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Abstract
Blind people with the use of one hand are rare and therefore nothing in the world is designed to meet their unique needs. The new maker philosophy takes these real-world problems and works to find and build custom solutions. Working in a collaborative team, the person with the need proposed the problem and works with a maker to build and refine the bespoke solution. 

The blind user has the use of their left hand only. Braille requires up to six dots to be entered to make up each letter of the alphabet and other written elements. So, with one hand it is necessary to work out the best way to enter all of the required dots. There have been a number of one handed solutions for typing previously ranging from sticky keys, swiping and cording. Our solution is a Perkins style keyboard that has one key representing one dot. This design combines dots 5-6 into one key to enable six dots to be entered with one hand. This enables a blind person to undertake one handed entry of a single braille cell with one key strike where there is a meaningful relationship between the braille cell and inputting method. 

A series of designs were built and tested, with iterative changes to account for ergonomics and practicality, culminating in a successful final version. The study is an example of how emerging low-cost technologies can be harnessed to create innovative and custom-designed solutions for accessibility.
Introduction 
There are not many one handed blind people in Australia and therefore nothing is specifically designed to meet their needs. Companies see these unique users as too small a market to be commercially viable but it does not reduce the fact that the user has specific needs that need to be met to enable them to function well. The maker movement is able to address the needs of these unique users by developing one off solutions.

This project set out to design a Perkins style keyboard for a single handed user to enable the entry of six dots with a single chorded button press. The original requirement for this Perkins style keyboard was to enable entry of braille music using the Duxbury word processor. 
Making is a philosophy around building items to solve particular problems. Making has had a number of iterations and can also can be known by names such as tinkering and hacking. The idea is to identify a problem and come up with a number of solutions. Then by making physical objects and trying them with real users a solution is achieved. The aim is not necessarily to make a final solution as the object can continue to evolve as better materials and technologies are found or created. The philosophy is also premise on the understanding that there is not necessarily one best solution but rather the best solution for a particular case depending on one person’s preferences and people may prefer different options. In addition, the making philosophy advocates that when a solution is found for one person that is it shared with other people who will benefit from the device. In addition, by being an open system others may use the device as a starting point to continue to refine and improve the device.
Motivation and team
For this project, the team consisted of two members: Ross and Kirsten. Ross is a one handed braille typist who had detailed knowledge of a problem that needed to be solved. Kirsten is a sighted maker able to build items incorporating technologies to solve problems. The great thing about working as a team was that each member was able to contribute different set of skills to the project.
This collaboration occurred when Ross volunteered to try a braille keyboard that Kirsten hand created. The problem was that the keyboard required two hands to be used simultaneously. This was obviously a problem for a one handed user. However, by using the same technology that underpins the two handed braille keyboard several alternative arrangements of keys were tried and the single handed keyboard was created.
Method

Creating this specific one handed braille keyboard is a unique problem with no appropriate known solutions. Therefore, to solve the problem we worked as a team to try different solutions to find the best solution. The process involved the person who knew the problem explaining the requirements to the maker who then proposed multiple solutions that could be user tested. The testing would expose the limitations of the current prototype and guide the building of future prototypes. Working together other solutions were then proposed. The process that was undertaken is described below:
1. The problem and specifications were described: the buttons required were 6 dots, space, return and backspace. These needed to be able to be operated by using five fingers only.
2. Existing solutions such as sticky keys, sequential entry or swiping were considered 
3. Potential alternative solutions were considered
4. Two different non-functional prototypes to consider were made. The layout that the prototype used was: dots 1 to 4 had one finger each and the thumb moved to dot 5, 6 or a combined 5 and 6 key. 
a. The first prototype was an eight key piano inspired keyboard where the thumb could move between three different keys for the braille dots and the raised keys were the space, return and backspace.
b. The second prototype was a cup style keyboard where the keys were located on both sides of the cup and the thumb and index finger moved up and down to various combined keys
5. The cup style keyboard was preferred as more comfortable to use but at the time it became evident that holding a cup was not conducive with being able to use a braille display at the same time. By elevating the braille display onto a platform and tipping the cup over, it was possible to streamline access between the keyboard and the braille display. 
6. The next prototype was a bridge shape with sloping ends and a platform for the braille display. The dots were located on the left hand sloping end of the keyboard and the corresponding underside of the bridge end. While testing it was found to be more comfortable to put the buttons on the front edge than the underside.
7. The momentary switch buttons on the next version of the prototype were very stiff to press and with the buttons on the front, the keyboard constantly slid backwards 
8. There was a delay as a search was undertaken for appropriate buttons. This took a while and eventually three different types of membrane switches were sourced from China and imported. The membrane switches enabled a more precise positioning of the layout of the buttons but because the round buttons had a square edge casings they were rough to move between where they overlapped.
9. The solution to the overlapping buttons was to put a cover over all of the membrane switches with holes for the buttons. This made a clear definition of where the buttons were located and made a smooth transition between the buttons. 

10. Various rubber feet were also tested to prevent the device from slipping backwards when the buttons were pressed. 
11. We are still waiting on a small USB hub to reduce the number of cables required down to one relatively short cable to reduce clutter.
As you can tell from the description of the process it was in the physical making and use of the prototypes that alternative solutions could be tried, solutions could be analysed and then the best option could be refined. Some of the problems like the clutter caused by the cables were only identified after trialling the keyboard for a couple of weeks.
The advantages of making the one handed braille keyboard 
It has been good to think about the problem and try to find an appropriate solution. We have been able to work together to find a solution which is comfortable and meets the required specifications. The making process has removed the commercial imperative to make a profit from the device and changed the focus to meet the needs of the user. 
It has been challenging to think about something that does not exist and try to find a way to solve the problem, for example the idea of combining two dots to make it possible to press six keys with five fingers. There is also a fair commitment to the project from the time thinking about needs and good solutions. Thinking about what would make sense in a system that does not exist is challenging though creating the physical prototype helps with imagining how it will work even if it not functional. 
Once the single handed keyboard was created to use with a word processor further potential uses were identified. For example, as a single handed braille user there have been limitations on using a variety of key combinations to navigate Jaws as it is not possible to use the required combination of buttons. With the new single handed keyboard, it may be possible to use the combination of keys or customise the keyboard further with the required key combinations. 
The disadvantages of developing the single handed braille keyboard
It has taken quite an extended period of time. The team have had six meetings over twelve months and are still working towards a workable solution. This is due to team members being busy and other limitations. 
Additionally, access to equipment has slowed the building process down, if a change in the casing was required there was a delay in the access to equipment because of its location. Also, because the design was a one off the component were not sitting on the shelf, often it took time and effort to find the correct component and then it was necessary to wait for components to be shipped from overseas.
The designer did not have access to the braille display that was integrated with the keyboard. So, failure to take all of the measurements also led to a delay because there would be errors that were not found until a fitting was undertaken, for example the cord connected to the end of the keyboard and it took a few trials to fit it within the casing without too much bend which would potentially damage the braille display.
Future directions
We are still in the process of refining the keyboard and considering if dedicated navigation keys could be added. There is also the need for an investigation into what is required and if it is possible to use the keyboard run software such as Jaws. 
Maintenance of the keyboard will be an ongoing issue. There is considerable commitment to learning the new layout of the keys. If this investment in learning is made then it will be important to ensure that the keyboard remains useable without wear and tear or technology failures. One would imagine that there will be future iterations of the keyboard if requirements and technologies change.
We are trying to recruit other one handed blind people who have an interest in trying the keyboard to see if it can be used by others either with or without customisation. There is also consideration as to if it could be distributed in any manner. This will never be a commercially viable project but ideally it would be possible for the device and the process be distributed worldwide. This may take the form of the open distribution of the laser cutting files, a materials list and instructions for building the keyboard.
During the building of the single handed braille keyboard a number of other potential unrelated problems that could be solved have also been raised. This collaboration will continue into the future to investigate other solutions. 
Conclusion 

A collaboration was undertaken to solve a problem that was proposed by the person who understood the problem and wanted a solution. The maker worked with to solve the problem by offering multiple solutions. Although the market for the device is small it does not make it less important to the person who needs the device. Using the maker method, it is possible to design and make devices that are able to cater for individual’s needs because they are important.
