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ABSTRACT

This poster presents an interactive sonification experiment, designed
to evaluate possible benefits of sonification in information visual-
ization. The aim of the present study was to explore the use of
composed and deliberately designed musical sounds to enhance
perception of color intensity in visual representations. It was hypoth-
esized, that by using musical sounds for sonification perception of
color intensity would be improved. In this evaluation, sonification
was mapped to color intensity in visual representations, and the par-
ticipants had to identify and mark the highest color intensity, as well
as answer a questionnaire about their experience. Both quantitative
and qualitative preliminary results suggest a benefit of sonification,
and indicate that sonification is useful in data exploration.

Index Terms: Sonification, information visualization, color inten-
sity, evaluation.

1 INTRODUCTION

Data are produced by many different research disciplines, resulting
in data that ranges from static data to dynamic temporal data sets. It
is common to use different visual representations to represent this
data, however, the large size and complex structures of the data often
make analyses of the visual representation a grand challenge.

One of the problems might be the limited space on the visual
display, resulting in dense and unintelligible visual representations.
To reduce visual clutter and facilitate perception of visual repre-
sentations, it is common to employ renderings based on the data
density [2]. However, using density information has the drawback
that it is difficult to perceive the actual number of blended data points
in the representation, as the light level or color intensity in the visual
representation might become saturated. Another problem might
arise due to simultaneous brightness contrast [15], which occurs
when a colored patch with a set luminance is perceived as brighter
when it is placed in a region with dark color tones, compared to
when it is placed in a region with overall lighter color tones. Yet
another difficulty for human visual perception is the Mach band
phenomenon [7], which occurs at boundaries between colors, or
between shades of colors, and is perceived as a gradient just next to
the boundary, even if the actual color is solid. These problems will,
in turn, negatively affect the perception of density levels as well as
strength encoded as color intensity in visual representations.

Such shortcomings in the comprehension of data visualization,
can hardly be managed by the visual modality alone. Instead, these
could be addressed by adding sound as a complementary modality to
the visual representation. The research area of sonification is rather
new and emerging, and aims to use sound to enhance and clarify
visual representations of data, and to simplify the understanding
of these [4, 5, 9]. The aim of the present study was to investigate
whether sound could be used to facilitate the perception of color
intensity, and contribute to the research field of sonification as well
as information visualization.
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Figure 1: Example of the visual representations used in the test setup,
showing the complexity of grating. The upper half shows the actual
stimuli used in the test setup, while the lower half shows the same
stimuli but with enhanced contrast for use in this paper.

2 RELATED WORK

Even though the concept of sonification and data exploration is not
new, the combination of visualization and sonification has been
sparsely evaluated, for example in connection with the depth of mar-
ket stock data [8], to augment 3D visualization [6], and to enhance
visualization of molecular simulations [10]. Some research has con-
sidered sonification in connection with data exploration and scatter
plots [3, 11], as well as sonification for data exploration in scatter
plots and parallel coordinates [12, 13]. All these studies suggest that
there is a benefit of sonification in connection with visualization,
and data exploration.

3 VISUAL REPRESENTATION

The visual representations used in the present study (see Fig. 1) were
created in Matlab as a variant of a sine wave grating, by mixing
two sinusoids of different frequencies, and then by adding some
random ripples with an applied Gaussian filter to the mixed sinusoids,
and finally by adding a triangle wave to create a peak level in the
combined wave form. A total of 90 images were created, with a
balanced difficulty level over sets of ten images. The green color
channel was used, as the human visual perception is more sensitive
to contrasts within the green parts of the spectrum [1, 14].

4 SONIFICATION AND MAPPING TO LIGHT LEVEL

The sonification used for the present study was created in Super-
Collider, which is an environment and programming language for
real-time audio synthesis. The tones used were C2, C3, G3, C4, E4,
G4, C5, E5, C6, C7, and C8, thus in combination forming a rather
large C major chord. This chord was mixed with pink noise, at a low
sound level, to further ensure that a wide frequency band sound was
used for the sonification, but still with a pleasant harmonic content.
Two aspects of the musical sound were modulated due to the visual
representation, amplitude and cutoff frequency.

5 TEST APPARATUS

The interactive test (see Fig. 2) was divided into four conditions:
no sonification (Quiet), sonification with band pass filtering (BPF),
sonification with amplitude modulation (AM), and sonification with
both band pass filtering and amplitude modulation (BPFAM). In
each condition, the participants moved a horizontal slider, using



Figure 2: The test setup, showing the number of the trial (in Swedish),
the type of sonification, the visual representation, the interactive slider
used to select the vertical pixel row in the visual representation, and
the button used to confirm the selection and for starting the next trial.

the computer mouse, to mark the vertical pixel column that had the
highest color intensity in the visual representation. The participants
also answered a questionnaire about their experience of the different
sonification conditions, as well as about their experience of the
sonification in general. Answers were given via a 5-point Likert
scale, ranging from 1 (strongly disagree) to 5 (strongly agree). The
experiment yielded objective measures, accuracy and response time,
as well as subjective measures from the questionnaire.

6 RESULTS

Preliminary results (n=15) show that the accuracy was 3.0 (SD=1.9)
for Quiet, 1.8 (SD=1.1) for BPF, 1.7 (SD=0.9) for AM, and 1.5
(SD=0.7) for BPFAM. The accuracy measure indicates the highest
light level minus the selected light level, hence a lower measure
means better performance.

When accuracy was analysed using a repeated measures ANOVA
with one within-subject factor, sonification condition (Quiet, BPF,
AM, BPFAM), a main effect of sonification condition was found
(F(3,42)=9.46, p<0.001). Post-hoc tests with Bonferroni correc-
tion for multiple comparisons revealed a significant difference be-
tween Quiet and BPF (p=0.017), as well as between Quiet and AM
(p=0.025), and between Quiet and BPFAM (p=0.031), but there
were no differences found between the three sonification conditions.

The measures of response time suggested that responses were
generally faster in the Quiet condition compared to when sonification
was used. The subjective measures from the questionnaire showed
that the participants generally experienced sonification as helpful.

7 DISCUSSION AND FUTURE WORK

The preliminary results presented in this poster suggest that sonifica-
tion can improve perception of a visual representation with regards
to color intensity. This was demonstrated by increased accuracy
when sonification was used compared to when no sound was used.
However, the results also show that the type of sonification did not
affect the outcome of the experiment. This assumption was also
supported by the subjective measures.

Furthermore, the increase in response time when sonification was
used, suggest that the participants used the sonification to refine their
selection as also observed, hence the increased accuracy, and that
this took longer time. Interestingly, some of the participants stated
that sonification improved their response time as well, even if this
was not the case according to the objective measure.

Even though a simple mathematical test would be sufficient to
mark the highest color intensity in a given data set, the task used in
this study is a simplification to enable a controlled examination of
sonification benefit. The challenge and problem with density levels,
simultaneous brightness contrast, and the Mach band phenomenon
exist in visual representations in general. Therefore, knowledge

gained within the present study should be applicable to other visual
representations than those used in this study.

For future work, the first step will be to further investigate mu-
sical elements other than BPF and AM that might be suitable for
sonification, such as pitch, harmony, as well as tempo and rhythm.
The second step will be to evaluate sonification in relation to a wider
range of visual representations. This should indicate which musical
element in the sonification that is most suitable to use interactively,
in combination with which kind of visual representation for maximal
usefulness.

8 CONCLUSION

The preliminary results suggest that there is a benefit of sonification,
showed by increased accuracy, in selecting the vertical pixel column
with the highest color intensity in the visual representations. This
result was also supported by the subjective measurement.
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