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Abstract

The increasing availability of lightweight augmented reality de-
vices raises new opportunities for performing everyday digital
tasks while on the go. While limitations with hardware and the
expressivity and functionality of controller-less interactions remain
key challenges for mobile interaction, a third key challenge lies in
addressing the division of attention between virtual content and
the physical world. Unaddressed, walking and navigational task
demands interrupt and distract user attention, while a system that
alleviates these demands would allow users to focus on their tasks
or the world around them as they choose. This paper discusses this
challenge space, and the understanding of human attention needed
to progress the field of mobile interaction towards interfaces that
work alongside our natural perceptual and locomotor processes.
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1 Dividing attention between walking and
virtual tasks

The ability to perform our daily digital tasks while on-the-go offers
an opportunity to improve the posture [7], creativity [12] and hap-
piness [21] of our increasingly isolated population [5]. While aug-
mented reality glasses and headsets continue to become lighter and
more powerful [20], several hurdles remain. The primary problem
is that many interactions that can be performed while stationary
simply cannot be performed while mobile due to limitations in in-
put expressivity and functionality. In my Master’s thesis I sought to
address this problem through the extension of a popular controller-
less input method, Gaze+Pinch, with additional thumb-to-finger
micro-gestures that dynamically map to functionality defined by
the application at the user’s gaze. Mapping gestures to application-
specific shortcuts supported rapid, transient interactions suitable
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for mobile input, while mapping gestures to the three buttons and
scroll-wheel of the mouse enabled full, unencumbered mouse emu-
lation while on-the-go. Aside from selection-based inputs [3, 15],
other works continue to explore controller-free and mobile typing
solutions [1, 10].

However, even if we were able to design perfect input strategies,
we still cannot perform tasks on-the-go as well as we can while
stationary. That is because when we walk, our attention and focus
becomes divided between the virtual task, and the task of walking
and navigating the environment around us [13]. At times, either
task can demand attention, taking away from the other. When
the walking task demands attention, users’ flow and focus is inter-
rupted to navigate obstacles, re-orient, or change directions. When
virtual tasks demand attention, users must either stop walking,
or allocate less attention to the walking task, potentially risking
their safety as they walk glued to their content [16]. With virtual
and walking tasks imposing competing demands on attention, little
attention is spare to allocate to the environment around the user.
This stands to take away from the happiness and creativity benefits
afforded by being outside, as focus is instead directed primarily
to the path and virtual task. This paper takes the position that
the future of mobile interaction lies in interfaces that reduce the
cognitive load and attention requirements associated with walking
and navigation, subtly allowing users to dictate for themselves the
balance of focus between the virtual task, and the world around
them. This may manifest as interfaces that subtly guide users to
avoid obstacles, and navigate on behalf of users, or interfaces that
shift and adapt to work alongside people’s natural capability to
notice obstacles, supporting the user in guiding themselves. This
is juxtaposed to current approaches, many of which have a focus
on overt alerts in advance of potential collisions [6, 14]. While
these systems are critical to ensure user safety, exclusive reliance
on alerts and notifications greaten the divide of attention between
virtual and navigation tasks. The design of subtle interventions
and guidance that work alongside users’ natural capabilities offer a
future where users can perform focussed, concentrated tasks while
also able to absorb the beauty and benefits of being outside. To
pursue this future, we must first understand how humans naturally
allocate their attention while on-the-go, and how this is impacted
with the introduction of mobile user interfaces.

2 The Natural Walking Process

When naturally walking, people typically focus their gaze ahead
of them and direct their gaze towards their immediate goals [19].
Then, people will either initiate a cognitively-driven, top-down scan
for obstacles, or an obstacle that appears in the peripheral vision
will trigger a bottom-up saccade towards the object [8]. This object
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will then be encoded in spatial memory [2]. Once the user is closer
to the object, they look away from it to plan for the path ahead
[11], navigating around the object using several bodily mechanisms,
including: spatial memory [2], proprioception [17], peripheral vi-
sion [18], optical flow [9], and reference landmarks and borders
in the surrounding environment [4]. However, it is unclear how
these stages and mechanisms of object recognition and avoidance
are impacted with the introduction of mobile user interfaces—for
example: how does visual scanning change across interface place-
ments and task demands; how does the recognition of objects in the
peripherals vary with object size and eccentricity; how does spatial
memory degrade across different virtual task loads; and how does
this impact visual scanning behaviour? A better understanding of
the specific influences on natural walking processes would allow
us to design interfaces with targetted support, or automate specific
processes on behalf of the user.

This paper takes the position that mobile interactions need to be
made more than portable, but must also work alongside the users’
natural perceptual and locomotion processes to reduce the cognitive
load associated with walking and navigating. Rather than being
driven by the demands of the environment, this paper foresees a
future where users choose how to allocate their attention between
the world and virtual tasks, with virtual interfaces subtly directing
and supporting them as they move. Realising this vision requires a
deeper understanding of the impact mobile interfaces have on the
natural processes we use to navigate and identify obstacles.
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