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addkion, some wanted to use the device to listen to voice
mail and electronic mail messages while driving.

Implications for Redesign
The information gathered during user testing uncovered
aspects of the VoiceNotes interface requiring further design
development.

Navigation. One solution for addressing the user’s
confusion between operating on categories versus notes, is
to provide separate commands for each (e.g., “new
category”, “new note”). Another solution is a one-to-one
mapping between categories and buttons on the device. A
visual indicator for each category could also help users keep
track of their position.

Merrupticm and Voice hput. Although the ultimate goal is
to allow users to pick up the device and speak a command
immediately, an alternate approach must be taken due to
problems with speech recognition in noise. One solution
is to provide a ‘push-to-talk’ button. This approach also
provides a consistent mechanism for interrupting the
VoiceNotes speech output.

Feedback. The type of feedback (i.e., primarily speech or
primarily non-speech) and amount (i.e., verbose or terse)
used by VoiceNotes should be user definable. The
perception of VoiceNotes as ‘wordy’ indicates the need to
make these customization capabilities easily accessible to
the user,

Voice vs. Buttons. When asked whether they would use the
device if only one input modality was provided, the users
consistently responded that they wanted both voice and
buttons. This reinforces our original assumption about the
value of offering both of these input modalities.

CONCLUSIONS
In developing VoiceNotes, many lessons were learned that
are applicable to other speech and small computer
interfaces

l The use of multiple input and output modalities (in this
case voice and button input, speech and non-speech
output) combines the capabilities of each, while allowing
limitations of a particular modality to be overcome.

l In speech interfaces like VoiceNotes, time is a valuable
commodity. Feedback must be as brief and responsive as
possible, audio output must be interruptible at all times,
and dynamic control over the rate of playback should be
provided. Furthermore, despite the best attempts to
design informative, unambiguous, and brief feedback, it
is important to allow users to customize both the amount
and type of system feedback.

l

l

Voice input was found to be especially valuable for
categorizing and randomly accessing infomrttion (in this
case, small segments of digitized speech).

Navigation in speech-only interfaces remains a
challenging design problem. Audio feedback must
provide a sense of movement when navigating.
Navigational ‘anchors’ must represent the limits of “tie
information space, helping users to keep track of their
position and maintain control over their movement.

This work has explored the use of voice, both as the data
and the access mechanism in the user interface for a hand-
held computer. In addition to addressing the problems of
capturing and retrieving spontaneous ideas, VoiceNotes
serves as a step toward new uses of voice technology and
interfaces for future portable devices.
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