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ABSTRACT
Augmented and virtual reality (AR/VR) has entered the mass
market and, with it, will soon eye tracking as a core technology for next generation head-mounted displays (HMDs).
In contrast to existing gaze interfaces, the 3D nature of AR
and VR requires estimating a user’s gaze in 3D. While first
applications, such as foveated rendering, hint at the compelling potential of combining HMDs and gaze, a systematic
analysis is missing. To fill this gap, we present the first design space for gaze interaction on HMDs. Our design space
covers human depth perception and technical requirements
in two dimensions aiming to identify challenges and opportunities for interaction design. As such, our design space
provides a comprehensive overview and serves as an important guideline for researchers and practitioners working on
gaze interaction on HMDs. We further demonstrate how our
design space is used in practice by presenting two interactive
applications: EyeHealth and XRay-Vision.
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INTRODUCTION

Augmented and virtual reality head-mounted displays are
currently experiencing rising consumer adoption. Eye tracking is expected to be an integral part of these devices given
that it both provides possibilities to expand and enhance current interaction techniques [27, 48] and has the potential to
address unique challenges of HMD interaction (e.g. foveated
rendering [45]).
Prior work in gaze interaction has typically focused on 2D
gaze, most likely because current interactive systems mainly
support two-dimensional display-based interaction, e.g. on
smartphones [22, 43], smartwatches [15] or ambient displays
[55, 61, 62]. That is, gaze is usually considered to be a 2D
point on a screen. In contrast, AR and VR are inherently
three-dimensional: they either extend the physical world
with digital information by overlaying it with virtual content
(AR) or create a new, also three dimensional, virtual world
(VR). They therefore require 3D gaze information rather than
a 2D gaze point on a device screen. While this may seem like
a small shift in perspective, the implications, as shown in
this paper, are compelling and far-reaching.
To fully understand the interaction space arising from the
combination of HMDs and 3D gaze, a systematic analysis of
properties of both technologies is necessary, but currently
missing. To fill this gap, we propose the first design space for
gaze interaction on HMDs. The aim is to identify key challenges and characterize the potential for future interaction
design for the combination of these technologies.
Our design space is presented as a two-dimensional matrix (also known as Zwicky box [64]), which is spanned by

