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ABSTRACT

Programming is one of the activities that need talent and
persistence. Physically challenged people avoid programming
jobs and related academic degrees due to lack of tools that
accommodate their disabilities. Most people think to program for
the physically challenged. Our approach is different, we provide
tools to make the physically challenged write computer programs
in an easy and affordable way.

In this paper, we introduce Proviac (Programming Via Voice)
which is a software that helps physically challenged programmers
to write their programs in a friendly way. Proviac currently
supports C# but it could be extended to include other
programming languages. Proviac can be considered a step towards
providing IDEs tailored for physically challenged programmers.

General Terms

Software engineering, Programming languages.

Keywords

Programming environments, Physically challenged programmers.

1. INTRODUCTION

Many people think that physically challenged people lack the
abilities and skills needed in our world, and that they can’t
perform in some fields and aspects like normal people would do.
Others think that physically challenged are not mentally sound,
however this is not true.When people lose an ability, they either
develop an existing ability to become a substitute for the missing
one, or they gain new abilities that make them special and help in
overcoming the daily challenges of life. A real life example for
this is Ben Underwood, a 17 years old boy who lost both of his
eyes because of cancer when he was 2 years old. Ben developed
an ability that helps him in moving around and navigating his
surroundings using his voice and its echo; Ben says that “there is
nothing that I can’t do,” as he skates in the streets and surfs like
any normal healthy boy [1].

But not all physically challenged people are able to overcome
their challenges, and here comes the role of scientists to develop
new technologies and tools that will help challenged people.
Proviac (Programming Via Voice) is a software created to help
the physically challenged realize their potential in programming.
A prototype was developed and tested by some physically

challenged computer science students at the American University
of Kuwait.

The rest of this paper is organized as follows: In section 2, the
background about the problem and the solution are introduced. In
section 3, the architecture of Proviac is introduced. In section 4,
we show how to use Proviac. In sections 5 related work and
assessment are discussed. Finally, section 6 concludes the paper
and provides some pointers for future enhancements.

2. BACKGROUND

2.1 Statistics

According to the US Census Bureau, there are around 43 million
Americans with special needs, and according to the US bureau of
labor the employment population ratio for people with special
needs was 19.2 in 2009 [3]. The percentage of disability for
people working in computer and mathematical jobs is 1.6%, and
the percentage of disability in the whole information technology
industry is 2.1% [4].

Currently, we could not find published statistics for the Middle
East region about physically challenged programmers. Yet, as far
as we know the number of such programmers is very minor.

2.2 Microsoft Speech Recognition Tool

Windows Speech Recognition allows the user to control the
computer by giving specific voice commands. The program can
also be used for the dictation of text so that the user can control
their Vista or Windows 7 computer.

Applications that don't present obvious “commands” can still be
controlled by asking the system to overlay numbers on top of
interface elements; the number can subsequently be spoken to
activate that function.

Windows Speech Recognition has a fairly high recognition
accuracy. Training could also be completed to improve the
accuracy of speech recognition. Currently, the application
supports several languages, including English (U.S. and British),
Spanish, German, French, Japanese and Chinese (traditional and
simplified). Support for additional languages is planned for future
releases [5]. We used Microsoft Speech Recognition tool to
capture users’ commands.



2.3 Camera Mouse Software

Camera Mouse is a freeware to control the mouse pointer on the
screen using head movements[2]. The program was developed to
help people with disabilities use the computer. The main audience
for this program is people who do not have reliable control of a
hand but who can move their head. People with Cerebral Palsy,
Spinal Muscular Atrophy, ALS, Multiple Sclerosis, Traumatic
Brain Injury, various neurological disorders use this program and
its predecessors to run all types of computer software. It will be
used to help physically challenged users to edit the code generated
by Proviac.

2.4 Problem in more details

Physically challenged people with hand related limitations can be
smart, talented and creative in many fields including computers
and technology. However because of their disability they can’t
fully interact and use computers, especially when it comes to
computer programming. Some people argue that physically
challenged people with hand related limitations can program using
the current voice recognition technology. As we know this
technology is still relatively new and doesn’t offer any support for
the programming commands because it’s not specifically designed
for it. It is not sufficient by itself to support programmers.

2.5 Proposed Solution

Proviac (Programming via voice) will help physically challenged
people to program without using their hands. Proviac will interact
between Microsoft Speech recognition tool and Microsoft Visual
Studio 2008 IDE. Users will communicate with Proviac via voice
commands. Using the concept of voice commands will change
the way programming is done. Proviac will utilize a variety of
templates which will make it easier for the users to develop
computer programs. Consequently, syntax errors are minimized.

3. PROVIAC ARCHITECTURE AND USE
CASES
3.1 Use Cases

Proviac can support three different user scenarios:

e  Physically challenged users (with hand related
limitations) can use Proviac to write computer programs
using voice commands without needing to use hands in
the process. They can also edit the code using the
camera mouse software which simulates all mouse-like
interactions.

e  Normal users

1. Expert Programmers: can use Proviac to write and edit
computer programs using any standard keyboard and
mouse in addition to the feature of using voice
commands.

2. Beginner Programmers: can use Proviac to learn how to
program in C# programming language.

Figure 1 shows the normal user and the administrator’s use case.
The administrator can add programming languages support.
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Figure 1 Use case diagram of Proviac.
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The handicapped user can perform two types of commands. The
first one is the menu commands, which are: open, run, compile,
and save a file, or exit. The second is the write code commands,
which are: write text directly, choose variable type, choose loop,
choose condition, and delete.
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Figure 2 The Architecture of Proviac.



3.2 Architecture
Proviac has 3 layers as illustrated in Figure 2:

1. User Interface Layer: this layer includes a microphone
and the integrated development environment. Currently
we are using Microsoft IDE to test the prototype. This
layer mainly captures the input of the user through the
Microphone. In addition, it is used to display the
generated code resulting from user’s choices.

2. Proviac Layer: this layer includes the voice recognition
engine and different templates for each component
(loops-conditions-methods-classes). The voice
recognition engine mainly uses Microsoft Speech
Recognition tools to interface with Proviac and to
generate the required templates according to the chosen
components.

3. XML Grammar Layer: this layers includes the grammar
of the C# programming language.

In addition, there is a Website where users register. The site
includes a quick link to download the latest available version of
Proviac. The site also includes XML files for different
programming languages.

3.3 Class Diagram

The class diagram of Proviac is shown in Figure 3. Proviac has
two main types of classes: the voice recognition engine and the
components. The components are a variety of classes that
represents programming component. Some of them stand alone,
like class and method, and others like loop and condition have
different classes inherited or aggregated from them.
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Figure 3 Main classes of Proviac.
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3.4 Used technologies

Since Proviac was one of the competing projects in Microsoft
Gulf imagine cup, the initial prototype was developed using the
following Microsoft tools:

e  Microsoft .Net framework v3.5 used for manipulating
the voice recognition libraries with the IDE.

e  Windows 7 Operating System which has more enhanced
voice recognition .

e  Microsoft Visual Studio 2008 Professional Edition as
the IDE used for developing the software as well as the
end user IDE used to program.

e Camera Mouse software: a freeware to control the
mouse pointer on the screen using head movements[2].

4. USING PROVIAC

Figure 4 shows the activity diagram for Proviac. The programmer
will use a microphone as an input device. After that, the voice will
be sent toProviac’s voice recognition engine (VRE) where it will
be converted to text. The text will be compared with the XML
(Extensible Markup Language) files to check for similar
commands. Proviac will get the output and write it using the
corresponding template. Finally,Proviac  will write the
corresponding code or command into the integrated development
environment (IDE) in use by the programmer.
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Figure 4 Activity Diagram for Proviac.



The following example is a simple program written with the help
of Proviac. The program prints the output of even numbers
between 0 and 10. The program is written in the main screen of
Microsoft Visual Studio IDE.

Figure 5 shows a snapshot of the main interface of Proviac. The
user can select from various options (class, method, conditions...)
either by using voice commands or by normal selection. The
following steps will show how a user produces a simple program
using Proviac.
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Figure 5 Main interface of Proviac.

Figure 6shows how a user starts by creating a class using Proviac.
The user has to specify the class name and then it will be inserted
properly in the code.

o3l Class Template r [fE eS|
NameSpace  Projects
[
Class G
Location Cusersimas\G2
Preview
hamespace Projects() o
i
Publicclass G
[
. —

Figure 6 Creating a class.

In Figure 7 the user accesses the method menu where he/she can
specify method name, choose the method type from a list of
options, view and call the method. The user then inserts the
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method code at the required position (in this particular example it
is after the current position).
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Figure 7 Method template

Figure 8 shows the template of the “for” loop, the user will be
able to select the option loop from the main menu and then will be
presented with different loop components to choose from.In the
loop part, the user will be able to specify the variables, initialize
them, select the operator from a list of different operators as well
as specify the conditions. In this particular example, the user
inserts a loop that goes from 0 to 10.

Figure 9 shows the template of an “if” statement. Using the same
theme, the user will input the components of the condition to be
checked, then he/she will be able to insert the code at the right
position using the choose line box. He can view his code in the
view after pane. In this particular example, the user sets the
condition to (i%2 ==0) to check for the even numbers.
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Figure 8 Loop template.

Finally the user inserts an output command by choosing the
ConsoleWrite template then inserting the command at the right
position.
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Figure 9 “If” template.

After the user is done editing his program, he can move to publish
his program. The outcome of this stage will display the program
inan IDE.
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5. Similar work and assessment

5.1 Similar Work

Most people think to program for the physically challenged. Our
approach is different, we program to make the physically
challenged program. Raman and Lee [6] came up with a speech
enablement for Eclipse IDE using Aspectl.

There are several products that target the same problem. An
example for that is the seeing tongue technology. This technology
uses a camera connected to a sensor that converts the images
captured by the camera to signals. The user puts the sensor on his
tongue; the signals will be received by the user’s tongue and sent
to the brain simulating the eyesight [7].

Netbeans for Java [8] provides code templates. Code templates are
predefined pieces of code that have abbreviations associated to
them. The users type the abbreviation and the code will be
expanded accordingly.

Scratch [9] was developed at MIT to help young kids learn
programming. We used some of the ideas of Scratch like the
templates for the programming constructs. It teaches kids to do
programming using the same way they assemble jigsaw puzzles.
However, Scratch is a programming language by itself. It cannot
be used with other existing languages.

5.2 Assessment

We carried out experiments at the American University of Kuwait
to assess Proviac. We conducted several tests to assess the
software, and general observations on the software included the
following comments.

5.2.1 Instructors’ comments:
e My first initial reaction was that | never heard of similar
tools before; however, it is very challenging to have a
complete product to support physically challenged.

e Using Proviac for educational purposes could help all
types of students. The difference is instead of typing,
you would be speaking it, so you could be driving and
actually programming at the same time. That’s really
the wave of the future. There are many venues that
we’ll be seeing in the future but I think voice
recognition is one of them and it’s still in its infancy so
far. For handicapped people or people with amputated
hands who won’t be able to use the keyboard Proviac
will reach out and bring out more of their capabilities. |
think it’s a very unique and useful thing now and in the
future.

e Yes absolutely | can use it. It is simple for anyone to
understand and use. It will be great that this will be
introduced to society so parents with children with
physically challenged conditions can feel comfortable
and see an improvement in their kids, being able to do
something without supervision.

5.2.2 Students’ assessments
e  Proviac was found user friendly because of the use of
various forms and drop-down lists that show the
different commands for the user to choose from.



e The use of grammar files made the voice acquisition
process for inputting the commands faster even though
the user needs to train the engine to get better
recognition perfomance.

e  The users found the option to review the code before it
could be inserted into the Integrated Development
Environment (IDE) useful.

6. CONCLUSION AND FUTURE WORK

We are currently planning to provide the following enhancements:

e  Support other programming languages.

e  Support more Integrated Development Environments.

e  Proviac will be implemented as an add-on for Microsoft
Visual Studio IDE.

e  Future versions of Proviac will include command lists,
tool tips and help frames.

In this paper, we presented Proviac which is a software to help
physically challenged to write computer programs using the C#
programming language. The applicability of the system is open. It
could be used with different programming languages for different
educational and professional purposes.

Proviac will be used to experiment with at the American
University of Kuwait. Then we will conduct a detailed survey to
analyze the opinions of physically challenged programmers.
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