
3D Interaction Accessible to Visually Impaired
Users: A Systematic Review

Erico de Souza Veriscimo(&) and João Luiz Bernardes Jr.

School of Arts Sciences and Humanities – EACH,
University of São Paulo, São Paulo, Brazil

{ericoveriscimo,jbernardes}@usp.br

Abstract. There is currently a large number of visually impaired people in
Brazil and worldwide. And just as any citizen they have their rights, including in
them the right to education and other services that accelerate the process of
social. With advent of technology increasingly virtual environments in three
dimensions are being used for various areas. But often these environments are
not accessible to visually impaired becoming a digital divide. In this context, a
review of interactions in three dimensions accessible to visually impaired people
may facilitate the work of researchers and developers to build such accessible
applications. This paper presents the results of such a systematic literature
review.
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1 Introduction

According to IBGE [1] there is a large number of visually impaired people in Brazil
and in 2010 the World Health Organization estimates that, in the whole world, there are
285 million people with severe visual disability, out of which 39 million are completely
blind [2].

Like any other citizen, those with visual impairment also have rights. The United
Nations established in 1975 a declaration of rights specific to people with some form of
disability [3] and these rights include:

• The inherent right to respect for their human dignity. Disabled persons have the
same fundamental rights as their fellow-citizens, which implies first and foremost
the right to enjoy a decent life, as normal and full as possible;

• Measures designed to enable them to become as self-reliant as possible;
• Right to education and other services which will enable them to develop their

capabilities and skills to the maximum and will hasten the processes of their social
integration or reintegration.

And with technological advances, new devices for three-dimensional (3D) interaction
are being created or becoming more available and less costly, contributing to the
popularization of Virtual and Augmented Environments. Many of these environments,
however, are not accessible to visually impaired users, creating a digital barrier and
excluding these users from certain activities [4].
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In this context, a review of interactions in three dimensions accessible to visually
impaired people may facilitate the work of researchers and developers to build such
accessible applications. The objective of this paper is to present a Systematic Review
based on the method proposed by Kitchenham et al. [5] to identify 3D interaction
techniques accessible to visually impaired users and the input and output devices and
senses explored in these techniques.

2 Methodology

Before beginning to apply the method proposed Kitchenham et al. [5] we conducted an
exploratory review of the related literature to identify the most frequent terms and
keywords used in this context. We then proceeded to create a review protocol with the
following information:

Our research questions were:

1. What are the existing techniques and applications of 3D interaction accessibly to
visually disabled users?

2. What are the input and output devices used in these techniques?
3. How is feedback given to the user in these techniques and which senses does it

explore?

The search was conducted in three databases relevant to the area: ACM Digital
Library (http://dl.acm.org); IEEE Xplore (http://ieeexplore.ieee.org) and Springer
(http://link.springer.com), using the following search string (adapted as needed to each
engine): ((“Interact 3D” OR “augmented reality” OR “Ambient Intelligence” OR
“virtual reality”) AND (“blind user” OR “visually impaired” OR “blind people”)).

Papers returned by this string were then included in the review if they obeyed all of
our inclusion criteria and none of the exclusion criteria. The inclusion criteria were:

– Full text available in English in the selected databases;
– Must conduct and discuss some sort of experiment with either visually impaired

participants or somehow simulating such impairment.

And the exclusion criteria removed works that:

– Only discuss 3D interaction techniques not accessible to visually impaired users.
– Only discuss 2D interaction techniques, even if they are accessible.
– Discuss techniques are accessible only to users with other types of disability but not

to visual disability.

One example of paper discarded due to these criteria is [6] because even though it
discusses 3D interaction techniques accessible to visually disabled users, it discussed
no experiments simulating their exploration by those users.

All papers returned by the search strings initially had their title and abstract read ub
a first pass to verify whether they fit the inclusion and exclusion criteria. In a second
pass, all remaining papers were read entirely until it was clear they did not match the
criteria for inclusion. Finally the selected papers were read in their entirety and the
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relevant information was extracted from them and tabulated. Mendeley Desktop 1.12.4
was used to help organize the papers and references.

The information extracted from each selected paper was: bibliographic information,
filename, country where the research was conducted, year of publications, user senses
explored, application, input and output device, form of feedback and a summary of its
contents, relevant to this review.

3 Results

The initial search in the databases returned 330 unique references, with 210 from ACM,
23 from IEEE and 97 from Springer. The databases were searched in that order. 181 of
that total were discarded in the first pass, applying the inclusion and exclusion criteria
while reading only title and abstract. Out of the 71 remaining papers, 39 were discarded
in the second pass and 35 were left (27 from ACM, 6 from IEEE and 2 from Springer)
from which information was extracted. Figure 1a shows the distribution of papers
along the years and Fig. 1b shows the distribution by country. No papers were found
before the year 2000. Papers came from many different countries and 27 different
journals or conference proceedings, with most contributing only one or two papers and
only CHI and SIGACESS proceedings having 3 papers found.

We classified the papers in 10 different types of application of accessible 3D
interaction: navigation, finding objects, object recognition, object manipulation, object
exploration and analysis, feeling the texture of objects, Braille reading, spatial per-
ception and other applications. Figure 2 shows the total number and percentage of
papers that mentioned each of these applications. Navigation was the most frequent
concern mentioned in more than half the papers, particularly to augment the real
environment to aid visually impaired users in navigating inside it. Interacting with
virtual objects (or augmenting real objects with information) was the second most
important concern in this review and we opted to subdivide this application further in
more specific ways to interact with these objects. Each application and a few repre-
sentative papers in each are summarized below.

a. Distribution by year b. Distribution by country

Fig. 1. Paper distribution
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Navigation: aiding visually impaired users to navigate indoor, outdoor or virtual
environments was the main concern and application of 20 out of the 35 papers included
in this review [7–26]. [24] actually proposes two different techniques for a total of 21
distinct ones. Jain [6] proposes an example of a system to aid in indoor navigation with
two main components: modules to mark walls and one to represent a user, which
includes a smartphone and a device attached to the waist. Vibration is used to inform
the user whether he is following a correct path or not and information is also supplied
to the user taking advantage of sound and the smartphone’s text-to-speech function-
ality. The waist component communicates with the cellphone via Bluetooth and with
the wall modules via infrared.

Gallo et al. [7] describes an adaptation to the white canes used by visually disabled
people with increased exploration range adding sensors (such as ultrasonic) to it and
tactile feedback with vibration motors. An advantage of this system is that the way to
use the cane does not change, so the user gains more exploration range without the
need to relearn this skill.

Shangguan et al. [8] present an example of outdoor navigation system, to aid
visually impaired users to cross safely along crosswalks using a smartphone’s camera,
orientation sensors and microphone as input devices and using voice audio messages as
feedback.

Fig. 2. Total number and percentage of papers mentioning each application (Color figure
online)
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Finding objects: out of the selected papers, 4 discuss some sort of solution to aid
visually impaired users in finding objects around them or along their way [27–30].
Tang and Li [27], for instance, propose the use of a depth camera and spatial audio to
locate objects and as feedback, respectively.

Object recognition: 3 papers attempt to aid in the problem of object recognition by
visually impaired users [31–33]. Al-Khalifa and Al-Khalifa [31], for instance, identify
objects using a smartphone camera and computer vision and add an augmented layer
over physical objects of interest using sound. Pointing the smartphone to an object
submits a query to a server requesting information about that object and the returned
data is communicated to the user using audio telling what the object is and any other
relevant characteristics.

Object manipulation: we found 2 works related to the manipulation of virtual objects
by the visually impaired [28, 34]. Niinimäki and Tahiroglu [34] present a technique
using Microsoft’s Kinect as a sensor and providing both audio and haptic feedback
using an active glove. All objects are surrounded by an exterior sphere and contain an
interior cube. When users touch this sphere they begin receiving feedback, which
increases in intensity as they approach the cube until they reach it. Once they are
“touching” the object with both hands, Kinect tracks their position which is used to
manipulate the virtual object in space.

Object exploration and analysis: 2 of the selected papers [35, 36] fit this classifi-
cation. Ritterbusch et al. [35] attempts to reduce the obstacles a visually impaired user
has in exploring certain objects, such as a map. They propose combining the feedback
and input from a haptic device with 3D audio and show applications in three areas:
architecture, math and medicine. Buonamici et al. [36] present a viability study for a
novel system to map some work of art in virtual bas-relief and an audio description.
User hand positions are tracked using Kinect while they explore this representation so
the system can tell which part of the audio description to play. Kinect was also used as
a 3D scanner to build the objects virtual representation.

Feeling object texture: this was the goal of 2 works included in this review. Ando
et al. [38], propose a device placed under the nail of one finger to detect collision with
virtual objects (or augmented real objects, such as a line drawing) and offer vibration
feedback. Bau e Poupyrev [39] explore inverse electro-vibration, using weak electric
signals on the user as feedback, to aid in the perception of texture of real objects, but
these objects must be prepared beforehand.

Entertainment: Baldan [37] developed a virtual table tennis game accessible to
visually disabled players that uses a smartphone as the paddle. While we are aware of a
few other 3D games accessible to visually impaired users (including at least one first
person shooter) our search of the literature did not return any of them.

Braille reading: Only Amemiya [10] described work in augmenting Braille text to aid
in this task using a device called Finger-Braille that fits the fingers similarly to a glove
that can aid both in Braille reading and navigation in an environment augmented with
RFID tags and a camera.
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Spatial Perception: Khambadkar and Folmer [40] use gesture-based interaction to aid
visually impaired users in spatial perception, using a Kinect sensor attached to the user
and synthesized voice audio feedback. The system is called GIST and has two modes
of operation, mapping and gesture. In mapping mode it creates a map of the envi-
ronment using color and depth information from Kinect, after which gesture mode is
activated and the user is informed of it. Gestures are then used for different tasks, such
as tell whether another person is present in the environment or identify how far objects
are or their color.

Others: Hermann [41] proposes a system that helps identify head gestures directed to
the user, such as shaking the head meaning “no”. Its main contributions are two novel
ways to represent these head gestures using sound: continuous sonification and
event-based sonorization.

Besides these applications we also extracted more information from the selected
papers, summarized in Fig. 3.

Figure 3a shows which input devices were used in the selected papers and how
often, with the ubiquitous smartphones being used most often for both input and output
(Fig. 3b), followed by other cameras and the Kinect sensors. While haptic devices and
active gloves are very useful in many of these applications, their relatively high cost
and low availability are probably the reason why they are not explored more often.
Figure 3b shows the same for output devices. Mono audio was used most frequently by
far, often as voice-based feedback, whether using synthesized or prerecorded voices,
but other sound signals were frequent as well. Stereo audio was used often as well,
particularly when exploring 3D sound. Haptic devices were more frequently used for
feedback than for input. Figure 3c shows form of feedback independent of device, with

a. Input Devices b. Output Devices

c. Feedback d. Senses

Fig. 3. Ocurrence of input and output devices, forms of feedback and explored senses

256 E. de Souza Veriscimo and J.L. Bernardes Jr.



audio being by far the most frequently used and Fig. 3d shows that hearing, of course,
followed by proprioception were the senses most often explored in these accessible
techniques.

4 Conclusion

We presented the results of a systematic literature review about 3D interaction
accessible to visually disabled persons. Most of the research effort we found was aimed
at the task of navigation, particularly to augment real environments with information
and help users move through them. While we did find work to aid these users in
exploring purely virtual environments, there is a clear deficit of research in this area.
We hope that this review helps in some small measure to foment more research in this
area, showing possible applications, research gaps to be filled and which senses and
devices are more frequently and successfully explored aiming to help those who might
want to get started in this sort of research.
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