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ABSTRACT

Thispaper presentsastudy of an auditory version of the game
“Towers of Hanoi”. In this study, we have compared three
different strategiesfor continuous presentation of the objects.
Thefocusfor thisstudy isto investigate the nature of auditory
direct manipulation, where continuous presentation is one of
the key aspects. Theresults show that the differences between
the strategies need to be explored further by experimentation.
Additionally, much effort has to be put on the learning phase
of the auditory interface and the mouse interaction has to be
investigated further.
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INTRODUCTION

The use of sound in human-computer interfaces— especially
when using sound not only as auditory cuesin avisual inter-
face, but as the only means of output — is arather uncharted
territory within the CHI community (seefor example the pro-
ceedings of CHI'99).

One magjor difference between auditory screen reading soft-
ware for blind computer users and ordinary graphical user in-
terfacesisthe notion of direct manipulation (see for example
Hutchins, Hollan & Norman 1985). Direct manipulation is
based on three important general properties. continuous rep-
resentation of interface objects, physical actions instead of
complex syntax, and rapid incremental reversible operations
with immediate feedback. This is a paradigm that almost all
graphical user interfaces today are based on. When trying to
tranglate these interfaces to auditory interfaces that are acces-
sible by blind users, the above properties makes this hard.

The general question we want to address is what direct ma-
nipulation meansin an auditory interface. Isit at all possible?
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The particular focus of this study is on continuous presenta-
tion and how, if possible at al, this could be solved in an audi-
tory interface.

TOWERS OF HANOI

Theobject of the game* Towers of Hanoi” isto move anumber
of discs from the leftmost to the rightmost tower using just
three towers. You can place adisc at any of the three towers,
just aslong asyou don’'t movealarger disc on top of asmaller
one. The minima number of moves to complete an n-disc
Towers of Hanoi is2"-1, which of course limitsthe number of
discs used.

We chosethe game* Towersof Hanoi” for threereasons; (1) we
wanted to have an actual game that could be seen as a chal-
lengeto solve, (2) therulesof thegamearefairly easy tolearn
and the strategy is straightforward and doesn’t change when
increasing the number of discs, just the number of stepsin the
solution path, (3) it'seasy to show the subjectsawooden model
of the gamein order for them to learn how to solve the game.

PROCEDURE

In this study we have used twelve subjects, of which onewere
blind. At the beginning of each session, the subject learns how
to solve the game by using awooden model of the game. This
learning period isn't part of the study, but rather away for the
subject to get familiar with the game and learn how to solve it
for three and four discs (apilot study indicated that many sub-
jects would not be able to complete the game with more than
four discs in areasonable amount of time). By doing this we
are a'so trying to even out differences in prior knowledge of
the game and get all subjects to have a useful model in mind
when solving the auditory version of the game. Additionaly,
awooden model is accessible by both blind and sighted sub-
jects. The subject isthen presented a randomized sequence of
combinations of number of discs and presentation strategies
(see section Sonification Model below) and is asked to solve
them one at atime.

SONIFICATION MODEL

The sonification model is exclusively based on the sounds of
the discs. Every disc has a sound that differs mainly in pitch
and in timbre. The larger the disc, the lower the pitch. The



sounds are slightly mistuned with respect to each other to get
an even better separation (Bregman, 1990). There is a large
gap in frequency between the second and the third disc, which
groups disc one and two together and disc three and four to-
gether. Within each group the main difference between the
sounds is the timbre that originates in the use of either har-
monic or inharmonic spectra.

In order to distinguish which tower a disc islocated on, both
stereo panning and amplitude envelopes are used. The most
obviousisto use stereo panning, left, middieand right. Thisis
however not sufficient since it could be hard to hear the dif-
ference when using multiple complex sounds. Because of this,
we have also used different amplitude envelopes. If adiscis
placed on atower to the left or to the right, the envelope hasa
very short attack and along release. If adisc is placed on the
middle tower the attack and the rel ease have the same length.

A disc’s vertical position is represented by the length of the
sound, the higher the disc is placed the shorter the sound. The
length of the sounds varies between 238-900 ms.

We have used the mouse as input device. The volume of the
discs on the tower that the mouse cursor is located on isin-
creased. If the subject moves the mouse to another tower, the
volume of the discs on this tower will increase and the vol-
ume of the discs on the previous tower will decrease.

The major goal of this sonification model is to explore the
nature of continuous presentation and what thiscould meanin
an auditory interface. We have tried the two extreme cases for
continuous presentation. Thefirstiswhereall the sounds keep
repeating simultaneously. The second is where all sounds are
played in sequence with no overlapping at al. We have also
tried a mix between these two where the sounds overlap
slightly. The order of the soundsin the last two casesis from
the largest to the smallest disc.

RESULTS

Most subjects preferred the overlapping version, either from
personal preferences or from reasoning (two subjects actually
thought that the different strategieswere al the same but they
judged the three strategies based on what they thought others
would think). Many subjects al so thought they performed bet-
ter with the overlapping version. This was true in the begin-

ning of the session, but after completing more conditions the
difference in performance levelled out.

Even though nine of the subjects did understand and achieved
well in the experiment, three didn’t understand at all and con-
sequently could not complete all the conditions. One explana
tion that was posed by one of these subjects was that the in-
structions were insufficient and that the subject didn’t really
understand the sonification model completely. This was fur-
ther emphasized by other subjectsthat did complete the game.
This is not so surprising since most people don’t have any
prior knowledge or experience of auditory interfaces.

The mouseinteraction posed more problems than we expected.
The major difficulty that the subjects had during the whole
study was to hear where the mouse cursor was. The middle
tower was often very hard to find and a very common sce-
nario was the subject flipping from left to right without ever
finding the middle. Just increasing the volume to show the
location of the mouse was not sufficient. A solution to this
problem could be ashort tonethat tellsthe user when the mouse
moves from one tower to another.

DISCUSSION

The results of this study will be used as valuable inputs to a
future experiment where we will examine the features of au-
ditory direct manipulation in depth.

This study also indicates that auditory direct manipulation is
not only possible but it is also an effective way of interacting
with a complex auditory space. This also gives blind compu-
ter users a completely new way of interacting with a compu-
ter, a way that so far only has been possible when using a
graphical user interface.
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