
processes. You will find them with the Chapter 11 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)
11.1.1 (OH) Organization of the Human Nervous System 
11.1.2 (OH) Neuron Bundles
11.1.3 (HAND) From Sensor to Muscle Action
11.1.3A (ANS/OH) From Sensor to Muscle Action
Answer Key
11.1.4 (HAND) The Reflex Arc
11.1.4A (ANS/OH) The Reflex Arc Answer Key
11.1.6 (HAND) Parts of a Neuron
11.1.6A (ANS/OH) Parts of a Neuron Answer Key
11.1.7 (HAND) Establishing the Resting Membrane
Potential in a Neuron
11.1.7A (ANS/OH) Establishing the Resting Membrane
Potential in a Neuron Answer Key
11.1.9 (HAND) Depolarization and Repolarization of a
Neuron 
11.1.9A (ANS/OH) Depolarization and Repolarization of
a Neuron Answer Key
11.1.10 (HAND) Action Potential
11.1.10A (ANS/OH) Action Potential Answer Key
11.1.11 (HAND) Saltatory Conduction 
11.1.11A (ANS/OH) Saltatory Conduction Answer Key
11.1.12 (HAND) Neural Synapse
11.1.12A (ANS/OH) Neural Synapse Answer Key
11.1.13 (HAND) Neuromuscular Junction
11.1.13A (ANS/OH) Neuromuscular Junction Answer
Key
11.1.15 (AST) Neurotransmitters and Their Functions
Quiz
11.1.15A (ANS) Neurotransmitters and Their Functions
Answer Key

■ The terminology introduced in this section could pose a challenge
for some students, especially those whose first language is not
English. Consider allowing these students to express their ideas
initially in their first language and then translate these ideas into
English.

■ Ask students to start a vocabulary list. Their list should include
the name of a structure, its function, and an illustration. They can
add terms to their list as well as modifying and refining existing
terms as they work through the chapter.

■ Struggling learners may grasp an idea better by looking at
diagrams or pictures. Use the various blackline masters provided
in this Teacher’s Resource to help these students.

■ The rich array of materials available through the Internet makes it
relatively easy to differentiate materials for your students. For
example, ESL students might benefit from making their own
crossword puzzle dealing with the neuron. Or the interactive
nature of many of the recommended web sites could help
students visualize the concepts presented in this section.

■ Create a 2- or 3-page study guide of ideas in the section. This
guide can be of great assistance to students who struggle with
print materials, lectures, or even organization of information. The
guide could be in paragraph form, point form, a graphic organizer,
or a combination. It might also spotlight key vocabulary and
provide essential questions that the section is designed to
address. Advanced students could be encouraged to make a
digital version of this guide using presentation software. 

■ Making models of the neuron as well as the electrochemical
events that take place during the transmission of a nervous
impulse can help all students visualize these concepts.

Figure 11.1
Student Textbook page 366

Students may remember this information from previous
biology classes. Sensory receptors are found throughout every
body organ and tissue. The function of the sensory receptors
is to send nerve impulses to the brain in response to
environmental information (stimuli). When the body’s
temperature begins to drop or rise, specialized receptors in the
skin detect the change and signal the hypothalamus.

The brain, similar to the thermostat in a house, is an
integrator—it sends messages to effectors (analogous to the
furnace or air conditioner in a house). Effectors, in turn, cause
a change in the internal conditions. In this case, the brain
sends messages to various tissues and organs that cause the
body to either generate or conserve heat. These messages can
be transmitted by the nervous system or by chemical
messengers known as hormones.

Answers to Questions for Comprehension
Student Textbook page 367 

Q1. Homeostasis is the maintenance of a constant internal
environment. Slight fluctuations above and below these
“normal” levels are common, so our internal systems are
often said to be in a state of dynamic equilibrium.

Q2. The human nervous system can regulate tens of thousands
of activities simultaneously. Its overall function is to
collect information about the external conditions in
relation to the body’s internal state, to analyze this
information, and to initiate appropriate responses to
maintain homeostasis.
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Q3.

Student Textbook page 370 

Q4. Neurons are the basic structural and functional units of
the nervous system. They are specialized to respond to
physical and chemical stimuli, to conduct electrochemical
signals, and to release chemicals that regulate various body
processes. 

Glial cells support neurons. These cells nourish the
neurons, remove their wastes, and defend against
infection. Glial cells also provide a supporting framework
for all of the nervous-system tissue.

Q5. The three types of neuron are the sensory neuron,
interneuron, and motor neuron.

■  Sensory neurons gather information from sensory
receptors and transmit these impulses to the central
nervous system.

■  Interneurons are found entirely within the central
nervous system. They act as a link between the sensory
and motor neurons. They process and integrate
incoming sensory information, and relay outgoing
motor information.

■  Motor neurons transmit information from the central
nervous system to muscles, glands, or other organs
(effectors).

Q6. The basic neural pathway used is a reflex arc, which is a
withdrawal reflex in this example. 

Sense organ (eye) detects the ball → sensory neuron →
spinal cord (interneuron) → motor neuron → causes
muscle to act to withdraw (move the head) out of the way
of the ball

Investigation 11.A: Move Fast! Reflex 
Responses

Student Textbook page 371

Purpose
Students will design and perform an investigation to study
reflex arcs.

Outcomes
■ 30-A1.2s
■ 30-A1.4s

Advance Preparation

Time Required
■ 30 minutes to complete Parts 1 to 3 of this activity
■ 30 minutes to complete Application question 5

Helpful Tips
■ Review and demonstrate the procedure for Parts 1 to 3. As

you are demonstrating each part, reinforce the safety
precautions for this investigation.

■ Distribute BLM 11.1.5: Investigation 11.A prior to the
lab. Modify it as necessary.

■ Have students work in groups of 3. One student can act as
the experimenter, the second student as the subject, and
the third student as the timer/data recorder. Make sure that
students assume different roles as they complete the 3 parts
of this investigation.

■ If you ask students to design their own investigation
(Application question 5), make sure that you clearly
explain what is and is not acceptable. Pay particular

Materials

■ chair (1 per group)
■ room light 
■ 20 cm by 20 cm clear plastic sheet (1 per group)
■ cotton balls (1 or 2 per group)

When to Begin What to Do

1 or 2 days before ■ Check to make sure that
you have all of the materials
required for this
investigation.

■ Photocopy BLM 11.1.5:
Investigation 11.A

System Structure Function

Central
Nervous
System

■ brain
■ spinal cord

■ The spinal cord carries
messages from the body to
the brain. 

■ The brain analyzes and
interprets these messages. 

■ The brain then passes
response messages through
the spinal cord to the target
structure—a muscle, a gland,
or another neuron.

Peripheral
Nervous
System 

■ somatic
nervous
system

■ autonomic
nervous
system

■ This system relays
information to and from the
skin and skeletal muscles
under conscious control.  

■ The sympathetic nervous
system controls organs in
times of stress (fight or flight).

■ The parasympathetic nervous
system causes a return to a
state of rest and controls
organs when the body is at
rest.



attention to the safety precautions that students include in
their experimental design. Also make sure that the students
are actually investigating a reflex in the human body.

Safety Precautions
■ Remind students that they do not have to hit hard when

testing for the knee-jerk (patellar) reflex. 
■ Caution students that even a cotton ball can cause damage

to the eye, including scratching the cornea. Make sure they
understand that they should not throw the cotton ball hard
and that the subject’s eyes should be protected by the
plastic shield during this part of the activity.

Answers to Analysis Questions
1. Students’ answers should be similar to Figure 11.8 on

page 370 of the student textbook. Make sure that
students label the stimulus, sensory neuron, cell body of
the sensory neuron, interneuron in the spinal cord, cell
body of the motor neuron in the grey matter of the spinal
cord, the motor neuron, and the effector (muscle).

2. Because reflex arcs use very few neurons to transmit
messages, reflexes can be rapid and a response can happen
before there is an awareness that a reaction is necessary.
This means that contact with a dangerous stimulus is
minimized.

Answer to Conclusion Question
3. The pupillary reflex will protect the retina from bright

light. The blink reflex will protect the cornea and other
structures of the eyeball from contact with objects. The
knee-jerk reflex can be used by doctors to diagnose certain
neurological disorders or an injury to the muscles in the
thigh (i.e., a pulled hamstring muscle).

Answers to Extension Questions
4. When a student moves her hand upon touching a hot

glass, it is an example of the withdrawal reflex. Receptors
in the skin sense the heat and initiate an impulse in the
sensory neurons. The impulse carried by the sensory
neuron then activates the interneuron in the spinal cord.
The interneuron signals the motor neuron to instruct the
muscle to contract and withdraw the hand. A reflex arc
initiates a reaction before the brain has had a chance to
process the sensory information. However, once the brain
has interpreted the sensory information, the student will
feel pain.

5. Students can now build on their previous experiences and
learn more about reflex arcs. Students can quantify their
data by measuring the distance the foot moved during the
knee reaction by marking the starting and ending points
on a piece of cardboard. Alternatively, they could use a
protractor to measure the angle of change in the knee. Eye
pupil data may be scored as a plus or minus to indicate
whether the reaction occurred in a number of students.

Once again, make sure that students are conducting
investigations that do not cause harm to sense organs. For
example, if you are going to allow them to “pop” a
balloon near an unsuspecting student, make sure that they
do not pop the balloon close to the other person’s ear.

Assessment Options
■ Collect and assess students’ answers to Analysis questions 1

and 2, Conclusion question 3, and Extension question 4.
■ Use Assessment Checklist 4: Performance Task Group

Assessment for Appendix A.

Answers to Questions for Comprehension
Student Textbook page 372

Q7. Students’ drawings should be similar to the motor
neurons shown in Figure 11.9 on page 372 of the student
textbook. The diagram should include the following
labels: dendrites, cell body, axon, Schwann cell, and the
node of Ranvier.

Q8. The axons of some neurons are enclosed in a fatty,
insulating layer called the myelin sheath, which gives the
axons a glistening white appearance. These axons are said
to be myelinated. The myelin sheath protects myelinated
neurons and speeds the rate of nerve impulse
transmission. Schwann cells, a type of glial cell, produce
myelin in certain parts of the CNS and PNS.

Figure 11.10
Student Textbook page 373

Much of what neurologists have learned about how neurons
function comes from experiments done with a giant squid,
Loligo. The neuron used for rapid tail movements has an axon
that reaches from the head of the squid to the end of its tail.
The axon is about 1 mm in diameter, or 100 to 1000 times
the diameter of a human axon. The size of the axon allows
scientists to measure the charge difference across the cell
membrane quite easily by inserting tiny electrodes into the
axon and then reading the charge difference from a specialized
voltmeter. This technique has provided extensive information
about how a voltage gradient is established across the axon
membrane and how a neural impulse is generated.

Answers to Questions for Comprehension
Student Textbook page 374

Q9. The charge difference across the membrane in a resting
neuron is called the resting membrane potential. The
resting membrane potential of most unstimulated
neurons is –70 mV (millivolts), and it is more negative
on the inside. The resting membrane potential provides
energy for the generation of a nerve impulse in response
to an appropriate stimulus.
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Q10. Neurons achieve polarization (i.e., generate resting
membrane potential) in 3 ways:

1. Some negatively charged substances, such as proteins
and chloride ions (Cl–), are trapped inside the cell and
unable to diffuse out through the selectively
permeable cell membrane.

2. Sodium ions (Na+) and potassium ions (K+) cannot
diffuse unaided from one side of the cell membrane
to the other. Special membrane proteins, however, can
use the energy of ATP to pump charged particles
across the membrane. This sodium-potassium pump
pumps out 3 sodium ions for every 2 potassium ions
pumped into the cell, which results in an unequal
distribution of positive charges on either side of the
membrane. The buildup of positive charges on the
outside of the cell creates an electric potential.

3. Special transport proteins form ion-specific channels
that allow potassium ions to diffuse down their
concentration gradient and out of the cell. There are
sodium ion channels as well, but, in a resting neuron,
there are more open channels for potassium ions than
for sodium ions. As a result, more potassium ions
diffuse out of the cell relative to the number of
sodium ions diffusing in, which contributes to the
buildup of positive charges on the outside of the
membrane.

Investigation 11.B: Modelling Resting 
Membrane Potential

Student Textbook pages 375

Purpose
Students will build a model of the neural membrane to
demonstrate how the resting membrane potential is
established.

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

Advance Preparation

Time Required
45 minutes

Helpful Tips
■ Use BLM 11.1.8: Investigation 11.B to support this

activity. Modify as necessary.
■ To make 500 mL of the 3 mol/L solution of NaCl, add

58.44 grams of sodium chloride to a 500 mL volumetric
flask. Add distilled water to bring the volume in the flask
up to 500 mL. This is a very concentrated solution and it
may take several minutes for all of the NaCl to dissolve.

■ To make 100 mL of 3 mol/L solution of KCl, add 22.36
grams of potassium chloride to a 100 mL volumetric flask.
Add distilled water to bring the volume in the flask up to
100 mL. This is also a very concentrated solution and it
may take several minutes for all of the KCl to dissolve.

■ Make sure that the students clean the copper wire with
steel wool or sandpaper to remove any insulation or signs
of oxidation. 

■ Strips of copper metal can be substituted for the copper
wire. The key thing is to provide maximum surface area for
the chemical reaction.

■ Demonstrate how to open the dialysis tubing and how to
secure it with a knot at the end as well as securing it tightly
with the piece of string. If the dialysis bag is not tied
securely, the potassium chloride solution will leak out
before the students can attach their voltmeter to the copper
strips.

■ Demonstrate how to set up and use the DC millivolt
meter (multimeter) before students begin the activity.

■ Assign students to groups of three or four. Two students
can set up the equipment, a third student can time the
experiment, and a fourth student can record the results. 

Materials

■ 22 cm of moistened dialysis tubing
■ 2 strips of uninsulated copper wire, each 40 cm long
■ string
■ elastic band
■ pen
■ DC millivolt meter
■ 400 mL beaker
■ 3 mol/L sodium chloride (NaCl) solution (500 mL per group)
■ 3 mol/L potassium chloride (KCl) solution (100 mL per group)

When to Begin What to Do

1 or 2 days before ■ Photocopy Assessment
Checklist 2: Laboratory
Report from Appendix A if
you want your students to
generate a full lab report for
this activity.

When to Begin What to Do

1 or 2 days before ■ Photocopy BLM 11.1.8:
Investigation 11.B

■ Gather the materials and
prepare the sodium
chloride and potassium
chloride solutions.
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time to diffuse into the dialysis tube than potassium
ions take to diffuse out. 

(b) The factors that establish a negative resting
membrane potential in a neuron are as follows:

1. Some negatively charged substances, such as
proteins and chloride ions (Cl–), are trapped inside
the cell and unable to diffuse out through the
selectively permeable cell membrane.

2. Sodium ions (Na+) and potassium ions (K+) cannot
diffuse unaided from one side of the cell
membrane to the other. Special membrane
proteins, however, can use the energy of ATP to
pump charged particles across the membrane. This
sodium-potassium pump moves out 3 sodium ions
for every 2 potassium ions pumped into the cell,
which results in an unequal distribution of positive
charges on either side of the membrane. The
buildup of positive charges on the outside of the
cell creates an electric potential.

3. Special transport proteins form ion-specific
channels that allow potassium ions to diffuse down
their concentration gradient and out of the cell.
There are sodium ion channels as well, but, in a
resting neuron, there are more open channels for
potassium ions than for sodium ions. As a result,
more potassium ions diffuse out of the cell relative
to the number of sodium ions diffusing in, which
contributes to the buildup of positive charges on
the outside of the membrane.

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

Conclusion questions.
■ Use Assessment Checklist 2: Laboratory Report from

Appendix A if you want your students to generate a full lab
report for this activity.

Figure 11.14
Student Textbook page 376

The membrane is depolarized and the neuron is in its
refractory period. The neuron will not be able to fire again
until the –70 mV resting potential is reestablished.
Repolarization is the event that helps to restore the resting
membrane potential.

Answers to Questions for Comprehension
Student Textbook page 377

Q11. Depolarization of the neuron takes place if the stimulus
is weak. In this case only a small number of channels
will open and some sodium will start to diffuse down
its concentration gradient and into the neuron. This
process changes the membrane potential, causing

depolarization of the membrane. If the charge inside
the cell stays close to –70 mV; however, no impulse will
be generated.

An action potential is a wave of depolarization that
sweeps along the neuron. If a threshold potential is
reached, large numbers of sodium ion channels
simultaneously open, allowing for an influx of sodium
ions and rapid depolarization of the membrane. This
rapid change in the membrane potential from –70 mV
to about +35 mV initiates a nerve impulse, called an
action potential. 

Q12. An action potential has an all-or-none response. Each
depolarization event either reaches the threshold
potential, causing an action potential, or does not.
Furthermore, an action potential has only one strength
or magnitude. In other words, the axon cannot fire a
stronger or weaker action potential.

Q13. Immediately after the sodium ion channels open, the
change in membrane potential to +35 mV triggers
certain potassium ion channels to open. The potassium
ions rush out of the membrane, down their
concentration gradient to the outside of the neuron. This
event, which helps to restore the resting membrane
potential, is called repolarization. 

When the neuron begins to repolarize, the sodium-
potassium pump is reactivated. Once again, sodium ions
are pumped out of the neuron. In addition, ion-specific
channels open, allowing chloride to diffuse into the cell.
The combination of sodium and potassium ions on the
outside of the neural membrane and chloride ions on
the inside causes a rapid drop in membrane potential
from +35 mV to –90 mV. The drop in membrane
potential below resting membrane potential is called
hyperpolarization. 

The voltage-activated potassium ion channels then close,
and the membrane returns to its resting state of –70 mV.
The return to resting membrane potential following the
initial depolarization is called the refractory period.
Until the neuron goes through the refractory period, it
cannot be stimulated again.

Biology File: Web Link
Student Textbook page 378

Animations of an action potential spreading along the axon of
a neuron look like a wave spreading out when a pebble is
dropped in a puddle of water. 

Answers to Questions for Comprehension
Student Textbook page 380

Q14. A neural impulse is the movement of action potentials
and the consequent repolarization along the neuron. The
impulse begins as a movement of ions across a localized



area of the cell membrane, which reverses the polarity of
the membrane potential in the area. This reversal of
polarity results in depolarization in the neighbouring
area of the membrane, which has the same effect on the
next area of the membrane, and so on. In this way, the
impulse propagates in one direction along the length of
the neuron, with sodium ion channels and then
potassium ion channels opening up in one area after
another.

Q15. An action potential travels the length of the axon until it
reaches the far end, called the synaptic terminal.
Synaptic vesicles move toward and fuse with the
presynaptic membrane. Neurotransmitters are released
into the synaptic cleft and diffuse across the cleft to the
postsynaptic membrane where they bind to receptor
proteins and affect the postsynaptic neuron. 

Q16. Neurotransmitters carry the neural signal from one
neuron to another. Neurotransmitters can also carry the
neural signal from a neuron to an effector, such as a
gland or a muscle fibre.

Biology File: Web Link
Student Textbook page 380

When an action potential arrives at the end of a presynaptic
neuron, the impulse causes sacs that contain neurotransmitters
to fuse with the cell membrane of the axon. These sacs, called
synaptic vesicles, release their contents into the synaptic cleft
by exocytosis. Upon reaching the postsynaptic membrane, the
neurotransmitters bind to specific receptor proteins in this
membrane.

Investigation 11.C: Examining Neural 
Tissue

Student Textbook page 381

Purpose
Students will observe neurons and neuromuscular junctions
with a microscope, identify the principal structures in
different types of neurons, and relate these structures to their
functions.

Outcome
■ 30-A1.2s

Advance Preparation

Time Required
45 minutes

Helpful Tips
■ To reduce the number of microscopes and prepared slides,

arrange your students into teams of 3. Set up the
microscopes in “stations.” Have an instruction card at each
station that outlines what the students should be looking
for in each slide. While one student is actually looking at
the slide, the other two can be working on their drawings
and answering the question. Use a stop watch or egg timer
to let students know when it is time to move to the next
station. 

■ A number of sites on the Internet show labelled histology
slides of neurological tissue. Web links related to this
activity can be found at www.albertabiology.ca. Select
Student Edition and follow the links to Chapter 11.
Arrange for a computer in your classroom to be connected
to the Internet. Use a data projector to display each image
on the screen or white board. Point out the key structures
on each slide and then have your students complete the
Analysis questions.

■ Review the proper procedure for focussing a microscope.
This will reduce the likelihood that students will damage
the objective lens of the microscopes or break the prepared
slides.

■ Group students into teams of 3 or 4 and assign each group
one of the neural tissues shown in this activity. Have the
teams prepare drawings and detailed answers to their
respective Analysis question. Provide time for each group
to present the results of its research to the rest of the class.

Answers to Analysis Questions
1. Students’ drawings will likely show a difference in colour

(grey vs. white). Grey matter is a category of nervous

Materials

■ microscope
■ prepared neural slides of the following:

■  cross section of brain showing white and grey matter
■  cross section of a nerve showing that a number of neurons

make up a single nerve
■  cross section of the spinal cord showing a sensory neuron, a

motor neuron, and the interneuron
■  unmyelinated neurons showing the dendrites, cell body, and

axon
■  myelinated axons 
■  neuromuscular junction

When to Begin What to Do

1 day before ■ Photocopy BLM 11.1.14
Investigation 11.C

When to Begin What to Do

3 to 4 weeks before ■ Check supply of prepared
microscope slides and
order those required to
complete the activity.
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tissue characterized by many nerve cell bodies and very
few myelinated axons. Grey matter looks reddish grey on
a freshly removed brain. White matter is composed of
axon nerve fibres that are covered by a myelin sheath.

2. Students’ drawings should show numerous neurons
enclosed in a sheath. The neurons are the functional units
of the nervous system. These cells transmit regulatory
information in the form of electrochemical impulses.

3. Students’ drawings should be similar to Figure 11.6 on
page 369 of the student textbook. A stimulus causes
sensory receptors to generate a nervous impulse that
travels along sensory axons to the spinal cord.
Interneurons integrate data from sensory neurons and
then relay signals to motor neurons. Motor axons convey
nerve impulses from the spinal cord to an effector such as
a skeletal muscle.

4. Students’ drawings should include the dendrites, cell
body, and axon. The impulse should indicate that
dendrites transmit the nervous impulse to the cell body
while the axon transmits the nerve impulse away from the
cell body.

5. Students’ drawings should include the axon, the myelin
sheath, a Schwann cell (including the nucleus), and a
node of Ranvier. The myelin sheath protects the
myelinated neuron and speeds the rate of nerve impulse
transmission.

6. Students’ drawings should include the end plates of a
motor neuron, the synapse, and the muscle fibre. Students
will be learning that special chemical messengers
(neurotransmitters) carry the neural signal from the
neuron to the muscle fibre.

7. Students’ answers will depend on the slide or slides that
you have provided.

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

questions, including their drawings.

Answers to Questions for Comprehension
Student Textbook page 382

Q17. Neurotransmitters have either excitatory or inhibitory
effects on the postsynaptic membrane. If the effect is
excitatory, the receptor proteins will trigger the opening
of ion channels that allow positive ions, such as sodium,
to flow into the postsynaptic neuron. This depolarizes
the postsynaptic membrane and, if the threshold
potential is reached, initiates an action potential. The
impulse that is initiated will travel along the axon to the
next neuron or effector.

If, however, the neurotransmitter has an inhibitory
effect, the receptor protein will trigger hyperpolarization
of the membrane. This means that the inside of the axon
will become even more negatively charged. As a result,

the membrane will not depolarize and there will be no
action potential.

Q18. Acetylcholine is a neurotransmitter that crosses a
neuromuscular junction. Acetylcholine excites the
muscle cell membrane, causing depolarization and
contraction of the muscle fibre. 

Cholinesterase is an enzyme that is released into a
synapse to break down acetylcholine. Cholinesterase is
one of the fastest acting enzymes; in a fraction of a
second it breaks down acetylcholine and removes it from
the protein receptors, thus allowing the ion channels to
close and the membrane to repolarize.

Thought Lab 11.1: The Effect of Drugs 
on Neurons and Synapses

Student Textbook page 383

Purpose
Students will analyze and explain how different drugs affect
neural impulses, work cooperatively to investigate the effects
of a drug on neurons or neural synapses, and hypothesize
what might make some drugs addictive.

Outcomes
■ 30-A1.2sts
■ 30-A1.4s

Advance Preparation

When to Begin What to Do

3 to 4 weeks before ■ Contact agencies such as
Alberta Alcohol and Drug
Addiction Commission
(AADAC) to obtain print
resources that discuss drug
dependency.

■ Contact agencies such as
AADAC to request one of
their counsellors to talk to
your students.

■ Book the computer lab
and/or library for two class
periods.

■ Talk to your school’s
Resource Officer to see if
he/she has any information
on drug dependency.

■ Find out whether a local
doctor would be willing to
present to your students on
the effects of drugs on the
nervous system. 
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■ Consider asking your students to design and create a
computer presentation on the human brain that describes
the different regions and their respective functions.

■ A number of overhead masters and reinforcement tools,
such as handouts that can be used as worksheets, have
been prepared for this section. These are in addition to the
BLMs supporting activities in the section. You will find
them with the Chapter 11 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)
11.2.1 (OH) Cross-section of a Human Brain
11.2.2 (HAND) The Spinal Cord
11.2.2A (ANS/OH) The Spinal Cord Answer Key
11.2.3 (HAND) The Structure of the Human Brain
11.2.3A (ANS/OH) The Structure of the Human Brain
Answer Key
11.2.4 (HAND) Protection for the Brain
11.2.4A (ANS/OH) Protection for the Brain Answer Key
11.2.5 (HAND) The Cerebral Cortex
11.2.5A (ANS/OH) The Cerebral Cortex Answer Key
11.2.6 (OH) Map of the Motor Cortex

■ Struggling learners may grasp an idea better by looking at
diagrams or pictures. Use the various blackline masters provided
in this Teacher’s Resource to help these students.

■ Locate the web resources provided on the McGraw-Hill web site
(described under Helpful Resources in this Teacher’s Resource).
These web sites include information on the brain and spinal
cord. Provide a list of these URLs to your students for individual
study at home or in the library.

■ Create a 2- or 3-page study guide of ideas in the section. This
guide can be of great assistance to students who struggle with
print materials, lectures, or even organization of information. The
digest could be in paragraph form, point form, a graphic
organizer, or a combination. It might also spotlight key
vocabulary and provide essential questions that the section is
designed to address. Advanced students could be encouraged
to make a digital version of this guide using presentation
software. 

■ Making models of the human brain can help all students
visualize the different regions of the brain and their respective
functions.

Answers to Questions for Comprehension
Student Textbook page 389

Q19. The spinal cord and the brain make up the central nervous
system, where sensory information is received and motor
control is initiated. The central nervous system (brain and

spinal cord) receives information from the senses, evaluates
this information, and initiates outgoing responses to the
body. The spinal cord is a column of nerve tissue that
extends out of the skull from the brain and downward
through a canal within the backbone. The spinal cord
serves as a means of communication between the brain and
the peripheral nervous system. The spinal cord is also a
centre for reflex actions. The brain maintains homeostasis
within the body: the brain processes information
transmitted through the senses so the body can deal with
changes in the external and internal environment. The
brain is also responsible for reasoning, learning, memory,
language, and speech. 

Q20. The meninges protect the CNS by preventing the direct
circulation of blood through the cells of the brain and spinal
cord. The blood-brain barrier both protects the brain and
supplies the brain with nutrients and oxygen. The blood
capillaries that lead to the brain are made up of tightly fused
epithelial cells. Thus, the capillary walls form a barrier that
blocks many toxins and infectious agents. Some substances,
such as glucose and oxygen, can still pass through the barrier
using special transport mechanisms. Other lipid-soluble
substances are able to pass directly through the lipid bilayer
of the cell membrane. Circulating throughout the spaces, or
ventricles, within the brain and spinal cord is the
cerebrospinal fluid. It circulates between two layers of the
meninges, the arachnoid and pia mater, and acts as a shock
absorber to cushion the brain.

Q21. The hypothalamus helps to maintain homeostasis by:
■  controlling blood pressure
■  controlling heart rate
■  controlling body temperature
■  coordinating the actions of the pituitary gland, by

producing and regulating the release of many
hormones that maintain homeostasis.

The medulla oblongata regulates involuntary actions
such as heart rate, constriction or dilation of blood
vessels to control blood pressure, and rate and depth of
breathing.

Q22. The following chart can be used to summarize the
information required to answer this question.

Region Structure Function

hindbrain cerebellum ■ unconscious control of posture,
reflexes, and body movements

■ control of fine, voluntary motor
skills

■ receives information from
specialized sensors



Biology File: Try This
Student Textbook page 389

The water in the first container should provide some degree of
protection for the egg. The egg in the empty container will
probably break almost immediately. This demonstrates the
protective function of the cerebrospinal fluid for the brain.
Students should note, however, that if shaken hard enough,
even the egg in the water-filled container will break.

Figure 11.27
Student Textbook page 389

At this point, students will not likely be able to identify the
specific functions of the cerebral cortex. They may have some
idea that the right side of the brain controls the left side of the
body and vice versa. Students will learn more about the
specific areas of the brain later in this section. However, if
time permits, you might want them to explore the idea of

cerebral dominance. For example, some scientists believe that
each hemisphere of the brain is dominant for different 
behaviours. It appears that the right brain is dominant for
spatial abilities, face recognition, visual imagery, and music.
The left brain may be more dominant for calculations, math
and logical abilities. The cerebral cortex contains many ridges
called gyri and grooves called sulci. These structures provide
the brain with a greater surface area to fit more neurons into a
smaller space.

Figure 11.30
Student Textbook page 391

The muscles of the face, lips, jaw, and tongue, and the
muscles of the hands have a relatively larger area of the
cerebral cortex devoted to their movement compared to the
muscles in other areas of the body. This is why the girl’s face
and hands in the illustration are drawn so large.

It is also interesting to note that this closely parallels the
amount of sensory cortex devoted to certain sensory areas of
the body: The face, lips, tongue, hands, and genitals also have
a comparatively large amount of sensory cortex devoted to
them. So these areas of the body not only are the most
sensitive to touch, but also have the greatest amount of motor
control.

Biology File: Try This
Student Textbook page 392

A theory is that one side of the brain is involved with muscle
movements, like moving your leg, while the other side is
involved with such as mathematic task activities and drawing
numbers. When you try to do both activities at once, the left
brain and right brain are conflicted, and the signals get
confused. 

Answers to Questions for Comprehension
Student Textbook page 392

Q23. The following chart identifies the 4 lobes of the
cerebrum and describes the function of each.

Q24. The areas of the brain responsible for fine motor control
of the muscles are the frontal lobe of the cerebrum and

Lobes of the
Cerebrum

Functions

frontal lobe associated with conscious thought,
intelligence, memory, and personality; controls
voluntary muscle movements

temporal lobe involved in auditory reception

parietal lobe receives sensory information from the skin,
and processes information about body position

occipital lobe processes visual information

Region Structure Function

medulla
oblongata

■ controls automatic, involuntary
responses such as heart rate,
blood pressure, breathing,
swallowing, and coughing

pons ■ a relay centre between the
neurons of the right and left
hemispheres of the cerebrum,
the cerebellum, and the rest of
the brain

midbrain midbrain ■ relays visual and auditory
information between areas of
the hindbrain and forebrain

■ plays important role in eye
movement and control of
skeletal muscles

forebrain thalamus ■ provides connections between
the forebrain and hindbrain, and
between areas of the sensory
system and cerebellum

hypothalamus ■ controls blood pressure, heart
rate, body temperature, basic
drives, emotions

■ major link between the nervous
and endocrine systems

cerebrum ■ contains centres for intellect,
memory, consciousness, and
language

■ interprets and controls the
response to sensory information
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the cerebellum. The area that processes sensory
information from the skin is the parietal lobe of the
cerebrum.

Q25. The process of speech involves several areas of the
cerebrum. Two important areas are on the left side of the
cerebrum: Broca’s area (in the frontal lobe) and
Wernicke’s area (in the temporal lobe). Broca’s area
coordinates the muscles for speaking and translates
thought into speech. Damage to this area results in an
inability to speak. It does not, however, affect the
understanding of language. Wernicke’s area stores the
information involved in language comprehension. The
ability to utter words is not affected if this area is
damaged, but the words make little sense. 

Biology File: Web Link
Student Textbook page 392

There are a number of arguments for and against the use of
virtual dissections in the classroom. Those in favour of virtual
dissection argue that computer simulations are better suited
for dissection because the cost is lower, the animals are
protected, and students are guided through the process. Those
who are not in favour of virtual dissection argue that actual
dissections are better because they provide a 3-dimensional
view of the organism and students gain an appreciation for
the complexity of organisms. 

Investigation 11.D: The Brain
Student Textbook pages 393–394

Purpose
Students will observe and identify the principal structures and
functions of a mammalian brain using dissections or other means.

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

Advance Preparation
Please note that the following information pertains to the
hands-on dissection of an actual mammalian brain.

Time Required
1 hour

Helpful Tips
■ Use BLM 11.2.7: Investigation 11.D to support this

activity. Modify it as necessary.
■ This investigation can be done either as a hands-on activity

or as a virtual experience. Web links related to a virtual
dissection of the mammalian brain can be found at
www.albertabiology.ca. Select Instructor Edition and
follow the links to Chapter 11.

■ Before students start the dissection, remind them of all
safety precautions. 

■ Remind students that dissection involves the careful and
systematic examination of the structures of an organism. 

■ If you are planning to use a fresh mammalian brain, make
sure that it has been properly inspected for infectious
agents and that it is refrigerated. For more information,
refer to Alberta Education’s publication Safety in the Science
Classroom. The web link can be found at
www.albertabiology.ca. Select Teacher Resources and
follow the links to Chapter 11. 

■ Group your students in teams of 4 to reduce the number
of specimens that you have to purchase. 

■ Have students make “flags” out of straight pins and
masking tape. They can write on the masking tape the
names of the different regions and lobes of the mammalian
brain and then insert the pin in the appropriate structure.
This will ensure that they have taken the time to actually
find each region of the brain. It could also be used as a
formative evaluation tool for this activity.

Materials

■ goggles 
■ apron
■ tongs
■ dissecting tray
■ dissecting kit
■ preserved sheep brain
■ paper towel
■ disposable plastic gloves
■ 10% bleach solution (to clean the dissecting tray)

When to Begin What to Do

3 to 4 weeks before ■ Check supply of safety
equipment (gloves, aprons,
goggles) and replace if
needed.

2 days before ■ Photocopy BLM 11.2.7:
Investigation 11.D

■ Organize dissecting tools
and instruments

When to Begin What to Do

3 to 4 weeks before ■ Check supply of mammalian
brains; order as required.

■ Check local policies for
information on the proper
disposal of mammalian
organs.
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and masking tape. Test each group’s knowledge of the
structures and the functions of the brain while the other
students are working on the Section 11.2 Review
questions.

Figure 11.32
Student Textbook page 394

■ Hearing is associated with the temporal lobe.
■ Seeing is associated with the occipital lobe.
■ Speaking is associated with the frontal lobe.
■ Thinking is associated with the frontal lobe.

Answers to Questions for Comprehension
Student Textbook page 394

Q26. Scientists first learned about brain functions by studying
the brains of people with brain injuries or diseases. For
example, injured soldiers would sometimes have damage
to certain areas of the brain, but still survive. Researchers
could then link the injured area of the brain to loss of
functions in other areas of the body. Brain mapping, or
operating on the brain of a conscious person, was one
way to determine the function of different regions of the
cerebral cortex. 

Q27. PET can show different levels of activity in the brain,
and can be used to diagnose conditions such as a stroke
or Alzheimer’s disease, in which the deterioration of the
brain leads to memory loss, confusion, and eventual lack
of conscious movement. Because active areas of the brain
have higher energy demands, radioactively labelled
glucose fed to patients shows up on a screen as different
colours representing different activity levels in the brain. 

MRI can produce very clear and detailed images of brain
structure, and can be used to identify various brain
disorders, such as brain tumours. A giant magnet
surrounds the patient’s head, and changes in the
direction of the magnetic field induce hydrogen atoms
in the brain to emit radio signals. These signals can then
be detected, translated, and displayed as a structural or
functional image. 

Biology File: Web Link
Student Textbook page 395

Students’ answers should cite the particular part or parts of
the brain and link the loss of function to their knowledge of
the part of the brain. Information on current research should
be related to the part of the brain and its function. Students
could be encouraged to go beyond the high-profile disorders
of Alzheimer’s and Parkinson’s diseases.

Students should use more than one source for their
research and include appropriate documentation. This task
can be expanded to include a discussion of how to evaluate

reputable sites. Findings could be summarized in a
comparison chart or spreadsheet to help students evaluate the
sources, with a summary paragraph on areas of agreement and
disagreement. Students could be asked to offer opinions on
the areas of disagreement.

Good sources to begin the exercise are the Mayo Clinic
(students can look under disorders), WebMD, and perhaps a
non-profit organization designed to support those who have
the disease. Beyond simply being able to find information on
the Internet, students can be coached on the importance of
evaluating that information, particularly when it is related to
health issues.

Section 11.2: Review Answers
Student Textbook page 395

1. Scientists estimate that there are more neurons in the
human brain than stars in the Milky Way Galaxy. The
brain therefore requires a constant supply of nutrients and
oxygen to feed these cells. In fact, the brain, which
comprises only 2% of the body’s total weight, uses at least
20% of the body’s oxygen and energy supplies. If the
oxygen supply to the brain is disrupted for even a few
minutes, massive damage can occur in the brain. One
function that requires nutrients and oxygen is the
transmission of nerve impulses, which requires ATP in
order to establish the resting membrane potential (see
Section 11.1 of the student textbook). Cellular respiration
is the process that produces ATP for all cells—including
the neurons. Cellular respiration requires a continual
supply of nutrients (glucose) and oxygen. Therefore, in
order to continually supply brain cells with ATP, the brain
must have a continual supply of oxygen and glucose. 

2. The 3 structures that support and protect the central
nervous system are

■  bone—the vertebral column protects the spinal cord;
the skull protects the brain

■  meninges—these layers of tough, elastic tissues are
found in both the spinal cord and brain. The meninges
protect the central nervous system by preventing the
direct circulation of blood through the cells of the brain
and spinal cord.

■  cerebrospinal fluid—the fluid circulates throughout the
spaces within the brain and spinal cord. It acts as a
shock absorber to cushion the brain.

3. Bacterial meningitis is a potentially fatal disease. A doctor
will perform a spinal tap if he/she suspects meningitis. A
spinal tap allows the doctor to withdraw a small amount
of the cerebrospinal fluid and send it to a lab for testing.
Bacterial cultures of the cerebrospinal fluid can be used to
diagnose this disease.
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brings about those responses associated with “fight-or
flight” and the parasympathetic division brings about those
responses associated with “rest-and-digest.”

Teaching Strategies
■ This is a brief section that brings the information in the

previous two into the bigger picture of how the nervous
system co-ordinates both voluntary and involuntary
activity in the body.

■ The Connections feature on neurological disorders among
pets can be used to spark debate on pet care or the more
contentious subject of animal research (as an extension of
question 2: If co-incidental insights are helpful, is it ethical
to purposely use animals to learn more about conditions or
potential treatments for humans?) 

■ Two BLMs have been prepared to support the information
in this section. You will find them with the Chapter 11
BLMs on the CD that accompanies this Teacher’s Resource
or at www.albertabiology.ca, after logging in to the
Instructor Edition at the Online Learning Centre.

Number (Type)
11.3.1 (HAND) Map of the Spinal Nerves
11.3.1A (ANS/OH) Map of the Spinal Nerves Answer Key
11.3.2 (OH) Sympathetic and Parasympathetic Nervous
Systems

■ Although this is a very short section, some of the terminology
introduced in this section could pose a challenge, especially for
those students whose first language is not English. Students
could add key terms to their personal vocabulary list.

■ Some learners may grasp an idea better by looking at diagrams
or pictures. Use the various blackline masters provided in this
Teacher’s Resource to help these students.

■ Create a 2- or 3-page study guide of ideas in the section. This
guide can be of great assistance to students who struggle with
print materials, lectures, or even organization of information. The
guide could be in paragraph form, point form, a graphic
organizer, or a combination. It might also spotlight key
vocabulary and provide essential questions the section is
designed to address.

Figure 11.34
Student Textbook page 396

In order for a football player to catch a ball, motor neurons to
the muscles of the arms, shoulders, and fingers would have to
work in conjunction with motor neurons that maintain
balance and posture. Signals to these motor neurons would
originate in the primary motor cortex and in the cerebellum
and be transmitted to the muscles by motor neurons that
leave the spinal cord.

Answers to Questions for Comprehension
Student Textbook page 396

Q28. The major structures of the somatic nervous system are
12 pairs of myelinated cranial nerves and 31 pairs of
myelinated spinal nerves.

Q29. The somatic system is largely under voluntary control,
and its neurons service the head, trunk, and limbs. Its
sensory neurons carry information about the external
environment inward to the brain, from the receptors in
the skin, tendons, and skeletal muscles. Its motor
neurons carry information to the skeletal muscles.

Answers to Questions for Comprehension
Student Textbook page 399

Q30. The motor neurons involved in the autonomic nervous
system are part of either the sympathetic nervous system
or the parasympathetic nervous system, and either
stimulate or inhibit the glands or the cardiac or smooth
muscle.

Q31. Stress or danger is likely to trigger a response from the
sympathetic nervous system, sometimes called a “fight-
or-flight” response. The sympathetic neurons release a
neurotransmitter called norepinephrine, which has an
excitatory effect on its target muscles. As well, the
sympathetic nerves trigger the adrenal glands to release
epinephrine and norepinephrine, both of which also
function as hormones that activate the stress response. At
the same time, the sympathetic nervous system inhibits
some areas of the body. For example, in order for
someone to be able to run from danger, the skeletal
muscles need a boost of energy. Therefore, blood
pressure increases and the heart beats faster, while
digestion slows down and the sphincter controlling the
bladder relaxes.

Q32. The parasympathetic nervous system is activated when
the body is calm and at rest. Sometimes referred to as
the “rest-and-digest” response, the parasympathetic
nervous system slows the heart rate, reduces blood
pressure, promotes the digestion of food, and stimulates
the reproductive organs by dilating blood vessels to the
genitals. The parasympathetic system uses a
neurotransmitter called acetylcholine to control organ
responses. 

Section 11.3: Review Answers
Student Textbook page 399

1. The peripheral nervous system lies outside of the central
nervous system. Sensory neurons carry information to the
CNS, and motor neurons carry information away from
the CNS. The central nervous system receives the sensory
information and initiates an appropriate motor response.
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