
photoreceptors
chemoreceptors
mechanoreceptors
thermoreceptors

Biology Background
■ Sensory receptors are specialized cells or neurons that

detect specific stimuli. Human sensory receptors can be
classified into four categories: photoreceptors,
chemoreceptors, mechanoreceptors, and thermoreceptors.
Each type of receptor is able to transduce (convert) one
form of energy from a stimulus into electrochemical energy
that can be processed by the brain.

■ Light is the stimulus for photoreceptors in the eyes.
■ Certain chemicals are the stimulus for chemoreceptors in

the tongue and nose.
■ Mechanoreceptors in the inner ear respond to mechanical

forces of the pressure waves associated with sound, while
mechanoreceptors in the skin respond to forms of pressure,
from light touch to moderate pressure or pressure that
causes pain.

■ Thermoreceptors in the skin detect heat and cold.
■ Sensation occurs when nerve impulses reach the cerebral

cortex, and perception is an interpretation of the meaning
of sensations.

■ A massive amount of sensory information coming from
various neural pathways bombards the brain. Sometimes
the brain can filter out redundant, insignificant
information in a process called sensory adaptation.

Teaching Strategies
■ If required, arrange to get a computer with Internet access

and a digital projector in your classroom. Web links related
to optical illusions can be found at
www.albertabiology.ca. The links can be accessed through
the Student Edition or by logging in to the Instructor
Edition at the Online Learning Centre and following the
links to Chapter 12. Project several of these illusions on a
screen or white board and discuss each illusion with your
students.

■ Have students recall their experiences with the Chapter 11
Launch Lab: You, Robot? on page 365 of the student
textbook. Ask them how impairing their senses affected
their ability to tie shoelaces. Consider having your students
complete this activity if you did not do it in Chapter 11.

■ Photocopy and distribute BLM 12.1.1: Major Sensory
Receptors in the Human Body. This information
handout is a copy of Table 12.1 on page 409 of the student
textbook.

■ Set up a mock incident in your classroom. Ask a stranger
to come into your classroom during class and to do
something that attracts students’ attention. This event
should last only a few seconds. After the person has left the
room, have the students describe the individual, including
hair colour, clothing, height, approximate weight, etc.

They should write this information down without
discussing it with anyone else in the room. Discuss how
different people perceive the same situation. Ask the
“stranger” to come back into the room and have students
compare their initial perception with reality. Note that the
same variety of interpretation of sensory stimuli can
happen with the other senses, e.g., those who feel hot and
cold differently, those who experience loud and quiet
differently, etc.

■ Suggest that all students set up their own vocabulary list.
Students may wish to create their own “flash cards” with the
term on one side of the card and its definition or description on
the other side.

Figure 12.1
Student Textbook page 406

Your senses would detect the bright lights, the noise of the
fireworks, noises coming from the midway rides, and the smells
of food cooking. Your senses of sight, hearing, taste, smell, and
touch keep you informed about the world around you and allow
your body to respond to your external environment.

Answers to Questions for Comprehension
Student Textbook page 406

Q1. Sensory reception refers to the detection of sensory
information by the receptors, which are the nerve
endings. These sensory receptors initiate neural impulses.

Sensation occurs when the neural impulses arrive at the
cerebral cortex. The resulting sensation depends on the
area of the brain that has interpreted this information.

Q2. Each type of sensory receptor initiates nerve impulses that
travel through the spinal cord to a certain part of the
brain; the sensation that results depends on which part of
the brain receives the nerve impulses. Perception, which
also occurs in the cerebral cortex, occurs when the brain
processes the sensations and interprets their meaning.

Student Textbook page 407

Q3. Sensory adaptation occurs when you no longer notice the
ticking of a clock, feel the clothes on your skin, or notice
an odour in the room. The brain filters out redundant
and insignificant information. Students may recognize
that constantly hearing and feeling every stimulus would
be too much information for the brain to process.

Q4. To quickly process information from significant stimuli,
the brain parallels or splits up this input to various areas
of the brain—a form of neural multi-tasking. Sometimes
the input information does not get reintegrated precisely,
and what we sense is not necessarily what we perceive.
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Figure 12.3
Student Textbook page 407

Keeping hands in warm or cold water will allow the
temperature receptors to become adapted to water at that
temperature. Perceptions of cold and hot do not come directly
from temperature but from the difference between the
temperature your thermal receptors have become used to and
the warmth or coolness of the objects stimulating them. Since
your hand adapted to the cold water, the room temperature
water seemed warm in comparison. The hand that adapted to
the hot water perceived the room temperature water as cold in
comparison.

Biology File: Web Link
Student Textbook page 408

Student answers may include the following details:
– Most forms of RP first cause the degeneration of rod cells. 
– Retinal cells are among the most specialized cells in the

human body and depend on a number of unique genes to
create vision. A disease-causing mutation in any one of
these genes can lead to vision loss. To date, researchers have
discovered over 100 genes that can contain mutations
leading to the disease.

Research:
– Gene therapy researchers have developed ways to deliver

altered genes to the retina. This process may also be used
to deliver potential cell rescue agents, such as growth
factors to the retina. Cell transplantation techniques
perfected to implant retinal cells may also be used to assist
in cell rescue. 

– The discovery of stem cells that survive in the human
retina may provide cells to replace dying photoreceptors. 

Answers to Questions for Comprehension
Student Textbook page 409

Q5. Students may answer with any five of the following
external senses and their corresponding sensory receptors
(also see Table 12.1 on page 405 of the student textbook):

■  vision—rods and cones in the eyes
■  taste—taste buds on the tongue
■  hearing—hair cells in the inner ear

■  touch/pressure/pain—receptors in the skin

■  smell—olfactory receptors in the nose
■  temperature—heat and cold receptors in the skin

Q6. Students may answer with any three of the following
internal sensory receptors and their functions:
■  osmoreceptors—regulate volume of blood
■  pH receptors—regulate pH levels in the blood

■  proprioceptors in the muscles and tendons and at the
joints—regulate body position

■  hair cells in the inner ear—control balance

Biology File: Web Link
Student Textbook page 409

Synesthesia means “joined sensation” (Greek: syn = together +
aisthesis = perception). It refers to an involuntary physical
experience in which the stimulation of one sense causes an
additional perception in a different sense or senses. For
example, someone with synesthesia, known as a synesthete,
might describe the colour, shape, and flavour of someone’s
voice, or, upon seeing the colour red, might detect the “scent”
of red as well.

Section 12.1: Review Answers
Student Textbook page 409

1. (a) Thermoreceptors in the skin are stimulated by radiant
energy. 

(b) Photoreceptors are stimulated by visible light energy. 

2. Mechanoreceptors (touch, pressure, pain, balance, and
body position) would be stimulated by a person
performing a complicated yoga pose.

3. Each person’s unique perception results from the
interpretation of the meaning of sensory information by
the cerebral cortex. Perception is the active process of
selecting, organizing, and interpreting the information
brought to the brain by the senses. The brain of each
individual organizes and translates this information
differently.

4. Your perception of the way your boots feel changes
because of sensory adaptation. Adaptation occurs in most
sense receptors. It is useful because it prevents the nervous
system from being bombarded with information about
insignificant matters like the touch and pressure of your
clothing. (Note: For more advanced students, you could
explain that pressure receptors located in the skin are each
connected to a sensory neuron. When pressure is first
applied to the receptor, a volley of impulses is initiated in
the sensory neuron. However, with continuous pressure,
the frequency of action potentials decreases quickly and
soon stops. This is the process known as sensory
adaptation.)

5. When viewing a complicated scene such as an “optical
illusion,” the brain parallels or splits up this input to
various areas of the brain—a form of neural multi-
tasking. Sometimes the input information does not get
reintegrated precisely, and what we sense is not necessarily
what we perceive.
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12.2.4 (OH) Rods and Cones
12.2.5 (HAND) The Retina
12.2.5A (ANS/OH) The Retina Answer Key
12.2.6 (OH) The Neural Pathway of the Optic Nerve

■ A significant number of new terms is introduced in this section.
Students can make their own study aids by drawing a picture in
colour that will cue their memory for each term. Then ask them
to come up with a story to go with the term and to include the
term to be memorized written in colour somewhere near the
picture and story.

■ Provide a dictionary of biology terms for ESL students.

■ Web links to a variety of interactive web pages and animations
related to the eye and vision can be found at
wwwalbertabiology.ca. Select Student Edition and follow the
links to Chapter 12. The advantage of these web sites is that
students can view them over and over again during their spare
time in class, at home, or at the local library.

Figure 12.6
Student Textbook page 410

It is unlikely students will be able to answer this question at
this time. It would require knowledge of concepts such as
photoreceptors (cones and rods), binocular vision, and
perception of vision in the brain.

Biology File: Web Link
Student Textbook page 410

Biometrics technology uses a person’s unique physiological
characteristics to confirm identity. 

Biometrics technology can measure and record: 
■ fingerprints 
■ hand measurements 
■ iris of the eye 
■ retinal veins in the eye 
■ voice recognition

Canada uses biometrics in its CANPASS program for frequent
travellers. CANPASS, used by Canada Customs, uses finger
scans to keep goods flowing between the U.S. and Canada.
For example, truck drivers have their fingerprints registered in
order to pass through borders smoothly

Advantages: the characteristics used in biometrics are hard to
duplicate and could eliminate identity theft or use of fake ID;
finger scans are quick and efficient.

Disadvantages: the data collected is easy to duplicate and/or
transfer for uses other than what was intended (e.g.,
simplifying border crossing). It could be incorporated into
passports, driver’s licences, or ID cards and stored along with
other personal data. It could also be linked to general digital
video surveillance systems.

Answers to Questions for Comprehension
Student Textbook page 412

Q7. Student drawings should be similar to Figure 12.7 and
Table 12.2 on page 411. Consider using BLM 12.2.1:
The Human Eye as an alternative way to address this
question.

Q8. The process that allows the eye to adjust to various
intensities of light is called light adaptation. In bright
light, the iris constricts, which shrinks the pupil to let in
less light. In dim light, the iris dilates, which widens the
pupil and lets in more light.

Q9. Clear liquid called aqueous humour circulates inside the
front portion of the eye. To maintain a healthy level of
pressure within the eye, a small amount of this fluid is
produced constantly while an equal amount flows out of
the eye through a microscopic drainage system. (Note:
This liquid is not part of the tears on the outer surface of
the eye.) Because the eye is a closed structure, if the
drainage area for the aqueous humour—called the
drainage angle—is blocked, the excess fluid cannot flow
out of the eye. Fluid pressure within the eye increases,
causing damage to the blood vessels. Without proper
blood circulation, the oxygen and nutrients available to
the cells in the eye are limited, and the cells deteriorate. 

Figure 12.9
Student Textbook page 412

Light rays reflecting off each point on an object are bent by
the cornea and the lens in such a way that an inverted and
reversed image of the object forms on the retina. The image
produced is much smaller than the object because light rays
are bent (refracted) when they are brought into focus. The
light rays cross after they pass through the lens of the eye,
creating an image that is upside-down and reversed from right
to left on the retina at the back of the eyeball. After some
chemical operations carried out by retinal rods and cones, this
vision becomes an electrical impulse. This impulse is then sent
through the nervous system to the occipital lobe of the brain.
We do not perceive objects as upside-down, reversed, and
smaller because the brain converts this flow into a meaningful,
3-dimensional vision.

Figure 12.10
Student Textbook page 412

Light rays from each point on an object are bent by the
cornea and the lens in such a way that an inverted and
reversed image of the object forms on the retina. When
focussing on a distant object, the lens is flat because the ciliary
muscle is relaxed and the suspensory ligament is taut. When
focussing on a near object, the lens accommodates; it becomes
rounded because the ciliary muscle contracts, causing the
suspensory ligament to relax.
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Figure 12.12
Student Textbook page 413

A. Nearsighted people can see close objects better than they
can see distant objects. In this image, the flower is in
focus and the building is blurry. 

B. The eyeball of people with myopia is elongated, so that
focussed light falls in front of the retina instead of on the
photoreceptors.

C. Farsighted people can see distant objects better than they
can see close objects. In this image, the building is in
focus and the flower is blurry. 

D. The eyeball of people with hyperopia is shortened, so that
focussed light falls behind the retina instead of on the
photoreceptors.

Answers to Questions for Comprehension
Student Textbook page 414

Q10. The cornea bends light rays. The lens bends light rays
and focusses them on the retina.

Q11. Astigmatism is caused when the cornea is uneven so light
rays cannot be evenly focussed on the retina. The result
is a fuzzy image. In people with myopia, the eyeball is
elongated and the focussed light falls in front of the
retina instead of on the photoreceptors. 

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.

Q12. The ability of the lens to change shape to focus images
clearly on the retina is called accommodation. If an
object is near, the ciliary muscles contract and the
suspensory ligaments relax, causing the lens to become
more rounded. If an object is far away, the ciliary
muscles relax and the suspensory ligaments become taut,
causing the lens to flatten.

The iris allows light to enter the inner eye through the
pupil. The iris can adjust the size of the pupil depending
on the light conditions, a process called adaptation. In
bright light the iris constricts, which shrinks the pupil to
let in less light. In dim light, the iris dilates, which
widens the pupil and lets in more light.

Figure 12.14
Student Textbook page 414

Some students may in fact be colour blind. Colour-blind
individuals are actually colour deficient, as they lack or are
deficient in particular cones, typically red or green. Thus a
red-green colour-blind person may find it difficult or
impossible to distinguish between these colours.

Answers to Questions for Comprehension
Student Textbook page 416

Q13. The two photoreceptors, rod cells and cone cells, are
located at the back of the eye, within the retinal layer
nearest the choroid. The rods permit vision in dim light
and at night, and the cones permit vision in the bright
light needed for colour vision.

Q14. Colour blindness is an inherited condition that occurs
more frequently in males than in females. There are
three types of cones, each of which absorbs a different
wavelength of light. The combination of cones that can
detect red, blue, or green wavelengths of light allows us
to see a range of colours. Colour-blind individuals are
actually colour deficient, as they lack or are deficient in
particular cones, typically red or green. Thus a red-green
colour-blind person may find it difficult or impossible to
distinguish between these colours.

Q15. Light rays must pass through several layers of cells before
reaching the photoreceptors (rods and cones). When not
activated, the photoreceptors release an inhibitory
neurotransmitter that inhibits nearby nerve cells. When
they absorb light, however, the rhodopsin in the cells
splits into retinal and opsin. This triggers a chain
reaction that stops the release of the inhibitory
neurotransmitter, thus allowing transmission of a neural
impulse. This impulse passes through the bipolar cells to
the ganglion cells, which form the optic nerve. Optic
nerve fibres that emerge from the back of the eye
transmit visual images through the thalamus to the
cerebral cortex of the brain (specifically, the occipital
lobe) for interpretation.

Q16. The blind spot is the area of the retina that does not
have any rods or cones. This is the area where the optic
nerve exits the eye. Without photoreceptors (rods or
cones), no vision is possible.

Q17. The various aspects of an object, such as movement,
colour, depth, and shape, appear to be integrated in the
occipital lobe so that we can “see” it. 

Investigation 12.A: Dissection of an 
Eye

Student Textbook page 417

Purpose
Students will examine the exterior and interior structures of
the eye.

Outcomes
■ 30-A1.4k
■ 30-A1.2s
■ 30-A1.4s
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Teaching Strategies
■ Ask students if they can explain why their ears hurt after

going to a loud concert or if they have noticed a reduction
in their hearing (as if they have cotton in their ears). Find
out if they have made the connection between loud noise
and damage to the mechanoreceptors in the ears that
respond to sound waves. Have your students research
hearing loss by musicians and what they can do to protect
their hearing at concerts.

■ Consider asking an audiologist to talk to your students
about hearing and protecting their hearing. If possible,
have him/her bring in testing equipment and explain how
testing is conducted for hearing and hearing loss. As well,
ask the audiologist to discuss the latest technological
developments designed to assist those people who are
suffering from loss of hearing.

■ Consider inviting a person who uses American Sign
Language (ASL) as a first language, as well as an individual
who can interpret ASL to share experiences with your class.

■ Do the activity described in the Biology File: Web Link on
page 420. Couple this activity with a multimedia applet
that demonstrates how sound waves travel. A variety of
interactive web pages and animations related to the ear and
hearing can be found at www.albertabiology.ca. Log on to
the Instructor Edition at the Online Learning Centre and
follow the links to Chapter 12.

■ The overhead masters and reinforcement tools that have
been prepared for this section are listed below. You will
find them with the Chapter 12 BLMs on the CD that
accompanies this Teacher’s Resource or at
www.albertabiology.ca, after logging on to the Instructor
Edition at the Online Learning Centre.

Number (Type)
12.3.1 (HAND) The Human Ear
12.3.1A (ANS/OH) The Human Ear Answer Key
12.3.2 (HAND) The Inner Ear and Cochlea
12.3.2A (ANS/OH) The Inner Ear and Cochlea Answer
Key
12.3.4 (HAND) Balancing Act
12.3.4A (ANS/OH) Balancing Act Answer Key
12.3.5 (HAND) Taste Test
12.3.5A (ANS/OH) Taste Test Answer Key
12.3.6 (HAND) Identifying a Smell
12.3.6A (ANS/OH) Identifying a Smell Answer Key
12.3.8 (OH) The Sensory Neurons

■ A significant number of new terms is introduced in this section.
Students can make their own study aids by drawing a picture in
colour that will cue their memory for that term. Then ask them to
come up with a story to go with the term and to include the term
to be memorized written in colour somewhere near the picture
and story.

■ Provide a dictionary of biology terms for ESL students.

■ A variety of interactive web pages and animations related to the
ear and hearing can be found at www.albertabiology.ca. Select
Student Edition and follow the links to Chapter 12. The advantage
of these web sites is that students can view them over and over
again during their spare time in class, at home, or at the local
library.

Biology File: Web Link
Student Textbook page 420

The basilar membrane in the organ of Corti bounces up and
down in response to the sound waves produced by the piano,
which have now been converted to pressure waves. As this
membrane moves, the fine stereocilia bend against the
tectorial membrane. The movement of the stereocilia signals
the hair cell to transmit a neural impulse along the auditory
nerve to the cerebral cortex. Different areas of the organ of
Corti are sensitive to different frequencies. Piano notes played
at high frequencies most strongly stimulate the hair cells
closest to the oval window, and notes played at low
frequencies most strongly stimulate the hair cells farthest from
the oval window. 

Figure 12.20
Student Textbook page 420

The sound waves are amplified by the ossicles of the inner ear.
The ossicles can be thought of as a compound lever that
multiplies the force of the sound waves that have reached the
eardrum: each bone acts as a lever for the next, so that a small
movement in one results in a larger movement in the next.
The middle ear can significantly amplify and concentrate
vibrations because the tympanum is 15 to 30 times larger
than the oval window.

Answers to Questions for Comprehension
Student Textbook page 421

Q18. Sound waves encounter the following structures:

pinna → auditory canal → tympanum → ossicles
(malleus, incus, stapes) → oval window → cochlea →
organ of Corti

Q19. When sound waves push the tympanum, its vibrations
are passed on and amplified by the neighbouring ossicles:
three tiny, interconnected bones of the middle ear. The
ossicles are the smallest three bones in the body. Each
bone vibrates more than the next so that the vibrations
are amplified as they pass from the malleus (hammer), to
the incus (anvil), and finally to the stapes (stirrup). The
stapes concentrates vibrations onto the bony wall of the
inner ear, called the oval window. Because the inner ear
is fluid-filled, vibrations in the oval window are
converted to pressure waves in the fluid of the inner ear.

Q20. The middle ear is connected to the throat by the thin
Eustachian tube. This tube allows air pressure to equalize
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when there is a difference in air pressure within and
without the otherwise-contained middle ear.

Figure 12.22
Student Textbook page 421

When the stapes strikes the oval window, this vibrates the
window and creates pressure waves in the fluid of the cochlea
that make the basilar membrane move up and down. This, in
turn, causes the stereocilia of the hair cells to bend against the
tectorial membrane.

Investigation 12.B: Distinguishing 
Sights and Sounds

Student Textbook pages 422–423

Purpose
Students will perform experiments measuring the ability to
discriminate objects visually and to hear a range of sounds. 

Outcomes
■ 30-A1.2s
■ 30-A1.4s

Part 1: Distinguishing Shades of Colour

Advance Preparation 

Time Required
20 minutes

Helpful Tips
■ Use BLM 12.3.3: Investigation 12.B to support this

activity. Modify as necessary.
■ Some students may have difficulty writing an hypothesis

for this activity. You could suggest that they write their
hypothesis as an “If—Then” statement. For example, “If
there is less food colouring then I will have more difficulty
distinguishing different shades of colour.”

■ Make up the solutions with the food colouring ahead of
time and have them ready in the small glass containers or
beakers. Set up a number of stations in your room or
science lab to reduce traffic congestion. Set up one station
per group of 3 or 4 students.

■ Remind students that they have to observe the beakers of
food colouring from the same distance and the same angle
for each part of this activity. 

Safety Precautions
Food colouring will stain skin and clothing. 
Students should be wearing disposable

protective gloves and lab aprons as they perform this part
of the investigation.

Answers to Analysis Questions
1. The results of this investigation should support the

hypothesis that they can distinguish different shades of
colour better in brighter light. Colour vision is mediated
by specialized nerve cells in the retina called cones, which
function only in bright light. When light becomes dim,
rods take over, and these provide neither colour vision nor
high acuity (ability to detect fine detail, such as that
needed for reading).

Peripheral vision is provided primarily by the rods. The
cones are used for colour vision and are found mainly in
the centre of the field of view. Therefore, students should
notice that they cannot distinguish colours as easily when
looking at the beakers out of the corners of their eyes.

2. Students should find that other students obtained similar
results. If not, discuss as a group the possible reasons or
sources of error. 

Answer to Conclusion Question
3. The rods and cones are responsible for vision. The cones

are primarily responsible for colour discrimination.

In Step 5, when students look straight at the beakers, the
light energy is striking the central portion of the retina.
This region contains more cones. Therefore, students are
able to distinguish different shades of colour—especially
in bright light. In a dark room and with moderate
lighting, students will be relying more on information
from rods. 

In Step 6, when students look out of the corners of their
eyes, the light energy is striking the outside edge of the
retina. This region contains more rods than cones.
Therefore, you cannot easily distinguish different shades
of colour even in bright light when most of the light
energy is striking this region of the retina. Students will
be relying more on information from rods. 

In Step 7, when students move farther from the coloured
water, less light energy is striking the cones. The cones
require more light intensity to be stimulated. The farther

Materials

■ 5 beakers (100 mL) (or 5 clear containers of equal size)
■ liquid food colouring
■ water

When to Begin What to Do

3 or 4 weeks before ■ Make sure that you have
food colouring available for
Part 1 of this activity.

1–2 days before ■ Photocopy BLM 12.3.3:
Investigation 12.B
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the distance, the more students will be relying on
information from rods. 

Part 2: Distinguishing Sound Frequencies

Advance Preparation

Time Required
30 minutes

Helpful Tips
■ Arrange for a quiet room with minimum background

noise. 
■ If possible, arrange for students to wear headphones that

are connected to the device being used to generate sound
frequencies.

■ Internet sites that provide freeware or shareware that
produces different frequencies of sounds would be the
most economical way to approach this activity. Using the
computer would also allow some students to use their own
headphones. Web links related to Investigation 12.B:
Distinguishing Sights and Sounds can be found at
www.albertabiology.ca. Log on to the Instructor Edition
and follow the links to Chapter 12.

Safety Precautions
■ Remind students that they must not fool around with any

devices that involve the sense of hearing. For example,
banging a tuning fork and inserting it in the ear canal
could cause permanent hearing loss!

Answers to Analysis Questions
1. The specific structures of the inner ear that allow us to

distinguish different frequencies are the oval window,
organ of Corti, basilar membrane, hair cells, and
stereocilia. Different areas of the organ of Corti are
sensitive to different wave frequencies. High frequencies,
such as the sound of a whistle, most strongly stimulate the
hair cells closest to the oval window. Low frequencies,
however, such as a low note played by a tuba, most
strongly stimulate the hair cells farthest from the oval
window.

2. The frequencies students will be able to detect will
depend on a number of factors including the amount of
background noise in the room, their perception of sound,
and any damage they may have suffered already to the ear
or organ of Corti. Predictions may or may not have been
correct.

3. Hearing varies from person to person, with countless
factors influencing the range of frequencies that any one
of us can detect. Age and genetic makeup play a part, as
do many other variables, such as the use of loud machines
without wearing proper hearing protection, attendance at
a noisy concert the night before, or the amount of wax in
the students’ ears.

Answers to Conclusion Questions
4. Hearing loss generally results from nerve damage (damage

to the hair cells) or damage to the sound-conducting
system of the outer or middle ear. Birth defects, ear
infections, and noise are common causes of hearing loss.

5. The pinnae face forward, so humans can hear sounds in
front better than they can hear sounds behind or to the
side.

Answer to Extension Question
6. This activity would give students a better understanding

of hearing loss. This project was suggested in the Teaching
Strategies for this section.

Assessment Options
■ Collect and assess students’ answers to the Analysis and

Conclusion questions for Part 1 and 2.

Answers to Questions for Comprehension
Student Textbook page 424

Q21. (a) In someone with nerve deafness, hair cells (and
therefore their connections to the nerves) have been
damaged. 

(b) In someone with conduction deafness, damage has
occurred to the sound-conduction system of the
outer or middle ear. 

Materials

■ a device that produces a wide range of sound frequencies such
as 
– a set of tuning forks
– a frequency signal generator
– a Vernier or Pasco computer program that aids in analyzing

different sound frequencies
– an Internet site that provides different tone frequencies

■ frequency sensor (optional)

When to Begin What to Do

2 to 3 weeks before ■ Locate a device that
produces a wide range of
sound frequencies.

■ Book a computer lab if you
are going to use web
resources to generate
different frequencies of
sound.
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Q22. Sensory neurons in the ear send information through the
auditory nerve to the brain stem, thalamus, and
ultimately the temporal lobes of the cerebrum for
processing. Depending on which sensory neurons are
stimulated, the brain can distinguish the frequency and
amplitude of the sound. Recent research also suggests
that the specific neurons stimulated in the temporal lobe
depend on the sound’s original source in the
environment. Therefore the brain can also perceive the
direction and location of the sound.

Biology File: Web Link
Student Textbook page 424

Hearing aids are made up of a microphone, tone hook,
volume control, on/off switch, and battery compartment. The
microphone picks up sounds from the environment and sends
them to a processor that makes the signal louder. The hearing
aid will amplify some pitches of the incoming sound more
than others, but a technician can use the hearing aid’s tone
controls to adjust the amplified sound. After the sound is
amplified, it is routed through the hearing aid tone hook to
an earmold. The tone hook is a small plastic piece that hooks
over and behind the outer ear (pinna). The earmold holds the
hearing aid in the ear and directs sound from the hearing aid
into the ear canal. 

A cochlear implant is a device surgically implanted into
the cochlea to activate the hearing nerve directly. The system
consists of a directional microphone, cable and transmitter
that fit behind the ear; a 3-4 oz. speech processor that can be
worn in a pocket or on a belt; and the internal portion of the
device (the magnet and receiver/stimulator) that is implanted
in the mastoid process (behind the pinna). Once implanted,
the device is programmed for the individual.

A hearing aid amplifies and directs the sound; the user
must have some functional hearing for it to work. Cochlear
implants bypass damaged portions of the ear and directly
stimulate the auditory nerve. Signals generated by the implant
are sent through the auditory nerve to the brain, which
recognizes the signals as sound. Hearing through a cochlear
implant is different from normal hearing and takes time to
learn or relearn. Users should be able to recognize warning
signals, understand other sounds in the environment, and
enjoy a conversation in person or by telephone.

Answers to Questions for Comprehension
Student Textbook page 425

Q23. The semicircular canals contain mechanoreceptors that
detect head and body rotation (rotational equilibrium).
The semicircular canals are three fluid-filled loops
arranged in three different planes—one for each
dimension of space. The base of each canal has a jelly-
like covering called a cupula. The stereocilia of hair cells
in the canals stick into the cupula. When the body
rotates, the fluid inside the semicircular canals moves

and bends the stereocilia. Hair cells receive that
rotational information and send it to the brain.

Q24. The balance required while moving the head forward
and backward is called gravitational equilibrium. This
equilibrium depends on the two structures called the
utricle and saccule, which together make up the fluid-
filled vestibule of the inner ear. Both structures contain
calcium carbonate granules called otoliths. The otoliths
lie in a cupula over a layer of hair cells. When the head
dips forward or back, gravity pulls on the otoliths. This
puts pressure on some of the hair cells, which send a
neural impulse to the brain communicating the head’s
position. 

Q25. A person who is lying down is in a static position. The
movement or lack of movement of fluid in the inner ear
tells the brain whether a person is standing, lying down,
hanging upside-down, etc. When an individual is
moving around, calcium carbonate crystals in the
vestibule shift position. This movement results in nerve
impulses being transmitted to the brain, indicating that
the individual is changing positions. When the person is
in an established position, the crystals stop rolling
around. The vestibule doesn’t send any impulses to the
brain, thereby indicating that the individual is still
holding that static position. Proprioceptors are another
type of mechanoreceptor involved in coordination. These
receptors are in muscles, tendons, and joints throughout
the body and send information about body position to
the brain.

Student Textbook page 426

Q26. When we eat, saliva dissolves some of our food. Specific
molecules dissolved in the saliva are detected by the taste
buds, the sensory receptors in the bumps (papillae) on
the tongue. The taste buds depolarize in response to
particular tastes, and generate an action potential that
sends a neural impulse to the brain.

Student Textbook page 427

Q27. Odours are produced from particles that fit much like a
lock and key into specific chemoreceptors called
olfactory cells that line the upper nasal cavity. When the
particles bind to the olfactory cilia of the olfactory cells,
ion channels in the cell membrane open. This generates
an action potential in the olfactory cells, which travels
down the nerve fibres directly linked to the olfactory
bulb of the brain.

Q28. The olfactory impulses are sent from the olfactory bulb
of the brain to the emotional centres of the brain and
the frontal lobe where the perception of odour occurs.
This is why particular odours can instantly conjure up
scenes and emotions from the past.

Q29. The types of touch detected by sensory receptors in the
skin include light touch, pressure, and pain.
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Q30. The mechanoreceptors associated with the sense of touch
occur all over the body. The skin contains more than
four million sensory receptors, but they are not evenly
distributed. Many of the touch receptors are
concentrated in the genitals, fingers, tongue, and lips. 

Biology File: Try This
Student Textbook page 427

Students should notice that they can detect the prongs as
separate on their palm but not their shoulder. The receptors
in skin are not distributed in a uniform way around our
bodies. Some places, such as fingers and lips, have more touch
receptors than do other parts of the body, such as the
shoulder. This is one reason why the fingers and face are more
sensitive to touch than the shoulder. The chart below shows
data from a 2-point discrimination threshold experiment
(published in The Skin Senses, edited by D. R. Kenshalo,
Springfield, IL, 1968):

For more information, a web link can be found at
www.albertabiology.ca. Log on to the Instructor Edition and
follow the links to Chapter 12. 

Investigation 12.C: Feel, Taste, or 
Smell: Design Your Own Investigation

Student Textbook page 428

Purpose
Students will design an experiment to investigate various
sensory receptors and analyze data to show interrelationships
between the different senses.

Outcomes
■ 30-A1.1s
■ 30-A1.2s
■ 30-A1.3s
■ 30-A1.4s

Advance Preparation

Materials

■ 500 mL beaker of hot water
■ 500 mL beaker of ice water
■ non-permanent pen for marking gridlines on different areas of

the body
■ alcohol thermometer
■ finishing nails
■ garbage bin
■ blindfold
■ salty water
■ sugary water or sweet candy
■ lemon juice
■ onion juice or tonic water
■ clean toothpicks or cotton swabs
■ ginger
■ lemon

When to Begin What to Do

1 week before ■ Make sure that you have
the suggested materials for
each topic. 

2 days before ■ Photocopy BLM 12.3.7:
Investigation 12.C

■ Photocopy Assessment
Checklist 1: Designing an
Experiment from Appendix
A, if required.

■ Photocopy Assessment
Checklist 2: Laboratory
Report from Appendix A, if
required.

Site Threshold
Distance

Fingers 2–3 mm

Upper lip 5 mm

Cheek 6 mm

Nose 7 mm

Palm 10 mm

Forehead 15 mm

Foot 20 mm

Belly 30 mm

Forearm 35 mm

Upper arm 39 mm

Back 39 mm

Shoulder 41 mm

Thigh 42 mm

Calf 45 mm
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