
Evaluation of a Software Architecture Supporting Android
Applications for Users with Motor Disabilities

Olibário José Machado-Neto
University of Sao Paulo
olibario@icmc.usp.br

Maria da Graça C. Pimentel
University of Sao Paulo

mgp@icmc.usp.br

ABSTRACT
We propose a software architecture to help developers to create
Android-based applications for userswithmotor disabilities – specif-
ically. It supports using one or more hardware components of mo-
bile devices including built-in sensors, camera and microphone, and
encompasses an easy way of using and integrating such resources,
which may lead to applications that provide alternative ways for
accessing and managing data by users with disabilities. The solu-
tion also provides functionalities to work with raw sensor data, and
offers a model for storing medical information of users. An eval-
uation with 19 software developers indicate that the architecture
can be useful for creating not only solutions for people with motor
disabilities, but diverse applications.
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1 INTRODUCTION
We conducted an extensive literature review, through which we
noticed that the literature lacks a software architecture to facilitate
the development of applications for people with disabilities by
using and integrating the hardware of mobile devices. Actually,
the use of software architecture to support accessibility is well
documented [6] [1] [7]. However, none of the studies we found focus
on the creation of applications for mobile devices. Other works
explicitly present accessible solutions by using resources of mobile
devices, but software architecture is not their focus[2][3][4][5].

In this study, we present an architecture to fulfill these needs.
The differences between our architecture and the ones we found in
the literature are: it is intended for the mobile context; it can be used
to record medical data; it integrates the built-in hardware of mobile
devices in a straightforward way in order to create applications
that be used for assistive purposes.

2 METHODOLOGY
We revealed the main requirements of our architecture after carry-
ing out three two-hour sessions of brainstorming were carried with
two occupational therapists. They are: 1) the assistive solutions will
consist of applications that explore the resources of mobile devices;
2) the integration of the resources must be simple to implement; 3)
the applications must be easy to modify because user requirements
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may change over time; 4) data processing will be carried out pri-
marily in the mobile device; 5) data storage will be be carried out
primarily in a cloud-based server.

We performed controlled activities in which developers could
implement Android applications using our architecture. We offered
a free 20-hour Android programming course for developers and
designers who had prior experience with Java programming lan-
guage. The course was held from Monday to Friday, four hours a
day. Nineteen participants concluded our course.

We presented our software architecture in the last day of the
course and guided the students in the creation of a mobile applica-
tion for taking pictures. The action of opening the camera should
be performed by both clicking a button and shaking the device.
Also, the device should vibrate while opening the native Android
camera application. An additional screen of the application should
show the values of the accelerometer, the gyroscope and the light
sensor, simultaneously.

At the end of the course, the developers were invited to answer a
questionnaire regarding the software architecture, with the follow-
ing questions: Does the architecture help to: 1) create interfaces of
applications that use the resources of mobile devices? 2) create ap-
plications that uses the camera? 3) create applications that use the
microphone? 4) create applications that use: a) the accelerometer?
b) the gyroscope? c) the magnetometer? d) the proximity sensor?
e) the light sensor? f) the humidity sensor? g) the thermometer?
h) pressure sensor? 5) create applications that integrate more than
one hardware resource? 6) create applications for people: a) with
motor disabilities? b) with other disabilities?

All questions were answered according to a Likert scale from 1
(does not help) to 5 (helps a lot).

3 RESULTING SOFTWARE ARCHITECTURE
Our architecture follows a client-server structure, in which the
device is responsible for processing data and the server is in charge
of storing data (Figure 1).

The interaction user interface of the Mobile Client is represented
by the component “Visualization.” From the interface, the applica-
tion accesses the control layer, which contains pre-programmed
XML files with examples of interfaces for accessing the basic data
of the camera, the microphone and the sensors.

The component “Sensors” contains Facade classes implemented
in Java with the main functionalities of each sensor of Android de-
vices. The functionalities provide the developer with the possibility
to retrieve the raw hardware data, or processed data.

After the information is processed by the application, the data
can be stored in the “Data” layer. In order to adequate the users’
information to Health parameters that might be useful for the
specialists, the layer “Data” is equipped with JSON-schemas, which
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Figure 1: Software architecture Evaluated

define the correct structure and attributes for medical parameters
that are relevant in Health applications1, by using a repository with
recommendations of how to store medical data.

4 EVALUATION
The ages of the 19 participants varied from 20 to 56. Of them, 16

were under 30. Sixteen were male and 3 were female. The answers
to our questionnaire are summarized in Table 1.

Table 1: Summary of the responses. The columns show the
number of responses in each of the Likert scales (1 to 5).

Response related to 1 2 3 4 5
interfaces of applications 0 0 3 8 8
microphone 0 1 3 9 6
camera 0 1 3 8 7
accelerometer 0 0 1 8 9
gyroscope 0 0 1 11 7
magnetometer 0 1 4 11 3
pressure sensor 0 0 5 12 2
proximity sensor 0 0 2 11 5
light sensor 0 0 2 10 7
humidity sensor 0 1 5 11 2
thermometer 0 0 8 8 3
sensors integrated 0 0 1 9 8
motor disabilities 0 0 0 8 11
other disabilities 0 0 1 5 13
TOTAL 0 4 39 129 91

The 19 participants of the course included one developer with
more than 2 years of experience in Android programming and 18
developers with less than 6 months of experience. One developer
with less experience answered that the architecture “helps a little”
to use the humidity or the magnetometer. Another one, also with
little experience, answered that the architecture “helps a little” to
create applications that use the microphone or the camera. The
1Available at http://www.openmhealth.org/documentation/#/schema-docs/schema-
library

magnetometer, humidity sensor, pressure sensor and thermometer
were the ones with the largest number of neutral responses: 4, 5, 5
and 8, respectively. This was expected since the application did not
require the use of these sensors. However, this might also indicate
that the architecture must simplify even more the access to these
resources. The experienced participant answered 3 (neutral opinion)
regarding the help of the architecture for the sensors: humidity,
magnetometer, thermometer, proximity and pressure. For all other
questions, his answers were 4 (“it helps”).

A total 79% of the participants replied that the architecture either
helps or helps a lot to create applications that use the camera or the
microphone. All other answers were from 3 to 5 in the Likert scale.
Two participants answered 5 (helps a lot) to all of the questions.

The sensors that received the most negative responses were the
thermometer and the humidity sensor, which were not available in
any of the devices used. However, even in these cases the percentage
of responses with 4 or 5 values were 57.9% for the thermometer
and 68.42% for the humidity sensor. All other sensors received at
least 73,68% of good acceptation by the participants.

5 CONCLUSION
We presented a software architecture along with an evaluation
with 19 software developers. The results indicate that architecture
is useful for creating applications that demand using one or more
resources of mobile devices. The evaluation also allowed identifying
components that demand improvement.

The results of the guided tests with software developers infer that
the architecture may be useful for developing not only applications
for accessibility purposes that use and store medical data, but also
for general-purpose applications. This seems to be specially true
for inexperienced developers.
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