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This chapter introduces Auditory Icons, these are the auditory equivalent of visual icons used in the
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Chapter 13

Auditory Icons
Eoin Brazil and Mikael Fernström

In the early 1980s the first explorations of the sound capabilities of personal computers
appeared. While the desktop user interface metaphor emerged as the major visual user
interface paradigm, for example Bill Gaver experimented with adding sounds [25]. He called
the sounds, auditory icons, as they were the auditory equivalent of the visual icons used in
the desktop metaphor. The rationale behind Gaver’s work was his interpretation of Gibson’s
ecological theory of visual perception [28] adapted and applied for the design of auditory
user interfaces.
Auditory icons mimic everyday non-speech sounds that we might be familiar with from our
everyday experience of the real world, hence the meaning of the sounds seldom has to be
learnt as they metaphorically draw upon our previous experiences. For example, deleting a
document might be represented by the sound of crumpling a piece of paper; an application
error may be represented by the sound of breaking glass or a similar destructive sound.
Gaver’s work on the SonicFinder extended the Apple operating system’s file management
application Finder (an integral part of Apple’s desktop metaphor) using auditory icons that
possessed limited parametric control. The strength of the SonicFinder was that it reinforced
the desktop user interface metaphor, which enhanced the illusion that the components of the
system were tangible objects that could be directly manipulated.

13.1 Auditory icons and the ecological approach
One way to understand how we can pick up information from our environment and perform
actions in that environment is the concept of affordances. This concept was originally
introduced by James Gibson to describe the relationship between an organism and its
environment that potentially allows the organism to carry out actions [28]. Gibson’s work
was situated in theories of perception, in particular visual perception. Don Norman adapted
the term for the context of human-machine interactions [38].
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13.1.1 Auditory affordances
The work initiated by VanDerveer [51] on the formulation of an ecological approach to
acoustics was continued by Gaver [21] who included theories of human-computer interaction,
resulting in the development of the SonicFinder application. He refined the affordance
concept in the context of human use of technology [23]. Sound in a user interface can afford
users information about the success of an action. It can also support collaboration between
users and may be used to supplement visual information.
For auditory icons, the following definition of auditory affordance applies:
“The fact that sounds are available to the ear implies that information about
the sound-producing events is also present. This information is available in
the form of higher-level relations among the physical parameters of the sounds
that correspond to attributes of their sources. Of particular importance is that
these relations remain invariant over other transformations of the sounds if the
corresponding source attribute is also unchanging, and change if the source
attribute changes. The perceptual system "picks up" this information, actively
seeking it and attuning itself to its presence. In particular, the perceptual system
is sensitive to "affordances", information specifying the functional relations
between the source and the listener. These affordances are partly responsible for
the significance of the sounds.” [21, p. 20]
Stanton and Edworthy refined the auditory affordances concept, in the context of auditory
warnings [47], discussing the concept as something that is perceived but also learnt in a social
and cultural context. Additional perspectives on the concept of affordances are discussed
in Neuhoff’s book on Ecological Psychoacoustics [37]. The ecological psychoacoustics
approach uses experiments focused on probing the low level perceptual dimensions of sounds
to assist in “designing new sounds for representing complex information structures” [30,
p. 3160–3161].

13.2 Auditory icons and events
Auditory icons aim to provide an intuitive linkage between the metaphorical model worlds
of computer applications by sonically representing objects and events in applications, using
sounds that are likely to be familiar to users from their everyday life (sound examples S13.1,
S13.9, S13.21)1 . There are, of course, objects and events that do not have any corresponding
sound in the real world and in such cases other forms of iconic representations may be
considered (sound example S13.22). A summary of approaches on how to link a computer
event to an everyday world event is provided by Brazil [10]. Approaches include the use
of earcons (see chapter 14), or creative sound design practices for the design of a sound
of something that does not exist in the real world. An example of this can be seen in the
classic movie from 1977, Star Wars [40], where Ben Burtt had to create a new sound for
the light sabers used by the Jedi knights in the movie. A second example by Ben Burtt
from this movie was the R2D2 droid which he stated was ”50% of the droid’s voice is
generated electronically; the rest is a combination and blending of water pipes, whistles, and
1 For

a full list of sound examples, see Table 13.1
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vocalizations” (sound example S13.24). Sound effect design [17] is increasingly using open
source software to design ordinary, everyday sounds.
Film sound design often uses the layering of sounds where concrete identifiable sounds are
combined with each other or with more abstract sounds to add a richer meaning to the simpler
sounds. In the case of Burtt, he created sound effects using familiar animal or machinery
sound to ensure was elements of the sound that were recognizable; he then used acoustic
manipulations (pitch shifting, filtering, time stretching, amplitude enveloping, etc.) to provide
fantastic objects such as light sabers with the necessary amount of familiarity and credibility
to the listener [54]. Film and media are increasingly influencing sound design, particularly
for narrative sounds in areas such as interactive objects [32]. A fundamental difference
between auditory icons and earcons is that earcons can be considered to be arbitrary symbolic
representations while auditory icons can be regarded as analogical representations.
Description

Example

Type

Water, splashing on tiled floor
Water, flowing in the River Shannon
Water, filling a plastic bottle
Water, filling a plastic bottle, Sound Object Model, Cartoonification
Water, filling a plastic bottle, Sound Object Model, Cartoonification
Water, filling a hand wash basin
Water, dripping tap
Water, boiling
Walking on tarmac
Walking on gravel
Walking down stairs
Vodhran
Hammering a nail into wood
Sawing a plank of wood
Shoogle
Dropping one rubber ball on wooden floor
Dropping two rubber balls on wooden floor
Breaking three glasses
Car, starting and idling
Closing a drawer
Closing a door
Software defined buttons in a audio-only user interface
Sonifying the Body Electric, from Fitch & Kramer ICAD’ 92
R2D2 Droid from StarWars inspired by Ben Burtt’s sound design

S13.1
S13.2
S13.3
S13.4
S13.5
S13.6
S13.7
S13.8
S13.9
S13.10
S13.11
S13.12
S13.13
S13.14
S13.15
S13.16
S13.17
S13.18
S13.19
S13.20
S13.21
S13.22
S13.23
S13.24

Recorded
Recorded
Recorded
Synthesized
Synthesized
Recorded
Recorded
Recorded
Recorded
Recorded
Recorded
Synthesized
Recorded
Recorded
Synthesized
Recorded
Recorded
Recorded
Recorded
Recorded
Recorded
Synthesized
Synthesized
Synthesized

Table 13.1: Sound examples for auditory icons: some sounds are discussed in the chapter,
additional examples are provided for inspiration.

13.3 Applications using auditory icons
The list of applications in this section is by no means exhaustive, instead a few key examples
were chosen to demonstrate what auditory icons can be used for and how they work.
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13.3.1 The Sonic Finder
The SonicFinder mapped qualities and quantities of events occurring within a computer to
perceptible attributes of everyday sounds. It was the first user interface using auditory icons
and was designed as an extension to the existing Finder (file manger) application of Apple’s
Macintosh operating system. The Finder application was the file manager on the Macintosh
and used for organizing, manipulating, creating and deleting files. SonicFinder used digitized
recordings of sounds (sound examples S13.4, S13.20) that were played when the system
was used. Most of the user’s actions were represented by auditory icons. The complete list
of mappings for the SonicFinder is shown in Table 13.2 on page 328. Gaver [22] claimed
that the intuitive mappings of auditory icons resulted in an increased feeling of engagement
with the metaphorical world of the computer. The SonicFinder application was informally
evaluated, and in general, received a positive response. A major challenge for the system
was the size of sound files, since data storage and distribution media were very limited at the
time 2 .
Event to Sound Mappings for the SonicFinder
Computer Finder Event

Auditory Icon

Objects
Selection
Type (file, application, folder, disk, trash)
Size
Opening
Size of opened object
Dragging
Size
Location (window or desk)
Possible Drop-In ?
Drop-In
Amount in destination
Copying
Amount completed

Hitting Sound
Sound Source (wood, metal, etc.)
Pitch
Whooshing Sound
Pitch
Scraping Sound
Pitch
Sound type (bandwidth)
Disk, folder, or trashcan selection sound
Noise of object landing
Pitch
Pouring sound
Pitch

Windows
Selection
Dragging
Growing
Window size
Scrolling
Underlying surface size

Clink
Scraping
Clink
Pitch
Tick sound
Rate

Trashcan
Drop-in
Empty

Crash
Crunch

Table 13.2: Mappings used in the SonicFinder [22].
There were a number of issues with the mapping in SonicFinder. The first problem occurred
when selecting or increasing the size a window in the visual user interface. Physical windows
21

to 4 MB RAM, 20 MB hard disk, 800 KB floppy disks
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in the real world open slowly but windows in a graphical user interface typically zoom in or
pop out quickly. This meant that using real sounds of a window’s opening or closing would
be inappropriate. The SonicFinder used ‘whooshing’ sounds, which highlighted the potential
for creative sound effects as alternatives when mappings based on real sounds were difficult
to find. Another issue was the auditory icon for copying, where a pouring liquid sound was
used; to represent the progress of the copy operation rather than the concept of copying.

13.3.2 SoundShark
Following on from the design of the SonicFinder, Gaver worked with a colleague to create
the SoundShark [26] application. This expanded upon an earlier multiprocessing, collaborative environment, SharedARK [46]; by adding auditory icons to create a new system.
SharedARK was a collaborative application designed as a virtual physics laboratory for
distance education [46]. The auditory icons represented user interactions, ongoing processes
and modes. They were designed to support navigation and to improve awareness of other
users’ activities in the system. Auditory icons were used to represent the activity of ongoing
processes even when not within a visible window or view on the screen. This improved
co-ordination between collaborators who could not see each other but who could still hear
each other via the application. The distance between a user’s cursor in the system and the
source of a sound was represented by changing the relative loudness and low-pass filtering
of the auditory icons. System modes were represented by low volume background sounds.

13.3.3 ARKola simulation
The ARKola simulation was an exploration of how auditory icons can be used to facilitate
collaboration between people controlling a process [27]. It simulated the operation of a
soft drink bottling plant with a single assembly line with nine machines for the different
processes involved in the bottling processes from cooking, bottling, provision of supplies, to
the financial tracking of the processes. The simulation was designed so that the graphical
representation would require two full screens, i.e. a single screen represented half of the
processes. The idea was to see how well an auditory display worked for monitoring a
process and acting upon events arising in the simulation, including machine breakdown.
Each machine had a unique auditory icon representing its function. The rate for each machine
was represented by repetition rate of the sounds for the particular machine, while problems
were signaled using various alarm sounds such as breaking glass and overflowing liquid.
This system used up to 14 simultaneous auditory icons, designed to maximize discrimination
and to be semantically related to the events they represented. The plant’s auditory display
created a dynamic soundscape enabling users to understand the complex process of the
simulated plant. The system was evaluated to explore the simulation as a collaborative
process between the two participants, each focused on half of the processes. The results
found that sound led to improved collaboration as the participants could directly hear the
activity status of their partner’s half of the plant.
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13.3.4 Sonification of vital signs
Fitch and Kramer developed a simulator with eight continuously changing variables representing different vital signs of a patient. They found that subjects (students who had received
a short training session as anesthesiologists) performed faster and with fewer errors when
using auditory display compared to visual display, especially with multivariate changes [19].
The auditory display method used was a combination of iconic sounds and symbolic sounds.
The mappings used in this system (sound example S13.23) are shown in Table 13.3.4.

Physiological variable

Mapped to

Heart rate
Breathing
CO2 level
Body temperature
Systolic blood pressure
AV dissociation
Fibrillation
Reflex

Rate of heart-like sound
Rate of breath-like sound
Change in timbre of heart sound
Center-frequency of breath sound
Change of pitch of heart sound
Random modulation of A-pulse in heart sound
Random modulation of both A and V pulses in heart sound
High FM tone on/off

Table 13.3: The mapping used by Fitch and Kramer [19] for the training system for
anesthesiologists.

13.3.5 Mobile devices
Shoogle [55] was an experimental application developed for mobile devices such as smartphones. The inspirational metaphor for the design was from the action of shaking containers
or objects to determine if they were full or empty and to get an approximation for the amount
in the container (sound example S13.15). A real-life example of this sort if behavior is where
a box of a matches is shaken to determine if it is empty, if there are a few matches inside or if
it is full. Received messages (such as SMS or email) were represented by bouncing sounds,
and one of the mappings modeled ceramic marbles bouncing around in a metal box. When
the user handled or moved the mobile device, data from the built-in sensors for acceleration
was used to excite sound object models with the number of sound objects being mapped to
the number of messages. A further aspect of this mapping used different timbres (i.e., the
sound of different materials) to represent the sender’s grouping or domain (e.g., colleague,
friend, family, unknown) with larger objects (low-pitched) being mapped to longer messages
and smaller objects (high-pitched) being mapped to shorter messages. By shaking the mobile
device, users could estimate how many messages they had and the size of messages. Shoogle
demonstrated an eyes-free interface responding to users’ gestures through an interactive
sonification using auditory icons.
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13.4 Designing auditory icons
Auditory icons can be created, generated and controlled in different ways. In the simplest
case, a recording of the particular everyday sound is made and stored as a sound file for use in
the application when the signified event occurs. This approach can be extended to numerous
sounds, either with sequential single sounds or with parallel multiple sounds being played
to represent complex events and actions within a user interface. These recordings give a
high-fidelity exact reproduction of the sound, however the lack of variety in the reproduction
raises the potential of annoyance and limits the amount of information that can be conveyed.
Beyond the simple case, applications can use either synthesized sounds or multiple versions
of a sound recording to represent multiple levels of a parameter within the user interface.

13.4.1 Parametric auditory icons
As everyday sounds are quite expressive and can be used to communicate multiple dimensions
simultaneously, there is the possibility of creating and using parametric auditory icons, e.g.,
changing sizes of objects, or the rate of pouring a liquid into a container. Simple forms
of parameterization include the changing of loudness, varying the playback rate (changing
the pitch) or lowpass filtering. This can be achieved in a limited fashion by processing
the playback of the audio file to represent objects and events of different size and distance.
However, this only works in a narrow range as the sounds processed in such a fashion start
to sound unnatural or even lose identifiability when, for example, playback rate is changed
too much. Another approach to developing parametric auditory icons is to utilize different
recordings of the event, e.g., bouncing a small ball, a medium sized ball and a large ball
(sound examples S13.16, S13.17). A size parameter can be used to determine which of the
sound files to play. One downside of this approach is that it requires additional storage due
to the necessity of multiple files and there may be interpolation issues between parameter
values, particularly when combining multiple sound files with processing of the audio file.

13.4.2 Synthesizing auditory icons
Sound synthesis is another approach to creating auditory icons, which is sub-divided into two
dominant styles. A signal-based approach, with homomorphic spectral modulations to mimic
everyday sounds [43, 44], or a physical modeling approach simulating the propagation of
acoustic energy through a model of an object [45, 50, 49]. This approach is based on the use
of real-time mathematical simulations or models of real-world events. As these simulations
are executed in real-time, it is possible to change the parameters of the simulated event. An
example might be where the model represents the sound of a marble rolling across a table
and where the size or speed of the marble can be varied through its parameters with the sound
changing accordingly. For a further discussion of sound synthesis for auditory display, see
chapter 9.
Auditory icons can be understood within two categories of sound object, as either fully formed
objects or as evolutionary objects [12]. In the case of fully formed objects, the variables
are all known at the instantiation of the object so that when the sound is produced it occurs
from beginning to end, for example like playing back a record. This means that the sound is
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in essence immutable once it has been instantiated. This differs from evolutionary objects
where the variables controlling the properties of the sound can be updated whilst the sound is
playing. An analogy for these categories can be made by considering the difference between
hitting a glass with a spoon and the filling of a container with a liquid. The hitting action
creates a sound but you have no control of this sound after the hitting action whilst in the
case of the filling action you can change the rate of pouring continuously. This separation
can be in terms of a discrete sound versus a continuous sound. The view of an auditory icon
as an evolutionary object raises the argument as to whether this type of sound would be better
classified under the heading of an interaction sonification, see chapter 11.
An example of this kind of hybrid system was the Ballancer experiment [41, 39], shown in
Figure 13.1. It used parametric control of an evolutionary object for the sound model in a
simulated task of balancing of a virtual ball on a real stick. The sound of the evolutionary
object mimicked the sound of a rolling steel ball, hence it was an iconic representation. The
equilibrium task explored by the Ballancer system showed that a well designed sound object
model could improve performance and the illusion of substance in continuous interaction
tasks.

Figure 13.1: The Ballancer auditory equilibrium task. The screen displays a virtual ball and
auditory feedback helps a user position the virtual ball in the specified spot on
the stick. The physical stick is used to control the movement of the virtual ball.
It has been shown that it is possible to use synthesized parametric auditory icons to create
a user interface without any direct visual component [18]. Using a touch sensitive tablet,
Fernström et al designed an experiment where users were to find invisible software defined
buttons (soft-buttons). The soft-buttons in this experiment reacted when a user’s fingers swept
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over the area occupied by a button, with a friction-like sound being produced, including a
faint click when crossing over the edge of a button area. The auditory icons with the friction
sound object model responded continuously and directly to the user’s actions, giving the
participants a pesudo-haptic experience of touching buttons. When a user’s fingers were
between buttons, no sound was played. The participants in the experiment could easily find
the buttons and draw the shape of the button layout.

Cartoonification of auditory icons
All objects resonate if excited by an external force, e.g. hitting, scraping or rolling. The
resonances in objects are modal, i.e. the acoustic energy propagating through the object is
reflected between edges and surfaces of the object. Complex and compound objects have
more modes [1]. It has been shown that it is possible to reduce the number of modes when
modeling a sound object while retaining an acceptable degree of indentifiability, as long
as the macro-temporal patterns remain intact [29] [53]. This implies that cartoonification
of sound object models [24] can make the models more computationally efficient and may
potentially make these sounds more distinguishable than real sounds being used as auditory
icons. This type of caricaturization can be seen as ignoring aspects of a sound object model
whilst emphasizing other aspects of the same model. The aim is to improve recognition by
exaggerating those features of the model to further distinguish these types of sound model
from real-world sounds (sound examples S13.12 and S13.22).

13.4.3 Choosing sounds for auditory icons
The main issue with auditory icons is that they have to be easily identifiable and understood
as everyday sounds. At first, it may appear to be easy but many everyday sounds can be
heard differently depending on their context. For example, the sound of frying and rain may
sound similar. If we mix the sound of rain or frying with the sound of a clashing plate and
cutlery, the subjective context is more likely to be a kitchen and frying becomes a more likely
response in a listening test. Mynatt [35] discussed the recognition problem when choosing
sounds for the interface. It is an art with many hidden dangers and dependent upon the skills
of the designer. She developed a set of guidelines for designing auditory icons suggesting
four factors: identifiability, conceptual mapping, physical parameters, and user preference,
that influence the usability of auditory icons [36, p. 71].
1. Choose short sounds that have a wide bandwidth, and where length, intensity, and
sampling quality are controlled. The set of sounds should represent the variety and
meaning needed for the anticipated design space.
2. Evaluate the identifiability of the auditory cues using free-form answers.
3. Evaluate the learnability of the auditory cues that are not readily identified.
4. Test possible conceptual mappings for the auditory cues.
5. Evaluate possible sets of auditory icons for potential problems with masking, discriminability and conflicting mappings
6. Conduct usability experiments with interfaces using the derived auditory icons.
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In addition to these guidelines, more generalized design advice was given, such as
“... advocated evaluating auditory cues independently from the intended
interface. These experiments were useful in that they highlighted general design
guidelines. Like many interface design tasks, it is difficult to design components of the interface separate from the context of the interface. One reason
this statement is true for designing auditory icons is that the icons must be
designed as a cohesive set ... The design guidelines for controlling the length
and “complexity” of sounds are useful when comparing relative differences
between sounds. Another difficulty is choosing sounds for similar concepts in
the user interface ... There is little chance that a successful set of icons would
result from designing the auditory icons independently of each other.” [36, p. 87]
13.4.4 Methods and frameworks designing auditory icons
Beyond Mynatt’s guidelines, there are several methods and frameworks available to help
auditory display designers select auditory icons for better identification, to elicit more
meaningful mappings for the auditory icon; and to determine what type of expression
(i.e., recorded, parameterized, synthesized, or hybrid) is best used within the auditory
display. A review of relevant methods covering issues such as subjective experience, sound
identification, confusion of sounds, cognition of sound and pragmatic mental models can
assist in designing better auditory icons. James Ballas and his collaborators investigated a
number of factors that have significant influence over how we identify brief everyday sounds
in listening tests [7, 5, 3, 4]. Based on listening tests, they showed how a Measure of Causal
Uncertainty could be calculated to rank sounds in terms of identifiability and they found
that the subjective context for sounds affected identifiability [6]. Additional approaches
for the subjective classification of sounds include similarity ratings/scaling [9, 42] and
sonic maps combined with ‘ear-witness accounts’ [14]. Stephen Barrass [8] developed a
general framework for designing auditory display systems and applications, TaDa (Task
and Data analysis of information requirements). A traditional task analysis was carried
out followed by data characterization. He then suggested a case-based tool, EarBenders
to investigate potentially semantic links to the application domain, i.e., construction of an
interface metaphor. This was based on Erickson’s work [16], using storytelling as a way
to describe tasks. Barrass created a database with short stories with everyday observations
of situations where sounds were significant to a number of tasks. When searching for a
suitable sound to represent a user activity, a good starting point was to find a description in
the database matching the intended description. Other approaches have been proposed, for
example paco design patterns [20]; and methodologies for designing emotional interactive
artifacts [15] or functional artifacts [52]. The repertory grid technique can be used to ‘build
up mental maps of the clients’ world in their own words’ [48], with similarity ratings/scaling
methods used for exploring attributes or perceptual space for a set of stimuli. The similarity
scaling technique [11] (a derivative of the similarity rating technique [34]) presents sounds
in listening tests and uses multidimensional scaling or sorting, rather than a single dimension
at a time, to get similarity ratings. Several of these methods can be combined to complement
each other, as proposed by Brazil [10], for a better understanding of the design space.
Another domain that can provide insights and techniques for auditory icon design is cinematographic sound design. This has inspired sonic methodologies including Back’s micro
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narratives [2] and Hug’s design oriented approach [32], using narratives to support the design
of interactive sonic artifacts. Cinematic sound design concepts such as ‘ergo audition” regard
sound making as an expressive act [13], the experience of hearing oneself acting and the
acoustic manifestation of this influence on the world. These ideas can assist in moving
beyond “magical” or anthropomorphized interfaces of procedural interaction styles [31].

13.5 Conclusion
This chapter has explained what auditory icons are, and how they can be designed, evaluated
and applied. Auditory icons draw upon our familiarity with sounds from our everyday
experience of the real world. In their simplest form, these can be a small number of recorded
everyday sounds that represent user actions with metaphorical objects in a user interface. The
next form or level of auditory icon allows for greater granularity of representation through
the ability to display levels; this is achieved through the use of recorded or synthesized
parametric auditory icons. The most complex and expressive form of auditory icons, moves
the sound into the domain of interactive sonification where a continuous representation is
possible, allowing complex user gestures and processes to be displayed. There are a number
of methods to test identifiability and how well interface metaphors and mappings work. The
growth of mobile computing and auditory displays in this context has been supported by a
renewed interest in techniques and approaches [10, 33] to determining the meaning attributed
by listeners to sounds. Many of these methods can be used in combination for a deeper
understanding of the design space for auditory icons. They can deepen the understanding of
the salient perceptual and cognitive aspects of the sounds for the specific context; in turn this
can help create more meaningful mappings and auditory icons.
Auditory icons were historically used to complement graphical user interfaces, to reinforce a
desktop metaphor. However, since then, they have been applied across a range of interfaces
and domains, most recently in the areas of mobile and wearable computing. The growth in
ubiquity and ubiquitous forms of computing will demand new interaction mechanisms and
methods for the control of such interactions (e.g., multi-touch, free gestures). Auditory icons
are likely to find even more use to support and augment these new interfaces as they can
provide intuitive, yet complex mappings between the sound and the action or interface.
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