
PSYCHOLOGICAL SCALES scales.arabpsychology.com

Color Blindness

Authored by

mohammad looti

September 25, 2025

RECOMMENDED CITATION

mohammad looti (2025). Color Blindness. PSYCHOLOGICAL SCALES. Retrieved from

https://scales.arabpsychology.com/?p=27751

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=27751
https://scales.arabpsychology.com/?p=27751
https://scales.arabpsychology.com
https://scales.arabpsychology.com


Color Blindness 2

PSYCHOLOGICAL SCALES scales.arabpsychology.com

Color Blindness (Color Vision Deficiency)

Primary Disciplinary Field(s): Ophthalmology, Genetics, Neuroscience, Perception

Psychology

1. Core Definition and Terminology

Color blindness, more accurately termed color vision deficiency (CVD), is a condition

characterized by a diminished ability to perceive differences between certain colors that most

people can distinguish. This visual impairment ranges from an inability to differentiate between

shades of a single color, such as red and green, to, in very rare cases, a complete absence of

color perception, where an individual sees the world only in shades of grey. It is crucial to

understand that the term "blindness" can be misleading, as most individuals with CVD are not truly

"blind" to color in the literal sense; rather, their color perception is altered or limited compared to

individuals with normal color vision. The severity and type of deficiency depend on which

photoreceptor cells in the retina are affected or absent, and how these cells process light.

The human eye typically contains three types of cone photoreceptor cells, each sensitive to

different wavelengths of light: short (S-cones, blue), medium (M-cones, green), and long (L-cones,

red). Normal color vision, known as trichromacy, relies on the proper functioning and interaction

of all three cone types. A deficiency arises when one or more of these cone types are either

absent, dysfunctional, or have an altered spectral sensitivity. This leads to a reduced capacity for

color discrimination, impacting daily tasks that rely on color cues, such as interpreting traffic lights,

distinguishing ripeness of fruit, or understanding color-coded charts and maps. The nuances of

color perception, from the subtle variations in natural landscapes to the vibrant hues of art, are

experienced uniquely by those with CVD, necessitating a deeper understanding of its physiological

and psychological ramifications.

While the terms color blindness and color vision deficiency are often used interchangeably, the

latter is generally preferred within scientific and medical communities due to its greater precision. It

acknowledges the spectrum of experiences, from mild anomalies where color perception is only

slightly impaired, to severe forms where specific colors are indistinguishable, to the extremely rare

condition of complete color absence. This distinction is vital for accurate diagnosis, effective

communication, and the development of appropriate compensatory strategies and aids.

Understanding this foundational definition sets the stage for a comprehensive exploration of the

genetic, physiological, and practical aspects of this prevalent visual condition.

2. Physiology of Normal Color Vision

Normal color vision, a complex neurobiological process, begins with the capture of light by
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specialized photoreceptor cells located in the retina at the back of the eye. The retina contains two

primary types of photoreceptors: rods and cones. Rods are highly sensitive to low light levels and

are responsible for scotopic (night) vision, detecting shades of grey and peripheral vision, but they

do not contribute to color perception. Cones, on the other hand, require brighter light and are

crucial for photopic (day) vision, high-acuity central vision, and, most importantly, color

discrimination. The human retina typically contains approximately six million cone cells, densely

packed in the fovea, the central part of the macula, which is responsible for sharp, detailed vision.

For normal color vision, or trichromacy, three distinct types of cone cells are essential, each

containing a different photopigment (opsin) that is maximally sensitive to a specific range of light

wavelengths. These are: S-cones (short-wavelength sensitive), which detect blue light, with peak

sensitivity around 420 nm; M-cones (medium-wavelength sensitive), which detect green light, with

peak sensitivity around 530 nm; and L-cones (long-wavelength sensitive), which detect red light,

with peak sensitivity around 560 nm. It is important to note that each cone type is sensitive to a

broad spectrum of light, not just a single color, but they respond most strongly to their specific peak

wavelength. The perception of any given color arises from the relative stimulation of these three

cone types. For instance, yellow light stimulates both L and M cones roughly equally, while violet

light strongly stimulates S cones and weakly stimulates L and M cones.

The signals generated by the activated cone cells are then transmitted to bipolar cells, then to

ganglion cells, and subsequently to the brain via the optic nerve. In the brain, particularly in the

visual cortex, these signals are processed and interpreted, allowing for the perception of a vast

spectrum of colors. This sophisticated process, often described by the trichromatic theory of

color vision (also known as the Young-Helmholtz theory), posits that any color can be matched by

mixing three primary colors of light in varying proportions. While this theory explains the initial

stages of color perception at the retinal level, the opponent-process theory, proposed by Ewald

Hering, explains how these signals are further processed in the neural pathways beyond the retina,

suggesting that color perception is organized into opposing pairs: red-green, blue-yellow, and

black-white. Both theories are now considered complementary, describing different stages of the

complex neural processing that culminates in the richness of human color experience.

3. Etymology and Historical Understanding

The phenomenon of color vision deficiency, though likely present throughout human history, was

not scientifically described until the late 18th century. The term "color blindness" itself gained

prominence following the pioneering work of the eminent English chemist and physicist John

Dalton. Dalton, who lived from 1766 to 1844, was himself severely red-green color blind, a

condition he termed Daltonism. His self-observations and subsequent scientific paper,

"Extraordinary facts relating to the vision of colours; with observations," published in 1798, marked

a pivotal moment in the understanding of this condition. Dalton meticulously documented his own
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perception, noting his inability to distinguish between red and green, which appeared to him as

shades of yellow. He even bequeathed his eyes for post-mortem examination, hoping to uncover

the physical basis of his unique vision, though the technology of his time was insufficient to reveal

the underlying retinal abnormalities.

Dalton's groundbreaking work not only provided one of the earliest systematic accounts of color

vision deficiency but also spurred further scientific inquiry. Before Dalton, anecdotal evidence and

individual experiences of unusual color perception were often dismissed or misunderstood. His

scientific approach transformed it from a mere curiosity into a subject of serious physiological

investigation. The term "Daltonism" became synonymous with red-green color blindness for a

period, recognizing his significant contribution. However, as understanding of the various types of

color vision deficiencies expanded beyond just red-green, the more general term "color blindness"

emerged to encompass the broader spectrum of conditions, including blue-yellow deficiencies and

total color absence. This linguistic shift reflected a growing sophistication in the classification and

diagnosis of these visual impairments.

Over the centuries, scientific understanding of color vision deficiency continued to evolve. Early

theories often focused on abnormalities within the eye's humors or lens. However, with the advent

of more advanced anatomical and physiological studies, particularly in the 19th and 20th centuries,

research shifted towards the retina and its photoreceptor cells. The discovery of different types of

cone cells and their specific spectral sensitivities, alongside the elucidation of the genetic basis of

inherited forms, provided a clearer picture of the underlying mechanisms. Today, while "color

blindness" remains a widely used term in common parlance, the more precise and less

stigmatizing "color vision deficiency" (CVD) is increasingly favored in academic and medical

contexts, reflecting a nuanced appreciation of the condition as a variation in visual perception

rather than a complete absence of it.

4. Types and Classification of Color Vision Deficiencies

Color vision deficiencies (CVDs) are broadly classified into two main categories: inherited and

acquired. The vast majority of cases are inherited, meaning they are present from birth and are

typically stable throughout an individual's life. Acquired CVDs, in contrast, develop later in life due

to various underlying medical conditions, medications, or environmental factors, and their severity

can fluctuate or progress over time. Within the inherited forms, the classification is further refined

based on which specific cone photoreceptor types are affected, leading to distinct patterns of color

confusion. These inherited deficiencies are primarily categorized by the specific colors that are

difficult to distinguish, most commonly red-green, followed by blue-yellow, and rarely, a complete

absence of color perception.

Inherited Color Vision Deficiencies constitute the predominant form and are typically genetically
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determined. They arise from genetic mutations affecting the opsin genes responsible for the

production of light-sensitive pigments in the cone cells.

Red-Green Color Blindness: This is the most common type, predominantly affecting males due

to its X-linked recessive inheritance pattern. It impacts the L-cones (red-sensitive) and M-cones

(green-sensitive).

Anomalous Trichromacy: In this condition, all three cone types are present, but one of them has

an altered spectral sensitivity, meaning its peak sensitivity is shifted.

Protanomaly: L-cones (red-sensitive) have a shifted spectral sensitivity, making red, orange, and

yellow appear greener and less vivid. Individuals with protanomaly have difficulty distinguishing

between red and green, and purple and blue. This is a mild form of red-green deficiency.

Deuteranomaly: M-cones (green-sensitive) have a shifted spectral sensitivity, making green and

yellow appear redder. This is the most common type of color vision deficiency, often mild, where

individuals struggle to differentiate between various shades of red, green, and yellow.

Dichromacy: This more severe form occurs when one type of cone photoreceptor is entirely

absent or non-functional.

Protanopia: Complete absence of functional L-cones (red-sensitive). Individuals with protanopia

cannot perceive red light and confuse reds, greens, and yellows. The visible spectrum is shortened

at the red end, and red appears very dim or black.

Deuteranopia: Complete absence of functional M-cones (green-sensitive). Individuals with

deuteranopia also cannot perceive green light and confuse reds, greens, and yellows. Unlike

protanopia, the brightness of colors is not significantly affected.

Blue-Yellow Color Blindness: This type is less common and is typically inherited through an

autosomal dominant pattern or can be acquired. It affects the S-cones (blue-sensitive).

Tritanomaly: A rare form where S-cones have an altered sensitivity, leading to difficulty

distinguishing between blue and green, and yellow and red.

Tritanopia: Complete absence of functional S-cones. Individuals with tritanopia confuse blues with

greens and yellows with violets. This condition is also very rare.

Complete Color Blindness (Monochromacy/Achromatopsia): This is the rarest and most

severe form, where an individual perceives the world only in shades of black, white, and gray.

Rod Monochromacy (Achromatopsia): This condition results from the complete absence or non-

functionality of all three types of cone cells. Individuals with rod monochromacy rely solely on rod

photoreceptors for vision. Consequently, they experience extreme light sensitivity (photophobia),

very poor visual acuity (often 20/200 or worse), nystagmus (involuntary eye movements), and no
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color perception. It is typically inherited in an autosomal recessive pattern.

Cone Monochromacy: An extremely rare condition where an individual possesses only one type

of functional cone cell. Depending on which cone type is present, there might be some perception

of brightness, but no true color discrimination. Visual acuity is generally better than in rod

monochromacy, and photophobia is less severe.

Acquired Color Vision Deficiencies are not genetic and develop later in life due to various

factors that damage the retina, optic nerve, or parts of the brain involved in color processing.

Unlike inherited forms, acquired CVDs can affect one eye more than the other, may worsen over

time, and are often associated with other visual symptoms. Common causes include:

Ocular Diseases: Conditions such as glaucoma, macular degeneration, diabetic retinopathy, optic

neuritis, retinitis pigmentosa, and cataracts can impair color vision.

Systemic Diseases: Certain systemic illnesses like multiple sclerosis, Alzheimer's disease, and

chronic alcoholism can impact the visual pathways.

Medications: Some drugs, including certain antibiotics, anti-tuberculosis medications, and anti-

malarial drugs, can have side effects that affect color perception.

Chemical Exposure: Exposure to certain industrial chemicals, such as carbon disulfide or styrene,

can lead to acquired CVD.

Trauma or Injury: Head trauma or injuries directly affecting the eyes or visual processing centers

of the brain can cause color vision impairments.

Acquired CVDs often manifest as blue-yellow defects initially, contrasting with the predominantly

red-green nature of inherited forms. The diagnosis and management of acquired CVDs require

identifying and addressing the underlying cause.

5. Genetics of Inherited Color Blindness

The vast majority of inherited color vision deficiencies, particularly the common red-green types

(protanopia, deuteranopia, protanomaly, and deuteranomaly), are genetically determined and

follow an X-linked recessive inheritance pattern. This means that the genes responsible for

these conditions are located on the X chromosome, one of the two sex chromosomes. Humans

typically have two sex chromosomes: females usually have two X chromosomes (XX), while males

have one X and one Y chromosome (XY). This genetic architecture is fundamental to

understanding why males are disproportionately affected by red-green color blindness compared to

females.

For a male, who possesses only one X chromosome, if that X chromosome carries the altered

gene for red or green photopigment, he will express the color vision deficiency. There is no second

X chromosome to provide a normal gene copy. Therefore, a single copy of the mutated gene is

sufficient to cause the condition in males. In contrast, for a female, who has two X chromosomes, if
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one X chromosome carries the mutated gene, the other, typically normal, X chromosome can

compensate, usually preventing her from exhibiting the deficiency. Such a female is considered a

carrier; she does not have color blindness herself but can pass the mutated gene on to her

offspring. A female would only express X-linked color blindness if she inherits two copies of the

mutated gene, one from each parent, which is a significantly rarer occurrence. This explains why

approximately 8% of males of Northern European descent have some form of red-green color

vision deficiency, while only about 0.5% of females are affected.

The opsin genes critical for red and green color vision are OPN1LW (encoding the L-cone

photopigment, sensitive to long wavelengths or "red" light) and OPN1MW (encoding the M-cone

photopigment, sensitive to medium wavelengths or "green" light). These genes are located in a

cluster on the long arm of the X chromosome (Xq28). Due to their close proximity and high

sequence similarity, unequal homologous recombination during meiosis can lead to deletions,

duplications, or hybrid genes, resulting in anomalous photopigments or the complete absence of a

photopigment. For example, in protanopia, the OPN1LW gene is missing or non-functional, leading

to a lack of red-sensitive cones. In deuteranopia, the OPN1MW gene is missing or non-functional,

resulting in a lack of green-sensitive cones. Anomalous trichromacies (protanomaly and

deuteranomaly) occur when hybrid genes are formed, producing photopigments with shifted

spectral sensitivities. The gene for the S-cone photopigment (OPN1SW), responsible for blue color

vision, is located on chromosome 7 and follows an autosomal recessive or dominant inheritance

pattern, making blue-yellow color vision deficiencies (tritanopia and tritanomaly) much rarer and

not X-linked. Complete color blindness (achromatopsia), which involves the absence or non-

functionality of all cones, is typically inherited in an autosomal recessive pattern, meaning both

parents must be carriers for a child to be affected, irrespective of sex, explaining its extreme rarity.

6. Diagnosis and Testing

The diagnosis of color vision deficiency (CVD) involves a range of specialized tests designed to

assess an individual's ability to distinguish between different colors and shades. These tests are

crucial for identifying the presence and type of CVD, which can have significant implications for

daily life, education, and career choices. Screening for CVD is often part of routine eye

examinations, particularly for children, to ensure early identification and intervention. The chosen

diagnostic method depends on the purpose of the test, whether it is for general screening, detailed

classification, or occupational fitness.

The most widely recognized and commonly used screening tool for red-green CVD is the Ishihara

Test. This test consists of a series of pseudo-isochromatic plates, each featuring a pattern of

colored dots arranged to form a number or a path. Individuals with normal color vision can easily

discern the hidden number or trace the path, while those with certain types of red-green CVD will

either see a different number, a different path, or no number/path at all. For example, a plate might
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show a '74' to someone with normal vision but a '21' or nothing to someone with red-green

deficiency. While highly effective for screening red-green deficiencies, the Ishihara test does not

typically diagnose blue-yellow defects or fully classify the specific type and severity of red-green

CVD. Other pseudo-isochromatic plate tests, such as the Hardy-Rand-Rittler (HRR)

Pseudoisochromatic Plates, offer a broader range of plates designed to detect red-green and

blue-yellow defects and can provide a more detailed classification of the severity of the deficiency.

For a more precise diagnosis and classification of CVD, particularly to distinguish between

anomalous trichromacy and dichromacy, and to assess the severity, more advanced tests are

employed. The Farnsworth D-15 Hue Test and its expanded version, the Farnsworth Munsell

100 Hue Test, require individuals to arrange a series of colored caps in order of hue. The D-15 test

is a simpler screening tool that can identify gross defects, while the 100 Hue Test is more

sensitive, providing a detailed assessment of color discrimination ability across the entire color

spectrum and helping to pinpoint the axis of confusion. The Anomaloscope is considered the gold

standard for diagnosing and classifying red-green color vision deficiencies. This instrument

presents a bipartite field where one half is a pure yellow light, and the other half is a mixture of red

and green lights. The individual adjusts the proportions of red and green until the mixed light

matches the yellow light. The specific ratio of red and green chosen by the individual indicates

whether they have protanomaly, deuteranomaly, protanopia, or deuteranopia, offering the most

precise diagnostic information. For occupations requiring critical color perception, such as pilots,

electricians, or certain military roles, specific Lantern Tests (e.g., Farnsworth Lantern Test) are

used to simulate real-world color discrimination tasks, such as identifying signal lights. Early

diagnosis in childhood is particularly important for educational planning and career guidance, as it

allows individuals to develop strategies for coping with their condition and pursuing suitable

professions.

7. Impact on Daily Life, Education, and Professions

Color vision deficiency (CVD) significantly impacts various aspects of daily life, often presenting

subtle yet persistent challenges that individuals with normal color vision might not readily

appreciate. From simple routine tasks to complex professional responsibilities, the inability to

distinguish certain colors can lead to frustration, misunderstandings, and even safety concerns.

Everyday activities such as selecting ripe fruits, choosing matching clothes, or interpreting color-

coded maps or charts can become surprisingly difficult. Traffic lights, while often differentiated by

position (top, middle, bottom), still rely on color cues for quick recognition, posing a potential

hazard, especially in unfamiliar situations or when traffic signals are arranged horizontally.

Similarly, understanding warning labels or safety signs that utilize red or green indicators can be

problematic. The aesthetic appreciation of art, nature, and media is also altered, leading to a

unique visual experience of the world.
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In educational settings, CVD can create substantial barriers to learning. Many teaching materials,

particularly in subjects like science, geography, and art, heavily rely on color coding to convey

information. Diagrams of biological systems, chemical reactions, geological maps, and graphical

representations of data often use specific colors to distinguish elements, layers, or categories. A

student with red-green CVD, for example, might struggle to differentiate between parts of a

diagram labeled in red and green, potentially leading to incorrect answers or a diminished

understanding of the concept. Art classes can be particularly challenging, as the student may not

perceive the colors as intended by the instructor or their peers. Educators need to be aware of

CVDs among their students and adopt inclusive teaching practices, such as providing alternative

cues (e.g., labels, patterns, textures) alongside colors, using high-contrast materials, and ensuring

that critical information is not solely dependent on color distinction.

The impact of CVD extends profoundly into professional life, with certain careers imposing strict

color vision requirements. Industries where precise color discrimination is critical for safety, quality

control, or specialized tasks often exclude individuals with moderate to severe CVD. Professions

such as commercial pilots, air traffic controllers, railway engineers, police officers, and military

personnel often have stringent color vision standards due to the critical importance of quickly and

accurately interpreting signal lights, navigation displays, and emergency indicators. Similarly,

vocations involving electricity (e.g., electricians, electrical engineers who work with color-coded

wiring), graphic design, textiles, chemistry, and medicine (e.g., pathologists interpreting stained

slides, surgeons identifying tissues) may also present significant challenges or outright exclusions.

While some roles might accommodate mild forms of CVD with adaptive strategies, for many, the

inability to meet color vision standards can limit career aspirations, necessitating careful career

counseling and planning from an early age. The economic and psychological repercussions of

such limitations underscore the importance of early diagnosis and widespread awareness of color

vision deficiencies.

8. Management, Adaptation, and Research

Currently, there is no conventional cure for inherited color vision deficiency (CVD). Once an

individual is diagnosed with an inherited form of CVD, the condition is typically lifelong and non-

progressive. Management strategies therefore focus primarily on adaptation, compensatory

techniques, and the use of assistive technologies to mitigate the challenges posed by impaired

color perception. For acquired CVDs, management largely depends on addressing the underlying

medical condition or removing the causative agent, if possible, which may lead to an improvement

or stabilization of color vision. However, for the vast majority of individuals with inherited CVD,

learning to navigate a color-coded world remains the central approach.

Adaptive strategies involve practical adjustments in daily life and learning environments.

Individuals with CVD often rely on cues other than color, such as brightness, shape, texture, or
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position, to distinguish objects or interpret information. For instance, instead of relying solely on the

color of traffic lights, they learn to identify the light's position (top for red, middle for yellow, bottom

for green). In educational or professional settings, advocating for color-blind friendly designs in

presentations, charts, and maps, which incorporate patterns, labels, or varied brightness alongside

color, is crucial. Mobile applications can also assist by identifying colors in real-time through a

smartphone camera, or by adjusting screen colors to be more discernible. Simple strategies like

pre-sorting clothes by texture or pattern, or asking for help from others when selecting items based

on color, become part of a routine for many.

Technological advancements have introduced various aids designed to enhance color perception

for individuals with CVD, though these are not cures. The most prominent examples are

specialized color-correcting lenses, such as those developed by EnChroma. These lenses work

by filtering out specific wavelengths of light at the points where the spectral sensitivity curves of

different cone types (e.g., red and green cones) overlap excessively in people with anomalous

trichromacy. By increasing the separation between these overlapping curves, the lenses can

enhance the differentiation between certain colors for some individuals, particularly those with

milder forms of red-green CVD. While these lenses can improve color discrimination and enrich

color perception for many, they do not restore normal color vision and their effectiveness varies

widely among users. Other assistive technologies include digital tools and software that can modify

screen colors, provide voice descriptions of colors, or offer simulated views of how colors appear to

someone with a specific type of CVD, aiding designers and developers in creating more inclusive

content.

Looking towards the future, cutting-edge research offers hope for more direct interventions. Gene

therapy is a particularly promising area, aiming to introduce functional copies of missing or

mutated opsin genes into the cone photoreceptors. Significant progress has been made in animal

models, where gene therapy has successfully restored some degree of color vision in dichromatic

monkeys. Clinical trials for certain inherited retinal diseases are ongoing, and while direct gene

therapy for common forms of CVD in humans is still in its early stages, it represents a potential

paradigm shift. Stem cell research is another avenue, exploring the possibility of replacing

damaged or absent cone cells with new, healthy cells derived from pluripotent stem cells.

Furthermore, advancements in optogenetics, which involves genetically modifying cells to make

them light-sensitive, are being investigated for their potential to restore vision, including color

perception, in individuals with severe photoreceptor degeneration. These research frontiers, while

complex and long-term, underscore the scientific community's commitment to eventually

overcoming the limitations imposed by color vision deficiencies.

9. Societal and Cultural Perspectives

The societal and cultural understanding of color vision deficiency (CVD) has evolved significantly
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over time, moving from historical ignorance and occasional stigma to a more nuanced appreciation

of it as a variation in human perception. In earlier eras, before scientific elucidation, individuals with

CVD might have been seen as merely having poor judgment regarding colors, leading to social

awkwardness or misunderstandings. John Dalton's work in the late 18th century began to

normalize the condition by providing a scientific framework, yet the term "color blindness" itself

carried a connotation of disability or deficit rather than a difference. Even today, many people with

normal vision struggle to comprehend the experience of CVD, often asking, "What color do you

see?" or making assumptions about complete black-and-white vision, which is exceedingly rare.

This lack of understanding can lead to social isolation or a feeling of being misunderstood for those

with CVD.

In contemporary society, there is a growing movement towards greater awareness and inclusivity

regarding CVD. Advocacy groups and educational campaigns are working to inform the public,

educators, and industry professionals about the realities of living with impaired color vision. This

involves dispelling myths, explaining the different types of CVD, and highlighting the practical

challenges encountered daily. For instance, the use of traffic lights in various countries that have

consistent position for colors, or public information displays that use patterns and shapes in

addition to color, reflect a gradual societal adaptation. The push for color-blind friendly design is

gaining traction in digital interfaces, public signage, and educational materials. This approach

ensures that critical information is accessible to everyone, regardless of their color vision

capabilities, by avoiding sole reliance on color as a primary differentiator.

The impact of CVD also touches upon cultural expressions, particularly in art and aesthetics. While

some may view CVD as limiting artistic engagement, many artists with CVD have demonstrated

unique perspectives and creative approaches, often focusing on form, texture, and light rather than

conventional color schemes. This challenges the notion that color perception is uniform or that a

specific way of seeing is superior. Culturally, the prevalence of CVD, particularly among males,

means that a significant portion of the population experiences the world differently. Recognizing

this diversity is crucial for fostering an inclusive environment that values varied sensory

experiences. Ultimately, the societal and cultural perspective on color vision deficiency is shifting

from one of deficit to one of neurodiversity, acknowledging that differences in perception can enrich

our collective understanding of human experience and push the boundaries of design and

communication.
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