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The Eyes and the Visual System

I would like to introduce you to a part of your body that you don’t see very much—your eyes. Because you are always seeing with them, you don’t often get a chance to look at them. Yet your eyes are two fascinating organs with which you should become very familiar if you want to maintain their optimal health. So get ready, we are about to embark on a tour of the wonderful world of vision.

This book is not meant to be a technical medical synopsis of the anatomy and physiology of the human visual system. Instead, it is intended to be the layperson’s guide to conscientiously caring for the eyes. However, you still need a solid foundation of knowledge about the eyes so that you can make intelligent decisions regarding eye health and the treatment of eye diseases. So this chapter offers general information on how the eye is put together and how it works. We’ll start with some basic eye anatomy.

A CLOSER LOOK AT YOUR EYES

The eyeball is basically that—a ball. Its diameter is roughly 1 inch, and its circumference is about 3 inches. The part of the eyeball that is visible between the eyelids is actually only one-sixth of the eye’s total surface area. The remaining five-sixths of the eyeball is hidden behind the eyelids.

Figure 1.1, “The Eye,” clearly illustrates the elements of the eyeball. The outer surface of the eye is divided into two parts: the sclera (SKLER-ah), the white part that is the outer covering of the eye, and the cornea (KOR-nee-ah), the transparent membrane in front of the eye. The sclera is made of tough fibers that allow it to perform its function of supporting the contents of the eyeball. It has a white appearance because the fibers are light in color and because it contains very few blood vessels. The cornea, which is steeper in curvature than the sclera, may be difficult to see because it is transparent and backed by the colored iris (EYE-ris). You can see the cornea more easily if you look at a friend’s eye from the side. It is a very sensitive membrane that serves to protect the eye and acts as a lens to begin the focusing of light. Also in this area is the conjunctiva (conjunk-TIE-vah), the mucous membrane that covers the front of the eye and lines the inside of the eyelids.

Just inside the sclera and covering all of the same area is the choroid (KOH-royd), which is a vascular membrane that provides the main blood supply to the inner eyeball. And just inside the choroid is the retina (RET-in-ah), the nerve membrane that receives the light. The small but important central area of the retina is called the macula (MAC-you-lah). It is used for sharp, detailed vision, such as threading a needle or spotting a distant object. And the central part of the macula is called the fovea (FOE-vee-ah). Because these two areas are so small and close together, the terms fovea and macula are often used interchangeably.
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FIGURE 1.1 The Eye.

In addition to the blood vessels of the choroid, there are also blood vessels that enter the eye through the optic nerve and lie on the front surface of the retina. These vessels supply nutrition to the retina and to other structures that are found inside the eye. The optic nerve is directly linked to the brain; that’s how the images received by the eye travel into the brain to be interpreted. We actually have a blind spot at the point where the optic nerve enters the eyeball.

So far, the parts of the eye fulfill relatively basic roles. The eye needs protection and support, which is provided by the sclera. The eye needs a blood supply, which is provided by the choroid and through the optic nerve. Finally, the eye needs a mechanism for seeing, which is provided by the retina. But we’re not done yet.

When you look at an eye, the first thing you’ll notice is the iris, the colored area of the eye, as mentioned above. If you look closely, you’ll see that the iris is actually enclosed in what is known as a chamber, which is the medical term for a closed space. The pupil (PEW-pill) is nothing more than a hole in the iris, which allows the light to enter the interior chamber of the eye. It expands and contracts to allow more or less light into the eye. The iris is also surrounded by a watery fluid called the aqueous (AY-kwee-us) humor or aqueous fluid. Here, the term “humor” doesn’t have anything to do with being funny; it’s the Latin word for “fluid.” Just behind the iris is the lens, which facilitates focusing. The lens, also known as the crystalline lens, is transparent and can’t really be seen from the outside unless special equipment is used. Behind the lens, and filling the main chamber within the eye, is the vitreous (VIT-ree-us) humor. This substance, which is more gelatinous and less watery than the aqueous humor, helps in the support of the retina and other structures.

That’s it! You have learned the basic anatomy of the eyeball and can follow further discussions on the eye without feeling intimidated or lost. We are now ready to delve into how the eye actually functions. You will soon understand just how all of these parts work in unison to produce vision.

HOW THE EYE WORKS

Let’s examine the visual process from the beginning. Light enters the eye by passing through the tears, the cornea, the aqueous humor, and the pupil. It is focused by the lens and then travels across the vitreous humor, ultimately reaching the retina. The retina is an extension of the brain, since, as mentioned earlier, the nerve fibers from the retina directly enter the brain.

When the light strikes the retina it first stimulates chemical changes in the light-sensitive cells of the retina known as the photoreceptors. There are actually two kinds of photo receptors. Rods, which are long and slender cells, respond to light or dark stimuli and are important to our night vision. Cones, which are cone-shaped, respond to color stimuli and therefore are also called color receptors. There are about seventeen times as many rods as there are cones—about 120 million rods and 7 million cones—in the retina of each eye. These rods and cones interconnect and converge to form networks of nerve fibers. About 1 million nerve fibers make up each optic nerve.

When the rods and cones are struck by light, they convert the light energy to nerve energy. We’ll call this nerve energy a visual impulse. The impulse travels out of the eye and into the brain via the optic nerve at a speed of 423 miles per hour. First it reaches the middle of the brain, where a pair of “relay stations” combines the visual information the impulse is carrying with other sensory information. The impulse then travels to the very back part of the brain, the visual cortex. It is there that the brain interprets the shapes of objects and the spatial organization of scenes. It recognizes visual patterns as they belong to known objects—for example, it recognizes that a flower is a flower. Further visual processing is done at the sides of the brain, known as the temporal lobes. Once the brain has interpreted vital information about something the eyes have “seen,” it instantaneously transfers the information to the different areas of the brain that must play a part in the response. For example, if the information is that a car is moving toward you, it is relayed to the motor cortex, which is the area that controls movement and enables you to get out of the car’s way. The motor cortex is located in a band that goes over the top of your head, from just above one ear to just above the other ear.

So, vision is really the combination of the eyeball receiving the light and the brain interpreting the signals from the eye and initiating a reaction. We will discuss this process of vision (or “visual processing”) in more detail in the next section of Part One, titled “The Development of Vision.” But for now we should dig a little more deeply into what causes acute and not-so-acute vision.

Measuring Visual Acuity

The visual process I have described above is how the normal eye and visual system function when working perfectly well. The condition of the eye being optically normal is called emmetropia (em-e-TROH-pee-ah). Figure 1.2, “The Emmetropic Eye,” illustrates what occurs when light enters the “normal” eye. Unfortunately, not all eyes are emmetropic. Very often, there is something that goes wrong, and the visual process is disrupted. About 50 percent of the adults in the United States have difficulty seeing clearly at a distance, and about 60 percent have difficulty seeing up close with no corrective lenses. How do we measure visual acuity, and what are some of the problems that affect it?
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FIGURE 1.2 The Emmetropic Eye.

Recall the last time you visited your eye doctor’s office. You probably got a full examination, had what seemed like 100 different tests, and finally asked, “How are my eyes?” Your doctor might have said, “You have 20/20 vision!” If that was the case, you probably walked out of the office satisfied that your eyes are in good shape. But are they? To what does “20/20” refer? What does it mean?

The term “20/20” is a notation that relates to the resolving power of the eye. An eye’s resolving power is its sharpness of sight, which we can define as the ability to distinguish two points from each other and not see them as just one point. This resolution occurs at its maximum in the fovea portion of the retina. If your vision is 20/20, it means that you are seeing at 20 feet what the optically normal—or emmetropic—eye can see at 20 feet. That is, your eyes can distinguish one point from another on a specific line of characters from a standard eye chart placed 20 feet away. The standard chart is called a Snellen chart, which is named after Hermann Snellen, a Dutch ophthalmologist who introduced the chart in 1862 to study visual acuity.

Now, if your vision is 20/40, it means that you can see at 20 feet what the emmetropic eye can see at 40 feet. You have to be closer to the object than normal in order to see it correctly. And if your vision is 20/100, you must be 20 feet away from an object to see it clearly, while the emmetropic eye can see it clearly from 100 feet away.

In short, the larger the bottom number is, the poorer your resolving power, which is also known as your visual acuity. Visual acuity is measured for distance and near vision. So now you know that 20/20 is something like a grading, or scaling, of eyesight. To assess your own, see the inset titled “Visual Acuity Tests” on page 11.

Understanding Refractive Errors

One of the more common eye problems—and one that disallows 20/20 vision—is the mis-focusing of the light as it is directed onto the retina. The light can be focused too soon or too late, or it can even be distorted. Because the bending of light is technically called “refraction,” the mis-focusing of light in the eye is called a refractive error.


VISUAL ACUITY TESTS

While nothing can replace a full eye exam at a doctor’s office, the tests below will help you get a sense of how acute your vision is. Follow the steps for a measurement of both your distance and near visual acuity.

DISTANCE VISUAL ACUITY

1. While you are sitting or standing comfortably, have a friend hold this book open to the Distance Visual Acuity chart on pages 12 and 13 (Figure 1.3) exactly 20 feet away from you. Very good light should be shining on the page. Cover (don’t close) your left eye.

2. Read down to the lowest line that you can easily read. Then try the next line, even if it’s difficult. Be sure to read the letters loudly enough for your friend to hear and check against the page.

3. Have your friend write down the line at which your visual acuity began being challenged and how many letters you saw incorrectly on that line.

4. Switch the cover to the other eye and repeat the test once again. You might try to read each line’s letters from right to left this time, to avoid memorization.

To attain your score, you are going to note which line you had trouble reading and how many of the letters you misidentified. If you got several, but not all, of the letters incorrect on a line, you get credit for that line. So, if you missed just one letter on the 20/30 line, then your score is 20/20–1. If you got all those letters correct but just two more on the next line, then your score is 20/30+2. Follow the scoring procedure for both eyes.

NEAR-POINT VISUAL ACUITY

The near visual acuity test is almost exactly the same as the distance visual acuity test, except that you use the Near-Point Visual Acuity Chart, which can be found on page 14. (Figure 1.4.) Hold the page 16 inches from your nose—a standard reading distance. With that exception, follow the steps given earlier for the distance visual acuity test, and score it the same way. Again, perform the test with one eye at a time. Make sure you are not squinting or straining to see the letters (I call that “cheating”) because you should be seeing clearly and comfortably throughout the assessment. If you have to squint, then you’re working too hard.



First, let’s define a few necessary terms. Nearsightedness, also called myopia (my-OH-pee-ah), occurs when near vision is good but distance vision is poor. For the nearsighted person, a distant image—that is, an image at least 20 feet away—falls in front of the retina and looks blurred. Nearsightedness results when an eye is too long, when the cornea is too steeply curved, when the eye’s lens is unable to relax enough to provide accurate distance vision, or from some combination of these and other factors. See Figure 1.5, “The Nearsighted Eye,” for an illustration of what occurs in the myopic eye.
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FIGURE 1.3 The Distance Visual Acuity or Snellen Eye Chart.
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Farsightedness, also called hyperopia (hy-per-OH-pee-ah), is not exactly the opposite of myopia. For the farsighted person, the image of an object that is 20 feet or more away is directed past the retina, as shown in Figure 1.6, “The Farsighted Eye.” It looks blurred because it hasn’t yet been brought into focus. Farsightedness results when an eye is too short or a cornea is too flat, or from some combination of other factors. The main difference between nearsightedness and farsightedness is that the relaxed eye can increase its focal power, to some degree, to compensate for farsightedness, but it cannot reduce its power to compensate for nearsightedness.


This card has been specially designed to test your near-point acuity. Hold the card approximately 16 inches away from your face and read each line, starting with the top line and moving downwards.
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FIGURE 1.4 The Near-Point Visual Acuity Chart.

Theoretically, the surface of the cornea should be almost spherical in shape—like the surface of a basketball—so that when light passes through it, it can be focused at a single point. However, nature isn’t always perfect, and the cornea is often warped, resembling a football more than a round ball. The lens, too, can be irregular in shape. These distortions can be significant enough so that the light that passes through the cornea and lens in the vertical orientation will focus at a different spot from the light that passes through in the horizontal orientation. When that occurs, you have two points of focus with a blur between them. This is known as astigmatism (ah-STIG-ma-tism) and is illustrated in Figure 1.7, “The Astigmatic Eye.”

If the difference between these separate points of focus is great enough, the eye will strain as it tries to decide which point of focus it should use. You might then develop occasional blurring of vision, fatigue, or possibly headaches. Astigmatism in small amounts is very common and not of great concern. But about 23 million Americans have a significant amount of astigmatism that requires correction. Glasses correct astigmatism because the curvature of the eyeglass lens compensates for the incompetent curvature of the eye. This is a simple optical correction. Glasses, however, will not change the amount of astigmatism—that is, they won’t “cure” the problem.
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FIGURE 1.5 The Nearsighted Eye.
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FIGURE 1.6 The Farsighted Eye.
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FIGURE 1.7 The Astigmatic Eye.

You now know exactly what happens inside nearsighted, farsighted, and astigmatic eyes to cause blurring of vision. Again, these are very common problems due to the fact that the eyeball is not always perfectly shaped. And these anatomical dysfunctions not only are optically correctable but there are also surgical procedures that can change the way light is focused in the eye. We will cover that information later in the book, in Part Three.

It is not difficult to understand why people who experience refractive errors tend to strain their eyes in an attempt to clarify the images before them. Perhaps you have noticed yourself doing this. Of course, fatigue can also cause eyestrain. For a quick self-test on how much your eyes are straining to see, go to the inset titled “Cover Tests” on page 17.

Identifying Blind Spots

When you were in grade school, someone probably told you that everyone has blind spots in their eyes. I’m sure you looked and looked but, instead of locating missing pieces in your range of vision, you simply saw everything you looked at. It’s actually hard to believe in blind spots if you don’t know how to find them. See the inset titled “The Blind Spot Test” on page 18 for instructions on how to locate your blind spots.

You have learned that the back of the inside of your eye is covered with the retina, which receives light and transmits nerve impulses to the brain. The cells in the retina are connected to nerve fibers that collectively make up the optic nerve. The area where the optic nerve leaves the retina and heads toward the brain is not covered with retinal cells (the rods and cones) but serves solely as the exit for the nerve fibers. Since there are no cells to receive light, no visual perception occurs in that specific area. So the area is actually blind and is called the optic disc.

“Okay,” you say skeptically, “if my eyes have blind spots, why don’t I see any empty space in those areas?” Well, remember that you have two eyes. Each of your eyes has a visual field, or an area of visual perception. The fields of your two eyes overlap quite a bit, so you have a large area of binocular (again, two-eyed) vision. The seeing portion of one eye overlaps the blind spot of the other eye, so if both of your eyes are open and functioning, you will not have any gaps in your field of vision.

These “normal” blind spots are actually significant in the detection of eye diseases and other conditions, including brain tumors. For example, the eye disease glaucoma (glaw-KOH-mah), which involves an increase in pressure in the eye, will cause the blind spot to enlarge. (Glaucoma and many other eye diseases/disorders are discussed in detail in Part Two.) Tracking the changes in the size of the blind spot can give your doctor information about the progression of a disease. Moreover, if you ever perceive a blind area in your vision other than the normal one just discussed, be sure to have it checked immediately.


COVER TESTS

This is actually a two-part test that measures the tendency of your eye muscles to strain. The two parts are the Cover/Uncover Test and the Alternate Cover Test. To perform these tests, you’ll need a single point target at a distance and the same at a near point, as well as a card (or your hand) to cover your eye. Follow the simple steps listed below.

1. Select a single point target at a distance of at least 20 feet away and fix your gaze on it.

2. Keeping both eyes open, cover the right eye and notice if the target appears to move. You should try this several times with the same eye, because the movement may be subtle.

3. Switch to the other eye. Cover the left eye and note if the target appears to move. This completes the “Cover/Uncover” portion of the cover tests.

4. Now, while maintaining your view of the target at a distance, just switch the cover (the card or your hand) from its location in front of one eye to the other, back and forth. Notice not only if the target moves, but also in which direction it moves. Does it move in the same direction as the cover moves, or does it move in the opposite direction? This completes the “Alternate Cover” part of the test.

5. Next, select a target at a reading distance. Repeat the steps above, viewing this nearer target.

Record your findings and report them to your doctor during your eye examination. The results will assist your doctor in finding subtle eye-muscle balance problems. In the Cover/ Uncover portion of the test, you were testing to see if both eyes aligned properly when looking at a particular object. If you covered one eye and saw the image “jump” to a different position, then the previously uncovered eye was pointing to a different target. This indicates a loss of binocular (or two-eyed) vision. In the Alternate Cover portion of the test, you were testing to see if your eye muscles were in balance with each other—in other words, you were testing the tendency for your eyes to pull in one direction or the other but still maintain binocular vision when they are both open. If the image jumped when you moved the card back and forth, then your eyes do have a tendency to pull in one direction or another. Only your doctor can determine if your tendencies are significant for eyestrain or not.



Assessing Peripheral Vision

Right now you are reading the words on this page with both eyes (I hope). You have your eyes pointed at these words, and all that you are really consciously aware of is the page you see. But if someone were to sneak up behind you and then slowly come around to your side, you’d probably see the person moving and know he was there (assuming the person didn’t tip you off by knocking over a chair). Now, how would you see someone off to the side if your eyes were looking down here? You’d be using your peripheral (side) vision, which accounts for a large percentage of your whole visual field. This visual field is all of what you can see at one time without turning your head or eyes. A normal visual field is about 170 degrees around; certain medical conditions can narrow it. In fact, another definition of being legally blind, or suffering from low vision, is having a visual field of less than 20 degrees.


THE BLIND SPOT TEST

Each of your eyes has a blind spot where the optic nerve meets the retina. It is easy to prove this using the following instructions and graphic.

1. Look at the illustration below. There is a plus sign on the left side and a large dot on the right side. To test your right eye, you are going to cover your left eye and look at the plus sign. To test your left eye, you are going to cover your right eye and look at the dot. (No, I didn’t say that backwards!)

2. Hold the book 6 inches from your face, remembering to keep the eye that you are not testing covered. Now, slowly move the book back to about 12 inches from your face.

3. If you look directly at the plus sign with your right eye, the dot on the right side of the page will disappear from the corner of your vision at about 12 inches from your face. If you look directly at the dot with your left eye, the plus sign on the left side of the page will similarly disappear.

You may have to move the book slightly back and forth or left and right to get this effect because the blind spot is not very big. Remember to keep the uncovered eye still and directed straight ahead.

Try the other eye next. Remember to keep the eye that is not being tested covered.
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Over half of the inside of your eye is lined with the retina. When you look straight at an object, you line up that object with the macula—that tiny, 1 square-millimeter area of the retina that gives you the sharpest vision. So, there’s a whole lot of retina that isn’t completely “tuned in” to where you are looking. But when people come up beside you, they move enough to alert the rest of your retina that something is there. The peripheral retina area is very important. For example, think of how it factors in when you are driving a car. You catch glimpses of cars on either side of you without actually turning your head completely around. Besides motion detection, the peripheral retina is also important in balance, body movement ability, and light perception. See the inset titled “Peripheral Vision Test,” on page 20, for instructions on how to assess your own visual field.

Further Defining Binocular Vision

Seeing a clear 20/20 is certainly a good indication that your eyes are doing their job well. However, sharp eyesight is just one of the functions that your eyes perform. Since there are two eyes, they must work in harmony with each other. One of the most fascinating abilities of the human visual system is the capacity to take images from two eyes and put them together into just one picture. As previously discussed, this complex process is called binocular vision. Because binocular vision normally prevents you from seeing two images, the idea of double vision might sound strange or even impossible to you. But double vision can occur and is one of the most dangerous manifestations of vision problems. Imagine seeing two cars coming toward you as you are driving down the road!

Here’s how the healthy brain and eyes keep us from seeing double and going off the road. Let’s assume that you have two eyes and they are both working about equally well. As you look at an object, each eye receives an individual image of that object. Both of these images are transmitted back to your brain where they are then “fused” together into one image. In order for that to happen, however, both eyes must be pointed at the same object, at the same spot, with the images approximately equal in size and clarity.

Now, if one eye does not aim at the same spot as the other, each eye will see a slightly different view of the object, and the two images won’t match up. When these images are transmitted back to your brain, they will stimulate two different groups of brain cells and you will experience two pictures, otherwise known as diplopia, or “seeing double.” After a short period of time, your brain will decide to turn off or suppress the image from the eye that is pointed in the wrong (or less important) direction so that you can see one picture again. Although this suppression is necessary for our visual survival, it is certainly not the way we were meant to see.

When the eyes are not coordinated properly, suppression of an image is the brain’s way of making our daily tasks easy and comfortable. While suppression of an image might sound devastating, it actually works pretty well in helping us function effectively. What is more serious is when there is a competition between the eyes—when the eyes struggle to work together. Lack of coordination between the eyes actually falls into the domain of brain function, for the brain is where coordination takes place. It is competition between the eyes that causes a person to grapple with reading tasks, and that can lead to poor reading comprehension and job performance.

Adequate binocular function is important for many common tasks, especially reading and, therefore, learning effectively. Thus, it is critical that children get all aspects of their vision checked—not just an exam for 20/20 eyesight. We will cover these issues in the next section of Part One, entitled “The Development of Vision,” as well as under the specific disorders of double vision and suppression in Part Two. But for now, see the inset titled “Near Point of Convergence (NPC) Test” on page 21 for a quick way to assess your binocular muscle balance.


PERIPHERAL VISION TEST

To test your own peripheral vision, you’ll need the help of a friend. You’ll also need two chairs and an object that can be held at a slight distance from your hand, such as the eraser on a pencil.

1. Sit in a chair that is facing your friend, who should also be sitting in a chair. Your heads should be about 2 feet apart and at roughly the same eye level.

2. Have your friend cover one eye, and you cover the opposite one. For example, if your friend covers his right eye, you should cover your left eye. Look directly into each other’s open eye without moving. (Blinking is allowed.)

3. Now, with the pencil in your right hand, extend the eraser all the way to the right as far as you can reach. Both of you must keep looking directly at each other’s eye; avoid moving your heads or eyes. Slowly bring the eraser in toward you and your friend, but keep it on an imaginary line midway between the two of you. You’ll need to bend your elbow to do this. (See Figure 1.8, “Testing Peripheral Vision,” at right.)

4. Both you and your friend should each see the eraser come into view out of the corners of your eyes at about the same time. Be sure it’s the eraser you see and not the pencil. If one person sees the eraser much sooner than the other, the one who sees it last might have decreased peripheral vision and should contact an eye doctor. A difference of 4 inches may be significant.

5. Now do the technique again, but this time bring the eraser in from your left side.

6. Repeat the technique again, but bringing the eraser down from over your head.

7. Repeat the technique one more time, bringing the eraser up from your knees.

Each time, both you and your friend should see at the eraser about the same time. Remember, the procedure should not be done with both eyes at the same time. This home peripheral vision test will pick up only very significant problems. For more accurate testing to find more subtle defects in the visual field, see your eye doctor.
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FIGURE 1.8 Testing Peripheral Vision.



Exploring Color Vision

Color vision is actually nothing more than the perception of different wavelengths of light. This perception is accomplished by the cones in the retina. Color vision is a hereditary trait, as is color deficiency, often referred to as colorblindness.

Before we can talk about color vision, we need to go over some basics about the nature of light. When light rays come from a source of light, they radiate from that source like the waves formed in water when a rock hits its surface. These light waves travel in varying lengths, some shorter than others. The unit of length used to measure waves of light is the nanometer (nan-AHM-iter), which is one-millionth of a millimeter, or one-billionth of a meter.

The range of light that we humans can see is called visible light. It is light with a wavelength of between 400 and 700 nanometers (nm). In order to put that into context, consider that ultraviolet light has a wavelength below 400 nanometers, and infrared light has a wavelength above 700 nanometers. What makes the various colors we see? Let’s use an example. When white light bounces off a red apple, the apple absorbs all of the light rays except for those with a wavelength of about 650 nanometers. In other words, the apple reflects rays of that particular wavelength. Humans have learned to call that wavelength of reflected light “red.” Each color that humans can see has its own wavelength. Blue is about 460 nanometers, green is about 520 nanometers, and yellow is about 575 nanometers. When we perceive a colored object, what we see is that part of the light spectrum that is not absorbed by the object, but rather reflected back to our eyes.


NEAR POINT OF CONVERGENCE (NPC) TEST

This test is intended to determine how well your eyes coordinate when looking at a near target. When you look closely at something, each eye’s line of sight must turn in toward the other in order to maintain effective binocular vision. If your eyes have difficulty doing this, you are likely to be straining to see up close, and you most likely experience tiredness at the end of the day. Try these easy steps to test your NPC. For accuracy’s sake, it is best to get a friend to help you.

1. Hold a pen or pencil at arm’s length. Keep watching just the tip of the pen or pencil as you slowly bring it toward your eyes.

2. Stop bringing the pen or pencil closer to you as soon as you see two tips (or a double tip). At this point, it is important to record the distance—in inches—between your eyes and the tip of the writing device. A friend can easily do this for you with a tape measure, as long as you keep your hand steady.

3. Now gradually move the pen or pencil away from you until the “double tip” snaps back together and you once more see only one pen or pencil tip. Again, have your friend carefully measure and record the distance between your eyes and the tip of the writing device.

To attain your score, you should perform this test a number of times and take an average of your findings. If the tip of the pen or pencil split into two when it was 3 inches from your eyes, and then resumed its single image when it was 7 inches from your eyes, your NPC score would be 3/7. Substitute whatever numbers apply to your particular score. There are no hard and fast “normal” readings for this test. However, eye-health professionals do like to see a top number (the split) of less than 4 and a difference of only 2 inches or less between the top number and the bottom number (the recovery).



In truth, we still don’t know for sure what happens in the retina and brain to enable us to have color vision, but we do have some good theories on the subject. The most popular theory is called the trichromatic (try-kroh-MA-tik) theory, meaning “three-color theory,” which says there are three different types of cones in the retina. There are cones that respond to red, cones that respond to blue, and cones that respond to green. When these cones receive a light stimulus, they send a message to the brain via nerve fibers. Color mixing is accomplished by these cones firing in varying proportions, so that the color we perceive is a combination of the signals coming from the three types of cones. White, for example, is perceived when the red, blue, and green cones fire together in equal proportions.

This is a pretty good working model for color vision, but it’s probably not the whole story. Most likely, there are receptors that transmit light stimuli of particular wavelengths from the retina to the brain, and other receptors that inhibit light stimuli of particular wavelengths. The color we actually perceive is probably a result of some “yes” receptors and some “no” receptors sending messages to the brain. Ultimately, the eyes of humans can perceive about 7 million colors. The eye is truly a wonderful organ!

Over the course of a few pages, you have learned quite a bit. You have tackled everything from how to assess your visual acuity to why some people truly struggle with blurred vision. You have learned how your eyes merge two images into one, as well as how they bring color into your life. Congratulations, for you are now much closer to taking command of your eye health.

CONCLUSION

Now that you know the fundamentals of eye anatomy and function, we are ready to study the development of vision as it progresses over various life stages. But before we leave this section, I want to emphasize the importance of being pro-active about your eye health. The basic information and quick little vision tests presented in this section are intended to help you become more familiar with your eyes and how they work. The tests will also help you generally to assess whether or not your eyes are working properly. If you suspect that something is amiss with your eyes, consult your eye doctor and fully discuss your concerns. The more information you can take with you to your eye exam, the easier it will be for your doctor to detect any problems.


The Development of Vision

Since the vast majority of children are born with two eyes situated in the proper position in their heads, it is easy to understand why parents may assume that vision is just “there,” and that their children see adequately from the very beginning of life. Yet, as children grow, their eyes must develop along with the rest of their bodies, or their maturation might be hindered. Moreover, young children most likely think that everyone sees the way they do. They may not realize that they are supposed to be able to see the leaves on a tree from across the street or the letters on a blackboard from the rear of a classroom. These children may not know they have a problem or may not think to say anything about their vision. But the estimates are that one out of every twenty preschool children in the United States has a vision problem that will eventually result in a needless loss of sight or a severe learning disability.

Vision is our most important sense. Between 80 and 85 percent of our learning comes through vision. Moreover, most vision problems can be corrected if detected early. So it is the parents’ job to talk with their child and find out what is happening with her vision. Most parents don’t realize that a child’s vision should be routinely checked as early as when the child is six months old. A child’s vision is her parents’ responsibility.

This section of Part One will discuss the development of vision that occurs throughout early life. It also will provide some techniques for testing your child’s vision and for helping to improve her visual perception. If you do not have children, this section is still important to read. It discusses how our vision evolves over the course of various life stages, how certain learning and behavioral disorders might be linked to vision, how technology affects vision, and more.

NORMAL VISUAL-MOTOR DEVELOPMENT

By the time a child is three years old, her eyeball closely resembles an adult’s eyeball in structure and size, with some growth and refinement continuing into adulthood. For example, the macula is not refined at birth and must develop as the child grows. However, there is much more to the visual system than the physical structure of the eyeball—that “more” being the difference between “eyesight” and “vision.”

Visual perception develops in an individualized manner; each person’s way of seeing is just a little different from the next person’s. This is due to the variety of stimuli that children receive (or don’t receive) as they grow up. An ancient proverb states, “We see things not as they are, but as we are.” Yet there are also predictable stages of vision development, and they coincide with motor development—the development of the large and small muscle movements in a child’s body.

At one time, people believed that the eyes were just two little balls that sat in the front of the face to catch light. But for many years now, we have known that the eyes are an integral part of the central nervous system and are very much influenced by the other parts of the body. As the body develops, so do the eyes. Vision is not a separate function; instead, it is integrated into the total “action system” of the child, which includes posture, manual skills and coordination, intelligence, and even personality traits. This is the total vision process, and the development of the muscular system and the visual system together is known as visual-motor development.

Although vision is one of the five senses, the actions surrounding the visual process are motor, or muscle, driven. When you are awake, your eyes constantly respond to shifts in your body posture, and they initiate shifts as well. Thus, vision influences and is influenced by the sensitive patterns of movement of the total person. An excellent way to illustrate this point is to stand on one foot and look straight ahead. Once you feel stable and secure, close your eyes. Notice how quickly you lose your balance! And just as it’s possible to have poor coordination between two body parts, it is also possible to have poor coordination between the eyes and another body part, or even between the two eyes. So the relationship between vision and motor skills is quite complex.

Motor development begins in infancy and continues throughout childhood. In the following paragraphs, as we discuss normal motor and visual-motor development in children, any references to ages are only approximations. It is the sequence of development that is important.

At birth, infants have only reflexes with which to work. However, these reflexes shape the patterns of their motor development. The first basic motor patterns to develop are the gross motor movements. “Gross motor” refers to the movements of the large muscles, such as those in the arms and legs. The gross motor movements include crawling, standing, walking, leg and arm movements, head and neck movements, and other large-muscle actions. These movements are necessary for normal growth and development, enabling babies to move in space and use the perceptual tool that is the most developed during babyhood: touch.

Babies’ explorations and touching experiments eventually lead to the second basic motor pattern, which is fine motor movement. Fine motor movements involve the small muscles and include finger bending, toe wiggling, wrist and ankle movements, and other subtle motor actions. These types of motor movements are necessary for fine manipulation and, in general, more detailed inspection of the environment by infants. Fine motor coordination is more difficult to achieve if the gross motor abilities did not develop on schedule.

The oculomotor skills develop simultaneously with the gross and fine motor skills. The eyes are controlled by the muscles that surround them and are directly connected to the brain. Oculomotor development refers to the gradual development of the eye-related muscles and their coordination. Efficient eye movement is essential for good eyesight. The six extraocular (outside the eye) muscles have to be able to align each eye with a visual target, and the intraocular (inside the eye) muscles must be able to focus the light on the retina in order for the person to see the visual target. In addition, the movements of both eyes have to be coordinated in order to avoid excess strain or double vision.

Once oculomotor development is underway, children can begin to “feel” with their eyes. The process starts slowly. At six to twelve months of age, touch is still a child’s main avenue of perception. But once the eye muscles begin to coordinate with each other at about twelve to fifteen months of age, the majority of sensory input begins to be transferred to the eyes. Eventually, children don’t have to crawl across a room to identify an object by touch. They can merely look at it and see what it is.

The next phase of development is called hand-eye coordination. This is the ability of the brain to take in information through the eyes and speedily transfer it to the hands and back again. This ability takes off at around the age of two (although it is present to some degree well before that), but it really develops continually throughout life. For example, learning to play a sport at any age is a continuing process of developing hand-eye coordination.

As the visual system matures and oculomotor control increases, the first aspects of form perception begin to develop. Loosely defined, form perception is the perception of, first, the shapes of objects and, eventually, more abstract things, such as words on a page. Form perception starts as the perception of forms by oral investigation. That is why young babies try to put everything in their mouths. Then, once fine motor development has been established, form perception is transferred to the fingers. Eventually, it is transferred to the eyes, with children recognizing forms from a distance based on previous experiences. Advanced form perception includes figure-ground discrimination—that is, seeing the main form as being different from the background—as well as perception of general shapes, size differentiation, differentiation of the details of configuration, and directional orientation. Research has shown that when experienced readers read, they don’t perceive individual letters or even individual words, but rather the “forms” of the words. That is why you can probably make sense of the following combinations of letters and successfully read the quoted phrase as though it is a regular sentence: “Raserceah has sowhn that when eripexeeicd raedres read, they don’t prcieeve idiivnualdl letters or even wrdos, but rehratr the ‘forms’ of the wdors.” Form perception is a complicated process for the brain and the visual system to master, and it is crucial for good reading.

One aspect of advanced form perception is laterality. Laterality is the ability to perceive left and right in reference to your own body, and it begins to develop at about the age of five or six. After laterality comes directionality, which is the ability to make left-right distinctions for things other than yourself—say, for other people or objects in the room, or for letters on a piece of paper. This kind of perception usually develops around the age of six or seven. If children can’t tell their left from their right or can’t make left-right distinctions for other objects, then words and letters don’t have any meaning. The letter “p” may look the same as the letter “q,” and “b” may look the same as “d,” for example. These confusions, called reversals, are common and expected up to when children are about seven or eight. After that, children who still reverse letters need some help in figuring out which way is up. Later in this chapter, I’ll describe some methods to help them.

The next step in the development of visualmotor skills is visual memory, which is the ability to recall visual images including everything from a mother’s face to last evening’s dinner, and even to a list of spelling words. Visual memory begins to develop about six months of age and continues to develop as children mature. This ability is essential for the retention of written material and is, in fact, one measure of intelligence.

Children’s eyes are closely influenced by their ever-changing muscle systems. Visual defects and deviations from the norm may not be apparent if all you look for is sharpness of vision such as can be measured using an eye chart. Vision problems in children may make themselves known as poor coordination, awkwardness, poor timing, hesitation, and sometimes lack of body movement. If you have any doubts about your child’s visual-motor development, don’t wait too long to alert your pediatrician and to have your child checked out by a developmental optometrist. See below for more information on that latter type of specialist.

MATURATION OF THE EYES THROUGHOUT EARLY LIFE

We have just reviewed the general progression of visual-motor development in young children. Now let’s take a more in-depth look at how the eyes mature over various life stages. We will trace the development from the prenatal stage to adolescence.

As you learn about the development of vision, if you have any doubts about whether your child’s vision is developing on schedule, I advise you to consult a developmental optometrist. While pediatricians might be well versed in the health and development of children in general, they do not have the background in visual development that optometric specialists do. Developmental optometrists have a specific interest in children’s eyes and how they relate to the general maturation of children. They usually consider a non-surgical therapeutic approach in the resolving of visual development issues. Pediatric ophthalmologists are also a source of consult; however, their view tends to be more medically oriented for early diseases and surgery, which is fine if a surgical intervention is needed. But if surgery is not necessary, a developmental optometrist is the best professional to see. You can find information on developmental optometrist organizations in the “Resource Organizations” list, which starts on page 397.

Before Birth

The first rudiments of the eyes are evident in the fetus at the ripe age of twenty days after conception. And the first trimester (first three months) of pregnancy is the most critical time for the eyes. Good nutrition, good prenatal care, and avoidance of medications and other chemicals (such as alcohol and tobacco) are all important for the development of the fetus’s visual system.

There are some eye traits that are genetically determined, and eye color is one. All Caucasian babies are born with blue eyes—although there are many variations of that blue color—because very little pigment has accumulated in their irises by birth. As children grow, more pigment is deposited in the irises, and the eyes begin to look darker. The final eye color depends on how much pigment has accumulated. A blue eye simply has less pigment than a brown eye does, and a green or hazel eye is somewhere in between.

If both parents have blue eyes, then all of their children will have blue eyes. If both parents have brown eyes, there is a 25-percent chance that their child will have blue eyes and a 75-percent chance that the baby will have brown eyes. The brown eye form of the eye color gene is dominant, whereas the blue eye form of the gene is recessive.

Another hereditary trait is color deficiency. Females have two X chromosomes, and males have an X and a Y. The gene for color deficiency is carried on the mother’s X chromosome. For a boy to develop color deficiency, he needs to have inherited only one defective X chromosome from his mother. For a girl to develop color deficiency, she must have two defective X chromosomes—one from her mother and one from her father. This is the reason why color deficiency is so much more common in boys than girls. In fact, 8 percent of males are color deficient, compared to only .5 percent (or one-half percent) of females.

Are some babies programmed to have certain eye problems from the moment of conception? Well, nearsightedness, lazy eye, and strabismus (crossed eyes and wall eyes) do seem to “run in families,” but I’m not convinced that genes are entirely to blame for these conditions. Children’s genetic makeup may make them more or less likely to develop certain eye problems in any given environment, but it’s becoming more apparent with genetic research that the way children use their eyes in that environment can affect their vision. So, if you are nearsighted, don’t throw up your hands and say, “I guess Jenny will be nearsighted, too.” Start Jenny off right with regular eye examinations and good visual habits. Don’t wait until it’s too late.

Newborns

You might think that there is nothing that can be “tested” regarding the vision of newborn children. However, it is possible to do some eye testing on newborn babies. No, you can’t hold an eye chart in front of an infant! However, there are certain visual reflexes that are present at birth. If you have children you should know what these reflexes are and how to test for them, or ask your optometrist or pediatrician to test for them.

The pupil reflex to light is present at birth and can easily be tested by shining a small light into either eye. When the light enters the pupil, the pupil should become smaller. Of course, this should happen for the pupils of both eyes. The pupils also should be approximately the same size and should stay small as long as the light is shined into the eyes. (Adult eyes react the same way.)

To test for the doll’s-eye reflex, gently nod your child’s head back and forth as you look into her eyes. Notice whether the baby tries to compensate and keep looking at you, which is what the baby should do. The doll’s-eye reflex was named after old-fashioned dolls of the more expensive type, which had eyes that swiveled as if to keep looking at you as you turned the doll’s head.

The blink reflex is the fastest reflex in the body. This is a good indication of the importance of preserving our eyesight. Very carefully blow a tiny puff of air at your baby’s eyes. (Do this very gently!) The eyes should blink immediately.

Our vision is dependent on these reflexes being present at birth, and visual development builds on these abilities. That is why it is important to confirm that your infant’s reflexes are developing as they should be. And given the fact that these reflexes are so simple to test, there is no reason not to conduct these quick checks. If you are unsure if your infant is adequately responding to the reflex tests, please contact your developmental optometrist or pediatrician immediately so that you can make arrangements to have your newborn baby’s eye development assessed.

Infants

During the first year of life, babies make the greatest leaps in development. They turn from helpless beings who sleep through most of the day into active toddlers interested in exploring all of the sights and sounds filling their worlds. Following are some rough guidelines you can use in evaluating your child’s developing vision.

At one month old, babies usually stare blankly around the room, although a bright light or window light should attract their attention. Occasionally, they will follow an object brought in front of their face for a little bit. Contrary to popular belief, babies are not born blind. However, the retina is not completely developed at birth, so their visual acuity is not as sharp as it will be. They gradually develop visual discrimination, and that may take as long as five or six years—at the latest.

At the two-month mark, babies display a few additional eye movements, although these movements are still limited. At this age, children generally start to realize what their parents’ faces look like and may be able to distinguish them from other faces. This is the first indication of visual memory. Some authorities believe that babies are “programmed” to recognize faces better than other kinds of visual patterns. In terms of evolution and infant survival, this makes good sense.

At three months of age, babies are able to follow a dangling object from one end of their visual gaze to the other, although their eye movements may be unsteady. If they hold a rattle, they may look at it occasionally. At this stage, babies prefer using the mouth over the eyes for investigational purposes. Since any kind of investigation that babies do is important to their developing vision, be sure to keep plenty of clean, harmless toys close by. Gross motor development at this point usually consists of lifting the head and chest when lying prone, as well as kicking the legs in random movements.

Babies stop occasionally to visually inspect things, such as their hands or a toy, when they reach the four-month stage. Their head movements are more pronounced and should be more independent of their eye movements. This is the early stage of oculomotor development.

At five months old, babies may try to keep an object in sight as it is brought to their mouth. However, they lose their fixation easily and can be distracted. Also at this age babies can most likely differentiate between their mother’s face and a stranger’s face.

Around six months of age, babies are able to follow an object for a few seconds, although they might lose it to follow another object. Their eye movements are more fluid now, and any interest in an object across the room should be encouraged to help them learn about size and distance. Six-month-old children need plenty of room to crawl and explore. Their gross motor development is much more apparent as their repertoire of movements expands. They generally roll around and attempt to lift themselves upright. As their fine motor development also progresses, they may attempt to manipulate toys, and their hands become more independent. Their movements are beginning to integrate all the parts of their body, and therefore they match their sense of sight with other kinds of perception, such as touch and hearing.

At seven months old, babies have much-improved eye movements—specifically, convergence. In other words, they are now able to coordinate their eyes to inspect a toy at a close range, although they may momentarily lose this fixation and then regain it. Their hand-eye coordination begins to become refined as they feel more comfortable with fine motor movements, such as lifting a toy to inspect it. Their large muscles allow them to sit up and start creeping.

Babies begin to manipulate objects with more sophistication by the time that they are eight months old, turning the objects about in their hands to explore them visually. They might hold one toy while manipulating another. At this age, babies become more aware of the space outside their reach and will watch other people across the room. They should be well into crawling now.

Actually, during the second six months of life, in general, infants need plenty of crawling opportunities. Crawling is an important stage of development that allows children to fully integrate all of their major muscle groups with their perceptual abilities—at ground level. Unfortunately, many parents are too anxious for their little Johnny or Mary to walk and therefore try to hurry their child through the crawling stage. Don’t rush your child. I’ve seen many learning-disabled children with behavior problems who walked at an early age without the benefit of crawling.

At the ten-month mark, babies are able to more easily move their heads and trunks. Vertical surfaces become intriguing as they prepare to stand. Their eye muscles and large muscles work together in this process. Children now start to see the “whole” of objects, which is a rudimentary form of perception.

Finally, at twelve months, babies usually have mastered their vertical orientation. Walking with assistance and temporarily standing alone indicate that gross motor development is proceeding on schedule. Visually, eye movements are more refined, and children may at times display unusual facial expressions as part of this process. Smooth, easy visual pursuit of objects and increased mobility of the eyes become apparent. Eye movements should be more independent and not necessarily associated with head movements.

Preschoolers

Between the ages of two and five years old, children make great strides toward adult visual capabilities. Their vision, as well as their bodies and brains, get ready for the challenges of school and formal learning, including reading and writing. The guidelines presented here will help you to evaluate your preschooler’s visual development. But again, the information provides a rough guide, so don’t hold your child to these milestones too closely. However, if your child’s abilities deviate considerably from the norm, contact your pediatrician or developmental optometrist. Most problems are easier to correct before children enter school; once the child is in school, one problem can lead to another in a domino effect. See “A Child’s-Eye View” on page 30, for more on how preschoolers’ developmental problems in vision can severely affect school performance several years down the road.


A CHILD’S-EYE VIEW

Let’s say that right now you are sitting on a chair at a desk, reading. You are well aware of the distance from yourself to the desk, from the desk to the wall, and from the room to the rest of the house. If you shift your attention from this book to the refrigerator in your kitchen, you remain aware of the book’s location so that you can return to it after eating instead of spending ten minutes looking for it around the house.

Now think of how preschool-aged children relate to these things. Each time they shift their attention from one object to another, they forget where the original object is. It’s not just poor memory; it’s actually an inability to relate to spatial locations in their visual world until the age of about five or six years. If, for some reason, children are a little late at comprehending these spatial relationships and can’t keep them straight in their heads, they can’t progress in their development. Every new experience builds on the previous ones, and if a previous problem isn’t conquered, a tool is missing for tackling the next.

What does all of this have to do with children’s vision and achievement? Just this: If children have a perceptual lag that persists into the school years, they may have trouble with arithmetic and spelling. They won’t understand that “two plus two equals four,” because that is a relationship among three different objects. They may have trouble remembering that the letters “g” and “o” spell “go,” because these letters do this only if they are arranged in a particular order. A child who can’t tell left from right (a spatial relationship) might come out with “og.” This may be the basis of the reversals commonly seen in poor achievers and children with learning disabilities. Moreover, adults may find these problems difficult to understand unless they have experienced such problems themselves.

It’s important to be aware of perception from a child’s point of view. If you are, it will be easier to find ways to help your child catch on to what should be accomplished. This can easily be achieved by giving your child rich experiences with shapes, movements, and distances, and by scheduling regular eye examinations starting at the age of one year (earlier, if you suspect a problem). Once you address any ocular development concerns, you can spend more time on the fun stuff, like hugs and kisses.



At two years old, children generally have good footing—good enough to be able to run without falling (well, at least some of the time). They use their eyes more responsively, watching what they do as they do it. The eyes and hands are less closely associated now than they were earlier, so children usually look and then act, instead of doing both simultaneously. Whirling disks and brightly colored objects are quite a source of fascination at this age. Small objects might be studied with more intensity than before, which is a sure sign of increased visual discrimination. The attention span is about seven minutes.

At three years of age, children are definitely more organized in their actions than they were at two. Their hand-eye activities are more unified. So they will color within the lines of pictures, and they can use their hands more freely without having their eyes riveted to them. Their eyes may take a more directive role, often not accompanied by head movements anymore, leading where they had previously been following. An increase in space orientation is evident; children know where they are and know more about where other objects are in relation to themselves. Eye teaming, in which the two eyes function as one unit, continues to develop. To test one aspect of your child’s ability to use both eyes together, see the inset titled “Eye Teaming Test” on page 32. (Actually, it is very similar to the Cover Test provided in the previous section of Part One.) The attention span is about nine minutes now.

Children experience a definite leap in motor development at the age of four. Enjoying bursts of racing, hopping, jumping, skipping, and climbing, they seem to be saying, “Look out, world, here I come!” Motor patterns show a tendency for symmetry, with children using both hands and also being able to recognize two halves as a whole picture. Eye teaming becomes more obvious. There is now a loose organization of the visual system that allows children’s eyes to work together and to accommodate (adapt) better. At this stage, the attention span is about twelve to fifteen minutes.

Children reach a new maturity in terms of coordination when they reach about five years of age. They enjoy a greater ease and control of general body activity. Their movements are more refined, and so is their hand-eye coordination. Children move with more deliberation and finer synchronization. Their eyes can fix on things more easily, and their mechanical ability to focus is developed to the point at which focusing is more accurate. The attention span should be up to thirty minutes now.

School-Aged Children

School and vision—the two are practically synonymous. School is for learning, and at least 80 percent of learning is mediated by vision. All the skills and abilities that children develop during the preschool years come into play during the school years. And there is not a more demanding test of visual abilities than school.

Unfortunately, 25 percent of students in kindergarten through sixth grade have visual problems that are serious enough to impede learning. Visual handicaps include not only seeing a blur when looking at a blackboard, but also poor oculomotor coordination, strabismus (crossed eyes or wall eyes), lazy eye, focusing insufficiency, perceptual problems, and developmental lags. The following is a list of a few of the visual skills children need in school:


EYE TEAMING TEST

As soon as your child is able to focus on objects for several seconds at a time (usually at about three years of age), you can try this test to see if she can use both eyes together properly.

1. Have your child look at one particular object that will hold her attention. A good choice is a finger puppet with a small flashlight inserted inside.

2. While making sure your child stays focused on the object and not on your hand, cover one of her eyes and closely observe the uncovered one. Did the uncovered eye move when the cover was put in place?

3. Repeat this step a few times to confirm the results. If your child has both eyes focused on the object to begin with, refocusing when one eye is covered should be unnecessary. In other words, your child shouldn’t display any movement of the uncovered eye.

4. Remove the cover and let the child focus on the object with both eyes again.

5. Repeat steps 2 and 3 with the other eye.

This test evaluates your child’s ability to use both eyes together properly. If you saw any movement of the uncovered eye when the cover was put into position, consult your eye doctor. At this early age, any binocular dysfunction is much easier to rectify.



• Near vision—the ability to see things that are 12 to 16 inches away (in other words, at reading distance) clearly with both eyes.

• Distance vision—the ability to see things that are at least 20 feet away with sharpness and very little effort.

• Accommodation—the ability of the eyes to adjust for near-point (or hand-held) tasks easily—that is, with no effort. This process must be done with comfort and must be maintained for long periods of time.

• Focusing flexibility—the ability to alternate between distance and near vision quickly and effortlessly.

• Binocular coordination—the ability of both eyes to work together as a team using either distance or near vision. Tiring, double vision, poor reading ability, and headache are a few signs of inadequate binocular coordination.

• Adequate field of vision (or peripheral vision)—the ability to see up, down, left, and right while focusing on one spot. This saves unnecessary head and eye movements and is crucial for reading.

These are only some of the visual abilities that are needed for good performance in school. Please keep in mind that a vision “screening” done in school does not substitute for a complete eye examination. Most schools do just the standard eye-chart test that is required by state law in many locations.

Vision problems can develop at any age, but there do seem to be certain times during a child’s school career when those problems are more likely to occur. Second grade, fourth grade, seventh grade, and ninth grade are key years to pay special attention to your child’s vision development.

In second grade, there is often a sudden increase in nearsightedness among students. That is understandable, since second grade is the time when heavy emphasis is placed on the final stages of learning to read. In addition, the demand for close work is greatly increased over the previous school years.

When they reach fourth grade, instead of learning to read, children begin reading to learn. This means that a possibly un-mastered skill must now be used to investigate new areas of knowledge. Imagine if you had just begun to learn French and then suddenly had to study nuclear physics in the new language. The result of this kind of stress, and of the even more intense close work, is often nearsightedness. Sometimes a child will just quit trying and become an “underachiever.”

In seventh grade, children are in
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