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Abstract
In this paper, we present two voice-based interfaces for
users with blindness or visual impairment. We use these in-
terfaces as a ground to discuss the accessibility limitations
of voice interfaces and suggest future directions for leverag-
ing their accessibility.
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Introduction
We shall investigate two primary user tasks for users with
Blindness or Visual Impairment (BVI), these are wayfinding
in the physical world, and accessing information on digi-
tal screens. We prototyped two systems that utilizes voice
interaction to assist BVI users in these two tasks. We will
discuss the design and the preliminary evaluation results.
Then, we will discuss our reflection on the lessons learned
from these two studies and relate them to previous work
in the field. Finally, we will pose questions to guide future
explorations in accessible voice interfaces.



Figure 1: Sample view of HTML tutorial on www.w3schools.com is shown on left. The html code is extracted and rendered by voice.

Voice Interface Prototypes
Learning HTML
Motivation: As typical screen readers are not designed
specifically to read code, we wanted to design a system
that enables students with BVI to learn reading and writing
html code. Design: We used the tutorials on w3schools.com
to teach BVI college students how to read and write html.
Figure 1 shows the prototype of the system. It starts by
extracting the html code in the online tutorial. Then it ren-
ders the lines of html code by voice, making sure that all
special characters are rendered and read aloud in a mean-
ingful way e.g. “open tag". Preliminary Evaluation: Two
BVI college students with no prior knowledge on program-
ming tested the prototype.They were asked to go through 5
accessible html tutorials, then write html code and fix code
mistakes. Notepad++ was used for the writing tasks. Main
finding: using only voice to convey html tags is effective but
not efficient.

Independent Public Commuting
Motivation: Public transportation can be inaccessible to
BVI riders due to inaccessible transportation information,
and difficulty of wayfinding. We built a system that supports
BVI users in both activities, see Figure 2. Design: We built
an integrated voice-based solution where BVI users can
use voice to interact with the system e.g. add routes and
track a bus. The system responds with voice e.g. give users
speech-based updates on bus location, and haptic feed-
back was used to guide users to the bus entry. Preliminary
Evaluation:The system was tested by 5 blindfolded partic-
ipants in a usability study. Participants were asked to per-
form 5 tasks included using voice to enter commands to the
system, and finding the exact location of the bus. Main find-
ing: To make public transportation accessible, we need to
make all related information (e.g. landmarks) and related
tasks (e.g. finding the bus door, an available seat) accessi-
ble as well.



Factors Limiting Accessibility of Voice Interfaces
Based on our observations working with BVI users and
based on previously published work, we summarize the fac-
tors that hinder the accessibility of voice interfaces for BVI
in four main points: 1) Voice design guidelines; 2) Voice in-
terfaces ecosystem; 3) Information reduction; and 4) Voice
embodied interaction. We detail theses factors as follows:

Voice Design Has No Clear Guidelines
Voice interfaces for BVI users are designed inherently dif-
ferent. Sometimes voice is combined with audio cues to
convey additional information. In other designs, voice is
accompanied by tactile feedback. It is evident from the lit-
erature that multimodality is a key point in assisting users
learning the software. However, it is not clear which design
is better for which context of usage. As a consequence for
the lack of voice design guidelines, BVI users are left with a
lot of randomness in voice interfaces and the need to learn
various interfaces and interaction modalities; to the extent
that Voiceover on Mac is not perceived equally accessible
as Voiceover on iOS by BVI users [1].

Figure 2: Conceptual design for a
system receiving information from
the bus via GPS. A BVI user will
use this publicly available
information to calculate distances
and heading from current position
and orientation.

Lack of Well-Established Ecosystem
People with BVI use a variety of assistive technology tools
that do not integrate seamlessly with each other. The task
of riding a bus for instance could require a BVI user to work
on 4 subtasks using 4 different accessible voice interfaces.
First, BVI user has to find information about the bus to ride
such as its number, route, arrival time, etc. Second, BVI
user will need to locate the bus stop on an accessible map;
third, s/he will need to walk to the bus stop possible using
a cane or a wearable device to support her/his wayfinding.
Fourth, and last, another accessible app, e.g. [5], can be
used to verify that s/he arrived to the correct destination i.e.
the desired bus stop. Voice-interfaces can be more effective
if they exist in an ecosystem where information from various

resources are integrated and used to support users in their
work needs in more meaningful ways. Moreover, voice sys-
tems can be designed to support exchange of information
among users of different platforms so that they may collabo-
rate and work in groups.

Information Reduction
Voice-based interfaces such as screen readers would read
aloud textual elements on the screen, including any avail-
able descriptions of graphical elements such as images and
buttons. However, on-screen information occupies and ex-
ists in 2-dimensional space. As voice by its nature is a uni-
dimensional medium, the on-screen information conveyed
by voice automatically loses its 2-dimensional feature and
obliterates space. This reduction in information presentation
leads to many difficulties in the usage of these systems.
Additionally, users have to overload their working memory
to be able to interact with a linear stream of information [2].

Lack of Embodiment
“Why to use voice when I can read/type Braille?” is a ques-
tion raised by a user in one of our studies trying out a voice-
based system. Designers usually assume that users of
similar level of vision would benefit equally from the same
“accessible’ design. This myth should be uncovered. The
reason that this assumption is wrong is neglecting a critical
usability factor, which is user’s previous experiences. When
users invest heavily in learning a system with a specific de-
sign, it becomes too hard for them to unlearn it and adopt a
new design. For example, BVI users who are Braille literate
may find it difficult to interact with multimodal systems that
combine voice and touch interactions if the haptic feedback
resembles the feel of the raised dots in Braille. By look-
ing at user studies in previous research we can see that
users who are Braille illiterate performed differently com-
paring to Braille literate users in learning and interacting



with voice+tactile interfaces [4, 3]. In sum, voice interaction
should be embodied to be deemed accessible.

Discussion
We, here, pose questions that can direct future enhance-
ments in the accessibility of voice interfaces for BVI users.
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1. A Voice interface can be more effective if it is designed
for specific usage scenarios. Which usage scenarios will
benefit more from adding audio cues to voice? and when
is it better to use haptic feedback? What are the design
guidelines for voice interfaces on mobile devices? How are
they different from voice interfaces on personal comput-
ers? There is a rich body of literature on voice interfaces for
different usages (e.g. navigation, drawing, etc.). It is time
to compile and analyze this wisdom, and generate a list of
guidelines for voice interfaces. 2. Voice interfaces are used
by BVI people in completing tasks that can be complex
and composed of several subtasks (e.g. finding and rid-
ing a bus). How can various voice systems work together to
mainstream the work flow of complex tasks for BVI users?
How to identify these systems? and how to facilitate infor-
mation exchange between these systems? 3. Voice sys-
tems should convey more than just the visual information
(e.g. text, graphics description). For example, spatial infor-
mation is important for daunting tasks such as solving math
equations, or writing code. How to convey spatial informa-
tion using voice interface? Audio cues and haptics are used
in literature, however, these combinations are yet to be part
of accessibility guidelines or standards. What are the obsta-
cles in adopting these design solutions by industry?

Conclusion
Voice interfaces were shown to be good design solution es-
pecially for BVI users. We discussed the limitations of voice
interfaces and presented a road map for future research
that can leverage the accessibility of voice interfaces. We

need to establish clear guidelines or best practices for how
to design voice interfaces for BVI, how to acknowledge and
factor in users’s abilities and previous experiences, and de-
fine the cases where voice should be complemented by
haptics, and/or audio cues.
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