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DR. MARLA MOON: This presentation will be on the ABCs of vision. We’ll talk about basic 

eye anatomy and go into basic development of the visual system. Hi, my name is Dr. Marla 

Moon. I’m a pediatric low vision rehabilitation optometrist from State College, Pennsylvania. 

I’ve been in practice there for over 25 years. The majority of the patients I see are pediatric 

patients, patients that have special needs, and patients that are in need of low vision rehabilitative 

services. My contact information is here. The easiest way to get a hold of me is 

drmoon@nittanyeye.com.	  So if you have any questions with regard to this module, please feel 

free to get in touch with me. I usually respond to emails within a 48-hour period of time. 

 Let’s talk about the goals that we’re going to be covering on this segment. We’re going to 

go over basic eye anatomy, we’ll review normal vision development and we’ll talk about some 

vision statistics. Basic eye anatomy, we’re going to be talking about the visual system where 

we’re going from the front to the back. The front part of the eye is on the left hand side of your 

screen. We’re talking about the cornea, the clear covering in the front part of the eye. Light goes 

through there, goes through the hole of the eye, the pupil, which on the side of the hole is the iris, 

the colored part of the eye. Then, it goes through the lens. The lens focuses it through the 

vitreous, the jelly part of our eye. And then it’s received back in the retina, the inner lining of the 

eye. Behind that, we have the choroid, which is a layer of a lot of blood vessels. And then the 

sclera is the white protective covering that goes along around the back of the eye all the way 

around to the front of the eye. And then the little wires, the little photo receptors, all send the 

signals through the optic nerve, which sends it back to the back portion of our brain area.  

So, let’s talk about the cornea in a little bit more detail. That’s that clear covering in the 

front part of the eye. It provides a lot of focusing ability where it focuses images and light and it 

is very sensitive. For those of you that have scratched your cornea, you remember what that feels 
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like. It has more nerve endings per square area on the cornea that on any other part of our body, 

so that’s why it hurts. So we’ll have a little video that will talk about the cornea.  

 

[VIDEO BEGINS] 

MALE: The cornea is the clear front window representing one-sixth of the outer layer of your 

eye. The primary function of the cornea is to focus and transmit light onto the retina.  

[VIDEO ENDS] 

 

DR. MARLAMOON: The next structure that we’ll talk about will be the aqueous, that’s the 

watery structure that’s right behind the cornea. It’s constantly flowing through. It is produced 

and drained away by the ciliary body. The ciliary body is also our focusing muscle as well, it has 

highly filtered blood that flows through. So it goes up through the hole, the eye the pupil, down 

into the chamber, the aqueous chamber that’s behind the cornea and then drains back into our 

venous system. And we have a little video that also goes over that. Oh, I guess we don’t have a 

video on that one.  

The pupil is the hole of the eye. It controls the amount of light. It tends to be its largest in 

childhood and it gets smaller with age. There are some medications, some drugs that affect pupil 

size and reaction ability. And we have a video. 

 

[VIDEO BEGINS] 

MALE: The pupil is the dark center in the middle of the iris. The pupil’s function is to regulate 

how much light enters the eye. Your pupil size is automatically varied to regulate the amount of 

light entering the eye.  
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[VIDEO ENDS] 

 

DR. MARLAMOON: The iris is the color part of the eye. It controls light, it regulates the size 

of the pupil. It has two muscles, a sphincter muscle that constricts it, makes it smaller, and a 

dilator muscle that makes it larger.  

 

[VIDEO BEGINS] 

MALE: The iris is the colored portion of your eye located behind the cornea and in front of the 

crystalline lens. This structure separates the anterior and posterior chambers of the eye. The 

function of the iris is to help regulate the amount of light that enters your eye.  

[VIDEO ENDS] 

 

DR. MARLA MOON: The next structure that we’ll talk about is the lens. Under its normal 

state, it’s colorless, it’s totally clear, and it doesn’t have any blood vessels. That’s what avascular 

is. Now, as we tend to get older, that lens will start to discolor and it will start to get a yellowish 

coloration and a brownish coloration. And that’s one of the processes of how cataracts develop. 

One of the other things that happens over time is the lens will become larger and it’s not as 

flexible. So when we go to read, as we tend to get past 35, 40 years of age, we’re not able to hold 

things as closer and have things clear. We have to push things further away. And it's because the 

lens isn’t able to be flexed to focus in on things. And we have a video that talks about that.  

 

[VIDEO BEGINS] 



4	  
	  

MALE: The crystalline lens is the transparent structure inside of the eye located directly behind 

your iris. The sole function of your lens is to focus light rays onto the retina.  

[VIDEO ENDS] 

 

DR. MARLA MOON: The next structure we’ll talk about is the ciliary body, and we talked a 

little bit about it before. It is -- has little thread-like projections that attach to the lens that allows 

it to work on our focusing mechanism. It flexes the lens when we want to read and it relaxes 

when we want to look at things far away. It also is the structure that secretes our the watery 

substance called the aqueous that flows up in front of the lens, through the hole of the eye of the 

pupil, and back down into the aqueous chamber, which is behind the cornea. If there’s a problem 

with regard to the amount of fluid that’s being produced, either an excessive amount or it can’t 

drain out fast enough, that’s one way that glaucoma can develop. It’s a plumbing problem.  

 

[VIDEO BEGINS] 

MALE: The ciliary body is located behind your iris, near the crystalline lens. This structure has 

two functions. The aqueous fluid that fills the front of your eye is made inside of the ciliary 

body. Also, the ciliary body is made up of muscles that allow the eye to focus at different 

distances.  

[VIDEO ENDS] 

 

DR. MARLA MOON: This is a little side structure with regard to the eye, the eye is in reverse 

position from what we originally showed, where the cornea is on the right hand side and the 

optic nerve is on the backside. 
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The vitreous is the next structure that we’ll talk about, it’s the jelly substance. It holds our 

eye into an eyeball shape. It is clear under its natural state. It’s mostly made up of water. If it 

would leak out, the eyeball would collapse, just like putting a hole in a balloon and it collapses. 

And that’s where we tend to have floaters, which are little pieces of pigment that break off of the 

retina and they float around in the jelly substance of our eye. And when it creates a shadow in the 

back of the eye, we it see as a floater. We have a little video that talks about the vitreous.  

 

[VIDEO BEGINS] 

MALE: The vitreous is a clear, jelly-like substance that fills the center of the eye. It is composed 

mainly of water and comprises about two-thirds of the eye’s volume. The vitreous helps the eye 

maintain a round shape and is attached to the retina at various points, including the macula and 

the optic nerve.  

[VIDEO ENDS] 

 

DR. MARLA MOON: The sclera is the white, tough protective structure that wraps around the 

back of the eye and we see it around the front of our eye. It has blood vessels in it, it’s very, very 

tough. If you scratch it, it doesn’t hurt nearly as much as what scratching of the cornea does.  

 

[VIDEO BEGINS] 

MALE: The sclera is the white portion of your eye, making up the back five-sixth of the eye’s 

out layer. The function of the sclera is to provide protection for your eye as well as serve as the 

attachment for the extra ocular muscles, which move the eye.  

[VIDEO ENDS] 



6	  
	  

 

DR. MARLA MOON: The choroid -- I refer to the choroid many times as the meat in between 

two pieces of bread. It is the part of the eye that is in front of the sclera but behind the retina, the 

inner lining of the eye, and it has a lot of blood vessels. And that’s one of the two blood supplies 

to the retina, comes from the choroid.  

 

[VIDEO BEGINS] 

MALE: The choroid is the spongy middle layer of your eye, located between the sclera and the 

retina. Filled with blood vessels, the choroid’s function is to nourish the outer layers of the 

retina.  

[VIDEO ENDS] 

 

DR. MARLA MOON: One comment about the choroid. Until a few years ago, if an individual 

had a problem with regard the choroid, we couldn’t always identify it. But now, we have new 

diagnostic laser instrumentations that we’re able to scan through the layers of the retina to get 

down to the choroid level to see if something’s going on with those blood vessels. 

The next structure that we’ll talk about is the retina. It’s the inner lining of the eye. It’s 

like lasagna, it’s ten layers thick. The center spot, the sweet spot of it, is called the macula. The 

retina is made up of little wires, little photo receptors which are like pixels on a TV screen. We 

have a certain amount of them that are cones and they tend to be more dense or more of them in 

the macular area. And then we also have rods, the rods tend to be more dense away from the 

macula, out on the side, the periphery. Cones are color receptors and rods are black and white 

receptors. And we have a little video on that.  
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[VIDEO BEGINS] 

MALE: The retina is the nerve layer that lines the back of your eye. The retina’s function is to 

sense light and create impulses that are sent through the optic nerve and to the brain.  

[VIDEO ENDS] 

 

DR. MARLA MOON: And the optic nerve is the structure that acts like the cable cord into you 

TV where it receives all the information from the little wires, the photo receptors, from the retina 

and transmits them back through various parts of the brain area until it gets to the back portion, 

the occipital cortex. That’s the very back portion of our brain and that’s the part that receives the 

information and tells us what we see.  

And as you see from this section of the side portion of a brain, the visual cortex is in the 

back, as you see in the right hand side of this. And so it has to travel from the front where the 

eyeballs are through all of this. So if something happens to the brain area that may impact upon 

those little wires by the time it gets all the way back to the visual cortex, we can have some 

influences on our visual system and how we see.  

 

[VIDEO BEGINS] 

MALE: The optic nerve is located in the back of the eye. This structure is responsible for 

transmitting the images we see from the retina to the brain. The front surface of the optic nerve, 

which is visible on the retina, is called the optic disk. There are millions of nerve fibers that pass 

through the retina and converge to form the optic nerve. When light hits the retina, it is converted 

into electrical impulses and carried along these fibers through the optic nerve and to the brain.  
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[VIDEO ENDS] 

 

DR. MARLA MOON: The optic nerve is the structure that’s affected in an eye disease 

condition called glaucoma. If an individual has glaucoma and has had nerve damage, that’s the 

nerve that’s affected with that.  

 The next structure that we’ll talk about are extraocular muscles. There are six of them 

that are attached to the outside part of the eye. They allow us to be able to follow and track along 

things. It allows us to be able to direct our eyes in one directs and change fixation to another 

direction. Those are also the muscles that are involved with regard to eye teaming, having our 

eyes work together. And that’s my godson at his first Halloween.  

We’re now going to talk about normal vision development. How does vision develop 

from birth on? Actually vision starts to occur in a prenatal situation. The eyeball itself begins to 

form at about 22 days. The ocular structures begin to differentiate, like the lens especially, you 

can see on ultrasound at around six weeks. The visual cortex, the part of the brain that receives 

the visual information, doesn’t really start to differentiate itself from the other brain tissue until 

about 25 to 32 weeks. But actually, light perception actually begins to occur about 30 to 32 

weeks.  

Vision development at birth happens very quickly. At birth their vision is fairly poor, it’s 

about 2,400 to 21,000. Remember the term that we use for legally blind visual acuity is 2,200 or 

less. So you can see they have vision, but it’s pretty reduced. However, vision develops very 

quickly, usually a child has adult levels, from a neuro stand point, at about 12 to 14 months of 

age. However, they don’t have the control, as far as some of the muscle control and some of the 
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perceptual stuff developed at that point in time. Color vision begins about by the third month and 

red yellow and orange are the first colors to develop and blue and green come later.  

And this is a simulator card that has been produced by the Ohio Optometric Association 

that goes through showing how quickly the vision develops, shows what the vision looks like at 

about one to three days. You know, you can pick up movements, you can see a little bit of 

shadowing. At one month, it starts to pick up some form, at three months you can see pretty good 

detail with regard to mom’s face. And then at six months and a year, it’s even better.  

Now again, going back to vision development, and like I said before it does develop 

quickly but all the skills haven’t developed yet. Our focusing muscles usually don’t develop until 

reaching full maturation levels until about 7 to 10 months of age under a normal circumstance. 

The visual closure skills, visual perceptual skills usually aren’t present until around 8 years or 

third grade.  

Now the sequence of development of vision. The basic level is light awareness, we can 

tell whether a light is off or a light is on. Then we are able to find a light, where is the light 

coming from in that room and we look up towards it. Color awareness, again we talked about red 

yellow and orange come first. For movement, object awareness, and then higher level of 

discrimination and matching.  

Age appropriate vision milestones, the sources that we have for this is childrens.com 

from the Children’s Medical Center. They all -- most of the development information for vision 

developments out there are all within the same ball park area, within, you know, one or two 

months or a couple weeks here. But this is a one that I found that was a good one.  

We’re looking at vision development in newborns. They have poor eyesight, as we 

showed on the simulator card. They will respond to a blink, to a bright light, or even touch in the 
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eye. The corneal reflexes develop pretty quickly. The eyes aren’t always coordinated and they 

sometimes cross. In fact, when children demonstrate an eye turn, if it’s not a constant turn, and if 

it’s just intermittent, that’s fairly normal up to about 6 to 8 months of age. If it persists beyond 

that, definitely needs a professional eye examination.  

They’re able to stare at object held about eight to ten inches away. Pretty much, kids 

develop as long as where their hands are. So most of their vision at a newborn, an infant, is 

developing with an arm’s reach. At one month they’ll look at faces and pictures. They like 

contrast, high contrast things, black and white. That’s why a lot of our development toys have 

black and whites, either black and white checks or stripes on them. They can follow objects up to 

about 90 degrees in their visual field and they’re very, very watchful of their parents because 

they know that’s where food comes from and that’s where they get comfortable with regard to 

diaper changing. And we also have tears that are beginning to work.  

At about two to three months we’re beginning to be able to see objects. The eyes are 

coordinating better together so the objects don’t seem to be as doubled as much of the time, 

they’re just one. They’ll start looking at their hands, they’ll follow light, face, and objects. At 

three months the visual acuity’s at around the 2,100 to 2,200 range. 

Four to five months, they begin to reach hands to objects. They may bat at a mobile, they 

can stare at blocks or objects. They definitely recognize that bottle. And now that we’re starting 

to get the novelty of there’s a baby in the mirror.  

By five to seven months we have full color in, remember we said that blue and green 

come later. And we can see further and further away. We can pick up a toy that has been 

dropped, we’ll turn a head to see an object. We’re starting to develop some color discrimination, 

that we like some colors better than others. And we’ll touch that baby that’s in the mirror. Now 
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visual acuities at 6 months of age are pretty well defined here, we’re between 24/40 and 21/50. 

Some of the variability depends upon the testing apparatuses that’s there. A lot of these tests of 

visual acuity come from visual evoked potential test, which is a nerve stimuli.  

Seven to 11 months of age they can stare at smaller objects. They begin to have depth 

perception because the eyes are coordinating better together and they are able to play the peek-a-

boo game. And 11 to 12 months they can watch objects that are moving fast. Visual acuity’s now 

are almost at adult level 20/20 to 20/60 at around a year. At 12 to 14 months they’re able to play 

with shapes and be able to put them in a proper hole with some of our developmental toys. 

They’re becoming interested in pictures. They’re recognizing familiar objects and pictures in a 

book. And you can say, can you find the dog? And they can start to point to it in a book. They 

recognize their own face in a mirror, they point and gesture for objects and actions that they 

want.  

Eighteen to 24 months they’re able to focus on objects near and far. Remember that 

focusing accommodative muscle, though, doesn’t reach full control and development until about 

seven to ten years of age but at that year and a half to two years of age, they are able to use it. 

They are able to start scribbling and they can point to body parts.  

At that three years of age they can copy shapes like a circle, or a cross, a square. Vision is 

near 20/20 and they can name their colors. And about at four months of age and on they 

recognize and recite the alphabet, they’re ready to begin reading. They have complete depth 

perception because their eyes are coordinating under normal circumstances. They’re able to use 

scissors. They can name things.  
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Let’s talk about some vision statistics here. Eighty percent of what children learn are 

acquired through our visual processing of information. So the visual system is very, very, very 

important with regard to learning. The 80% of our information comes from the visual system.  

Vision disorders, however, are the fourth most common disability in the United States 

and the leading cause of handicapping conditions in childhood. This is from the 2000 census. I 

did not this information for the 2010. It hasn’t been out yet. Vision problems affect one in 20 

preschoolers and one in four school-age children. Twenty-five percent of our school-age kids 

have a vision problem. Among children who are reading disabled, as many as 80% show a 

deficiency in one or more basic vision skills. And we’ll talk a little bit more about that. Fewer 

than 20% of children are adequately screened for vision problems in the United States today. 

According to the Center for Disease Control, and this is the last data that they had reported on 

prevention of morbidity and mortality weekly report was in 2005. Nearly 36% of all preschool 

children received a vision screening. That’s terrible.  

Undetected and untreated eye disorders such as amblyopia, that’s a lazy-eye condition, 

strabismus, that’s when the eyes don’t coordinate together, and uncorrected refractive errors, 

that’s near-sightedness, far-sightedness or stigmatism, are major child health problems in the 

United States that are associated with poor reading and other poor school outcomes. The 

American Academy of Ophthalmology study showed that preschool children with uncorrected 

refractive errors had a significant reduction of visual motor function. Only one-third of children 

between three and four years of age have under gone eye exams, not screenings, but eye exams.  

Well this is my godson, the one you saw in the Halloween outfit and he was getting his 

eyes examined long before his preschool times. Any questions? You can just contact me at 

drmoon@nittanyeye.com. 


