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Abstract

Traditional digital pen interfaces use menu buttons to change the pen mode, which results in
time and cognitive load spent on the round-trip and potential mode errors from tapping com-
monly small mode selection buttons. I present the Magic Pen, a technique that automatically
switches between digital pen modes (draw, highlight, and underline). The Magic Pen system is
driven by a Long Short-Term Memory (LSTM) model trained on pen data collected from two
studies and uses Transfer Learning (TL) to tune itself towards how a user specifically annotates
iteratively. To build a pen-mode classifier, I have created a dataset from 27 participants carry-
ing out various annotation tasks and collected various features of how a digital pen is held and
used on screen. My approach offers a unique alternative to standard mode-switching methods
by allowing users to mark up a document without explicitly changing the mode. This system
allowed them to stay focused while working. If the Magic Pen chooses the incorrect mode,
mitigation techniques incorporate a flick gesture or a tap on the screen to quickly correct or re-
move a stroke. A web-based annotation environment was developed for Magic Pen that allows
for rapid prototyping of annotation systems with support for user-supplied PDF documents. I
originally evaluated an earlier iteration of Magic Pen in a mixed-methods study with 18 partic-
ipants and further evaluated an improved approach with 5 participants. Magic Pen was found
to be equally preferred overall compared to a more conventional menu approach, and the use
of TL allowed for greater model predictability and stability.

digital pen interfaces; mode switching; machine learning; transfer learning; error
mitigation
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