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NEVER IMPERSONATE 
A MATH TEACHER

https://www.youtube.com/watc
h?v=4KJD4aP90YQ



• I am not a math teacher

• I am not an expert on math teaching 

strategies

• I am not an expert on the brain



I Am…
• A Teacher of Students with Visual Impairments 

(TVI)

• A certified special education teacher

• Passionate about teaching and supporting kids 

with CVI and their teams. 

• Always learning more about CVI, the brain, and 

effective educational approaches 

• Excited to share with you what I have learned 

so far about CVI and Math.

• Presenting on math is new territory for me!



“A theory of education could only be derived from 
understanding the mind that is to be educated.” 
Stanislas Dehaene

Every Mind and Every person is unique.

“There is no such thing as a math brain.”    
Dr. Jo Bo aler

I BelIeve…



In This Presentation

• How math happens in the brain

• Why CVI can make math difficult

• Full of potential (neuroplasticity) 

• Promising practices for helping kids with CVI 

learn math

• Next steps?  



Let’s do some MATH!



Which quantity is greater?

A B



Which quantity is greater?

A B



How Many? 



How Many? 



How Many? 



Which quantity is greater?

A B



Match the quantity with the correct 

number? 

4 3



We just took a quick trip along the 

path of math development in the 

human brain



Early Math Development 

• We are born with an innate number sense, a gift from our evolutionary past. 
(41)

• Infants can discriminate how many sounds they are hearing and match it to a 
visual set of object of the same number. (51)

• 3 years old: can discriminate which group of M&M’s are lager as long as there 
is a large difference. 

• As we move from toddler to preschooler the number sense becomes more 
finely tuned for more precise quantities.

• Young children begin being able to subitize small sets of numbers. 

• Number sense become so precise that it can distinguish 2 from 3, 3 from 4, 
even if there is no label for those quantities yet. 

• Now children are ready to learn the labels for these quantities, verbal and 
written numbers

• We start counting these quantities from small to large. 

• In early elementary years we begin to form a visual number line in our heads.  
This is the foundation for organizing quantities, counting, adding subtracting, 
etc. 



It all starts with the Number Sense

“Number sense is now considered one of the major 
domains of human competence.” (Dehaene, 237). 

Number sense is something we develop mostly 
through incidental observation of the world and 
events around us. 

In sighted individuals, development of number 
sense relies heavily on our visual system. (Dehaene
2011)



For some people, such as children who 

have CVI, number sense may not come 

as naturally and incidentally.  Many of 

my students require intentional, 

thoughtful instruction and scaffolding 

to develop number sense…

Why is that? 



Let’s begin with a review of the visual 
brain. 



Math is Built in the Brain

Ventral Stream identification of written numbers

Dorsal Stream Sense of quantity; and eventually written numbers, too 

2

Prefrontal cortex combine sense of quantity with written numbers

= 2

2



Lotfi Merabet, CVI Neuroplasticity Research Group (Harvard)
2017. Shared with permission

CVI occurs when there is a disruption in this posterior visual 

system (i.e. the visual brain). 

Control CVI



Most common patterns in CVI

1. Both Dorsal and Ventral Stream Impairment 

2. Just Dorsal Stream Impairment 

3. Just Ventral Stream Impairment 

(Lueck & Dutton, 2015)



Math is built in the visual brain

• Parietal Cortex (dorsal stream) is the place 

where quantities and symbols meet.” 
(Dehaene, 271)

• Parietal Cortex is the foundation of 

mathematical learning. (Dehaene, 275). 



Math is built in the visual brain

• When look to the left side of visual space, an area in our right 
parietal lobe is active, processing that area. 

• When we look to the right side of visual space, an area in our left 
parietal love is active, processing that area.

• When subtracting numbers, our right parietal lobe is active, as if our 
mind is “looking” to the left. 

• When we add numbers, our left parietal lobe is active, as if our 
mind is “looking” to the right. (Dehaene, 246)

• We have an internal sense of number line in our parietal cortex 
(dorsal stream). When we do math, we visualize this number line as 
occupying the left to right side of space as quantities increase 
(Dehaene, 246)



Implications for Children with CVI



Patterns I was seeing…

• Students having difficulty counting – double 

counting some, skipping others, etc.

• Difficulty recognizing numbers

• Difficulty with word problems, problems with 

visualizing? 

• Difficulty judging quantities – greater than, 

less than, etc. 

• Difficulty recognizing shape



So, I consulted the research on Children with CVI 

and math skills and here is what I found…



Very disconcerting as an educator 

trying to help my students



I realized I would need to…
• Turn to the neuroscience field for research on 

how math is impacted when the visual brain is 
impaired and see how it relates to the patterns I 
was observing in my students.  

• Combine this clinical information with my 
knowledge of the educational approaches: 10 CVI 
Characteristics in the CVI Range Assessment 
(Roman-Lantzy, 2018).  

• Use this combined knowledge to help my 
students with math. 



Before we move forward…
• The research on math in people with brain-based visual 

impairments is very applicable to children with CVI and their 
difficulties with visual complexity. 

• We need to be careful not to over-extrapolate the research or 
conclusions to children. 

• In Children brain-based visual impairment (CVI)
– Visual brain impaired more diffusely, less localized, more globally 

visually impaired than many adults in these studies (Zihl & Dutton)

– In children, earlier in life, more plasticity.  Impairments are typically 
less “pure” and static. (Zihl & Dutton) 

– More room for improvement in children 



10 Characteristics

• Color

• Movement

• Latency

• Fields

• Complexity
– Array

– Target

– Faces

– Sensory environment 

• Distance

• Blink Reflexes

• Novelty

• Light Gazing

• Visual-Motor (guided reach)

Characteristics from Roman-Lantzy, 2018



Challenges and Supports

Challenges Supports

Difficulty with Complexity of Array

Difficulty with Complexity of Target

Forming Visual Imagery

Processing Time (Latency)

Color

Spacing/Masking (reducing complexity)

Multi-Sensory Approach 

Supported Visual Imagery

Meaning and Motivation

Processing Time

Characteristics from Roman-Lantzy, 2018



Difficulty with Complexity of Array



Difficulty with Complexity of Array

We know
• Children with CVI often have difficulty with complexity of the 

visual array (Roman-Lantzy, 2018) 

• Includes: finding items in clutter, doing a busy worksheet, 
reading connected text, finding a target against a complex 
background, finding an item in the fridge or a grocery store 
shelf, finding a familiar person in a crowd, etc.

• This is primarily the result of higher-order dorsal stream 
impairment (Lueck & Dutton, Goodale & Milner, Farah)

• In the neurological literature this is usually called 
“simultanagnosia.” (Lueck & Dutton, Goodale & Milner, Farah)

Characteristics from Roman-Lantzy, 2018



Demystify CVI…

For the typically-sighted person, the threshold for simultaneous visual 

perception is not limitless.  It’s just higher than that of most people with CVI. 





Video: Simultanagnosia



“A tree lying on its side”  Too much information at 

once can reduce comprehension 



Impact on Number Sense 

A B

• In order to judge which group has more, you have to be able 

to see all the dots in each group at once. What if you only see 

the dots one or two at a time? What if you can’t see both 
groups at once? 



Impact on Subitizing

• If you can see only one thing at a time, you 

can’t subitize two or three things.
• If you can only see only two things at once, 

you can’t subitize three things. 
• Demystify CVI: we all have a threshold for 

what we can subitize. It is just likely different 

than for most people with CVI: 





Impact on Counting

• People with simultanagnosia tend to have significant difficulty 
counting. 

• Study (Dehaene, Cohen, 1994)

– Patients with bilateral lesion in occipital-parietal area (dorsal 
stream). 

– Produced Piecemeal descriptions of complex pictures

– Miscounted often, usually counting some items more than once 
and missing other items. 

– Errors grew as quantity increased

– “I know there are many but I only see one.”  (Dehaene, Cohen 
966)  



Impact on Counting

• Study (Dehane, Cohen, 1994)

– The reason for the counting difficulties in these patience 

was a direct result of their occipital-parietal lesions, their 

simultanagnosia. 

– Due to simultanagnosia, they had difficulty applying 

“spatial tags” to the items they had already counted. As a 

result, were unable to label each item as “counted 
already” or “not counted yet.”  

– This is why they skipped some and counted others multiple 

times. 



My students with CVI

Aiden



My students with CVI

Kara



My students with CVI

Maya



My students with CVI

James



What may help

• Study (Dehaene, Cohen, 1994)

– Participants did better when they had more time. More 

processing time meant far fewer errors (latency) 

– Participants made fewer errors when the items were 

arranged canonically or linearly rather than randomly. 

– Participants performed better when each dot to count was 

a different color. 



Impact on Counting

• Study (Dehane, Cohen, 1994)

– The core deficit of simultanagnosia is a failure in using 

spatial tags to refer to individual objects. Because all the 

rectangles in our quantification task were physically 

identical and were distinguished only by their spatial 

location, it is perhaps not surprising that simultanagnosic

patients had difficulties knowing which of them remained 

to be counted. However, this also suggests that counting 

performance should improve considerably if we were to 

differentiate the counted items using features other than 

spatial location…color is one example (969) 



10 Characteristics

• Color

• Movement

• Latency

• Fields

• Complexity
– Array

– Target

– Faces

– Sensory environment 

• Distance

• Blink Reflexes

• Novelty

• Light Gazing

• Visual-Motor (guided reach)

Characteristics from Roman-Lantzy, 2018



Aiden

Arranged Linearly and used color “tags” to aid 
spatial tagging



Used color tags to differentiate one item from the 
next and also color tags for “start” and “stop.” 

Kara



Maya

Used alternating colors to “tag” each block and 
help her keep her place. 



James

Student uses marker to apply color “tag” to each 
item as he counts it. 



The Counting 
Bear app has 
helped many of 
my students 
learn to count. 
It supports 
organized 
visual counting 
by “tagging” 
each counted 
item with a 
number and by 
fading it. 



Tagging Strategies for Counting

Tagging strategies that have replaced or supported the need 
for spatial tagging when counting for my students.

• Making each item a different color

• Using an alternating ABAB color pattern

• Using visual marks (checks, dots, magnets, stickers, stamps, etc.) to 
mark items as you count them. 

• Use bins to sort “counted” versus “not yet counted.”  Example: 
green bin on the left with all items in it, not yet counted. As you 
count each one, move them to a red “counted” bin.  

• Have the student count a set of different things, rather than all the 
same. For example, if you have four manipulatives, have one be a 
bear, one a dinosaur, one a paperclip, and one an eraser.  



Demystify CVI: We all have limited “folders” in our parietal lobe 
in which to keep track of these visual markers.  Each of us has a 

certain threshold above which the number of items spills out of 

the folders and we can no longer keep track. Kids with CVI reach 

that threshold with far smaller sets. 



We use a pen or pencil to “tag” each item on a grocery list as 
we put it in the cart.  Ever forget something to write with?  

The number of visual-spatial tags we would need to keep 

track in our head exceeds our dorsal stream’s ability to do so. 



We have just seen how Difficulty with 

Complexity of Array can impact 

development of foundational math 

skills. And we have explored some 

possible ideas for supports. 

Characteristics from Roman-Lantzy, 2018



Next, what are some ways in which 

Difficulty with Complexity of Array (or 

simultanagnosia) can impact more 

immediate visual access to math? 

Characteristics from Roman-Lantzy, 2018



Difficulty with Complexity of array can make the 

amount of information on a worksheet, in a 

math book or iPad app too overwhelming, 

visually inaccessible.  

• Tools that can help: 

– Color Coding

– Blank space/masking

– Simplify, Simplify, Simplify!  

Characteristics from Roman-Lantzy, 2018



Visual aspects of multi-digit addition

• Put slide on description of al the visual aspects that go into solving 2-digit 
addition… 

• {1} Put the numeral for one summand beneath the other, right‐aligning 
them, and aligning their digits in columns from the right.

• {2} Check whether all columns have been summed: if NO, sum the 
rightmost column not yet summed, then ⇒{3}; if YES ⇒{6}.

• {3} Put the rightmost digit of the sum beneath the column summed.

• {4} Check whether the sum is double digit: if NO ⇒{2}; if YES ⇒{5}.

• {5} Check whether there is a column of digits to the left: if YES put a “1” at 
top of next left column, then ⇒{2}; if NO put a “1” in the same row as the 
sum's rightmost digit and in the column just left, then ⇒{6}.

• {6} Read the multi‐digit numeral in the bottom row as the sum, then halt.

- Giaquinto



Visual aspects of multi-digit addition

Visual-perceptual skills required for multi-digit addition 
(p.130)

• Perception of shape and orientation, to recognize and 
distinguish, e.g., 6 from 9;

• Perception of position in right‐to‐left sequence, to 
avoid confusing, e.g., 81 and 18;

• Perception of vertical alignment, to avoid confusing 
TENS with ONES;

• Perception of horizontal alignment, to avoid confusing 
operand and result digits.

- Gianquinto



• Everyday math calculations and operations 
pose significant visual-spatial demands. 

• Due to difficulty with complexity of the array 
(i.e. simultanagnosia) many students with CVI 
struggle with these demands.  

• We can use color coding and space to reduce 
complexity and help students organize visual 
space. 



• Color as an anchor: 

– Each quantity is a separate color

– Red place marker for comparing the number in each set

Activity and Concept by 

Denise Romeo



Phases and characteristics from 

Roman-Lantzy







Color

This student figured out how she could use color to group related 
elements to ease visual search, reduce complexity of array. 

Characteristics from Roman-Lantzy, 2018



This teacher used color to group related elements to ease visual 
search, reduce complexity of array. 

Characteristics from Roman-Lantzy, 2018



Color: complexity of array

This student figured 
out how she could use 
color to group related 

elements to ease visual 
search, reduce 

complexity of array. 

Characteristics from Roman-Lantzy, 2018



Felicia 

Edwards



• Demystify CVI: 

– We all have limits in our brains ability to handle 

visual complexity. 

– We use color to help us organize complex 

information. 



Phases and characteristics from 

Roman-Lantzy





Color Coding is good educational practice for all math students.  Kahn 
Academy understands and applies this concept well, in addition to 

reducing complexity, plain background, etc. 



“Color-coding can support mathematical thinking in 

that it can help students organize their thinking, make 

their thinking visible to others, and make connections. 

It can also strengthen visual representation to aid 

students in internalizing their learning.” – Caudill 



I LOVE to color code in math. Why? Because it’s a 
way to enhance visual representation. “Mrs. Math” 

Blog 



- Teagan Rooks 



Difficulty with Complexity of Target



Math is Built in the Brain

Ventral Stream identification of written numbers

Dorsal Stream Sense of quantity; and eventually written numbers, too 

2

Prefrontal cortex combine sense of quantity with written numbers

= 2

2



Difficulty with Complexity 

of Target
• Many children with CVI have difficulty with complexity of the visual 

target (Roman-Lantzy, 2018)

• Difficulty with Complexity of target encompasses ability to interpret 

objects, images, symbols, letters, words, numbers, etc. (Ventral Stream 

functions)

• Called “agnosia” in the clinical/neuroscience literature (i.e. object form 
agnosia, apperceptive agnosia, associative agnosia, alexia, etc.) 

Phases and characteristics from Roman-

Lantzy, 2007



Color helps children with CVI see form: 

Because color perception is a relative strength 

compared to ability to see form...

• We can use of color as a stimulus with forms 

facilitates the perception of forms by patients with 

CVI (Merrill & Kewman, 1986).

• Therefore, when one teaches simple shapes and 

letters, it may be helpful to outline them with color, 

(Groendveld, habilitation 1990)

• We can teach the salient features of an image, 

word, etc. by outlining them in child’s preferred 
color. (Roman-Lantzy, 2018). 

Color: complexity of 

Target

Phases, characteristics, and outlining 

technique from Roman-Lantzy, 2007



Salient Features 

3

• Christine Roman-Lantzy teaches us how we can use color (often a relative 
strength for kids with CVI) to address form perception (often a difficulty for 
kids with CVI. 

• The idea is to facilitate ventral stream awareness of the essence of particular 
things (forkness, cupness, M-ness, three-nes, etc.) by using color to highlight 
the shape of the item and directly teach the salient features to the child. 

• A little curve at the op joins… a largr curve at the bottom.  “Like a sideways 
heart missing it’s point (Roman-Lantzy, 2019).  

• Very helpful information on teaching salient features of letters and numbers in 
Chapter 2 of “CVI: Advanced Principles,” edited by Christine Roman-Lantzy. 



Frustrational

Step One: 
Isolate the 

problem on it’s 
own sheet of 
paper (blank 

space)

What 
challenges may 
remain for the 

student?



Frustrational

Step Two: 
Use color to group 
related elements 
so student can 
label missing 
dimensions.

What challenges 
may remain for 
the student?





10 Characteristics

• Color

• Movement

• Latency

• Fields

• Complexity
– Array

– Target

– Faces

– Sensory environment 

• Distance

• Blink Reflexes

• Novelty

• Light Gazing

• Visual-Motor (guided reach)

Characteristics from Roman-Lantzy, 2018



A Multisensory Approach 



Multi-Sensory Approach

• Research shows that a multi-sensory approach helps people with 

simultanagnosia perform math tasks successfully (177-178)

• When working with manipulatives, people with simultanagnosia 

performed almost as well as control subjects in counting tasks. 

• Research shows that the “seat of number sense” in the parietal lobe is 
multi-modal, meaning that it uses information from all the senses to learn 

about numerosity and build our number sense. (p239) 

• Individuals with ocular impairments who have no functional vision learn 

math very well through just tactual and auditory means. 



Multi-Sensory Approach

For children with CVI, manipulatives, models, or auditory information for 
math can: 

• Allow a student with simultanagnosia (difficulty with complexity of array) 
to explore quantity sequentially rather than simultaneously (i.e. touching 
five manipulatives or hearing five sequential sounds). 

• Allow a child to experience what it feels like to hold three items at once 
even if they currently have difficulty seeing them at the same time 
(subitizing). 

• Compensate for difficulty with spatial tagging by moving/sorting 
manipulatives as they are counted. 

• Develop a sense of “number line” from left to right by organizing 
manipulatives-based activities from left to right. 

• Help a child confirm what they are seeing in 2D by also manipulating a 3D 
representation of that item. 



Visual (3D) 

Using color as an anchor 

Tactual

Hold bags of each quantity 

to feel volume and weight

Visual (2D)

See the relationship 

between the 2D and “real” 
version 

Auditory

Hear the quantity 

“2” – bell rings 

two times

Materials and concepts by 

Denise Romeo 













Provide Visual Imagery 

A basketball court in the park is 50 feet by 100 

feet.  How many square feet is it? 

What are you picturing here? 

50ft

100ft



Sensory Balance Approach

• Sensory Balance for Melissa
– Lead Modality: Visual (printed math problems)

– Support Modality: Tactual (3D models to help support visual 

interpretation) 

– Melissa used both vision and tactual senses in this activity to reinforce 

one another. This gave her greatest visual access to the content while 

also giving her visual opportunity to learn about 2D representations of 

complex figures. 

Roman-Lantzy & Tietjen, 2020



We can hear math, too

• “When we here a sound repeated, it also 
activates the same area of the brain as when 

we see that quantity. 

• “research shows bell wringing twice activates 
same area in parietal lobe as seeing 2 items.” 

• Video: C bell activity (Denise Romeo)

• Video: Doodle Buddy 



Make it Meaningful and Fun



Make it Meaningful

• We all learn better when we understand why we are learning 

something. 

• Patients with simultanagnosia were able to count far better 

when it was based on their daily schedule, coin manipulatives, 

etc. They struggled with counting and addition problems that 

were just numbers. 



Make it Fun

• Having fun plays a critical role in learning

• When we have fun, our brain release dopamine 
that makes us more motivated to repeat the task 
and aids in attention and memory (Harris, 2018) 

– Roll play

– What are student’s favorite things (batman, Simpsons, 
Disney, football, Corvettes) 

– Games, etc. 

– Songs 



DJ Case Study 

• 32 + 8 = 40

• 40 + 2 = 42

• 20 + 6 = 26

• Struggling with these tasks, “behavior”, lots of 
task avoidance, did not like math 

• When asked to get four spoons to set the table, 
he was not sure how to count out four spoons

• Maybe we need to do more to teach him the 
meaning of number and quantity? 



Fun and Meaningful

• Teacher would dress up as waiter or waitress

• Student would receive menu with choices like: 2, 4, 6 (arrange in size 

order from left to right)

• Student would hand the waiter his choice

• Waiter would bring him a quantity of Pirates Booty and place it in a black 

tray to the left of his plate. Student would count each piece as he placed it 

on his plate.  If the waiter got the number right, student would have to 

“tip.”  If he got it wrong, student got to complain to the “manager.” 



Fun and Meaningful

Lesson by Denise 

Romeo

• Student rolls dice (visual: canonical arrangement of quantity) 
• Student hears that many sounds (auditory)
• Student moves pegs from “not counted” to “counted bin” until 

arriving at needed number (tactual) 
• Student sees her game block move from left to right to match the 

correct quantity (visual)



What can we learn from Dyscalcula? 

• Children who have disproportionate difficulties with number 
processing and math (3-6% of population) (274)

• Hypothesis is that parietal quantification system has been affected. 

• Recently vindicated by imaging studies. 

– Decreased activity in same parietal area where math is calculated 

– Disorganized activity in parietal area when attempting math activities 

• Individuals with dyscalculia have greater difficulty with visual 
crowding and complexity than control subjects (Castaldi, 2020)

• Educational practices for children with dyscalculia include: Color-
coding, using manipulatives, game-like formats, extra processing 
time, etc. (Staake, 2018)



Potential, potential, potential 

• Unlike adult brain lesions…the child’s brain presents a large 
degree of plasticity and even severe deficits can often be 

overcome with intensive remedial training…. (Dehaene, 276)

• In the case of dyscalcula, much research has demonstrated 

the beneficial effects of programs that focus precisely on the 

children’s exact cognitive deficits. Brian imaging before and 
after training shows a considerable degree of recovery, both 

within areas that were originally under-activated, and in 

additional compensatory circuits particularly in the right 

hemisphere. (Dehaene, 276) 





Access to a 

particular math 

assignment

CVI’s impact on 
math 

development

How do the CVI 
characteristics impact 
student’s ability to see this 
task right now? (too 
complex? too novel? too 
black and white? Etc.) 

How might a lifetime of 
missing or inaccurate 
visual information have 
impacted the child’s 
understanding of the 
required concepts up to 
this point? 



Next Steps

• Continue to read research on math and brain-based visual impairments 

and think about how it relates to my students with CVI. 

• Work with math teachers more closely to share these insights and learn 

from them. 

• Read a book about Dyscalculia and corresponding teaching strategies and 

look for overlap. 

• Using findings from the neurological literature, dyscalula, plus what we 

know about CVI, develop research questions specifically aimed at math 

and children with CVI. 

• Filter what we learn from other disciplines through a CVI-conscious lens 

firmly grounded in the CVI Characteristics, CVI-specific assessment and 

CVI-specific interventions. 

• Keep Learning!  CVI and Math Study Group? 
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