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Abstract 
In this paper, we analyze the physical characteristics of a user with 
both visual and motor impairment, as well as the user’s context of 
smartphone use. In order to facilitate navigation using gestures that 
are easy to do by users with motor and visual impairment, we 
designed two hardware solutions as physical switches: a case 
mounted on the phone, and an electronic bracelet. We present the 
low fidelity prototype of both devices, the proposed user gestures, 
and their advantages and disadvantages. 
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1 Introduction 
This work is an extended version of the paper Electronic bracelet 
to facilitate navigation in smartphones to people with motor and 
visual impairment, by Fajardo-Flores, S. B., Gaytán-Lugo, L. S., 
Villagrana-Larios, G., & Santana-Mancilla, P. C., presented at the 
IX Latin American Conference on Human Computer Interaction in 
2019 [9].  

People with physical disabilities are usually at disadvantage 
using smartphones. The integration of accessibility characteristics 
in mobile operating systems has significantly improved the users’ 
interaction. Users with blindness use screen reader applications to 
navigate and to access contents, while users with motor impairment 
can adjust the configuration of the gestures. Accessibility features 
for users with visual or motor impairment are amongst the most 
useful, but current solutions for each impairment conflict with each 
other: A screen reader responds to gestures that a motor-impaired 
person might not be able to do, such as double-tapping or swiping. 
On the other hand, motor adjustments such as the tactile response 
time, requires that the user touches a specific position on the screen, 
which is not possible for people with blindness. Besides tapping, it 
is acknowledged that smartphone users with motor impairment 

have problems pressing physical buttons, and in some cases even 
holding the phone [16]. These difficulties make evident the need 
for alternative interactions. 

In this work we focus on designing a solution to facilitate 
smartphone navigation to users with blindness and motor 
impairment. While blindness is the total loss of sight, a motor 
impairment is a condition that affects people in different ways: 
some people have weak limbs, some have deformities that hinder 
limb movements, others do not have limbs. It is worth mentioning 
that we made the design decisions considering the case of a user 
with blindness and a specific motor impairment, and that the 
proposed devices are targeted at people with similar characteristics. 

2 Related work 
2.1 Accessible Mobile Interaction 
Providing access to technology resources is critical for people with 
disabilities because they need to perform tasks and use any 
application in the same way as other users [6]. Mobile devices play 
a central role in everyday lives of users around the world. 
According to Kane et al. [13] mobile devices create a feeling of 
safety and improve the ability to access information to people with 
disabilities. 

However, mobile devices offer touchscreen interactions that 
may be particularly problematic for users with motor impairment 
[2]. Even more, for users who have both visual and motor 
disabilities. 

Touchscreen accessibility is an active area of exploration. The 
screen reader solution for mobile devices allows people with visual 
impairment to read contents. The most common screen readers are 
VoiceOver for iOS devices and TalkBack for Android devices [8]. 
Screen readers respond to user interactions involving several 
gestures such as tapping and swiping with one or more fingers. 
However, these tasks are not always straightforward, and they 
usually take time [19]. 

Despite the accessibility benefits of touchscreens to people 
with motor disability, such as requiring a minimum amount of 
finger strength to register a tap, there are still many challenges: 
from simply pulling out the device to being able to tap precisely 
[10]. Likewise, different authors [7][11][14] argue that, although 
there have been advances in accessibility, mobile devices and 
applications still have issues, and they present important challenges 
for the use of people with visual impairment. 
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2.2 Assistive Technologies for People with 
Disabilities 
Assistive technologies (AT) refers to hardware and software 
designed to provide autonomy, social inclusion, and enhancement 
of quality of life to people with disabilities [18]. AT can be "low 
tech" or "high tech", from canes to conversational software [12]. 

Some of the most popular AT for people with visual and/or 
motor disability are the following: 

Screen readers are applications of Text-To-Speech (TTS) 
synthesis. Screen readers are software used frequently by people 
with visual impairment to read text displayed on the computer 
screen with a speech synthesizer or braille display.  

Braille terminal is an electromechanical device for displaying 
braille characters. It allows people with visual impairment to access 
tactile information. It works in combination with the screen reader 
when connected to a device such as a computer or a smartphone. 
Versions including a Perkins keyboard also work as a standalone 
device.  

Voice assistants such as iOS's Siri, Android's Google Now, 
and Microsoft's Cortana are applications that facilitate opening 
applications and entering text non-manually; however, they have 
limitations. Some applications require manual login in order to 
open, actions such as adding new contacts require permissions that 
must be manually granted. It has been reported that Siri has 
problems processing long dictations [9]. On the other hand, the 
results of a study showed that 90% of people with blind and low 
vision use dictation on their smartphones, but people with low 
vision were more satisfied using dictation than those with blindness 
[4]. Dictation is the fastest way of entering textual information in 
smartphones, but it is not that efficient even for the slightest text 
editing tasks. 

Transfer devices are assistive technology that allow people to 
be transferred from one spot to another. For example, people with 
motor disability who need to move from a bed to a wheelchair. 
These devices usually use electrical or hydraulic power. There are 
several variations of wheelchairs such as manual or electrical which 
can be controlled through a joystick, helmet, sip-and-puff, among 
others.  

Adaptive switches are electronic devices that allow people 
with motor impairment controlling and operating AT in their 
environment. Some common examples are joysticks, buddy button, 
chin buttons, sip-and-puff, among others. Sip-and-puff allows 
people with motor disabilities to communicate or to control another 
device by inhaling or exhaling on a tube. This interface sends 
signals using air pressure by inhaling or exhaling on a tube. It is 
used for people who can't use their hands like people with 
quadriplegia. 

Wearable devices play an important role in the accessibility for 
people with motor impairment. They can be anything from small 
wristbands to backpack computers. Usually, a wearable technology 
is a combination of several devices. The goals of wearables are 
three: 1) to be mobile; 2) to augment reality; and 3) to provide 
context sensitivity [4]. Nowadays, a wearable device has become 
not only practical, but financially feasible; which means it can be 
used as an assistive technology to support people with disabilities 
[8]. In this sense, wearable technology has been offering real 
opportunities to compensate the loss of mobility for people. 

Bracelets as a wearable device have become popular. They 
allow to read user’s physiological variables in an easy and non-
invasive way [15]. Likewise, bracelets have been also used to 
support mobile interaction. Ye et al. [22] designed a wristband 
prototype to elicit feedback on wearable interaction for people with 

visual impairment. The Myo band converts the electrical activity in 
the arm muscles into gestures to control technological devices [21]. 

Myo armband is a wearable designed as a gesture remote 
control for the computer, mobile phone, or radio-controlled 
devices. This device has been largely used by people who need 
rehabilitation and for game purposes [20]. Its cost is considerably 
high, and unfortunately, its production has officially ended [17]. 

Smartphones offer the possibility to connect external input 
devices through the switch configuration feature: Switch Access in 
Android [1], and Switch Control in iOS [3]. This feature allows 
users to interact with their smartphone using hardware switches as 
an alternative to the touchscreen; this is very helpful for people with 
motor disabilities when they cannot interact directly with their 
mobile. Users can connect an external switch, an external keyboard, 
or use the physical buttons on the Android device or in Apple 
devices.  

However, external devices are not always convenient for 
portability, since they are not compact and must be carried 
separately. Likewise, some users with motor disability are not able 
to press physical buttons.  

As can be seen, although there are accessibility features and 
devices for people with either motor or visual impairment, there is 
no feasible option for people with both disabilities. Therefore, the 
purpose of this study is to design hardware solutions in the form of 
physical switches to facilitate navigation in smartphones to users 
with these impairments.  

3 User analysis 
We based our design in the characteristics and needs of a user who 
has both visual and hand-motor impairment. The user is a Mexican 
female, 50 years old, single. She studied a Bachelor of Business 
Management, and she recently finished a Master of Human and 
Organizational Management. From childhood, she gradually lost 
her sight and became blind at age 39; she has suffered from 
rheumatoid arthritis for over 30 years, which caused her deformity 
and severe motor impairment in hands and feet. She walks aided by 
a quad cane for support, and the help of someone else for guidance. 
She cannot use the white cane that people with blindness use, 
because the distortion in her hands makes it difficult to hold it, and 
because the white cane cannot give her the support she needs due 
to the motor impairment in her feet. She is able to control the 
movement of the wrists and the metacarpi, but not of the phalanges; 
her hand muscles are weak [8]. The user's needs using a 
smartphone, as well as a detailed description of the difficulties 
doing them using the screen reader and the voice assistant, are 
reported in [8]. The needs are not different from those of a user 
without disability; we can summarize them in: communication 
activities (chat by text and voice and email), everyday activities 
(manage agenda, add contacts, set alarm), and work related 
activities (internet searches, reading contents, note taking) [8]. In 
our current work we focus on facilitating navigation, which is 
required in all activities involving a smartphone. 

We held an extensive interview with the participant in order 
to better understand her physical possibilities and limitations 
relevant to the current proposal. The interview was composed of 
semi-structured questions, aimed to: 1) understanding the 
participant’s limitations making gestures using the screen reader 
and the voice assistant, 2) exploring the range of movements on 
fingers, wrists, elbows and shoulders, and 3) analyzing the 
participant’s use of objects that she finds easy to hold or wear in 
everyday life activities. The interview lasted approximately 2 hours 
and it was conducted by two observers. The session was recorded 
in video.  
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4 Results 
The participant uses an iPhone 5. She cannot hold the phone with 
one hand, and therefore she places it on a surface such as a table or 

her lap. She places the phone upside-down because this way it is 
easier for her to reach the physical button and to do gestures (see 
Figure 1B, 1C). 
 

 
Figure 1. A) Holding a pen, B) Doing gestures, C) Using the voice assistant. 

 
She has no difficulty moving her shoulders up and down, and 

her wrists are flexible; she is able to move the metacarpi but she 
cannot exert significant strength. She is able to move her elbows, 
and she has enough strength to lift them up to an angle of 
approximately 45°, after which she needs to help herself using the 
other hand in order to lift the elbow further up for activities such as 
taking a shower, which she needs to do in a sitting position. 
Because of the deformity of her hands, she holds a pen with 
difficulty (see Figure 1A). She finds it easier to hold a pen in 
upward direction (for example, applying eye-liner) than in 
downward direction (for example, doing a signature). She puts on 
makeup and accessories without assistance; for her daily activities 
she wears earrings, different types of bracelets and hair pins. 

The participant does a lot of activities mainly at home and at 
school, which implies travelling between different places during 
the day. Because of the motor impairment she cannot carry 
backpacks, shoulder bags or any bulky or heavy bag, therefore the 
size and weight of the things she can carry in her purse is critical. 
On the other hand, it often happens that she misplaces objects and 
then has a hard time finding them. 

5 Proposed solutions 
Taking into account the physical range of movements, the 
constraints of the user, the actions she needs to perform on a 
smartphone, and the context of use, we propose two devices that 
allow users to do alternative actions to the gestures that users with 
motor disabilities find difficult doing, such as swiping right and 
left, tapping and double tapping; these are basic gestures for 
performing browsing and selection actions such as going left, right 
and selecting an item. Screen readers enable these actions for linear 
browsing, and those are also the actions that are usually configured 
when using Switch Access [1] or Switch Control [3] in order to 
connect external input devices for people with hand motor 
disabilities. Both proposals require the use of a screen reader and 
the switch access to connect with the phone via Bluetooth. 

Additionally, the proposed solutions have to be light, compact 
and portable but not easily misplaced, and of course, they must be 
comfortable to the user. 

5.1 First Proposal: A Mounted Case 
The first proposal consists of a case to be mounted on top of the 
smartphone. Since the device is to be used with a screen reader, 
movements of the finger across the touch surface are not required 
while browsing; this is because the elements are browsed linearly 
with swipes to left (next item) and right (previous item). The device 
consists of four buttons to adapt the following actions (order from 
top to bottom): 

 
1st: Enter (alternative to double tap) 
2nd: Exit (go back) 
3rd: Next item (alternative to swipe left) 
4th: Previous item (alternative to swipe right) 
 
Buttons measure 1.5 x 1.5 cm each, and are located on a single side 
of the phone for easy access with the thumb; the buttons should be 
sensitive enough in order to require just a minimum effort pressing 
them (Figures 2 and 3). 
 

 
Figure 2. Lateral view of the prototype mounted on the phone. 
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Figure 3. Frontal view of the prototype 

 
This proposal has the following advantages: the case is 

attached to the device, so it cannot be easily misplaced; it allows 
for easy actions through soft press on buttons. Unlike physical 
buttons arranged in different parts of the phone, the buttons in the 
case are placed close together on one side so that they are located 
within reach with minimum finger movement; besides, the buttons 
in the case are bigger than those of the phone. The case can be 
placed on either end of the phone, and it is designed to facilitate 
finger movements while using the phone on a surface, which is the 
way our participant uses it, as well as other people with motor 
disability who are not able to hold the phone.  

The disadvantages of this proposal are that it adds some bulk 
to the phone, which may be uncomfortable to the user; it needs 
further design considerations in order to accommodate different 
phone sizes; even though it can be produced with components that 
are not too heavy, it represents extra weight on the phone.  

 Also, in the case of our participant, the upside-down position 
in which she uses the phone implies that she will reach the buttons 
from the left side; however, we should not assume that accessing 
the buttons from the left will be uncomfortable, since the phone will 
be located on a surface. We will need user testing in order to make 
further design decision on this matter. On the other hand, we do not 
have enough evidence from other people with motor disability 
using the phone in upside-down position, but if it is the case, we 
would consider this situation in the next design iteration. 

From the disadvantages of this first prototype, it could be 
suggested that an alternative solution would be convenient, this 
time exploring a different perspective. 

 

5.2 Second Proposal: An Electronic Bracelet 
Unlike the first proposal, the second one takes advantage of the 
forearm and elbow movements of the user in an angle range that is 
within the user’s possibilities. The proposal consists of an input 
device in the form of a bracelet (Figure 4 and 5), and it does not 
require finger movements or applying pressure on buttons. 

Similarly to the first proposal, the actions that the bracelet 
allows the user to do are: move to the previous element, move to 
the next element, enter/select, and exit/going back. The bracelet is 
also designed to be used along with the screen reader, which the 
user is already familiar with. 

 

 
Figure 4. Prototype of the bracelet. 

 

	
Figure 5. Closing mechanism and dimensions. 

 
The alternative user gestures to perform the actions are shown in 
the following images. Gesture configuration can be personalized. 

Navigation is achieved by doing angular movements with the 
forearm with respect to the point of origin (coordinates 0,0,0), 
which is the elbow of the user, in 90º position between the shoulder 
and the forearm (Fig. 3A). The user can be standing up or sitting 
down. Navigating to the previous item requires doing an angular 
movement of approximately 15º, to the left (Fig. 3B); navigating to 
the next item requires moving the forearm approximately 15º to the 
right (Fig 3C). 

In order to do an Enter action, equivalent to a tap or double tap 
on an item, it is necessary to move the forearm approximately 5cm 
forward, opening the elbow angle (Fig. 3D); and lastly, the exit or 
back action is performed by moving the forearm approximately 
5cm backward, closing the elbow angle (Fig. 3E). 

The design allows the user to wear and take off the bracelet 
without assistance; once worn, the bracelet does not require the user 
to remember its location. Though considered as an option at the 
beginning, we discarded the possibility of designing a pointing 
device in the shape of a pen because it could be difficult to hold, it 
would require applying pressure, and it could be easily misplaced. 
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Figure 6. Gestures that a user can do with the bracelet. 

 
The bracelet holds itself closed using a magnet, and it gets 

opened by pulling any of the edges. On the upper surface it has a 
relief indicating the correct orientation of the bracelet, similar to the 
one located in keyboards to indicate the position of the keys by 
touch. It has an ON/OFF switch for saving battery, and it can be 
charged via micro USB while not worn. Its dimensions are 5cm 
wide, 2.5cm tall and 1cm thick. Internally, the bracelet is composed 
of an accelerometer Mpu6050, an Arduino Pro Mini that is a 
microcontroller board based on the ATmega328, and a Bluetooth 
module HC-05 for interpreting, processing and sending the signals 
to the smartphone. It has a LiPo 3.7v rechargeable battery. The 
estimated cost of the prototype is 60 USD. 

The advantages of this second proposal are that the device is 
used separately from the phone, thus avoiding extra bulk on it, but 
adding the weight and bulk to the wrist; on the other hand, since it 
is a wearable device it might not feel like an extra bulk, because it 
can be considered as an accessory as others that she already uses in 
everyday life; another advantage is that it is not easy to be 
misplaced while using it, because it is meant to be worn by the user. 
On the other hand, using the bracelet does not represent any extra 
design consideration when the user places the phone in an inverted 
position, as it is the case of our participant. 

The proposal has the following disadvantages: derived from 
the use of an accelerometer, difficulties arise when the user is in 
motion, for example when using the phone while in a car, which is 
a very common scenario of use; because of this, the device requires 
careful programming to preview both the scenarios when the user 
stands still and when (s)he is moving around; on the other hand, not 
all people might feel comfortable using a bracelet. 

Table 1 presents a summary of the characteristics of both 
proposals. 

 
Table 1. Summary of both proposals. 

Feature Case Bracelet 

Base of movement Finger (thumb) Elbow 

Mount on Phone Wrist 

Connection with Bluetooth Bluetooth 

Feature Case Bracelet 

phone 

Use with Screen reader, 
switch access  

Screen reader, 
switch access 

Weight 100-130gr 
(estimated) 

100-130gr 
(estimated) 

In both proposals, the device is meant to behave as controller 
of the Switch Access or Switch Control, by detecting the user’s 
interactions and transmitting them to the smartphone via Bluetooth; 
the smartphone must in turn be configured to receive the different 
events representing the usual gestures. The estimated weight of 
either device is between 100 and 130 gr. 

6 Conclusions and future work 
Smartphone users with disabilities still have access issues. 
Wearable devices represent an opportunity to compensate for the 
loss of mobility and sight for people. In this paper, we presented an 
analysis of the physical characteristics of a user with both visual 
and motor impairment, as well as the user’s context of smartphone 
use. We also presented two proposals of physical switches aiming 
to alleviate the access difficulties of this user type, in particular by 
facilitating navigation through gestures that they find easy to do. It 
is important to mention that not all types of motor disability are the 
same, therefore these proposals are aimed to users with physical 
characteristics similar to those of the participant of our study. 

As future work, user intervention is necessary in order to 
decide which one of the proposals would be more convenient, and 
to make the necessary improvements to either one. User input is 
also necessary in order to make decisions about the material to use 
for building the device, and to measure its usability. 
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