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Executive Summary

Refreshable braille displays allow users to access digital information in braille, through pins which rise and fall to represent braille dots.  Braille displays can be attached to computers or other devices (such as mobile phones) and are also widely used on 'notetaker' (mini-computer) devices.  

This research aimed to investigate how braille displays are used in practice, what users like and dislike about them and the types of information accessed via them.  
Thirteen users of refreshable braille displays were interviewed about their usage, and likes and dislikes of braille displays.  Users included those using braille displays for work, for leisure pursuits or as their primary reading format.  Many used their braille display in conjunction with speech output and made the most of the different access methods for different tasks.  

Likes and dislikes of braille displays fell into three broad categories: braille as a format, the concept of digital braille, and devices and their functionality. 

Advantages of braille as a format, compared to audio, included active reading, being able to retain information better, and the ability to see more context and detail.  However, a key benefit of audio over braille was speed of reading, a significant advantage which may explain why many respondents used a mixture of both braille and speech for computing.  

The concept of digital braille has advantages over hard-copy, such as portability, less storage space and saving paper.  In particular, digital braille allows users to access more information and specifically to access the computing environment.  Despite these benefits, respondents still identified disadvantages, such as digital braille being slower and less relaxing to read than hard-copy braille, difficulty understanding context and layout, and lacking the sometimes necessary input of a transcriber to interpret the text.  

Good things about respondents' existing braille displays included design features (such as good buttons and nice dots) and portability.  Many respondents praised the cursor routing functionality for improving their efficiency in computing.  However, many disadvantages of existing devices were identified.  Respondents felt displays could be better designed ergonomically and that the single line braille display was a limitation.  Cost, reliability and ease of use were other concerns.  Key problems with functionality included braille displays being temperamental with certain programs and older devices being unable to keep pace with new technology they are connected to.  

Respondents identified various desirable features in braille displays including good controls, being well designed ergonomically, portability, and connectivity.  Various ideas for improved functionality were also suggested.  Broader ideas for how braille display technology could be improved related to new technological innovation which could reduce the cost and perhaps lead to multiline displays.  Improving ease of use and allowing modular upgrades were also suggested.  Many respondents were broadly satisfied with what they could do with their braille displays, although some suggested areas for development.  These included making larger displays which could be used to view tactile graphics, and developing the range of services with which a braille display could interface.  

These findings demonstrate the wide range of uses of braille displays and the benefit they are to many, in both work life and leisure activity.  Many benefits of braille over audio formats were identified and the ability to access information in digital braille is a huge advantage to many.  However, many areas for improvement were also identified, in terms of the hardware, functionality and future development of braille displays.   

Introduction

Refreshable braille displays allow users to access digital information in braille, through pins which rise and fall to represent braille dots.  Braille displays can be attached to computers or other devices (such as mobile phones) and are also widely used on 'notetaker' (mini-computer) devices.  

This research aimed to investigate how braille displays are used in practice, what users like and dislike about them and the types of information accessed via them.  
Method

Design

A qualitative approach was chosen to enable in-depth discussion about how braille displays are used.  Individual interviews were carried out to collect rich data about individual's usage and views on braille displays.    

Participants

Participants were recruited via adverts on relevant email lists (British Computer Association for the Blind (BCAB), Access UK and an RNIB technology list).  Participants were volunteers.  Approximately 20 people volunteered to take part in the project.  Due to time/resource constraints only 13 could be interviewed.  

Demographic information

· Nine males and four females

· One aged 18-30; six aged 31-45; four aged 46-64; two aged 65-74

· All participants were blind or partially sighted.  One was deaf blind and another was hard of hearing.  

· All were experienced braille users, having read braille for between 10 and 60+ years.  Many reported learning braille during childhood, with two reporting learning to read braille as adults (aged 18 and 24)

· Experience with braille displays varied from two months to 30 years.  The majority of participants (seven) had used a braille display for between 10 and 20 years.  

· Five participants currently used one braille display, five used two braille displays and three used three braille displays.  
Materials

Interviews followed a structured topic guide which can be found in Appendix 1.  

Procedure

Recruitment adverts were sent out via email lists.  Volunteers contacted the researchers via phone or email to express interest in the project.  Mutually convenient interview slots were arranged, and interviews were conducted primarily via telephone (one participant was interviewed in person, and one interview was conducted via the TextRelay service for deaf people).  Interviews lasted between 15 – 50 minutes.  

Results

1. Braille displays in use

1.1 Case studies

(Note: names have been change to protect privacy)

Steve – Work user

· Steve, aged 31-45, has been using braille displays for 10 years.  He currently uses an 80-cell braille display attached to his work computer.  This display is funded through Access to Work

· Steve prefers to use his braille display to read long documents as he finds he sometimes loses concentration listening to the speech on his computer.  
· Steve uses his braille display alongside a JAWS screen reader to help him in his job as an administrator.  He thinks using both tools together makes him more efficient:

"I don't use it constantly […] I use it as a checking and orientation device […] It’s a mixture of using the voice and the braille display together to speed things up.  So I'm looking at the braille display with one hand, listening and flicking keys with the other […] Keyboard and braille display and JAWS reading together helps you do things a lot faster." 
· Steve considers his braille display as a work tool, and would not like to use it for leisure reading:

"I like to relax with a book, so I want to be sat slumped or on a train, I wouldn't want to have a piece of hardware on my knee.  I don't mind sitting with a book because I can fall asleep and if it falls on the floor and I'm not chucking a thousand pounds on the floor!"

· Despite finding his braille display very useful in his job, Steve would not buy one for himself.

"The prices are phenomenally high and I don't understand why they have to be […] they don't seem to be aimed at the home user, the individual.  I'd spend my money on a good holiday before I ever thought about getting a braille display.  I'm quite happy to work without one at home."

Roger - Leisure user
· Roger, aged 65-74, uses two braille displays, both of which he owns

· Roger uses a notetaker device with a 32-cell braille display.  This is a portable device, which Roger uses for his diary, addresses and database.  

"I carry it around, take it away with me.  It's got all the information that I need to hand with speech and braille."  

· Roger also uses a 40-cell braille display which is permanently attached to his computer.  He uses this for everyday computing (such as keeping personal accounts on spreadsheets), keeping up with news (reading the Daily Mail each day) and for internet use – to read his emails, access online services, and socialise in chat rooms

"I can go to the iTunes store and actually select things for myself which is very interesting, very nice to purchase things for myself without other people helping me […].  [The braille display] tells you who is in a chat room and you can actually read it in braille, still listening to what people are saying […] it's a brilliant help."

· Braille is not Roger's preferred format, but he sees the braille display as offering backup to speech software.  He also finds refreshable braille easier to read than hard-copy braille:

"I am partially deaf, and so I use my braille display if I need to use the computer as a support to speech… I didn't learn braille until later in life, so I'm very slow […].  It took me a long time to learn braille and one of the biggest problems […] was keeping your finger in the same line when there was hardly a gap between the lines.  [When] you've just got a line you've got nothing above it nothing below, it makes life much easier."  
Andrew – technical user

· Andrew, aged 46-64, owns a notetaker with an 18-cell braille display.  When he bought the device 6 years ago, it was the smallest notetaker available.

· Andrew uses his braille display in his job:

"I use it for work-related tasks, including very detailed extracts from program source code.  […] Because my job is a technical job it's often necessary to read notes that I've made character by character and analyse the streams of text very carefully." 

· He also uses it for leisure activities, where he find braille more convenient than speech: 

"I help to produce quizzes for quiz nights and in order to do that I have to have no speech because I'm reading out the questions."

· Andrew has had his braille display for six years.  In some cases he finds his device outdated:

"[It's] a fairly old device now and the only way that you can connect it is via a serial port and many computers don't even have a serial port these days."

· Another problem for Andrew is that the braille display can break down:

"If you get a single cell or dot on a braille display which either becomes feint or unreliable or disappears altogether, having to send off the unit for repair, not to mention the expense of having to do so, is very inconvenient.  […]  For me to be without my notetaker for even just a few days is extremely inconvenient, I think the individual dot reliability is a major problem."
Karen – work and leisure user

· Karen, aged 31-45, is deaf blind.  Karen has been using a braille display for 16 years.  She uses 3 braille displays, two of which she owns, and the other is funded through Access to Work.  Her braille displays include a display which can be attached to a computer or mobile phone and a notetaker device.

· Each of Karen's braille displays has 40 cells.  The devices differ in their size and weight and the comfort of using them:

"The dots are maybe a fraction smaller, which I prefer.  Also the position of the buttons is preferable.  […] I find having [the buttons] on the front means I have to keep bending my wrists a tiny bit which can make them a bit sore if I do it too much without a break."
· Karen uses braille displays to access all kinds of information:

"I use them in my job, which involves lots of writing and reading documents […] I access the internet.  That includes doing grocery shopping online, reading news, some online discussion forums.  I use email a lot.  I am using one now to access the phone.  I use one with my mobile phone for sending and receiving text messages.  I also use one in meetings […] When I was studying I used it for all my reading."

· Karen usually places her braille display in front of her computer keyboard, or when using with her mobile phone she can leave the phone in her bag and operate it via the braille display

· Braille is Karen's preferred reading format, although she prefers using hard-copy.  Using the braille display is the only way Karen accesses her computer:

"I generally prefer having things in hard-copy braille, especially if it is something I'm reading for leisure.  But most of the time I don't have that luxury, so my braille display is essential for anything I don't have in hardcopy.  I can't use speech at all."

1.2 Braille displays and other access technology

Many respondents reported using their braille display in conjunction with other access technology, particularly with speech software.

Respondents varied as to how much they used their different access technology.  Some read documents using speech, and used their braille display to navigate the computer.  Others reported specific tasks which were easier on the braille display, such as proofreading.  Others highlighted advantages to having both speech and braille, such as speeding up tasks and offering backup if one access method fails.    

"I use [the braille display] pretty much all the time for navigating the basic Office environment and I tend to use it in conjunction with speech […] I would use the braille to read where I am and to see what controls there are […] whether a tick box is checked or unchecked for example is very easy to see at a glance." 

"Speech is my primary access method and the braille is there for precision and accuracy." 

"It's sometimes possible to click something with your router [on the braille display] quicker than you would be able to do it with speech so in a way it's being used as a handy backup." 

"It's a very blessed situation to have both braille and speech because sometimes if one fails maybe the other will help you.  There have been occasions on bad websites where the braille display [has] shown me things to click that would have been harder to do with speech alone." 
In summary, many respondents used a range of speech and braille access technologies and switched between different methods for different tasks.  Many felt that there were advantages to braille displays over speech (discussed further in section 2.1.1).  

1.3 Types of material accessed using braille displays

Respondents reported a wide range of materials that they accessed using their braille displays.  This ranged from leisure material (such as books and magazines) and personal information (household accounts, family records, address book), to work related documents (such as spreadsheets, journal articles and diaries).  

Some respondents mentioned the different contexts in which they would use a braille display.  Many of these related to work, such as giving presentations, taking part in meetings, and carrying out specific tasks such as computer programming and braille transcription.  Some respondents used braille displays for their hobbies, including producing quizzes, broadcasting and social networking in chat rooms or through instant messaging.  Indeed, many respondents used their braille displays when online, including grocery shopping, researching products and email.  
1.4 Ownership of braille displays

Respondents were asked whether they owned the braille displays that they used.  Just four (out of 13) respondents reported having purchased their own braille displays.  The vast majority were funded through Access to Work, with nine respondents reporting having used this scheme.  Two respondents reported their displays were owned by their employer, and one was on loan from a technology company (note: some respondents used more than one display, for example owning one themselves and having another funded through Access to Work).  

A number of respondents commented that the cost of braille displays was prohibitive, and that they would not have one without the help of the Access to Work scheme (see section 2.3.2).     
2. The pros and cons of braille displays

Respondents were asked what they liked and disliked about braille displays.  A huge range of answers were given, which fell into three broad categories: braille as a reading format; the concept of digital braille; and the actual devices and their functionality.  

2.1 Braille as a reading format

2.1.1 Advantages
Many benefits of braille displays related to braille as a reading format, particularly in comparison to audio.  Some respondents mentioned situations in which they would prefer not to use audio, such as when presenting or taking part in a meeting where they need to listen to what else is going on:

"Two audio streams – listening to a PC and listening to a conversation – I find incredibly hard, so I use braille in those contexts." 

Others mentioned the need to keep their ears free to know what was going on around them (for example when travelling).  Some respondents also liked the ability to read silently, either for privacy or to avoid disturbing other people.  

Some respondents felt speech – particularly synthetic speech as used by screen readers – could be monotonous or stressful to listen to.  

A key benefit of braille over speech was the sense of having immediate, active access to the text, rather than relying on someone else's interpretation:

"The benefits are you actually know what the words are.  It's in your own head rather than someone else's reading voice, and a synthesiser voice is not always the best at times."  
This sense of braille allowing active reading also made some respondents feel they could understand or retain information better when they had read it in braille, compared to audio:

"I find I retain information better if I've actually read it on a braille display.  If I listen to it in speech it just goes in one ear and out the other, literally!" 

Many respondents felt that braille gave greater access to detail than was possible in audio.  In particular, many highlighted the need for braille when proofreading and checking spellings and punctuation: 

"I find it more efficient proofreading from braille, than speech.  Speech obviously mispronounces things if they're spelled wrong but it doesn't tell you about whether they're aligned wrong or underlined in the print.  A good instance is where you've proofread the spelling but there's two or three spaces between words.  No speech program that I've come across can tell you that but you can see it instantly in braille."

Related to braille helping with spelling, some respondents questioned how those using solely audio learned to spell.  Some went as far as to suggest that braille allowed a level of literacy which was not available through audio.   

Some respondents mentioned specific aspects of their work which required detailed access to text, which they felt would not be possible without a braille display.  These included computer programming (which requires careful alignment of code) and braille transcription (as screen readers struggle to read files translated into braille characters). 

Finally, another benefit of braille over audio was the ability to get some sense of context, layout and spatial aspects of the text.  This often related to information displayed on spreadsheets or in tables and detailed formatting (such as brackets for references in articles):

"In braille you can see whether something is underlined, you can see the co-ordinates of the cell all the time, I think you just get more context." 

"I just find it easier to read tables with [a braille display].  It just helps you get a grip on the table sometimes […] If you get a physical feeling for how wide things are then you can do more with the table." 

2.1.2 Disadvantages

The main disadvantage of braille as a reading format, particularly when compared to audio was the speed at which you can read.  

"Speech is for speed - given a document containing just text, with speech I could probably beat most sighted readers.  You couldn't do that with braille." 

"Even though I'm quite a fast braille reader I can still have speech set up way faster than I could read." 

Another disadvantage identified with braille was that it ties up your hands when reading.  The hands-free nature of audio was seen as an advantage to some:

"If you're reading braille you've obviously got to have one hand on the braille […] You can sit back and listen to the speech if you want to and be doing something else with your hands like typing, which you couldn't if you had to read the braille display." 
2.2 The concept of digital braille 

2.2.1 Advantages
The concept of digital braille, as provided by refreshable braille displays, has many benefits for users. 

Firstly, digital braille is more portable than hard-copy braille, in terms of the bulk and weight of hard-copy and the space it takes to store.  The ability to store information on an electronic device to be accessed in braille was a benefit to many respondents:

"It gives you the power of braille but with the portability of the technology.  […] I can get a hundred or a thousand books on [the braille display] and still have the enjoyment, the immediacy of the content but not the pain of carrying stuff around." 

"Braille takes up a huge amount of space.  The whole bible would be in say 65 volumes, taking up half your room, whereas it's simply on the braille display and that's very much more convenient by the order of several hundred."  
Respondents also highlighted environmental benefits to accessing information digitally compared to in hard-copy:

"Terms and conditions for bank accounts, they come in so many huge books sometimes that I would like to read those in braille on the display because then you know the paper isn't wasted […] it's good for the environment." 

Secondly, refreshable braille displays allow braille users to access information which would otherwise not be available to them in braille.  

"I think the main benefit is just having access to so much more information using a braille display than hardcopy." 

A key form of information not accessible in hard-copy braille is the computing environment, and the internet, which respondents saw as a benefit of refreshable braille displays:

"You don't access your computer in hard-copy braille." 

"Hard-copy braille doesn't do internet!" 

The ability to access computers using a braille display has a range of benefits for users, such as being able to create and edit documents easily and not having to produce hard copies of temporary documents. 
"What I need the braille for and I would find extremely difficult without, is document creation, review and edit.  I find that is something much more difficult to do by speech.  […] If I'm commenting on a document, and need to look at it in detail, then I use the braille." 

"Braille records are very easy to update and edit and you always have an up to date copy that you can access using your refreshable braille.  There's no wastage of repeated print outs of updated documents." 
Some respondents felt their braille display was a key part of their computing environment, likening it to sighted people's use of a screen or a mouse: 

"I would sum it up that it's just part of using my computer, like using a mouse […] if someone took your mouse away you would feel a bit inefficient and you wouldn't know how to do certain things or it would take you longer."  
"A braille display is the equivalent of having a screen.  The analogy would be, a braille display is like having a monitor rather than having to use a teletype all the time.  There is no point in embossing out a piece of program source code to read it when its going to change so much.  You need to have your braille display and do it that way." 

2.2.2 Disadvantages

Despite identifying many benefits to the concept of digital braille respondents also highlighted a number of disadvantages.  

Firstly, many found reading braille on a braille display was slower than reading hard-copy braille, for a range of reasons including start up time, the reading surface, the need to constantly refresh the braille display and the limitation of only having one line at a time on a braille display. 
"I suppose the boot-up time, or the start-up time.  If you're thinking 'oh I could grab my book off the shelf' […] that's quicker than having to go to my computer turn it on get my braille display warmed up." 

"There's the material they're made of, being plastic [dots] I think it's slower to move my fingers over them.  Also because you have to press the button to refresh for the next 40 characters that builds in a slight delay, only a millisecond or a few but still it adds up.  If I'm reading from paper, my left hand drops down to the start of the next line whilst my right hand finishes the line so there's no delay at all." 
Another disadvantage compared to hard-copy braille related to the single line nature of the display.  Many respondents felt that it was easier to understand layout, context and spatial information in hard-copy braille, as they were able to explore the document more physically.  Examples of types of material where this may be a problem included for tables, columns, music and poetry. 
"I find it harder to get a feel for the overall structure of a document if I'm using a braille display. 

If I'm reading a long document in hard-copy I can physically feel how many pages are in each section, whereas with a braille display I can't." 

"With paper, because you've got more than one line, you can much more appreciate document formatting.   For example, let's assume you have a table, it's much easier to get the idea of the layout with all of it there, rather than just one line at a time." 

"Braille music, I tend to find easier to learn in hard-copy, because you've got an extra dimension of the physical geography of the page.  I will remember that I was at the top left when I read this rather than on a braille display where you're on a kind of rolling program along one line and you don't have any kind of spatial awareness of where you are."  

Some respondents felt that despite benefits of refreshable braille, they still preferred hard-copy braille for leisure reading, as they found it more relaxing.  This included not having to sit by a computer, making the distinction between work and leisure.  

"I have a bit more freedom when reading hard-copy to sit where I like and move about." 

"I don't really know why, maybe it's because I can switch - it's leisure and it's not working." 

Another disadvantage of refreshable braille identified by respondents was that hard-copy braille has usually been transcribed, and so is likely to be well formatted and adapted if necessary to explain diagrams etc to people who can't see.  When accessing information on a braille display, this is not the case:

"Most hard-copy braille is prepared by someone.  On the refreshable braille, what you get is what you get." 

"If you get a braille book usually it's ready and formatted.  Manuals, a lot of them come in PDF formats now […] they're a nightmare because they're not usually formatted.  Or if they are formatted you get 'you do this and you press this' and the 'this' is a graphic so you can't read it with your braille display.  In the braille manual it would be spelled out."
Other disadvantages of refreshable braille included it being difficult to use whilst travelling (such as on a shaky train), being difficult to read more than one document at a time, and the worry that the technology may fail, in a way in which hard-copy never does. 

"I'm always thinking 'hang on if this thing fails I'm [in real trouble]' whereas a piece of paper never fails. If I think I need to be sure of it and I need to refer to it then I would have hard-copy braille, but that's mainly fear of the failure of the technology." 
2.3 Devices and their functionality

2.3.1 Advantages

When asked about the advantages of braille displays, some respondents focused on features of the device they used or specific aspects of its functionality.  

In terms of benefits of specific devices, many respondents commented on the design of their braille display.  Such comments included the shape and size of the display, the type of controls used, and the feel of the braille dots.  

"The braille display is along the front, and so the keyboard sits tucked in quite tightly […] with the leading edge of the keyboard immediately behind the braille display.  That is a comfortable position for both reading and keying." 
"It's got a whizz wheel that’s very good for finding your place.  It's something that a lot of them don't have so that's a really really good feature." 

"Modern braille displays are very easy on the fingers, very nice bold dots.  I find it a very satisfying medium." 
Some respondents commented on the size of displays, with varying views on whether bigger or smaller displays were preferable:

"I like the large ones to use on a desk.  […] I'm not one for key clicking all the time, I don't get on with it, so I don't really like the smaller ones." 

"I think 40 [cells] is about the length that is comfortable to cope with in most cases.  I can understand why programmers wanted an 80 [cell] so they could see more on the line but to me it seems too wide to be comfortable." 

A key benefit of smaller displays was their portability, which was seen as a benefit for many respondents: 

"The benefits of the smaller ones are that they're just smaller, they’re more portable." 

Other aspects of braille display devices which respondents cited as advantages were the simplicity of their device, being easy to set up and use, good battery life, and reliability.  

In terms of functionality of braille displays, the most praised feature was cursor routing, which allows users to move the cursor to anywhere on the display at the touch of a button.  Many respondents highlighted how this made them more efficient, such as in activating links, choosing options in dialogue boxes and correcting documents: 

"It's very useful in Word files or emails because you can just click one of the cursor routing buttons and activate the link rather than having to copy and paste." 

"In the spell check dialogue box you've got buttons for ignore and change and add […] I don't tab around to those buttons at all, I just hit the cursor routing button […] and it does it automatically." 

"[If] you find a spelling mistake or a word that you want to change, you just press the cursor button and the cursor moves exactly where you want it […] Mucking around with the speech to get the cursor exactly where you want it, you've got to do a word at a time and then a character at a time and it [is very tedious]." 

Respondents also highlighted ways in which their braille display allowed them to access useful information.  This included giving information on the type of field they were in when filling in forms, and the use of status cells giving information on the mode the braille display is in (e.g. contracted/uncontracted braille).  

"It's very handy to know what kind of field you're in so it will tell you whether you're on a check box or a combo box or a list or an edit field." 

"I've got 5 status cells.   They can show me for example the current cursor position along a line, what mode I've got the braille display in, […] whether I've got contracted braille or computer braille that sort of thing." 

Other aspects of functionality appreciated by respondents were the ability of braille displays to interface with other devices (such as being able to control a mobile phone using a braille display) and the functionality of notetaker devices (allowing users to carry out computing tasks in braille – see 2.2.1).  

2.3.2 Disadvantages

Respondents also highlighted disadvantages of braille displays in terms of the actual devices they had experienced, and their functionality.  

A common complaint from respondents was that many braille displays were not well designed ergonomically.  Examples include the shape and size of displays, which led to unnatural reading positions or difficulty accessing a keyboard and braille display together, and poor button positioning leading to strain after long periods of use.  

"What it really needs is something so the keyboard can then be slightly raised up because you're having to lift your wrist and your lower arm over the braille display to get to your keyboard.  I don't think it's ergonomically very well thought out." 

"You're kind of holding your wrists up, it’s not a thoroughly comfortable way of reading.  You can't read with your wrists flat so I tend to find after you've done about an hour, hour and a half then that's enough." 

Another disadvantage of braille displays was the limitation of the size of the display.  Some respondents commented on specific displays, noting that smaller devices meant more scrolling and movement.  Others highlighted the difficulty of finding their place when a line of text was longer than their display.  Some respondents felt that all braille displays were limited in this way as only one line of text is available at a time.  

"With a short braille display like mine [18-cells] it's on the edge of what's acceptable.  When you're reading a hard-copy book you're used to something more like 36-cells width so it is a bit inconvenient, there's more hand movement involved."  
"Where the line is longer than will fit on the braille display as often happens in emails and sometimes in Word documents, the business of finding where I am on the braille display and panning it from side to side can be a bit tedious".  

"A refreshable [braille display] only gives you one line at a time, which is always going to be a bit of a limitation." 

A number of respondents highlighted that the cost of braille displays was a disadvantage.  This included the initial cost of buying a display which was prohibitive to some, the cost of fixing displays and concerns over carrying such a high value item around with them:

"The expense of buying…well I wouldn't.  I've got one because I've got a job." 

"I do worry carrying a braille display that I'm carrying thousands of pounds of equipment with me." 

"They're phenomenally expensive to fix.  It was £181 just to put one cell back, that's a lot of money!"

Not only was the cost of fixing braille displays a concern, but the huge inconvenience of being without it whilst it was being fixed.  Some respondents were disappointed that their display was not more reliable.  

"There are reliability issues with dots […] sometimes the dots start to fail and if you're reading precise information it makes it a lot more difficult and annoying because you have to remember which dot is missing or feint." 

"I've got a couple of difficult dots on mine at the moment but if I send it away it stops me working! So you kind of put up with things you'd rather not put up with." 

Other complaints about braille displays included them being overcomplicated.  Examples include difficult set up procedures and confusion over how the braille display interacts with the computer itself and with speech software.  

"Some of them you have to get it into a particular mode before you connect it to your PC, which is just awkward. […] You've got to go through some elaborate installation procedure before you use it." 

"I think the concept of how the screen reader, the PC and the braille interact with each other is probably a bit complicated." 
Other complaints about braille display technology included the lack of innovation in development.  Some respondents felt technologies available in other products could be used to improve braille displays  - such as touch sensitive 'advance' buttons to move onto the next line.  

In terms of functionality, the main disadvantage identified by respondents was that braille displays could be temperamental in certain circumstances.  Common examples included problems with excel, PDF documents, interaction with the JAWS screen reader and using the internet. 

"I use Excel a lot […] sometimes cells seem empty in the braille and I know very well that there is data in them." 

"Occasionally JAWS is a bit more troublesome with braille but I think that's a JAWS problem rather than a braille display problem, although of course at the user end that amounts to the same thing.  Sometimes you've got to kick the cursor up and down a bit just to wake JAWS up." 
"There are some sites that it won't cope with, maybe they use Flash or for some reason the way they're laid out is not easy to read on a braille display […] On some sites it won't give you anything. […] There's content that it simply won't see."  
One reason for difficulties with certain programs is that many respondents had used the same braille display for a number of years, meaning the technology may be outdated:

"[My braille display] is quite an old device.  It's ability as a whole is diminishing.  In other words it’s less and less able to cope with modern websites." 

Other problems associated with older devices included poor connectivity and low memory capacity.  One respondent felt this longevity of braille displays was a disadvantage, tying users into a device which loses pace with other technology: 

"They're built to be quite robust […]  And while that's a good thing on one hand it means they go out of step software wise quite quickly.  […] Because of their high price tag and because they've got this sort of built in longevity, it is a bit of a problem because people don't see them as replaceable, renewable technology like they would a PC, and therefore they get out of step quite quickly with what's going on around them." 

3. The future of braille displays 

3.1 Ideal functions/features
Respondents were asked what features or functions their ideal braille display would have.  Many based their answers on their experiences of other braille displays, or developments they had heard of.  A number of key themes emerged, relating to the controls of the display, ergonomics, portability, connectivity and functionality.  

3.1.1 Controls

Respondents identified useful controls a braille display could have, particularly for advancing the next line of braille.  Wheels were popular, rather than buttons:

"Those jog wheels on a mouse you just scroll it and it flicks down the lines, you can use that to quickly review a page.  I think that's a great feature rather than repeatedly pushing buttons to get down the page." 

However, not all participants liked wheeled controls:

"What we don't want is strange gizmos like jog-wheels, or little tiny fiddly things or rocker bars or whizz wheels and so on.  Straightforward with a clean interface." 

Other requirements for controls included buttons which were easy to use:

"Decent buttons, by which I mean easily found, a good action to press, so you know you've pressed them and they don't break your finger in the process." 

3.1.2 Ergonomics

Respondents highlighted the need for braille displays to be ergonomically well designed, including their buttons, their size and shape and the way braille displays can be used alongside other equipment such as a keyboard (see also section 2.5.2).   
"Buttons that are very tactile but easy to press and positioned so that I can press them without having to bend my wrists." 
"When you're reading a line you don't want to move your hand at the end of the line to hit a button to then go back to the line to read the second half of it." 

"You apply a certain amount of pressure to the [braille display] when you read it […] as you're reading it, it moves.  It's a really stupid thing, they all ought to have some kind of rubber feet or some feature that makes them stable." 
3.1.3 Portability

Many respondents felt portability was a desirable feature for a braille display.  

"It would be more portable so it would be very light and it would have long battery life." 

"Light but strong would be ideal!" 

3.1.4 Connectivity

Connectivity to a range of devices was also desirable.  Respondents suggested a range of connections they would like to use including to mains power, mobile phones, and computers, and suggested various means of connecting such as through USB ports, Bluetooth and wi-fi.  

"Easy to connect to a computer or mobile phone." 

"Given the amount of money people spend on this stuff I think it should have pretty comprehensive connectivity you know wireless, Bluetooth, whatever is going around at the moment."  
3.1.5 Functionality

Respondents suggested various functions they would like a braille display to be able to do.  Some of these are available on existing braille displays whilst some are new ideas.  

Ideas included:

· braille input

· ability to control a device (such as a mobile phone) using the braille display

· automatic refresh when approaching the end of a line

· use of function keys to carry out commands to the computer

· being able to split the display to use half with a computer and half with a mobile device at the same time

· user definable braille translation options (to choose which braille code you want to read e.g. contracted, uncontracted, Unified English Braille (UEB) etc)

· ability to adjust the height of the braille

· a consistent way to give information about layout through a braille display

3.2 General improvements/developments

Respondents were asked whether there were any ways braille displays could be improved.  Some respondents commented that they were happy with the capabilities of the hardware and thought the software driving the displays may need further development.  

Five themes emerged as areas for general improvements/developments to braille displays, which were:

· reducing the cost

· technological innovation

· having a larger display

· improving ease of use 

· upgradability

Many of these themes were intertwined.  For example, some respondents felt that technological innovation was needed to find a new way to manufacture braille displays at lower cost.  Such a development could make larger displays more feasible, showing multiple lines or even a full page of braille. 

"There's not actually been any significant developments in the field for the last 20 years - they're still basically using piezoelectric cells. I think it was the early 90s the piezo cell came in.  I think research [is needed] for better, cheaper, longer lasting materials." 

"I don't know whether you could ever improve the amount of text you could get at a time, I suppose looked at logically it would be quite nice to have a page of braille.  […] Given there is an inevitable cost, you'd have to get the braille cell down to about £10 a cell, instead of more like about £100 a cell before it would be even worth thinking about." 
In relation to ease of use, some respondents felt that braille displays were not always user friendly, and may not appeal to braille readers who were not technically expert/confident.  A suggestion for improvement was to have a simple start up mode to help beginners get started: 

"A simple mode to get you started and then you can kind of mess around with settings if you want to […]  You don't really want to worry about all that before you've got started." 
Finally, another area for improvement was to make braille displays more modular, making them easier to repair or upgrade as necessary: 

"If you're going to use a braille display for 5 years and something new comes out in terms of a wireless standard it would be nice to think it was […] upgradeable in some sense.  I think given the money people spend on this stuff some kind of modular upgradability is quite important." 

"In an ideal world you'd be able to buy individual replacement cells and just slot them in yourself maybe." 
3.3 What else could braille displays do?

Respondents were also asked whether there was anything they would like to be able to do with a braille display which wasn't currently possible. 
Around half of respondents could not think of other things they would like to do with a braille display.  This was either because they were happy with the available functionality or because they had not used all of the features available on their current model.  

Others made suggestions for how braille displays could be used in the future.  Some of these suggestions related to braille display hardware, and how improvements would allow new functionality.  For example, making portable braille displays much smaller and more convenient to use on the move, and improving the position and usability of braille input keys to allow more writing.  

Another suggestion made by a number of respondents was that if braille displays could be made bigger, featuring more than one line of braille, they could be used to display tactile graphics.  

"I'd like to be able to read graphics too, that would be something spectacular. […]  Just getting a bigger view of what is on screen at once rather than just a single line view would be pretty good." 

Other ideas about how braille displays could be used related to different devices with which a braille display could interface.  

"It would be great if you could use a braille display for interacting with things like bank ATMs for example […] or electronic programme guides on digiboxes. I guess this isn't really so much about the braille display so much as the interfaces to the braille display […] what it has the ability to connect to really." 

Conclusion

These findings demonstrate the various ways in which braille users use refreshable braille displays.  This includes for work tasks, leisure pursuits, and as a key method for accessing computers.  Many used a braille display in conjunction with speech output and made the most of the different access methods for different tasks.   

Likes and dislikes of braille displays fell into three broad categories: braille as a format, the concept of digital braille, and devices and their functionality. 

Braille as a format

Advantages of braille as a format, compared to audio, included active reading, being able to retain information better, and the ability to see more context and detail.  However, a key benefit of audio over braille was speed of reading, a significant advantage which may explain why many respondents used a mixture of both braille and speech for computing.  

The concept of digital braille

The concept of digital braille has advantages over hard-copy, such as portability, less storage space and saving paper.  In particular, digital braille allows users to access more information and specifically to access the computing environment.  Despite these benefits, respondents still identified disadvantages, such as digital braille being slower and less relaxing to read than hard-copy braille, difficulty understanding context and layout, and lacking the sometimes necessary input of a transcriber to interpret the text.  

Devices and their functionality

Good things about respondents' existing braille displays included design features (such as good buttons and nice dots) and portability.  Many respondents praised the cursor routing functionality for improving their efficiency in computing.  However, many disadvantages of existing devices were identified.  Respondents felt displays could be better designed ergonomically and that the single line braille display was a limitation.  Cost, reliability and ease of use were other concerns.  Key problems with functionality included braille displays being temperamental with certain programs and older devices being unable to keep pace with new technology they are connected to.  

The future of braille displays

Respondents identified various desirable features in braille displays including good controls, being well designed ergonomically, portability, and connectivity.  Various ideas for improved functionality were also suggested.  Broader ideas for how braille display technology could be improved related to new technological innovation which could reduce the cost and perhaps lead to multiline displays.  Improving ease of use and allowing modular upgrades were also suggested.  Many respondents were broadly satisfied with what they could do with their braille displays, although some suggested areas for development.  These included making larger displays which could be used to view tactile graphics, and developing the range of services with which a braille display could interface.  

These findings demonstrate the wide range of uses of braille displays and the benefit they are to many, in both work life and leisure activity.  Many benefits of braille over audio formats were identified and the ability to access information in digital braille is a huge advantage to many.  However, many areas for improvement were also identified, in terms of the hardware, functionality and development of braille displays.   
Appendix 1 Interview questions

Introduction
Thank you for volunteering to do this interview with me.  Just to give you a bit of background before we start.  We are conducting this research to find out more about how braille displays are actually used, particularly in terms of the type of information people access using them and what users like and dislike about them.  When I say 'braille display', I'm talking about any device that allows you to read refreshable digital braille, so that might include a display attached to your computer keyboard, or a portable device you can attach to different technologies, or a braille notetaker device.   

I have a list of questions to ask you, but this is a fairly informal interview so if there are other things you would like to tell me about your use of braille displays please do so.  We are going to try and keep this to an hour, so if we go too far off topic I will have to bring you back to my questions!

Before we start, can I ask would you mind if I record this interview? Yes/No:

And when this research is written up into a report, would you be happy for anonymous quotes from what you say to be included in the report? Yes/No: 

Section 1 About you

1.1 Which age group do you fall into?

a. under 18: 

b. 18 – 30: 

c. 31 – 45: 

d. 46 – 64: 

e. 65 – 74: 

f. 75+: 

1.2. Other than braille, which accessible formats do you read?

1.3. How long have you been reading braille? 

1.4. How long have you been using a braille display?

1.5. Can you tell me about the braille display(s) that you use?

·  Can you tell me the name/model of your braille display(s)?

· Do you know what software drives your braille display?

1.6. Do you own your braille display(s) or are they loaned to you ?

1.7 What do you think about the price of braille displays?

Section 2 Use of braille display

2.1 Can you tell me a bit about the context in which you use your braille display (this might be in your job, for studying, for leisure)

2.2. The way you use it

· what devices do you attach it to 

· where do you put it

· where do you use it?

· do you use it in a fixed location or when on the move?

2.3. How much you use it

· how often do you read using your braille display?

· how much time do you spend reading on your braille display in one session?

2.4. What you use it for

2.4.1 What kind of material do you read 
·  Work/study/leisure

·  do you use your braille display to browse the internet

·  do you use your braille display to access other services (some people might need examples, like social media, internet banking, online shopping)?

2.5 Thinking about different types of documents/material you might read:
· in what circumstances is your braille display your preferred reading format?

· are there any circumstances in which you would prefer to read hard-copy braille?

· is there any limit to the length of documents you would be happy to read on your braille display?

· are there issues around accessibility for information accessed via your braille display?

Section 3 Thoughts on the braille display

3.1. Can you tell me what is good about using your braille display?

· what are the benefits over hard-copy braille?

· What are the benefits over using just using speech?

· if use more than one, do either have particular advantages over the other?

3.2. Can you tell me what is bad about using a braille display?

· are there any disadvantages compared to hard-copy braille

· any disadvantages compared to using speech

· if use more than one, do either have particular disadvantages over the other?

3.3. Can you think of any ways braille displays could be improved?

· What functions or design features would your ideal braille display have?

· is there anything you would like to do with a braille display that it currently doesn't do?

3.4 Do you have anything else to say about braille displays?
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