
Helpful Tips
■ Use BLM 12.3.7: Investigation 12.C to support this

activity. Modify it as ncessary.
■ Photocopy Assessment Checklist 1: Designing an

Experiment from Appendix A and/or Assessment Checklist
2: Laboratory Report from Appendix A if you plan to use
either of these checklists as part of your assessment strategy
for this investigation.

■ Consider splitting your class into teams of 3 or 4. Assign
to each team the design of an experiment to investigate
one of the topics described in this activity. This will reduce
the amount of time that this activity takes as well as the
amount of materials that you will need to complete the
investigation.

■ Give students 30 minutes to design their investigation.
Assessment Checklist 1: Designing an Experiment from
Appendix A can be used as a guideline for this process.

■ Give students 30 minutes to carry out their investigation
and complete the analysis of the data they have collected.

■ Give students 30 minutes to compare and/or share their
data and to complete the Analysis questions. 

■ Remind students of the proper technique for detecting
odours in a science laboratory.

Safety Precautions
■ Do not bring food meant for consumption into the

laboratory and do not eat or drink anything in the
laboratory.

■ Before starting this investigation, refer to Alberta
Education’s publication Safety in the Science Classroom.
The web link can be found at www.albertabiology.ca. Log
on to the Instructor Edition. You can search this document
to identify all safety precautions mandated by Alberta
Education for this type of activity; the document describes
proper disposal of the cotton swabs used in Topic 2.

Answers to Analysis Questions 
1. Students may hypothesize that results would have been

more difficult to analyze if the experiment had tested a
combination of senses, because all senses may not be at
the same level of acuity. For example, some students will
have had the personal experience of losing their sense of
taste when they have had a bad head cold.

2. Look for answers that include ways of controlling more of
the variables in the experimental design. 

Answer to Conclusion Question
3. Sensory receptors are specialized cells or neuron endings

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, or convert, one
form of energy from a specific type of stimuli into
electrochemical energy, which can be processed by the
central nervous system. We can therefore distinguish the
type of stimulus based on the receptor that is affected.
Distinguishing the strength of touch, taste, and smell is
another matter. The strength of a stimulus here is the
minimum strength of a stimulus required to generate an
action potential. However, students may remember from
Chapter 11 that an action potential has only one strength
or magnitude (the all-or-none response). We cannot
distinguish the strength of a stimulus affecting one
receptor, but if a number of receptors are affected by the
stimuli, we perceive the stimulus as being stronger. In an
area of the body designed to be sensitive to certain
stimuli, receptors are located close together so we can
receive more information about strength. 

In all sensory receptors, the common result of all
transduction is to produce a change in conductance of a
membrane channel. 

Assessment Options
■ Use Assessment Checklist 1: Designing an Experiment

from Appendix A to assess the experimental design of each
investigation.

■ Use Assessment Checklist 2: Laboratory Report from
Appendix A if you are asking each individual to produce a
formal laboratory report for this investigation. 

Section 12.3: Review Answers
Student Textbook page 429

1. The middle ear is an air-filled space bordered on one side
by the tympanum—a round, elastic structure that vibrates
in response to sound waves. When sound waves travel
through the auditory canal of the outer ear and push the
tympanum, its vibrations are passed on and amplified by
the neighbouring ossicles: three tiny, interconnected bones
of the middle ear. 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.
The middle ear can significantly amplify and concentrate
vibrations because the tympanum is 15–30 times larger
than the oval window.

2. Different areas of the organ of Corti are sensitive to
different wave frequencies. High frequencies, such as the
shriek of a sea gull, most strongly stimulate the hair cells

Materials

■ menthol
■ perfume
■ peppermint
■ pine needles
■ vanilla
■ vinegar 
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closest to the oval window. Low frequencies, however,
such as a low sound made by a drum, most strongly
stimulate the hair cells farthest from the oval window. 

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.

3. Some people may suffer from motion sickness as they ride
in an elevator. 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 indicating
the head’s position. In an elevator, the inner ear may
detect the motion of the elevator, as though the head is
changing orientation, while the eyes do not. Motion
sickness occurs when the utricle and saccule send
information to the brain that conflicts with signals that
the eyes send to the brain.

4. The tympanum (eardrum) separates the auditory canal
from the middle ear. If air pressure in the auditory canal
from outside air and air pressure in the middle ear are
unequal, a feeling of pressure, pain, and even eardrum
damage can result. Normally the Eustachian tube, which
connects the middle ear and the throat, helps maintain
equal pressure on both sides of the tympanum by allowing
outside air (through the mouth) to enter the middle ear. If
a person is swimming or diving, the pressure in the middle
ear may become lower than the water pressure outside of
the ear. The resulting stress causes a painful inward bulge
of the eardrum. Plugging the nose and exhaling gently
allows air to move through the Eustachian tube to equalize
the pressure in the middle ear.

5. Noise is measured in decibels, and any noise over 80
decibels can damage hearing. The aunt should be wearing
ear plugs or other technologies or she will likely suffer
from permanent hearing loss. The amplitude of a sound
wave is experienced as the intensity or volume of a sound.
The louder the noise, the more the fluid within the
cochlea puts pressure on the hair cells of the basilar
membrane. The stereocilia of the hair cells are very
delicate. Repeated or sustained exposure to loud noise
destroys the stereocilia, and the resulting damage is
permanent.

Connections: Nature of Science

Pain Relievers or Deadly Neurotoxins
Student Textbook page 430

Teaching Tips
■ Have students read the information on page 426 of the

student textbook and make a 3-column chart in their
notebooks. List the animals that produce the neurotoxins
in the first column, the neurotoxin that they produce in
the second column, and the effects of the neurotoxin in
the third column.

■ Have students relate the information gathered to the sense
organs as well as to the topics that they investigated in
Chapter 11.

Answers to Questions
1. Over the course of time, these species may have developed

these neurotoxins to ward off predators.

2. Clostridium botulinum produces seven distinct types of
neurotoxins. One of these toxins inhibits the release of
acetylcholine from the neural membrane, which results in
paralysis. Small amounts of this toxin could paralyze the
smooth muscles surrounding the arteries and arterioles,
resulting in the vasodilation of these vessels. If a migraine
headache is caused by vasoconstriction, then a chemical
that resulted in vasodilation could be an effective drug for
controlling this problem.

3. Targeted painkillers can be delivered directly to the area of
the body where the pain is being experienced, in smaller
doses; these painkillers should work more effectively with
fewer side effects than the higher-dose, general painkillers
that affect more nerves in the body.

Chapter 12: Review Answers
Student Textbook pages 432–433

Answers to Understanding Concepts Questions
1. The neural pathway from the organ of smell to the brain

can be summarized by the following flowchart:

odour particles → bind to specific chemoreceptors called
olfactory cells lining upper nasal cavity → ion channels in
the cell membrane open → generates an action potential
in the olfactory cells → directly linked to the olfactory
bulb of the brain → the impulse is sent to emotional
centres of the brain and the frontal lobe where the
perception of odour occurs
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