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ABSTRACT

Augmented Reality (AR) technology creates new immersive experi-
ences in entertainment, games, education, retail, and social media.
AR content is often primarily visual and it is challenging to enable
access to it non-visually due to the mix of virtual and real-world
content. In this paper, we identify common constituent tasks in AR
by analyzing existing mobile AR applications for iOS, and character-
ize the design space of tasks that require accessible alternatives. For
each of the major task categories, we create prototype accessible
alternatives that we evaluate in a study with 10 blind participants to
explore their perceptions of accessible AR. Our study demonstrates
that these prototypes make AR possible to use for blind users and
reveals a number of insights to move forward. We believe our work
sets forth not only exemplars for developers to create accessible
AR applications, but also a roadmap for future research to make
AR comprehensively accessible.
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1 INTRODUCTION

Augmented Reality (AR) has proven useful in a wide variety of ap-
plication areas, such as retail, education, and social media. Although
AR content can be audio-based [8, 25, 39], AR is often primarily
visual, and thus making this content accessible non-visually is chal-
lenging. Prior work has considered how to make Virtual Reality
(VR) accessible [72], which is a related but very different problem.
In VR, the entire immersive environment is generated computation-
ally. It is thus conceivable to build in semantics that would allow
the entire virtual world to be accessible (e.g., [34]).

In contrast, AR adds virtual content into the real world. Some-
times that content is only overlayed and is thus easily separable
from the physical world (e.g., Google Glass notifications). However,
oftentimes, AR applications involve actions and objects that bridge
between the physical and virtual world, such as scanning the space
to initialize the AR model, or placing virtual objects in relation to
both other virtual objects and real-world objects. Such applications
are especially difficult to make accessible since doing so requires
knowledge of not only the virtual objects the application creates
but also the physical context into which they are placed.

AR technologies have also been explored in the context of im-
proving accessibility to the real world. For instance, CueSee uses
head-mounted AR to help people with low vision better find objects
of interest by visually overlaying different cues to help mark an
item or make it easier to see [77]. VizLens overlays an audio inter-
face onto visual (and inaccessible) physical interfaces [22], so that a
blind person can use them. In this paper, we consider the different
problem of how we might enable developers to make existing AR
applications, which are not specifically designed in advance for
non-visual interactions, possible to be used non-visually.

As such, our work builds on a long history of accessibility work,
which has introduced technological means to make visual computer
interfaces accessible in other ways. For instance, screen readers
have been developed to make graphical user interfaces and window-
ing systems accessible [6, 44]. We believe we are now at a critical
time in the development of AR, where we can think ahead about
how to make sure that AR applications are accessible to everyone
as they are emerging [2, 42].

Applications are being developed using AR for a wide variety of
innovative and interesting reasons. An alternative approach could
be to not use AR for content that needs to be accessible, or to create
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separate versions of the content that does not use AR. However,
as has been shown again and again in the history of accessible
technologies, separate more accessible versions of software rarely
provide an equal experience. Instead, content is slower to arrive and
becomes out of date, and functionality is limited and not maintained
to the same degree as the application itis intended to para8&).[in

this paper, we explore how we might make existing AR applications
natively accessible so that everyone can bene t from them.

Understanding the design space of tasks in AR is an important

rst step to designing accessible alternatives. Accordingly, we rst
collected and thematically grouped the interactions required to
use 105 existing mobile AR applications. We chose to focus on
smartphone AR applications in this work because the smartphone
platform is nearly ubiquitous, and smartphone AR is quickly nd-
ing its way into a number of important applications. From this
analysis, we present a design space for existing constituent tasks
found in AR applications, which we believe can serve as a roadmap
for future research and development in making these applications
accessible. While we focus on AR applications for mobile phones,
we believe our results can inform the design of AR applications for
a variety of smartphone and head-mounted platforms, which all are
facing the same challenge of how to make themselves accessible
We identi ed ve key categories of tasks within AR applications
and described them along with examples and considerations that
a ect accessibility for each.

Using this design space, we then selected three of the most
common tasks and designed prototypes of accessible alternatives
for each to serve as design probé€g:scanning the environment
to initialize the AR world model(ii) placing virtual objects in the
space, andiii) locating and exploring virtual objects in the space.
We also created two full AR apps combining these components that
were meant to mimic common AR use cases: a retail app designed
to allow the user to explore how furniture might tinto the context
of their own environment, and an educational app in which users
could explore the solar system. We then conducted a user study
with 10 blind participants to gather feedback about each design.
The main contributions of this work are:

(1) A taxonomy of constituent tasks found in 105 existing AR
applications, which provides a roadmap for future research
in making AR applications accessible.

(2) Five exemplar prototypes of non-visual alternatives to com-
mon AR tasks, and two prototypes that combine them into
realistic full AR applications that are non-visually accessible.

(3) A study in which we used our design probes to explore how
10 blind participants interacted with AR on mobile devices.

2 BACKGROUND

Mixed-reality systems exist on a continuum between the real and
virtual world [40Q, 41]. Our work focuses on augmented reality (AR),
which introduces virtual elements into the real world. Our work
builds from work on(i) 3D and mobile applications accessibilifii)
camera-based applications for making the world more accessible,
and(iii) de ning the capabilities of mixed-reality systems.

2.1 Making Applications Accessible

Mobile applications, like their desktop and web analogues, can
be made accessible by following application guidelines, such as
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Figure 1: Left: IKEA Place[28] allows users to view furniture
in AR. Right: Statue of Liberty AR [60] displays historical
facts along with to-scale models of the Statue of Liberty.

the UIKit Accessibility Guidelinesq]. These best practices are re-
lated to guidelines such as the Web Content Accessibility Guidelines
(WCAG) [66, which provide guidance on how to provide the seman-
tic information necessary to make the content of a user interface
accessible. Many mobile applications across di erent platforms are
insu ciently annotated to be fully accessibled4], which has led

to various attempts to improve their accessibility after the fact, e.g.,
through run-time repair [7(. Additionally, as smartphone hard-
ware has changed, the assistive technologies that operate on devices
have adapted, for example, with new approaches for enabling a
person who is blind to use a touchscreen interface [30].

Relatively little work has considered how to make the AR appli-
cations that are quickly becoming popular more broadly accessible,
aside from guidelines on the use of color and audio in AR for users
with low vision or hearing impairments 37]. Prior work has consid-
ered how to make VR accessible for people with visual impairments
via audio [67 and haptic feedback32, 77. For example, SeeingVR
introduces methods for making VR accessible to low-vision users,
and largely takes inspiration from prior systems for providing ac-
cess to the digital and physical worlds, e.g., through adjustments to
visual content and through various automated methods for describ-
ing or enhancing the virtual content at runtimel[g 72 76. Other
work looks to leverage the advantages of technologies, like the
white cane, with which some people with disabilities are already
familiar in order navigate virtual content$8 64, 71]. Prior work
has also considered how to make other 3D applications, such as
games B, 19 or CAD software b6 57], accessible through similar
techniques. In our work, we instead consider AR, which di ers in
that it is a combination of real and virtual content. We also identify
common constituent tasks in AR applications and provide patterns
for how those might be made accessible, which we hope will be
useful for developers.

2.2 AR for Making the World More Accessible

AR has also been used to improve accessibility across a wide variety
of domains, such as for visual assistance for people with low vision
[21, 73 75 and color blindness 62, assistance for people with
cognitive impairments 81], and coaching for rehabilitation11]. As
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