Mathstudy group session 1 (77:00)

SPEAKER: Hello and welcome to the CVI math study group first session. This is kind of like the kickoff. 
And I've subtitled this presentation "Moving Forward Together" because that's really what this is about, is it's not me presenting as an expert on this topic, by any means. And it's really more about hopefully kicking off a new community of collaboration, and sharing our ideas and thoughts about CVI, how it impacts math, and what we can do as a CVI community to educate each other, connect with others in different areas of different fields that might help us do this, and move forward together to better support kids with CVI, in the area of math. 
OK, so here are the problems as I see it. By problems I mean, what were the concerns that I had that kind of led me to want to explore this area more. So I've seen many students with CVI struggling in the area of math-- mathematical skills and development. CVI seems to present some unique challenges to acquiring number sense and higher order math skills. 
We know about neuroplasticity, and the growth mindset, and that these challenges are not insurmountable. However, right now, there's really no research specific to children with CVI and math development. There also, kind of dishearteningly, doesn't seem to be anyone out there who's even working on this research or exploring it. And finally there doesn't seem to be any coherent conversation around this topic, or any developing community of thought when it comes to CVI and math. 
So the solution, as I see it at least, is that we need to do something about that to kind of speed things up a little bit. I think that what we need to do is develop a widespread understanding of the math-related challenges that kids with CVI might face. I think teachers of the visually impaired, we need to deepen our understanding of math, and how to teach math in general. And then, on the flip side, math experts, special education teachers, math teachers, math coaches, interventionists, the more of them become well-versed in CVI, and the more CVI gets on their radar, the more people, the more different perspectives and areas of expertise related to math instruction we can of bring into this conversation. 
University researchers-- wouldn't it be great if they started connecting with math educators and TVIs to learn about what questions and issues, at an educational level, are there about math and CVI. And then apply scientific research and studies, clinical studies aimed at figuring out what approaches might help kids with CVI learn math. I think these are all great goals, and kind of lofty things to aim for. 
But when I was thinking about this, how long might this take, right? In order for this to all happen, we would need to really rely on a great deal of chance encounters, over years, between math teachers and TVIs, math coaches. Maybe a math coach who has a kid with CVI, and they end up being motivated to reach out to the TVI, and they get together and start working on something. Maybe a university researcher somewhere, CVI comes on their radar, and they become interested in doing a study or an article on math and CVI. 
So I mean I think those are all good goals. But I imagine like, how long would all of these chance encounters take to add up? I mean, 10 years? 20 years? Where would we be if we sort of jumped 20 years from now? How many of these chance encounters would have taken place around the country and internationally to really develop into a growing body of research and thought around math and CVI? 
And it just seemed to me like it would take way too long. And we have kids in school right now with CVI who are struggling with math right now. And how long can we really expect these kids and their families to wait, right, for all these kind of chance encounters and chance collaborations to take place? 
So my thought is, we need to hit fast forward. And I think that's the whole reason for this CVI and math study group. We want to create fertile ground for families and professionals to come together, intentionally, as a community of diverse thought in order to do these things. We want to gain and spread awareness of the unique visual challenges that many kids with CVI face when it comes to acquiring math skills. We can share our insights, discoveries, and paths of inquiry in real time with each other. 
So I'm going to throughout this presentation use this term "promising paths" or "paths of inquiry." And what I mean by that-- actually I'll describe that in a little bit, a little bit more in depth. But I think we also want to invite-- we could use this math study group as a chance to invite a wide array of professionals from other fields to the table, to join the CVI and math discussion. So definitely people in the vision field-- TVIs, researchers, eye doctors, parents of children with CVI, individuals with CVI, that would be phenomenal-- but then also people who might not be directly in the vision field, like special education teachers, math interventionists, math teachers, experts on dyscalculia. 
If you saw my presentation CVI and the Math Mind which is on YouTube, and it's also on Perkins Now, you'll see that I've noticed, through the research that I was doing, that people with dyscalculia and people with CVI seem to share some of the same visual difficulties when it comes to acquiring math skills. And so I suspect that if we really sort of pick the brains of experts in the field of dyscalculia, we might be able to discover some research, and some strategies and educational approaches, that we might be able to apply and maybe adapt to some children with CVI. 
Also as this CVI math study group, we can foster a growing array of promising practices and promising paths of inquiry around math and CVI. And I feel like what I'm really hoping, and I think what Perkins-- what we're really hoping that we can do is create like a space where we're trying to fast forward these chance encounters, and make them less by chance, and more intentional. Where we're inviting in people from other disciplines, to help us better understand math, to help them better understand CVI, and what that intersection is between CVI and math, so that we can start generating ideas and paths of exploration much more quickly than if we just relied on pure chance encounters. 
So a path toward unique math approaches for children with CVI-- All right, so here is sort of like the steps that it seems like we would need to travel in order to get to that path. First we would need to ask ourselves, how does math typically develop in the human brain? So if you saw my presentation, again CVI and I Math Mind, if you haven't seen that yet, I would go back and watch that before you watch the rest of this, because what I talk about in this presentation really assumes that we're all sort of sharing the same knowledge that I presented in CVI and the Math Mind. 
But that's what I really covered there. It's the research of Stanislas Dehaene and his colleagues. They've really pioneered some really exciting research in learning how the brain develops number sense, and math skills in general. And it turns out it's in the visual system, primarily. That the dorsal stream of visual processing turns out to be the seat of number sense development and foundational math development in the human brain. And that just happens to be the area that's impacted in most children in the CVI is that dorsal stream of visual functioning, among other areas. 
So I think we first need to look at, how does math develop typically in the human brain? And then second, what unique challenges can CVI present in that development process? Third, what research-based educational intervention strategies already exist for addressing similar challenges in people who are not necessarily diagnosed with CVI? We already know there's really nothing out there, no research out there, as far as what math strategies help children with CVI. But what about other research-based math strategies that are out there that might be closely applicable with some adaptations to children with CVI? 
That leads me to number 4, how might we adapt and borrow and apply the research-based strategies that already exist to children with CVI? Fifth, we can present case studies. So once we sort of find these promising paths of exploration, we can then try them with our students, and present case studies of attempting these strategies, and seeing how they worked, how the students progress, what we noticed, what we had to adapt along the way to make these strategies maybe more CVI friendly. 
And from there kind of established promising practices. I like that term "promising practices" that Perkins uses a lot. I think it describes-- I think promising practices is a good term to describe a lot of the strategies that we're using for kids with CVI, that might not have really robust direct research with big populations of kids showing how those strategies impacted the children. But there's sort of a wide consensus in our field that they're best practices-- that they work-- or they're promising practices, right? 
And I feel like promising paths is a step before that. I feel like when it comes to CVI and math, at least on based on what I'm presenting, I'm not prepared yet to say that these are promising practices, because I haven't even tried many of them with students yet. It's really more like promising paths of exploration and inquiry. And let's see if we can, as a community, turn some of that inquiry into promising practices. 
Number 6 then, develop new strategies unique to children with CVI. And then finally, can we get scientific research to look at those practices and those strategies and really analyze, how do they impact mapping acquisition in children with CVI? Do these promising practices really work? Can they be validated by research? So I think it's this multi-step process. 
And I feel like right now, if we backtrack to the presentation I did on CVI and the Math Mind, I think we are at number 1 and number 2 on this list. How does math typically develop in the human brain? We know it's the visual system, in a big way, is involved in early number sense. And then number 2, what unique challenges can CVI present in that developmental process? And that's really the two hour plus presentation, those are really the main areas that it focuses on. 
In this presentation, and I think going forward, it's really we're starting to look more now at what strategies, what research-based interventions already exist for children, who don't necessarily have CVI, but who might have math difficulties for some similar reasons to children with CVI? And if we can learn from that research and those strategies, how might we then adapt, borrow, and apply these research-based strategies to kids with CVI? So I think 3 and 4 is where I'm at right now. And I just want to share it where I'm at with you, and see if this can get our discussion going, and if we can start really collaborating on some of these thoughts. 
So I feel like today is just really a small beginning step. And here's what I want to do-- so I want to do a really brief review of the importance of visualization in the development of math concepts in the human brain in general, and then a brief review of the challenges that CVI can present to our ability to visualize math. And then third, start taking a look at what is one research-based approach out there that addresses these difficulties, or that addresses math difficulties due to problems with visualizing math concepts. So there is an approach that exists, that's been developed specifically to help children who have difficulty in math due to problems visualizing math. And so we're going to take a look at that today, and explore how that might apply to children with CVI. 
Number 4, then once we're looking at that research-based method, let's take a look at what elements we might adapt of that approach to use with kids with CVI. And thinking about the relative challenges and relative visual strengths that many kids with CVI have, how might we adapt this strategy to try with children with CVI? And then finally, asking ourselves the question, is this a promising path of inquiry that we want to keep pursuing as a study group? 
OK, so first a little bit of review. So Stanislas Dehaene's book The Number Sense-- How the Mind Creates Mathematics, well again, in short, it's the visual brain that seems to be the seat of the development of number sense and the foundation of math development in the human brain. And specifically it's the parietal lobe, which is part of our visual dorsal stream of visual processing. OK. Dehaene and his colleagues talk about how infants start to internalize a sense of quantity, just in infancy, right, through incidental observation-- so through their vision, through just seeing the world, seeing everything that's out in front of them, and noticing the relationships between quantities of items. 
In the early elementary years, we begin to actually form an internal number line in our visual brain. And this becomes the foundation for our ability to organize quantities, our ability to count, and our ability to do addition and subtraction. Our visual number line-- and it's in our dorsal stream, in our parietal lobe, which is part of the visual cortex. These two early math milestones lay the foundation for the development of more advanced math skills. 
So I just find this so interesting, this research. When we look to-- this relates to the number line in our visual brain. These researchers have found that when we look to the left side of visual space, an area in our right parietal lobe is active, processing that area of visual space. Conversely, when we look to the right side of visual space, an area in our left parietal lobe is active, processing that area. 
Now this is amazing. When we subtract numbers, the right side of our parietal lobe is active, as if our mind is shifting to the left of visual space, as if our mind is looking to the left side of that number line as we subtract. When we add numbers, our left parietal lobe is active, as if our mind is looking to the right and moving up our visual number line. Incredible! 
So we have this internal sense of a number line in our parietal cortex. And when we do math, we visualize this number line. And the researchers stress that some people, it's more of a vivid visualization, and for other people it's more of a subconscious, very vague type of visualizing. But it's happening in our visual cortex in our parietal lobe. 
OK. So just a little bit again of how sort of math is built in the brain, just a little bit of a review. So in the dorsal stream, that's our occipital parietal area all the way out to our frontal cortex, that's really where our early sense of quantity starts to develop. So let me just back up for a sec. So in that parietal area is sort of where we're sort of visualizing visual spatial quantities of numbers, and that kind of thing. But what about numerals? Well numerals are more of a ventral stream thing, right-- our visual library, our seat of visual recognition in the brain. So there's an area in our temporal lobe, which is between our ears and it's part of our ventral stream, of visual processing. And that's where we recognize numerals. 
Now our frontal lobe-- so obviously, of course the ventral stream, the dorsal stream, all have connections to many areas of the brain, including the frontal cortex. And in the frontal cortex is where our sense of quantity, our visualization of quantity, is combined with our visualization of the actual numeral that represents quantities. So we see two things with our dorsal stream. That's sort of where we imagine that quantity. We picture the number that goes with it in our ventral streams. And then we combine the two in our frontal lobe. It's this constant stream of communication, this visual, cognitive loop. 
And I think what's really fascinating is that even though we recognize most things visually in our temporal lobe, our parietal cortex is so strongly associated with math and quantity, according to Stanislas Dehaene and his colleagues, that we actually end up also recognizing numerals in our parietal lobe as well. So fascinating. 
So here were some patterns I was seeing among many of my students that led me down this path of like kind of diving into math and CVI. So many of my students were having difficulty counting, and still are, double counting. Some students would double count items, skip other items, and not really realize they were double counting and skipping. Many of my students have difficulty recognizing numbers, difficulty with word problems. And I always suspected, with the word problems at least, that there were some problems with visualizing, because when I do a word problem, I'm picturing the problem in my head, and manipulating the characters or the actors in the problem. 
Difficulty judging quantities, like greater than, less than, and so on. And then difficulty recognizing shapes. These are to some of the difficulties that I see my students having with math. So for some people, such as children who have CVI, the number sense may not come as naturally and as incidentally as it does for others. Many of my students require intentional, thoughtful instruction and scaffolding to develop number sense. But why is that? What is it about CVI? 
Some of you may have gotten this question before, too. I've gotten this question many times. And the question is, is it visual or is it cognitive? Right? And hopefully throughout this study group, we'll all come to the kind of consensus that I think that question is too simplistic to really have any real answer. Is it visual or is it cognitive, right? We develop our cognition through the course of our lives, partly by what we take in with our senses, and how we organize the world and perceive the world with our senses. So if there's an interruption, or something that's not going correctly or typically with the way that we're taking in information about the world, then our understanding of the world and the concepts we develop are going to be a little bit different. And they're going to be impacted by that. 
OK, so I don't think so that whole idea of, is it cognitive or is it visual? I think that's a question, when it comes to CVI, that we just sort of need to leave behind, and realize that it's a much more complex question than that. OK? 
But I think this is-- so when it comes to this question of why do kids with CVI have difficulty with math, not all kids but many-- this is the steps right now and how I think about answering this question? Or at least from what I've read and researched so far, this is kind of where my understanding is, OK. So we need to take this research that Stanislas Dehaene and his colleagues are doing, and kind of extrapolate it to children with CVI, because he's mostly working with adults who have brain-based visual impairments. Some who developed it maybe from birth, but mostly, I think, later in life. 
So let's sort of follow this train of thought, and try to extrapolate his work to kids with CVI. All right so according to Stanislas Dehaene and his colleagues, the visual brain, or parietal cortex specifically, seems to be the seat of mathematical thinking in humans. Adults with dorsal stream impairment, in other words simultanagnosia, which is similar to difficulty with complexity of array on the CVI range, adults with dorsal stream impairment have specific difficulties developing number sense and higher mathematical thinking. And from what I've read, all these examples in this book and in Stanislas Dehaene's research articles in general, those adults math difficulties stem from problems with visualizing mathematics. Visualizing. 
And again, from what I've noticed, those adults' error patterns-- when they're doing math the error patterns that they're showing-- look very, very similar, to basically the same, as the error patterns that I'm seeing in my students with CVI. Furthermore children with CVI who have dorsal stream impairment, which is the most common impaired area in CVI, likely have difficulty with math due to a similar difficulty in visualizing mathematics. So this is how I think even though Stanislas Dehaene is studying adults and we're working with children, I think it's very, very, very closely related. And he doesn't use the term CVI in his book, but he's talking about simultanagnosia primarily, which is part of CVI. 
I think we have to be careful when we're extrapolating that adults and children are not, of course, going to be exactly the same. When an adult sustains a brain injury later in life, and develops let's say a visual processing disorder like simultanagnosia, it might look different than what it looks like for a child. There's less neuroplasticity in adulthood. So the adult version of the impairment might be more pure, and more severe in some ways, because you don't have as much of maybe a bounce back because of neuroplasticity, or as much of a recovery. 
And also with adults, I think the visual impairments sometimes tend to be more isolated to certain specific areas of visual processing than they do in children, because with children who develop CVI, either in utero or very early in life, the impairment tends to be more widespread to many different visual processing areas, whereas in adults it can be sometimes more isolated. So the patterns can sometimes look a little different, but I think simultanagnosia is one of the main difficulties in children with CVI. And that's primarily what Stanislas Dehaene and his colleagues are researching-- the intersection of simultanagnosia and math skills. 

So where do we go? How do we move forward and help kids? And what do we do about this difficulty in math? Well there's no research that I can see on math and children with CVI. So where do we start? Do we just wait? I don't think so, right. I think we need to hit fast forward. 
And so here's to me what I feel is a path towards unique math approaches for children with CVI. And let me just check. I think this is a slide I already read. Yes it is, so we can skip that. Oh no never mind. I put that in on purpose. Sorry. All right, so it's this slide again. And it's basically this numbers 1 through 7 of what I feel the steps might be from getting to no real community of thought to more of a community of collaboration and thought. 
So again, I mentioned that I use Stanislas Dehaene's book to kind of address number 1 and 2. And then where we are today, for number of 3 and 4, I mentioned that there was a research-based approach to helping kids who have trouble visualizing math. And there is. And it's called On Cloud Nine. It's part of the Lindamood-Bell program, based out of Massachusetts. And it's been around for a long time. And it looks like it's very research-based. And they have a very comprehensive website, that I'll share the link for in a minute, that talks about all the research behind what they're doing. 
So searching for a "promising path." So this is kind of like how I got to this-- how I discovered the approach that I want to share with you today, the On Cloud Nine approach. 
So many of my students are having difficulty with math. And I keep getting asked this question, is it visual or is it just cognitive? And again, I suspected for a long time that this question was way too simplistic to actually answer. And then I started to develop my own questions that I would ask math coaches and math teachers. And that question is isn't math really visual? I would be sitting next to my student as she was trying to solve a math problem. And I would be trying to solve it, too, and trying to analyze what I was doing in my brain as I was trying to solve that. 
And I always came back to the idea that, there's a lot of visualization going on, whether I'm just doing straight up computation, or whether I'm doing a word problem. There's a lot of visual manipulation and visual spatial thought going on in my brain when I do math. And then I was thinking about my student, and look at the areas she was struggling in, and I would start thinking to myself, if I had trouble visualizing this, might I make some of these same arrows that she's making? And I would ask this question, don't we visualize when we're doing math? And I would get an answer from math coaches and math teachers that are kind of like, yeah, I think we do. Yeah, there's definitely some really visual aspects to math. 
But never any real concrete definite answers. So I wanted to keep exploring that question. I wanted to find some answers. And that's when I came across Stanislas Dehaene and his book The Number Sense. And what he taught me was that yes, math is fundamentally visual, and that the foundation of math development is in our visual dorsal stream. 
And a quick aside here, because I'm talking about how visual math is, and of course most of us who are TVIs have encountered many people who are blind due to ocular reasons who are Braille readers who are just complete whizzes at math. I remember having a high schooler a few years ago who was a Braille reader who was way better at math than I am. She was taking like pre-calculus in junior year, and I couldn't do pre-calculus. So you know it's kind of like, it's not vision, obviously. 
Obviously vision is not a requirement for doing math. Having your eyes be able to read print isn't a requirement for doing math. I think what we want to think about is that visual brain, that parietal area of visual spatial information, if we're ocularly blind, if a person is ocularly blind, then that parietal area, where Dehaene and his colleagues are pinpointing as the beginning of math and number sense, it's still active, and it's still doing its work. It's just using other sensory information to do that. It's using touch. It's using auditory information. And I think we can say, since we know that we don't see with our eyes, we actually see with our brains, I think it would be safe to say that a person who, even if they're blind for ocular reasons, they're still visualizing math in their dorsal stream probably, in their parietal lobes, just in a different way-- based on tactile and auditory experience rather than visual experience. 
So anyway I just wanted to mention that really quickly. In that, if vision is your primary sensory modality, then you're going to be gathering that information visually, primarily, when it comes to giving information to that parietal area. OK. 
So most students with CVI have some degree of dorsal stream impairment or simultanagnosia. My students with CVI were making the same error patterns as Dr. Dehaene's simultanagnosic adult patients. And at least some of the difficulty in math my students are having then, I'm assuming, or I'm coming to the logical conclusion, is likely due to difficulty visualizing math. 
OK, so then that led me to the question-- so after I satisfied my suspicion that at least some of my students' math difficulties were due to difficulty visualizing math, then the next sort of big question that came into my mind was, so how do we teach this? How do we intervene? How do we help with this? So is there any research out there on teaching kids with CVI to visualize math? No. OK. 
But then I thought, are there other populations of kids out there who might have difficulty visualizing math? If visualizing is such an important part of developing math, then there's got to be something out there, some program, that has come up with ways to teach people to become stronger visualizers when it comes to math. And happily the answer was, yes, there is. And there may be more, too. But the main one that I found so far is what I just mentioned, the Lindamood-Bell On Cloud Nine program. 
And so as I'm right now going through this book, reading this book, learning more about this program, I'm asking myself constantly this question-- might these strategies in the On Cloud Nine program have any application or relevance adapted, or even as is, to my students with CVI? And so far in my mind, the answer that I'm coming up with is, yes probably. But I want to present some of these strategies to you today, along with some thoughts that I have for how we might adapt them to kids with CVI, and really open it up and see what you all think about it, because I'm certainly not an expert. 
OK so it's important, I think, to mention that On Cloud Nine is actually not the most is not the program that the Lindamood-Bell organization is most well known for. The thing that they're most well known for is a book called Visualizing and Verbalizing for Language Comprehension and Thinking, by Nanci Bell. And so this is something actually that I think could be very, very useful for kids with CVI. It's just not math-related. It's more related to reading comprehension and language comprehension. 
And what this approach says is that some children have difficulty with reading comprehension because of an inability or difficulty visualizing what they're reading, creating an internal movie in their mind. And I have long suspected that this is the difficulty that many of my students with CVI have when it comes to comprehending, especially more inferential, main idea. Some of my students are very good at comprehending facts and details from a story, but not putting together the whole picture, not getting the gestalt of the story, or the main idea, or the theme, and having a more difficult time with more inferential comprehension questions, when it comes to reading text. 
And this book, Visualizing and Verbalizing, which I'm also making my way through, is the Lindamood-Bell program's answer to that. And they're teaching many kids how to better visualize and create internal movies and imagery when they're reading. 
And it's interesting, because the reason why I stumbled upon this book a couple of years ago, was that I was explaining to one of the special education teachers who I work with about this thing I was suspecting, where I was saying, I think our student has difficulty visualizing what he's reading, or kids with CVI in general. And you know, I think that's why we need to review salient features so much, and stress pictures, and videos, and imagery, and things like that. And she went over to her shelf and pulled this book off the shelf and said, I totally agree with you. And this is the reason why we've always been doing picture walks with this student since he was in kindergarten. 
And this special education teacher, I always thought just had such a natural just knack and instinct for teaching salient features to this student as they read together. And I was always sort of in awe of her. And I had been working with her for a couple of years. And then it turns out it was because she read this book that she had already been doing all of that, before I even came into the picture for this student. 
So anyway, I think when it comes to language comprehension and reading comprehension, I think there's a lot that we can maybe borrow or take from this approach to help kids with CVI. But for today, because this is about math and CVI, we're going to be focusing on Lindamood-Bell's other program, which is how to teach kids to be better able to visualize to develop math concepts, and do math calculations, and math problems. 
So the Lindamood-Bell approach, I've learned, is not only research-based-- which means that when something's research-based, that just means it's been created based on research that exists-- but it's also research-validated. It's validated as an effective program in teaching kids how to visualize and improve their math skills. And they've got a whole separate page on their website, dedicated to all the research behind their approaches. And here's the link right here. 
And here's just a couple of little snippets from their website. So here is a graph showing the results of students who received more than 45% of their hours at the Lindamood-Bell program in math instruction. OK, and so what it shows is that before the program, the students were, for computation, on average in the 16th percentile. And then after the retest, after this intervention, they were on average at the 47th percentile. And then for story problems, like I'm assuming that means what we call word problems, before interventions, they were on average at the 27th percentile. And then after interventions at the 47th percentile. 
So just pretty interesting. When it comes to computation and storage problems, again, they looked at what was sort of like the average standard score change for the population of students they were working with. And for computation there was a 13.7-point increase in standard scores. And for story problems there was an 8-point increase. So you know, I just show this briefly, just to stress that when I first started exploring this program, I was encouraged to learn that there's so much research behind it and supporting it. 
And this is just a summary from their website. The average age of their students they were working with was 11.5 years old. Average hours of instruction in this approach was about 100. And the results. So on average, students who received all or most of their instruction in On Cloud Nine Math achieved significant improvements in math. They made large just statistically significant standard score changes on both measures. Additionally, the 31-point percentile increase in computation puts these students within the normal range. So just interesting. 
Again I'm not showing this to try to prove a point, or to try to convince you that this is what we should go with for helping kids with CVI, but just to show that it's the same sort of-- as I was doing my deep dive into the program, I was looking like, OK is this research-based? What are the results for kids without CVI? And I just wanted to share with you a little bit about what I encountered. 
OK, so kind of delving into their book now, On Cloud Nine, these were some of the things I was reading toward the beginning of the book. So for individuals who "get math," the language of numbers turn into imagery. And they "see" mathematical relationships. Right? And then they quoted Albert Einstein. The authors of On Cloud Nine quote Albert Einstein saying, "If I can't picture it, I can't understand it." They quote Aristotle, "It is impossible to even think without a mental picture." Right? 
And again, for a person who's ocularly blind, there's still an idea of "seeing" or a mental picture. But it's just in a different way, right? It's in a different way than maybe a typically-sighted person would mentally picture something. 
And also the authors in the beginning, when they're sort of setting up the importance of visualizing when it comes to math, they talk about this thing called dual coding theory. And they actually cite Stanislas Dehaene as somebody who has some authority on this subject. They say that math requires two aspects of visual imagery. One is the symbol or numeral, right? Like I showed in a previous slide, if you've got to recognize the number two. And then the second is concept imagery, or what they call the gestalt imagery, which is basically when you hear a math problem, or you're envisioning a mathematical situation, you have to be able to visualize kind of the whole concept-- not just a piece here or there or a detail, but the whole concept-- in order to understand the math problem. 
OK and so I love this. This is from the book as well, On Cloud Nine. And the authors, early on in the book, talk about, what are the steps in mathematical reasoning? How does it develop? And what they say is that math is primarily concrete. It starts with the concrete. It starts, for all of us, it starts with manipulatives to experience the realness or the concreteness of math. And eventually, you want to go from-- as we develop math, we go from that concreteness to more abstract internal ability to do computation. 
But what's the link there? How do we get from concrete-- things that we're touching and feeling and manipulating-- to this sort of more abstract internal computation? Well, the authors say that imagery is that link, so our ability to our ability to see, and touch, and manipulate real mathematical manipulatives and things in the world. Then from there, we develop this bridge of internal visual imagery of those concrete items that helps us eventually be able to do internal computation based on that imagery. So imagery seems to be the missing link. And I'm wondering-- 
So the authors say that the overall approach is that "numbers are introduced at the concrete level." So the On Cloud Nine approach says, we've got to start with manipulatives-- cubes, number lines, clay, things the student can look at, touch, manipulate-- then that concreteness is transferred to a visual level, and finally applied to computation. And my big question as I'm reading this is, is this part here, "transferred to a visual level," is that the missing link for many children with CVI? Or is that the slightly impaired link for many children with CVI when it comes to from getting from manipulatives to being able to do math computation? I suspect that it is. 
Of course, we don't have a concrete answer for that. But based on those extrapolations that I showed earlier, I really believe that it probably is, at least one of the missing links, for many children with CVI. So one of the things I like about the On Cloud Nine program is that it assumes the child is not going to just automatically start visualizing mathematics through incidental learning, or through some innate ability. But that instead, this skill needs to be intentionally fostered through systematic instruction. Right? 
So if you have CVI, we can't assume that you're just going to be incidentally picking up the visual relationships of what's out there in the world, incidentally learning through observation. Christine Roman-Lantzy has talked a lot about this, and written about this. Whereas we can't expect kids with CVI to always just learn incidentally and pick up visual information, kind of automatically, as a person without CVI might. But it requires intentional instruction and systematic instruction. And I think this is really-- when Christine Roman talks about mediation, and the adults being sort of the mediator between the visual environment and the student's understanding of what's happening-- I think this is really where that comes in. 
OK, so the importance of gestalt imagery as related to math-- the first couple bullets here are a case study that the authors of On Cloud Nine talk about. So Clark was great with math facts, with rote memorization. And again, we might remember from CVI and the Math Mind presentation, according to Stanislas Dehaene, those types of rote math facts are sort of stored at a subcortical level, right? And they can come a lot easier for kids, even for kids who might have issues with higher levels of visual processing. 
But Clark struggled with word problems. He had an undiagnosed sensory-cognitive weakness in concept imagery. He often connected to the parts of what he read rather than the whole. He had difficulty answering inferential questions, conclusions, main ideas, and processed only bits and pieces of a whole visual scene. Clark was identified as having weak concept imagery. 
OK. So then I'm sort of applying this now to children with CVI. Children with CVI often have difficulty seeing whole visual scenes, due to simultanagnosia, or due to difficulty with complexity of array. And if we're learning about the world, if we have CVI, if we're a person with CVI learning about the world, taking in the visual world in a simultanagnosic, piece by piece way, wouldn't it make sense that our imagery of the world internally, that we recreate, is somewhat simultanagnosic, or piece by piece, rather than gestalt, rather than imagining the whole? If we're not seeing the world in a whole gestalt way, how can we imagine the world in a whole or gestalt way? Wouldn't these students with CVI be at risk for weak concept imagery? 
All right, and this brings us to the Cloud Nine math ladder. So there's several math skills that are identified in the book On Cloud Nine. And basically the purpose of this math ladder is "to provide a sensory-cognitive mathematical base for lifelong success with math and mathematical reasoning." OK? And so basically each chapter in this book is organized according to one of these sort of math milestones on the math ladder. And the ones I'm going to focus on today are just two. I want to focus on imaging numerals-- being able to imagine numerals. And second, being able to imagine that internal number line. 
How do we help kids with those? If kids are starting off there, but they're having difficulty with these things because of an inability or a difficulty at imagining quantities and numerals and number lines, how do we-- like I mentioned before, I was I started to really wonder, so what do I do to help children with that? What do we do? What are some teaching strategies that might work? 
And as I was reading these two chapters, I saw a lot of ways that we can maybe adapt these instructional strategies for children with CVI. So that's what I'm going to share with you next. And we're going to start with imagining, or imaging numerals. 

OK so the next several slides that I'm going to talk about are from the Imaging Numerals chapter in the On Cloud Nine book. So one of the things that the authors say is that "a student's ability to image numerals cannot be assumed." And it's one of the underpinnings of mathematical thinking. So we can't just assume a student knows that and then try to move on to higher level math skills. We've got to really make sure that they're at a spot where we think they are imaging numerals and have a really strong sense of quantities, and how to match them with the written number or numeral. 
All right. So this is the basic lesson sequence that the authors give for teaching a child to image numerals-- to come up with visual imagery for numerals. OK, so step one-- 
I should just back up quickly and say what I'm going to do is kind of show you the six steps here, kind of go through those, and then give you some examples of the scripted language, the type of language that the authors are giving as an example. And then we'll go through each of these steps again, 1 through 6, and I'll share with you some of my ideas about what some of the CVI considerations might be for each of these steps, and what some of the potential adaptations are that we might make for kids with CVI. 
All right so step 1, teacher shows cubes and student touches them. 
Step 2, teacher shows the corresponding numeral imagery card, and then takes it away. By numeral imagery card, they mean like, let's say they give this child three cubes, and the student touches them. They would then show the child the numeral imagery card with the number three written on it. 
Step 3, student sees, says, and writes the number in the air and on paper. The idea is that by writing it in the air, it's sort of like an in-between step of between actually writing it on paper and imagining it. Number 4, saying and air-writing should be done simultaneously. 
Number 5, air-writing is large enough to see a shadow effect. The authors describe a shadow effect being that you sort of, if you make a shape big enough, if you trace a number big enough with your finger in the air, you sort of almost like see this imaginary shadow or path. You sort of trace the path of the number that you just drew in your mind. And I think it's sort of an elusive thing to try to really see. But it's basically, the shadow effect is just, do I sort of have a visualization of this path in my mind, that my finger is taking? 
And then number 6, begin with zero through ten, and then increase numbers as appropriate for the age and level of the student. 
And here's some sample language that they give. And this language is all coming from the instructor. So the instructor might say to the child, "Here are two cubes and here is the number that represents those cubes-- two." And it says that they would show the two cubes and the numeral imagery card for the number two. "If I take this card away, you can still see the number two in your imagination, and you know what it represents. Say the name and write it in the air." 
"Great. Now we'll do some more. Here are some cubes-- placing five cubes on the table. Let's count them together. And here's the number that represents that many cubes. See it. Say it. And write it in the air. Great. We can keep doing that with lots of numbers." 
OK, let's look at the steps again, 1 through 6. And let's break each one apart and think about what some of the CVI considerations might be. 
So number 1, teacher shows the cubes and the student touches them. So in my mind, when I'm thinking of CVI, I'm immediately wondering how many cubes at once can the child see? Right? Complexity of array, or simultanagnosia. Are they seeing them all at once? So possible CVI adaptations-- and of course, this is going to be individualized student by student, but just in general I was kind of thinking, how might this step be adapted for some children with CVI? We could arrange the cubes canonically, like the dots on a dice, for easier visualization, right? We learned, in the CVI and the Math Mind presentation, that Doctor Dehaene's patients were much more able to see and quantify dots and manipulatives that were arranged in canonical patterns, like the numbers on a dice. 
We could use a color border or frame to encompass the array of cubes. We could make sure there's systematic organization of manipulatives, like color pegs in a pegboard. Another example from CVI and the Math Mind, where you had a teacher placing different color pegs in a pegboard for the student, and lining up different quantities next to each other, and giving the student a sense of which quantity was greater. 
We could compare 3D with a 2D image of the arrangement on a backlit iPad, and have the student use an app like Doodle Buddy to mark each one as they count. So we could take a picture of the arrangement of cubes on an iPad, and then import it into an app like Doodle Buddy, where the student could use the writing feature to mark each cube with color as they count it. Or they could use the stamps or stickers on Doodle Buddy to put a sticker on each item as they count it. And I know a few students for whom that's really motivating, that app. 
We could try presenting translucent cubes on a light box for some kids. Another thing is we could allow students to visually mark manipulatives as they count, maybe with dot paint or stickers. Or even things like taking each cube as they count it and dropping it into a bin, so they get a sense of which ones they've already counted and which ones they still have left to count. So these are all potential, just examples, of things we could do to make sure that the student's really seeing and grasping the sense of quantity in the cubes that's in front of them, and to try to be sure that they're not missing some of the cubes. 
I think this is an example of how, in this On Cloud Nine process which doesn't assume that the child is visually impaired necessarily, we need to make sure that when it comes to this whole visualizing step, that we're making sure the manipulatives are visible, and visually accessible to the student in the first place. We can't expect the student to kind of store that quantity in visual memory if the quantity wasn't visually accessible even to begin with. 
Number 2, teacher shows the corresponding numeral imagery card and then takes it away. So some CVI considerations-- can the child identify the numeral, right? Does the child have ventral stream issues that might prevent him or her right now from recognizing printed numbers? Does the child have enough time to process the number card visually before it's taken away? Right? Visual latency. 
So here are just some possible CVI adaptations for this step. We could do pre-teaching of the numerals and their salient features, using Doctor Roman-Lantzy's salient feature language, and maybe even bubble outlining approach. 
We could try multi-sensory activities for reading and writing numerals. So these are the same activities that are used for a lot of kids in early writing activities in preschool, kindergarten, where they're writing in sand, shaving cream, salt, things like that. We just want to make sure that the visual product is also accessible to the student, right? So if they're writing in salt, we wouldn't want it to be against a white background, or a patterned background, for that matter. We'd want it maybe to be against a black background, for not only contrast, but also low complexity. 
Show the student the numeral on a backlit device, such as an iPad, with a black background, in a purposefully-chosen color. So maybe it's the student's preferred color. Maybe it's just a highly saturated bright color. So I've seen some students where when they're learning to read and write, the backlighting of the iPad really draws their visual attention in to that numeral, or letter, or word, as opposed to just looking at it on a non-backlit piece of paper. 
We could present the numeral on an iPad, using a program where the student sees a video of the number being written over and over again against a black background. So there are certain programs-- I wish I remembered which ones exactly they are, off the top of my head. But I think there's a variety of apps that can do this, where if you write a number on there with your finger. Like if you write the number two, for example, you can record yourself doing that, so that the student can play it back and see the number two being written in real time. Not a picture-- not a video of your finger writing it, but just literally the number appearing on the screen as it's being written. And we know that movement can help students with CVI see better, in a lot of cases. So possibly that movement of seeing the letter being written over and over again could help some students learn to recognize it. 
And then finally, thinking again about that bubble outlining technique for recognizing numbers with descriptions of their salient features. So the book CVI-- Advanced Principles by Christine Roman-Lantzy, published in 2019, has a really nice page in there about, basically with the numbers-- I think it's zero through nine-- and it has them highlighted. And next to each one it gives examples of some salient feature language we might use. And of course that should be adapted to each student, each person's individual language abilities, and which language they're familiar with. But it's a great starting point. 
OK, Imaging Numerals-- step 3 through 5. So step 3 is, the student sees, says, and writes the number in the air and on paper. Step 4 is, saying and air-writing should be done simultaneously. Not really a step, just a reminder. And then step 5, or reminder 5, air-writing is large enough to see a shadow effect, or really to kind of stand out visually for the student. 
So what might be some CVI considerations? Well, can the child write the number? So how are the child's visual motor skills as they're impacted by CVI? And is writing a number something that they're able right now to do? Is writing in the air visually salient enough to them for them to see or visualize, right? Is that enough to just sort of write in the air, as you know, unlike a peer who has typical vision, would we expect all of our students with CVI to kind of see that sort of shadow, that shadow effect of the number two, kind of lingering there in space after they've written it? I'm not sure. 
But I think here are some things that might help. So what about maybe hand-under-hand assistance in writing the number, for some students? 
We could write the number on a backlit device, right, with a black background, like an iPad. We can use an app in which the writing is in very bright colors and/or has movement. So the Art of Glow app is a good example of where you can draw or write things on the black background of the screen. And you can set it so whatever you drew or wrote will have different types of movement and color. And that can be really alerting for some kids with CVI. 
We could have a color template, or dotted line, for student to write the number over, and then fade that dotted line or color template over time. 
We could have color anchors about where to begin in end the number, and fade that over time. So let's say we have a green dot where you want a student to start writing the number two. So they find the green dot. It gives them a visual anchor in space. And then they trace the dotted line from there, and then go to the red dot, and end at the red dot. And maybe we fade one of the dots first, maybe the red dot, and then maybe we just have a green dot and a dotted line. Then maybe we eventually fade the dotted line and just have a green dot. Then maybe we fade the green dot, right? So giving that color and template as a support at first-- a visual support-- and then gradually fading it. 
When writing in the air, let's make sure the background is non-complex, maybe a black sheet or a tri-fold divider. And also, another idea when writing in the air, what about using one of those colored finger lights that you can get on Amazon for not that much, where you can pick red, or green, or blue, or white, and it can go right on the student's finger with a rubber band. And when the student's tracing the number two, they're seeing the light make the motion of the number two. That might work. 
Another possibility is if, let's say you have a black InvisiBoard to provide a non-complex background when the student's air-writing, maybe you could actually just like you like you might be doing when the student's writing it on paper, maybe you could actually put different colored dots with a big dotted outline against that board. And maybe they're looking at the board at first. They're starting at the green dot, tracing in the air, trying to follow that dotted line, ending at the red dot. And again, fading that gradually over time, to the point where there may be just using that finger light now to trace the number in the air. 

Did I already do this one? 

Oh yeah, so I guess I had one more-- it's not really like a recommendation, it's more of like a question. Might it help to assign a color for each number and make the manipulatives that color, too? Right? So let's say with the number two, you're using two green cubes, and you make the number two green. OK, let's say with the number three, you're using orange cubes, three orange cubes, and maybe you make the number orange. We know that kids with CVI usually have preserved color vision, and that color can be a powerful motivator and visual support and anchor for them. So perhaps this is one way that we could use color to help kind of solidify the connection between quantity, visualizing that quantity of three, and visualizing that numeral three, if they're both the same color. 
OK. And then finally, number 6, it just said to begin with zero through ten, and then increase numbers as appropriate for the age and level of the student. Some CVI considerations-- what about with larger quantities of manipulatives? They might quickly start to exceed the student's ability to handle complexity of array, right, simultanagnosia. And here maybe are some possible CVI adaptations for that. 
We could try unifix cubes that we can stick together in larger groups, like by tens, right? And then within each tens sort of group, we can alternate colors. So let's say we have a tens group as blue. Well maybe we have light blue in that group-- in that blue tens group, maybe we have a light blue cube, dark blue cube, light blue, dark blue, light blue, dark blue, kind of alternating like that, so the student can more easily see the separation between cubes-- see that there's 10 different cubes there, and even count the cubes without losing their place, because of the alternating color pattern. 
What about for hundreds and thousands and really big numbers? Well just one idea is maybe for some kids, it could help to have different color bins that would kind of be the right size to hold just that quantity. So what size bin would hold about a hundred unifix cubes? And maybe the student practices putting 100 in, maybe even in the form of 10 tens groups, and then dumping them out, kind of see how they fill up the box. Dump them out, see how they look on the table, how much of the table, how much space on the table the cubes fill up. You know, get a sense of that quantity-- what does 100 look like and feel like. 
Maybe for 1,000 it's a really big bin, and it's a different color than the hundreds bin. Maybe this one's blue. And again practice putting-- I guess you'd have to put like 100 tens in, but maybe that would be a little too much. Maybe there's other ways to do that. Like for instance, if you're using those colored base 10 blocks that have the big cubes to represent 100, maybe you put 10 of those in the 1,000 bin. You know, so things like that. 
I like the color base 10 blocks because the single cubes are one color, the group of 10 cubes-- the sticks of 10 cubes-- are another color, the hundreds are a different color, the thousands are a different color. So that can be a nice way I think to demonstrate the relationships between those quantities, those larger quantities, and using color to differentiate them, too. 
And this was interesting from the book. I made sure I wanted to share this quote with you. The authors say that "Imaging in color seems to intensify the imagery. Instead of imaging black numerals on white background, try having students see a red numeral, or green, or purple, or let the numerals stay black and put it on a yellow background. By doing some of this, you are more likely to develop the imagery since it often forces imagery to be brought to a conscious level, even for good visualizers." So they're saying here that when you add color to mathematics, it can help even good visualizers commit it to memory and develop more vivid visualizations. 
And we know again, for kids with CVI, color's often this important visual support and anchor, like Christine Roman-Lantzy says. So could this be another area of overlap where color is good for most kids? But maybe our kids with CVI need it even more strongly to help them visualize mathematical concepts. 
All right. Last section is Imaging the Number Line-- this is chapter 2 in the On Cloud Nine book. And just a little bit from the authors here that I found interesting. They say, "We all have an internal number line, some more vivid than others. Ask yourself, what direction does it go? Does it go straight or bend? Do you visualize colors for numbers?" 
"An imagined number line is important for grasping the gestalt, the parts that make up that gestalt, and the relationship of those parts to the whole. We live in a parts-to-whole world, and math is no exception." 
The gestalt of the number line is developed first, and then the parts are added to it." 
OK and here's some sample language that the authors give for teaching students to be able to start imagining a number line. Here we go. 
"Now that you can visualize those numbers so well, we're going to put them on a line so that you can for sure see the big picture," the gestalt, right? "The big picture of the numbers. And we get to do this on the floor!" 
"We'll take these little plastic parts or cubes and snap them together to make the number line. Go ahead and start with the one through ten part. Put it on the floor, snap the next one on, and then the next one." 
"Great. Now let's explore this and visualize it. Touch the number two and the number three. See how close they are to one another. Now touch the number two again and then the number 51. Did you notice you had to go quite a bit farther up the number line to get from 2 to 52? Now touch two and then all the way to 100. Good job. It's pretty far up there, huh? Now let's visualize. Close your eyes or don't look at this number line. Imagine yourself touching the two and then touching the three. 
Did you imagine it? Show your imaginary number line with your hand, and tell me where you are at on the line. Like this, two to three." Gestures up in the air-- a little jump from two to three-- visualizing the relationship of the numbers on the number line. "Great. Now imagine your number line again, and move from the number two to the 100. Only do it as far as your arm can reach. You don't have to get up like you did when you touched it on the floor. Great. As we experience the number line, your imagery will get stronger and stronger, and we'll do things like touch the number five on your imaginary number line and then touch the 50, then touch to 100." 
So I just wanted to give you some samples of how they're talking about it to kids, what kind of language they're using. And then here are the steps that they described. 
So step 1, student assembles the concrete number line from 1 to 100. Step 2, student explores the gestalt of the number line by comparing and contrasting smaller numbers to larger numbers. That's like that whole jumping from 2 to 100. Step 3, the student imagines and describes-- i.e. visualizes, verbalizes-- the number line and touches imaginary numbers, comparing and contrasting the smaller to larger numbers. And then they say, for future lessons, the student counts by tens on the number line, from 1 to 100. 
So they sort of take the number line, and at first you're just sort of comparing the relative position of smaller numbers and bigger numbers. And then you're starting to go even in more detail, and counting by tens, counting by fives later on, and tasks like that. 
So let's examine those steps and look at some of the CVI considerations. So first of all, they talk about getting on the floor to do it. I'm sure that's not like a requirement, but reading that just made me think, that's kind of nice. You know, because you've got the floor, kind of makes things seem more hands on, more playful, more tactile. You're moving from one place to another. 
But I was thinking about the lower field issues that many kids with CVI have. Some of my students would love getting on the floor and doing the number line there. Some of my other students who I was thinking of would probably prefer the number line to be at eye level, like say along the wall, right? Maybe a really blank, non-complex part of the wall where they can have their number line. 
Thinking about the complexity of the surrounding environment, right? If they're walking their number line but there's all these papers, and word walls, and charts, and calendars all around the number line, maybe it's too complex. We've got to consider the complexity of array with the difficulty counting, too. And can the student keep track of the blocks and groups of the blocks on the number line? Right? That might be difficult. 
But what are some possible CVI adaptations? So I mentioned maybe having the number line along the wall for some kids, especially if they have lower field loss. And also maybe color coding the number line, whether it's on the floor or the wall, color coding maybe a green light or a green dot where the student should start. And then at the end of the number line, putting a red light or a red dot where the student should stop, giving that sense of left to right, beginning and end. 
Again, no visual complexity near the number line. Plain background, maybe a black background, if possible. And then when they're arranging the number line in groups of 10, we might want to use color to help them get a sense of where those groups of 10 are, and so on. So maybe zero through nine is, let's say, I don't know, green. And maybe that would help with the beginning of the number line, like orient the child, kind of if we use green for beginning, and we did that consistently. 
So maybe the first 10 blocks are green. And maybe within that green set of 10, maybe every other block is light green versus dark green, light green, dark green. So you've got greenness being the 10, but then within that 10, when they want to count each individual block, they might be able to keep track better if it's alternating colors. Then maybe the next set of 10, maybe the tens is blue. And maybe the 20s is yellow, and so on, like that. So you get the sense that each group of 10 is marked by a different color. 
And then also, before the student goes right to visualizing the number line on their hand, like the author suggests-- the author suggests sort of going from the big number line that the student's sort of like using tactilely to going right to like imagining the number line on their hand. But maybe for some kids with CVI who might not be able to visualize it that quickly, maybe we could have an in-between step, where they go from the big physical tactile number line on the floor or on the wall, and maybe they go from there to like a smaller version of it, with less detail, on a backlit device-- like a light box or an iPad-- and then they practice it there. And then maybe the third step is trying to then visualize it more abstractly. 
And reading about the number line and what the authors were suggesting, and then myself picturing like a tactile number line on the wall that the student could travel from left to right, it reminded me of the calendar system that one of my students with CVI had. And you see a picture of it here. And it was this black strip of like Velcro adhesive material. And on the left we have a green dot to show him where to start, and on the right we have a red dot to show him where to end. And then each of these yellow spaces here was a parking space. So he would pretend that each of his schedule pictures was a race car. And he'd start at the green light, and then race his race car to the first empty parking spot, which were the yellow spaces. And then if he got to the red light, you know that he's gone to the end, that he's done. 
So anyway it just sort of reminded me, before we did it this way, this student had a really difficult time with like beginning and end, first, second, third, fourth-- kind of putting things in order. Which really, if you think of it, it's a math concept, right? It's like early math concepts. But when we decided to set it up with color as an anchor like this, and have it so it was like left to right, kind of long, and he could physically walk from the beginning to the end, he really started to get a sense of beginning and end, what comes first, what comes second. And he was really able to master putting this together on his own. So it just made me think of maybe approaching the number line in a similar way, for some students with CVI. 
OK, so Going Forward-- I think it's the last slide. I'm looking forward to our meeting where we can kind of like debrief about these ideas, talk about this, and other topics with CVI and math. And I guess these are just some of the topics or questions that I kind of envision thinking about, going forward. 
One thing would be do we think Lindamood-Bell's emphasis on teaching visualization seems like a potential promising path of inquiry, in relation to kids with CVI? Is it something that the group thinks we should explore further? If so, what are some ways that we might adapt these strategies visually, for children with CVI? And I just want to say, as kind of a caveat, I only shared a few pieces of a very comprehensive program, that is the On Cloud Nine program. And I recommend, if you thought about what you've seen here, and you think, yeah this might be something I want to adapt or try with my student, I would really recommend reading the book, because it goes much more in-depth than what I was able to just share today. 
And then finally, there's a YouTube link down here. There's about an hour YouTube presentation by Lindamood-Bell online that really goes into more depth about On Cloud Nine math program. So I recommend checking that out, too. 
And that's it. Here are the references. 
Looking forward to meeting you all face to face soon on our CVI and math study group chat. Thank you very much for watching the presentation. And I really look forward to learning together. 
