
Leona Holloway: 3D Printing for Tactile Mapping and Icons

Jen Goulden
Good morning to our presenter. At least, good morning, Leona. Good afternoon, and possibly good evening, to everyone else. My name is Jen Golden, and I would like to welcome all of you to our final session of the day, which is 3D Printing for Tactile Mapping and Icons. And I have the great pleasure of introducing our speaker today. Leona Holloway is a research fellow with the Monash Assistive Technology and Society (MATS) Centre in Melbourne, Australia. She's been working with 3D printing for quite a long time, and I've actually seen a bunch of the objects that she's created, and not surprisingly, they're excellent. She's been working with the blindness community to explore potential uses of 3D printing, and to provide evidence for its advantages, and to develop guidelines for its design and production. She's also been instrumental in supporting its adoption by education departments and blindness agencies across Australia. Leona is the chair of the ANZAGG Accessible Graphics Group and its international 3D printing groups as well, and she's authored a round table, which is out of Australia, the Round Table Guidelines. And, actually, Dave Williams in our earlier session mentioned this, the ANZAGG 3D printing committee, as well. There's a whole lot that I could say about Leona, but I will lave it to you to read the rest of her bio so that we can get to her presentation.

We're going to be looking at the advantages of 3D printing over 2.5D tactile graphics for tactile mapping and explore some best practice examples based on research using controlled comparative experiments, co-design, and real-world usage. And again, Leona will be covering more than that as well, but I don't want to take up too much time. So, Leona, you have approximately 30 minutes, and after that we will have about 15 minutes for a Q and A, and then members of Braille Literacy Canada will take over and sort of finalise closing the symposium for this year. So with that, we'll jump right in. I'll hand it over to you, Leona. I just wanted to ask if you want me to give you any kind of two-minute warning or anything like that. If not, that's fine.

Leona Holloway
I’ll try and keep an eye on the time. I'm going to try and pack a lot in, so we'll see how we go. So maybe, yeah, if I'm going over and it doesn't seem like I'm wrapping up, a nudge.

Jen Goulden
All right. Well, over to you.

Leona Holloway
Thank you very much. I do have slides, so I'll just set that up now. Let's see how we go. They're mainly for my use to keep me on track. Okay, so I'm really, thank you, Jen. It's great to see you, and I'm really thrilled to be here today. I've been a big fan of the work that Braille Literacy Canada have been doing for a long time. This is my first time at one of your symposiums, and it's been a great early morning for me to be able to join in.

Jen Goulden
Glad you’re here.

Leona Holloway
Okay, so I will start with figuring out how to go to the next slide. There we go. Okay, I'll start with an acknowledgement of country, which is traditional in Australia. So, I acknowledge the Wurundjeri Woi Wurrung and the Bunurong peoples of the Kulin Nation as the traditional owners of the land from which I'm joining you. I live near the Maribyrnong River, which translates as “I hear the sounds of the ringtail possum” and I do hear them just outside my window earlier tonight. I also acknowledge the traditional custodians of the various lands on which you're all joining us today, and I recognise the thousands of years old practice of Aboriginal visual storytelling as an important means of passing down cultural knowledge. I pay my respects to elders past, present, and welcome any members of Indigenous populations who are joining us today. And the background of this slide is an Aboriginal dot painting showing meeting points and the connections between those.

So, I'm going to take you on a bit of my practice and research journey today and drop in some of the findings along the way. So my story is going to start in 1999 last century, let's call it, when I started off as a braille and tactile graphics transcriber. I became quickly very involved with the Australian Braille Authority and the International Council on English Braille as a really great way of connecting us all on these important topics and working together. In 2014 I moved to research with Monash University, and my first project was looking at accessible graphics for university students. And what we found was probably not a surprise, but still disappointing, that uni students were really getting very limited access to graphics for blind or low vision. And that that was very much impacting their choice of subjects as well, with a very low participation in STEM subjects particularly because text-based subjects were easier to access. And that didn't make me happy. 

So the next year I actually founded the Australian and New Zealand Accessible Graphics Group, I will call it ANZAAG from now on, because having been involved in things like ICEB, tactile graphics are dealt with within the braille organisations, but they're not the first thing that is discussed. And there are many other ways of accessing graphics as well that don't have communities of practice that were available, so that's what we wanted to address. And in 2016, the next year, we first got a 3D printer in the lab that I worked in and I jumped on it and started playing and printing everything I could find. So what I did is I made a grab bag, and any time I was going to talk in person to somebody who was a touch reader, a producer of materials, a teacher of blind and vision impaired, I would take this little bag of goodies with me and see what they thought of them. On screen I've got some examples. So, there was a skull of a T-Rex. There is a cubic paraboloid, which has got a parabola in the x, y, and z directions. It's very hard to describe, but it makes sense once you're touching it. Similarly, there's a model of the Sydney Opera House, which is iconic in Australia. Very hard to describe again, and gave people that aha moment of: I suddenly understand why it's described as shells or sails. And the other one on screen is the bones of the inner ear, which obviously is too tiny to touch, usually. So, the answer to the question, are they of interest, was definite yes. But people were concerned because they had no clue how they would be able to make models and they would need evidence to justify the investment in this new technology, the materials and the learning involved as well.

So I'm going to focus today on mapping, but obviously was looking at a lot of the other applications as well. Mapping was one of those top priority items that came out of the grab bag study. So, the first study, and probably the one that's been cited the most as evidence for the value of 3D printing, was a comparative laboratory-style study where we had created maps of playgrounds and of train stations as tactile graphics and as equivalent 3D printed models. So on screen I have an example of a playground map, not playground, a park. It has a fence around the edge, which in the 3D model is raised. There are trees. There's an indented lake and path, a playground that's represented by a slide. There's a monument, et cetera. So all of the same items on both maps, and we counter-balanced the order of presentation. And we looked at, we measured the amount of time taken to explore things, comprehension, we asked some tricky questions after people had explored the maps, and also how memorable they were, and we observed people's hand movements.

And what we found was that the 3D maps were reported as easier to understand and the things that were particularly helpful were recognition of landmarks on the map. So on the park there were things like the slide was easier and the chairs, and there was a building as well. On screen I have the train station map, and that has the train lines, platforms, walls, and an over head pass, pedestrian crossing, with steps and lifts. So, that understanding of the multi-level feature like the bridge was definitely enhanced by having a 3D model. Interestingly, particularly in terms of touch reading, the hand movements definitely differed. So, you can't do that quick lateral scan of a 3D model in the same way that you can of a tactile graphic, but people developed different methods. So, they would place their hands gently, both two hands flat over the model, and explore that way. And they would also use different actions like pinching or enclosure to explore the 3D model. And the other thing we found is that it was necessary to explain the 3D printing process to people when they were given their first 3D models, so that they understood that things like there’s ridges along the side where the layers of plastic have been printed and those are an artefact of the printing process rather than being meaningful.

Okay. So, taking on from that we continued and worked with Guide Dogs Victoria, who were hosting a stall at the Melbourne International Flower and Garden Show, which is held annually. It has around a hundred thousand visitors, so it's a big event over five days. And they were giving away twenty free tickets for their clients, so we knew that there would be visitors who were touch readers. And we wanted to make something that would display accessibility for them as well. So we created a large map that has a laser cut base with etched roads and pathways. It has felt for the grassy areas, and then there's a 3D model of the exhibition building, which is a historic and iconic building. It has also some small icons for things like where you can find the food, the drinks, the toilets, all of the important stuff. 

So we had the map out there for people to explore, everyone to explore. We would let people know that we were there, and then after a touch reader had finished exploring, we would invite them to give out their feedback. And everyone was really enthusiastic to do that, either on the day or afterwards. So what we found was that the map was used easily by people. By everybody, actually, including people with acquired blindness who had no prior experience using tactile media, or who were not confident with tactile graphics, because having that element made things easier to understand. You don't need to understand the concept so much of a bird's eye view, for example. And it was also appealing to the general public, and a lot of people were using it to talk about accessibility with their kids. Yeah, it was a good thing in terms of the usage. People wanted a long time to study the map, and they would have preferred actually to have access to it before they arrived on site. It was a busy day, they had lots to do, and they just needed time to understand the whole thing and build a mental model of the event. It could be used for wayfinding on the spot. So, my favourite moment was there was someone who was using the map, and then their friend rang, who was also blind, and she was able to direct her to our site using the map.

Okay. So, the next one I wanted to share with you is again a large site. So Werribee Park is a heritage site that has expansive grounds and a mansion that's open to the public for tours. And they offer touch tours of the mansion where they give a lot of verbal description, and also you can touch things like the moustache cup in the parlour or the chandelier in another room. But there was low awareness that the accessibility options were available, so you would only know if you went searching for it on the website. They wanted something that was more, they wanted to offer more, and they wanted it to be more visible as well. So we produced again a large scale map, and it has a wooden base that fits in with the aesthetics of the mansion. There is a model of the mansion itself that shows the architecture and the grandeur of the architecture. There's again a laser cut base for the map with edged roads and pathways, some buildings, and icons for the main areas like the entrances and the cafe. Coffee is on my mind because it is early in the morning in Melbourne at the moment. And then it also has audio touch buttons and a key that has the icons and their explanation in clear print and in braille.

And what we did with this one is that we had a large group for a touch tour come through. Everyone had a play with the map first before the touch tour. Then we had lunch, and then people were able to choose what they wanted to do afterwards. And they were able to make that choice based on knowing from the map how far away things were, and what things were close to each other as well when they were going to go out on their walk. So, what we found was that the map could be displayed in a prominent position in this heritage site. They put it right at the front because it was visually appealing and tactually appealing for everybody. We did have this big group of people touch reading the map, but  we still had sighted visitors coming through the door wanting to muscle their way in and have a go as well at the same time. It was difficult to use the audio touch buttons in that busy, noisy environment when everyone was touching everything all at once. So that's when the tactile strategies become more important, and as Dave said, having that multimedia option is always useful. And as I said, we were able to make independent choices based on having the map available.

So the next study again, we're working with Guide Dogs Victoria. We talked to their orientation and mobility instructors about what materials, tactile materials they were using for teaching and where there might be some gaps. And they said that for teaching street crossings, and types of intersections, and how to cross at those intersections. The materials that were available were either very expensive or not appropriate for the Australian environment, or no longer available. So, the first thing that we created for them was some little square tiles, puzzle pieces, so they will slot into each other, and each piece represents a different part of a road. So it could just be straight, curved T-intersection, roundabout, cul-de-sac, pedestrian island. And those are small enough that they can be carried around by the O&M to demonstrate what type of intersection or crossing we're coming up to at the moment, but they could also be pieced together to show a route.

And the second thing that we created was more detailed mapping pieces for understanding a particular intersection. And because there are so many different types of intersections, rather than trying to represent everything that's out there, we created some quarter pieces that could then be placed into a square frame, and then they won't move when you touch them as well. And you could then choose whether you wanted to arrange them as a straight road, T-intersection, cross intersection, and what type of cram ramps, et cetera might be available at that intersection. And we also had some little pieces like vehicles and pedestrians who, we gave them little canes, and use them to understand the traffic movement as well. So what we found was that the 3D printing was great for creating those really sturdy manipulatives that you can move around, which was great for allowing the customization, so that you can create the intersection or the route that you particularly want without having to design and print something separately. That it's really engaging having those manipulative pieces, they used them at a school holiday programme, where the kids had a lot of fun, they were spread out all over the floor. They accidentally might have learned something at the same time, which is great too. It's great for more active learning, so extending that time that you can talk about a concept, because it is interesting and you keep wanting to explore. And also being able to piece your own pieces together means that you can check understanding. I actually used the puzzle pieces with my daughter and asked her to show the route that she takes when she comes home from school, and she just did a straight line, and she actually turns a corner, but she didn't realise she was turning a corner. So that told me a lot about her spatial understanding that I wouldn't have known otherwise.

Okay, so on a few of those maps I will have described that I was placing some little icons on the map. And one of the consistent pieces of feedback that I got was that people wanted a consistent set of icons that would appear on every map in the world, so that they already know the icon, and it's less learning when you get to a new map. We're also finding that those icons, as I said, were easier to understand than more abstract representations that you would need to use on a tactile graphic, because the three dimensions gives you just that much more information that's available. So, in order to develop a set of icons, there are so many things that could appear on any map. So I've focused in on maps of parks and playgrounds, and also shopping areas, and did co-design. So hundreds and hundreds of icons were tried and tested and redesigned and try to test it again and again until we got something that would work. Those ones that we were pretty confident with were then tested with both congenitally blind touch readers and with novice touch readers. So that might be people with acquired blindness, low vision, or I also tested with people who are sighted, who were not allowed to look at the icons as they tested them. And we ended up with thirty-three recognisable icons that people can recognise straight away without needing any help. And then another thirty-four learnable icons that people could feel very easily, but they might potentially need to have a look at the key, but could then remember them afterwards. And all of those icons were shared on Thingiverse, and we are adding some extra icons as more are developed. So that Thingiverse is an open repository, and it means that absolutely anybody can access and download and use the same icons that we are using. And on screen, I have some examples. So, for example, for an entryway, there is an archway. For the bike path, there's a little bicycle. For the picnic area, there's a little wicker picnic basket. And the favourite one for everybody is the toilet, because it's an actual toilet, everyone remembers that one.

Okay, so what makes a good tacticon? I'm calling them tacticons. So recognition depends on three things. Firstly, being able to feel the object. So this depends on tactile sensitivity, and also the use of appropriate hand movements. Again, that pinching and enclosure, and moving the hand rather than just squeezing. Which is why I making sure that I was testing with novice touch readers, because they are going to potentially not be as good at those things. And it then became evident that it's important to have the important features near the top of the icon as well, because that's where you're first going to feel, that's where things are going to be most obvious. So the second thing for recognition is recognising the object. So for that you need to be familiar with the object, and this is why I was testing with congenitally blind as well, and some icons were not familiar. So, for example, we had a half pipe for the skateboard area and there are some people who are congenitally blind who knew it straight away, have been in the skate park, but many did not. So, having an actual skateboard was a much better representation for that one. The shape needs to be unique, it needs to be simplified. So something like a rectangle is not going to be meaningful, it could be many, many things. It needs to be simplified, so that you don't have all of that extra information that just slows down recognition. And it needs to be realistic. So, if you're simplifying something, simplify it realistically, rather than a cartoon-like way, which again is not going to be recognisable to everyone. And mental imagery is an ability that fluctuates over time and it fluctuates between people as well. So you need to be able to imagine what it is that you are feeling. And the third thing is that you need to be able to associate the object with the landmark that it represents. And context helps with this. So, for the mental imagery, I had someone who, at one point, they were describing a cylinder with an open space in an upright cylinder. Open space in the middle, a stick coming out at the top, but they couldn't recognise that it was a saucepan. But once they had recognised that it was a saucepan, if it was on a map of this, the shopping centre, you would think that that's the homewares store, hopefully. But if it was on a map of a house, you would think that it's the kitchen area. So you can reuse the same icon for different areas, as long as you know what the context of the map overall is with your braille label at the start.

Okay, the other use of tacticons or tactile icons is for on self-made maps. So co-creating a map makes it much more meaningful, personally meaningful and memorable, and something that you're perhaps more likely to refer back to, as well. As with the street crossings, making your own map allows for checking of understanding as well. And we've also been using the tacticons for brainstorming and design. I'm actually taking a bunch of them with me to the round table conference on information access today, and we're going to use them at a couple of different workshops. So on screen I've got some images of tacticons of a playground design that we did with a bunch of kids and had a great, great fun with them.

Okay, so how's my time? Oh my goodness! What we've learned along the way. I'll be very fast. Alright, I'm going to skip over this bit and talk about just, in terms of adoption. So, I think that it's important, that in order to adopt 3D printing by producers and users, people need training, obviously. Networking helped a lot. So the ANZAAG group, we have a 3D printing group that meets monthly, and we were all learning how to use 3D printing together, sharing our tips, building up our guidelines together, and that had a huge impact on people. There needs to be good communication within the organisation, so that people know that 3D printing is available, they know how to ask for it, what sorts of things are most appropriate to ask for. And catalogues and request systems are really important for that to just ease the burden for busy vision specialist teachers to be able to just ask for something that's appropriate for a child in year four who's learning about mathematics, for example. Self-learning is important with 3D printing, and that willingness to pull a printer apart when it stops working, so they're having that give-it-a-go attitude. And also organisational support, so that you have got the time to invest in learning. So we did have really successful adoption within Australia. In most of the organisations that produce accessible materials, there were a couple that had more difficulty, and they tended to be smaller in size, which meant that they had a lack of flexibility for their staff and perhaps less technical skills, and also were isolated, were not involved with the larger groups.

I did want to make the point as well that 3D printing is one example of a new tactile media, but there are others that are coming up as well. So, Dave, I know, was talking about refreshable tactile displays. There's also things like UV printing, which is becoming very popular very fast as a tactile media. There's haptic devices as well. So these are all really exciting, but we do need to work together to make sure that we are reducing that learning burden. We can learn together, we can standardise the input formats and the production methods, so that we can swap materials more easily. And if we can develop standardised production guidelines, then we can optimise the tactile reading experience and make these products maximally useful for everybody.

Okay, there's a huge amount of resources that are available. So I mentioned the 3D printing guidelines that we developed. They're available on the Round Table website at printdisability.org and they cover everything from what is a 3D printer all the way through to how do you finish your design so that it's smooth to touch. There are a lot of repositories of existing models. On screen I have an image of Toronto city skyscape with all of the buildings, there's the tower and the stadium and the river. So that's just available for anyone to download and print. There are some automated tools for mapping, in particular. So, Touch Mapper, you can type in your address, and it will give you a street map with buildings. Terrain2STL, again, type in the address, and you can have a topographic map of the area. And there are a lot of tools as well for generating the braille that will go on to your 3D models. Community groups. If anyone's interested in joining the ANZAAG 3D printing group, we're called Australia New Zealand, but we have members from all over. We already have a few members from Canada. There's a 3D for educators group that's run by the Texas School for Blind and Vision Impaired, and they have monthly meetings with guest speakers as well. And I think Dave mentioned the Tactile Media Alliance, who I'm a big fan of. They're very much into promoting tactile reading for blind and low vision, but also as just a very useful medium for everybody that should be more mainstream.

Okay, and my contact is leona.holloway@monash.edu. All of our stuff is on the Round Table website, and we have a lot of resources on the MATS website and invite people to be partners or friends with us and find out about our research as it happens. And my last image is some braille Boggle cubes that have been printed with the words, Thank you very much.

Jen Goulden
That is awesome. You do still have a couple more minutes if you want to, if there’s anything else you want to touch on.

Leona Holloway
Oh, wow.

Jen Goulden
I just didn't have a chance to tell you that we went. Oh, my goodness, the time's going by so fast. I was muted, and I didn't.

Leona Holloway
Okay, so I've got like a million bonus slides that I can use for the question time. But the one that I skipped over was to do with just what is 3D printing good for more broadly than the tactile maps.

So I would say that… It's been said many times, but anything that you can't touch in real life, 3D printing is an option, if there's not already models that are available at the two-dollar shop. So things that might be too big, might be too small, too dangerous, rare, fragile, expensive, you can create a 3D model instead. As I said with the street crossing maps, 3D printed parts are durable, and you can have things that are more manipulative. I didn't, I think, show any examples of things where you can twist and spin. I've actually got a little model with me of a playground tool with like noughts and crosses game, and you can spin those round. The inclusive learning tools, I think for learning tools, 3D prints are appealing to everybody. So you can use them in the classroom to teach everybody, and then the student is more included rather than having to use something that no one else is able to access. And the example that I have is a map of Australia. You can type in the data for this, and I think this one they've typed in the population for each state, and then each state raises according to the data that's been given. And that's something that all of the kids could use together.

3D printing is also good for learning about that translation from a 3D object to a 2.5D tactile graphic. So, for example, understanding from a map what a bird's eye view means, and then being able to use a tactile graphic of a map afterwards. And we're doing a lot of work with Dorian intervals as well, on orthogonal projection. So understanding the three dimensional view of things. So you use a 3D model to start learning that, and then can use the tactile graphics.

And also for creating customised adaptive tech or learning tools. So I've just been printing a whole heap of document mirrors that will sit on a laptop, and it will hold the mirror looking down towards your keyboard, so that you can watch if you're doing. For example, remote teaching of braille, you can see somebody's hands over Zoom, for example. Okay, and that's plenty.

Jen Goulden
Well, thank you so much, Leona. This was fascinating, and especially you took some time out of your Saturday early morning to talk to us. So, we really appreciate that. No doubt, there will be much more exciting things to come in this domain. BANA actually is going to start looking at 3D printing guidelines and things like that. So, lots more exciting things to come. So, at this point, Anthony I believe, I will be handing it over to you for Q&A. And I actually do have a question for Leona, but I will wait and make sure that others get to ask the question, because I'll just email you if I don't get a chance.

Anthony Tibbs
Okay. We do have some questions. So, though this goes back a little bit, Ryan said, “Can I suggest that you call confusing tacticons Decepticons?” Kim Tang asked, "Are your tactile icons are available for download?” And I think you've said that many of them are published somewhere.

Leona Holloway
They're on Thingiverse. So, Thingiverse, T-H-I-N-G-I-V-E-R-S-E, is the largest online repository of 3D models. It's a generalist repository. And yeah, there's so much on there, it's crazy. And it's all free. So, my username is Leona H, but I think if you just type in tactile icons, you should be able to find them pretty quickly as well.

Anthony Tibbs
Svetlana said, “I'm blind since birth, and some concepts are quite hard for me to grasp. So, I really like the 3D models. The best tactile map I've ever seen was in the zoo. My host took me to visit on one of my business trips. It even had a small figure of birds and animals on it. One tip I can share with other participants is that sometimes you can touch 3D models in museum souvenir shops. For example, I took a look at a sarcophagus in the gift shop of one of the museums.” Yeah, I suppose in some cases the gift shops might have the tactile models that the museum does not. I hadn't really thought of it.

Leona Holloway
Definitely that's true. And I think, I feel like 3D printing is kind of bringing a resurgence in 3D models. So long ago we used to have lots of access to taxidermy materials, we had volunteers who were producing these amazing 3D models for the schools for the blind. But with mainstream education, it just became more difficult to distribute things of that size as well, and it's gone out of favour. But 3D printing’s made, I think, making these models more affordable and possible again, which is great.

Anthony Tibbs
Mark Weiler says, “Are you or your team in conversation with the Monash University Library to co-imagine a role for university libraries in supporting tactile resources in post-secondary education? As a start, university librarians often host exhibits of visual arts, perhaps they could host an exhibit of tactile representations.”

Leona Holloway
That is a good suggestion. So, we do do a lot of public events. So things like Melbourne Design Week, or I can't think off the top of my head. We do do lots of public events, and we make sure that we invite the blind and low vision community along and promote it as much as possible. But also just having everybody come through and experience the tactile media as something that's useful for everybody, I think is really important from raising awareness.

Anthony Tibbs
Thank you. Well, I don't have any more questions. We still have a minute or two, if there's anybody else that has any questions.

Jen Goulden
May I ask mine? Well, people think about it.

Anthony Tibbs
Yes. Oh, yes. Go ahead.

Jen Goulden
Okay. So, at the recent BANA meeting in Pittsburgh, we had an in-depth discussion about 3D printing. And some board members actually brought some samples of things from their organisations or from their own personal, you know, that they had made themselves. And one of the board members brought a book that was a braille book, and there were some tactile graphics, but it was done using the polymer printing process. And, to be honest with you, I didn't have high hopes, but it was excellent braille. The organisation that did it had done a really, really good job. And I just wondered, Leona, if you've had any experience with that.

Leona Holloway
Sorry, with polymer? Is that what you are…

Jen Goulden
Yeah, I have a write-up on the process, because the board, we asked for more information. But they used some sort of polymer printing process to generate the braille. Like someone did the transcription, but then they used that, and it was really, really good. It was in conjunction with we were having a braille and 3D objects discussion, and so that's why we were looking at this book. So, I just wondered if you had had any experience with that.

Leona Holloway
I'm not sure exactly what you mean by the polymer braille. But with the 3D printing, definitely, you can embed the braille onto your 3D prints, and you can create 3D printing with a whole range of different materials. The most important thing is to always print your braille on the side, so that the print head is kind of smoothly going across the braille bump, rather than doing lots and lots of little circles, so that you've got a nice smooth braille. And it does give a really durable, nice braille. And I guess the other method as well, that's coming up is the UV printing, as I said.

Jen Goulden
I'll send you the write-up, so you have it. You can take a look.

Leona Holloway
Excellent. Thank you. Any new tech I'm interested.

Jen Goulden
Yeah, I'll forward it to you.

Leona Holloway
I think the other thing I didn't talk about at all, but it's always worth mentioning, is the accessibility of 3D printing for people who are blind to create their own materials. And we do have a good number of people in our group who are really actively making some amazing things. So it's tricky, but it's possible, and together we can figure out all of the hacks to make it possible.

Jen Goulden
That's awesome. Thanks, thanks again.

Anthony Tibbs
One last follow up, Ryan was asking, “Is that the same as a resin printer?” I'm not sure what the that refers to.

Jen Goulden
Oh, yeah. What I was talking to, I am not sure, and it may be. Yeah. It's kind of new to me. I mean, I know what polymer is, but the process is new to me. So possibly.

Leona Holloway  43:59
So the main material that I use is PLA, and I think the P stands for polymer. And it's actually made from the refuse from corn, I think. So it is organic and does break down after long enough. So it's terrible, but it will break down eventually. Because that is one concern for people, is not wanting to use, create a lot of plastic waste as well.

Anthony Tibbs
Daphne, did you have…?

Daphne Hitchcock
Yes, thanks. Anthony. Leona, this is so fascinating. In looking at your slides, I've noticed that many of the tacticons are different colours. In the guidelines that you've put out, is there any reference to building in contrast? And I was also wondering about contracted or uncontracted braille, if there's a recommendation around that. What is the take?

Leona Holloway
Okay, so in terms of the colours, honestly, I am pretty lazy and just print stuff on whatever colour happens to be in the printer at the time when I'm creating things that I'm working on. But for a finalised model, yeah, obviously having strong contrast is important for low vision users. It should be accessible for everybody. Also, I think that light colours are much better. If you print something in black, it's really hard to see because the shadows don't show up. And we do have in our guidelines a lot of recommendations regarding the colour of your printing and how you can make multicolor parts et cetera.

Daphne Hitchcock
Good. Okay. Thanks. Thanks. So fascinating.

Anthony Tibbs
Well, thank you very much. Looks like we don't have any more questions, so we can wrap it up there. But that's all been very interesting, and thanks for being with us very early in the morning for you.

Leona Holloway
Thank you so much, and always happy to talk to anyone if they're interested in the work, so do contact me.
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