
■ Students with visual or motor disabilities should be teamed with
students who can complete the investigation safely.

Answers to Analysis Questions
1. Student sketches should be similar to Figure 12.7 on page

411 of the student textbook. If you are using 
BLM 12.2.7: Investigation 12.A, students will be asked
to draw and label the external as well as the internal
structures of the eye.

2. Students’ 2-column chart should be similar to Table 12.2
on page 411 of the student textbook.

3. On their diagram, students should label rods and cones in
the retinal layer at the back of the eye. Rods and cones are
the receptors for sight. The rods permit vision in dim
light and at night, and the cones permit vision in bright
light needed for colour vision.

Answer to Conclusion Question
4. The cornea, lens, and humours bend the light rays from

each point on an object to direct the rays toward the
retina. The fovea centralis is an area in the retina at the
back of the eye containing densely packed cones. The
cones require relatively intense light to stimulate them.
Thus, the structures of the eye (cornea, lens, and
humours) must focus light directly onto the fovea
centralis to produce a sharp image. In daylight, you can
see best (your eyes produce the sharpest image) if you
look directly at an object.

Assessment Options
■ Collect and assess BLM 12.2.7: Investigation 12.A.
■ Collect and assess answers to the Analysis, Conclusion, and

Application questions.
■ One of the Helpful Tips provided for this investigation was

to mark structures using flags made out of straight pins
and masking tape. Test each group’s knowledge of the
structures and the functions of the eye while the other
students are working on the Section 12.2 Review
questions.

Section 12.2: Review Answers
Student Textbook page 414

1. The eye’s external layer is a white, tough and fibrous
protective layer called the sclera. Light enters the eye
through the cornea, the transparent part of the sclera at
the front of the eye.

The intermediate layer of the eye is the choroid, which
absorbs stray light rays not detected by photoreceptors.
The choroid also contains blood vessels that nourish the
eye. Toward the front, the choroid forms the doughnut-
shaped, coloured iris, which contains a central dark pupil.

Eye Structure Eye Function

Pupil provides opening for light to enter the inner
eye

Cornea transparent part of the sclera that bends light
rays into the eye

Eye Structure Eye Function

Optic nerve receives impulses from the photoreceptors
(rods and cones) and transmits sensory
information from the eye to the brain

Posterior (rear)
chamber

contains vitreous humour

Vitreous
humour

maintains the shape of the eyeball and
supports the surrounding cells

Sclera protects and supports the eyeball

Choroid absorbs stray light rays that are not detected
by the photoreceptors and contains blood
vessels that nourish the eye

Retina contains the photoreceptors for sight

Blind spot has no actual function; is the area where the
ganglion cells merge to form the optic nerve;
contains no photoreceptors so is incapable of
detecting light

Fovea centralis provides for acute vision because it contains a
high density of cones

Anterior (front)
chamber

contains aqueous humour

Lens bends and focusses light rays onto the fovea
centralis

Ciliary muscles changes the shape of the lens in order to
focus

Suspensory
ligaments

attach the lens to the ciliary muscles

Aqueous
humour

maintains the shape of the cornea and
provides oxygen and nutrients for the
surrounding cells

Iris regulates amount of light entering the eye
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The retina, the internal layer of the eye, is a thin layer of
tissue containing the photoreceptors—the rods and cones.
It also contains a bipolar cell layer and a ganglion cell
layer, whose axons form the optic nerve that exits the eye
at the blind spot. The fovea centralis is the area on the
retina where the cornea and lens focus light for vision. 

2. As the person approaches and the viewer’s eye tries to
keep him/her in focus, the lens changes shape. The
changing shape of the lens of the eye to focus images
clearly on the retina is a reflex called accommodation. As
the person gets closer, the ciliary muscles contract and the
suspensory ligaments relax, causing the lens to become
more rounded.

3. Light rays from each point on an object enter the eye and
are bent (refracted) by the cornea, lens, and humours to
focus on the retina.

In people with myopia, the eyeball is elongated and the
focussed light falls in front of the retina instead of on the
photoreceptors. To see distant objects, nearsighted people
can wear concave lenses, which diverge incoming light
rays so that the image falls directly on the retina.

In people with hyperopia, the eyeball is too short. The
light rays do not meet before they reach the retina, and so
the image is focussed behind the retina. Convex lenses can
correct this problem by bending the light rays at a sharper
angle.

4. A person can be blind even with a functioning optic
nerve. This person may have had a stroke or other injury
that damaged the vision perception centres in the brain.
This damage would prevent the interpretation of the
nerve impulses coming in from the eyes and the person
would therefore be blind.

5. As people age, the lens of their eyes is thought to become
less elastic. This results in the loss of the accommodation
reflex and the inability to focus at different distances. For
example, older people begin to hold the newspaper farther
away to read because fine objects close to them look
blurred. However, objects far away may also be blurred.
Bifocals are the most common type of multifocal lens and
are usually prescribed for people with declining
accommodation. The lens is split in two sections; the
upper part is concave for distance vision and the lower
part is convex for near vision. 

6. Students may need to do some research on the Internet to
complete the chart.

Eye Condition Description of the
problem

Method of
correction

glaucoma A small amount of
aqueous humour is
continually produced
every day and normally
leaves the anterior
compartment by way of
tiny ducts.
These drainage ducts
are blocked in a person
with glaucoma, and
aqueous humour builds
up. If not treated, the
pressure builds up and
restricts the blood flow
to the retina. The nerve
fibres begin to die due
to a lack of nutrients,
and the person
becomes blind.

Treatment is to
lower the
pressure in the
eye, either
through eye
drops or surgery.

cataract Cataracts affect the
lens. As the protein
structure degenerates,
the lens becomes
opaque and does not
allow light rays to pass
through. Grey-white
spots can be seen on
the lens.

Surgery to
replace the
cataract with an
artificial lens is a
common surgical
procedure.

astigmatism When the cornea or
lens has an uneven
curvature, a fuzzy image
is produced because
light rays cannot be
evenly focussed on the
retina.

Astigmatism can
be corrected by
an unevenly
ground artificial
lens to
compensate for
the uneven
cornea or lens.

nearsightedness
(myopia)

Nearsightedness is
caused by an elongated
eyeball; rays focus in
front of the retina when
a person is viewing
distant objects.

A concave lens
allows the
subject to see
distant objects.

farsightedness
(hyperopia)

Farsightedness is
caused by a short
eyeball; rays focus
behind the retina when
a person is viewing
close objects.

A convex lens
allows the
subject to see
close objects.
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7. Humans are adapted to perceive their surroundings
mostly using the sense of sight. The more we rely on a
sense, the larger the area of the brain that is devoted to
interpreting the nerve impulses arriving from those
sensory receptors. 

Some students may also relate their answer to the previous
chapter. These students may indicate that the occipital
lobes are located at the back of the brain, directly above
the cerebellum. These lobes process visual stimuli—
stimuli that are sent to the brain from the eyes. (Advanced
students may be interested in the following additional
information: A visual stimulus enters and goes directly to
structures deep within the brain, where it is scanned and
relayed to the occipital lobes for processing. Within the
occipital lobes are groups of specialized neurons—neurons
that “handle” specific colours, motions, straight lines,
objects, depth, etc. These neurons then communicate
with other neurons within the visual association area to
compare what they have perceived with what may have
been stored previously. Visual stimuli do not become
meaningful until the sensory perceptions are matched to
previously stored cognitive associations.)

12.3 Mechanoreception and 
Chemoreception

Student Textbook pages 419-429

Section Outcomes
Students will:
■ describe how the structures of the human ear support the

functions of hearing and balance
■ explain how humans sense their environment through

taste, smell, and touch
■ design and plan experiments that demonstrate the

structures and sensory functions of the human ear, nose,
tongue, and skin

■ explain how small doses of neurotoxins can be used as
painkillers

Key Terms
sound waves
outer ear
pinna
auditory canal
middle ear
tympanum
ossicles
oval window
Eustachian tube
inner ear
cochlea
organ of Corti
basilar membrane
hair cells

tectorial membrane
semicircular canals
rotational equilibrium
gravitational equilibrium
utricle
saccule
otoliths
proprioceptors
taste buds
olfactory cells
olfactory bulb

Biology Background
■ The structures directly involved in hearing are the ear, the

cochlear nerve, and the auditory areas of the cerebral
cortex.

■ The ear is divided into three parts: outer, middle, and
inner. The outer ear consists of the pinna and auditory
canal, which direct sound waves to the middle ear. The
middle ear begins with the tympanic membrane and
contains the ossicles (malleus, incus, and stapes). The
malleus is attached to the tympanic membrane, and the
stapes is attached to the oval window, which is covered by
a membrane. The inner ear contains the cochlea and the
semicircular canals, plus the utricle and saccule.

■ Hearing begins when the outer ear receives and the middle
ear amplifies the sound waves that then strike the oval
window membrane. Its vibrations set up pressure waves
across the cochlear canal, which contains the organ of
Corti (spiral organ), consisting of hair cells whose
stereocilia are embedded within the tectorial membrane.
When the basilar membrane vibrates, the sterocilia of the
hair cells bend and initiate nerve impulses in the tectorial
membrane. Nerve impulses travel along the auditory nerve
of the cochlea and are carried to the brain.

■ The ear also contains mechanoreceptors for our sense of
equilibrium. Rotational equilibrium is dependent on the
stimulation of hair cells within the ampullae of the
semicircular canals. Gravitational equilibrium relies on
stimulation of hair cells within the utricle and the saccule.

■ Taste and smell are due to chemoreceptors that are
stimulated by molecules in the environment. The taste
buds contain taste cells that communicate with sensory
fibres, while the chemoreceptors for smell are neurons.

■ After molecules bind to plasma membrane receptor
proteins on the microvilli of taste cells and the cilia of
olfactory cells, nerve impulses eventually reach the cerebral
cortex, which determines the taste and odour according to
the pattern of stimulation.

■ Proprioceptors are a type of mechanoreceptor involved in
coordination. These receptors in muscles, tendons, and
joints throughout the body send information about body
position to the brain.

■ The skin contains sensory receptors (mechanoreceptors) for
touch, pressure, pain, and temperature.
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