MODULE 3: THE HUMAN EYE

INTRODUCTION
The body responds to a variety of different stimuli such as light, sound, touch, temperature, pressure, pain and chemicals (taste and smell).
Visual perception starts with the light emitted from or reflected from an object or a scene entering our eyes through the cornea, pupil and lens. The cornea and the lens help to concentrate and project the light onto a photosensitive layer of cells located at the back of the eyeball —the retina. The lens has the additional function of regulating the focus on objects at different distances by making the necessary adjustments. The amount of light that reaches the retina is regulated by changing the size of the pupil, which is an opening between the cornea and the lens delimited by the iris. The retina is responsible for translating the differences in light wavelength (colour), contrast and luminance into a biological signal. This signal is transmitted through the optic nerve and neuronal pathways to the visual processing areas of the brain.
 Only one week is allocated on the ATP for the teaching of the human eye.  Because the structure and function of the eye has to be taught, it is important to use diagrams for the teaching and learning of this topic. You will also notice that we have included terminology lists as these are crucial for good performance. Please ensure that your learners do regular terminology activities and tests.  
The dissection of the eye is listed in CAPS as one of the investigations that need to be performed to enhance teaching and learning and therefore a video clip was also included.
OVERVIEW
This module deals with the human eye.   There is a detailed terminology list, followed by the structure and functions of certain parts of the eye, accommodation and the pupillary mechanism and the nature and treatment of visual defects.   
SPECIFIC OBJECTIVES
By the end of this session, participants will be able to: 
· Draw and label the parts of the eye. 
· Describe the functions of the different parts.
· Briefly explain the changes occurring in the eye during accommodation and pupillary reflex.
· Identify and describe the various defects of the eye.
· Illustrate the existence of the blind spot.
· Illustrate the role of binocular vision in depth perception.
· Dissect the eye and identify all the different parts. 
· Set questions on the different levels of Bloom’s taxonomy.

CONTENT 
You will study this module through the following units:
	Unit 1: Structure and functions of the parts of the human eye, using a diagram

	Unit 2: Binocular vision and its importance 

	Unit 3: Changes that occur in the human eye during accommodation and pupillary reflex, using
             diagrams

	Unit 4: The nature and treatment of visual defects, using diagrams 


 UNIT 1 - Structure and functions of the parts of the human eye, using a diagram


[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS4HIiL-DAGOCrS8Wn8oeOXjZPW7eC_6dOpmCmKTnVPqbu2ULl9oA]Terminology & definitions:
	Biological term
	Description

	Accommodation
	The ability to change the focal length of the object by changing the convex shape of the lens to assist with focussing on a near or distant object.


	Astigmatism 

	Uneven the curvature of the lens or cornea resulting in distorted images

	Effectors
	Are muscles or gland that respond to the message from the nervous system (brain and spinal cord)


	Hypermetropia
	Long-sightedness caused by a lens that cannot become rounded enough to refract light, so the image falls behind the retina.


	Myopia
	Short-sightedness caused by a cornea that is too rounded, so the image falls short of the retina.


	Neuron
	One nerve cel.l


	Photoreceptors
	Specialized receptors to receive the stimulus of light and convert it to an impulse.  Photoreceptors in the retina of the eye are called rod and cone cells.


	Receptors
	Are located in the sense organs.  They convert a stimulus into an impulse.


	Refraction
	To bend light – refraction takes place when light passes through a lens that is bent by a convex [ () ] shape or a concave [ )( ] shape


	Stereoscopic vision
	Also known as binocular vision - to see with two eyes, where each eye will produce a slightly different image of the same object and allows us to judge distance, depth and size of an object.




The human body responds to a variety of stimuli, such as light, sound, touch, temperature, pressure, pain and chemicals (like taste and smell).
The eye (sight) and the ear (hearing and balance) are part of the peripheral nervous system. 
	  [image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTmvb5W3o3iVwoibBV6dgGW1cSvmySKmDtq6S6HPelleSIjW6OVN1fL4lQ]                                                       Activity 3.1
AIM: investigation of the structures of the eye
METHOD: Dissection of a sheep’s eye.
Follow the instructions on the practical worksheet 

		Sheep Eye Dissection

	

	The anatomy of the human eye can be better shown and understood by the actual dissection of an eye. One eye of choice for dissection, that closely resembles the human eye, is that of the sheep. Sheep eyes are removed at the time the animal is slaughtered and then preserved for later use. Differences between the two eye types will be mentioned as the dissection is completed.
Material needed:
· Sheep eye 
· Dissecting pan
· Surgeons gloves
· Scissors
· Single edge razor blade
· Probe
· Forceps
· Paper towels
· Notebook and pencil for recording information about the eye as it is dissected. 


	[image: http://science.jburroughs.org/resources/skeleton/eye/eyea3.jpg]
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyeb.jpg]

	 


Step 1:
 Wash the sheep eye in running water to remove the preservative fluid. Dry the eye with paper towelling. Examine the front of the eye and locate the eye-lid, cornea, sclera (white of the eye) and fatty tissue. Examine the back of the eye and find extrinsic muscle bundles, fatty tissue and the optic nerve. The four extrinsic muscles (humans have six) move the sheep eye while the fatty tissue cushions the eye. If the optic nerve is not visible use the probe to move the fatty tissue around until the nerve is exposed. 

	[image: http://science.jburroughs.org/resources/skeleton/eye/eyec3a.jpg]
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyed3a.jpg]

	 
Step 2:
 Use your scissors to cut away the eye-lid, muscle and fatty tissue from both the front and rear 
surfaces of the eye. Be careful not to remove the optic nerve. Cut along the surface of the sclera 
until all the tissue is removed and your specimen looks similar to the photographs you see here. 
The sclera is very tough so you do not need to worry about cutting into this layer of the eye. When 
you have finished removing the tissue surrounding the eye identify the sclera, cornea, optic nerve, 
and the remaining extrinsic muscle remnants.  The cloudy nature of the cornea is caused by the 
death of this tissue. It is transparent in the living state.



	[image: http://science.jburroughs.org/resources/skeleton/eye/eyee3.jpg]
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyef1.jpg]

	

	

	 Step 3:
 Place your eye specimen in the dissection pan. Turn the specimen so the cornea is on the left and the optic nerve is on your right. Select a place to make an incision of the sclera midway between the cornea and optic nerve. Use the point of a very sharp razor blade to make a small cut through the sclera. Fluid should ooze out of the eyeball when you have cut deeply enough. You will be reminded of how tough the sclera is when you make this cut. 



	[image: http://science.jburroughs.org/resources/skeleton/eye/eyeg2.jpg]
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyee5.jpg]

	
Step 4: 
Insert the point of the scissors into the slit made by the razor blade and cut the sclera with a shallow snipping motion. Turn the eye as you continue the cutting action. Cut the sclera all the way around 
the ball of the eye. You will need to support the eye in the palm of your hand while you complete 
this step of the dissection. Do not be surprised if some fluid from the eye oozes from the slit as you make this cut. 



	[image: http://science.jburroughs.org/resources/skeleton/eye/eyeh3.jpg]
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyei3.jpg]

	
 Step 5: 
Arrange the two hemispheres of the eye as you see in the left photograph. Observe the semi-fluid vitreous humour that fills the central cavity of the eye. It is transparent in the living eye but might be cloudy in the preserved specimen. The vitreous humour along with the aqueous humour helps to 
maintain the shape of the eye.  The retina lines the posterior cavity of the eye and extends forward 
to the ciliary body. Use your probe to lift and pull the retina back from the underlying choroid layer. 
See the photograph on the right side above. Notice that the retina is only firmly attached to the
choroid at one place. This region is the optic disc or blind spot. Here the nerve fibres leave the retina and form the optic nerve which is directly behind the blind spot.



	[image: http://science.jburroughs.org/resources/skeleton/eye/eyej3.jpg]
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyek2.jpg]



	 Step 6:
 Use your forceps to peel the retina away from the underlying choroid coat. The retina should 
remain attached at the blind spot. The choroid coat is dark and relatively thin. Use your forceps or 
probe to gently separate the choroid from the outer sclera. Verify that the eye has three distinct 
layers, the retina, choroid and sclera. See left photograph above. The choroid contains an extensive network of blood vessels that bring nourishment and oxygen to itself and the other two layers. The 
dark colour, caused by pigments, absorbs light so that it is not reflected around inside of the eye. In 
just a moment you will see that the choroid extends forward to the ciliary body. 
Step 7: 
Use your forceps and probe to remove the vitreous humour from the anterior hemisphere of the eye.
 See right photograph above. This will take some time and effort as the semi-fluid material separates easily. It helps to turn the hemisphere on edge and to use a scrapping motion to remove the fluid. 
Try not to disturb the lens that is just below the vitreous humour. 



	[image: http://science.jburroughs.org/resources/skeleton/eye/eyel3.jpg]
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyem3.jpg]



	 Step 8: 
Removal of the vitreous humour reveals the lens, ciliary body and suspensory ligaments. In the 
normal condition the lens is transparent except, when as a condition of aging, the lens turns cloudy.
 The cloudy condition, called cataract, prevents or reduces the amount of light reaching the retina. 
Cataract can be treated by removing the lens and replacing it with a stiff artificial one. The normal 
lens is convex shaped and somewhat elastic. It is held in place by the suspensory ligaments that in 
turn join with the smooth muscle containing ciliary body. When the smooth muscle fibres contract 
the resulting force flattens the lens and the degree of bending of the light rays is reduced. 
Relaxation of the smooth muscle results in a thickening of the lens and a greater bending of the rays
 of light. 
Step 9:
 Remove the lens by pulling it free from its attachments. Note the shape of the lens, its stiffness and opaqueness. Suspensory ligaments may also be visible along the edge of the lens.  



	 [image: http://science.jburroughs.org/resources/skeleton/eye/eyen3.jpg]


	 Step 10: 
When the lens is removed, an opening, allowing light to enter the eye is seen. This opening, the 
pupil is located in the center of the iris. Two muscle layers of the iris regulate the size of the pupil. One layer increases the pupil size with decreasing light intensity and the other layer reduces pupil size with increasing light intensity. Note the oblong shape of the sheep pupil; in humans the pupil is circular. The back side of the iris can be seen just above the pointer in the photograph. Part of the iris is being lifted by the pointer but the iris continues all the way around the pupil opening.
A second cavity or space is present between the iris and the cornea. This space is filled with a second semi-liquid fluid, the aqueous humour. This fluid, like the vitreous humour helps to maintain the shape of the eye. Glaucoma is a condition where the fluid pressure becomes too high causing eye damage. 
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyeo2.jpg]
	[image: http://science.jburroughs.org/resources/skeleton/eye/eyep3.jpg]

	
 Step 11:
 Remove the cornea from the front eye hemisphere. Use a razor blade to puncture a small slit at the boundary between the cornea and sclera. Then insert the scissors into the slip and cut all the way 
around the cornea to remove it. Notice the thickness of the cornea. How does it compare to the 
thickness of the sclera? Carefully observe the front side of the iris and pupil. Which structure of the


eye would be just behind the pupil opening? 


Worksheet:
Answer the following questions based on the practical.
1. Label the diagram and explain each structure.
   
[image: http://science.jburroughs.org/resources/skeleton/eye/eyedia1.jpg]
	Label
	Structure

	1.
	

	2.
	

	3.
	

	4.
	

	5.
	

	6.
	

	7.
	

	8.
	

	9.
	

	10.
	

	11.
	

	12.
	




2. Sketch and label the external structure of the eyeball.








3. State the function of the fatty tissue, muscle and optic nerve.
………………………………………………………………………………
………………………………………………………………………………
………………………………………………………………………………
………………………………………………………………………………
4. A survey was conducted to investigate visual defects among 40 Grade 12, learners.  The class has equal number of boys and girls.  Look at the data collected then answer the questions that follow.
Visual defects of 40 learners:
	
	Short sightedness
	Long sightedness
	Astigmatism 
	Cataracts 
	No visual defects 

	Boys 
	5
	2
	3
	0
	15

	Girls 
	4
	1
	2
	0
	14


4.1 Which part of the brain interprets eyesight?
…………………………………………………………………..

4.2 On the same set of axes, draw a bar graph for girls and boys to show the number of people with each visual defect.






	


 




4.3 Do you expect these numbers to change with time?  Give a reason for your answer.

…………………………………………………………………………………….

4.4 How could you improve reliability of your investigation?

…………………………………………………………………………………….





























Functioning of the eye – path of light:
· Light rays pass from an object to the eye, through the transparent convex cornea, aqueous humour, the biconvex lens and vitreous humour.
· As the light rays pass through the curved surfaces of the cornea and the lens, light is refracted (bent). 
· The lens refracts the light rays and forms an inverted (upside-down) image on the retina, bringing the image into focus by making fine adjustments.
· The rod and cone cells (photoreceptors) are stimulated by the light rays and convert the stimulus into impulses. 
· These impulses are transmitted along the optic nerve across the optic chiasma (cross-over) so that impulses enter the lower visual centres on opposite sides of the mid-brain at the occipital lobes. 
· The upright images are interpreted for size, shape and colour of the object that was seen.

[image: ]






	 [image: ]                                       Activity 3.2
AIM: To identify and label the different parts of the human eye
METHOD: Label the parts of the eye
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[image: http://png.clipart.me/graphics/thumbs/214/summer-sports-icon-volleyball-icons_214110949.jpg]                                                                  Activity 3.3
AIM: to be able to practically demonstrate that the eye has a blind spot
METHOD: EACH participant performs the investigation by following the steps below.

How to demonstrate that the eye has a blind spot 

1. Close your right eye. 
2. Hold the image about 50 cm away. 
3. With your left eye, look at the +. Slowly bring the image (or move your head) closer while looking    
     at the +. At a certain distance, the dot will disappear from sight...this is when the dot falls on the 
     blind spot of your retina. 
4. Reverse the process. Close your left eye and look at the dot with your right eye.  
    Move the image slowly closer to you and the + should disappear.
[image: https://faculty.washington.edu/chudler/bs1a.gif]
[image: ]
UNIT 2 - Binocular vision and its importance


Binocular vision means to see with TWO eyes (bi = two). We can focus on one object with both eyes increasing the field of vision. A sharp image falls on each retina. The image from the left eye is always slightly different to the image from the right eye. The two images join in the brain (occipital lobes) and results in stereoscopic vision, which allows us to judge distance, depth and size of objects.
	
[image: http://png.clipart.me/graphics/thumbs/214/summer-sports-icon-volleyball-icons_214110949.jpg]                                                 Activity 3.4
AIM: to be able to practically demonstrate depth perception by the eye 
METHOD: EACH participant performs the investigation by following the steps below.
Depth perception is the ability to judge objects that are nearer or farther than others. 
· To demonstrate the difference of using one vs. two eyes to judge depth, hold the ends of a pencil, one in each hand.
· Hold them either vertically or horizontally facing each other at arms-length from your body. 
· With one eye closed, try to touch the end of the pencils together. 
· Now try with two eyes: it should be much easier. This is because each eye looks at the image from a different angle. 
This experiment can also be done with your fingers, but pencils make the effect a bit more
       dramatic.
[image: Illustration of the horizontal Lang two-pencil test]




UNIT 3 - Changes that occur in the human eye during accommodation and pupillary reflex, using diagrams
             diagrams


Accommodation:
The eyes can change the convex curve of the lens and therefore the focal length. This process is termed accommodation.
	Near vision (round lens) 

(an object is closer than 6 metres)
	Distant vision (long lens) 

(an object is further than 6 metres)

	1.  Ciliary muscles contract
	1.  Ciliary muscles relax

	2.  Suspensory ligaments to slacken
	2.  Suspensory ligaments tighten 
    (become taut)

	3.  Tension on the lens decreases
	3.  Tension on the lens increases

	4.  Lens becomes more convex and 
     rounded
	4.  Lens becomes less convex and 
     flatter

	5.  Light rays are more refracted (bent)
	5.  Light rays are less refracted (bent)

	6.  Light rays are focussed onto the retina 
     (yellow spot)
	6.  Light rays are focussed onto the retina 
     (yellow spot)



	
[image: ]
	[image: ]




Pupillary mechanism / Pupillary reflex action:
The pupillary mechanism is a reflex action regulated by the Autonomic Nervous System, to prevent excess light from passing into the eye at one time. Excess light will cause damage to the retina and the photoreceptors (rod and cone cells). The iris functions to control the amount of light that enters the eye by controlling the size of the pupil. The circular and radial muscle fibres in the iris regulate the size of the pupil.  

[image: ]
[image: https://d30y9cdsu7xlg0.cloudfront.net/png/89857-200.png]                                                           Activity 3.5
AIM: To be able to identify the processes in the eye that ensures proper functioning; labelling the parts involved and discussing the processes 
METHOD: Using diagrams to explain the functioning of the eye with a partner.

[image: ]


[image: ]

Visual defects:
Short-sightedness
This is also called myopia or near-sightedness. It is a refractive defect where the image focuses in front of the retina because the cornea is too rounded. Distant objects are seen as blurred. Myopia may be genetic, or it may result when people place regular strain on their eyes by working on computers or in a job where they are required to focus closely on objects, like microscope work. Glasses and contact lenses that are concave [)(] are prescribed to reduce refraction. Refractive surgery may be an option, where the cornea is reshaped to flatten it and so decrease refraction. This causes the image to be focused onto the retina.
Long-sightedness
This is also called hypermetropia or farsightedness. This is a refractive defect where the image focuses behind the retina. The person will not be able to see objects when they are close by, as the images are blurred. This condition is caused by the following:
· An eyeball that is too short (genetic): This is corrected with prescription eyeglasses or contact lenses which assist to increase refraction of light by using convex lenses [()].
· When the lens cannot become round enough during accommodation: This may be genetic, or it may be as a result of aging. As one ages, the ciliary muscles are unable to contract enough to cause the lens to become rounder. Eyeglasses or contact lenses are prescribed to assist to increase refraction of light by using convex lenses [()].
· A cornea that is too flat: Refractive surgery is performed in extreme cases.

[image: ]
[image: ]
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UNIT 4 - The nature and treatment of visual defects, using diagrams


Astigmatism
This is an optical defect that results in blurred vision. It is caused by an irregular curvature of the cornea or the lens so the eye has different focal points that occur in different planes. Glasses and hard contact lenses correct the irregular focal points.
[image: ]

Cataracts
This is the clouding of the lens when the lens cortex liquefies to form a milky white fluid. Cataracts progress over time and may result from long-term exposure to ultra-violet light, radiation, diabetes, hypertension, old age and physical trauma. Genetically, people may have a predisposition to cataracts. Cataracts must be removed surgically. Extra-capsular surgery (ECCE) can be used to remove the lens, leaving the lens capsule intact. Intra-capsular surgery (ICCE) is used when both the lens and capsule are removed. The lens is replaced with a plastic lens in both cases.


[image: ][image: ]
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	[image: http://png.clipart.me/graphics/thumbs/214/summer-sports-icon-volleyball-icons_214110949.jpg]                                                       Activity 3.6
AIM: To be able to set questions on the four levels of cognitive demand, using Bloom’s taxonomy.
METHOD: Using the data/information given, the participant must set questions that could be used in informal or formal assessment.
1. In an investigation a learner was asked to thread a cotton thread through the ‘eye’ (hole) of a needle 10 times with both eyes open and then with only the right eye open. This was done under the same light intensity and at a distance of 30 cm from the eyes. The results are recorded in the table below. 

	
	TIME TAKEN TO THREAD THE NEEDLE
in seconds(s)

	Attempts
	Two eyes open
	Only right eye open

	1
	12
	38

	2
	12
	35

	3
	10
	37

	4
	11
	36

	5
	9
	34

	6
	9
	33

	7
	10
	30

	8
	8
	31

	9
	7
	29

	10
	7
	28

	Activity:
Set 5 questions incorporating all four cognitive levels on the investigation on the eye.







        
  RESOURCES 
https://www.youtube.com/user/crashcourse
http://cssmith.co/wp-content/uploads/2017/10/cow-eye-labeled-diagram-human-reproductive-system-anatomy-charts-blank.jpg 
http://ellenjmchenry.com/store/wp-content/uploads/2016/11/Paper-eye-model-1.pdf

MODULE SUMMARY
This module covers all the requirements for the DBE NSC exams w.r.t. the topic: The human eye. It is very important to be able to identify parts of the human eye on a diagram and to provide the functions of that part.  The same applies to accommodation and the pupillary mechanism. The nature and treatment of visual defects must also be covered.  

REFERENCES 
· DBE Exam guidelines for learners 
· GDE ATP
· 2015-2019 NSC past papers 
· 2014-2019 national diagnostic report on learner performance 
· Approved grade 12 national textbooks
· Internet 
· Gauteng grade 12 Life Sciences Revision booklet
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