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BACKGROUND 
Positive Afterimage
A positive afterimage occurs when the colours of the original object 
or photograph are maintained.  This happens when you look at a 
brightly lit area, and then   look away but continue to see the image.  
The original image creates nerve impulses, these nerve impulses 
will cause the image to continue for a short period of time.  After the 
cells in the retina have been exposed and are energetic and function-
ing it takes some time for that response to cease.  Positive afterim-
ages happen quite often. However, we do not notice them because 
they can last as little as 500 milliseconds. 
 Negative Afterimage
A negative afterimage occurs when you see the inverse colour of the 
original photograph.  An example of this is when you stare at a red 
image for a period of time and when you look away you should see 
a green afterimage.  This is explained in the opponent process theory 
of colour vision.    
The Opponent Process Theory of Colour Vision: 
The opponent process theory of colour vision is that our colour spec-
trum is controlled by three receptor cells with opposing actions.  The 
three receptor cells are the red/green, the blue/yellow, and the black/
white. According to this theory, these cells can only detect one of the 
colours at a time.  That is why we don’t see red\green or blue\yellow 
colours.

According to the opponent process theory of colour vision, after 
staring at a red and green photograph for a long period of time, you 
exhaust the red and green cone cells.  Then, when you look at a blank 
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screen, the red/green cone cells are still exhausted so the only cone 
cells that can fire are the blue and yellow cells. 
Myopia (Nearsighted) 
Myopia, also known as nearsighted, is when your vision lets you see 
closer objects more clearly, and further objects become blurry.  This 
occurs when the length of your eye is larger than the optical length.  
This means that the length of your eye is stretched, it’s longer than 
normal.  This causes the light to connect in front of the retina, not 
directly in the tissue like it should.  Generally, myopia develops at 
a young age and continues to worsen over time. However, concave 
lenses in glasses can help to correct myopia because they spread out 
the light before it reach the natural convex lenses in our eyes, therefore 
letting the image focus directly on the retina. 
Hyperopia (Farsighted)
Hyperopia also known as farsightedness is the opposite of myopia. It 
allows you to see objects further away more clearly and the objects that 
are close appear to be blurry.  This occurs because the eyeball could 
be to short or the eye may have defects such as: a flat cornea or an 
odd curvature.  Hyperopia could be present from birth, however, many 
people can outgrow the condition.  To help correct hyperopia people 
use convex lenses because they add additional precision so the optical 
vision of the lenses connects to the retina as well as the natural convex 
lenses in our eyes.

PURPOSE 
My first scientific hypothesis was: The effects of afterimages are dif-
ferent for people with and without glasses.  After figuring out that my 

When people see colour, it’s just light that is being absorbed and reflected in different wavelengths.  We are able to see light and 
colour because of the two types of photoreceptor cells in our eyes – rods and cones (Figure 1). Rods and cones are located in the 
retinas of our eyes.  The average person has about 120 million rod cells and about 6 million cone cells.  Rods are sensitive and 
detect light, whereas cones detect colour.  There are three different types of cones in our eyes: red, blue, and green.  An afterimage 
happens when you stare at an object or photograph for a period of time, and you look away and can still see the object or image in 
your vision.  This happens because the rods and cones become fatigued.  There are two different types of afterimages: the positive 
afterimage and the negative afterimage. 

People see afterimages when the rods and cones in our eyes become fatigued, but do they get tired more easily the more we 
age?  The human eye naturally changes over time. However, there is evidence that people lose more rods than cones.  A young 
person’s eye has more rods than cones- rods outnumber cones by nine to one- but only in the part of the eye around the macula.  A 
recent autopsy study of older adults found that the cones remained intact but about a third of the rods near the macula had disap-
peared. 
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hypothesis was correct and that people with glasses did not see the af-
terimage as fast as people without glasses, I decided to expand my ex-
periment and procedure.  My next scientific question was:  what are the 
variables that affect afterimages?  Once I discovered that having or not 
having glasses varies how people perceive afterimages, I was hoping to 
determine some of the other possible variables that could affect how we 
perceive afterimages, and what is the cause. 

HYPOTHESIS 
The variables that will affect afterimages are age, gender, glasses, and 
brightness. 
Age
Younger participants will see the afterimage for a shorter time than old-
er participants because their rods and cones are less developed and get 
fatigued more easily.  
Gender 
Girls will see the afterimage longer than boys because their physical 
bodies and mental states mature more quickly. 
Glasses
 The afterimage will last longer because it’s easier for their eyes to get 
fatigued and they won’t be able to focus as well. 
Brightness
The afterimages will last longer when the room is dark because the 
rods and cones have to adjust to less light. 
VARIABLES 
The independent variables for this experiment were the gender of the 
participants, their age, whether they had glasses, and whether it was 
light or dark in the room.   

The dependent variables for the experiment were the colour of 
the afterimage that the participants saw, and how long the participants 
saw the afterimage.  

The control variables for the experiment were the space in which 
the experiment took place, the time at which the lighting was changed, 
the equal distance between the participants and the screen, having no 
other people in the room, and the room being quiet. 

MATERIALS 
For this experiment I used the following materials; I used three dif-
ferent colored images (the birds, the flag, and the watermelon (see 
Figure 2)).  A stopwatch for how long the afterimages lasted, a timer 
for how long they could look at the image, an iPod for a camera flash 
for the final test, and a smart board projector to present the pictures.

PROCEDURE 
The procedure for this experiment was as follows:   
I first received the consent from my twelve participants.
I explained to them how the experiment would work and asked if they 
had any questions in regard to the process.I took them into a quiet 
room with the lights on and showed them the images.  
Next, I told them to look at the image for 30 seconds and then look 
at the blank screen and write down what colours they saw, then wait 
another 30 seconds to see if the colour had changed. 
Finally, they had to write down the time when the afterimage faded.
For the camera flash test, I took a picture with the flash and then told 
them to close their eyes and write down what colour they saw, then 
wait another 30 seconds to see if the colour changed. 

Figure 1. Diagram of the eye and organization of the retina.

    Figure 2. Pictures shown to participants of the study.



A R T I C L E    The Canadian Science Fair Journal 

CSFJ | Vol. 1 | Issue 1
© Harder 2018

I measured the time in seconds for how long it took for the colour 
to fade. I then repeated the experiment without the lights on. 

RESULTS 
I found that with respect to age, my hypothesis was not correct.  Most 
of the older participants did not see an afterimage and all of the 
younger participants saw an afterimage for a period of time. For most 
of the younger participants the afterimage lasted over 10 seconds.  4 
out of 4 (100%) of the older participants did not see an afterimage on 
certain tests, and 6 out of 8 (75%) of the younger participants saw the 
afterimage for more than 10 seconds. 
For gender, my hypothesis was not correct. Most of the time a girl 
saw an afterimage but it faded almost instantly, and for the male par-
ticipants the afterimage appeared and stayed in their vision for a long 
period of time (see Table 2).  6 out of 8 (75%) of the female partici-

pants found that the afterimage faded almost instantly (see Table 4). 
For people with and without glasses my hypothesis was incon-

clusive because half of the people with glasses saw an afterimage but 
it faded almost instantly, as well as the people without glasses half of 
them saw an afterimage that lasted, however for the other half it faded 
almost instantly.  3 out of 5 (60%) of the participants with glasses saw 
an afterimage but found that it faded almost instantly, and 5 out of 7 
(71%) of the participants without glasses still saw the afterimage but 
found that the afterimage faded almost instantly (see Tables 1 and 3).

For the test when the lights were off, my hypothesis was correct.  
A lot of the participants saw the afterimages stay almost two times as 
long when the light was off than when the light was turned on.  Jane 
E. Brody said in her article that this is because the rods and cones in 
our eyes become fatigued easier in the dark, and they use more energy 

Table 1: Bar graph illustrating the duration of the afterimage measured in seconds for the male participants 
without glasses.

Table 2: Bar graph illustrating the duration of the afterimage measured in seconds for the male participants 
without glasses.
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because they have to focus more with less light.  9 out of 12 (75%) of 
the participants saw that the afterimage lasted two times as long when 
the lights were off. 

I also noticed that for the final test, the camera flash, it lasted 
almost three times longer than any other test, but only when the lights 
were turned off.  

Also, the colours that people saw varied between genders. Al-
though some of them both saw red, blue, and green, it seemed that 
one gender saw more of one colour than the other.  For example, a 
lot of the female participants saw the colours blue, green, and red.  
Likewise, the male participants saw a lot of the colours black, yellow 
and green.  

Based on these results, I found out that there was no significant 
difference for people with and without glasses.  Also, age did not 
seem to affect how we perceive afterimages. I found out that two of 
the biggest variables that affected the afterimages was gender and if 
the room was light or dark. 

UNCERTAINTY
There are some uncertainties in this study including but not limited to 
the participants emotional and physical state, distractions, and mood.

APPLICATION 
 This afterimage science experiment could be used to help study the 
effects and reasons behind colorblindness, and to try and figure out 
why females were not able to see most afterimages like males could.  
The study of afterimages could possibly be explored or used for 
driver safety in the future.  For example, rods and cones become fa-
tigued easier at night, and based on this test if you were to retake your 
driver’s test and they showed you an afterimage and it appeared too 
quickly they could tell you that it is unsafe for you to drive at night.   

CONCLUSION 
In conclusion, I found out that my hypothesis was partially correct 
based on the four tested categories: age, gender, glasses, and bright-
ness. 

My results indicated that younger participants did not see the 

Table 3: Bar graph illustrating the duration of the afterimage measured in seconds for the female participants 
with glasses.

Table 3: Bar graph illustrating the duration of the afterimage measured in seconds for the female participants 
without glasses.
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afterimage for a shorter time than older participants. Girls did not see 
the afterimage longer than boys as I predicted, in fact boys saw the 
afterimage longer than girls. There was high variability with glasses 
so my findings are inconclusive. The afterimages did last longer when 
the room was dark.

This study suggests that the two main variables that affect after-
images are gender and the brightness of the room.
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