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“This book is a much-needed introduction to the challenges faced by colour blind children in school and in their everyday home life. Using simulated images, her own family’s experiences and her detailed knowledge of successful interventions, the author brings these challenges to life and offers helpful guidance to parents and teachers alike. A must-read for everyone involved in education.”

Kathryn Albany-Ward, Founder and CEO of Colour Blind Awareness




“This book focuses on the impact of colour blindness and some of the simple adjustments educators can make to help mitigate the effects.”

Beth McLaren, former Head Teacher




“The strategies in this book are easy to implement and make a big difference. Removing barriers at grassroots level is crucial.”

Phil Murray, Club Secretary, Stocksfield FC




“I can honestly say the sort of adjustments this book talks about have really helped. I’m lucky to have been well supported."

Marcus, Year 11 student






Access Your Online Resources

All image simulations from this book can also be viewed online.

Go to https://resourcecentre.routledge.com/speechmark and click on the cover of this book

Answer the question prompt using your copy of the book to gain access to the online content.




Supporting Colour Blindness in Education and Beyond

Would you be surprised to know, one child in every average class of thirty is Colour Blind?

Colour Blindness can be a barrier to learning across the whole curriculum, yet most schools cannot identify all their Colour Blind children, and practitioners often cannot recall teaching a child with it.

This essential guide explores Colour Blindness, an often-unrecognised special educational need and disability (SEND). It gives you the tools and confidence to ensure children with Colour Blindness can reach their full potential. It helps you to understand what the condition is so you can easily make your teaching accessible and inclusive to all Colour Blind children, undiagnosed or not. The book:


	Offers detailed and practical guidance for identifying Colour Blindness and catering for it from early years through to higher education and beyond.

	 Focuses on simple and easy-to-implement strategies to ensure Colour Blind children are not disadvantaged, dispelling myths and misguidance along the way.

	 Discusses how educators and parents can work together to raise the child’s self-esteem, seeking solutions and interventions that do not single them out, or in fact remove colour as a useful tool for those that see it normally.



This accessible book is vital reading for SENDCos, teachers and classroom assistants, from nursery through to upper secondary, as well as the parents and carers of Colour Blind children.

[image: Black and white headshot of author Marie Difolco. Marie is smiling, she has blond sholder length hair and is wearing a cream coloured cable knit jumper. She is standing outdoors next to a tree trunk with trees in the background.]
Marie Difolco works voluntarily for the Colour Blind Awareness organisation and is a driver behind the #1InEveryClassroom campaign. Marie is mother to a severely Colour Blind boy whose condition went undetected for longer than necessary. She delivers workshops and speaks publicly to raise awareness.
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[image: Figure 0.2 is a photograph of a school text book describing General Science. It shows a coloured Univesal Indicator Chart that can be used to identify acids and alkalis]

Figure 0.2 Educational Text Book



1 in 12 boys and 1 in 200 girls are Colour Blind and may find it extremely difficult, if not impossible, to identify a substance using a pH chart like this. The simulation below shows how someone with severe Colour Blindness is likely to see it and demonstrates why it’s important to lift barriers for those who live with the condition, not least for children in education.


[image: Figure 0.3 is a Colour Blind simulation of Figure 0.2. In this image the Universal Indicator chart looks very different. The range of identifiable colours is much narrower. All colours appear as blue, green or yellow shades.]

Figure 0.3 Educational Text Book Simulation



 

For Marcus and for the millions of people around the world who have Colour Blindness
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Preface

This book is not intended to be entirely prescriptive. It positively invites debate, discussion and future contribution, not least because the current outlook for children with Colour Blindness is generally bleak. I have studied this subject for over a decade and have had the privilege of working alongside some pioneering academics and research teams. My aim is to share my personal experience and the knowledge I’ve accumulated, pulling together information and some tried and tested strategies, a tool kit if you like, that will help support children with Colour Blindness in the classroom and beyond. These strategies, you’ll be pleased to know, are low effort with high impact. A child with Colour Blindness does not need intense one on one support. Interventions that help the most will go unnoticed by those with normal colour vision. There is no need to strip the world of colour, colour is a useful tool for those that see it in a normal way, but we must be mindful millions don’t. Providing equitable access and opportunity for all has never been more important than it is in our increasingly digital world. Accessibility at its best should assist those who declare a diagnosis as well as those who don’t. Real inclusivity means people who want to be included don’t have to ask to be.

My expertise is as a mother raising a Colour Blind child who has worked closely with the Colour Blind Awareness organisation since it’s early days. I have taken part in meetings at the Department for Education and the Council for Disabled Children, exhibitions at NASEN and a drop in event for MPs at Westminster. I’ve participated in numerous TV and radio programmes, podcasts, and webinars and administer several social media accounts on the subject. I have supported initiatives to raise awareness by governing bodies in sport and the Institute of Physics and contributed to government consultation on child vision screening. I am grateful to have a proactive MP who understands the importance of improving access for those who live with this widespread non-visible disability. We are working to form an All Party Parliamentary Group for Colour Blindness and I look forward to supporting their drive for positive change.

Colour Blind Awareness is an organisation I’ll be forever grateful to have come across when my son was diagnosed. At the time I felt lost and shocked by a lack of practical information about a condition people kept telling me was very common. After an initial conversation with its trailblazing founder, I was reassured I was not alone in how I felt. I wanted to know more though, to learn more, about what I could do to help my child as he negotiated his way to adulthood seeing life in a different way to myself and the rest of the family. How would it make him feel? Would it mean there were things he couldn’t do? Would he be bullied or teased? I had so many questions, the first being: ‘so how does he see?’. I answered this when I used one of the first simulator apps. Since then, I’ve been asking myself how I can help people understand it’s important to use colour in the right way when conveying information, because it not only affects the lives of millions with Colour Blindness, it also impacts general outcomes such as results, sales and safety.

Writing this book is my contribution towards altering the current landscape that has led to Colour Blindness being vastly misunderstood, usually poorly catered for, and very often still ridiculed. I hope it will help many parents get over that daunting period when they learn that everything their child has experienced so far has not been exactly as they thought. I support and advocate for changes in legislation that will ensure a clear pathway is forged, allowing all children with Colour Vision Deficiencies (CVD) to have their needs met so they’re able to fulfil their true potential.

Profits from the sale of this book will be used to raise further awareness. Please use the Colour Blind Awareness website for the latest information and to view additional Colour Blind simulated images. Although I’ve used some simulated images throughout this book for illustration purposes, they do not reproduce as well on paper. If you’re reading a printed version, please note issues are much better demonstrated digitally where pictures can be enlarged. However, bear in mind screens can be calibrated differently so colours may have an inconsistent appearance across various devices and between screen and paper. Most simulations throughout depict Red/Green Colour Blindness in its most severe form, where this is not the case, or it’s important to differentiate a type, the caption accompanying the image will clarify it. Any reader who has Colour Blindness themself may or may not be able to see slight differences between some original photos and their simulations. This is because no two people with the condition will see in exactly the same way, in addition simulation software can never be 100% accurate because it is just that, a simulation. Simulations do give an appreciation of why accessibility is necessary though, and interventions and accommodations are the same regardless of type or severity. What’s vital is they are in place.

Some quotes, you’ll notice are anonymous. Many people were more comfortable not being named.




Foreword

The world today abounds with colour. From fashion and food to gardens and galleries, colour arouses interest and brings delight. Yet colour is not mere decoration. Colour carries information and meaning, often vital for life. Rotting meat, overripe fruit, poisonous insects, oxygen-deprived skin: in all these, colour provides a natural cue. And in this digital, technology-rich age, colour has acquired more power than ever before. In apps, infographics, maps, marketing, and social media, colour tells us where to click, who to vote for, which brand to choose or what to like. Colour makes searching fast, simple and effective.

Yet for many people these meanings are hard to see. About 1 in every 12 men and 1 in 200 women are so-called ‘Colour Blind’, and for them, the information that colour carries is often lost. The crux of Marie Difolco’s impassioned argument in this important book is that Colour Blindness is therefore a disability, and must be recognised as such by schools, employers, the government, and society in general.

Colour Blindness is generally misunderstood, not least because the term ‘Colour Blindness’ is a misnomer. People with Colour Blindness can see colours, but they see fewer colours than normal and cannot see the difference between some colours which to most others is blatantly obvious. There is also more than one type of Colour Blindness. ‘Red/Green Colour Blindness’ itself comes in four main varieties, with varying degrees of severity. Some types are mild enough to be almost in the realm of normal variations of colour vision; other types are far more debilitating. Contrary to popular belief, none of these varieties affect the perception only of Red and Green; the colour confusions extend to blues, purples, whites, browns and many other hues.

Scientists, in turn, do not fully understand the mechanics of colour perception beyond its origins in the eye. It is known that ‘Red/Green Colour Blindness’ arises from genetic mutations on the X chromosome, which alter the properties of receptors in the eye that respond to long and middle wavelengths of light (’Red’ and ‘Green’ receptors, respectively). Yet how the brain ultimately transforms the signals from the photoreceptors in the eye into colour categories such as magenta, cyan and yellow or concepts like vibrancy, tone, and shade, is a complex puzzle still under intense scientific scrutiny. There is also the tantalising prospect that these transformations in the brain may be trained to compensate, in part, for what the eye lacks.

This book is personal and poignant. Males inherit their X chromosomes only from their mothers, so Marie Difolco feels heightened responsibility to understand her son’s Colour Blindness. Her insight into the world of the Colour Blind extends far beyond their perception of hues, though. She traces the impact of a child’s confusions over colours in the classroom through to effects on future employment opportunities, self-esteem, and quality of life.

Most importantly, this book is practical. It provides specific advice for educators on how to use colour for learning and teaching without disadvantaging anyone. It proposes changes to the law and advocates mandatory early screening for colour vision deficiencies. It instructs parents how to mitigate the negative impact of their child’s Colour Blindness. It delivers a lesson to anyone and everyone who has ever taken their own experience of colour for granted: we are the ones who are blind to the way other people see.

Professor Anya Hurlbert, MD, PhD

Newcastle University




Language is important

When discussing the condition commonly known as ‘Colour Blindness’, I recognise the term itself can be somewhat misleading.

If you search for a definition you’ll find ‘Colour Blindness’ is defined in many and varied ways which isn’t helpful. This makes me think society needs to settle on a standard definition to avoid future confusion, ensuring consistency in understanding and addressing the needs of individuals who live with it. With a clear and agreed definition efforts to raise awareness, develop standard accommodations and provide support can only be more effective. It would also help promote inclusivity and accessibility across various aspects of life, not least in education.

My own definition is this: Colour Blindness (Colour Vision Deficiency) is a visual impairment, a non-visible disability characterised by the inability to perceive colours in the same way as those with normal colour vision. It manifests as a problem distinguishing between many different colours and shades.

For clarity, when you see or hear ‘Colour Blindness’ referred to anywhere, including throughout this book, it is likely what’s being referred to is actually inherited ‘Red/Green Colour Blindness’. People who live with inherited Red/Green Colour Blindness are not entirely blind to colour; instead, they experience what is often termed as a ‘Colour Vision Deficiency’ (CVD).

Some may find the word ‘deficiency’ uncomfortable or inappropriate and replace it with other words, but it does perhaps more aptly describe ‘Colour Blindness’ and is widely used in academic circles.

I acknowledge the importance of person-first language, which emphasises the person rather than their condition, yet I recognise the phrase ‘Colour Blind person’ remains prevalent in conversations.

Terms like ‘Red/Green Colour Blind’, and others such as ‘Partially Colour Blind’ or ‘Totally Colour Blind’ can often hinder understanding, so I try to provide insight into these.

I use the phrase ‘non-visible disability’ as Colour Blindness is not something that is evident by looking at someone, others may choose to use ‘hidden disability’ or ‘those with conditions that aren’t apparent’ and so on.

I sometimes use the word ‘they’ and I use he/him more than I use she/her, purely because Colour Blindness affects more males than females.

I use the words intervention and accommodation; both are commonly used in education and various other fields but while they share similarities, there is a distinct difference between the two. Interventions can be seen as strategies or actions designed to address specific difficulties or challenges faced by an individual. Accommodations are adjustments or modifications made to the environment, materials or procedures to make them accessible for those with specific needs or disabilities. In an ideal world accommodations are what people with Colour Blindness should automatically expect. In other words, their needs will be accommodated at source; the teacher would have little need to intervene because the materials being used would be designed with accessibility in mind in the first place. That said, the world is not ideal so it’s important to understand both interventions and accommodations play crucial roles in promoting inclusion for people with Colour Blindness.

Throughout this book I aim to strike a balance. I use terms that hopefully ensure understanding and ease of reading. What is important however, is that communication should be sensitive and respectful. It’s essential we listen to how individuals describe their own challenges, and we use language that aligns with their preferences.





1 See why it matters
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Shocking facts and statistics

It’s so easy to take colour for granted when you see it in a normal way; however, a significant amount of people don’t. In fact, inherited Colour Blindness is one of the world’s most common genetic disorders, affecting an estimated 300 million people worldwide. To put this into context, this is about the same amount of people as live in the whole of the United States.

In percentage terms around 8% of the entire male population (1 in 12 men) and 0.5% of the female population (1 in 200 women) will be Colour Blind.

Figures are higher in areas where there are more caucasian people, so in Scandinavia 10–11% of men will have Colour Blindness. In contrast, in Sub-Saharan Africa there are few people who are Colour Blind, but countries such as India and Brazil have a relatively high incidence due to the large number of people with mixed-race genes (Types of Colour Blindness, n.d.;Cleveland Clinic, 2023).

Statistically, in an average co-educational class of 30 children, there is likely to be at least one child with Colour Blindness (#1InEveryClassroom campaign, n.d.), and without intervention they will be at a disadvantage in any learning environment. In the United Kingdom alone, there are currently around 450,000 Colour Blind children in our education system, and the worrying fact is that most schools cannot identify many of them.

Right now, Colour Blindness is a largely unrecognised Special Educational Need and Disability (SEND).



Debunking the myths

Although most of us have heard about Colour Blindness, there are still so many myths surrounding it. I’d like to start by busting a few of them up front.


Myth 1: Colour Blind people only see in black and white

Whilst there are some extremely rare forms of Colour Blindness that do result in black and white vision, this is not the case for the vast majority of those who are referred to as Colour Blind. People who are Colour Blind can usually see colours; they just see them in a different way.



Myth 2: People with Colour Blindness only confuse red and green

Since you are likely to have come across the term ‘Red/Green Colour Blindness’, it’s important to understand that when someone is referred to as Colour Blind or Red/Green Colour Blind, these are not the only two colours that can cause problems for them. Colour Blindness will affect how a person sees the whole colour spectrum.



Myth 3: Colour Blindness only affects men

This is not true. Whilst Colour Blindness does affect far more men than women, women can be Colour Blind too.



Myth 4: You can only be Colour Blind if you inherit it

Whilst most people who have Colour Blindness are born with the condition, it can be acquired too.



Myth 5: All Colour Blind people see in the same way

This is not true; there are different types and severities of Colour Blindness. This means colour combinations that cause problems for some Colour Blind people might not cause problems for others.

I’ll take you through the science of colour vision in a simplistic way in a moment, but it’s not necessary to delve into huge amounts of detail to understand the problems people with Colour Vision Deficiencies face every day. If you’re particularly interested in the science, there are many great resources out there that offer explanations in varying degrees of complexity, and I reference some of these at the end. This book, however, intends to be a resource you can use to help Colour Blind children feel included, ensuring they don’t miss the vital detail in lessons and during activities they take part in outside of school. I hope it will demonstrate that the effort required to make things accessible for them is relatively low for the very favourable returns I’m certain you’ll witness. By seeking out Colour Blind children in your care and supporting them, not only will you see a positive effect on the individuals concerned, but you will also likely see an overall improvement in your school’s academic attainment and sporting performance.




What’s it like to have Colour Blindness?

Before you read any further, if you’re not someone who has a Colour Vision Deficiency personally, it’s important you experience the condition for yourself by attempting the following quiz. You’ll find the answers at the back of the book where the simulated photographs used are shown along with the original version. 


[image: Figure 1.1 is a Colour Blind simulation of Figure 10.1 which is an original photo you can find at the back of the book. It shows 10 coloured socks pegged on a washing line. The range of colours is not broad, they all appear as shades of green and blue with a bright yellow one in the middle. There is no bright pink, red, orange or lime green evident. ]

Figure 1.1 Quiz Socks Simulation



Can you bring me a pink sock and a green sock, please? 


[image: Figure 1.2 is a Colour Blind simulation of Figure 10.2 which is an original photo you can find at the back of the book. It shows a clear plastic box containing coloured plastic magnetic letters. The lid from the box lies to the left of it and on it are the words 'Magnetic Letters'. The range of coloured letters does not appear to be wide. They all look like shades of blue, yellow, green and grey.]

Figure 1.2 Quiz Magnetic Letters Simulation



Write out your name using orange and pink letters. 


[image: Figure 1.3 is a Colour Blind simulation of Figure 10.3 which is an original photo you can find at the back of the book. It shows 20 coloured sweets in total, arranged from left to right into 2 columns of 3, 2 columns of 5, 1 column of 2 then 2 columns of 1. The range of colours does not appear to be wide. The sweets appear to be shades of green, yellow and black meaning the only thing you can do here is guess the answers.]

Figure 1.3 Quiz Sweets Simulation



What proportion of the sweets are red? What proportion of the sweets are green? Please write your answers as fractions in their simplest form. 


[image: Figure 1.4 is a Colour Blind simulation of Figure 10.4 which is an original photo you can find at the back of the book. It shows 5 training cones commonly used for football, rugby or other field sports. A blue cone in the middle of the image appears to be surrounded by a white cone, a yellow cone, a darker yellow one and a khaki green one. They are resting on a grass surface which appears as a darker khaki green colour.]

Figure 1.4 Quiz Training Cones Simulation



Mark your start point with a red cone. 


[image: Figure 1.5 is a Colour Blind simulation of Figure 10.5 which is an original photo you can find at the back of the book. It shows a pie chart that has been drawn by a child using felt tip pens. The top half is divided into 2 sections. The left quarter appears to be yellow and the right quarter appears to be blue. The bottom half is divided into 3 sections. From left to right these appear to be dark yellow, blue and khaki green. ]

Figure 1.5 Quiz Pie Chart Simulation



Alia has coloured in a pie chart. What fraction is blue, and what fraction is green? 


[image: Figure 1.6 is a Colour Blind simulation of Figure 10.6 which is an original photo you can find at the back of the book. The simulation shows 11 coloured pencils lined up next to each other. The tips are on the left of the picture. They appear to be a mix of yellows, greens, greys and dark blues.]

Figure 1.6 Quiz 11 Pencils Simulation



Please use a green pencil to indicate that you thought the work was easy.

So, how did you get on as a Colour Blind child? If you weren’t convinced before that having a Colour Vision Deficiency will have a negative impact on a child’s education without considered intervention, I hope you are now.


It is vital that teachers are aware of the limitations of coloured labels, charts or codes used in textbooks or as teaching aids when there is a Colour Blind child in the classroom. We are aware that without intervention a Colour Blind pupil will be at a disadvantage right across the curriculum, including in sport.

Alan Hopper, Vice Principal (academic) Dame Allan’s Schools, September 2023





Understanding colour vision

In order to support children with Colour Blindness, you need to understand what it is and why it can cause problems. A person with Colour Blindness does not usually have a total absence of colour vision; they just see colours in a ‘deficient’ way. Essentially, they have faulty colour vision, but how is it faulty?



Trichromats

Put very simply, those with normal colour vision have three sets of cone cells which are contained within the retina at the back of the eye. These cone cells are sensitive to different wavelengths of light that correspond to various colours of the visible spectrum. One set is sensitive to long waves which are associated with shades of red, one set is sensitive to medium waves associated with shades of green, and one set is sensitive to short waves which we associate with shades of blue. When all three sets of cone cells work properly, they send signals to the brain that combine to create the full spectrum of colour. In other words, people with normal colour vision possess the right ‘tools’ that enable them to see all colours of the rainbow (the visible spectrum). This is known as ‘trichromacy’. People with normal colour vision are referred to as ‘trichromats’. 


[image: Figure 1.7 is a simple diagram illustrating Trichromacy (normal colour vision). To the right of the image is a black and white line drawing of an eye. Three coloured light waves can be seen streaming into the pupil. The top one shows a red long wave, the one in the centre shows a green medium wave and the one at the bottom shows a blue short wave.]

Figure 1.7 Trichromacy



This diagram illustrates Trichromacy (normal colour vision)



Anomalous Trichromats

When someone is Colour Blind, they might possess all three sets of cone cells, but one set doesn’t work in the usual way. The ‘faulty’ set is sensitive to a different range of light waves compared to a normal set and therefore they cannot give the same response as normal cone cells do to all light waves. This results in some level of Colour Blindness, and these people are referred to as ‘anomalous trichromats’. 



Different types and severities

When Colour Blindness is being described in a scientific way, it is categorised into three main types, and each type can vary in severity. The name given to each type depends on which set of cone cells are faulty:


	 Tritanomaly – Blue Deficiency – the blue cone cell set is faulty (very rare).

	 Protanomaly – Red Deficiency – the red cone cell set is faulty.

	 Deuteranomaly – Green Deficiency – the green cone cell set is faulty. 




[image: Figure 1.8 is a simple diagram illustrating Anomalous Trichromacy. To the right of the image is a black and white line drawing of an eye. Three coloured light waves can be seen streaming into the pupil. The top one shows a red long wave, the one in the centre shows a green medium wave with sections missing from it and the one at the bottom shows a blue short wave.]

Figure 1.8 Anomalous Trichromacy (Deuteranomaly)



This diagram illustrates Anomalous Trichromacy where the green set of cone cells is faulty. This is known as Deuteranomaly and is the most common type of Colour Blindness.



Dichromats

If a person is missing a set of cone cells altogether, they have ‘dichromacy’ and will be referred to as a ‘dichromat’ because they only have two functioning sets.


	 Tritanopia – describes those who have no blue cone cells (extremely rare).

	 Protanopia – no red cone cells.

	 Deuteranopia – no green cone cells. 




[image: Figure 1.9 is a simple diagram illustrating Protanopia. To the right of the image is a black and white line drawing of an eye. Two coloured light waves can be seen streaming into the pupil. The one flowing to the centre of the pupil shows a green medium wave, the one at the bottom shows a blue short wave. The top red long wave is missing in this illustration.]

Figure 1.9 A dichromat with protanopia



This diagram illustrates Protanopia. A dichromat who has no red cone cells is known as a Protanope.



Colour Blindness is a spectrum

So, Colour Blindness can be thought of as a spectrum where, at one end people with the condition will experience less severe loss of colour than those at the other.


	 Tritanomaly to Tritanopia (mild through to severe blue loss).

	 Protanomaly to Protanopia (mild through to severe red loss).

	 Deuteranomaly to Deuteranopia (mild through to severe green loss).



It should be noted, though, that even those on the milder end of the spectrum do not see colours in the same way as a person with normal colour vision.



Red/Green Colour Blindness

The term Red/Green Colour Blindness merely refers to the cone cell types that are most likely to be affected if someone is Colour Blind. Usually Colour Blind people are either red or green deficient. As you can see in the diagrams, the red and green sets of cone cells sit close together, and the blue set sits slightly further away. People who have ‘blue’ deficiencies see the world in a completely different way than those with Red/Green deficiencies. The four photos on the following page show normal colour vision and each type of Colour Blindness in its most severe form. Notice how a Deuteranope and a Protanope view things in a pretty similar way but how a Tritanope sees things very differently than the other two. 

No matter what type or severity of Red/Green Colour Blindness someone has, though, I’d describe their world as a subdued palette of khaki colours. This palette is interspersed with blues and yellows, which are the only colours that stand out to them (because their blue cone cells are unaffected). However, they still might confuse blues and yellows with other colours sometimes.


[image: Figure 1.10 is an original photograph as someone with normal colour vision would see it. It shows a close up of some stickle bricks a child would typically use to build something using their imagination. The bricks are a wide variety of shapes and colours including white, bright pink, red, green, orange, yellow and various shades of blue.]

Figure 1.10 Stickle Bricks (Normal Colour Vision)



Trichromacy 


[image: Figure 1.11 is a Colour Blind simulation of Figure 1.10. This particular photo simulation illustrates Deuteranopia. In this photograph there only appears to be a narrow range of coloured stickle bricks. They just appear to be greens, blues, greys and white.]

Figure 1.11 Stickle Bricks (Deuteranope Simulation)



Deuteranopia


[image: Figure 1.12 is a Colour Blind simulation of Figure 1.10. This particular photo simulation illustrates Protanopia. In this photograph there only appears to be a narrow range of coloured stickle bricks. They just appear to be greens, blues and white. The shades are slightly different than the Deuteranopia simulation. Some of the greens are deeper as are some of the blue shades.]

Figure 1.12 Stickle Bricks (Protanope Simulation)



Protanopia


[image: Figure 1.13 is a Colour Blind simulation of Figure 1.10. This particular photo simulation illustrates Tritanopia. In this photograph there only appears to be a narrow range of coloured stickle bricks too but they appear to be shades of pink, turqoise and white.]

Figure 1.13 Stickle Bricks (Tritanope Simulation)



Tritanopia



Extremely rare forms of Colour Blindness

In addition to blue blindness (Tritanomaly through to Tritanopia), there are, of course some other very rare types of Colour Blindness, most of which are inherited, which my descriptions do not cover. These include Achromatopsia, a vision disorder where no properly functioning cone cells are present at all. This results in the affected person having monochromatic vision. They really do see the world in greyscale, a bit like a black-and-white movie. Conditions such as this often come with additional visual problems, though, and it is not the intention of this book to examine any of these rare disorders. However, if they are of interest, again, there are some excellent specialist resources you can turn to which I will list later.



Causes of Colour Blindness

Colour Blindness, in the Red/Green form that is the subject of discussion in this book, is nearly always genetically inherited, meaning it’s passed on by your parents. It is carried within the chromosome pair that determines a person’s sex (the 23rd chromosome pair), which is often referred to as the ‘sex chromosome’ for this reason. Chromosomes contain genes that are like tiny books of instructions. These instructions determine many of your traits, such as the colour of your hair and the colour of your eyes. They tell your tissues, organs and cells how to develop. If someone is Colour Blind it means the instruction book given to the cone cells in their eyes is different than the book given to people who have normal colour vision. The alternative set of instructions they receive basically results in a ‘faulty’ signal going from their eyes to their brain. Colour Blindness is a non-visible ‘physical’ disability; it is not a ‘learning disability’ or a ‘neurodiversity’.

My daughter loves to tell people that colours don’t exist at all, and they are just made up in your head, and technically she’s right. We don’t really see colour as such; we see reflected light interpreted by our brain.

If you are born female, your 23rd chromosome pair has two ‘X’ parts. If you are born male, it will have one ‘X’ part and one ‘Y’ part. Since the fault that causes Red/Green Colour Blindness is only found within the ‘X’ part, it only needs to show up on the one ‘X’ a male receives for him to be born Colour Blind. For a female to be born Colour Blind, the fault has to show up on both of the ‘X’ parts of the chromosome she receives. Basically, even if one of a girl‘s ‘X’s contains the gene that causes Red/Green Colour Blindness, her other ‘X’ chromosome part usually won’t and acts as a backup. She therefore won’t be Colour Blind, despite perhaps still carrying the ‘faulty’ gene. This is why Red/Green Colour Blindness is much more common in males than females.



Inherited Colour Blindness

Around one in seven females are Red/Green Colour Blind ‘carriers’ and if a ‘carrier’ (as I am) has a baby, she will pass on one of her ‘X’ chromosome parts to her child.
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