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Abstract. Data Mining in Virtual Reality (VR) has, for good reasons,
been focused on facilitating visual inspection and analysis. As the amount
and complexity of data is overwhelming, it is worthwhile to consider a
further exploration of the human perceptual faculties, and it seems nat-
ural to consider sound as a possible perceptual cue. Current technology
enables us to create advanced real-time 3D soundscapes, which may prove
useful since the human ears’ field of hearing is larger than the eyes’ field
of view, and thus is able to inform us on events happening in areas that
we do no see at a given time. This paper presents methods for gener-
ating 3D soundscapes from statistical information. Through a series of
investigations, we present and discuss the effectiveness of these methods
in situations where sound acts as support for visual cues, as well as the
use of sound as a separate cue for analyzing data in VR.

1 Introduction

The 3D Visual Data Mining system (3DVDM) presented by Nagel et al. [1] and
[2] provides a flexible system for doing explorative Visual Data Mining (VDM)
in VR using super computers. The optimal VR system for this purpose (such
as the six-sided CAVE!) provides technology allowing us to create an immersive
environment of surrounding 3D visual cues, as well as the possibility of creating
immersive 3D soundscapes.

The 3DVDM task is perceptual representation of statistical data and the ref-
erence is a virtual visual world, where statistical observations are represented in
a 3D scatter plot. Each data point in the plot is shown as a visual object, such
that statistical variables may also control various visual object properties like
object shape, orientation, color, and surface texture. The aim is to present data
from within and to allow the human observer as a visual explorer to navigate
around in the visual world, in order to inspect data in arbitrary view directions
and from arbitrary viewpoints. To supplement what ordinary statistical analysis
of data can provide, the observer will look for special structures in data. He
may search systematically and/or hope for the talent of serendipity [3] to help
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detect the interesting and unexpected. The technological challenge is to provide
facilities as convenient as possible for such search to be successful. Part of this
challenge is to enable us to represent simultaneously as many statistical vari-
ables as possible to exploit the perceptual bandwidth, while avoiding perceptual
“overflow”.

When we choose to visualize large amount of data in a 3D Cartesian coordi-
nate system we create an artificial world that is an artificial world in more than
one sense: It is “an artificially created artificial world”. The user will find himself
floating in infinite space surrounded by the graphical objects representing entries
in a database, and may loose sense of orientation.

1.1 Motivation

The intentions of using sound in data mining is derived from the underlying
idea of the 3DVDM project, which is to encode as much information as the
human perceptual system can cope with [3]. The idea is to create a 3D sound
interpretation of the data that can serve either as a support for a visualization
parameter such as color or as an independent audio representation of one or more
data dimensions. A main motivation for this approach is that the human ears’
field of hearing is larger than the eyes’ field of view, and thus is able to inform
us on events happening in areas that we do not see at a given time. It may then
be possible to create sound cues that will draw the listener’s attention towards
part of the visualization that is out of visual range. In VR, the user will then
be able navigate using sound cues and perform a more detailed investigation of
areas of interest. Likewise a soundscape may help the user to maintain a sense
of orientation while navigating in arbitrary directions.

Our aim is to create a soundscape that in some way represents the surround-
ing visual world, and may be of assistance to the user in several ways. This paper
will describe some examples of how sound can be helpful for performing VDM,
and in addition support orientation and navigation in the artificial worlds that
we deal with.

The examples in this paper are created using a “Forest Cover Type” database,
see table 1. The database is available with description online?.

1.2 Sonification of Statistical Values

The methods described in this paper only aim at encoding one level of statistical
information into the soundscape. It is possible to add more levels using e.g. differ-
ent types of instruments/timbres or different persons speaking, much like using
different shapes, orientations and textures on graphical objects. It is important
to note that the target is dependent on the success of the user comprehension of
a multivariate soundscape. Thus it is not necessarily a goal it self to sonificate
as many variables as possible simultaneously, but to make it possible for analyst

2 http://kdd.ics.uci.edu/databases/covertype/covertype.data.html



and domain experts to get a useful impression of relationships between multiple
variables.

Listening to a soundscape rendering based on statistical data can be an over-
whelming sensation for beginners, and it may be difficult to extract just one level
of information. It takes some time to learn how to interpret the information, and
before this is mastered the soundscape should be kept simple. If the possibility
of encoding more level is made available, it should be up to the user to add more
levels to the soundscape, as he/she gets used the sensation. Still, adding more
levels may just deteriorate the the information held in the existing level(s).

2 Previous Work

It is well known that color provides a powerful tool for categorizing visual objects,
e.g. when performing visual data mining[1]. Some research have been focused on
using auditory patterns to present complex information and combining visual
and auditory information to facilitate the processing of information [4]. Tt is
concluded that for some types of information, the auditory modality works just
as well as the visual modality. In particular, auditory information can be used
as effectively as visual information for a visual search task when speed is not
crucial. Furthermore it is suggested that humans can rapidly extract more than
one aspect of information from a sound, and then act on the information.

These observations indirectly suggest that it will be possible to create a
useful 3D soundscape, that in some way represent a visual world and yields
further information about this.

Much research has been focused on creating auditory displays using different
artificial cues for simulating direction and distance. [5] provides a useful overview
of things to consider when implementing a 3D sound system, especially regarding
distance perception and implementation. Also [6] is a useful source when dealing
with the human auditory system.

Some specific research regarding data analysis has previously been done [7].
This article describes different aspects and methods for rendering data as sound
and provides a good overview of different possibilities within this scope.

3 Rendering Value as Sound in Virtual Spaces

The 3DVDM system provides tools for using 3D sound to perform general and
detailed investigation of data visualized in a 3D scatter plot. A sound engine is
designed and integrated into the VR++ system (VR++ is the software frame-
work, which hosts the 3DVDM software [8]). With this, it is possible to place
sampled sounds or synthesized sounds at any point in the virtual world. It is thus
possible to attach sounds representing statistical values to selected objects, or
add sound representation to groups of objects, such as density clusters or mea-
surements of density in solid angles around the users current position. Adding
sound to this infinite visual space with thousands of generators and with no ma-
jor solid structures to influence with reverberation, as in the natural world, has



appeared to be a rather complicated task with a large number of possibilities
and constraints, respectively.

Databases of concern typically have many thousands of observations, and our
current software can handle 32 simultaneous sound generators (voices). Even if
this may seem insufficient for creating an interpretation of thousands of obser-
vations, we need to consider that a soundscape created from thousands of si-
multaneous sounds will not necessarily yield useful information (it is more likely
that it will not). One possible solution to this problem is to create a soundscape
that changes in time (and space), allowing the listener to be able to pinpoint
locations in space, which may be interesting to explore even further. For this
purpose, the number of voices is sufficient. The change in time can either be an
automated process, or controlled by the user in ways that will be described in
more detail later.

The limitation of 32 voices is not a finite number, but can easily be expanded
to whatever number of voices the host computer that runs the sound engine is
capable of.

The sound system can produce an audible 3D sound field generated with 2,
4, 5.1 (Dolby Digital positions) and 8 speakers in different configurations. The
optimal 3D sound field is generated with 8 speakers placed in each corner of a
cube, because this creates an even placement of the speakers in all directions of
the listener, and represents all three directions in the 3D world. The 8 speaker
configuration is widely used with the CAVEs.

4 Sound Schemes

The human auditory system is capable of pinpointing and maintaining focus of
perception on a single sound source in an otherwise complicated soundscape.
This is referred to as the “cocktail party effect”[6]. This means that we can en-
code much information into the soundscape and expect the listener to be able
to decode a single source, as long as it is distinguishable from the rest of the
sound sources. This may be achieved by dynamicly changing the soundscape
- a side effect that will happen automaticly if the data base samples are se-
lected as a function of time (only requiring that the database contains different
observations).

Likewise [6] speaks of the “ventriloquism effect”. This phenomenon indicates
that, if there is a visual cue and a sound is located close to this object, the sound
is automatically perceived as being where the visual object is. This means that
if we visualize the currently sampled objects, the listener will perceive the sound
as originating from this object. This may compensate for possible shortcomings
in the 3D sound rendering system.

When placing sound cues at different distances one should consider that the
human auditory system perceives distance far more accurate when using familiar
sounds rather than unfamiliar sounds. [9].

Based on this we propose two ways of mapping statistical values to sound
events: Samples and synthesized sound.



— Using sampled sounds where an exchangeable sound bank consists of selected
samples that may (or may not) be related in a way that makes them yield
some kind of numerical information. The samples should be short (i.e. less
than 500ms) to avoid a clouded soundscape. The sounds used in the sound-
scape should (ideally) represent some kind of numerical information making
the listener able to distinguish between these. It is clear that rendering a few
categorical (Nominal or Ordinal) values such as the four Wilderness Areas or
the seven Cover Types in the Forest Cover Type database (see table 1) will
create a more interpretable soundscape than 9am Hill-shade which ranges
from 0 to 255. With a few n categorical values it is then suitable to use
a sound bank with a few easy distinguishable sounds, e.g. recordings of n
different musical instruments or a spoken voice saying the numbers from 1
to n.

— Using synthesized sounds generated with a simple sawtooth waveform with
musically tuned pitch. Low value can correspond to a low pitch and visa
versa. When using the synthesized scales the soundscape will most likely
have some kind of musical content. Since we have chosen pitch as value it is
our hope that listeners with a minimum of musical training will be able to
hear and interpret the steps in pitch as values. The sounds are created with a
relatively short envelope time consisting of a short attack around 30ms and
decay around 100ms. The resulting sounds are short musical sounds with
a noticeable onset, that should create sufficient attention for the listener
in order to locate it’s position and perceive its encoded value. In the non-
categorical case it may be more difficult to define the ideal sound sample
bank. For this purpose it may be more suitable to use these synthesized
sounds and achieve value information by mapping the values to musical pitch.
The pitches are chosen in predefined scales, which have different spacing
between the pitches and different tonal content. The software has a few of
these scales to which values can be mapped. The scales are: Pentatonic,
Aeolic, Major Chord, Chromatic, Melodic (Tonic) and Tritone (Boolean). In
some scales the tones are close to each other (Melodic/Chromatic) while the
others have more or less spread (3-5 semi-tones between them). The Tritone
scale only has two tones placed in the distance of six semi-tones. All scales
are placed musically in the mid range (not too low, nor too high notes).

Our wish to encode easy understandable numerical information into the sound-
scape introduces a problem that we need to consider. Under normal conditions
the auditory system is exposed to many different sound sources. In our case the
soundscape will be created from many similar sources. This means that events
are more sensible to masking, which means that sounds with higher intensity
“eats” the weaker ones. We may overcome this to some degree by choosing
many different sounds or by lowering the number of simultaneous sounds.

In practice the software has control options to adjust such parameters. These

settings can be applied in real-time depending on what the listener may find
useful in the specific situation.



4.1 Tools for Rendering a Soundscape

The 3DVDM sound tools consist of two major methods which both operate on
visual 3D scatter plots:

— A render tool, which can be used for rendering a 3D soundscape around
the user representing either statistical values or density measured in a user
definable cubic grid. The soundscape rendering can be of the whole data
set with random sampling, sliding windowed data sampling, or rendering a
sweeping plane along a specified axis in time, where sound is triggered when
the plane intersects with objects. The database is sampled several times each
predefined time interval, e.g. each 100ms, and if the threshold conditions for
a sample are met a sound will play. Each sampling period a specified number
of voices (1-32) will be triggered on this basis.

— A torch tool, which is placed in the hand of the user. In VR, the user can
point this virtual torch in arbitrary directions towards objects in space and
get sound responses from these representing statistical values of objects or
local area densities (see Figure 1).

Fig. 1. Auditory data mining with the “virtual torch”. In VR the torch cone originates
from the hand of the observer, and can be pointed in any direction.

For all render methods the same rule apply: When a data sample is set to play
it is rendered at its actual position in 3D space. Ideally the listener will be able
to locate the origin of the sound (position and distance). For all methods it is
possible to apply density thresholds in order to concentrate the attention on
higher populated areas. Likewise the user may define a distance threshold and
discard records placed in virtual space beyond this threshold.



5 A Case Study: Forest Cover Type

The following presents three example series using the Forest Cover Type dataset
mentioned in section 5.

The dataset contains the forest cover type for 30 x 30 meter cells obtained
from the US Forest Service (USFS) Region 2 Resource Information System (RIS)
data.

Independent variables were derived from data originally obtained from US
Geological Survey (USGS) and USFS data. Data is in raw form (not scaled) and
contains binary (0 or 1) columns of data for qualitative independent variables
wilderness area and soil type).

The dataset is not balanced; refer to the web-site for description of the vari-
ables and basic statistics®. .

Data summary

From the dataset documentation the following basic information was obtained:

Number of observations: 581012

Number of Attributes: 54

Attribute breakdown: 12 measures, but 54 columns of data (10 quanti-
tative variables, 4 binary wilderness areas and 40
binary soil type variables)

Missing Values: None
Name Index|Values Range

Elevation 1 1978 |1859 — 3858 meters
Aspect 2 361 |0 — 360 azimuth
Slope 3 67 |0 — 66 degrees
Horizontal Hydrology Distance 4 551 |0 — 1397 meters
Vertical Hydrology Distance 5 700 |-173 — 601 meters
Horizontal Roadways Distance 6 5785 |0 — 7117 meters
9am Hill-shade 7 207 |0 — 255
Noon Hill-shade 8 185 |0 — 255
3pm Hill-shade 9 255 |0 — 255

Horizontal Fire Points Distance| 10 5827 |0 7173 meters

Wilderness Area 11 4 |Cache la Poudre, Comanche Peak,
Neota, Rawah

Soil Type 12 40 (1 -40

Forest Cover Type 13 7  |Aspen, Cottonwood/Willow, Douglas-

fir, Krummbholz, Lodgepole Pine, Pon-
derosa Pine, Spruce-Fir

Table 1. Basic information about the variables in the Forest Cover dataset

3 http://kdd.ics.uci.edu/databases/covertype/covertype.data.html



This dataset, see table 1, was originally used in a classification exercise, with 12 inde-
pendent variables for classifying the cover type, and one control variable, Forest Cover
Type. It was also used in [10] where the cover type was classified using different methods.

Data conversion

There are 13 variables of which the last three are categorical; that is, without any
meaningful ordinal order. The categorical variable Forest Cover Type, index 13, can
directly be used, but it is difficult to use the two categorical variables Wilderness Area
and Soil Type in a 3D visualization as they are stored as mutually exclusive binary
values.

These 44 binary variables (4 mutually exclusive values from Wilderness Area and
40 from Soil Type) were therefore converted to two quantitative variables; see index 11
and 12 in table 1.

5.1 The Examples
We will now present three different investigations:

— The first case will investigate usage of soundscapes in a situation where sound acts
as a support for color, which represents Forest Cover Type.

— The second will investigate the same dataset but with sound used to represent
Wilderness Area (categorical data).

— In the third example we will attempt to map Vertical Hydrology Distance to sound
(continuous data).

For all cases the axes in the coordinate system indicate Elevation, Horizontal Road-
ways Distance and Horizontal Hydrology Distance. This combination does not receive
particular high score when we calculate the partial correlation coefficient (see [2]). In-
teresting shapes appear as “tongues” stretching towards two of the axes’ higher ends,
Horizontal Hydrology Distance in particular. Figure 2 shows a 3D scatter plot of the
dataset used for these examples. The two pictures show the same scatter plot from
different viewpoints.

As it is difficult to present a soundscape in time in a document of this type, we will
try to make a description of the soundscapes that occur. Black cubes in screen shots
indicate currently sampled data entries.

The investigation of the dataset is not meant to be conclusive in any way, but
should only serve as an example of how these tools can be used. Some of the information
revealed by these examples are obvious and can be found simply by looking at the data.
These are used for cross-reference.

During the tests the distance threshold is adjusted to investigate how this function
affects the soundscape and the listeners perception of the content. We also try different
rendering methods: Rendering the whole set and rendering a sweeping plane along each
of the three axes. When applicable we bring out the virtual torch to test this on areas
on high interest.

5.2 Sound Supporting Color

The main objective in this test is to investigate how the use of dynamic 3D soundscapes
works as support for a visual parameter, in this case: Color. We will also investigate if it
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Fig. 2. 3D scatter plot from different viewpoints. Elevation, Horizontal Roadways Dis-
tance and Horizontal Hydrology Distance are mapped to the axes. Color shows Cover
Type.

is possible to navigate the soundscape, so that we can locate areas of high concentration.
Finally, we will will investigate the possibility of locating interesting areas that will not
be visible to the eye.

The database is sampled every 120ms, and 8 entries are randomly picked and
mapped to sound samples of spoken numbers 1 to 7 representing the seven Cover
Types. Initially, all thresholds are set to maximum values, so that all observations are
potential sources. The listener is placed in the middle of the coordinate system, and
starts navigating the soundscape from there. It is allowed to adjust distance threshold.

— The immediate overall impression is a soundscape consisting of the numbers 5 and
7, which are the two dominant types of cover type: Lodgepole Pine and Spruce Fir.
It is difficult to hear other types.

Distance threshold is lowered to 10 (graphical) units®. This allows the listener to in-
vestigate close range areas further by navigating through the data.

— It does not reveal anything straight away, but closing in on the area around the
middle of the elevation axis increases the number of Aspen (Type 1) to a noticeable
level. Tt reveals what can be seen from the color: That the number of Aspen are
few compared to Lodgepole Pine and Spruce Fir at that elevation point (and they
are close to roads in general).

Next, the Elevation Axis is rendered in time. Data sampling is done using a sliding
window (Figure 3) and distance threshold reset to maximum. The objective is then to
navigate around in the soundscape and listen for interesting things.

— This gives the impression of gradually changing Cover Type as the Elevation in-
creases. After several passes it also reveals that there still are types that we cannot
see in the scatter plot when Lodgepole Pine and Spruce Fir become visually dom-
inant (primarily Aspen).

4 For reference: The coordinate system is 100 x 100 x 100 graphical units



Rendering the other axes does not reveal anything that can not be seen from the colors.
Using the torch to make close-up investigation of statistical values does not really make
sense in this case where sound acts as support for color.

Fig. . Sampling along the Elevation axis. Black cubes mark the current samples.

5. Sound Representing Categorical ata

The main objective in this test is to investigate how the use of dynamic 3D soundscapes
works for data mining when the there is no visual reference, and the data variable that
is used for rendering the soundscape consists of a few (four) categorical values. We will
see if it is possible to get an idea of how the selected variable is distributed. We will
also investigate if it is possible to navigate through the soundscape, letting us locate
areas of interest.

The database is sampled every 120ms, and 8 entries are randomly picked and
mapped to sound samples of spoken numbers 1 to 4 representing the four Wilderness
areas. Color still shows Cover Type. Initially all thresholds are set to maximum values,
so that all observations are potential sources. The listener is placed in the middle of
the coordinate system, and starts navigating the soundscape from there. It is allowed
to adjust distance threshold. Doing a bit of “cheating” by changing color to represent
Wilderness Area shows the layout (See figure 4).

— The initial experience when sampling the whole set randomly is an overweight of
area 2 and 4. This is expected from the layout of the database.

‘We choose to render the 3 axes one by one while navigating the dataset to get a picture
of the Wilderness Area distribution.

— It becomes clear that the large tongue stretching out the Horizontal Roadways
Distance axis is area 4. About half the maximum distance area 2 gradually in-
creases. The slim tongues that reach out the Horizontal Hydrology Distance axis
are primarily area 2 with some representation of area 4. Data from area 3 seems
to be located at high Elevation with low Roadway Distance and area 1 is located
at low FElevation and low Hydrology and Roadway Distances.



Fig. . A “sneak peak” at Wilderness Area distribution using color.

‘We then choose to try to identify what kind of Forest Cover that is in different Wilder-
ness Areas. By looking at the colors one can see that Cottonwood Willow Douglas r
and Ponderosa Pine are grouped in one corner of the scatter plot. Distance threshold
is set to 10 and the area is investigated further (by navigating into this area).

— This reveals that all these Cover Types are in area 1 until the Elevation reaches a
certain level.
— This area also has a few Lodgepole Pines.

It now seems feasible to bring out the torch and point it where area 1 seems to stop
(figure 5) to see how these Cover Types are distributed in the Wilderness Areas.

— Closer investigation with the torch reveals that area 1 has a few observations
around Elevation 2600 where it seems to stop. Areas 2 and 4 take over and have
a few Douglas- r and Ponderosa Pine but no Cottonwood Willow.

— Moving a bit upwards along the FElevation axis with the torch aimed at Aspen
confirms that this only exist in area 4.

5.4 Sound Representing Continuous ata

The main objective in this test is to investigate how the use of dynamic 3D soundscapes
works for data mining when the there is no visual reference, and the data variable that
is selected for rendering the soundscape consists of many different observations. We
will see if it is possible to get an idea of how the selected variable is distributed. We
will also investigate if it is possible to navigate through the soundscape, so that we can
locate areas of interest.

The database is sampled every 120ms, and 8 entries are randomly picked and
mapped to synthesized waveforms spaced on a Ionic scale over two octaves. The values
in the chosen scale (Vertical Hydrology Distance) are normalized and mapped to this
scale so that low values become low pitch and visa versa. Color still shows Cover Type.



Fig. . Investigating area 1 maximum elevation area.

Initially all thresholds are set to maximum values so that all observations are potential
sources. The listener is placed in the middle of the coordinate system starts navigating
the soundscape from there. It is allowed to adjust distance threshold.

— The immediate overall impression is a soundscape with many different values but
with high concentration of mid range values and very few in the ultimate high and
low region.

Distance threshold is again lowered to 10 units allowing closer inspection of local areas
by navigation.

— There is a noticeable change in the soundscape along the Horizontal Hydrology
Distance axis. At low distance the values seem concentrated on a value in the
middle of the lower octave (i.e. around 1/4th of the maximum Vertical Distance,
i.e. around 0 meters, since this data variable has both negative and positive values).
There does not seem to be any very low or high values.

— Moving in the direction of high Horizontal Hydrology Distance creates a more dis-
tributed soundscape with many notes of different pitch. Sounds seem concentrated
around middle values with a larger spread than initially, but there are definitely
some very low and high values in this area.

It seems feasible to try to render along the three axes, especially Horizontal Hydrology
Distance should be interesting.

— This confirms what was indicated rendering the whole scatter plot. There is a
strong representation of a level about 1/4th as mentioned above

— This spreads out as Horizontal Hydrology Distance increases.

— When Horizontal Hydrology Distance is 0 Vertical Hydrology Distance is also 0
provided that the pitch value we hear as about 1/4th of the total tonal range
is equal to the value of 0. (This correlation between the two distances would be
expected for e.g. trees close to lakes and rivers).



Mapping Vertical Hydrology Distance to color (Figure 6) gives a clearer view of how the
distribution of this value changes as Horizontal Hydrology Distance increases. The red
tongue was not detected during the test, but was only hearable as a few high pitched
sounds, which was difficult to locate.

Fig. . Mapping Vertical Hydrology Distance to color. Notice the red tongue (marked).

iscussion

The tools and methods presented above are only few of many possibilities of this
system. There are virtually unlimited ways to construct a soundscape using different
sounds and settings.

In general, sound seems to support a visual parameter like color quite well. It does
not reveal much new information; but can be useful if a data structure occludes other
interesting observations. If certain clusters are out of visual range it will create sound
cluster in that direction, provided that there is sufficient data in that cluster.

Mapping statistical values to a few different sound events works with success when
the data values are a few categorical values. If the data values are continuous it is more
difficult to suggest a soundscape with the same informational value, though using the
synthesized sounds may still yield some information about relative values.

Sampling of the whole 3D scatter plot randomly and especially along the three axes
in time gives us a soundscape that is much similar to the one we will get by choosing
color rather than sound. The real strength of this method appears when comparing
color and sound information to investigate the correlation between these.

The virtual torch proves quite useful for finding the direct statistical value of a
given observation as long as the statistical values are few and preferably categorical.
When this is not the case it will still provide information on relative values.

An important parameter to consider is the distance threshold that enables the
listener to concentrate on the local area, because this also seems to eliminate most
of the potential background noise created from distant objects. However, this also



eliminates the ability to navigate towards distant areas on basis of the auditory cue
from these. This was especially true for the last test where the synthesizer was used.
In the second test it was possible to work with a higher distance threshold, probably
because of the few different sounds.

1 avigation sing Sound

When the user becomes familiar with the current properties of a 3D soundscape it may
become possible to navigate supported by sound cues, given that there are clusters that
provide sufficient positional cues. In cases where there are no apparent clusters or other
patterns in the soundscape it may just confuse the user. In this case it is probably a
better solution not to use the sound tools.

In any case, using soundscapes does hold enough information to give a strong indi-
cation of the distribution of a given statistical value. This information is also significant
enough to trigger a closer investigation in most cases.

Conclusion and Future Work

This project intended creating software tools that allowed us to use sound to assist us
in performing VDM in VR. This paper presented two basic sound tools developed for
this purpose, and our aim was to present and test these tools, in various ways.

ur work has shown that it is possible to use sound for data mining in VR as
either a support for visual parameters or as a stand-alone method, and especially using
different exchangeable sample banks to represent statistical values proves to be a useful
way of locating data values in VR. The success will depend on which type of data we
wish to investigate, since keeping a simple soundscape is crucial for precise perception
of value. Still it is possible to encode some kind of information about level for data
that is more complicated.

Future tests should try to investigate the threshold of complexity for soundscapes
that are useful for data mining (i.e. holds some kind of numerical value). This is impor-
tant in order to avoid listener fatigue and information overload which was a common
problem during this work.
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