   29975,4	   273,2	  
20	   6239,4	   10140,8	   87,5	   3901,4	   123,9	  
31	   8276,1	   23312,9	   93,0	   15036,9	   220,8	  
27	   6178,9	   15369,3	   71,7	   9190,4	   246,5	  
12	   3475,7	   15724,0	   93,5	   12248,3	   200,1	  
20	   5481,1	   20590,9	   88,1	   15109,8	   230,9	  
63	   8463,8	   27283,4	   72,0	   18819,6	   229,9	  
22	   1469,0	   7931,3	   57,5	   6462,3	   79,6	  

	   	   	   	   	   	  53,5	   13170,5	   39668,1	   221,7	   22541,8	   162,4	  
28	   7359,8	   22753,7	   94,7	   15393,9	   214,8	  

0,00	   0,00	   0,00	   0,00	   0,01	   0,00	  
0,00	   0,01	   0,01	   0,00	   0,02	   0,00	  

 

Comparison between first three rooms between BA Group and SA Group 

GROUP	   TTEST	  
#	  OF	  
TOUCHES	  

SHORTEST	  
DISTANCE	  
(FROM	  
TOUCH	  
TO	  
RELEASE)	  

TOTAL	  
DISTANCE	  
(FROM	  
TOUCH	  
TO	  
RELEASE)	  

TOTAL	  
TIME	  OF	  
INTERACTI
ON	  

ACCURACY	  
FROM	  
SHORTEST	  
DISTANCE	  

TOTAL	  
SPEED	  
(PIXELS	  
PER	  
SEC)	  

BA	  
GROUP	  

1-‐
tailed	   0,08	   0,07	   0,06	   0,15	   0,08	   0,07	  

SA	  
GROUP	  

2-‐
tailed	   0,15	   0,13	   0,13	   0,31	   0,16	   0,13	  
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Comparison between second three rooms between BA Group and SA Group 

GROUP	   TTEST	  
#	  OF	  
TOUCHES	  

SHORTEST	  
DISTANCE	  
(FROM	  
TOUCH	  TO	  
RELEASE)	  

TOTAL	  
DISTANCE	  
(FROM	  
TOUCH	  TO	  
RELEASE)	  

TOTAL	  
TIME	  
OF	  
INTERA
CTION	  

ACCURACY	  
FROM	  
SHORTEST	  
DISTANCE	  

TOTAL	  
SPEED	  
(PIXELS	  
PER	  SEC)	  

BA	  
GROUP	  

1-‐
tailed	   0,23	   0,08	   0,02	   0,38	   0,02	   0,01	  

SA	  
GROUP	  

2-‐
tailed	   0,45	   0,16	   0,04	   0,75	   0,04	   0,02	  
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Appendix D – Experiment Post-interview 
1. What is your occupation? 
2. What is your experience in audio and music? 
3. Do you have some type of hearing loss? 

a. If yes, how and when did you receive it? 
4. What was the greatest problem during the test session? 
5. Was there any sound, or sounds that you thought were unclear? 
6. Did you have any trouble following the instructions? 

a. If yes, what was difficult to understand? 
7. How did you think that it was possible to navigate and orient in stereo audio, or 

binaural audio? 
8. Did you experience that you could hear the audio on the vertical axis? 
9. Have you used anything like this system before? 

a. If yes, what system have you used? 
10. How did you experience the rooms? Did you get a picture of what the rooms looked 

like and what kind of room you were in? 
11. Other opinions or comments of how to improve the prototypes? 


