Determination of Placement of a Body-Attached Mouse as a Pointing
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Abstract

We believe the notion of hands free operation is crit-
ical to the successful use of wearable computer systems.
As such, we investigated possible placements of an input
device, for a wearable computer, on different portions of
the user’s body, while the user assumed different pos-
tures (sitting, standing, kneeling, and prone).

1 Introduction

We were inspired by the paper Design for Weara-
bility [4], where Gemperle et. al. produced 13 design
guidelines to help mapped the design space for develop-
ing wearable systems [1, 3]. Current workstation input
devices (such as mouse, joystick, and keyboard) would
not be practical for users standing in an outdoor envi-
ronment, as such devices require a level flat surface to
operate. A new form of input device is required, but
how would users interact with this new kind of input
device? For example, how does one point or select ob-
jects displayed on a HMD? And how does one enter text
or commands without a desktop keyboard?

One solution to the first question is to place a point-
ing device on the user’s body [5]. A suitable device is
the Touchpad mouse commonly found on Apple laptop
computers. An example of a Touchpad mouse is shown
in Figure 1. Where on one’s body should such a de-
vice be placed? This study evaluates the effect of the
placement of a Touchpad mouse on a user’s body.

We aimed to determine whether there is any differ-
ence to a user operating a wearable computer with a
Touchpad mouse when the following factors are varied:
firstly, the position of the Touchpad mouse on the user’s
body — forearm, upper arm, torso, thigh front, or thigh
outer side; secondly, the posture of the user — standing,
sitting, kneeling, or in the prone position (laying down
with the user propped up on their forearms). The study
measured differences in time to complete selection tasks
and the number of errors that occurred.

We reduced the number of possible combinations of
mouse position and orientation from a total of twenty

to seven for the final experiment, by discounting the

non-preferred options!.

2 Experimental Design

This section describes the design of the experiment,
including the wearable computer system, training ses-
sion, and the experimentation session. All sessions were
performed in the Wearable Computer Laboratory.

The hardware portion of the computer system con-
sists of the following components: Toshiba Portable
Personal Computer 320 Series laptop computer, Sony
Glasstron see-through 800 x 600 SVGA display, and
Easy Cat'™ Touchpad mouse [2]. The computer and
power converters are stored in a small backpack.

The subjects then undergo a training session for the
use of the Touchpad mouse attached to the top of a
desk, while viewing the computer screen with the Sony
Glasstron display in the opaque non-see-through mode.

A second experimentation session with a duration of
about one and a half hours is performed individually
with a supervisor.The task the subjects perform during
the experiment is to use the Touchpad mouse to select
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a target place in the centre of the screen. Once the
target has been selected, that target is removed from the
screen. A second target is placed offset of 183 pixels in
one of eight directions, equally spaced around the centre
of the screen. The targets are circles of 40 pixels in
diameter. For each trial, the subjects perform 40 tasks
in random order, the eight target positions presented
five separate times.

3 Results and Discussion

This study involved 25 subjects performing selection
tasks with a Touchpad mouse while wearing a wear-
able computer on their back and using a head mounted
display. The each subject performed the tasks in 27 dif-
ferent combinations of four posture (sitting, kneeling,
standing, and prone) and seven different placements of
the Touchpad mouse on the subject’s body (forearm,
thigh by 2, torso by 2, and upper arm by 2). We mea-
sured the time and error rate to complete the selection
of a circular target.

For posture, there are similar time effects for sitting,
standing, and kneeling. These results indicate that the
prone position is a posture which reduces the user’s per-
formance significantly. Further study is required to de-
termine the cause of this poorer performance.

The effect of mouse position and orientation shows
three groupings of the results for the seven different
mouse positions. The front of the thigh is the best po-
sition for the mouse. The forearm, side of the thigh and
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upper arm towards the user’s hand are the next group-
ing. The least favourable mouse positions are torso
(with both mouse orientations) and the upper arm with
mouse buttons in the up direction.

When the posturing and mouse position conditions
are combined, the results would indicate the thigh front
mouse position would most appropriate for sitting kneel-
ing, and standing postures, and the forearm mouse po-
sition is to be used for the prone position. If only one
mouse position is to be used for all four postures, the
forearm position would be the best choice.
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