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This chapter explores the navigation of data with regard to auditory display. We navigate the world
continuously to search for information and in this chapter we look at how audition can augment our
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Chapter 20

Navigation of Data

Eoin Brazil and Mikael Fernström

This chapter explores a range of topics concerning the navigation of data and auditory
display. When we are navigating the world our minds continuously hunt for information
about the place we are in and what things there are in our immediate environment. We pick
up information that enables us to act in our current location. Our perception of the world can,
with little effort, detect differences in structure, gradients and emerging patterns. Technology
that aims at facilitating navigational behavior is often based on the idea of augmenting our
human abilities.
One of the oldest technological examples of auditory display is the Geiger counter, invented
by the German nuclear physicist Hans Johann Wilhelm Geiger in 1908. The original device
detected the presence of alpha particles, and later developments resulted in devices that
could detect different kinds of radioactive decay. One important characteristic of GeigerMüller counters is the use of auditory display, i.e., each particle detected is converted to
an electrical pulse that can be heard through headphones or loudspeakers as a click. The
more radioactive particles per second, the higher the click-rate. Another characteristic of
Geiger-Müller counters is that they are normally handheld and can be moved around by
a mobile user to detect hot-spots and gradients of radiation, freeing up the user’s visual
modality, while navigating in the environment or making other observations. Several other
kinds of instruments have been developed along the same principles, for example metal
detectors and cable finders. An example of using this type of auditory display can be seen in
this video. The geiger counter metaphor has been used in various domains including for the
navigation of oil well exploration (video example S20.1).
For navigation, as a human activity, we first consider the concepts of the navigation control
loop and wayfinding. Wayfinding is the meta level problem of how people build up an
understanding of their environment over time.
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20.1 Navigation Control Loop
To understand navigation the concept of what is called the navigation control loop is first
outlined. Refining and navigating a view of a data space is complex and relates to spatial
knowledge theory and the issue of feedback and interactivity with the data. A schematic
illustration of the navigation control loop is shown in Figure 20.1, showing the human side
as the cognitive and spatial understanding of a data space and the computer side representing
a data space that can be updated and remapped to offer alternative perspectives on the data.
To understand what navigation is and how the control loop relates to auditory displays, the
next section explains the concept of way-finding.

Figure 20.1: The basic navigation control loop

20.2 Wayfinding
Wayfinding is the method by which we create mental models of our environment. An example
is how people use physical maps to support navigation. Peponis [27] defined wayfinding
as “how well people are able to find their way to a particular destination without delay or
undue anxiety” but this concept can also be interpreted as the understanding of a particular
level or state within a computer environment. In the case of auditory display it can refer, for
example, to a particular auditory beacon, with the sound representing a particular state or
level. Wayfinding knowledge is built up using three types of knowledge [31]:
Declarative or landmark knowledge allows for orientation within an environment as
well as the ability to recognize destinations;
Procedural or route knowledge allows routes to be followed to reach a destination;
A cognitive spatial map supports the selection of the route most appropriate for the
current context or task.
Each type of spatial knowledge is gathered from different properties within a given environment and via different experiences with that particular environment. The following sections
look at each knowledge type in turn.
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Declarative Knowledge
Landmarks are often the key details in an environment. In a visual scene it is the dominant
item in the field of view. In an auditory scene it can be a dominant sound or for example
an audio beacon [37]. A landmark is distinct and may provide directional information
or something that has a personal meaning [23] and that is distinguishable by its acoustic
attributes.
Route or Procedural Knowledge
This type of knowledge represents an egocentric viewpoint which considers the navigation
process as a sequence of steps that are required in order to follow a route or set of routes.
Where and when to turn, what actions are required along a route, and other critical points of
information are part of this type of knowledge. It includes an implicit knowledge of distances
in route segments, directions of turns, and the sequence of landmarks within a route. An
auditory form of such knowledge can include recognition of sequences of, for example,
earcons or auditory icons. The SWAN system [37] is an example of such a system1 (video
example S20.2). It used a selection of auditory icons and earcons as audio beacons that
were spatialized around the user by means of a generalized Head-Related Transfer Function
(HRTF). The audio beacons tested included a sonar pulse ("ping") sound, a pure sine wave
of about 1000 Hz, and a burst of pink noise. These sounds were spatialized and the tempo or
number of pings was changed depending on the distance from the next landmark.
Cognitive Spatial Map
This type of knowledge uses an exocentric (map-like) viewpoint and represents the navigation
process within the context of a fixed coordinate system where objects are related by distances
to other objects within this coordinate system. This type of knowledge allows for distance
estimation between landmarks and for inferring new route possibilities.

20.3 Methods For Navigating Through Data
Using both static and dynamic representations can help us to develop a better understanding
of a dataset. Mapping is the linking of numerical quantities to aural or visual representations. Three approaches of interest for designing auditory displays for data navigation are
the auditory information-seeking principle, interactive sonification and virtual immersive
environments.
20.3.1 Auditory Information-Seeking Principle
An important approach for navigating visual data was suggested by Shneiderman in his
visual information seeking mantra [32]. The elements of visual information-seeking are
“overview first, zoom and filter, then details on demand”. Combined with direct manipulation
1 http://sonify.psych.gatech.edu/research/SWAN/SWAN-audioVRdemo-movie.mov
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and tight coupling, users experience an immediate response from the system for every action.
Thus users can potentially attend to more information per unit time. The principle behind
this approach is referred to as “reducing the cost structure of information” [7]. Auditory
information-seeking [39] is a further development of the approach, in particular for auditory
display. The four key areas in auditory information seeking are:
to provide a gist of the data;
to let the user navigate through the data space;
to let the user filter the data space;
to provide further details on an item or group of items on demand.
Zhao’s [39] demonstration of auditory information-seeking for statistical data from the
US government included the ‘gist’ concept, where two sets of sounds were used broken
into spatialized piano pitches and non-spatialized string instrument pitches. These sounds
represented five value categories using an ascending arpeggio in C major: C E G C E with
the lower pitches representing lower values.

Gist
A gist is a short auditory message that conveys a sense of the overall trend or pattern of a data
collection. Outliers or anomalies should be easily detected in the message and it should help
in guiding exploration of the data space. As a data space may be large and a gist must be
of a short duration, data aggregation can be used. A number of auditory displays have used
gists, for example in radio weather reports [16]2 (sound example S20.3). This example maps
various weather forecast parameters to the sonification and shows how complex temperature,
wind, and other climate data can be summarized and aggregated using an auditory display.
It mapped the 9-dimensional weather vector including information on wind speed, wind
direction, temperature, cloudiness, rainfall and humidity to a multi-stream auditory display
on the basis of auditory icons. Figure 20.2 shows the range of mappings (including an
emotional event set as shown in Table 20.1) and the mappings of auditory icons.

The Process of Navigation
Navigation is the activity when we find our way through a space, browsing or searching
through data while listening to selective portions of the data set. This is an interactive cycle
where we directly manipulate the data set, which results in the system giving feedback about
our current focus of attention. Over time, we build up a mental map of the data space that
allows us to recognize virtual objects or landmarks in the data space. This mental map allows
for the easy location of a particular auditory stimuli representing a data item or group of
items. In the navigation process, an auditory gist message of the current data item or group
of interest can be a useful part of the system feedback to the user.
2 http://www.techfak.uni-bielefeld.de/ags/ami/datason/demo/ICAD2003/

weatherSonification.html
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Emotional Event Sounds
hot dry summer day
warm dry summer day
hot and sweltry summer day
nice cold winter day
golden october day
snowy winter day
fog on an autumn morning
thunderstorm on a hot summer
day
wet winter day
stormy rainy autumn day

tired, forceless, exhausted, an indifferent emotion – panting sound, cricket
songs
positive emotion, happy, optimistic – a bird sound associated with a walking
occasion
exhausting – a ‘sigh’ sound is played
positive emotion – e.g. uprising sound with shiver/strong vibrato
positive emotion – e.g. uprising rising fifth with an pleasant organic sound
negative, calm, indifferent – a shudder/shiver sound
mystic and curbed – distant reverberant scream
wild, anxious – maybe a kettledrum sound
depressing, pessimistic, negative – a downward tritone interval, crying or weeping sound
depressing – a smooth diminished chord

Table 20.1: Mappings for emotional events used in the weather sonification [16].

Figure 20.2: Auditory weather forecast with original figure taken from [16].
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Filtering
The high dimensionality of complex data spaces necessitates mechanisms for reducing the
complexity and size of the data being explored. Filtering is a mechanism that allows the
overall cohesion and structure of the data set to be maintained while allowing certain aspects
to be temporarily suppressed. This helps focus the presentation to only the items of interest
within the data space.

Details On Demand
In a data space the user can select a particular item or group of items and get further details
about the item or group. The information or detail can be represented using auditory icons,
earcons, spearcons or speech. This depends on the particular item and the most appropriate
mapping for its auditory display. In cases where the data or information is itself an audio
resource, then this stage determines whether the resource is played back unaltered in a long
or short form or whether it is representing using a sonification or audification.

20.3.2 Interactive Sonification
Interactive sonification has been defined by Hermann and Hunt [17] as “the use of sound
within a tightly closed human computer interface where the auditory signal provides information about data under analysis, or about the interaction itself, which is useful for refining
the activity”. Interactive sonification is characterized by allowing the user control of the
sonification process through tight coupling between the user’s actions and auditory feedback from the system. Currently, there are two main approaches in interactive sonification:
Parameter-mapping sonification as discussed in Chapter 15 and Model-based sonification
discussed in Chapter 16. In a parameter-mapped sonification, the data plays the sonification
(as an instrument or set of instruments or orchestra) and the user can modify the mappings
to find items of interest and navigate through the data (almost like a DJ/turntablist uses
scratching). In model-based sonification, the data is used for creating an instrument and the
user interacts with the virtual instrument, i.e. the user’s actions work as excitation of the
model, to find or explore the structure of the virtual instrument, i.e. the information.

20.3.3 Navigating in Virtual Spaces
Virtual spaces can be either photorealistic (such as Second Life where entire cities [29] are
being recreated), or abstract representations that can be experienced as 3D immersive virtual
environments. Research by Lokki and Gröhn [22] found that the fastest and most accurate
navigation is achieved with audiovisual cues. They suggested that 3D sound can be used to
highlight objects of interest, which may be of use in complex data spaces where the user is
surrounded by the data space and points of interest may be located outside the user’s field of
vision. A similar approach has been developed by Amatriain et al [1] with the AlloSphere, a
large spherical audiovisual display system with both 3D visual and 3D auditory display that
can accommodate up to 30 co-located users simultaneously.
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20.4 Using Auditory Displays For Navigation Of Data
To highlight issues and possibilities of auditory displays being used for the navigation of data,
this section gives a broad review of some existing auditory displays that support navigation
in various forms. Auditory displays are beginning to see a wider use in many domains and
by presenting this review this section gives a sampling of current use that may inspire others
to expand these boundaries into new domains by highlighting the potential of using auditory
displays for navigation.
20.4.1 Data Mining and Navigation
Data mining is one area where auditory display techniques such as interactive sonification
and mechanisms for navigation of complex high dimensional data spaces are explored. Data
mining has been defined as “the science of extracting useful information from large data
sets or databases” [14]. Data mining can be regarded as having two stages: exploratory data
analysis (EDA) followed by confirmatory data analysis (CDA). The focus of EDA is to detect
patterns and computers can be used to augment the human ability to pick up patterns.Using
an auditory display is one suitable method for data mining EDA as it allows listeners to
interpret sonifications or audifications to improve their understanding of a data space as
well as for pattern detection. Increasing digitization of scientific information has been a
motivating factor in the development of auditory display systems in this domain. There is an
explosive growth of sensor and data logging systems resulting in many scientific domains
generating and recording vast quantities of data. Auditory displays excel at sifting rapidly
through such large data sets.
20.4.2 Navigation Of Music and Sound Collections
Music and sound are interesting areas for auditory navigation as the resources themselves
are aural. A number of systems have been developed to explore these areas allowing for the
navigation of personal music collections to find related music or sounds based on a range of
criteria. Many systems have been developed to assist with the navigation of music collections
including nepTune [20] which provided a 2 1/2 D3 visualization of a topographical map with
song islands. The land masses were generated using audio analysis and corresponded to
clusters of similar music. It was based on a self-organizing map (SOM), arranging a music
collection as a 3D landscape. The vertical dimension represented the approximate density
of items in a particular region of the terrain. The user heard the pieces of music closest to
their virtual position as they navigated through the landscape, as shown in this video (video
example S20.4).
Brazil and Fernström [6] developed an interactive system for navigating sound or music
collections that was designed using the principles and techniques found in section 20.3.
The Sonic Browser as shown in Figure 20.3 on page 516 provided three different 2D
visualizations and an auditory display with multiple stream stereo-spatialized audio. The
audio was activated by cursor/aura-over-icons that represented sound files, and these allowed
the user to focus their attention by directly hearing sonifications of the objects under the
3 This

is a 2D visualization which includes the distance to the surface.
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cursor/aura. The aura [13], in this context, is a function that defines the user’s range of
perception in a domain. All objects under the aura play simultaneously and their relative
loudness and stereo panning is relative the centre of the aura4 (sound example S20.5). It
facilitated users switching their attention between different sounds in the auditory scene at
will, by utilizing the “cocktail party effect” [9, 10], direct manipulation and tight coupling
to navigate the sound collection. A similar system, SoundTorch, has been developed and
investigated by Heise et al [15]5 (video example S20.6). Both of these applications use the
navigation and details-on-demand approaches from auditory information seeking [39] to
facilitate browsing audio resources.

Figure 20.3: The Sonic Browser, an interactive sound collection interface by Brazil and
Fernström et al. [6], with permission from authors.
Another consideration when navigating music or sound collections is to offer thumbnails of
sound. A segmentation-based thumbnailing approach to help navigating music collections
was developed by Tzanekis [35]. This presented a 2.5 D virtual space combining short
slices of the sound with visualizations called TimbreGrams as a method of representing
the audio files. Each TimbreGram had stripes corresponding to a short time-slice of sound
(20 ms to 0.5 s), with time mapped from left to right within the symbol and the color of
each stripe representing the spectral centroid of the slice. The similarity of sounds could
be seen as color-pattern similarity between TimbreGrams. Chai [8] explored analysis of
pop/rock music and suggested that thumbnails from musical section beginnings (incipits) are
more effective than thumbnails from other parts of songs. Brazil [5] had similar results for
browsing collections of sound files with recordings of everyday sounds.
20.4.3 Navigating Complex Geological Data
Barrass [3] developed two auditory displays for navigating complex geological data, PopRock
and cOcktail. PopRock was designed for planning a mine-shaft where the sounds were used to
4 http://www-staff.ichec.ie/~braz/sonicbrowser.mp3
5 http://www.youtube.com/watch?v=eiwj7Td7Pec
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present information about the amount of seismic activity that indicate faults or weaknesses in
adjacent areas to the mine-shaft. Isolated events or differences in the activity of event groups
were more easily distinguished when using audio to navigate the data space by presenting
90 days of seismic logs in approximately 3 minutes using 4 channels of the soprano sax
playing the G above middle C with varying brightness indicating the size of the event. The
application was used to display information about oxygen isotopes in 12 sea-bed drill-core
locations. It allowed for the navigation of time-series data where the listener could switch
attention between simultaneous time-series to compare locations6 (sound example S20.7).
The cOcktail application used speech segments of drinks orders, such as might be heard at a
cocktail party, with three levels of spatial distance (near, medium and far) to represent the
oxygen isotope value with the drink name representing a specific drill site. The mapping
between sea-bed drill-core location and speech / drink name as well as oxygen isotope levels
is shown in Table 20.2.
Mappings between drill sea-bed drill-core location and speech / cocktail names used
drill-core site
word, sex, location
RC12-294
‘blue-lagoon’, male, 0 degrees
RC13-22
‘shirley-temple’, female, 8 degrees
RC24-16
‘harvey-wallbanger’, male, 16 degrees
V12-122
‘bloody-mary’, male, 24 degrees
V22-174
‘martini’, male, 32 degrees
V25-21
‘gin-and-tonic’, male, 40 degrees
V25-56
‘margarita’, female, 48 degrees
V25-59
‘grasshopper’, male, 56 degrees
V30-40
‘golden-dream’,female, 64 degrees
V30-97
‘champagne-cocktail’, female, 72 degrees
V30-49
‘screwdriver’,male, 80 degrees
RC11-120
‘tequila-sunrise’, male, 88 degrees
Mappings between oxygen isotope value and perceived distance to listener of sound
O18 Isotope level ordinal variation
low
far away
medium
medium distance away
high
close

Table 20.2: Mappings for the cOcktail application [3].

20.4.4 Navigation Of Biomedical Data
Pauletto and Hunt [26] have investigated the navigation of electromyographic (EMG) data
through sonification. The auditory display was used to navigate information from 6 EMG
sensors where each sensor mapped to the amplitude of a different sine oscillator. The frequencies of the oscillators were chosen to produce a single complex, but easily understandable
sound. Therapists would normally spend several hours in a visual data mining task in order
to interpret the patient’s results for clinical diagnosis. Using an interactive sonification
approach, therapists could focus on patients rather than visual screens.
Electroencephalogram (EEG) sonification for exploratory analysis [18] has been used to
provide electrophysiological data about the brain’s activity. Model-based sonification of
EEG data has been developed to represent epileptic seizures [2]. EEG data normally shows
6 http://www.icad.org/websiteV2.0/Conferences/ICAD96/proc96/cocktail.au
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complex spatiotemporal patterns that indicate normal brain activity, but these turn into a
globally ordered rhythmic pattern when an epileptic seizure [25] occurs. By sonifying this
it is possible to explore the condition of epilepsy as well as providing a means for onset
detection of an epileptic seizure. This type of sonification provides for an initial navigation
of a data space to detect outliers as well as rhythmical or pitched patterns in the EEG data.
This cursory exploration can be used by a medical specialist to help determine the areas
of special interest in recordings from patients. A typical clinical session with a patient can
consist of many hours of EEG recordings. Auditory display is particular well suited for the
navigation of such EEG recordings7 (sound example S20.8.)
Another navigation issue in the medical domain is for the placement or selection of surgical
incisions, such as needle insertion points. There are many possible locations and directions
and it may be difficult to navigate to the desired position within the patient’s body. The
work of Jovanov et al. [19] discusses the use of tactical audio and sonification to address
this. Their design aimed at facilitating ultrasound-guided biopsy procedures by providing
real-time navigation guidance using auditory feedback. The system maintained a 3D model
of the patient using ultrasonic transducer and continuously compares this to a 3D anatomical
model tracking the actual patient’s orientation and actual position in context of this model.
The biopsy needle was tracked continuously in 3D in relation to this model. A continuous
audio signal allows the surgeon to be aware of the needle relative to a pre-planned trajectory
and sonified using a polyphonic consonance/dissonance function. The testing and studies of
this system were not included in the paper but the approach prompted others to continue in
the track.
Similar research by Müller-Tomfelde [24] used auditory display combined with haptic
feedback from a PHANTOM haptic force feedback device as a potential teaching aid for
trainee surgeons to refine their surgical motor skills. The motor skills in this context where
related to potential use by trainee medical surgeons for precise operations but this research
did not be included any user studies of the interface. The positioning of the force feedback
stylus used controls the difference in frequency of two sinusoids. When the force feedback
stylus is close to a landmark this results in a single sounding sinusoid as there will be little
frequency difference. When the force feedback stylus is far from a landmark, this results in a
detuned sound with a high beating frequency. The distance to a landmark is also indicated
through the use of reverberation, where the landmark functions as a loudspeaker and the
positioning tool as a microphone to create a reverberant auditory space.
The application of auditory displays in surgery is particularly useful as Darzi et al. [11]
have stated that a medical operation is 75% decision making and 25% dexterity, but is the
dexterity comes from implicit knowledge which must be learned through practice rather than
through studying texts or lectures. Interactive sonification can help to support the discovery
of anatomical landmarks and enhance the performance of a sequence of distinct movements
and also help to improve the “naturalness” of the trainees’ movements [30].

7 http://www.techfak.uni-bielefeld.de/ags/ami/datason/demo/ICAD2006/

EEGRhythms.html
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20.4.5 Navigation Of Geographical Sociological Data
Work by de Campo et al. [12] explored geographical sequences from sociology. The data
space focused on the election results from the 2005 Styrian provincial parliament election.
Styria is one of nine federal states in Austria, comprising 17 districts and 542 communities.
In the 2005 parliamentary elections approximately 700,000 voters cast their ballot to elect
their parliamentary representatives. This auditory display allowed the election results to be
navigated by their geographical distribution and highlighted similarities in voting patterns
between neighboring communities. The navigation metaphor was inspired by the idea of
throwing a stone into a lake or pond and watching the ripples propagate from the point of
impact out and across the water. A map of Styrian was presented using a 2D interface and
when a point on the map was clicked, a ripple propagated the map sonifying each data point
it encountered8 (sound example S20.9). This is shown in Figure 20.4. Evaluation of the tool
has found it to be useful for highlighting outliers in the data space where, for example, one
party has 30% on average of the electorate, but in a particular community has 40% support,
which will distinctly ‘sound out’ when exploring the sound space.

Figure 20.4: Original figure taken from de Campo et al. [12]: auditory display for navigating
electoral results from Styria.
A similar navigation approach has been used to explore the interactive sonification of georeferenced data for visually impaired users [39]. Georeferenced data analysis and sonified
choropleth maps were used to present geographical contextualised information. A choropleth
8 http://www.sonenvir.at/data/wahlgesaenge
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map has colored regions to show the differences between regions on the map. The geographically related auditory displays are an area that have been extensively used to highlight
outliers in data trends and correlate it easily back to a spatial location or region.
20.4.6 Navigation Of Personal Information
Walker et al. [36] produced an auditory display for the navigation of calendar information on
a mobile device or PDA. The application used an imaginary clock-face spatialized around
the user’s head as the spatial metaphor for the auditory display. The day’s events in the
user’s calendar were heard with 9am/pm on the extreme left, 12am/pm being directly in
front for the user, 3am/pm to the extreme right and 6am/pm heard as coming from behind
the user. This is shown in Fig. 20.5. The auditory display used generalised HRTFs that for
most individuals can provide a spatial resolution in the lateral plane smaller than 20°. The
sound for the auditory display was a synthesised male voice (created using a text to speech
application) speaking the appointment text.

Figure 20.5: Spatialized Auditory Display for navigating calendar information, original
figure taken from [36].

20.4.7 Navigating the World Wide Web
The internet has become the single largest digital information source available in the whole
of human history. Its size and complexity has resulted in the success of search engine portals
such as Google or Yahoo. One use of navigation by auditory display for this resource is for
blind or visually impaired users by providing mechanisms for navigating web pages and links
between pages. Systems such as the Web-based Interactive Radio Environment (WIRE) [38]
and WebSound [28] were designed to support navigation of the Web. The WIRE system was
built as a non-visual browsing environment for the Web that rendered web pages using audio
and with a keyboard-like interface for navigation within and between pages. The WebSound
system was a 3D immersive virtual sound space using a joystick. The WIRE and WebSound
systems provided alternatives to Braille or text-to-speech systems.
Other researchers investigated the issue of how to represent hyperlinks with auditory display.
Hyperlinking has mostly focused on textual or graphical links but research by Braun et
al. [4] and by Susini et al. [33] investigated the idea of sonifying hyperlinks. Braun’s work
concentrated on the use of annotating hyperlinks with sound that linked to a multimedia
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resource in the domain of interactive Web-based TV. Susini and colleagues [33] sonified
hyperlinks by providing supplementary information about a collection of on-line radio
programs. This supplementary information was conveyed by “underlining” a speech segment
(a few words) with a non-speech signal, playing back a text-to-speech representation of the
text with a pink noise sound. The underlining was achieved through the use of a pink noise
sound which was investigated using three different auditory modifications:
changing its spectral signature using a passband filter;
changing the energy ratio between the pink noise and the target (weak, medium, or
strong) as well as changing the onset of the underlining sound (pre-, simultaneous, or
post-) with regard to the speech segment;
modifying the attack time of the pink noise (gradual, rapid, abrupt) and the post-attack
amplitude envelope over the duration of the underlining sound.

20.5 Considerations for the Design of Auditory Displays for the
Navigation of Data
Designing displays for the effective presentation of visual information uses many generic
techniques [32, 34]. Auditory displays that effectively present a navigable data space require
more deliberate and considered mappings (parameter mappings) to ensure that mapping from
data to sound also satisfies subjective and affective variables such as “value” or “beauty” [21]
or the design of an interactive sonification model [17]. Methodologies such as the auditory
information-seeking principle can provide a solid conceptual basis for the functionality that
should be included in any auditory display for data navigation. Interactive sonification can
help in constructing an interface which encourages exploration while allowing for complex
and continuous interaction with the data. These techniques and methodologies can create
successful designs without the inclusion of concepts from sound design or from auditory
scene analysis but their inclusion makes for an easier and more informed design process.
The approach of visual information-seeking [32] with direct manipulation and interactive
sonification providing overview first, zoom and filter, then details on demand using auditory
or audio-visual means is the primary approach used for creating successful auditory displays
for navigating data. The provision of a general overview or gist, a navigable data space,
dynamic filtering and details on demand about items or groups has been shown to be
successful.
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