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Introduction — Background

Auditory perception of information about objects and
processes in our surroundings from sounds they emit has
been recognised as an important aspect in psychoacoustic
research. [1][2] E.g., one may ask if certain types of eco-
logical information, such as force attributes or velocities,
are particularly well perceived auditorilly as compared to
vision or other senses. Most existing studies in this con-
text deal with information occurring in discrete classes
such as material [3] or interaction type [4] or anyway
being perceived from discrete (mostly short) auditory
events (e.g. [5]). The work described here in contrast is
motivated by the interest in continuous flows of informa-
tion in continuous perception–action loops. One general
aspect is here that such mechanisms of perception may
happen unconsciously and therefore be difficult or impos-
sible to assess by methods relying on conscious responds
or “self-evaluation” of test subjects. While again most
conventional psychoacoustic examinations are based on
tools such as questionnaires or rating or scaling tasks,
one central idea of the present work lies in measurement
of motor responses on perceptual stimuli. This approach
may allow conclusions on perceptual mechanisms that
happen without conscious awareness of the test subject
and can thus not be assessed by many other approaches.

This contribution gives a rough overview over two studies
and the underlying interface and ideas; for details we
refer to more extended dedicated papers [6][7][8].

The Ballancer interface

The Ballancer is a tangible audio–visual interface de-
veloped with the aim of examining mechanisms of hu-
man perception and motor control. It is based on the
metaphor of balancing a ball rolling along a tilt-able
track. The device is handled by the user as if balancing a
small marble on top of a 1-m long wooden track whereby
feedback about the movement of the virtual ball can be
given through different types of visual and/or auditory
feedback; figure 1 shows a photo. Details of the construc-
tion of the Ballancer interface and underlying theoretical
thoughts can be found in [6].

Experiments and results

Several experiments have been conducted at the Bal-
lancer interface with the scope of examining and as-
sessing perceptual mechanisms in balancing control. All
studies deal with a target reaching task where test sub-
jects are asked to move the controlled ball (by balancing)
into a graphically marked target area and stopping it in-

Figure 1: The Ballancer in the configuration with a wide-
screen display spanning the whole size of the 1–m physical
control stick.

side here (compare figure 1).

In an initial study [6][7] with the scope of exploring the
potential of a sound model of the rolling [9] to support
such interaction of balancing–target reaching, subjects
performed at displays of 4 different sizes and the target
area was marked acoustically through a different, rougher
surface structure. It was here found that average task
performance was significantly faster with acoustic feed-
back than without, at all display sizes, with the effect get-
ting stronger for smaller displays. When analysing fur-
ther the movement trajectories during task performance
in order to examine further mechanisms connected to the
noted faster performance, significant differences were also
found in average values of characteristic indices such as
the velocity of the ball when entering the target area.
Details of the study are given in dedicated articles [6][7].

The cited effects found in the initial study gave rise to
the hypothesis that the improvement of task performance
with sound feedback is based on auditory perception of
the virtual ball’s velocity. In this study sound feedback
however also contained rough positional information by
means of the changing surface structure and through am-
plitude panning. In order to test the noted hypothesis
of auditory velocity perception and its relevance for con-
trol behaviour another study was conducted in which the
sonic feedback reflects only the momentary velocity of
the ball and does not depend on its position in any way.
Furthermore the interface is here presented with some-
what “ideal” visual conditions by means of a large-screen
display spanning the whole range of the physical control
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stick, i.e. about the range of the subject’s arms and visual
field. More notable, this study also addresses the ques-
tion of a potential of “abstract” sonic feedback with no
resemblance to rolling sounds. Another point of interest
were the comparative effects of these two different types
of sonic feedback, “rolling sound” vs. “abstract”, on task
performance and training behaviour. It was again found
that sonic feedback leads to faster average performance
thus proving the hypothesis of auditory velocity percep-
tion to be true and relevant for human motor control. In
these performance improvements a cross-dependence be-
tween the type of sound feedback and training phase was
seen. Figure 2 and table 1 show these effects. Roughly
summing up the overall development of average task per-
formance it can be said that untrained subjects were ini-
tially fastest with feedback from the rolling model while
after one round of training the abstract sound feedback
turned out to lead to fastest average performance. Again
details can be found in a dedicated article [8].
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Figure 2: Average task times (in s) across all subjects, un-
der the different conditions of auditory feedback, over the “un-
trained” and “trained”, and over all (“overall”) games.

Relative differences of task times,
statistic significance

“untrained” “trained”
as no as no

rs
δ(%) −9.1 −17.9 8.1 −3

p 0.1345 0.0052 0.1414 0.5977
as

δ(%) −9.7 −10.2
p 0.1825 0.0206

Table 1: Differences in average task times (in %) under the
different conditions in the untrained and trained set. Below
each difference value the according statistical significance, p,
is given.

Conclusions

Experiments with a virtual rolling ball under different
conditions of visual and auditory feedback show that sub-
jects’ average control performance may improve through
sound feedback. Optimisation of control movements can
be ascribed to information of velocity of the controlled
ball being perceived from sound feedback. This process
of perception and exploitation of auditory velocity in-
formation may be even stronger with suitably designed
abstract sound feedback without resemblance to a “nat-
ural” sound of rolling. An according experiment however
supports the assumption that abstraction of sonic feed-
back may have a suppressive effect on the training curve.

References

[1] N. J. Vanderveer, Ecological Acoustics: Human per-
ception of environmental sounds, Ph.D. thesis, Geor-
gia Institute of Technology, 1979, Dissertation Ab-
stracts International, 40, 4543B. (University Micro-
films No. 80-04-002).

[2] W. W. Gaver, “What in the world do we hear? an
ecological approach to auditory event perception,”
Ecological Psychology, vol. 5, no. 1, pp. 1–29, 1993.

[3] R. Wildes and W. Richards, “Recovering material
properties from sound.,” in Natural Computation,
W. Richards, Ed., pp. 356–363. MIT Press, Cam-
bridge, MA, 1988.

[4] W. H. Warren and R. R. Verbrugge, “Auditory per-
ception of breaking and bouncing events: a case study
in ecological acoustics,” Journal of Experimental Psy-
chology: Human Perception and Performance, vol.
10, no. 5, pp. 704–712, 1984.

[5] C. Carello, K. L. Anderson, and A. J. Kunkler-Peck,
“Perception of object length by sound,” Psychological
Science, vol. 9, no. 3, pp. 211–214, May 1998.

[6] M. Rath and D. Rocchesso, “Informative sonic feed-
back for continuous human–machine interaction —
controlling a sound model of a rolling ball,” IEEE
Multimedia Special on Interactive Sonification, pp.
60–69, April 2005.

[7] M.Rath, “Gestural exploitation of ecological infor-
mation in continuous sonic feedback — the case of
balancing a rolling ball,” in Proceedings of the 8th
International Conference on Digital Audio Effects
(DAFx’05), Madrid, Spain, 2005, pp. 98 – 103.

[8] Matthias Rath and Robert Schleicher, “On the rele-
vance of auditory feedback for quality of control in a
balancing task,” Acta Acustica United With Acustica,
vol. 94, no. 1, pp. 12–20, 2008.

[9] M. Rath, “An expressive real-time sound model
of rolling.,” in Proceedings of the 6th ”Interna-
tional Conference on Digital Audio Effects” (DAFx-
03), London, United Kingdom, September 2003.

DAGA 2008 - Dresden

372


