human factors in aviation 


human factors 

A.  general
Elsewhere we have discussed the technical aspects of flying. The reader should now understand how lift is produced by an airfoil to make an airplane fly, the basic construction of an airframe. ail about the operation and care of an aero engine, how to use aircraft communication and navigation radio equipment, how to navigate from A to B, the vagaries of weather, etc. Not too many years ago, it was generally believed that if an individual had a good understanding of all these technical aspects of pilotage, he had acquired the basic prerequisites to be a successful, efficient and safe pilot.

In the last few years, however, it has been learned that a thorough grasp of these subjects, though essential, is not enough. Human factors are a very important part of flight crew training. Human aspects, such as cockpit organization, crew co-ordination, fitness and health, sensory illusions and decision making are as vital to safety in the air as are flying techniques. The relationship of people with machines, the environment and other people is part of the human factor equation.

There is much to understand about the pilot himself and his physical and involuntary reactions to the unnatural environmental conditions of flying. During the Second World War, it was first realized that some airplane losses were due to pilot incapacitation rather than to enemy action. The challenge of explaining these unusual occurrences was taken up and since that time much research has been conducted into such subjects as hypoxia, spatial disorientation, hyperventilation, the bends, impairment due to drugs and alcohol, and mental stress. Startling and sobering information is now available.

Man is essentially a terrestrial creature. His body is equipped to operate at greatest efficiency within relatively narrow limits of atmospheric pressure and, through years of habit, has adapted itself to movement on the ground.

In his quest for adventure and his desire for progress, man has ventured into a foreign environment, the air high above the ground. But these lofty heights are not natural to man. As altitude increases, the body becomes less and less efficient to a point, at sufficient altitude, of incapacitation and unconsciousness. Completely deprived of oxygen, the body dies in 8 minutes. Without ground reference, the senses can play tricks, sometimes fatal tricks.

Airplane accidents are an occurrence that every conscientious pilot is concerned with preventing. Most aircraft accidents are highly preventable. Many of them have one factor in common. They are precipitated by some human failing rather than by a mechanical malfunction. In fact, statistics indicate that human factors are involved in 85% of aircraft accidents. Many of these have been the result of disorientation, physical incapacitation and even the death of the pilot during the flight. Others are the result of poor management of cockpit resources.

It is the intention of this chapter to explain briefly some of these human factors, to help pilots understand and appreciate the capacities and limitations of their own bodies, so that flying might never be a frightening or dangerous undertaking. But instead, the enjoyable and safe and efficient experience ail lovers of airplanes and the airways have always believed it to be.

B.  general health
Since flying an airplane demands that the pilot be alert and in full command of his abilities and reasoning, it is only common sense to expect that. an individual will ensure that he is free of any conditions that would be detrimental to his alertness, his ability to make correct decisions, and his rapid reaction times before seating himself behind the wheel of an airplane.

Certain physical conditions such as serious heart trouble, epilepsy, uncontrolled diabetes, and other medical problems that might cause sudden incapacitation and serious forms of psychiatric illness associated with loss of insight or contact with reality may preclude an individual from being judged medically fit to apply for a license.

Other problems such as acute infections are temporarily disqualifying and will not affect the status of a pilot's license. But they will affect his immediate ability to fly, and he should seek his doctor's advice before returning to the cockpit of his airplane.

In fact, any general discomfort, whether due to colds, indigestion, nausea, worry, lack of sleep or any other bodily weakness, is not conducive to safe flying. Excessive fatigue is perhaps the most insidious of these conditions, resulting in inattentiveness, slow reactions and confused mental processes. Excessive fatigue should be considered a reason for cancelling or postponing a flight.

C.  hypoxia
The advance in aeronautical engineering during the past few years has produced more versatile airplanes capable of flying at much higher altitudes than only a few years ago were considered attainable by the private pilot. At such high altitudes, man is susceptible to one of the most insidious physiological problems. hypoxia. Because hypoxia comes on without warning of any kind, the general rule of oxygen above 10,000 feet ASL by day and above 5000 feet ASL by night is one the wise pilot will practice to avoid the hazard of this debilitating condition. Hypoxia can be defined as a lack of sufficient oxygen in the body cells or tissues.

The greatest concentration of air molecules is near to the earth's surface. There is progressively less air and therefore less oxygen (per unit volume) as you ascend to higher altitudes. Therefore each breath of air that you breathe at, for example, 15,000 feet ASL has about half the amount of oxygen of a breath taken at sea level.

The most important fact to remember about hypoxia is that the individual is unaware that he is exhibiting symptoms of this condition. The brain centre that would warn him of decreasing efficiency is the first to be affected and the pilot enjoys a misguided sense of well-being. Neither is there any pain, or any other warning signs that tell him that his alertness is deteriorating. The effects of hypoxia progress from euphoria (feeling of well being) to reduced vision, confusion, inability to concentrate, impaired judgment, slowed reflexes to eventual loss of consciousness.

effects on visions at 5000 feet

The retina of the eye is actually an outcropping of the brain and as such is more dependent on an adequate supply of oxygen than any other part of the body. For this reason, the first evidence of hypoxia occurs at 5000 feet in the form of diminished night vision. Instruments and maps are misread; dimly lit ground features are misinterpreted.

above 10,000 feet

It is true that general physical fitness has some bearing on the exact altitude at which the effects of hypoxia will first affect a particular individual. Age, drinking habits, use of drugs, lack of rest, etc.. all increase the susceptibility of the body to this condition. However, the average has been determined at 10,000 feet.

At 10,000 feet, there is a definite but undetectable hypoxia. This altitude is the highest level at which a pilot should consider himself efficient in judgment and ability. However, continuous operation even at this altitude for periods of more than, say, four hours can produce fatigue because of the reduced oxygen supply and a pilot should expect deterioration in concentration, problem solving and efficiency.

At 14,000 feet, lassitude and indifference are appreciable. There is dimming of vision, tremor of hands, clouding of thought and memory and errors in judgment. Cyanosis (blue discolouring of the fingernails) is first noticed.

At 16,000 feet, a pilot becomes disoriented, is belligerent or euphoric and completely lacking in rational judgment. Control of the airplane can be easily lost.

At 18,000 feet, primary shock sets in and the individual loses consciousness.

At higher altitudes, death may result after a prolonged period.

The Air Navigation Orders rule that an aircraft should not be operated for more than 30 minutes between 10,000 feet and 13,000 feet or at ail above 13,000 feet unless oxygen is readily available for each crew member.

D.  stagnant hypoxia
Stagnant hypoxia is a condition in which there is a temporary displacement of blood in the head. It occurs as a result of positive "g" forces (as in an abrupt pull out from a high speed dive), and, can be attributed to the fact that the circulatory system is unable to keep blood pumped to, the head.

E.  prevention of hypoxia
The only way to prevent hypoxia is to take steps against it before its’ onset. Remember the rule: Oxygen above 10,000 feet by day and above 5,000 feet at night.
gases and the body 

A.  ozone sickness
Another problem associated with flight at very high altitudes is ozone sickness. Although it has been evident only with flights operating at altitudes of 30,000 feet or more, the advent of general aviation airplanes that operate at subsonic speeds at such levels makes this a problem of which even the private pilot should be aware.
Ozone is a bluish gas that exists in relatively high concentrations in the upper levels of the atmosphere, especially in the tropopause. Because the tropopause fluctuates in its average altitude from season to season, any flight operating above 35,000 feet is likely to come into, contact with ozone at some time.
Although ozone does have a distinctive colour and odour, passengers and flight crew who have experienced ozone sickness have been unaware of the apparently high concentrations of ozone prior to the onset of the symptoms.
The symptoms of ozone sickness are hacking cough, poor night vision, shortness of breath, headache, burning eyes, mouth and nose, mild chest pains, leg cramps, fatigue, drowsiness, nose bleed, nausea and vomiting. The symptoms become more severe with continued exposure and with physical activity but do diminish rapidly when the airplane descends below 30,000 feet.
Some relief from the symptoms can be achieved by breathing through a warm, moist towel. Limiting physical activity to a minimum and breathing pure oxygen are also effective in alleviating the symptoms. 
B.  carbon monoxide
Oxygen is transported throughout the body by combining with the haemoglobin in the blood. However, this vital transportation agent, haemoglobin, has more than 200 times the affinity for carbon monoxide that it has for oxygen. Therefore, even the smallest amounts; of carbon monoxide can seriously interfere with the distribution of oxygen and produce a type of hypoxia, known as anernic hypoxia..
Carbon monoxide is colourless, odourless and tasteless. It is a product of fuel combustion and is found in varying amounts in the exhaust from airplane engines. A defect, crack or hole in the cabin heating system may allow this gas to enter the cockpit of the airplane.
Susceptibility to carbon monoxide increases with altitude. At higher altitudes, the body has difficulty getting enough oxygen because of decreased pressure. The additional problem of carbon monoxide could make the situation critical.
Early symptoms of CO poisoning are feelings of sluggishness and warmness. Intense headache, throbbing in the temples, ringing in the ears, dizziness and dimming of vision follow as exposure increases. Eventually vomiting, convulsions, coma and death result.
Although CO poisoning is a type of hypoxia, it is unlike altitude hypoxia in that it is not immediately remedied by the use of oxygen or by descent to lower altitudes.
If a pilot notices exhaust fumes or experiences any of the symptoms associated with CO poisoning, he should shut off the cabin heater, open a fresh air source immediately, avoid smoking, use 100% oxygen if it is available and land at the first opportunity and ensure that ail effects of CO are gone before continuing the flight. It may take several days to rid the body of carbon monoxide. In some cases, it may be wise to consult a doctor. 
C.  cigarettes
Cigarette smoke contains a minute amount of carbon monoxide. It has been estimated that a heavy smoker will lower his ceiling by more than 4000 feet. Just 3 cigarettes smoked at sea level will raise the physiological altitude to 8000 feet. Because the carbon monoxide in the cigarette smoke is absorbed by the haemoglobin, its oxygen absorbing qualities are reduced to about the same degree as they would be reduced by the decrease in atmospheric pressure at 8000 feet ASL.
The carbon monoxide from cigarettes has detrimental effects not only on the smoker but on the non-smoker as well. After prolonged exposure to, an increased level of carbon monoxide such as that produced within a confined area such as a cockpit by people smoking, symptoms such as respiratory discomfort, headaches, eye irritation can affect the non-smoker.
Cigarette smoking has also been declared as hazardous to health, contributing to hypertension and chronic lung disorders such as bronchitis and emphysema. It has been linked to lung cancer and coronary heart disease. 
D.  hyperventilation
Hyperventilation, or over-breathing, is an increase in respiration that upsets; the natural balance of oxygen and carbon dioxide in the system, usually as a result of emotional tension or anxiety. Under conditions of emotional stress, fright or pain, a person may unconsciously increase his rate of breathing, thus expelling more carbon dioxide than is being produced by muscular activity. The result is a deficiency of carbon dioxide in the blood.
The most common symptoms are dizziness, tingling of the toes and fingers, hot and cold sensations, nausea and sleepiness. Unconsciousness may result if the breathing rate is not corrected.
The remedy for hyperventilation is a conscious effort to slow down the rate of breathing and to hold the breath intermittently, to allow the carbon dioxide to build up to a normal level. Sometimes, the proper balance of carbon dioxide can be more quickly restored by breathing into a paper bag, that is, by re-breathing the expelled carbon dioxide.
Hyperventilation is sometimes associated with hypoxia. A pilot, f lying at high altitude, may think that he can counteract the effects of hypoxia by taking more rapid breaths. Hyperventilation does not help you get more oxygen. It only increases the emission of carbon dioxide.
E.  decompression sickness
trapped gases
During and descent, gases trapped in certain body cavities expand or contract. The inability to pass this gas may cause abdominal pain, toothache or pain in ears or sinuses.
Ear Block
The ear is composed of three sections. The outer ear is the auditory canal and ends at the eardrum. The middle ear is a cavity surrounded by bones of the skull and is filled with air. The Eustachian tube connects the middle ear to the throat. The inner ear is used for hearing and certain equilibrium senses.
As one ascends or descends, air must escape or be replenished through the Eustachian tube to equalize the pressure in the middle ear cavity with that of the atmosphere. If air is trapped in the middle ear, the eardrum stretches to absorb the higher pressure. The result is pain and sometimes temporary deafness.
During climbs, there is little problem since excess air escapes through the tube easily. However, during descents, when pressure in the middle ear must be increased. The Eustachian tubes do not open readily. The pilot and his passengers must consciously make an effort to swallow or yawn to stimulate the muscular action of the tubes. Sometimes it is advisable to use the valsalva technique, that is, to close the mouth, hold the nose and blow gently. This action forces air up the Eustachian tubes. Children may suffer severe pain because of ear blocks during descents. They should be repeatedly reminded to swallow or yawn. Small babies are incapable of voluntarily adjusting the pressure in the middle ear and should be given a bottle to suck during descents.
Painful ear block generally occurs; as a result of too rapid descent. If the pilot or his passengers are unable to relieve the pain of ear block by the methods described, it may be necessary to climb to altitude again and make the descent more gradually.
After a flight in which 100 per cent oxygen has been used, the valsalva procedure should be used several times to ventilate the middle ear and thus reduce the possibility of pain occurring later in the day.
Sinus Block
The sinuses are air filled, bony cavities connected with the nose by means of one or more small openings. If these openings are obstructed by swelling of the mucous membrane lining of the sinuses (as during a cold), equalization of the pressure is difficult. Pain in the cheek bones on either side of the nose, or in the upper jaw, or above the eyes, will result.
The valsalva procedure will relieve sinus pain
For both ear and sinus block, the prudent use of nasal inhalants such as Benzedrex, Afrin, Neosynephrine may be helpful. 
A nasal inhalant containing antihistamine, however, should not be used for the reasons stated in the section on drugs below.
Toothaches
Toothaches may occur at altitude due to abscesses, imperfect fillings, inadequately filled root canals. Anyone who suffers from toothache at altitude should see his dentist. However, the pain caused by a sinus block can be mistaken for toothache. If air is able to enter below a filling, the filling may well be blown out as the pilot reaches higher altitude.
Gastrointestinal Pain
Gas pains are caused by the expansion of gas within the digestive tract during ascent into the reduced pressure at altitude. Relief from pain may be accomplished by descent from altitude.
The Common Cold
Don't fly with a common cold. A cold that is a mere discomfort on the ground can become a serious menace to a pilot and his passengers in the air.
Tiredness, irritability, drowsiness and pain are ail symptoms of a cold and work together to make a pilot unsafe in the air. More insidious, however, is the effect a cold may have on the sinuses and on the middle and inner ear. Swollen lymph tissue and mucous membranes may block the sinuses causing disabling pain and pressure vertigo during descent from altitude. Infection of the inner ear, that is a common symptom of a cold, can also produce severe vertigo. The tissue around the nasal end of the Eustachian tube will quite likely be swollen and middle ear problems associated, under normal conditions (see above), with descent from altitude will be severely aggravated. A perforated eardrum is a possible result. Although a perforated eardrum usually heals quickly, in some cases there is permanent hearing impairment or prolonged infection of the middle ear.
Cold remedies do not prevent symptoms. They usually only bring on other problems, drowsiness being the most common.
evolved gases
Nitrogen, always present in body fluids, comes out of solution and forms bubbles if the pressure on the body drops sufficiently as it does during ascent into the higher altitudes. Overweight persons are more susceptible to evolved gas decompression sickness as fatty tissue contains more nitrogen.
Bends is characterized by pain in and around the joints and can become progressively worse, during ascent to higher altitudes.
Chokes are pains in the chest caused by blocking of the smaller pulmonary blood vessels by innumerable small bubbles. In severe cases, there is a sensation of suffocation.
Paresthesia or Creeps is another decompression sickness with symptoms of tingling, itching, cold and warm sensations.
Central nervous system disturbances include visual disturbances, headache and, more rarely, paralysis and sensory disturbances.
Decompression sickness is unpredictable. One of the outcomes may be shock, characterized by faintness, dizziness, nausea, pallor, sweating and even loss of consciousness. Usually the symptoms disappear when a return to the ground is made. However, the symptoms may continue and special treatment (recompression) may be needed.
Decompression sickness, caused by evolved gas, is rare below 20,000 feet. The best defence against this painful problem is a pressurized cabin. Some protection against it can be achieved by breathing 100% oxygen for an hour before ascending to altitudes above 20,000 feet. This action washes the nitrogen out of the blood. Oxygen does not come out of solution or form bubbles. Refrain also from drinking carbonated beverages or eating gas producing foods.
Scuba Diving and Flying
A person that flies in an airplane immediately after engaging in the sport of scuba diving risks severe decompression sickness at much lower altitudes than this problem would normally be expected. The scuba diver uses compressed air in his breathing tanks to counteract the greater pressure of the water on his body. At a depth of 30 feet, his body absorbs twice as much nitrogen as it would on the ground. Ascending to 8000 feet ASL could bring on incapacitating bends. A good rule, if you have dived to a depth below 30 feet, is not to, fly for 24 hours to permit the nitrogen content of the body to return to, normal.
vision and environmental factors 

A.  vision
Good vision is of primary importance in flying, in judgment of distance, depth perception, reading of maps and instruments and should, therefore, be scrupulously protected.
Pilots; are exposed to higher light levels than is the average person. Very high light levels prevail at altitude because the atmosphere is less; dense. In addition, light is reflected back at the pilot by cloud tops. This light contains more of the damaging blue and ultra-violet wavelengths than are encountered on the surface of the earth. Prolonged exposure can cause damage to the eye and especially to the lens. Sunglasses should, therefore, be worn to, provide protection against these dangers and to prevent eyestrain.
Instrument panels should be dull grey or black, to harmonize with the black instruments, so that the eye does not have to adjust its lens opening constantly as the line of vision moves from the dark instruments to a light coloured panel.
When flying into, the sun, the eyes are so dazzled by the brightness that they cannot adjust quickly to the shaded instrument panel. This situation causes eyestrain and is fatiguing to the pilot. Sunglasses help to minimize the problem.
Atmospheric obscuring phenomena such as haze, smoke and fog have an effect on the distance the normal eye can see. The ability of the eye to maintain a distance focus is weakened. Distant objects are not outlined sharply against the horizon and after a short lapse of time the eye, having no distance point to fix on, has difficulty maintaining a focus at a distance of more than a mile or two, (a condition known as empty field myopia). As a result, scanning for other aircraft becomes difficult and requires special effort on the part of the pilot. With the pilot's focal range reduced, the span of time in which to perceive the danger and take evasive action is considerably shortened. Pilots must learn to recognize the limitations of the human eye under varying weather conditions and realize that the see and avoid maxim has limitations under some atmospheric conditions.
The Anatomical Blind Spot 
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The area where the optic nerve connects to the retina in the back of each eye is known as the optic disk. There is a total absence of cones and rods in this area, and, consequently, each eye is completely blind in this spot. Under normal binocular vision conditions this is not a problem, because an object cannot be in the blind spot of both eyes at the same time. On the other hand, where the field of vision of one eye is obstructed by an object (windshield post), a visual target (another aircraft) could fall in the blind spot of the other eye and remain undetected.
In order to find the blind spot of the right eye, it is necessary to close the left eye, focus the right eye on a single point, and see if anything vanishes from vision some 20 degrees right of this point. The following diagram has a set of characters on the left hand side, and black circle on the right. Keeping your head motionless, with the right eye about 3 or 4 times as far from the page as the length of the red line, look at each character in turn, until the black circle vanishes. 
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With increasing age, the blind spot enlarges. You may find that the black circle disappears when several of the characters are looked at. The size and shape of the blind spot can be found if a large enough grid of characters is used. 

The same test can be done for the left eye. Close the right eye, and look at each character until the black circle disappears. 
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Note that when the black circle vanishes, you see only a white background where the circle was. What happens if the background colour is different? Say, yellow. 
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The blind spot appears as yellow. This is interesting, because it means that, although my eye can't detect anything in the blind spot, something knows that it is surrounded by yellow, and has guessed that what is in the blind spot is probably yellow. Smart! 

How smart? If a thick horizontal line is drawn through the blind spot, what happens then? 
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The answer, it seems, is that if the line passes right through the blind spot, whatever is making shrewd guesses about colours is also able to work out that a line going in one side and coming out the other probably continues through the middle. The black circle disappears, but the line remains. 

So what happens when a pen or pencil is pushed into the blind spot? It seems that as the tip enters the blind spot, the pencil appears truncated, as if it were vanishing into something (which, after all, it is). But when the tip emerges at the other side, the visual processing system fills in the missing part between. The following animation mimics pushing a pencil into the blind spot. 
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The first conclusion drawn from this little experiment is that, although each eye has a blind spot, some sort of intelligence is used to give this area not only a likely colour, but also to fill in lines that pass through the blind spot - rather than just have a fuzzy grey area. The net result is that, with one eye closed, it isn't immediately obvious where the blind spot is, because it has been given a suitable colour, and even pattern, based on what is adjacent to it. 

The second conclusion drawn is that what we see is not just what has appeared on the retina, but is an image that has been reprocessed, tidied up. And if the human visual cortex is able to tidy up the blind spot, then it may well be that the same is being done for the entire visual field - that what we get to 'see' is not what appears on the retina, like a photograph, but instead something which has a whole bunch of special effects added. 

If so, then we can't trust our eyes. We're being given doctored information, massaged figures. The world that we see is not something out there, but a world that we invent. The world I see is my idea. 

The Night Blind Spot
The "Night Blind Spot" appears under conditions of low ambient illumination due to the absence of rods in the fovea, and involves an area 5 to 10 degrees wide in the centre of the visual field. Therefore, if an object is viewed directly at night, it may go undetected or it may fade away after initial detection due to the night blind spot.
The Fovea
The fovea is the small depression located in the exact centre of the macula that contains a high concentration of cones but no rods, and this is where our vision is most sharp. While the normal field of vision for each eye is about 135 degrees vertically and about 160 degrees horizontally, only the fovea has the ability to perceive and send clear, sharply focused visual images to the brain. This foveal field of vision represents a small conical area of only about 1 degree. To fully appreciate how small a one-degree field is, and to demonstrate foveal field, take a quarter from your pocket and tape it to a flat piece of glass, such as a window. Now back off 4 1/2 feet from the mounted quarter and close one eye. The area of your field of view covered by the quarter is a one-degree field, similar to your foveal vision. 
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Now we know that you can see a lot more than just that one-degree cone. But, do you know how little detail you see outside of that foveal cone? For example, outside of a ten-degree cone, concentric to the foveal one-degree cone, you see only about one-tenth of what you can see within the foveal field. In terms of an oncoming aircraft, if you are capable of seeing an aircraft within your foveal field at 5,000 feet away, with peripheral vision you would detect it at 500 feet. Another example: using foveal vision we can clearly identify an aircraft flying at a distance of 7 miles; however, using peripheral vision (outside the foveal field) we would require a closer distance of .7 of a mile to recognize the same aircraft. That is why when you were learning to fly, your instructor always told you to "put your head on a swivel," to keep your eyes scanning the wide expanse of space in front of your aircraft.
Depth Perception.  Clues for accurate depth perception are often absent in the air. Clouds are of varying size and there is no way to estimate their distance. Landings on glassy water or on wet runways are a problem as is the condition known as white out that occurs in blowing snow and other winter situations.
Night Vision.  At night, the pilot's vision is greatly impaired. The cones that are concentrated in the centre of the lens need a lot of light to function properly. As a result, there is a blind spot in the center of the eye at night. This blind spot is sufficiently large to block out the view of another airplane some distance away if the pilot is looking directly at it.
At night, it is necessary to develop the technique of using peripheral vision. One sees at night by means of the rods that are concentrated on the edges of the lens and are responsible to peripheral vision. It takes the rods about 30 minutes to adjust full to darkness. Even a small amount of white light will destroy the dark adaptation.
Pilots should wear sunglasses during the day and avoid looking at bright lights when they propose to undertake a night flight. Wearing red goggles for 30 minutes prior to a night flight helps their eyes adapt to darkness.
Night vision is also sensitive to hypoxia. Supplementary oxygen should be used above 5000 feet to avoid depriving the eye of oxygen.
Dirt and reflection on the windshield cause confusion at night A very clean windshield is important.
Colour Perception And Visual Acuity

Two aspects of the human vision that you will need to have are colour perception and visual acuity.  Included below are two quick tests for both colour and acuity: 
colour perception:
Shown above is a sample of the type of colour images that you will be asked to identify by your medial examiner.  In each of the above circles is a number. If you can identify the numbers of each of the circles, then chances are you have no colour vision deficiencies.  Myself, I cannot see the 0 that is in the centre circle.  I failed to identify the colour differences associated with those of the centre circle and therefore failed that portion of my medical exam.  The restrictions to a pilot's license that apply for such a vision deficiency are "no night flight" and "not valid for colour control signal".  If you have a similar problem and still have the restriction, click here to learn about the process to obtain a S.O.D.A. ( Statement Of Demonstrated Ability ). 
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Federal Aviation Regulations, according to the third-class qualifications, sec. 67.303 says: Eye standards for a third-class airman medical certificate are: (c) Ability to perceive those colors necessary for the safe performance of airman duties. 
** Note: This actually means the ability to distinguish between red, green, and white lights. 
visual acuity 
Shown here is a chart that you can use to give you an close estimate of your visual acuity.  To use this vision chart, follow these rules: 
1.) Measure the length of the blue line on the chart in CENTIMETRES as it appears on your monitor. 
2.) From your monitor, measure a distance backwards in FEET the number of centimetres the line is long (i.e. if the line is 9cm in length stand 9 feet back from the monitor)  
3.) Read the smallest line on the chart with each eye separately.  If you use corrective lenses, wear them for this test. 

[image: image13.png]T F3B

CEBTL

BFDZLOE
CLEDDFBEP

DFTPZELODE




· Very bottom line = 20/10 vision 
· Second line up from bottom = 20/20 vision 
· Third line up from bottom = 20/30 vision 
· Fourth line up from bottom = 20/40 vision 
· Fifth line up from bottom = 20/50 vision 
· The "T" and "B" represent 20/100 vision 
· The "E" at the top represents 20/200 vision 
Federal Aviation Regulations, according to the third-class qualifications, sec. 67.303 says: Eye standards for a third-class airman medical certificate are: 
(a) Distant visual acuity of 20/40 or better in each eye separately, with or without corrective lenses. 
(b) Near vision of 20/40 or better in each eye separately, with or without corrective lenses. 
** Note: if corrective lenses are required to obtain the minimal 20/40 vision, then the person is eligible only on the condition that the corrective lenses MUST be worn while exercising the privileges of an airman certificate. 

Night Lighting of Instruments.  Lighting of instruments is a problem in that the instruments must be well enough lit to be readable without the light destroying the pilot's dark adaptation. 

Ultraviolet flood fighting of fluorescent instrument marking is probably the least satisfactory. The instruments are marked with fluorescent paint that shows up under fluorescent lighting as a bluish green colour. The disadvantages are that the instruments can't be kept in focus, dark adaptation may be lost, eyes are irritated, vision becomes foggy.
Red lights. Lighting of instruments by indirect individual red lights; is unsatisfactory because uniform light distribution over al, parts of the instrument cannot be achieved. There is no illumination of knobs and switches. Red flood lighting of the whole instrument panel is more satisfactory. However, the ability to distinguish colours one from another is lost. Coloration of maps is indecipherable and information printed in red becomes unreadable.
White lights. Low density white, light is considered the best cockpit lighting system. The instruments can be clearly read and colours recognized. Because the low density white light can be regulated, dark adaptation is not destroyed although it is somewhat impaired.
Thunderstorms.  It is not advisable to fly an airplane through or near thunderstorms. The blinding flashes destroy night adaptation. Turn the cockpit lights full bright if you are in the vicinity of lightning activity in order to prevent lightning blindness.
Anti Collision Lights.  When flying in the clouds, strobe lights and rotating beacons should be turned off as the reflection off the cloud of the blinking light is irritating to the eye. 
B.  noise, vibration and temperature
noise
Noise is both inconvenient and annoying. It produces headaches, visual and auditory fatigue, airsickness and general discomfort with an accompanying loss of efficiency. Even at levels which are not uncomfortable, noise has a fatiguing effect, especially when the pilot is exposed for a long period as on a lengthy cross country flight. To arrive at destination suffering from noise induced fatigue and have to, make a landing under minimum conditions is clearly an undesirable situation.
Noise levels in the range of 130 decibels or above are very dangerous and should not be experienced without ear protection . (The unit of sound intensity or loudness is called the decibel or db.) Yet, little has been done to reduce and control noise in aircraft cockpits. Tests; have measured the sound level in modern aircraft at 90 to 100 decibels. Noise levels in jets can approach 140 decibels.
With noise levels of this magnitude, hearing damage is a distinct problem unless some sort of hearing protection is used. Many pilots report temporary loss of hearing sensitivity after flights. Still others have reported an inability to understand radio transmissions from the ground, especially during take-off and climb when the engine is operating at full power. In fact, there is documented evidence to show that continued exposure to high levels of aircraft noise will result over the years in loss of hearing ability.
The detrimental effect of noise is not a sudden thing but builds up progressively over years of exposure. Pilots of helicopters and aerial application aircraft are particularly susceptible because of the relatively high levels of noise experienced in these cockpits and the long duration of exposure. But even pilots, who put in only three or four hours a week in their airplanes, have been found to have slightly impaired hearing after several years.
Everyone experiences some hearing deterioration as the process of growing old. Add this to a level of deafness caused by exposure to noise and it becomes obvious that a pilot reaching middle age could have a serious hearing deficiency.
Protective devices against noise are therefore important, first of ail, in helping to reduce fatigue during individual flights and, secondly, in helping to minimize the possibility of hearing loss or deterioration in later years.
The best protection is a pair of properly fitting earplugs. They lower noise levels by as much as 20 to 30 decibels. The use of ear covering devices, such as earphones. can also help if they are tight fitting. If they fit poorly, they can be worse than nothing, in that they give the wearer a false sense of security. The use of earplugs as well as earphones is recommended.
The wearing of earplugs does not impair ability to hear.  In fact, speech intelligibility is improved because the earplugs filter out the very noises that interfere with voice transmissions.
The regular wearing of earplugs, especially by pilots but also by passengers, is therefore a good precautionary measure to ensure continued good hearing throughout a pilot's lifetime.
vibration
The power plant of the airplane is the principal source of vibration. At subsonic speeds, this vibration is responsible for fatigue and irritability and can even cause chest and abdominal pains, backache, headaches, eyestrain and muscular tension. If the vibration happens to occur in the frequency of about 40 cycles per second, the eyes will blur. It is even possible to become hypnotized as a result of rhythmic and monotonous vibrations.
temperature
At temperatures over 30° C, discomfort, irritability and loss of efficiency are pronounced. High temperatures also reduce the pilot's tolerance to mental and physical stresses, such as acceleration and hypoxia.
At cold temperatures, the immediate danger is frostbite. Continued exposure will result in reduced efficiency to the point where safe operation of the airplane is impossible.
Hypothermia
The most serious result of extended exposure to extremely cold temperatures is a condition known as hypothermia. Hypothermia is a lowering of the temperature of the body's inner core. It occurs when the amount of heat produced by the body is less than the amount being lost to the body's surroundings. As it progresses, vital organs and bodily systems begin to lose their ability to function. It is a condition that can develop quickly and may be fatal.
In the early stages, the skin becomes pale and waxy, fatigue and signs of weakness begin. As the body temperature drops farther, uncontrollable intense shivering and clumsiness occur. Mental confusion and apathy, drowsiness, slurred speech, slow and shallow breathing are the next stage. Unconsciousness and death follow rapidly.
Hypothermia certainly can attack a pilot in the cockpit of his airplane if there is no cabin heating system and if he is not adequately dressed to protect against very cold ambient temperatures. Usually, however, hypothermia is considered to be a danger to the pilot who has been forced down and is exposed to the elements. Cold, wetness, wind and inadequate preparation are the conditions which cause it. Wet clothing, caused by weather, immersion in water or condensed perspiration, acts like a wick and extracts body heat at a rate many times faster than would be the case with dry clothing. Immersion in cold water greatly accelerates the progress into hypothermia.
The best protection against this condition is adequate clothing, shelter, emergency rations and, above ail, knowledge of the danger. Every wintertime flier should have a survival kit that includes a lightweight tent, plastic sheet, survival blanket, etc., that can be used to construct a shelter. Always wear (or take along as extras) proper clothing for the worst conditions you might encounter. Several layers of clothing are more effective than one bulky layer. Protect high heat loss areas, such as the head, neck, underarms, sides of the chest. Carry effective rain gear and put it on before you get wet. High energy foods that produce heat and energy should be included in the survival kit. Hot fluids help to keep body heat up. Guard against becoming tired and exhausted, A tired person, exposed to a cold, wet and windy environment, is a prime candidate for hypothermia. 
C.  sensory illusions
Under normal conditions, the eyes, inner ears and skeletal muscles provide the brain with information about the position of the body in relation to the ground. In flying, however, conditions are sometimes encountered which fool the senses.
The eyes are the prime orienting organs but are dependent on reference points in providing reliable spatial information. Objects seen from the air often look quite different than they do when seen from the ground. If the horizon is not visible, a pilot might choose some other line as reference, such as a sloping cloud bank. Fog and haze greatly affect judgment of distance. Lights on the ground at night are commonly confused for airplanes. Even stars can be confused with ground lights.
The tension of various muscles in the body assists in a small way in determining position. The body is accustomed to the pull of one g force acting in only one direction. In an airplane. if a second force is introduced as in acceleration, deceleration and turns, and if there is no outside visual reference, illusions may result. For example, in a bank, both centrifugal force directed outward and the normal downward pull of gravity combine to give an illusion of level flight. Acceleration gives an illusion of climbing and deceleration of diving.
The three semicircular canals of the inner ear are primarily associated with equilibrium. They are filled with fluid and operate on the principle of the inertia of fluids. Each canal has tiny hair like sensors that relate to the brain the motion of the fluid. Rotation of the body tends to move the fluid, causing the displacement of the sensors which then transmit to the brain the message of the direction of their displacement. However, if the turn is a prolonged and constant one the motion of the fluid catches up with the canal walls, the sensors are no longer bent and the brain receives the incorrect message that the turning has stopped. If the turn does then indeed stop, the movement of the fluid and the displacement of the sensors will indicate a turn in the opposite direction. Under instrument conditions or at night when visual references are at a minimum, incorrect information given by the inner ear can be dangerous.
The following factors contribute to visual illusions: optical characteristics of windshields; rain on the windshield; effects of fog, haze, dust, etc. on depth perception; the angle of the glide slope makes a runway appear nearer or farther as does a very wide or very narrow runway; variations in runway lighting systems: runway slope and terrain slope; an approach over water to the runway; the apparent motion of a fixed light at night (auto-kinetic phenomenon). The visual cues by which a pilot makes judgment, about the landing approach are largely removed if the approach is over water, over snow or other such featureless terrain or carried out at night. A particularly hazardous situation is created if circumstances prevent him from appreciating ground proximity before touchdown.
The following factors contribute to sensory illusions: change in acceleration or deceleration; cloud layers; low level flight over water, frequent transfer from instrument to visual flight conditions (choose either VFR or IFR and stick with the choice); unperceived changes in flight altitude.
There is just one way to beat false interpretation of motion. Put your faith in your instruments and not in your senses.
Refer to the altitude Instruments constantly when flying at night or In reduced visibility conditions.
Always trust the attitude instruments no matter what your senses tell you. 
D.  spatial disorientation
Spatial disorientation means loss of bearings or confusion concerning one's sense of position or movement in relation to the surface of the earth. Disorientation rarely occurs without reduced visual references in such situations as fog, cloud, snow, rain, darkness, etc.
A type of spatial disorientation is caused in some individuals by flickering shadows. When, for example, letting down for a landing into the setting sun with a single engine airplane, the idling propeller can induce reactions that range from nausea to confusion and, in rare cases, complete unconsciousness. Other causes of this sensation are helicopter rotor blade shadows, the flashing illumination caused by anti-collision lights when flying in clouds, and runway approach strobe lights when viewed through the propeller at night.
The term vertigo is sometimes used in relation to spatial disorientation. Vertigo is a sensation of rotation or spinning, an hallucination of movement of either the individual himself or of the external world.
Coriolis effect is probably the most dangerous type of disorientation. The three semicircular canals of the inner ear are interconnected. If movement is occasioned in two of them, a sympathetic but more violent movement is induced in the third. This is known as tumbling and causes extreme confusion, nausea, and even rolling of the eyeballs that prevents; the pilot from reading correctly the airplane instruments. This situation can occur if, when the airplane is in a turn, the pilot suddenly turns his head in another direction. The rule should always be to avoid head movements, especially quick ones, when flying under instrument conditions.
Otolith-False Climb Illusion.  The otolith is a small organ which forms part of the inner ear, and vestibular apparatus. Its’ function is to sense and signal to the other organs the position of the head relative to the vertical. This signal has a profound influence on the balance and orientation of the body.
The otolith, simply described, is an erect hair with a small weight or mass at its tip. The base of the hair is embedded in a sensory cell which conveys to the brain information about the angle of the hair.
When the head is tilted backward, the small mass bends the hair and the message relayed to the brain indicates a backward tilt. If the head is held vertical but is subjected to acceleration, the hair bends owing to the inertia of the mass at the tip of the hair. Both tilt and acceleration, therefore, produce the same response by the, otolith. If there are no visual cues to compliment the information from the otolith, the brain is unable to differentiate between till and acceleration. If tilt and acceleration are experienced simultaneously the interpretation is that of a much steeper tilt. This is known as the false climb illusion.
In such a situation, a pilot is tempted to lower the nose of the airplane. This increases the forward acceleration component and increases the illusion of climbing steeply. Owing to lag in the altimeter and vertical speed indicator, the loss of height may go unnoticed.
There are three situations in which the false climb illusion may occur: (1) take-off at night or in IFR conditions, (2) an overshoot in reduced visibility or in IFR conditions, and (3) a climb from VFR into IFR conditions. During the latter situation, the illusion can be com pounded by turbulence, in a turn, or by reliance on an artificial horizon that is not quite erect.
All pilots irrespective of experience or skill are susceptible to the illusion. Pilots must learn to anticipate the illusion and ignore it, to establish a positive climb attitude and to rely on the aircraft instruments for confirmation of attitude.
the effects of drugs, alcohol and fatigue on pilot performance 

A.  alcohol
Alcohol, taken even in small amounts; produces a dulling of judgement, comprehension and attention, lessened sense of responsibility, a slowing of reflexes and reduced coordination, decreases in eye efficiency, increased frequency of errors, decrease of memory and reasoning ability, and fatigue.
When a pilot undertakes a flight along a given course from one airport to some landing place, hundreds of decisions must be relating to the operation of the airplane and the navigational aspects of the flight. Proper procedures must be accomplished to effect the safe completion of the flight and to ensure that no hazard is created to other airplanes in nearby airspace. Obviously, anything that impairs the pilots ability to make decisions will increase accident potential.
Alcohol is absorbed very rapidly into the blood and tissues of the body. Its effects on the physiology are apparent quite soon after ingestion and wear off very slowly. In fact, it takes about 3 hours for the effects of 1 ounce of alcohol to wear off. Nothing can speed up this process. Neither coffee nor hard exercises nor sleep will minimize the effects of alcohol.
Scientists have recently discovered that alcohol is absorbed into the fluid of the inner ear and stays there after it has gone from the blood and brain. Since the inner ear monitors; balance, alcohol there can be responsible for incorrect balance information and possibly spatial disorientation.
The presence of alcohol in the blood interferes with the normal use of oxygen by the tissues (histotoxic hypoxia). Because of reduced pressure at high altitudes and the reduced ability of the haemoglobin to absorb oxygen, the effect of alcohol in the blood, during flight at high altitudes, is much more pronounced than at sea level. The effects of one drink are magnified 2 to 3 times over the effects the same drink would have at sea level.
A pilot should never carry a passenger that is under the influence of alcohol. Such a person's judgment is impaired. His reactions during ascent to higher altitudes are unpredictable. He may become belligerent and unmanageable and a serious hazard to the safety of the flight.
The rule for both pilot and passengers in relation to alcohol quite simply should be "No alcohol in the system when you fly". The Air Regulations require that a pilot allow at least 12 hours between the consumption of alcohol and piloting an airplane. In fact, more time is probably necessary. An excellent rule is to allow 24 hours between the last drink and take-off time. The after effects (hangover) of alcohol consumption also affect performance capability, causing headache and impairing emotional stability and judgment.
B.  drugs
Drugs, as well as the conditions for which they are taken, can interfere with the efficiency of the pilot and can be extremely dangerous. Even over the counter drugs such as aspirin, antihistamines, cold tablets, nasal decongestants, cough mixtures, laxatives, tranquillisers and appetite suppressors impair the judgment and co-ordination. They are responsible for drowsiness, dizziness, blurred vision, confusion, vertigo and mental depression. The effects of some drugs are even more pronounced at higher altitudes than on the ground. Some over the counter drugs taken in
combination will react with each other resulting in a larger effect than even the sum of their individual effects. Some prescription drugs, such as antibiotics, are equally or more dangerous. Usually, however, a person sick enough to be on antibiotics is too sick to be flying.
Any use of illicit drugs is incompatible with air safety. Even the so-called soft drugs affect performance, mood and health.
Anti-histamines (For allergic disorders). Cause sedation with varying degrees of drowsiness, decreased reaction time, disturbances of equilibrium. Do not pilot an airplane within 24 hours of taking an antihistamine.
Sulfa Drugs. Cause visual disturbances, dizziness, impaired reaction time, depression. Remain off flying for 48 hours.
Tranquillisers. Affect reaction time, concentration and division of attention. U.S. military pilots get grounded for 4 weeks following treatment.
Aspirin. Toxic effects are relatively rare and are almost always associated with large doses. If you take aspirin in small dosage and have had no reactions in the past, it is probably safe to take it and fly.
Motion Sickness Remedies. Cause drowsiness and depress brain function. They cause temporary deterioration of judgment making skills. Do not take either prescribed or over the counter motion sickness remedies. If suffering from airsickness while piloting an aircraft, open up the air vents, loosen the clothing, use supplemental oxygen if available and keep the eyes on a point outside the airplane. Avoid unnecessary head movements.
Reducing Drugs. Amphetamines and other appetite suppressing drugs cause feelings of well being that affect good judgment.
Barbiturates (including Phenobarbital). Noticeably reduce alertness. Do not pilot an airplane within 12 hours of treatment.
Anaesthetics. Following local and general dental and other anaesthetics, a period of 48 hours should elapse before flying.
C.  blood donations
Because it takes several weeks for the blood circulation to return to normal after a blood donation, it is recommended that pilots who are actively flying refrain from volunteering as blood donors. If a blood donation has been made, you should consult your doctor before flying again.
D.  fatigue
[image: image14.jpg]



fatigue and flight operations
Fatigue is a threat to aviation safety because of the impairments in alertness and performance it creates. "Fatigue" is defined as "a non-pathologic state resulting in a decreased ability to maintain function or workload due to mental or physical stress." The term used to describe a range of experiences from sleepy, or tired, to exhausted. There are two major physiological phenomena that have been demonstrated to create fatigue: sleep loss and circadian rhythm disruption. Fatigue is a normal response to many conditions common to flight operations because of sleep loss, shift work, and long duty cycles. It has significant physiological and performance consequences because it is essential that all flight crew members remain alert and contribute to flight safety by their actions, observations and communications. The only effective treatment for fatigue is adequate sleep (1).
In a National Transportation Safety Board (NTSB) safety study of US major carrier accidents involving flight crew from 1978 to 1990, one finding directly addressed the concern about fatigue. It stated: "Half the captains for whom data were available had been awake for more than 12 hours prior to their accidents. Half the first officers had been awake for more than 11 hours. Crews comprising captains and first officers whose time since awake was above the median for their crew position made more errors overall, and significantly more procedural and tactical decision errors (2)."
An example of fatigue as a probable cause of a US commercial aircraft accident occurred on August 18th, 1993 in Guantanamo Bay, Cuba involving a DC-8. The airplane was destroyed by impact forces and post-accident fire, and the three flight crewmembers sustained serious injuries. Visual meteorological conditions prevailed, and an instrument flight rules plan had been filed. The following is the NTSB summary report: 
The airplane collided with terrain aprx 1/4 mi from the approach end of the runway after the captain lost control of the airplane. Flightcrew had experienced a disruption of circadian rhythms and sleep loss; had been on duty about 18 hrs and had flown aprx 9 hrs. Capt did not recognize deteriorating flightpath and airspeed conditions due to preoccupation with locating strobe light on ground. Strobe light, used as visual reference during approach, inoperative; crew not advised. Repeated callouts by the flight engineer stating slow airspeed conditions went unheeded by the capt. Capt initiated turn from base leg to final at airspeed below calculated vref of 147 kts, and less than 1,000 ft from the shoreline, and he allowed bank angles in excess of 50 deg to develop. Stall warning stick shaker activated 7 secs prior to impact, 5 secs before airplane reached stall speed. No evidence to indicate capt attempted to take proper corrective action at the onset of stick shaker. Operator's management structure and philosophy were insufficient to maintain vigilant oversight and control of the rapidly expanding airline operation. 
Probable Cause 
The impaired judgement, decision-making, and flying abilities of the captain and flightcrew due to the effects of fatigue; the captain's failure to properly assess the conditions for landing and maintaining vigilant situational awareness of the airplane while manoeuvring onto final approach; his failure to prevent the loss of airspeed and avoid a stall while in the steep bank turn; and his failure to execute immediate action to recover from a stall. Additional factors contributing to the cause were the inadequacy of the flight and duty time regulations applied to 14 cfr, part 121, supplemental air carrier, international operations, and the circumstances that resulted in the extended flight/duty hours and fatigue of the flightcrew members. Also contributing were the inadequate crew resource management training and the inadequate training and guidance by the airline, to the flightcrew for operations at special airports, such as Guantanamo bay; and the navy's failure to provide a system that would assure that the local tower controller was aware of the inoperative strobe light so as to provide the flightcrew with such information. 
(NTSB REPORT AAR-94/04, ADOPTED 5/10/94)
When the sleep patterns of this flight crew were analyzed it was found that the entire flight crew suffered from cumulative sleep loss. They worked under an extended period of continuous wakefulness, and slept at times opposite to their normal circadian sleep patterns. The accident occurred in the afternoon, at the time of their maximum physiological sleepiness (2). 
sleep and sleep loss
Sleep is a vital physiological function. Like food and water, sleep is necessary for survival. Sleepiness results when sleep loss occurs. Like hunger and thirst, sleepiness is the brain's signal that sleep is needed. "Sleep loss" describes the phenomenon of getting less sleep than is needed for maximal waking performance and alertness. If an individual normally needs 8 hours of sleep to feel completely alert, and gets only 6 hours of sleep, 2 hours of sleep loss has been incurred. Sleep loss over successive days accumulates into a "sleep debt." If the individual needing 8 hours of sleep gets only 6 hours a night for 4 nights in a row, an 8 hours sleep debt has been accumulated. The negative effects of one night of sleep loss are compounded by subsequent sleep loss. Sleep loss and the resultant sleepiness can degrade most aspects of human performance. In the laboratory, it has been demonstrated that losing as little as 2 hours of sleep can negatively affect alertness and performance. Performance effects include: degraded judgment, situation awareness, decision-making, and memory; slowed reaction time; lack of concentration; fixation; and worsened mood. Other effects are decreased work efficiency, degraded crew coordination, reduced motivation, decreased vigilance, and increased variability of work performance. The brain is programmed for two periods of maximal sleepiness every 24 hours from about 3 - 5 am and 3 - 5 pm (3). 
symptoms and effect of fatigue
Conditions which contribute to fatigue include the time since awake, the amount of time doing the task, sleep debt, and circadian rhythm disruption. As fatigue progresses it is responsible for increased errors of omission, followed by errors of commission, and microsleep. "Microsleep" is characterized by involuntary sleep lapses lasting from a few seconds to a few minutes (3). For obvious reasons, errors or "short absences" can have significant hazardous consequences in the aviation environment.
Many of the unique characteristics of the flight deck environment make pilots particularly susceptible to fatigue. Contributing aircraft environmental factors include movement restriction, variable air flow, low barometric pressure and humidity, noise, and vibration. In commercial aircraft, hands on flying has been mostly replaced by greater demands on the flight crew to perform vigilant monitoring of multiple flight systems. Research has demonstrated that monotonous vigilance tasks decreased alertness by 80% in one hour (4). This phenomenon is often referred to as "boredom fatigue." 
Fatigue and sleepiness may be less evident to a pilot due to stimuli such as noise, physical activity, caffeine, nicotine, thirst, hunger, excitement, and interesting conversation. Sleep-deprived pilots may not notice sleepiness or other fatigue symptoms during preflight and departure flight operations. However once underway and established on altitude and heading, sleepiness and other fatigue symptoms tend to manifest themselves. 
When extreme, fatigue can cause uncontrolled and involuntary shutdown of the brain. That is, regardless of motivation, professionalism, or training, an individual who is extremely sleepy can lapse into sleep at any time, despite the potential consequences of inattention. Transportation incidents and accidents, such as the one cited above, provide dramatic examples of this fact.
circadian rhythms 
"Circadian rhythms" are physiological and behavioural processes, such as sleep/wake, digestion, hormone secretion, and activity, that oscillate on a 25 hour basis. Each rhythm has a peak and a low point during every day/night cycle. Time cues, called "zeitgebers," keep the circadian "clock" set to the appropriate time of day. Common zeitgebers include daylight, meals and work/rest schedules. If the circadian clock is moved to a different schedule, for example when crossing time zones or changing from a day work shift to a night shift, the resulting "sleep phase shift" requires a certain amount of time to adjust to the new schedule. This amount of time depends on the number of hours the schedule is shifted, and the direction of the shift. During this transition, the circadian rhythm disruption or "jet lag" can produce effects similar to those of sleep loss. 
Transmeridian flights in excess of three time zones can result in significant circadian rhythm disruption. When flying in a westerly direction the pilot’s day is lengthened. When flying east, against the direction of the sun, the pilot’s day is shortened. Thus the physiological time and local time can vary by several hours. Symptoms of jet lag are usually worse when flying from west to east as the day is artificially shortened. It takes about one day for every time zone crossed to recover from jet lag. When circadian disruption and sleep loss occur together, the adverse effects of each are compounded (3).
crew rest and flying duties
Scheduling of adequate crew rest needs to take several important factors into consideration. These include time since awake, time on task, type of tasks, extensions of normal duty periods, and cumulative duty times (3).
The "time since awake" is the starting point for fatigue to build. This can be prolonged prior to flying due to the effects of jet lag, early awakening due to disturbances in the sleep environment, the extra time needed to get up check out of a hotel and travel to the airport for flight check in, and delays in getting started preflight procedures including for mechanical problems or weather delays. "Time on task" is the time required to preflight and fly. This is the time from check-in to block-in plus fifteen minutes on the last flight of the day. The "type of tasks" depend on the crew position, type of aircraft, and the nature of the flights. Extensions of normal duty periods can occur from events which prolong the flight longer than scheduled. Such events include delays for en route weather, rerouting due to traffic or, more rarely, diversions. Research on duty period duration suggests that duty periods greater than twelve hours are associated with a higher risk of errors. In determining maximum limits for extended duty periods, consideration needs to be given to all factors which contribute to fatigue including the numbers of legs in the day’s flight plan, whether jet lag is a factor in the crew duty day, and the time since awake. "Cumulative duty times" are most fatiguing when there are consecutive flying days with minimal or near minimal crew rest periods. This can result in sleep debt which requires additional time to overcome (3). 
A brief review of US Federal Aviation Administration (FAA) flight time and rest rules for scheduled domestic commercial carriers (US Code Title 14, part 121.471) are as follows:
Crewmember total flying time maximum of: 
· 30 hours in 7 consecutive days 
· 8 hours between required rest periods 

Rest for scheduled flight during the 24 hours preceding the completion of any flight segment: 
· 9 hours rest for less than 8 hours scheduled flight time 

· 10 hours rest for 8 hours or more but less than 9 scheduled flight time 

· 11 hours rest for 9 hours or more scheduled flight time 

The flight crew duty day starts with check-in, and is considered concluded at block-in plus 15 minutes for that day’s final flight. Rest periods are times when the crewmember is not scheduled for flying duty. These are not periods of restful sleep. Adequate restful sleep, however, must be achievable during these rest periods. In addition to FAA regulations, company rules and practices also influence crew scheduling and rest issues. Company contracts with pilots, scheduling practices for bids and reserve, and productivity demands all play a part in the balance between work requirements and crew rest. 
restful sleep requirements
There is considerable variability in individual sleep needs. Some individuals do well with 6 hours sleep per night, yet others need 9 or 10 hours sleep. However, most adults require 8 hours of restful sleep to stay out of sleep debt. With aging there is usually a significant decline in habitual daily sleep due to increased nighttimes awakenings. Therefore, in older individuals decreased quality of night time sleep can result in increased daytime fatigue, sleepiness, dozing and napping (5) (6). Napping seems to compensate for the loss of quality sleep during night time hours, but the need for a mid-day nap may not be compatible with flight duty demands on short haul flights (3). Research has demonstrated that pre-planned cockpit rest has improved in-flight sustained attention and psychomotor response speed (7). Some international airlines have created policies allowing pilots to nap during long haul flights at times of low workloads. Thus far, the US Federal Aviation Regulations have not made reference to planned in-flight crew rest.
Complete recovery from significant sleep debt may not occur after a single sleep period. Usually 2 nights of recovery are required. Eight to 10 hours of recovery sleep per sleep period may be required for most people to achieve effective levels of alertness and performance (8). Obtaining the required sleep time under layover conditions depends on the length of the off duty rest period. Off duty time must be adequate to allow for at least 8 hours of restful sleep per night in order to recover from sleep debt, and therefore the potentially hazardous effects of flying while fatigued.
conclusion and recommendations
Pilot fatigue has been shown to be a hazard in commercial flight operations. Many factors contribute to fatigue in the commercial aviation environment. Circadian rhythm disruption, prolonged work schedules, inadequate crew rest, and inadequate restful sleep contribute to the potential for pilot fatigue. When the regulations regarding "rest" are compared to identified requirements for "restful sleep," one can see that adequate restorative rest may not occur. Reviews of federal research activities, hours of service/rest regulations, and airline company scheduling policies are needed to correct existing systemic problems. Enhanced pilot training is also needed to prevent fatigue, and to recognize it when it occurs so that effective countermeasures can be employed (1). Doing so will help insure that pilots fly adequately rested and alert thereby improving flying safety.  
E.  eating
The stresses of flying, or indeed of any activity, consume energy. This energy is derived from oxygen and from blood sugar. The pilot is unwise to fly for too long without eating. His blood sugar will be low, that is, his energy reserve will be low. Reactions will be sluggish and efficiency will be impaired. It is a good precaution to carry a nutritious snack on long flights.
Overeating is equally as unwise as not eating. Drowsiness and excessive gas formation are the result of over indulgence at the dinner table just before a flight.
At altitudes above 5000 feet ASL, the body experiences a higher loss of water through the surface area of the lungs than it does at sea level. This loss occurs because the percentage of water vapour in a given volume of air decreases with altitude. Because this water loss is not accompanied by a loss of salt, as occurs with perspiration, there is no accompanying sensation of thirst. Especially on long flights at higher altitudes, it is advised therefore to have a drink of water every hour or so to replace the loss of body fluids.
the effects of stress on pilot performance 

A.  stress
Flying fitness is not just a physical condition. It has a definite meaning in the psychological sense as well. It involves the ability of the pilot to perceive, think and act to the best of his ability without the hindering effects of anger, worry and anxiety.
Studies have shown that emotional factors, mental upsets and psychological mal-adjustments are repeatedly present in airplane accidents. The ability to think clearly and act decisively is greatly influenced by the feelings and emotions. In fact, every individual will panic earlier than normal if he is suffering from fatigue, illness, worry or anger. But, even well away from the panic threshold, good judgment is seriously impaired under stress.
There are many factors that contribute to stress in the cockpit. They are generally classed into three categories: physical, physiological or psychological.
Physical stressors include extreme temperature and humidity, noise, vibration, lack of oxygen.
Physiological stressors include fatigue, poor physical condition, hunger, disease.
Psychological stressors relate to emotional factors such as a death or illness in the family, business worries, poor interpersonal relationships with family or boss, financial worries, etc.
It is essential that a pilot be able to recognize when stress levels are getting too high. If you are suffering from domestic stress, if you are undergoing divorce or separation, if you have suffered bereavement, if an argument with your spouse or your boss is still rankling, if worries are building up to an unbearable load, if you have been despondent and moody, the cockpit of your airplane is probably no place for you.
Nevertheless, stress levels do build up in the airplane cockpit, when there are a multitude of decisions to make and tasks to perform. Stress is, in effect, generated by the task itself and is not always negative. The sympathetic nervous system responds to stress and provides us with the resources to cope with the new sudden demands. However, the stress load may easily become unmanageable and a pilot needs to, take measures to manage the stress load so that it does not become so. He needs to learn how to reduce or prevent in advance those stressors over which he has control.
The physiological stressors can be controlled by maintaining good physical fitness and bodily function, by engaging in a program of regular physical exercise, by getting enough sleep to prevent fatigue, by eating a well balanced diet, by learning and practicing relaxation techniques. The physical stressors, can be reduced by making the cockpit environment as stress free as possible. A conscious effort to avoid stressful situations and encounters helps to minimize the psychological stressors. 
B.  panic
There are many things that can happen in the air that cause fear and anxiety. These are normal reactions to a predicament that is out of the ordinary. What is to be avoided is allowing that normal anxiety to progress to, panic.
Panic is a complete disregard for reason and learned responses, a feeling of extreme helplessness. A pilot in the grip of panic will freeze at the controls, will make a totally wrong response or succumb to completely irrational action.
Fatigue, hangover, emotional stress, chronic worry, illness, ail substantially reduce the amount of anxiety an individual can withstand before he succumbs to panic.
The best way to prevent panic is through training and frequent rehearsal of emergency techniques. A pilot who knows his emergency routines so well that they are automatic will be less likely to panic when faced with a real emergency situation.
Lack of self- confidence is, in itself, self-defeating and an open door to panic. Not that a pilot should be fearless, for the fearless pilot has suspended reality testing. He refuses to admit that there is any situation into which he is not competent to venture. Self-confidence is quite another thing. The self-confident pilot can assess the reality of a situation, can call on his reserves of training and knowledge to cope with the situation and does not permit emotion to cloud his reason.
C.  physical fitness
The purpose of this book has been to instruct the pilot in what he should know to be a competent aviator. What he should do is, however, of equal importance. The most competent, knowledgeable and experienced pilot is in business only so long as his medical is valid. Maintaining physical fitness is therefore of prime importance.
Throughout the flying fraternity, there are thousands of pilots in their senior years; who are still enjoying the privileges of their license and using their airplane for pleasure, business and travel. If you want to be flying when you are eligible for the old age pension, now is the time to start looking after your health and maintaining your physical fitness.
The person who is physically active, participating in a regular routine of exercise or sports, will most likely have a healthy heart, lungs and not be overweight. Diet is important, not only to keep weight at an acceptable level, but also in the control of heart disease. The case against smoking as a contributor to lung disease and heart disease is heavily documented. Protection of hearing by wearing earplugs has already been mentioned as has the need to protect the eyes from undue eyestrain.
pilot performance factors in decision making 

[image: image15.jpg]



Aeronautical knowledge, skill and judgment have been considered the three essential faculties that pilots must possess to be professional in the execution of their duties. The knowledge and skill have been taught in ground school and flight training programs, but decision making skills have usually been considered a trait that pilots innately possess or that is acquired through experience. In fact, good decision making skills can also be taught.
Training in decision making skills is being introduced as a part of the pilot training program. Pilots can learn good judgment just as thoroughly as they learn the mechanical concepts and basic skills of flying. But what is good judgment? It is the ability to make an instant decision which assures the safest possible continuation of the flight.
"Pilot judgment is the process of recognizing and analyzing all available information about oneself, the aircraft and the flying environment, followed by the rational evaluation of alternatives to implement a timely decision which maximizes safety. Pilot judgement thus involves one's attitudes toward risk-taking and one's ability to evaluate risks and make decisions based upon one's knowledge, skills and experience. A judgment decision always involves a problem or choice, an unknown element, usually a time constraint, and stress. " (Transport Canada: Judgment Training Manual).
The causal factor in about 80% to 85% of civil aviation accidents; is the human element, in other words, pilot error, a poor decision or a series of poor decisions made by the pilot-in-command. This concept is known as the poor judgment chain. One poor decision increases the probability of another and as the poor judgment chain grows, the probability of a safe flight decreases. The judgment training program teaches techniques; for breaking the chain by teaching the pilot to, recognize the combination of events that result in an accident and to deal with the situation correctly in time to prevent the accident from occurring.
How a pilot handles his or her responsibilities as a Pilot depends on attitude. Attitudes are learned. They can be developed through training into a mental framework that encourages good pilot judgment.
The pilot decision making training program is based on recognition of five, hazardous attitudes.
Anti-authority. This attitude is common in those who do not like anyone telling them what to do.
Resignation. Some people do not see themselves as making a great deal of difference in what happens to them and will go along with anything that happens.
Impulsivity. Some people need to do something, anything, immediately without stopping to think about what is the best action to take.
Invulnerability. Some people feel that accidents happen to other people but never to themselves. Pilots who think like this are more likely to take unwise risks.
Macho. Some people need to always prove that they are better than anyone else and take risks to prove themselves and impress others.
Pilots who learn to recognize these hazardous attitudes in themselves can also learn how to counteract them, can learn to control their first instinctive response and can learn to make a rational judgment based on good common sense.
The DECIDE acronym was developed to assist a pilot in the decision making process.
D - detect change.
E - estimate the significance of the change.
C - choose the outcome objective.
l - identify plausible action options.
D - do the best action.
E - evaluate the progress.
Using the DECIDE process requires the pilot to contemplate the outcome of the action taken. The successful outcome should be the action that will result in no damage to the aircraft or injury to the occupants.
When a pilot receives a license to fly, he is being given the privilege to use public airspace and air navigation facilities. He is expected to adhere to the rules and to operate an aircraft safely and carefully. He is expected to use good judgment and act responsibly. Decision- making is a continuous adjustive process that starts before take-off and does not stop until after the final landing is made safely. Positive attitudes toward flying, learned judgment skills, will improve a pilot's chances of having a long and safe flying career.
B.  human factors summary
The human factor is the most flexible, adaptable and valuable part of the aviation system. but it is also the most vulnerable to influences which can adversely affect its performance. Optimising the role of people in the aviation environment involves ail aspects of human performance and behaviour: decision making, the design of displays and controls and the cabin layout, and even the design of aircraft operating manuals, checklists and computer software.
Human factors is about people in their living and working situations, about their relationships with machines, with procedures, with the environment about them and with other people.
In most cases, accidents result from performance errors made by healthy and properly certificated individuals. The sources of some of these errors may be traced to poor equipment or procedure design or to inadequate training or operating instructions. Reduced levels of human performance capability and limitations in human behaviour result in less than optimum performance
There would appear to be a direct relationship between workload and performance. At low levels of workload, such as during the cruise phase of long haul flights, performance is poor and the ability to react in an emergency is potentially negatively affected. The standard of performance increases as workload increases up to an optimum level of workload and performance. At extremely high levels of workload (overload), performance is again jeopardized. In the aviation industry, the concept of workload is of primary importance to-ensure that the demands of the task never exceed the capabilities of the pilot.
Recognition of human factors; is based on the effectiveness, the safety and the efficiency of the system and on the well being of crew members.
The central figure in the human factors equation is the pilot, or other crew member, who is the most critical but also the most flexible component of the system. However, people have limitations and are subject to considerable variations in performance.
Design of cockpit space is important to pilot performance. Comfortable seats designed to fit the human body, instrument displays designed to match the sensory and information processing characteristics of the user, controls with standardized movement, coding and location, are recognized as important factors in providing a compatible and comfortable working environment. Ail too often, pilot error can be attributed to knobs and levers that are, poorly located, that operate differently from one airplane to another, that are improperly coded.
The non- physical aspects, such as procedures, manuals and checklists, symbology and computer programs, are responsible for delays and errors if these are confusing, misleading or excessively cluttered in their presentation and documentation.
The effect of environmental factors, such as noise, heat, lighting and vibration, are recognized as causal factors in human error. More serious problems are associated with disturbed biological rhythms and related sleep disturbance and deprivation. The body operates on a circadian, or 24 hour, rhythm which is related to the earth's rotation time. It is maintained principally by the cycles of light and darkness, but also by meals and physical and social activities. Safety, efficiency and well being are affected by the disturbed pattern of biological rhythms occasioned by long range flight, irregular schedules and late night flights. Long distance trans-meridian air travel, especially, is responsible for sleep disturbance, disruption of eating and elimination habits that result in lassitude, anxiety, irritability and depression, ail symptoms of what is commonly called jet lag. Wide differences are found amongst individuals in their ability to sleep out of phase with their biological rhythms. The use of drugs or tranquillizers; to induce sleep is not recommended as they have a lasting adverse effect on later performance. The use of alcohol is also not recommended since it is a drug, a depressant and, while it does induce sleep, it interferes with deep sleep.
Traditionally, crew members have been trained individually and it was assumed that individually proficient crew members; would be proficient and effective members of a crew team. However, flight crews function as groups and group influences play a role in determining behaviour and performance. Leadership, crew cooperation, teamwork and personality interaction are vital factors; in cockpit resource management. Training programs aimed at increasing the co-operation and communication between crew members; are vital in ensuring efficient and safe airplane operation. Cockpit resource management training focuses on the functioning of the flight crew as an intact team and provides; opportunities for crew members; to practice their skills together. The program teaches crew members how to use their own personal and leadership styles in ways to foster crew effectiveness.
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There is scant attention given to it. Most pilots overlook it. Some shrug it off. While others simply don’t know about its effects in the cockpit. The problem? Pilot dehydration. Most pilots are unaware of its devastating effects and symptoms, which can increase the risk of aircraft incidents and accidents, even during a mildly warm day. So in order to heighten general aviation’s awareness of this often-overlooked condition, the Federal Aviation Administration (FAA) has recently added pilot dehydration to its list of physiological conditions found in the latest Practical Test Standards—its symptoms, causes, effects and corrective actions. It believes that educating pilots about dehydration will not only decrease aircraft incidents, but also save your life one day. 
Most pilots associate dehydration with thirst and assume that an easy fix is just to drink any type of liquid. This is not always the case. A pilot’s dehydration condition can be caused by a lack of water within the body cavity due to high body temperatures, a dry aircraft environment, excess caffeine, antihistamines, inappropriate fluid intake and other factors. Many soft drinks, teas and juice drinks do not constitute good hydration substitutes, as they contain caffeine and sugar that may compromise absorption of the water content. 
Hot cockpits and flight lines also cause dehydration. The 130-degree ramp at Phoenix, Arizona., for example, is an obvious cause of dehydration. But what about the 72-degree cockpit? Pilots should concern themselves in that environment, too, since average humidity in the cockpit is low, causing a dramatic increase in fluid loss. 
Everyone must be aware that un-replaced water losses equal two percent of body weight and will impact your body’s ability to regulate heat. At three percent loss, there is a decrease in muscle cell contraction times. When fluid losses equal four percent of body weight, there is a five to 10 percent drop in overall performance, which can last up to four hours.
According to the Spring 2000 edition of the Federal Air Surgeon Bulletin, there are three stages of heat exhaustion that lead to dehydration: Heat stress, when the body temperature is at 99.5 to 100 degrees Fahrenheit; Heat exhaustion, when the body temperature is at 101 to 105 degrees Fahrenheit; and Heat stroke, when the body temperature is more than 105 degrees Fahrenheit. There’s a possibility that there’s a subtle change between one stage to another, so you need to be extra careful and continually monitor your condition when flying in hot-weather conditions. 
The symptoms of dehydration go beyond thirst. In an effort to respond to the brain’s need for fluid, the kidneys reabsorb water through the urine, creating fluid retention and frequent urges to visit the bathroom. Dry skin is also an indicator of dehydration, as the skin gets most of its moisture subdermally. The brain is 75 percent water and, when it needs to replace lost fluid, it can manifest certain symptoms, such as headaches, light-headedness and fatigue. Dehydration also contributes to fuzzy thinking, poor decision-making, dizziness and muscle fatigue. Long-term effects include wrinkled skin, impaired memory function, dry hair, brittle nails, constipation, susceptibility to colds and, because of extremely dry nasal passages, sinus infections. 
So how do you avoid dehydration in the cockpit? You’ll need to permanently attach yourself to a water bottle and drink from it regularly. The Federal Air Surgeon Bulletin suggests drinking cool, 40-degree Fahrenheit water before feeling thirsty. This will help you stay ahead of the game, keeping you hydrated before the “thirst mechanism” sets in.  
But for some, plain bottled water might be offensive. So one alternative to water is to simply drink mineralized (electrolyte) water. Electrolyte drinks, more commonly known as sports drinks, are generally designed to replace the fluids (water) and electrolytes (sodium, potassium, chromium, manganese, etc.) lost during stress, body temperature regulation and exercise. Most contain sugars which may lower a pilots systemic blood-sugar levels and precipitate fatigue.  
The FAA also suggests staying away from coffee, sodas and teas—otherwise called diuretic drinks. These beverages contain caffeine, alcohol and carbonation, which causes excess urine production or decreased voluntary fluid intake—a sure sign of dehydration. In addition, don’t over-exercise before a flight, since it can cause a large amount of body fluid loss that is difficult to replace quickly. You also need to keep in mind that acclimation to a major change in weather takes one to two weeks, which can drastically affect your flying abilities. Monitoring personal effects of aging, recent illness, fever, diarrhoea or vomiting can also help you in gauging whether or not you’re dehydrated.
But, perhaps, the most important factor in preventing dehydration is to continually be aware of your physiological and environmental conditions. This will help to maintain your rehydration water intake and prevent you from progressing into heat exhaustion and even heat stroke. It’s a good plan for a problem that can easily be avoided—all with just a few gulps of water. 
The Three Stages Of Heat Exhaustion 
1.   Heat stress (99.5° to 100° F body temperature) reduces:
·        Performance, dexterity and coordination
·        Ability to make quick decisions
·        Alertness
·        Visual capabilities
·        Caution and caring
2.   Heat exhaustion (101° to 105° F body temperature) symptoms:
·        Fatigue
·        Nausea/vomiting
·        Giddiness
·        Cramps
·        Rapid breathing
·        Fainting 
3.   Heat stroke (above-105° F body temperature) symptoms:
·        Body’s heat control mechanism stops working
·        Mental confusion
·        Disorientation
·        Bizarre behaviour
·        Coma
