Bachelor Thesis Project

Meta-analysis of Audio Feedback
in Human-Computer Interaction

Under guidance of Manoj Majhi, Assistant Professor, IIT Guwahati

Undertaken by:
Tejas Rode
(07020516)
Thesis Report

Acknowledgement
I would like to sincerely thank my project guide Manoj Majhi, Department of
Design, IIT Guwahati for his expert guidance and constant encouragement in the
course of the project, all the users who have participated in the experiment, the
faculty members, staff and all other persons involved in this project.

Abstract
Our auditory sense is one of the important factors affecting our perceptual
and cognitive judgments. There has been considerable work to incorporate
audio interfaces in human-computer interactions. Through this project, the
audio output of the computer has been extensively studied to identify
fundamental elements of information it carries.
Taking lessons from human-human interactions, a framework of audio icons
has been constructed to improve human-computer interactions. This
framework is an action-audio feedback map that associates a range of audio
feedback parameters with atomic interface actions. Current research and
the experiments conducted as a part of this project have validated this
framework.
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1 Introduction

1.1 Aim
A meta-analysis combines the results of several studies that address a set of related
research hypotheses. The aim of this project was to study the audio feedback in
human-computer interaction and construct a framework for guiding audio feedback interfaces for novice computer users.
1.2 Background
Audio feedback in a human-computer interaction is used to deliver the computer
output. This is usually done to supplement the visual output. Most of today’s
computers already have sophisticated audio output. However, there are only few
instances when the audio output helps to avoid visual overload. As novice computer users gradually become expert, they generally ignore or even disable the
audio output of the computer.
Through this project, attempts have been made to identify how audio output is
constructed thus helping its users to get maximum information from precise audio
feedback.
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1.3 Methodology
There has been considerable work on audio feedback in human-computer interactions.
By analyzing the existing audio feedback for simple widgets like button, scroll bar and
menu bar, an insight into the construction of audio feedback is acquired.
The methodology consists of:
1) Breaking down the existing audio outputs into their most fundamental levels, called
audio icons or earcons
2) Finding similarities and differences among audio icons
3) If similarities or differences exist, collecting them and integrating them to form
atomic earcons that carry precise audio information (analogous to visual icons that
carry precise visual information)
4) Feedback-action mapping in a framework to construct audio widgets
5) Demonstrating an application of the framework to show its expressive power
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The following flowchart shows the process followed in this project.
research papers /
online resources

audio output clips

manipulation
(to form earcons)
user testing of earcons
modification (if required)

construction of initial framework

application (to a simple widget)

evaluation
rectification (if required)

final framework
Fig. 1.1
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2 Literature Review
Considerable number of research papers and resources in the field of audio feedback
in human-computer interaction and sound were studied for this project. The following
sections contain findings from these literatures. (The details of the papers and links to
the resources are mentioned in the reference.)
In the first section human-human interactions are studied with the help of Bellotti’s
framework. Such a study is useful in improving the interactions between the user and
computer. This approach is relevant because 1) it clarifies the very purpose of computer output, and 2) it helps to identify precise audio elements that constitute the
audio output.
Buxton’s interaction model, as described in section 2, pin-points the instances when
computer output is required. This model works independent of the interface or widget
through which the user interacts.
In section 3, Conn’s eight task properties were studied.
Basics of sound and music are discussed in section 4.
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2.1 Bellotti’s framework
Victoria Bellotti is a Principal Scientist and the developer of PARC, a Xerox company.
Bellotti’s work attempts to improve the interactions between human and computer
using lessons from interactions among humans. She defines various ‘genres’ (sets of
design principles) of human-computer interactions, some of them being Graphical
User Interface, Audio User Interface, Haptic User Interface, etc.
She states five questions and corresponding challenges that must be answered in
order to improve human-computer interactions:
1) How to address the computer?
2) How to ensure computer’s attention?
3) How to initiate and control an action on the computer?
4) How to be aligned with computer’s progress?
5) How to avoid accidents?

Parameter

Explanation

Address

According to Bellotti, an interaction starts when a human addresses the
computer. This address is the first input to the computer. The main challenge is to give a precise input to the correct input device. In audio
output, the primarily dependence for the input from user is on GUI.
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Parameter

Explanation

Attention

Attention may be visualized as the audio output corresponding to the

priate feedback so that the user can be aware of the computer’s attention.
For such appropriate output, earcons can display the information
of computer’s state.

Action

An interaction can be thought of as a combination of actions performed
by the user and the computer’s state change corresponding to each
action of the user. The action eventually changes the state of the computer from an old state to a new state. To make an action, the user again
needs an input device, which can be an audio interface.

Alignment

The fact that the computer has registered an action should be conveyed
to the user at every state. This is called alignment. To keep the user completely informed about the state of the computer there are three types of
output: feed-forward to indicate an approaching state, feed-through to
indicate the current state, and feed-back to indicate a dying state. Feedforward and feed-back are used to associate user’s actions through Buxton’s
model. This is the key of point where the user gets distinctive
and appropriate audio output for the actions.

Accident

One of the ways to avoid accidents is intervening when the user makes
errors. This can be done by giving appropriate feed-forward for the error
prone state.
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2.2 Buxton’s 3-state model
Bill Buxton is Principle Researcher at Microsoft Research, Washington USA.
Buxton describes a model called ‘state-model’. In the state-model, the user and
the computer interact in the following way. Assume a simple task of clicking a
mouse button. Initially, the computer is at the ‘mouse-up’ state. The user is free
to perform two actions at this state. First, (s)he may simply move the mouse,
effectively moving the pointer on the screen. Such a motion of mouse at the
mouse-up state is called ‘hovering’. Second, the user may press the mouse
button, thus changing computer’s state to ‘mouse-down’. At the mouse-down
state, user again has two choices. First, (s)he may simply move his mouse. Such a
motion at the mouse-down state is called ‘dragging’. Second, (s)he may release
the mouse button, thus changing computer’s state back to ‘mouse-up’. In this
model of Buxton, the actions performed by the user are called ‘atomic actions’.
The following illustration shows how output is associated to user’s actions and
computer’s states at the atomic level. This model is adopted from Buxton. This
model is useful to us because it treats an action in the terms of its elementary
actions and corresponding state changes, and because it can be potentially
applied to higher tasks to give a clear picture of their structures. Its layout is
modified to accommodate more actions for compound tasks.
mouse-down
mouse-up
state
release
the
button
state

press the button
track to the button

drag (if possible)

Fig. 2.1
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2.2 Buxton’s 3-state model
Examples of application of Buxton’s model to higher tasks such as selecting a menu item, scrolling a page, panning / zooming a map are illustrated
here.
A) Panning / zooming a map
mouse-up
state

mouse-up
state

mouse-down
state
press on the map

track to the map

release the map

drag the map

mouse-down
state

mouse-up
state
press the thumb

track to the zoom slider

mouse-up
state

release the thumb

drag the thumb
to a new zoom level

Fig. 2.2
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2.2 Buxton’s 3-state model
B) Scrolling a page
mouse-down
state

mouse-up
state
press the thumb

release the thumb

track to the thumb

drag the thumb to
the required position

mouse-up
state

mouse-down
state
press the arrow

mouse-up
state

mouse-up
state

release the arrow

track to an arrow
mouse-down
state

mouse-up
state
press the trough

mouse-up
state

release the trough

track to the trough

Fig. 2.3
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2.2 Buxton’s 3-state model
C) Selecting / arranging a menu item

mouse-down
state
press the title
mouse-up
state

mouse-up
state

drag to an item
release the item

track to a title

mouse-down
state
press the title

mouse-up
state

release the title

mouse-down
state
press the item

track to an item

Fig. 2.4
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2.3 Conn’s task properties
Dr. Alex Paul Conn is a Managing Partner of Sustainable Business Strategy and
Architecture (SBSA) Consulting, LLC. He has over 30 years of experience in computer
systems architecture and design, with a strong background in methodologies that
help bridge the gap between business needs and computer-based technologies.
Audio feedback clips corresponding to various computer reactions during a task
have been collected. Conn states eight task properties of describe any delay in a
task or an anticipated event. Based on these properties, the audio clips were classified. A presentation of these properties to the user is called a ‘time affordance’. An
attempt has been made to achieve a time affordance using audio feedback.
I.

Acceptance:
When the user starts interacting with the computer by giving it a task, the
computer must inform the user that the task has been successfully accepted
by it. This feedback is called acceptance.

II.

Scope:
Scope denotes the total amount of task to be done by the computer. This is
different from the amount of task left which is denoted be remainder. In the
case of audio feedback, for instance, scope may be represented by one of
the parameters of sound like frequence or intensity.

III.

Initiation:
After the task has been successfully accepted, the computer must show
when the task is initiated. For example, in a progress bar, initiation may be
represented by a beginning of a typical sound.
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IV.

Progress:
Once the task is initiated, the user must be kept aware of the progress and
extent to which the task is completed. This may, for instance, be represented
by repeated tones at varying intervals, like a rhythm.

V.

Heartbeat:
Heartbeat states that the task is alive. Thus when a task is in progress in
background and there is no visual representation, an audio icon
representing such a heartbeat may be effectively used.

VI.

Exception:
The exception is perhaps an important aspect of feedback where sound
plays a crutial role.

VII.

Remainder:
Remainder denotes the amount of task remaining. It also gives an idea of
the time that may be required to finish the task.

VIII.

Completion:
This denotes that the task is successfully completed.

These eight parameters together give a complete description of the status of the
task given to the computer.
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2.4 Sound and music
2.4.1 Introduction to sound as a pressure wave
Sound requires a medium to propogate. In air, sound can be visualized as a pressure
wave travelling longitudinaly. At every point in the direction of the propogation of
sound, the pressure varies as a function of time, giving rise to a waveform. The
simplest waveform is sinesodual. Thus the pressure versus time graph would be:
pressure (as a function of time) = p*sin (wt + $)
where,
p = constant, maximum amplitude of pressure;
w = angular frequency = 2*pi*frequency;
t = time;
$ = phase constant.
The more complex waveforms of musical instruments arise from summation of many
such sinesodual waves, with angular frequencies as integer multiples of w, the
fundamental angular frequencies.
In the rest of this report, waveform graphs are shown wherever required. A detailed
examination of the graphs shows the charactristic waveforms for specific musical
instruments.
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2.4 Sound and music
2.4.2 Western musical scales
A musical scale is a sequence of musical notes in ascending and descending order
of frequency that provides material for or is used to conveniently represent part or
all of a musical work including melody and/or harmony. Scales generally consist of
seven notes and repeat at the octave (the eighth note). Notes in the commonly
used scales are separated by whole and half step intervals of tones and semitones.
In equal temperment scales, the ratio of frequencies of intervals is the square root
of 2. However, this is only an approxamiation of the actually pleasing sounding
musical notes where this ratio is always a rational number.
A specific note of the scale is chosen as the "tonic" or “root” – the central and most
stable note of the scale. Relative to a choice of tonic, the notes of a scale are often
labeled with numbers recording how many scale steps above the tonic they are. For
example, the scale named C-major has “C” as its tonic. The seven notes of C-major
scale in the ascending order are:
C, D, E, F, G, A and B
The 12 tones separated by half step intervals are:
C, C# (C-sharp), D, D#, E, F, F#, G, G#, A, A# and B.
Similarly, the C-minor scale consists of:
C, D, D#, F, G, G# and A#
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2.4 Sound and music
2.4.3 Indian ragas
The Indian classical music has ragas analogous to scales in western music. Ten
common ragas are stated here in 12 note equally-tempered fromat:
Bilawal:
Kafi:
Bhairavi:
Kalyan:
Khamaj:
Asawari:
Purbi:
Todi:
Bhairav:
Marwar:

1
1
1
1
1
1
1
1
1
1

3
3
2
3
3
3
2
2
2
2

5
4
4
5
5
4
5
4
5
5

6
6
6
7
6
6
7
7
6
7

8
8
8
8
8
8
8
8
8
8

10 12 13
10 11 13
9 11 13
10 12 13
10 11 13
9 11 13
9 11 13
9 11 13
9 11 13
10 12 13

Audio clips of these ragas are available in the compact disc.
Each of these ragas has certain emotion associated. While constructing earcons,
these ragas are also is taken into account. However, it is not possible to develop the
exact emotion on the equally tempered scale. Indian classical music has the
concept of ‘shrutis’, which are not present in the present western musical instrumants like piano or guitar.
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3.1 Analysis of computer sounds
In the following sub-sections, selected computer sounds have been studied
using Audacity. (These sounds are available in the compact disc provided
with this report.) Each sound is followed by two graphs. The source of these
sounds is diverse. Computer sounds, mobile alert tones, typical game tones,
etc are considered during this study.
The first one is a waveform graph of amplitude versus time that shows the
structure of the sound. Simple qualitative parameters such asintensity,
increase or decrease in frequency, fundamental waveform and interval can
be observed from this graph. Second graph denotes frequency versus
intensity. The peaks in this graph denote the sound notes in the specific
audio clip.
After studing 21 audio clips in this way, commonalities were identified to
assist the construction of earcons in the next chapter.
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3.1.1 Windows sound I
In Windows 7, the “pop-up blocked” sound was studied. From the waveform graph, it is
quite clear that there are three kinds of sound at different times:
0.034s to 0.065s; 0.065s to 0.155s; and 0.155s to 0.26s

From the second graph two prominant peaks are found at 423Hz and 635Hz. Musically,
these are G# and D# respectively.
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3.1.2 Nokia Tune
The typical Nokia ringtone consists of the following waveform:

This waveform consists of 13 notes played in sequence. Each note was uniquely selected
and analyzed to find the frequency.
First Note:

Second Note:

The peak is at 1325Hz, which is
an E musical note.

The peak is at 1128Hz, a D note.
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Third Note:

Fourth Note:

Fifth Note:

Peak: 738Hz, Note: F#

Peak: 826Hz, Note: G#

Peak: 1083Hz, Note: C#

Sixth Note:

Seventh Note:

Eighth Note:

Peak: 996Hz, Note: B

Peak: 582Hz, Note: D

Peak: 658Hz, Note: E
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Ninth Note:

Tenth Note:

Eleventh Note:

Peak: 989Hz, Note: B

Peak: 886Hz, Note: A

Peak: 546Hz, Note: C#

Twelfth Note:

Thirteenth Note:

Peak: 648Hz, Note: E

Peak: 902Hz, Note: A
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3.2 Identifying commonalities
After studying considerable number of audio clips in this way, certain commonalities and differences were found. For example, tone denoting initiation typically
ended with a third major note. These findings are tabulated in the following
table. (The corresponding sounds are provided in the compact disc.)
To make representation of sound simple, a 12 note equal tempered notation is
used. In this representation, the root note is called ‘the 1st’ and written as 1. Thus
a major scale which has would be written as:
1 - 3 - 5 - 6 - 8 - 10 - 12 - 13
Simitarly a major chord, where three notes are played simultaneously, is written
as:
1, 3, 5 (The sequence of the notes in a chord is insignificant.)

Sound name

Conn’s task property

Notes sequence /
Chord

1. Speech off

Completion

13 - 1

2. Speech sleep

Completion

13 - 8

3. Power on

Acceptance

1-8

4. Hardware insert

Acceptance

1-8
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Notes sequence /
Chord

Sound name

Conn’s task property

5. Speech on

Acceptance,
Scope

1-5

6. Tada

Heartbeat,
Completion

5, 8, 13 (2 times)

7. Hardware remove

Completion

5-1

8. Log off

Completion

17 - (8, 1)

9. Print complete

Completion,
Progress

8 - 1 - 13

10. Shutdown

Completion

13 - 8 - 1 - 5 - 13

11. Battery critical

Exception

1, 12, 10, 8

12. Critical stop

Exception

1

13. Error

Exception

13, 8

14. Start up

Initiation

1 - 13

15. Notify

Progress,
Remainder

8-1

16. Log on

Initiation,
Scope

1-8-3
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Sound name

Conn’s task property

Notes sequence /
Chord

17. Chimes

Heartbeat

20 - 15 - (13, 8)

18. Ding

Scope

1 - 13

19. Default

Heartbeat,
Remainder

1-5

20. User account control

Scope

(1, 1) - 1

21. Nokia tune

Initiation,
Heartbeat

(6, 10, 13) - (1, 5, 8)

Table 3.1
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4.1 Process
Audio output is the next most commonly used mode of computer feedback after
visual output. Audio output in human-computer interaction can possibally
trigger emotions as well as reduce visual overload. An interaction is composed of
actions and reactions, inputs and outputs. To improve the interaction between
human and computer, Bellotti’s 5 A’s are considered:
Address: The first input the user gives to the computer
Attention: The response of the computer
Action: The task that the user gives to the computer
Alignment: The constant interaction between the user and computer
Accident: Error in the working of the computer
Alignment requires constant interaction between the human and the computer
at the most fundamental level of interaction, the atomic level. In Buxton’s 3-state
model every mouse state and various corrosponding possibilities are considered
showing where exactly an output is required. When a user assigns a task to the
computer, it gives feedback to the user on the various aspects of the task (task
properties [Conn]):
Acceptance: Denoting that the task has been accepted
Scope: Denoting how far can the task be carried about
Initiation: Denoting that the task has been successfully initiated
Progress: Denoting how far has the task reached
Heartbeat: Denoting that the task is actually in progress
Exception: Denoting any errors in the task
Remainder: Denoting how much of the task is remaining
Completion: Denoting that the task has been successfully completed
Computer output sound should correspond to each of these task properties.
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Sound can be represented as sine waves with specific frequencies and amplitudes. When many such waves overlap, the overall effect is the sound of an
intrument. The fundamental frequency of the sound remains the same during
such an overlap. When there is a harmony in sound, it is percieved as music. Such
a harmony is represented in terms of raga / scales that consist of 7 unique musical
notes.
The frequencies of these notes are very precise and their combined effect gives
rise to the harmony. For example, a major scale has exactly those notes that
harmonize to give a happy emotion, while a minor scale harmonizes to give a sad
emotion. It is critical to note that the only difference between the major and
minor scales is of 3 notes, due to which the whole emotion is reversed.
Audacity is a freeware to find frequencies of a given sound clip. Using Audacity to
observe the similarities and differences among sound clips across various sources
based on the task property they represent, fundamental elements, or icons,
corresponding to that task property were found. Carefully studying music of
movies, games, animations, etc, that provoke certain emotions, sound icons were
constructed using common musical instruments like guitar and piano. By asking
novice computer users what emotions these sound provokes in them, hypothisised sound icons were validated. Novice computer users were selected because
they are not biased toward any particular computer sound. They include employees, new sutdents or visitors of Indian Institute of Technology Guwahati.
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4.2 Hypothesised audio icons
Based on the commonalities found, elementary audio icons were constructed using
piano and guitar. These were tested on a group of users who were given two tasks
to perform using a computer. The details of the test are given in chapter 7. Based on
the results of the tests, these icons were modified to make them accurate.
The actual audio clips of the icons are in the compact disc provided with this report.
In this chapter, the waveforms of audio clips are discussed.
i. Acceptance
A possible charactristic of acceptance is that the beginning note is 1. It is typically
composed of two tones. Based on these commonalities, five atomic earcons were
proposed:
1 - (5, 8)
1 - 13
1-1
1 - (5, 13)
1 - (8, 13)

first + (third major and fifth)
first + higher first
first + first
first + (third major and higher first)
first + (fifth and higher first)

Waveform of the first earcon is represented here. It should be noted that the root
note is C.
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ii. Scope
To give complete indication about scope, visual discriptive information is
required along with audio. Audio can only assist in notifying that the scope
of the task is visually displayed. The following notification icons were
constructed:
(1, 15) - (8, 13)
(13, 17, 8) - (1, 5)
(1, 5) - 8 - 17

(first and higher second) + (fifth and higher first)
(higher first, higher major third and fifth)
+ (first and third)
(first and major third) + fifth + higher major third

The waveform of the first icon is represented here.
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iii. Initiation
Initiation, like acceptance, has 1 as the possible starting note, but may have more
than two notes in the sequence. Moreover, the notes are from the major scale.
Three atomic earcons were proposed for initiation:
1 - 8 - 17
1 - 8 - 10 - 13
1 - 6 - 8 - 13

first + fifth + higher major third
first + fifth + major sixth + higher first
first + fourth + fifth + higher first

Waveform of the first earcon is represented here.
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iv. Progress
The extent of progress is denoted by variation of one of the three parameters of sound: frequency, intensity or rhythm. Frequency was found to
best describe progress. The following two varients of progresss earcons
show different levels of progress in the task.
1-6-3-8
1 - 6 - 3 - 8 - 5 - 10 - 6 - 12

denotes 40% progress
denotes 80% progress

The following waveform denotes 100% progress.
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v. Heartbeat
The heartbeat has a combined effect of rhythm and chord:
13 - (17, 20) - 8 - 12 - (13, 17)

(5, 8) - 13 - 6 - 10 - 8 - 12 - (5, 13)
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vi. Exception
Exception does not have specific common notes. However, exception is
charactrized be a single tone which may be a combination of such notes
that have no coherence among them in terms of a musical chord. The
following are varients of exception icons.
3, 6, 12
1, 7, 8
1, 7, 13

second, fourth and higher first
first, fourth and eighth
first, fourth and higher first

The waveform of the first icon is represented here.
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vii. Remainder
Remainder as such has no specific commonality. An innovative earcon was
constructed and tested. Peak intensity earcon: a constant chord was played
with intensity rising upto a peak and then falling. The maximum intensity
would depend on the amount of task remaining.
The following two waveforms denote different ammounts of tasks remaining:
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viii. Completion
In completion, the notes of a major chord are used, with or without repetition.
The 1 (or 13) is always present. Based on these observations, the following
atomic earcons are possible:
1 - 5 - 13 - 8
17 - 8 - 5 - 1
13 - 8 - 5 - 13

first + major thirh + higher first + fifth
higher major third + fifth + major third + first
higher first + fifth + major third + higher first

The waveform of the first one is:
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5.1 Audio-action mapping
The atomic earcons produced in the provious chapter have been mapped
according to the corresponding atomic actions when there is a delay in the
accomplishment of the task. Correspondong to every action, there are three
feedbacks possible:
Feed-forward
This kind of feedback is presented before the user performs a particular action, to
alert the user. A feed-forward informs the user about acceptance, scope and
exception of the task.
Feed-through
A distinct audio feed-through gives the user a consistant update during the task
about its initiation, progress, heartbeat and remainder.
Feed-backward
After the task has been carried out, a feed-backward denotes its completion.
The framework is essentially a mapping of task-properties and the three kinds of
audio feedback.
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5.2 Tabulation
The framework is in the form of a flash application in the compact disc
provided. The following structure gives an idea of the the working of the
framework.
Acceptance

Scope

Initiation

Progress

Heartbeat

Exception

Remainder

Completion

Feed-forward

Feed-through

Feed-backward

Fig. 5.1
Each of the boxes has three buttons:
Play:
Features:
Analysis:

Plays the icon and its varients, if any.
Gives information about the features of the icon clip.
Displays analytical graphs of waveforms and spectrums
associated with the icon.

Such a tabular representation makes it easy to compair various earcons
simultaneously.
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6 Testing
Two user tests were conducted.
First Test:
The first test validated the hypothesised audio icons. In this test, the users had to
perform two tasks, one primary and other in the background. The audio icons were
tested on the task that was carried out in the background.
The primary task was to write a text on a notepad from a text document. Before
starting this task, the users were asked to begin a simple task of copy-pasting a set
of folders from one hard drive to another. The users had to keep on typing until the
background task of copying was complete. However, no visual information was
given on the extent of completion of the background task. At various intervals, the
users were given only audio feedbacks its progress and other task properties.
During the process, users’ responses to the sounds were carefully noted. 54% of the
users responded as expected. 28% of the users showed unexpected behaviour.
Remaining 18% of the users were indifferent to sound. The following pie chart
summarizes the results.

As hypothesised
54%

Unexpected
28%

Fig. 6.1

Indifferent
18%
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Second Test:
After improving the icons based on the results of the first test, the results of the
second test were significantly better. Users with hypothesised response increased
by 66%, while the users with unexpected response reduced by 64%. There were no
indifferent users in this test.
As hypothesised
90%

Progress (%)

90

54

Unexpected
10%

28
18
10
0

Fig. 6.2

As hypothesised

Unexpected

Indifferent

User types
Fig. 6.3
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7 Conclusion and Future work
This project can be taken furthur to incorporate the effect of different musical
instruments on the moods of user. Due to time constraint, subtlities of sound such
as ‘shrutis’ of Indian classical music could not be given sufficient attention. Correct
subtilities give the exact emotion to the user thus making the feedback more
effective.
The audio feedback in this project is static, in the sense that it may not be automatically produced by the computer. The mathematical relations between musical
notes could be used to prepare a computer program that automatically constructs
audio clips based on the findings of this project.
The user group of this project is novice computer users. This can be extended to
include advanced or expert computer users. One way to do this is constructing
compound audio icons that suit specific tasks which such users carry out. Moreover, the experiments of this project were conducted on the users from India. Such
experiments may be conducted in the other parts of the world to better validate
the findings of this project.
There are numerous applications of this study. Firstly it serves as a general guideline for audio feedback in interactive applications. Such applications include games
(examples), websites, operating systems, flash applications, etc. Secondly, it is
helpful to visually impaired people who cannot concentrate on the visual information on the computer screen for a long time. And, of course, it gives a feeling of
better involvement in the task at hand by adding an extra auditory sense to the
interaction.
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