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I. Introduction

Color vision is one of the richest parts of the visual experience. Consequently, the flying environment has many color-coded signals and devices that are easy to discern by color normal ("color safe") observers. The flight surgeon will be called upon to evaluate the quality of color vision of prospective fliers, trainees, rated flying personnel, control tower operators, drivers and electronics specialists. In order to evaluate defective color vision, it is first necessary to understand normal color perception and its limits. A second objective will be the understanding of color vision testing procedures, the importance of color recognition in Air Force jobs and the various sorts of color vision defects that are revealed by standard Air Force tests.

Aircrew members and other Air Force personnel must identify and then act upon the proper identification of navigation lights, airport beacons, instrument lights, approach and runway lights, taxi strip lights and signals from biscuit guns. In addition, the color of various reflecting surfaces such as flags, smoke, flares and panels are of importance.

II. Normal color vision

When electrons in atoms drop to lower orbits, light energy is released as photons or quanta (indivisible packets of light). Each quantum vibrates at a frequency proportional to its energy level. Consequently, they have a wavelength that is proportional to their vibrational frequency. The entire spectrum of quantal energy is called the Electromagnetic Spectrum and extends from the very long radio waves (1015 nanometers (nm)) to the ultrashort cosmic rays (10-12nm).

Retinal rods and cones contain pigments that only selectively absorb quanta with wavelengths between 400 and 700 nm. Wavelengths outside that range tend to pass through the retina unabsorbed, although some ultraviolet is absorbed by the cornea and the lens of the eye.

Color discrimination depends on 3 classes of retinal cones. All contain a variant of vitamin A. Each of the three classes contains a different opsin which determines the ability of: that pigment to capture quanta of different wavelengths.

"Red" cones contain erythrolabe (red catcher) which has an absorption peak at 570 nm. Similarly, "green" cones contain chlorolabe and peak at 540 nm and "blue" cones peak at 440 nm and incorporate cyanolabe.
III. Basic organization of the color vision system.

Ewald Hering decided, on phenomenological grounds, that colors operate in opposition, since neither he (nor anyone else) had ever seen a red-green or yellow-blue Theorizing involving this schema gives rise to a class of opponent color theories. Researchers involved in complex aspects

of color processing find these theories useful.

Hermann Helmoholtz, working at about the same time as Hering, decided that the color visual system was trichromatic. Three pigments or "channels" served color processing, since mathematically two channels were not sufficient to describe color events and four were too many! For purposes of understanding clinically important color vision events, this theory is of greatest use.

IV. Stimulus properties that modify color perception.

Color perception is a psychological event and therefore  physical variables (as measured by a Physicist) do not adequately describe color sensations (there are nonlinearites and interactions between physical events that modify experience). The following table lists physical stimuli and the corresponding psychological experiences.

Physical attribute
Psychological experience

wavelength
hue

intensity
brightness

extent of blend
saturation

A simple color circle can be constructed that has some special properties; it describes some fundamental characteristics of the color visual system: The device assumes that colored lights are being used, and therefore, that physical stimuli will behave additively. Pigments are SUBTRACTIVE, and these properties do not hold for them.

Each hue lies on the circle between the hues it most closely resembles. That property makes it possible to predict what hue will result when two lights are mixed; namely a hue that is somewhere in-between the chosen two. The exact color depends on the quantities used.

Ex: equal amounts of red + green = yellow large red + small green = orange

The eye is incapable of evaluating the components of a color mixture. Colors that appear the same, but that have different mixture components are called metamers. This property is used in one of the tests of color deficiencies.
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Normal color observers have the unique ability to match any color with a combination of three primary colors, each of adjustable intensity (I). The primaries are usually a red, green and blue, no two of which when mixed together will make the third. This color matching ability is a unique characteristic of a trichromatic eye.
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V. Color defects - hereditary

Ninety - two percent of the population has "normal" color vision that is trichromatic. Three classes of cones with normal concentrations of pigments and normal retinal "wiring" are required. Occasionally, the plan falls in one of several ways.

A. Anomalous Trichromatism is the mildest and most common sort of error. Two of the three cone pigments are normal and the third is weak. These individuals recognize three distinct hues and will use three primaries to match all hues in the spectrum. The condition is inherited as a sex linked recessive trait. Three sorts of error are known to exist.
1. Protanomalous observers constitute 1 % of the population and have a "red" cone error. They confuse pinks with light shades of blue green. In order to see deep red wavelengths, they need greater intensities.

2. Deuteranomalous observers constitute 5% of the population and have a "green" cone error. They confuse light shades of purple with light shades of green.

3. Tritanomalous observers are very rare and have a "blue" cone error. They confuse yellows and blues.

B. Dichromatism affects 2-3% of the male population and is considered to be a serious color processing deficiency. The input from one of the cone classes is grossly abnormal, and the individual is partially colorblind. They can recognize only two distinct hues and use only two primaries to match all other spectral hues. The condition is also inherited in a sex-linked recessive manner. Three types of deficits are recognized.

1. The protanope's only color sensations are yellow and blue. They characteristically confuse reds with greens and blue-greens. They can see almost no lights with wavelengths above 650 nm and will have difficulty above 625 nm. A red sports car appears black to them, even in bright sunlight. They comprise 1% of the population.

2. The deuteranope's only color sensations are blue and yellow. They characteristically confuse purples with greens. These individuals comprise 1 % of the population.

3. The tritanope is extremely rare and has color sensations of red and green. There is some question about the existence of this defect.

C. Achromatopsia is a condition of monochromatism where all hue perception is lost and only sensations of brightness remain. A single primary is used to match all other hues. It should be noted that this condition, although usually discussed with color defects, is thought to be an ocular pathology involving complete absence of cone function and accompanied by severely compromised foveal acuity, central scotoma. nystagmus and photophobia. Visual acuity is 20/200 or poorer. Monochromatism has an incidence of 1:100,000.

VI. Color deficits - acquired

A variety of retinal diseases, brain injuries and responses to toxic substances will produce color vision defects including: central serous retinopathy, drug and toxic poisoning from lead, tobacco and alcohol, multiple sclerosis and damage to areas 17 and 18 of Brodmann.

VII. Color vision tests

A. Screening tests are designed to determine whether an individual is safe to be trusted to do a job that requires accurate identification of colors. The tests are easy to give, rapidly, accomplished and accurate if properly administered. The tests are calibrated with a particular sort of spectral lamp and must used with that luminance source or the results are unpredictable.

The Pseudo-Isochromatic Plates (PIP) exist in a variety of forms:

1. The Vision Test Set - Color Vision (VTS-CV) published by American Optical Co. or Dvorine and used by the Armed Services.

2. The Ishihara plates from Japan, which is not an Air Force Standard. 
3. The Hardy-Rand-Rittler test, which is not an Air Force Standard.

B. Quantitative tests of ten are used by the Armed Services for screening those who fail the PIP.

1. The VTA-CTT (vision test apparatus, color threshold tester) is no longer in use due to maintenance and calibration problems.

2. The Farnsworth Lantern test is not in use in the USAF. It Involves pairs of colors including red, green and white.
C. Diagnostic tests are presently used only at USAFSAM for diagnostic and research purposes. They are intended to determine the type and/or subtype of defect from which an individual suffers.

1. The Nagel anomaloscope is an old and well established optical instrument based on the research studies of Lord Rayleigh. It discriminates red - green color defects well, but does not detect yellow - blue problems at all. The instrument uses a spilt circular field, one-half of which is illuminated by monochromatic yellow. The other half is illuminated by a mixture of red and green. The ratio of red and green may be manipulated to match the standard yellow. The intensity of the standard may be varied. The relative amounts of red/green needed to establish a match are different for the various sorts of red-green color anomalies, and the four most common types of color deficiencies may be sorted out.

2. The Farnsworth-Munsell 100 - hue test is a test of color discrimination. it is used to determine protan/deutan deficiencies as well as to identify normals with low, normal or high confusion between subtle hue differences. It is time consuming, difficult to score and requires the proper illuminant for accurate administration.

3. The Farnsworth-Munsell D- 15 Color Cap Test is a test of color confusion. It is used to identify dichromats. It is easy to administer and score and requires administration with the proper illuminant.

VIII. Administration of the standard Air Force tests for color vision.

A. The VTS-CV (Pseudo-Isochromatic Plates) consists of 14 test plates and a demonstration plate (malingerer plate). The test is administered under standard conditions that should include:

1. Illumination with the Macbeth Daylight Lamp (illuminant C) at an angle of 45 degrees to the test booklet surface.

2. Sufficient illumination above 20 foot candles.

3. The applicant's line of sight at right angles to the plates. 
4. A test distance of 30 inches. 
5. An exposure time of approximately 2 seconds.
Ten or more correct responses are necessary in order for the examine to be considered to have normal color vision, if the examinee fails 5 or more of the 14 plates, he is considered to have deficient color vision. The results are entered on Standard Form 88, item 64 as Passes VTS-CV or Falls VTS-CV.

B. The VTA-CTT (Color threshold tester) is not authorized at this time and should not be administered.

C. The FALANT (Farnsworth Lantern) consists of nine pairs of targets consisting of red, green and white lights. The test is administered under simple conditions that should include:

1. Normal room light, screened from glare and with sunlight excluded.

2. The examinee seated 8 feet in front of the lantern with the front aperture aligned with the line of sight.
3. An exposure time of approximately 2 seconds.
D. The current recommendation for color vision testing is that all applicants for flying duty be administered the PIP If the individual passes this test, lie should be assumed to have normal or almost normal color vision.

If an individual has unreliable PIP test results, it will be up to the discretion of the reviewing office whether the individual is referred to AL/AOCOC for further evaluation of his color defect involving both identification and quantitation of that deficiency by more complex testing.

