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Lab 1. Color Vision and the Retina

prerequisites:  none
lab credits:  1

By now, you should have read the essay, The Case of the Colorblind Painter by Oliver Sacks, from his book, An Anthropologist on Mars.  It is an insightful, haunting description of a painter who lost his color vision, probably due to a stroke, when he was in his sixties.  The essay gives us an appreciation of our sense of color, and some background about the study of color vision.

This lab provides an opportunity to explore of some of the phenomena of color vision described in lecture, and in your reading. You and one to three partners may do these demonstrations in almost any order.

While you are doing the cone vision exercises, put the card with the glow-in-the-dark dot(s) on it under a desk lamp to activate it.

In the light:  cone vision

Where is our sharpest vision?

Stare at the circle in the middle of this line ( and see whether you can read the words at the margins without moving your eyes.  If you can, try the same exercise with a larger piece of written material.  (E.g., stare at the gutter in the middle of an open book and try to read the text at the outer margins.)

Are the red, green, and blue cones equally represented in the fovea?

The very central region of the retina is called the fovea.  This is the region where your color vision is most acute. The entire image of a small or distant object can fit entirely in your fovea.

Have your buddy hang (or hold) the yellow card with 4 dots on it at eye level somewhere (like at the end of a well-lit hallway) where you can stand 20 or 30 feet away from it, then walk toward it. From across the room, the image of each dot is quite small, and it falls entirely on the fovea.  As you get closer to the card, the image takes up a larger and larger portion of your retina.  Monitor the colors of the dots as you walk slowly to or from the cards.  (If you see nothing change, try the other size dots.)

Are all colors equally detectable at all distances?  What can you conclude about the relative numbers of R, G, and B cones in the fovea?   (Remember that the designations R, G, and B refer to the type of light absorbed.)

Where on our retina are our cone cells found?

Ophthalmologists use a device for mapping the retina called a visual field perimeter.  The subject sits at the center of a hemisphere, along whose various circumferences tiny red, green, blue, or white lights can be blinked.  From the subject’s responses (seeing something, knowing its color), the technician constructs a map of the retina.  We will use the basic idea behind the perimeter, without measuring the actual angles.  

Work with a buddy. Find a place with uniform, not too bright lighting (not facing a desk lamp or a window in daytime).   Sit or stand where you have room to spread both arms.  Find a point to stare at.  (Pick something small and distinct.)  To do this properly, you must absolutely keep your eyes on this point!  You will not experience the effect if you turn your eyes or head!

Close or cover one eye.  Stare at your spot with the open eye.  Extend your arm on that side straight out from the shoulder.  You shouldn’t be able to see it, even if you wiggle your fingers.  Slowly bring your outstretched arm toward the front, keeping it parallel to the floor, while you wiggle your fingers.  (Don’t cheat!  Stare at your spot!)  At some point, you will be able to detect the movement.  This gives you a sense of the extent of your visual field.

Here’s where the buddy comes in.  Hold your arm out to your side, as before.  Have your buddy put a card in your hand, without telling you what color dot is on it.  Wiggle the card slightly as you slowly bring your arm toward the front.  (Stare straight ahead!  Don’t move your eyes!)  When do you know what color it is?  The color may go away if you stop wiggling the card.  Have your buddy make estimates of the angle (or mark the floor directly below your hand).

Repeat this for the other cards.  Your buddy should hand you the same card more than once, so anticipation won’t influence your perception (e.g., “The only one I haven’t seen is blue, so this must be blue!”).  This gives you a sense of the extent of your color vision.

Repeat one last time, with the card that has all the dots.  Be honest, now.  Are all the colors detectable at the same angle?  Which do you see furthest out in the periphery?  Which needs to be closest to the middle of your visual field?

Switch roles, and let your buddy investigate her peripheral vision.

What can you conclude about the distributions of the red, green, and blue cone cells (named not for the color they appear, but the type of light they absorb) on the retina from these observations?

Find your blind spot

You may have found a location during the previous exercise where the dot disappears altogether.  This is your blind spot.  To demonstrate this phenomenon more clearly, follow the instructions below.

Cover your left eye and look at the diagram below with your right eye.  Hold the paper at arm’s length  and stare at the dot on the left, but pay attention to the cat on the right.   Slowly bring the paper toward you, and note what happens to the cat.  (You may test your left eye, too, by turning the paper upside down.)  What anatomical feature of your eye causes this? 
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In the dark:  rod vision

Where in the retina are our rod cells found?

Rod cells are more sensitive to dim light than cone cells; in fact, cone cells require bright light, and bright light swamps the rods.  In dim light, therefore, we are using our rods rather than our cones.  In this exercise, you will experience the difference between rod vision and cone vision with respect to color and fine focus.

Have you ever looked at a night sky and seen a star out of the corner of your eye, but when you turn to look at that star directly, it disappears?  We’ll try to set up a similar situation in a dark room.  

First, collect the things you’ll need:  cards with dots, the card with fine print, and the card with the circle of glow-in-the-dark paint.  Read all the directions before you begin, as you cannot read them after you have started!
Find a really dark, but safe, place.  The floor of a closet might do, if you put a rolled up towel covering the crack under the door, and a dark towel or coat draped over your head.  Sitting under your blankets on your bed with the room lights out is another possibility.  You should be able to see nothing when you begin.  If you can see right after you close the door or get under the covers, there is too much light.  

Wait until your eyes are completely adapted to the dark.  This can take 10 minutes, so maybe a radio or walkman would be a welcome companion.

Hold the glow-in-the-dark dot at arm’s length.  Look at it directly, and out of the corner of your eye.  (To do this, hold the card in front of you, and direct your gaze to the right or left of the dot, perhaps at your hand.)  Try looking back and forth between the dot and somewhere to the side of it.  Is it equally bright in both orientations? What can you conclude from this about the distribution of the rod cells in the retina? 

Can we see color with our rods?

Examine the card with multiple dots on it.  Don’t cheat by holding the card in the brightest light leak you can find!  The dots will be hard to distinguish.

Think about why this happens.  In dim light, how do normally sighted individuals distinguish objects from each other and from the background?

Why do you suppose color vision is important to have?  I.e., what advantage does it give to animals that have it?  What disadvantage?

Can we see fine detail with our rods?

Examine the card with the printing on it.  What is the smallest line you can make out?

How do color and focus change as we gradually add light?

Return to the light gradually so your eyes can adapt slowly.  Watch as the colors of the dots become apparent.  Watch as the fine print becomes more distinguishable.

Your report:  

1. Answer each of the following questions, and provide specific supporting evidence from this exercise.

· What photoreceptors are most numerous in the fovea?

· Where are rods most common?

· Where is your sharpest vision, and which receptors do you use for it?

2. Why don’t we see color with our rods?










