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[bookmark: _Hlk510981578][bookmark: _Toc512088756]Abstract

This investigation has looked at the current research into the current communication methods, technology, tools and applications to help with Motor Neurone Disease. The literature review gives a general overview of the disease, the types, symptoms and the communication issues that arise from the disease. The literature review also investigates any device that can help with MND communication issues. This application has been built to help people who live with MND to communicate easily and clearly with friends and family. The development method used will be centred around the evolutionary prototype method. The requirements are a communication application that will speak the entered words or phrases. After completion of the project, it has been found that this project did meet all the requirements.
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Explanation of acronyms

SLT – Speech Language Therapist 
AAC – Alternative and Augmentative Communication
MND – Motor Neurones Disease 
MNDA – Motor Neurones Disease Association 
ALS – Amyotrophic Lateral Sclerosis
PBP – Progressive Bulbar Palsy
PMA – Progressive Muscular Atrophy
PLS – Primary Lateral Sclerosis
ACAT – Assistive Context-Aware Toolkit
NHS – National Health Service
BSL – British Sign Language
SDK – Software Development Kit
IoT – Internet of things
TTS – Text-to-Speech
DPA – Data Protection Act
SDLC – System Development Life Cycle
IDE – Integrated Development Environment
API – Application Programming Interface
VB – Visual Basic


[bookmark: _Hlk510981540][bookmark: _Toc512088758]Introduction

This investigation paper will study the research relating to the development of software to help with communication issues that arise from Motor Neurones disease (MND).
Motor Neurone Disease is a fatal and uncommon neurodegenerative and progressive disease. It will affect the neurones in your brain, resulting in the brain stopping signals being sent. Once these signals stop, the body will slowly waste away muscles and will become steadily weaker. When the muscles weaken, the person living with MND could be left with aches and pains in their muscles, slurred speech, a weakened grip and joint stress. This disease is often misdiagnosed, this leaves the person to suffer needlessly. As the disease progresses people who live with MND will find basic everyday tasks harder, these include, walking, gripping, speaking and even breathing. Not all people will suffer the same symptoms. Some people have reported losing their communication skills and some keep this but lose their ability to walk. 
The reason that this disease affects people the way it does, is their upper and lower motor neurones. The human nervous system is made of two sets of nerves. Each of these will control different muscles movement within the body, one group will control senses, the second group is the motor neurones. It is the second group of nerves which will be affected by MND.
This investigation has researched communication issues with regards to MND. What were the causes and what were the results found? There are many factors in communication issues in MND, some are more severe than others. One of the more severe issues was a speech problem called Dysarthria. There are many different devices that can help people to communicate when they live with MND. All these have been covered in this report, again some are more useful than others, but it will depend on the diagnosis that has been given. 
Communication methods, tools and applications have been looked at to see what is currently available and if they could be improved upon. The title of the investigation “An Investigation into the use of Android Applications to aid Communication for Motor Neurone Disease Patients” will look at how people who live with MND communicate via portable Android apps. 
The objective will then be to use research and development methodologies to design and implement an application to help with their needs. The application will be designed once the requirements are found and then implemented to meet the requirements. The overall aim will be to develop a communication application that will help people who live with MND easily and confidently communicate to other people. 
The following report will explain all about MND, their symptoms and the different forms. It will look at the many different types of communication tools, methods, technologies and applications, each will come with their advantages and disadvantages. The research methodologies will also be analysed to select the correct method to proceed with this investigation. 
[bookmark: _Toc512088759]Research and Review of Literature 

[bookmark: _Hlk509658131][bookmark: _Toc512088760]4.1 Introduction

[bookmark: _Hlk509658112]A critical review of printed work in the areas linked to this investigation provided an essential understanding into communication issues, communication tools, methods, applications and technology available that is linked to Motor Neurone Disease (MND).

[bookmark: _Hlk509657454][bookmark: _Toc512088761]4.2 What is Motor Neurones disease?	

[bookmark: _Hlk511588465][bookmark: _Hlk511512249][bookmark: _Hlk511512263][bookmark: _Hlk511513024][bookmark: _Hlk511588827]Motor neurone disease (MND) is a fatal and uncommon neurodegenerative and progressive (meaning the condition gets worse over time) condition that causes degeneration in the upper and lower part of the motor system, mainly affecting the nervous system (1). The disease affects the nerves in the brain and spinal cord, these are the nerves that control the muscles in the body. The disease causes the nerves (motor neurones) to slowly stop sending signals to the muscles from the brain and spinal cord, the results are weakening and wasting of the muscles (2), which can leave people trapped within their bodies. MND is not generally a painful disease but often people can suffer from uncomfortable stiffness, painful cramps, aches in their muscles, slurred speech, a weakened grip and joint stress. There is medication available to help with joint pain, muscle stiffness and muscles cramps. If these medications do not work a doctor recommends the use of physiotherapy to ease the pain (3). MND has the misfortune of regularly being misdiagnosed, this sometimes leads to undue pain, suffering and diagnosis dilemma (4). Generally, intelligence, recollection, vision, hearing, touch and taste remain intact, unless a person is affected by frontotemporal dementia (5).
People who live with MND will live their life with some or all their main muscle functions decreasing and will find some activities such as walking, gripping, breathing, speaking and swallowing increasingly difficult (6). Not everyone one who has MND will be affected by these symptoms, some people could lose their mobility but keep their communications skills and vice versa. There have been studies to show that over a 15-year period, more men than women will have MND (7).
[image: An external file that holds a picture, illustration, etc.
Object name is nihms287437f2.jpg]Fig 1: 
Graph showing the number of men and women who had MND in a 15-year period 1990-2005 (7)




For an unknown reason, more men have MND over women. The ratio of men who are diagnosed with MND is higher compared to women, 3 men compared to 2 women are diagnosed every year (8). The rate of MND in men was 54% higher than in women. Lifetime risk is also higher for men, 1 in 350 for men and 1 in 472 (9). 
Statistically, MND can affect any adult person at any age, but people are usually diagnosed when they are over 40, and most likely between the ages of 50 – 70. Being a fatal disease 1/3 of people who live with MND will die within 1 year of being diagnosed and more than half will die within 2 years of diagnosis. An average person’s lifetime risk is around 1 in 400 people in the UK and currently there are around 5000 people who live with the disease, with no current cure. More than 80% of people with MND will have some form of communication issues and some can lose their voice completely (10). Between 5-10% of people who have MND will show some symptoms of frontotemporal dementia (FTD). FTD is an uncommon type of dementia which affects the frontal lobes of the brain, just behind the forehead. This part of the brain will deal with behaviour, emotions, planning, problem-solving and speech (11). Every day around 6 people will die from the disease and the same number of people will be diagnosed with the disease (10). 
Jean-Martin Charcot, the father of neurology and the most influential neurologist of the 1800s, he first discovered ALS in 1874. He discovered several conditions affecting the lateral horn of the spinal cord (12). 
When further investigated, a disease was isolated was found which resulting in killing off motor neurones. This was then referred to as MND in the UK. The US named the disease as ALS, which the UK uses as a form of the disease (13). 

[bookmark: _Toc512088762]4.3 What are Motor Neurones?

Motor neurones are separated into lower and upper, each control different muscle movements. The nervous system is made of two main groups of nerves. The first group will control the senses, these are sensory nerves and the second group are the motor neurones. This second group are the nerves that are affected by MND (14). 
The rudimentary working component of the nervous system is a cell called a neuron. The human brain contains about 100 billion neurones. Each neurone consists of cells that contain nuclei, dendrites and axons. Motor neurons communicate messages from the brain to control voluntary movement (15). Motor neurones are nerve cells that control vital voluntary muscle activity. These muscles control important muscle movement including walking, speaking, swallowing and breathing (15). Messages from these nerve cells in the brain (Upper motor neurones) are sent to other nerve cells in the brain stem and spinal cord (Lower motor neurones) and then sent on to the muscles that need to be used. 
There are 3 different neurones, each of these will perform a slightly different function within the body (16): 
· Sensory neurones
· These sensory neurones will carry signals from receptors to the spinal cord and the brain

· Relay or Interneurons neurones
· Relay neurones carry messages from one part of the CNS (central nervous system) to the other part of the CNS

· Motor neurones
· These carry signals from the central nervous system to effectors (a small cell that acts as stimulus)
The below image shows how the muscles wastes and shrinks, the axon sends messages to the muscles from the nerve cells. 
[image: ]
Fig 2: Healthy Neurones V Neurones affected by MND (17)

Lower Motor Neurones

These neurones are in the anterior grey column, anterior nerve roots or the cranial nerve nuclei of the brainstem (18). All voluntary movement is linked to the spinal lower motor neurones which act as a link between upper motor neurones and muscle movement. The lower motor neurones control muscle movement for the below-listed features and many more (19): 
· Eyes
· Face
· Tongue
· Arms
· Legs
· Chest
· Throat 
These motor neurones will no longer carry messages to the muscles which will result in weak and floppy muscle. As the progression gets worse, it will cause a loss of mobility and movement, and difficulties with speech, swallowing and breathing. 



Upper Motor Neurones

As opposed to the lower motor neurones, these originate either in the motor region of the cerebral cortex or in the brain stem and carry motor information down to the lower motor neurones via the spinal cord. The fibres of the upper motor neurons pan out from the primary motor area, ending in the brain stem, where they will intersect within the lower medulla oblongata to form the lateral corticospinal tract (pathway) on each side of the spinal cord (20). 
A lesion in this area will result in several different health issues including MND, stroke and multiple sclerosis. The upper motor neurones direct the lower motor neurones to produce certain movements such as walking or chewing. Once these motor neurones are damaged it will result in stiff and weak muscles (21). 

[bookmark: _Toc512088763]4.4 Types of and symptoms Motor Neurone Disease 

The symptoms are widespread from the onset of the disease, but it usually starts by only affecting a single limb or motor function. The disease can be divided into 4 forms of MND and each has their own symptoms, each type will be diagnosed depending on the pattern of the motor neurones and which limb is affected first within the body. Due to the terminal nature of MND, many people will try unproven drugs and or treatment and therapies. This has sometimes accelerated the muscle weakness of the disease (22).
Signs and symptoms of MND vary depending on what side of the brain the motor function is linked to. Lower motor neurones will signify a lesion in either the cranial nerve, anterior nerve or anterior grey column of the brain. Lower motor neurons are usually characterised by increased muscle tone, muscle weakness and increased muscle reflexes. Upper motor neurones will signify a lesion is in the motor region of the cerebral cortex of the frontal lobe. Upper motor neurones are usually characterised by decreased muscle tone, wasting and weakness of the muscles and fasciculation’s (muscle twitching) (23).
· [bookmark: _Hlk511515347]Amyotrophic lateral sclerosis (ALS)
· ALS tends to be the most common form of MND, this form will affect both upper and lower motor neurones. ALS symptoms first begin in the arms, hands, legs and swallowing muscles. After the disease has progressed to a certain point, the diaphragm and chest muscles will fail, and the person will lose the ability to breathe unaided. This will lead to respiratory failure and the person will die within 3 to 5 years of the symptoms beginning (24). ALS is often diagnosed only by ruling out other diseases (25). ALS has two different causes, sporadic and inherited (from parents), around 90-95% of cases are sporadic, meaning the causes are unknown (26).  

· Progressive bulbar palsy (PBP)
· PBP involves the muscles linked to swallowing, chewing and speech, these muscles are controlled by nerves in the bulb of the brain, the medulla region. Limb muscles are affected later during the progression of the disease. People with PBP will have weakened jaw and facial muscles and are prone to random outbursts of laughter and crying (emotional lability) (27). People who live with PBP could have symptoms that include, paralysis of the tongue, persistent dribbling, paralysis of the facial muscles, exaggerated facial and jaw reflexes and slurred speech (28). 
· Progressive muscular atrophy (PMA)
· PMA results in mainly muscle wastage and losing muscle mass, also known as atrophy. PMA will begin in the arms or legs for many years before spreading and will affect the lower motor neurones (29). This type of the disease affects fewer people than ALS but as the disease progresses the person may show signs of upper motor neurones; the person may then be diagnosed with ALS (30). People who live with PMA will survive longer than those with the ALS or PBP form of the disease. 
· Primary lateral sclerosis (PLS)
· The rarer of the forms, this will affect the upper motor neurones of the face, legs and arms (24). This form of the disease is not fatal but will drastically affect the life of a person who has PLS. It will first affect the legs and spread to other limbs, it will influence the muscle linked to speech and will leave the person with slow and slurred speech (31).  
It is clear to see that the disease will affect people in different ways and not everyone will have the same symptoms and the disease will not affect people in the same way or in the same order (32). Many times, the symptoms of MND have been mistaken for other diseases and unrelated conditions, it can take up to 4 years to get a definitive diagnosis. It will mainly affect middle age or elderly people but can sometimes affect younger people (33).
As previously mentioned there is no cure for MND and there is little medication that can help with MND directly, only some pain medication for crams or joint pain. There is only one recommended medication to help with MND, Riluzole. This is a licensed drug and is freely available on the NHS for people who have been diagnosed with MND. This drug will slow down the progression of the disease and will usually add 2-4 months onto a person’s life expectancy (34), the progression is different in each person, and the drug is not guaranteed to work with every case. 
Although not a form of MND, Kennedy’s disease is very similar and is often misdiagnosed as MND or MND is misdiagnosed as Kennedy’s disease. Kennedy’s disease mainly affects men, very little women are affected but they do carry the defective gene (35). 

[bookmark: _Toc512088764]4.5 Communication issues in MND Patients

MND can and will cause issues that will affect a person’s ability to speak and communicate. Their speech will become non-existent or will become slurred and unclear. This is a result of a weakness in the vocal cords, lips and tongue (36). These are what is known as bulbar muscles, which are lower face and throat muscles.  Around 90% of people who live with MND will be affected by communication issues. Facial expressions will also become affected and this will leave the person who is unable to communicate adequately to feel frustrated, isolated, a lack of confidence and generally feel unhappy (37). A person who is unable to communicate their wishes may also be left in a state of depression (38). 
There are some methods that people with MND can use to communicate easier, this, in turn, will help them feel more comfortable with communicating with family, friends and caregivers. These include speaking slower, emphasising words, using shorter sentences and using keywords (37). 
As the disease progresses the issue will be more and more prominent and increasingly tiring and difficult for the person. It will also become harder for others to understand, again this will leave the person more frustrated and feeling alone. Speech therapists can help with techniques such as slowing the speech rate, exaggerating articulation and improving respiratory efficiency (39). 
There are many health professionals working in the health and social care sector. These professionals are trained specially for people who have communication issues and needs. 
· Specialist respiratory teams
· Speech and language therapist (SLP)
· Occupational therapists 
· Rehabilitation engineers 
· Care workers
These teams or individuals can help produce plans which will enable the user to gain a better understanding of what will happen to their voice and speech. They will then offer help with speaking techniques and AAC devices (40). Effectively managing their respiratory needs will have a positive impact on their communication.
AAC pathways is a guidance and structure of the services that MNDA (Motor Neurone Disease Association) can offer for the good practice of people who live with MND. The pathway is broken into sections that will clearly help the user understanding what will happen in the process (41). 



AAC pathways:

· Diagnosis: Diagnosis of MND
· When a person has been diagnosed with MND they are automatically eligible and referred for an assessment with the SLT 

· Referral: Initial speech and language therapy assessment
· During this assessment, it will be decided if the specialised local SLT can manage their AAC needs. This will be based on the type and progression of the disease. 

· Assessment: Local assessment & Specialist assessment
· Advice will be offered on what type of AAC is best suited. Communication ability, physical, sensory, speech, language and cognitive abilities will be assessed to form a basis. Once an AAC service is agreed, the user will be transferred to the AAC specialist. 

· Trial: Equipment trial
· The user and AAC specialist will agree on an appropriate AAC method and it will be trialled for up to 2 weeks. Once a method or device is successful, talks will be made to make it permanent. 

· Provision: Funding report & support services
· A funding report will be generated to decide if the user is eligible for funding or if the device will be self-funded. An application can be made through the NHS or MNDA

· Training and support: Equipment provision and training & Servicing and repair
· All equipment supplied through the NHS or MNDA will come with full training from the SLT or specialist AAC provider. Equipment supplied will be maintained and repaired as and when needed. 

· Review: Review
· The management of their communication needs and equipment is an on-going process and will be review regularly by the SLT during the progression of the disease. This will be more important during the latter part of the disease where the needs of the user could change dramatically and other methods of AAC needed.

· Return: Return of equipment (If needed)
· When equipment is no longer needed, the equipment is returned to the appropriate service (NHS or MNDA) to be reused by another person. 
Every local authority or NHS trust will have their own version of an AAC pathway which they will follow. The above is that of the MNDA. 
West Midlands AAC care pathway includes the assessment of the user along with a general assessment of the user, including how well they can communicate and an outline of the user’s goals and what they hope to achieve by using an AAC device (42).  
If there are no AAC pathways available to be used when being assessed, there are many other published frameworks that can be used

[bookmark: _Hlk511517103]Dysarthria:

[bookmark: _Hlk511517139]A common speech problem that occurs with MND is known as Dysarthria. Generally, people with dysarthria will have a slurred, slow nasally sounding speech. This is sometimes excessively quite or even excessively loud. They are left with an uneven and rapid speech volume which is difficult to understand when they speak. This is down to having difficulty moving their tongue or facial muscles when they speak.  As a result, people who have dysarthria will be more difficult to understand. Dysarthria will not affect any other intelligence or will enable the person to not understand what is being said (43). 
[bookmark: _Hlk511518631]Some of the biggest issues that can occur with dysarthria are not the complications with communicating, it is the social difficulties with the lack of communicating with friends and family. This could affect relationships, make social situation challenging and could lead to depression or social isolation (44). Causes of dysarthria are disorders that are linked to the nervous system (neurological). These include stroke, brain injuries, brain tumours and conditions that cause paralysis and cause weakness that affects the muscle tone around the throat, lips and tongue (45). 
As with most disorders dysarthria has serval types (46): 
· Flaccid dysarthria
· Lower motor neurone, damage to the cranial nerves and/or regions in the brain stem

· Spastic dysarthria
· Upper motor neurone, damage to motor regions in the cortex, on both sides of the brain

· Ataxic dysarthria
· Upper and Lower motor neurone, damage to pathways that connect the cerebellum with other regions in the brain

· Hypokinetic dysarthria
· This form is linked to Parkinson’s disease 

· Hyperkinetic dysarthria
· Damage to the basal ganglia (responsible for involuntary movements)

Dysarthria affects 80% of people with motor neurones disease. The most common dysarthria disorder to have with MND is a mixture of flaccid and spastic (47). It will weaken the lower motor region neurones, tongue and facial muscles. At the same time, it will impact the upper motor neurones, chewing and jaw muscles (48). 
To help combat these communication issues, there are several strategies which can be implemented that will help the person communicate and for other to understand them easier. It is also vitally important that they find communicating easier with the strategy in place if not, the person with MND will still be left feeling secluded, alone and possibly depressed. 

[bookmark: _Toc512088765]4.6 Current communication methods and technology available

Communication methods differ when dealing with people who live with MND. Some people find using basic hand gestures or writing tools very tiring to use (49). They use a tablet or computer keyboard as they find them easier and less tiring. As standard, a Windows-based computer will include some accessibility options that can be adjusted to meet the user’s needs. These could be simple tasks (50): 
· Slowing the mouse speed
· This will make the mouse pointer more accurate

· Speeding up the mouse speed
· This will make it less tiring for the user

· Increasing the size of the icons or Windows objects
· Larger icons will be easier to focus on and easier to navigate to

· Decreasing the keyboard repeat rate
· This option will reduce repetition errors

· Enabling the sticky keys
· Sticky keys will enable the user to use 2 or more keys with a single hand, the keys will be locked so a user can press CTRL then C. 

· Enabling the Filter keys
· [bookmark: _Hlk509350360]Reduces errors made by striking the wrong keys 

· Enabling the slow keys
· Reduces errors made by striking the wrong keys 

Augmentative and alternative communication (AAC) methods 

“Technology is a friend to people with MND.” (51)
[bookmark: _Hlk511518831]Around 84% of people who live with MND use an AAC (Augmentative and alternative communication) device to help with their communications (52). Every day people use AAC as part of their daily lives while communicating, waving, pointing or giving a thumb’s up is considered an AAC action (53). An AAC communication tool could be an iPhone or Android application which has been downloaded and installed on a phone or tablet. It is not just applications that are helpful, by using a PC or laptop with Windows operating system, a user would also have access to other programs written in Visual Basic or C# (C sharp), and many helpful features within Windows itself. Technology is playing a life-changing part in the MND community, without it, many people would be left unable to communicate. 
AAC will not only help people who have MND, autistic children greatly benefit from the image and visual stimulus that is associated with AAC (54). Cerebral palsy, stroke, head or brain injuries and people with learning difficulties also greatly benefit from using an AAC device. 
Struggling with communication is common, but under-recognised, disorder. An estimated 1 in 100 people have significant communication problems and may be helped by some method of AAC. Being able to communicate will help people have a more meaningful life experience and make friendships, relationship easier and offer more independence (55). AAC is a part of clinical practice that tries to compensate, either temporarily or permanently for the damage and disability of persons with severe a communication disorder (56). 
At first, people who live with MND can adapt their speech to make it easier to communicate more clearly, but it will soon become evident that they need more help communicating, this is where an AAC adaptation will greatly help.  
“If I cannot say as much as I used to say, I have to say it better. So, the choice of words becomes crucial.” (37)  
AAC is an umbrella term that covers communication methods that are used to help replace writing and speech impairments. These communication methods can include sign language, picture boards and electronic devices, and cover many kinds of impairments and diseases (57). AAC represents an additional feature of the written or verbal communication that will help compensate for an impairment (58). 
AAC devices can including many different types of communication aids. MND organisations and Charites will often customise a device and loan this out to help with any communication difficulties (59). For an item like this to be loaned, first, an arrangement will be made with an SLT (speech-language therapist) to offer an assessment. 
Some of the methods available will be unsuitable for people with MND, sign language will be extremely difficult for some people due to the weakness in their hands and fingers, but not impossible.
AAC can comprise low and high-tech products. Low tech will involve gestures, signing/signal, picture books and even pen and paper. High-end tech products will include voice output and written input devices like phone or tablet applications and communication aided devices.
Using an AAC product will greatly benefit people with MND. It will help and support their communication needs while they interact with family, friends and caregivers. People with MND keep their cognitive capacity so can use more complex AAC applications (60).
By selecting the right product early in the diagnosis will greatly help the person who lives with MND. Many people are unprepared for the disabling loss of their communication skills. This is sometimes due to the inconsistency of MND and their symptoms.  People will function better with an AAC already in place. 

Social media

Social media is part of everyday lives for billions of people worldwide, including those who live with MND. This is not just used as an instant communicating tool to deliver shared content (images & videos) but to also interact with other users and people who have MND (61). There are many MND forums and blogs that offer help and advice to diagnosed people, family and their friends. Also, this form of chat room will give an immediate form of help and can answer many questions for a newly diagnosed user, their friends or families. The official MND forum will offer help with care needs, medication, local support, technology and finances available (62). A common challenge for those with MND is a lack of quality knowledge and understanding when learning about their AAC needs (63). 
The MND association have regional Facebook and Twitter pages. These are used to deliver support and help to any person living with MND, their family or friends (64). 
The MNDA recommends serval social media platforms that can help with many aspects of MND (64). There are multiple sites or pages available to offer advice and help: 
· Facebook
· Twitter
· Pinterest
· YouTube
· Flickr
· Forums
· Blogs
Online help is a powerful tool and will provide ample networking opportunities to connect with other people. Social media has many advantages, it can help people who live with MND by offering the person a way to easily communicate and share resources and information with friends and family without the need for them to feel under pressure to communicate quickly or clearly with the way they normally would via their methods or tools (65). As easy as communicating via social media could be at the start, it will be slightly more difficult as the disease progresses, and more muscle weakens. People are often bullied and victimised when they have any sort of disability and they use social media. 
“We don’t drive or have a car, so I use my laptop to stay in touch with the outside world. I also use it to speak to others affected by MND on the MND Association forum, as well as stay in touch with my family in Poland.” Max, living with MND (SAME AS BELOW QUOTE)

ACAT Software

One of the most well-known cases of MND is Professor Stephen Hawking. He has lived with MND for 55 years dying aged 76 in 2018, even though most people who have been diagnosed with MND live for only 2/5 years. He was diagnosed with the disease when he was 21 and given 2/3 years to live but ended living with the disease for 55 years (66).  
He is known as one of the world’s most prolific theoretical physicists. He once said, “Intelligence is the ability to adapt to change” (67) he and his equipment adapted frequently when his condition worsened (68). 
Professor Hawking uses a very complex technology system to communicate. When Professor Hawking had movement in his hands he used a text-to-speech application, this application would speak whatever he wrote and an electronic notepad. Now nearly all his body has lost the ability to move, he now uses a computer which will detect muscle movement in his cheek and face (69). 
Professor Hawking’s uses an open source software from Intel called Assistive Context-Aware Toolkit (ACAT). In 2012 Intel started designing a new communication software to improve on Hawking’s current set up and help the MND community (70). That was EZ Keys, this used a camera mounted to his glasses that detected pulses in his cheek. With his muscles slowly weakening in his cheeks, a replacement was needed. In 2014 they had the software finished and ready to be released, it doubles Hawking’s current input speed. He is still using his cheek muscles to operate the software until a camera can be attached to pick up his eye movements. This has helped around 3 million users worldwide to communicate when they have the most severe form of MND, quadriplegia and many other physical disabilities (71). 
“My old system was over 20 years old and I was finding it very difficult to communicate effectively. This new system is life changing for me and I hope will serve me well for the next 20 years.” Professor Stephen Hawking (66).
ACAT which is installed on a windows tablet. The software picks up his cheek and muscle movement from a camera mounted in his glasses, a cursor moves around the keyboard, he can choose when to stop the cursor on any given letter. As he types, he will be offered full words from another software called SwiftKey (72). This a predictive messenger keyboard available on any IOS, Android or Windows touchscreen device. This software has been loaded with all his previous lectures and, notes and books. This makes what he wants to type and say, easy and continuously available (73). This software helps him write lectures and speeches which he can deliver with the help of his communication software. 
The layout is very simple, a selection of words will appear once a user begins to type. These words are selected and added to the talk windows to form sentences and then be spoken. 
[image: ]
Fig 3: ACAT layout (74)
There are many advantages to using this software. People will see that it is being used by Stephen Hawking and automatically want to use it. The program itself has many different features that the user can use (75): 
· ACAT app
· This is the full version of the software. Uses facial gestures to create words, sentences and then speak them

· ACAT talk
· Scaled down version of ACAT with just a talk window which converts anything that is typed into speech window

· ACAT try out
· This will let the users use the switch mechanism to interact with ACAT (Switch – are large buttons that users push to be activated) 

· ACAT vision 
· A webcam can recognise facial gestures and interpret them into triggers to drive the ACAT user interface
The software can be adjusted to meet the needs of the user and many different layouts are available. There are many guides and FAQ’s to help the users get the most from this software, there is also an introduction video from Professor Hawking’s (70). 
There are some disadvantages to using this software, even though the software is free it is only available on a Windows-based laptop or PC. The Windows must also be a 64-bit version, if the user has a 32-bit version it will need to be upgraded and will come usually with an upgrade cost (76). The user will also need a separate webcam or sensor to detect facial muscle movements (77). 

[bookmark: _Toc512088766]4.7 Current communication tools and applications available

Augmentative and alternative communication (AAC) tools 

Depending on the type of diagnosis that is given, there are several devices that will help the user communicate more clearly and confidently.  
AAC devices or techniques are usually categorised into 2 groups aided and unaided and then aided is split further into low tech and high tech:
· Unaided communication
· No tech or Low-tech communication aids
· High tech communication aids  
Again, an SLT will help decide the course of action which will be best suited for the situation after discussing with their various teams and colleagues, the user and his or her family. Depending on their needs, if they have some hand and arm movement they can begin with unaided communication and see how it help with their communication needs.  
[image: ]
Fig 4: Types of ACC (78)

· Unaided communication

Unaided communication consists of nonverbal means of natural communication and techniques that involve body movement or language, gestures, sign language, facial expressions, head or eye movements and pointing (79). When a person uses unaided AAC, they are just communicating using their body. These forms can work well until the muscles break down and weaken. Once this happens, depending on their symptoms they will need a new form of communicating tool or technique to help (80). This is good for older people who may not like and may not want to use modern technology. As been previously mentioned, they may lose the ability to speak but may have full control over their hands and be able to sign and use British sign language (BSL), point or signal. If this happens then they may be more than happy to continue this, but a downfall to signing would be other people (especially friends and family) would also need to be able to sign to have a conversation (81). 



· No tech or Low-tech communication aids

No tech communication aids are the most basic of tools that offer no technology within them and are as simple as a pen and paper, whiteboard or images in a book. A user exchanging pictures or images with another person is a form of no tech communication. A user can even pass an object to another person to signify they want something, a toothbrush being passed over could indicate the user would like to brush their teeth, a cup would indicate a drink is needed. These basic tools will require no batteries or power for the person to use them. Paper and white board’s offer easy to use communication while their writing is legible (82).  
Similarly, to the unaided communication, these tools are fine until the person can no longer use them and then they need to move to low or high-tech communication. Low tech communication aids are basic technologies tools that require a low powered power input or battery, these have low technology within them and are as simple a laser pointer, switch buttons (can produce a single message or do a simple action), or audio books or toys (83). 

· High tech communication aids

High tech communication aids are designed to offer help with communicating even when it is very hard to do so. Some AAC devices will work even if all hand and arm movement are lost. Eye gaze controllers are eye trackers that are designed to sit atop of a laptop or monitor and the user can navigate the mouse to control the laptop or PC. This is controlled by the user blinking or just stopping on an icon for a certain period (84). 
Another AAC device is a mouse emulator. These are hands-free alternatives where similarly to eye gaze units, a unit will sit on the laptop or monitor and use a camera to monitor head movements. A reflective dot will be needed to be positioned on the forehead of the users and is continuously monitored for movement. Selections are made by timed spaces of inactivity or by the user clicking a large button, this could be banged with hand or feet. These are large buttons and require no precision movement (84).
 “I use a computer with eye gaze, not just to communicate, but to do online shopping, use social media and even make art, something I’ve been passionate about my whole life.”  Sarah, living with MND (10)

· Advantages and Disadvantages of using AAC

There are several advantages and disadvantages to using unaided and aided AAC tools and techniques. Once a person who has MND starts to degenerate quickly they will need a different tool or technique, this will result in the user needing to quickly learn this new system. British sign language is an easily recognised form of communication in the UK but may change in different countries, but for the user to use this regularly their friends and family must be able to sign as well. The basic writing technique will suffice some people, being taught at a young age most people will understand reading and writing worldwide. This technique will only be used when the user has legible writing. 
Low-end technology can be learnt quickly and be a very effective way to communicate. Can be built up from picture cards and progress on to other techniques. Low tech is less costly and less complicated than a high-tech option. The low end will offer a basic communication option but may be suitable for many users. 
High-end communication tools offer the highest quality of communication. These systems have been designed to offer easier communication with minimal effort. One of the main advantages to a person with MND using a high-end communication tool is that they will have a voice, this will boost their confidence and offer a sense of independence. These devices can also be linked to an Internet of Things (IoT) device like Google home or Amazon Echo (Alexa), these devices can then control the users home. The lights, heating and power can all be controlled by these IoT devices, they can also order online shopping and goods. 
Although there are several high-tech adaptive devices available, many of them require extensive user training for the user, their caregiver and families. There have been several complaints with eye gaze and similar AAC products since the tools are inaccurate when selecting smaller objects on the screen, are difficult to master, hard to calibrate and expensive to acquire. Several other factors will also complicate the use of these systems, blurred vision, cataracts and wearing contact lenses (85).

Android, Apple & Windows

Technology is ever evolving; modern technology is now smarter and able to do more everyday actions. This is especially useful for people that have MND. There are several applications and programs that have been designed to help people to live their lives to the fullest (86). These mobile applications are designed to look after certain parts of your life, some apps can plan and manage their care needs, health and communication needs.
The two main type of applications that can help with communication needs is text-to-speech and voice banking. Most applications will offer the ability to offer either Text-to-Speech or voice banking, but not both.




· [bookmark: _Hlk509768252]Text-to-Speech (TTS)


This application will let you write sentences and then by pressing a button the app will speak exactly what is written in a human or synthetic voice. This can usually be programmed with pre-defined words or sentences. It will use predictive text to try and guess words or sentences, this will save the user time and it will form what is needed to be spoken quicker. The user can select letters with a variety of tools, keyboard, mouse pointer, adapted mouse, joystick, switch, facial muscles or eye tracking. 

There are numerous text-to-speech programs available for Windows, Microsoft Office Speak, Read Out Loud, Word Talk, Orato and Microsoft Word has a feature called Read Aloud (87). 

There are even more available for iOS and Android, the majority are free for iOS but there are very few free for Android (86). 

There are many benefits for individuals with MND to use the text-to-speech software in any format, Windows, iOS or Android. With it, they can have a voice to clearly and confidently communicate. By having a TTS on a mobile device, they can communicate wherever they go, but a downfall is that the device will need to have a charged battery. To overcome this the user can purchase a separate portable battery charger, a 26800mAh charger will distribute around 6-8 full charges before the battery being depleted (88), this can last around 5 days before needing a recharge. 

TTS software has changed the lives of millions of people worldwide by helping them communicate, it revolutionised the way Professor Stephen hawking communicated. The advantages far outweigh the disadvantages.   

“For a time, the only way I could communicate was to spell out words letter by letter, by raising my eyebrows when someone pointed to the right letter on a spelling card. It is pretty difficult to carry on a conversation like that, let alone write a scientific paper.”
Professor Stephen Hawking (89) 

· Voice or message Banking

Depending on how progressive the speech issues are, it may be possible to record your own voice, which can then be used to create a synthetic speech or record your own voice and have it playable in their own voice on a computer, tablet or mobile smartphone. The user can record phrases or single words that can be listened to in the future or the user can make sentences or paragraphs that can be read out (90). These will need to be recorded before they lose the ability to do so. It usually involves speaking between 600 and 3500 phrases, recorded via a computer program. Usually, an SLT will help with voice banking and depend on the severity of the voice only a handful of phrases may be recorded.  

The reason that people with MND want to use their own voice for these recording is that without it, they may feel they will lose their identity if they have a synthetic voice permanently speaking for them. If they, unfortunately, have passed away, their loved ones will still have the phrases and words that have been spoken and recorded, these can then be replayed (90). 

The stronger and clearer your speech is when being recorded, the higher quality the banked voice will be. The sooner their voice is reordered, the better. Voice banking is more
effective if the phrases are recorded before their voice has been significantly affected by
MND. A person’s voice can still be recorded if MND has affected their voice, but the quality of the recording will be slightly compromised (91). 

The US company Build-A-Bear offer a service that will give a stuffed bear a voice which has been pre-recorded, sometimes these have been recorded by a family member who has a terminal illness (92). These are given usually to children when a parent or loved one who has passed away or is unable to communicate any longer. 

A downfall is that some professional services from CereVoice Me are currently charging £499 to record a person’s voice, then give it as a download to use in text-to-speech software. Even though this is an expensive service it is done via a professional recording service, so the quality will be the highest possible. There are cheaper alternatives and more expensive option available, ranging from £80 - £2000 (93). These services can be modified depending on what the user needs, quality of the recording, quality of the downloading and what software will be required (if any). One of the biggest advantages of using voice banking is that the person will feel they have more of an identity if they can speak in their own voice. Losing their voice will be one of the hardest things that they will have to come to terms with, often they will feel isolated and alone. 
 
“Knowing that my voice was probably going to be lost spurred me on to look at voice banking.” A person living with MND (90) 

· Applications

There are currently no recommended free Android communication applications which are recommended by the Motor Neurone Disease Association (94). The type of applications which are available for communication are very diverse, most do not cater to a single disease or illness, the reason for this is that there are many different communication issues that arise. The applications available are not purely designed just for MND, these mobile applications can help people who live with autism, cerebral palsy, down syndrome, speech apraxia and any communication-related illness or disability.
“I haven’t needed to use my created voice for general communication yet, but it has been banked and can be installed on a range of devices for when I do need it.” Lee, living with MND (95)
These are the Applications that are currently recommended by the Motor Neurone Disease Association (MNDA) to help with communication. These applications are available on either the Google Android and Apple iOS app stores. 
· COMM Boards
· Grid Player
· Sounding Board
· Verbally

· COMM Boards

An image-based app that uses different symbols to help the user communicate their everyday needs and hold a conversation. Most of the communication boards are pre-defined but can be customised if needed. An Android-only app which is available from the Google Play store for £8.99. Mainly designed for children in mind but is simple enough for all people to understand and use. 
Images are clicked and the words from the images are sent to a sentence maker, when the sentence is ready, it can be read out. The sentences are basic but will clearly convey their needs. 

[image: ]
[bookmark: _Hlk512087424]Fig 5: COMM Board screenshot




· Grid Player

A communication tool that will build sentences using pre-programmed phrases and will let the user type their own to be read out. An iOS only app which is available for free from the App Store. A very similar app to COMM board, a user selects images and sentences are made. 
The boards can be customised, and the voices can also be changed to use male/female and child/adult’s voices. 
[image: ]
Fig 6: Grid Player screenshot

· Sounding Board

Another soundboard application this will let the user customise boards as needed, again mainly aimed at younger children or users with less intelligence. A free iOS application available from App store but in-app purchases like additional voices are 99p. 
[image: ] 
Fig 7: Sounding Board screenshot

· Verbally

This free iOS-only application is aimed at adults and is designed for real and easier communication. The two tabs available are words and phrases and each bank are customisable for every user. Sentences can be made in the speak box and spoken by pressing a button. There are no grids or images needed to be learned to communicate with this app. Extra voices are again available for a fee. 
[image: ]
Fig 8: Verbally screenshot

There are plenty more communication applications available on the market, for Android, iOS and Windows portable devices. These are just the 4 that have been offered by the MNDA. None of the Android offerings is strictly designed with adults in mind, with NMD most of the diagnosed are adults over the age of 40 (10). An adult user would need a more focused application, they would need structured phrases and sentences. The app will need to be a simple, intuitive design.

 “I have a smartphone and haven’t looked back. I intend to get a tablet later, to ensure it is the most up to date.” (86) A person living with MND 

[bookmark: _Toc512088767]4.8 Research Ethics	 

Research ethics are a set of rules that govern how other people and ourselves should act and behave. There are some ethical principles that should be followed: 
1. Minimising the risk of harm 
No harm should come to anyone involved in the research of this investigation. Harm could include mental and physical harm. The risk factor must also be analysed for the investigation. Risk must be minimised by obtaining consent from anyone involved, protecting their confidentiality and avoiding deception (96). 
2. Obtaining informed consent 
Any participants in this investigation must understand what they are taking part in and what is required of them. The participant must know what the purpose of the research is, the methods which will be used, the outcome of the research and any other demands or inconveniences they may face (97). 
3. Protecting anonymity and confidentiality 
A participant of any research investigation will be willing volunteer information of a private nature if the person or persons organising the investigation agrees to hold such information in the strictest confidence. Once any form of data has been collected it must be treated as confidential. Data can only be shared with the full consent of the volunteer and then must still be treated as confidential (98). 
4. Avoiding deceptive practice 
This again is an important factor but something a practice that is used, with permission. Sometimes people act differently if they know they are being studied or watched, covert deception is used to hide the fact it may not be feasible to let people know what the researcher is doing, or it may alter the research in some way. However, the research should avoid any kind of knowingly deceptive practices towards the participants (99). 
5. Providing the right to withdraw 
Whoever helps with a research investigation has the right to withdraw from the process. This right can be used at any time and for any reason, they must not be coerced or forced in any way to try and stop them from withdrawing (100).

Data Protection Act

There are several considerations to think about when designing and coding an application. The 1998 Data Protection Act (DPA) states that all data and information being used or kept must be (101): 
· Used fairly  
· Used lawfully
· Used in an accurate way
· Not kept for longer than is needed
· Kept safe and secure
· Not transferred outside the European Economic Area without adequate protection

The DPA has been designed to protect any individuals' privacy. 
This author will design the application in a way that will hold no user’s personal data or information, there will be no login in or registration pages. This way the only data that will be held will be single words or small sentences which the user can input for use while communicating. 
Even though this app will not hold the user’s personal details, a unique identifier can also be classed as an IMEI number, this unique identifier and can be classed as personal data. The app will have to deal with this in the correct manner (102). 
 
[bookmark: _Toc512088768]4.9 Critical Review

During this investigation, this author has learned that MND is an uncommon neurodegenerative and progressive life-ending disease. The condition causes degeneration of the motor system. The disease causes the nerves or motor neurones to slowly stop sending signals to the muscles from the brain and spinal cord, the results are weakening and wasting of the muscles which may leave a person trapped in their bodies and unable to communicate with their friends, family or caregivers.
The nervous system is made up of 2 groups of nerves. One group controls the sensory nerves and the other group are the motor neurones. Motor neurones control muscles movement including walking, speaking and breathing. Lower motor neurones control voluntary movement. These are muscles including, eyes, face, tongue, arms and legs. The upper motor neurones will produce a movement like walking or chewing. Motor neurone disease occurs when specialist nerve cells in the brain and spinal cord called motor neurones stop working properly. This is known as neurodegeneration.
There are many types of MND, with ALS being the most common form in the UK and PLS being the rarer of the 4. Each form will have their own symptoms and symptoms vary depending on the diagnosis given. 
The biggest issues to affect people who live with MND is their need to communicate clearly. As the condition progresses, MND will affect some people in a way that will stop, slow and gradually break down their communication skills and they will find communicating increasing difficult.
Dysarthria is a common speech problem that occurs with people who live with MND. Dysarthria will lead to slurred, slow nasally speech. This is a result of having difficulties moving their tongue or facial muscles. Dysarthria can lead to other issues like social difficulties. People with Dysarthria find it hard to communicate to friends and family and this can lead to depression or social isolation. 
Medicine is making slow progress to find a cure but through modern technology, people who live with MND can still live a more comfortable life through easier communication. There are many different techniques available to help people communicate, the different techniques all depend on the severity of their MND. There are now many health professionals available to help with MND and the communication needs associated with it. The teams can recommend plans to help a user communicate easier and more clearly. An AAC device, tool or method can be implemented for this reason. 
There seems to be an increased amount of applications that can help with communications needs. Some offer the ability to form a sentence with pre-determined words and images or with the user forming their own with a keyboard and some offer the ability to a record a voice, to record a message or sentence. These could be Windows-based so can be used with a PC or laptop or Android or iOS portable for phone and tablet. 
This author will design and build an android application with the ability to offer text-to-speak and use a voicebank to record their voices as messages for communication purposes. This app will have the ability to replay a message that has previously been recorded. The person who lives with MND can then listen to this and hear their own voice, which they may not have heard for many weeks, months or even years. The reason Android has been chosen is that there are no free recommended applications on an Android device listed on the MNDA website. 
The application will relieve some care needs and allow the person to convey their needs more clearly and leave the person to have a more independent life and feel less alone and isolated. 
 

[bookmark: _Toc512088769]Research and Development Methodology	

Research Methodology	

Introduction

Research is an important study to improve or develop new methods and technologies to help with everyday life. This could be to prevent, treat, diagnose or help with a specific problem. This could be a disease, disorder or an everyday problem. Research is important since it contributes to know knowledge and will help develop the answers to the given problem. 

The Research Onion

Developed by Saunders et al (Research Methods for Business Students Paperback – 2 Apr 2009), the research onion is a layered methodology where the problem lies in the centre and the several layers are peeled away by working their way to the centre. Each layer represents a detailed research layer which forms the basis of the research methodology. Collis and Hussey recognised methodology as the “overall approach to the entire process of the research study” (103). 
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Fig 9: The Research Onion (104)

Philosophy	

Positivism relies on scientific or mathematical evidence such as experiments and statistics. Positivism divides all statements into three categories: true, false, and meaningless (neither true nor false) (105). Positivists are almost always strong realists, they believe that what we experience as reality, is out there in the world. In other words, they believe in objective truth. Positivism generates hypotheses (or research questions) that can be tested and allows explanations that are measured against the accepted knowledge of the world we live in (106).
A theoretic viewpoint closely related to objectivism is positivism which argues that realism exists external to the investigator and must be investigated through the hard process of technical investigation. In contrast, constructivism discards this view of human knowledge. Positivism upholds that social methodical knowledge must continuously be subject to proof through experiential research (107). 
Auguste Comte the founder of positivism, viewed humans as a phenomenon who should be studied scientifically (108). 
The reasons this author has chosen a positivism method are: 
· The research will be objective and detached 

This research will be objective so will not be influenced by personal feelings or personal opinions and will also be detached from any other feelings, opinions and other research (109). 

· Structured

Positivism follows a well-defined structure throughout studies and research. This structure also gives little room for adjustment and severe variable changes, thus making the study or research more accurate (110). 

· Well defined approach to the study

The research will be clear in the approach being used. 

· Minimum room for errors

They way positivism is supposed to be followed, it is very rigid and inflexible. This way there are fewer errors being made. 




[bookmark: _Hlk510645323]Table 1: Potential problems and solutions using the Positivism philosophy (111) (112)


	PROBLEM
	SOLUTION

	Human Behaviour.
	Human behaviour and emotional responses can change while being observed. For this reason, no observations will take place. Even though it goes against the principles of Positivism, Karl Popper argues that people perform differently when being observed.
 

	Inflexible. 
	Since positivists believe everything can be measured and calculated, they tend to be inflexible. To counter this the progress of the research will be regularly checked and then amended if necessary to stay on track. 




Approach

[bookmark: _Hlk511519669]The deductive approach or “top-down approach or logic”. The deductive approach will develop a hypothesis built on a previously existing theory, then plan an approach to test the hypothesis (113). Deductive approach is concerned with deducting assumptions from premises or plan.
Deductive enquiry approach explores a known option or phenomenon and examines if that possibility is valid in the given surroundings. It has been noted by Snieder and Larner that “The deductive approach follows the path of logic most closely. The logical thinking starts with a theory and principal to a new hypothesis. This hypothesis is put to the test by confronting it with observations that either leads to a substantiation or a rejection of the hypothesis” (114).
THEORY - HYPOTHESIS – OBSERVATION/TEST – CONFIRMATION/REJECT
The reasons this author has chosen a deductive approach are:
· [bookmark: _Hlk511519758]An abundance of sources

There will be many different sources of information which will be readily available for the research. 

· Short time to complete the study

The timescale is an immense issue with regards to completion of this research study. 

· More efficient use of a time

Due to the small timescale, time will be used more effectively. 

· No observations required

No observations are required for use with a deductive approach.

· The reasoning is based on the fact

Being linked with Positivism, deductive reasoning will gain true (valid) or false (invalid) answers.  

Strategy	

A case study is an extensive look at a single experience. A case study implies a single analysis of an event or a technology and will offer in-depth explorations and understanding of a complicated issue in a real-life setting (115).
“A detailed account of a company, industry, person, or project over a given amount of time” (116).
Yin defines the case study research method “as an empirical inquiry that investigates a contemporary phenomenon within its real-life context; when the boundaries between phenomenon and context are not clear; and in which multiple sources of evidence are used.” (117) 
The reasons this author has chosen a case study are:
· A large amount of data is available

The research data is readily available online and is available in mass quantities. 

· [bookmark: _Hlk511519941]A better understanding of real-world situations 

By using case studies, it will help solves problems, help decision making and understand how others have used them when faced with challenging research.

· High validity & Rich data

The validity of a case study is enhanced by using a structured approach. The data will be logically sound and of a high quality. 

· Less costly

High-quality data for this research is freely available online and in libraries. 

[bookmark: _Hlk510901343]Table 2: Potential problems and solutions using a Case Study strategy

	PROBLEM
	SOLUTION

	The researcher can exercise little control over the case study.
	The researcher will need to be clear about what is being investigated and must not get side-tracked. The project will be closely monitored by myself and the project coordinator to keep it on track. 

	Large amounts of data could be confusing.
	



Time Horizon

The 4th layer of the onion is the time horizon layer. This indicates the time scale of the project completion. According to Saunders et al. (118) time-horizons continue to be needed for the research design, independent of the research methodology used. There are two kinds of time horizons, longitudinal and cross-sectional. Longitudinal are recurring studies over an extended period. Cross-sectional studies are the opposite, they are confined to a specific time frame.
[bookmark: _Hlk511520050]The data within this research will be gathered over a short period of time, this could be days, weeks or months (119). Due to the timescale of this project, the author will use cross-sectional study. 

Data Collection

The final stage of the research onion is where the data collection methodology is defined. Primary or secondary data will be selected as the main collection method. Primary data is non-numerical data and cannot be measured is known as qualitative data. Secondary data will consist of both quantitative and qualitative data. Saunders et al. (118) state that interviews will help the researcher to gather valid and reliable data that will be relevant to their research.
Secondary data will be used for this project, the reason behind this is that the data is already out there and will be freely available. Secondary data has been collected by another individual and will be used to formulate and generate ideas. The data will be rich and unique so that it can be analysed and re-analysed if needed (120). Bryman and Bell (121) state that using secondary data helps the research by structuring ideas, developing new concepts and approaches to the data research.


Evaluation and Success Criteria 

The evaluation and success criteria will be measured against the previous work completed in the project proposal (122).
That proposal stated that:
· A literature review to research Motor Neurones Disease was needed
· To investigate Motor Neurones Disease and the available Android applications to help communication issues that arise from the disease
· To deliver a working Text-to-Speech prototype with the above research, which will offer the ability for the user to record their voice.
[bookmark: _Hlk511941993]Not stated in the project proposal but equally important: 
· [bookmark: _Hlk511941859]Development methodology 
· Select a suitable IDE for development
· Select a suitable programming language for development 
· Usability and interface 

[bookmark: _Hlk510901093]Development Methodology	

Introduction 

There are many different software development methodologies or frameworks available to be used to develop and test software. These have been designed to meet the objectives needed and be within time and cost expectations. As with methodologies, there are also many different programming languages and platform, each will have their own benefits and drawbacks and will cater to different needs. 

Methodologies 
Evolutionary Prototyping methodology has been adopted since it aims to develop a system through several prototype iterations, each prototype will have refinements added (123). Evolutionary or Rapid prototyping is an agile SDLC method comparable to the spiral model, the most important features are developed first, followed by the lower priority requirements. Evolutionary prototyping involves both incremental development and evolutionary system development. Evolutionary prototyping is a method that will allow movement in the software development process so that it can adapt to varying structural backgrounds (124). 
The idea of the Prototype model is that a prototype system is built, which will understand the requirements and what is needed. The prototype is then developed on the information and data that is currently available. Since a prototype is built, it can be given to the user or client to test, the development team can then add or remove any features as and when they are needed (125). This way the user or client can better understand the requirements and what is needed in their system. The prototype system is typically not finished and numerous features are not built in the prototype. The goal is to deliver a system with general functionality (126). It is then repeatedly revised till the prototype is confirmed, then this will be developed for the product. Prototyping is an iterative process (127), meaning each iteration should need to be accepted by the end user before progressing to the next stage. 

[image: ]

Fig 10: Prototyping Approaches in Software development (124)

Evolutionary Prototyping Stages are as follows (124): 
· Requirement identification
The developers must have a basic understanding of the user requirements. More precise details like performance, security and databases can be ignored for this Stage.  
· Develop the initial prototype
Once understood, a working model can be developed. These features will undoubtedly change as the development progresses. 
· Review the prototype
The completed prototype is then given to the user/client or any other important stakeholder to gain any vital feedback. 
· Revise and enhance if needed
[bookmark: _Hlk510978667]Any feedback that has now been received will be analysed and discussed with the user/client and developers. Any changes will depend on time and budget constraints. If major changes are made, the whole cycle will be repeated. 
It must be made clear to the user/client that the prototype or prototypes is not a finished product, until it is signed off and delivered as finished. 
Any feedback that has now been received will be analysed and discussed with the user/client and developers. Any changes will depend on time and budget constraints. If major changes are made, the whole cycle will be repeated. 
“A software prototype is an executable model of a proposed software system that accurately reflects chosen aspects of the system, such as display formats, the values computed, or response times. Software prototyping is an approach to software development that uses prototypes to help both the developers and their customers visualize the proposed system and predict its properties in an iterative process.” (128)  
Table 3: Potential problems and solutions using the Evolutionary prototype methodology 

	PROBLEM
	SOLUTION

	Users may think the prototype is the finished product. 
	It must be made clear that the prototypes are not the finished product.

	Risk of inadequate requirements due to too much dependency on the prototype.
	The requirements must be checked and changed (if needed) throughout the entire development process. 

	Due to the iterative and rapid nature, handling the prototype process is a difficult task.
	The project will be closely monitored by myself and the project coordinator to keep it on track.



Integrated development environment 

Due to this being an Android application, it could be created in many different Integrated development environments (IDE) using development plugins. Many of these are free open source development kits.
· Visual Studio C# using Xamarin (Android) 
With Visual Studio IDE and the Xamarin plugin, cross-platform mobile applications can be developed quickly and easily. The code can be written in C#. A completed application can be ported to be used on Apple, Android or Windows devices. (129)
		Strengths	
	Weaknesses

	Xamarin Native application building
	Limited Support, especially HTML5 

	Xamarin Cross-Platform application building 
	The Xamarin plugin it sometimes tricky to get working

	Easy user interface
	

	Cost effective to build 
	

	Can code in C# for 3 different cross-platform O/S
	

	A very large plugin library 
	



· Android studio 
Very much like Visual Studio, Android Studio code editor and IDE will let the user create powerful applications for use with Android devices. Android studio can use both Java or Kotlin as programming languages (130)
		Strengths	
	Weaknesses

	Android Native application building
	Adverts being displayed in-app 

	Growing rapidly for app building 
	Confusing and inconsistent documentation 

	Owned by Google, which offers cheaper cloud storage and deployment of built apps
	Takes too long to compile  

	Android app is very customisable 
	Can pick up viruses from Android market 



· Java Studio (NetBeans) using Android (SDK) Software development kit 
NetBeans is the official IDE for Java, NetBeans offers an editor analyser and converters to quickly and smoothly upgrade applications. The SDK is a plugin to let NetBeans develop Android native applications (131). 

		Strengths	
	Weaknesses

	Many integrated development modules
	Slow to load the IDE

	Easy to use GUI
	Takes a lot of memory in use

	Auto Completes code
	Multiple plugins required

	Integrated software tools 
	

	Can create Android applications 
	



· Java Studio (NetBeans) using Eclipse Integrated Development Environment 
The most widely used Java IDE, the Eclipse plugin will produce programs written in Java, C, C++, C#, Ruby, Python, PHP and many others (132). 
		Strengths	
	Weaknesses

	Cross Platform 
	Multiple plugins required 

	Most developers have an Eclipse plugin 
	Slow to load the IDE

	Debugging tools
	Takes a lot of memory in use



· Kivy using Python 
Kivy is an open source library cross-platform framework of code available for Python developing. Kivy can develop an app for iOS, Mac OS, Android, Linux, Pi and Windows platforms. The same code can be run on all supported platforms (133). 
		Strengths	
	Weaknesses

	Very large library 
	No UI designer

	Kivy framework is written in Python, works well together  
	Basic layout

	Clear and organised code
	Tricky to work with API’s

	Python is easy to learn 
	Poor performance 

	Cross platform 
	Messy documentation



· RhoMobile using Ruby 
Another open source library framework. This set of development tools is cross-platform and will allow native (apps which are written for a specific platform) mobile applications to be developed using Ruby’s Application Programming Interface (API) (134).  
		Strengths	
	Weaknesses

	Cross-platform
	Poor GUI

	Native application building 
	Not a popular framework, not a lot of support yet

	Ruby is easy to learn
	



Programming Languages 

The Application can be written in many different languages using the above IDE’s. 
The different program languages include:
· Kotlin 
This language has only been around 6 years and is now the official language of Android (135). A combination of object-oriented and functional programming. Based on the Java language, it is focused on interoperability. It uses C# type classes or objects but with a Java language base. Can be used within the Android Studio IDE via a plugin for developing Android native applications (136). 
		Strengths	
	Weaknesses

	Official Android language 
	Very different to Java

	Lots of support 
	Slower at compiling 

	Large libraries
	Still limited resources

	Powerful language 
	

	Based on Java
	

	Open source 
	



· C#
A Microsoft object-oriented programming language. Derived from the C language, C# is used with Visual Studio, .Net framework. By adding the Xamarin plugin, native and cross-platform applications can be written. C# can be used to create Windows client applications, XML Web services, distributed components, client-server applications, database applications and more (137). 
		Strengths	
	Weaknesses

	Good for many different types of applications 
	Complex to learn C#

	Fast, efficient, scalable, and powerful 
	C# is less flexible than VB & C++

	Can share codebases
	Native only to Visual Studio

	Easy to use GUI
	Visual Studio is a large download

	Fully supported by Microsoft 
	



· Java
A general-purpose object/class programming language developed in 1995, many applications, programs and website that will not work without Java installed (138). Java can be used with the NetBeans IDE to create powerful Android cross-platform applications.  
		Strengths	
	Weaknesses

	Easy to use
	Slower than the C languages (C, C#, C++)

	Open Source 
	Memory-consuming 

	Platform-Independent
	Poor GUI 

	Very secure
	Poor compiler compared to C#

	Multiple API’s available 
	



· Python
An interpreted, object-oriented, high-level programming language. Python has an easy to learn syntax. This language can be used with many IDE’s and plugins to create native or cross-platform applications. With its non-complier, the debug cycle is very fast. Applications written in Python use less code than other languages like Java or C# (139). 
		Strengths	
	Weaknesses

	Easy to learn
	Weak for mobile applications

	Large libraries 
	Can be slow

	Easy integration 
	Not a good for memory intensive tasks or applications 

	Cross-platform 
	Has limitations with database uses  

	Can develop with less code
	

	Open source 
	



· Visual Basic (VB)
Visual Basic (VB) is an event-driven programming environment from Microsoft, fast and easy to learn. Sometimes used to prototype applications before being written in a more efficient programming language (140). Many plugins are available for this language to aid in programming. Often used with the RAD methodology for fast application development. 
		Strengths	
	Weaknesses

	Simple structure 
	Native only to Visual Studio

	Good for GUI design
	VB programs will not port very well to another O/S

	Not just a language but also an IDE
	Now showing signs of age against newer languages 

	Quick to develop with, especially prototyping 
	

	Easy to learn 
	

	A powerful language 
	



· Ruby
Ruby is an open source, dynamic, flexible, object-oriented programming language. It supports numerous different programming paradigms, including functional, object-oriented, and imperative. Similarly, to Python, this is a simple yet powerful language and can be used to code many kinds of application and programs with the right IDE, especially with the Ruby on Rails framework (141). 
		Strengths	
	Weaknesses

	Easy to learn
	Slow runtime speed

	Large libraries 
	Poor documentation 

	Open source 
	Not very flexible 

	Fast to develop 
	

	Simple and powerful language 
	



Usability and the interface
One of the most important features of this type of development is the user interface and the usability of the software. User interface principles will be used when designing the prototype to ensure the user interface will have easy to understand elements and the layout is simple to understand and use (142).
There are numerous types of guidelines when designing any kind of software system. These are called 'heuristics', these are more usability guidelines rather than set rules. The 3 main guidelines are Jakob Nielsen’s 10 Heuristics (143), Ben Schneiderman’s 8 Golden Rules (144) and Don Norman’s 7 Principles (145). 
Conclusion

The evolutionary prototyping methodology permits you to design a working prototype at an early stage so that the user can offer regular feedback. 
The prototype is built after the developer looks at the requirements, it is then given to the user to be reviewed, then the prototype is revised if needed. This process is repeated until the prototype is complete and the user is happy. This process will only be repeated if the budget and time constraints allow.   
There are many different programming languages and IDE’s to choose from, each will offer something different to the others. Some work better at native application building and some work better using cross-platform application building.  
There were many strength and weaknesses when choosing an IDE and a programming language. The reason Visual Studio and Visual basic were chosen is that VB offers a very simple and powerful GUI and it has a simple to use syntax. VB is especially good when building quick prototypes for end users to quickly test and examine. Visual Studio as a complete IDE and VB is just a small part of the languages on offer. The same VS build can be reused for a future build using Xamarin if needed. 
The user interface must be simple to use and easy to understand, the user will not continue to use the application if it is let down by poor interface design. 
The advantages of using prototyping are it will improve the overall user participation in the development process, with the many possible changes the result is quickly implemented. It is a more flexible design and development process and it will reduce cost and time however it must be made clear to the user/client that the prototype or prototypes is not a finished product, until it is signed off and delivered as finished.


[bookmark: _Toc512088770]Design and Implementation

Introduction
The previous chapter of this project has explained about and gone in detail of development methodologies, what they are and why they should be used. 
[bookmark: _Hlk511814791]It has been determined that Evolutionary prototyping will be used for the development process. A preliminary model will be built using the requirements. This system will then be tested, and changes will be made as needed.
There are several stages in the Evolutionary prototype method. These stages are often repeated and are sometimes are looped and altered as and when needed. This process will keep evolving until completion. 
· Design
· Build Prototype
· End-user tests
· Feedback
· Refine prototype
· Final Product
[image: ]
Fig 11: Prototype process (146)




Requirements 

The system will need to be able to help someone who cannot communicate to communicate easily and clearly. For this to happen the application must be able to speak what has been entered in. 
The requirements are:
· Must be able to communicate
· Must be able to enter words to speak
· Must be able to select from a word or phrase from a bank

Design & Implementation

The problem this application will help solve is an important one. Everybody needs to communicate. This could be talking to loved ones or asking for help, a drink or a meal. The design will be easy to understand and use by all users and ages. 
The Evolutionary prototype process will produce a working application and new features will be added or modified as and when needed, to go with the wishes of the user. This process has been altered to be split into separate iterations and each prototype will add something new towards the finished product. This has changed to make sure the design and build of the application are true and correct in every section. Each Stage of the prototype will add on from the last. 
The Text-To-Speech software gets the text from the text boxes as the main input and then an algorithm called a Text-To-Speech engine will analyses the text via recognition, it will then pre-process the text and synthesises it into speech via digital signal processing. The Text-To-Speech engine will generate the sound data in an audio format as the output.
[bookmark: _Hlk512087918]The function input/output process will be as follows.
[image: ]
Fig 12: Input/Output process
The text will be entered in the text box and a special plugin for Visual Basic called Vox (Speech Lib) will convert anything into a digital output. This is how the application will perform the text-to-speech translation (147). 
The Vox plugin will convert the text into spoken words, it does this by analysing and processing the text into synthesised speech which is a representation of the entered text.
[image: ]
Fig 13: Vox Speech plugin
Stage 1

The first design was a prototype to show a working communication device. This needs to be able to communicate anything that was typed in. This design did not show any of the visuals or correct layout, it was just to try the communication process. 
An important factor in this design was to use large buttons within the application, this is so it will be easier for the user to hit the button the first time to communicate (148). The easier it will be to use, the better the user will feel when they use it. 
The text and speak boxes must also be large enough to be seen clearly.
This prototype will speak whatever is typed into the box. Once “say” is pressed, it will speak what is entered. 
This Stage of the build worked as it should have, with no errors. This was tested with a laptop since no keyboard was on this prototype.

[image: ]
Fig 14: Stage 1 test
Stage 2

The Stage 2 prototype was to add a keyboard. This keyboard needed to have buttons large enough for users to press, even when they may not have full movement in their wrists or hands. 
A keyboard is an important feature to add for people with communication issues and many other impairments (149). A user for this app will not have the ability to use a mouse so will solely rely on a keyboard. The keyboard needs to be able to input words into the text boxes. 
Then like the previous prototype, this will speak what is typed into the speech box. 
[image: ]
Fig 15: Stage 2 test

The keyboard type chosen was QWERTY over many others including DVORAK layout. The QWERTY keyboard is an internationally known layout. This is the same layout for laptops, PC’s and downloadable keyboard addon’s for Android, Windows or iOS mobile devices.  
Dvorak users reported faster, more accurate typing and reduced keyboard clashes (150), but QWERTY is still the standard to use, worldwide. 

[image: ]
Fig 16: Dvorak Keyboard layout




Stage 3

Stage 3 is where the phrase and word banks are added. This is one of the requirements that was needed at the start of the design process. 
The word banks are not kept in a database, they are simple text “dat” files. These “dat” (data) files can be edited and viewed in a text editor like Notepad, these files can usually only be opened by the programs which created them (151). 
Dat files have been chosen because unlike a database, these files will not need to be queried. The text file can be edited to add new words or phrases and then added back to the program. The data being used do not need any structure or integrity. The code being implemented will look for words or phrases which contain letters that are being searched. No relationships are needed. 
The “StreamReader” or text reader will look in the dat file for any word in this list. There are 2 separate dat files, words and sentences. 

[image: ]
Fig 17: VB Stream Reader
Sentence.dat
[image: ]
Fig 18:  Sentence Dat 
Words.dat
[image: ]
Fig 19:  Words Dat 

The word entered in the text box will appear in a list box, the user can then select this word and add it to be spoken. The stream reader will scan the entire dat file and display any words containing the letters. 

[image: ]
Fig 20: Testing the stream reader 

There is a drop-down menu for the users to select phrases. This is just a small selection now, but more will be added, and they will be more relevant to the user. 
[image: ]
Fig 21: Selecting the phrases  
After the main design was briefly tested and every aspect worked as it should have, it also did what the requirements needed it to do, it was time to move on to the implementation aspect of the project. 
Again, using Visual Basic in the Visual Studio IDE. Much of the same code will be used. The difference to the implementation will be that this will now produce a final prototype for testing. Most of the main work for this project has already been done in the design process.
The new dat files have been uploaded to the bin-debug folder. The new files have 1133 words and 174 sentences. 
[image: ]
Fig 22: Overall layout

1.  This is the speak box. Whatever is in this book will be spoken
2. This is the textbox that will let users input their own typed word, it is also the search box for the pre-defined words and phrases
3. List box showing the pre-defined words
4. Combo box showing the pre-defined sentences
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Testing 

Unfortunately, no user testing was available. All tests have been performed by myself. 

	[bookmark: _Hlk511253929]TEST
	PROCESS
	PURPOSE
	EXPECTED RESULTS
	RESULTS

	[bookmark: _Hlk511252773]1. ADD TO SPEAK BOX
	Whatever words are in the text box, this add button will move them to the speak box
	TEST
	Add the words from the main text box into the speak box
	As expected

	2. TYPE INTO TEXT BOX
	Type words into the text box
	TEST
	Will allow words to be typed into the text box
	As expected

	3. SEARCH VIA TEXT BOX (words)
	The words in the text box will find words in the ‘words’ list box
	Read from the dat file
	When words are typed into the text box, it will automatically search in the words box
	As expected

	4. SEARCH VIA TEXT BOX (sentence)
	The words in the text box will find words in the ‘sentence’ combo box
	Read from the dat file
	When words are typed into the text box, it will automatically search in the sentence box
	As expected

	5. SPEAK
	Press the speak button and it will speak the words listed in the ‘speak box’
	TEST
	When pressed it will speak whichever words are in the speak box
	As expected

	6. Keyboard buttons
	Each button should display the given letter in the text box
	TEST
	Every button types the correct letter or number into the text box
	As expected



	TEST NUMBER:
	1 
	REVIEW AND ACTION:

	PROCESS:
	Whatever words are in the text box, this add button will move them to the speak box
	REVIEW: 
The ‘add to speak box’ button moves the words into the speak box


ACTION: None

	PURPOSE:
	Test
	

	EXPECTED RESULTS:
	Add the words from the main text box into the speak box
	

	ACTUAL RESULTS:
	Works as expected 
	

	TEST EVIDENCE: 
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	TEST NUMBER:
	2
	REVIEW AND ACTION:

	PROCESS:
	Type words into the text box
	REVIEW: 
Shows the words that have been entered into the textbox 


ACTION: None

	PURPOSE:
	Test
	

	EXPECTED RESULTS:
	Will allow words to be typed into the text box
	

	ACTUAL RESULTS:
	Works as expected
	

	TEST EVIDENCE: 
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	TEST NUMBER:
	3
	REVIEW AND ACTION:

	PROCESS:
	The words in the text box will find words in the ‘words’ list box
	REVIEW: 
The words written in the textbox will also search in the words list box (top right)


ACTION: None

	PURPOSE:
	Read from the dat file
	

	EXPECTED RESULTS:
	When words are typed into the text box, it will automatically search in the words box
	

	ACTUAL RESULTS:
	Works as expected
	

	TEST EVIDENCE: 



[image: ]

	TEST NUMBER:
	4
	REVIEW AND ACTION:

	PROCESS:
	The words in the text box will find words in the ‘sentence’ combo box
	REVIEW: 
The words written in the textbox will also search in the sentence combo box (highlighted drop-down menu)


ACTION: None

	PURPOSE:
	Read from the dat file
	

	EXPECTED RESULTS:
	When words are typed into the text box, it will automatically search in the sentence box
	

	ACTUAL RESULTS:
	Works as expected
	

	TEST EVIDENCE: 


[image: ]
	TEST NUMBER:
	5
	REVIEW AND ACTION:

	PROCESS:
	Press the speak button and it will speak the words listed in the ‘speak box’
	REVIEW: 

The speak button will read what is written in the speak box

ACTION: None

	PURPOSE:
	Test
	

	EXPECTED RESULTS:
	When pressed it will speak whichever words are in the speak box
	

	ACTUAL RESULTS:
	Works as expected
	

	TEST EVIDENCE: 
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	TEST NUMBER:
	6
	REVIEW AND ACTION:

	PROCESS:
	Each button should display the given letter in the text box
	REVIEW: 



ACTION: None

	PURPOSE:
	Test
	

	EXPECTED RESULTS:
	Every button types the correct letter or number into the text box
	

	ACTUAL RESULTS:
	Works as expected
	

	TEST EVIDENCE: 


[image: ]

[bookmark: _Hlk511763058][bookmark: _Toc512088771]Evaluation

This investigation was proposed to look at the current Android applications with the ability to help people communicate who live with MND. The literature review looked at all the current methods, tools and technologies with regards to Android communication applications. It found that there was a lack of free recommended applications being offered by the MNDA. Some requirements were produced to create a working prototype following certain research methodologies. 
This evaluation has used the success criteria previously stated above. This prototype application and research investigation have met most of the criteria that were needed. 
· [bookmark: _Hlk511817064]A literature review has successfully been competed to investigate Motor Neurones Disease
· The literature review also investigated Android applications to aid in communication issues that arise form MND
·  A working Text-to-Speech prototype has been delivered
· Unfortunately, the application did not have the ability for the user to record their own voice.
· A suitable methodology was chosen
· A suitable IDE was chosen
· A suitable programming language was chosen
· The interface is user-friendly and is easy to use
Looking back at the design and the requirements, this prototype has been successfully implemented and has delivered the needed requirements and has been fully tested for functionally, everything worked as it was designed to do. 
The requirements were:
· Must be able to communicate
· Must be able to enter words to speak
· Must be able to select from a word or phrase from a bank
The prototype can communicate text into speech, it does this as a simple and easy to use application. It can select pre-defined words and phrases from 2 separate word banks. It will also allow the user to enter their own words, this will result in any sentence being created then spoken.
There are a few things that can be built upon if this investigation was to be repeated. This investigation was only seen from my point of view, it should have been user tested by people who live day in day out with MND. Even though the investigation was done, my knowledge of what was needed was poorly lacking. Users should have been interviewed and surveyed about their needs and what they wanted in a communication application. With this knowledge and information, a more well-rounded and complete application would have been built. 
There are some questions that need an answer to find out if this investigation was worthwhile. 
· Does this system work as needed and is easy to use and understand?
Yes, this system does what the investigation set out to achieve. It gives the required results and speaks what is needed. It is clear to understand and easy to use in my opinion. 
· [bookmark: _Hlk511817011]Does this system meet the system requirements? 
Yes, the prototype that has been build meets the system requirements. The requirements started out needed to do 3 things, to communicate, enter words or phrases to speak and be able to select words from a bank. The system does all 3. 
· Does this system meet the success criteria? 
The system has met 7 out of the 8 factors needed to meet the success criteria. The literature review of MND, investigation into Android communication applications and a working Text-to-Speech prototype have all meet delivered. The needed methodology, IDE and programming language were selected. It will offer a simple and easy to understand interface. Unfortunately, it does not have the ability to have the user record their own voice for future playback. 
· Is this system better than what is currently available?
Being as this system is still only a prototype, that question cannot be answered fully. This prototype does do the same as many of the other communication applications available on the market. That question can only be truly answered if this prototype is ever created in a fully built downloadable application. 

[bookmark: _Toc512088772]Conclusions and Recommendations

This investigation has explored Motor Neurones Disease, the symptoms and how it will affect people who live with the disease, especially their communication skills. 
The literature review research what is Motor Neurones Disease, it was discovered to be an uncommon neurodegenerative and progressive condition that will affect the upper and lower part of the nervous system. MND will cause the nerves or motor neurones to stop sending signals to the muscles from the brain and spinal cord, the results are weakening and wasting of the muscles. When this happens, it will sometimes leave people trapped in their bodies, unable to move or communicate. 
There are two separate motor neurones, upper and lower. Each of these neurones will control a different kind of body movement. The nervous system in the body is made up of two groups of nerves. One group controls the sense and the other groups are the motor neurones.  
There are 4 types of MND, each form has their own unique set of symptoms. The most common form in the UK is Amyotrophic lateral sclerosis (ALS). There is currently no cure for MND this disease, each diagnosis will affect people in different ways. 
One of the biggest issues that people who live with MND is the fact they may struggle to talk and communicate with their friends and family. This common problem will affect around 90% of diagnosed people. If a person can communicate easier and clearly, they have less chance of becoming depressed and social isolation. There are many tools, techniques, methods and applications available to help in this situation. 
One of the main causes of communication failure in people who live with MND is Dysarthria, a common speech problem that results in slurred, slow nasally sounding speech. Around 80% of people that have MND will suffer from Dysarthria. 
There are many forms of communication help and strategies available. The most commonly known for is Augmentative and alternative communication (AAC), this could be something simple like a pen and paper or something more advanced like a communication application or program. 
There are many platforms available for such a communication device, Android, iOS and Windows. These can be a portable application designed for mobiles and tablets or PC based Windows programs. The main communication device being a Text-to-Speech application. There are many to choose from, each having a different layout and advantages and disadvantages. 
After completion of the literature review, the investigation moved onto the methodologies. These methodologies were researched, analysed and compared to choose the best to suit. Positivism and a deductive approach or “top-down approach or logic” was chosen since these offered a structured, well-defined approach to the study. The deductive approach had an abundance of sources and was used since there was a short time to complete this study. The case study was the strategy to be used since it was a large amount of free data readily available and offered a better understanding of real-world situations regarding MND. Due to having a short period of time for the research to be gained, a cross-sectional study will be selected. Since the data is already freely available, secondary data collection method will be used. 
[bookmark: _Hlk511771417]Development methodologies have also been selected to help in this process. After looking at different methods available, evolutionary prototyping was chosen. The reason being that it does not follow any strict rules like other methodologies and there were very few requirements at the start of the process. Once the development methodology was chosen, it was time to select a suitable programming language and IDE for deployment. Many were looked at and each had their own advantages and disadvantages. Ultimately since this was an evolutionary prototyping process and this application would not be deployed, Visual Basic and Visual Studio were selected.   
After designing and implementing this project, it was realised that there should have been some interviews or observations. This project was only seen from my point of view, I see now that I cannot understand or see how a person with MND communicates. If there had been interviews and observations, this project would have turned out differently I believe. It would have been easier for the design and implementation process to be completed if I had known exactly what was needed and wanted by the person who lives with MND, not what I have read or guessed. 

Recommendations

Suggestions for future work for this project is to build the application in Visual Studio using the Xamarin plugin, using C# as the programming language. Next time I would learn how to use Xamarin fully before trying to complete a project. The research would also be changed to include observations and interviews with people who live with MND. This way, the application will be built to their needs. 
If it was to be built again or changed in the future, it would only be a success in my opinion if it was offered as a recommended application on the MNDA webpage.
There were a few features that can be recommended to improve this application. 
· Voice banking
One of the criteria that were used to mark this project a success was also to implement an option for the user to record their own voice messages for future playback. Unfortunately, this was not implemented due to time constraints and my own lack of ability to code this feature into the application. 
· Record messages 
A user can record a message or greeting. This can then be listened to at any time by the user or their loved one. 
· Save messages
Once the messages are recorded, they could be easily saved as an audio file.
· [bookmark: _GoBack]Play pre-recorded messages
Another feature would be the ability to listen to these pre-recorded messages. These could be displayed in a message bank, like the banks that have previously been used. They could be saved with memorable file names for easier selection. 
These features would make the application a more personal item, the user can record and save messages in the bank ready for when their voice deteriorates. These messages can be used for many years after the voice has gone or the user has passed away. Their family can still hear them speak on a daily occurrence. 

[bookmark: _Toc512088773]Reflection

I am using Gibb’s reflective cycle as a model for this reflection. The main reason for using reflective writing is to gain knowledge to achieve the best outcomes through learning from everyday experiences. Reflective writing enables a person to learn from professional or non-professional experiences regardless of whether it has a positive or negative result. The purpose is to improve the overall outcome and prevent any mistakes happening again or having the ability to manage them more successfully. While some professionals have agreed that reflective writing is helpful and has a positive effect, Kornblith (2012) states that reflection is a waste of time, and entirely unbeneficial to anybody and that a person’s own judgment on a situation is often untrustworthy.

Description

This reflection has been written after finishing my research and investigation into an Android application to help with communication issues that arise from MND. After I started to read about MND I quickly realised what a fatal, uncommon and degenerative disease it is. I have heard about the disease before bet never really knew what it was or the hardship that people who live with MND and their family and friends suffer with. 

Feelings

After finding out about the disease it would be heart-breaking for me, if I was to see anyone living through it, this could be friends, family or myself. The research has shown me how much their lives could change for the worse, their communication skills could become non-existent and they could live being trapped in their bodies until the disease takes over and ends their life. When I first started the research, it went well with the programming and I realised I was unprepared and my skills were lacking in using Xamarin/C#.

Evaluation

I felt the research and investigation went very well and I was confident going in to build the prototype until I started having issues with Xamarin. I had to quickly think of another route for designing and building the application. I chose VB and I felt more at ease using this language since I have used it before. There was extensive quality research around which helped with the main investigation into the Android communication application. I also learned more about the layers of the research onion which will hopefully also help when I progress to my master, later this year. The knowledge gained from the methodologies will greatly help in the future.

Analysis

After this investigation had finished, it was clear to me that I should have designed and built an improved prototype. I feel that if I have involved someone who has a direct association with MND that it would have been altogether a better and different application.  I feel I would have had a better outcome by using Xamarin as the program would be a native application build. Although I feel the outcome I have currently worked well, there is room for improvement and to be evolved into a fully working application.  

Conclusion

In retrospect, there are many aspects of the investigation I would have altered. I should have included someone who has a direct link to MND in some way to have gained an insight into their experiences and knowledge. However, this investigation has made me realise that I would like to finish this application after I finish this degree and hopefully get it recognised by the MNDA.

Action plan

In the future, I would ensure that while researching this topic I gain first-hand knowledge of the disease from someone within the MND community. It would also be beneficial to have a working Xamarin environment to easily program in C#. The Xamarin environment is a powerful tool which I did not get to utilise properly. I would like to aim to have the application built and ready to test very shortly. Once the final prototype is ready, it can be tested by a sample group of non-verbal users not just in the MND community. With an end goal of having the application available on the Play store as a free download to help anyone who is unable to verbally communicate. 
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