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How is Nelson Biology 11 organized into an understandable format for Grade 11
students?

Unit and Chapter Framework
The Student Text is organized in five units with up to four chapters in each unit.
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2.10

Electron Transport System

An electrical spark can be used to combine hydrogen and oxygen. As shown in
Figure 2, such a combination produces water. Because water contains much less
energy than the reactants (hydrogen and oxygen), energy is released.
Unfortunately, this rapid release of energy is not ideally suited for cells. In many
situations, cells could be damaged by the uncontrolled release of heat. The heat
may actually distort proteins and damage the cell. However, a step-by-step release
of energy, using the electron transport system, allows cells time to transform
and store much of the energy that is stored in food.

In many ways, the electron transport system resembles the set of stairs
shown in Figure 2. As a glucose molecule is broken down, energy is released.
Electrons move from one electron acceptor (a step on the stairs) to progres-
sively stronger acceptors, releasing energy at each step. The final electron
acceptor, oxygen, combines with two hydrogen ions to form a low-energy
compound: water. Electrons found on the top step have high energy levels and
thus are able to provide the greatest amount of energy for ATP formation.
Electrons found on the lower steps have low energy levels and are less able to
provide energy for ATP formation.

The release of energy during a chemical reaction might lead you to con-
clude that energy is created; however, energy cannot be created—the total
amount of energy within the system remains constant. The energy released
during the chemical reactions comes from the chemical bonds of the high-
energy molecules.

Practice

Understanding Concepts

1 What is ATP? What is ADP? 

2. Why does energy need to be converted into ATP? 

3 Describe how ATP becomes ADP and vice versa. 

62 Chapter 2

2.10 Cellular Respiration
in Plants and Animals

Cellular respiration includes all the chemical reactions that provide energy for
life. Carbohydrates, most notably in the form of glucose, are the most usable
source of energy. Only after glucose supplies have been depleted do cells turn to
other fuels. For animals, glycogen, a storage carbohydrate composed of many
glucose units, breaks down, releasing single glucose units into the blood in an
attempt to maintain blood glucose levels. Once glycogen supplies from the liver
and muscles are depleted, lipids become the preferred energy source. Proteins,
the organic compounds of cell structure, are used as a final resort once lipid sup-
plies have been exhausted. The utilization of proteins for energy means that the
cell begins breaking down its own structures in order to obtain energy.

Plants use starch as an energy storage compound in much the same manner
as animals use glycogen. When needed, starch can be broken down to maltose, a
disaccharide. Unlike starch, maltose is soluble. Eventually, the disaccharide can
be broken down into monosaccharide units.

Production of ATP

During cellular respiration, the chemical energy stored in the bonds of carbohy-
drates is released and temporarily stored in a compound called adenosine triphos-
phate, or ATP. ATP releases a usable form of chemical energy. ATP provides the
energy required for the synthesis of needed chemicals within cells, the active trans-
port of materials across cell membranes, and the contraction of muscle fibres.

ATP can be thought of as a quarter that cells use to pay for the energy for cell
activities, with glucose being like a five-dollar bill. When you need to make a
phone call, the five-dollar bill has enough value (or energy), but is in the wrong
form. It must first be changed into quarters and the quarter can then be used in
the payphone.

When a cell needs to change the form of energy, special enzymes extract a
phosphate molecule from ATP, releasing energy in the process. The new product
is called adenosine diphosphate, or ADP, because it has only two phosphate
groups. ADP has less energy than ATP. Returning to the money analogy, the ADP
molecule can be thought of as a dime. Although the dime is capable of paying for
energy demands, it has less value than the ATP quarter. Once the coins have been
spent, no additional energy can be purchased. However, unlike money, the cell
can rebuild ADP into ATP. The reaction in Figure 1 summarizes how ATP pro-
vides energy for a cell.

It has been estimated that, at most, only 36% of the energy released is used
to make ATP; the remaining 64% is released as heat. The thermal energy helps
maintain a constant body temperature in mammals and birds.

In the same way as you must deposit more money into your bank account to
continue withdrawing, ATP supplies must be constantly replenished. Energy is
needed to refill ATP supplies, but where does the energy come from? Exergonic
(energy-releasing) chemical reactions supply needed energy for the synthesis of
ATP. A tremendous amount of potential energy is stored in chemical bonds.
When high-energy molecules are converted to low-energy molecules, energy is
released. This energy is used to attach high-energy phosphate bonds to ADP,
thereby making ATP. The addition of a phosphate group to any molecule is called
phosphorylation. A great deal of energy is transferred during this event.
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Figure 1

ATP can be thought of as a quarter and ADP
as a dime. 

phosphorylation: the addition of one or
more phosphate groups to a molecule
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electron transport system: a series
of progressively stronger electron acceptors,
with energy release at each step

Figure 2

(a) The combination of oxygen and hydrogen
releases energy as a burst of heat.

(b) The step-by-step release of energy by
electron transport systems enables cells
to convert much of the energy into ATP.

M
anageability for Students

13

Consistent column width
and use of margin space
throughout the text
makes it easy to read.

Key terms are bolded as they appear in the body of the text
and are defined in the side margin. They are repeated in the
Chapter Summary and in the Glossary at the end of the text.

Key Expectations

Throughout this chapter, you have had opportuni-

ties to do the following:

• View and manipulate computer-generated, three-
dimensional molecular models of important biochem-
ical compounds (2.1).

• Identify and describe the structure and function of
important biochemical compounds (2.1, 2.2, 2.3, 2.4,
2.5).

• Explain how scientific knowledge of cellular processes is
used in technological applications (2.3, 2.4, 2.6, 2.11).

• Locate, select, analyze, and integrate information on
topics under study, working independently and as part
of a team, and using appropriate library and electronic
research tools, including Internet sites (2.3, 2.4, 2.11).

• Carry out, in a safe and accurate manner, biological tests
for macromolecules found in living organisms (2.4).

• Select and use appropriate modes of representation to
communicate scientific ideas, plans, and experimental
results (2.4, 2.7, 2.11).

• Select appropriate instruments and use them effectively
and accurately in collecting observations and data (2.4,
2.7, 2.11).

• Illustrate and explain important cellular processes,
including their function in the cell, and the ways in
which they are interrelated (2.4, 2.9, 2.10, 2.11).

• Identify nd des ribe s ien e nd te hnology b sed

Chapter 2 Summary

Key Terms

active transport
alcoholic fermentation
anaerobic respiration
autotrophs
Brownian motion
carbohydrates
cellulose
coagulation
Concentration gradient
dehydration synthesis
denature
diffusion
electron transport

system 
equilibrium
fatty acids
glycerol
glycogen
homeostasis
hypertonic solution

hypotonic solution
isotonic solution
lactic acid
liposomes
macromolecules
nucleotides
nutrients
osmosis 
oxidize
passive transport
phagocytosis
phospholipids
phosphorylation
photosynthesis
pinocytosis
polypeptide
starch
transcription
translation
triglyceride

In this chapter, you examined biochemicals and bio-
chemical processes

Make a
Summary

The Source of Heredity 187

Key Expectations

Throughout this chapter, you have had opportuni-

ties to do the following:

• Summarize main scientific discoveries of the 19th and
20th centuries that led to the modern concept of the
gene (5.1–5.10).

• Explain how the concepts of DNA, genes, chromo-
somes, and meiosis account for the transmission of
hereditary characteristics from generation to genera-
tion, and demonstrate an understanding that a genetic
disorder linked to the sex chromosomes is more likely
to be expressed in males than in females (5.2, 5.3, 5.4,
5.5, 5.8, 5.9).

• Demonstrate the skills required to plan and carry out
investigations (5.3).

• Select and use appropriate modes of representation to
communicate scientific ideas (5.3).

• Compile qualitative and quantitative data from a labora-
tory investigation on monohybrid and dihybrid crosses,
and present the results by hand or computer (5.3).

• Predict the outcome of various genetic crosses (5.3).
• Solve basic genetic problems involving sex-linked genes

using the Punnett method (5.3).
• Explain, using Mendelian genetics, the concept of sex

linkage (5.3, 5.8).
• Identify and describe examples of Canadian contribu-

tions to knowledge about genetic processes, and to tech-
nologies and techniques related to genetic processes
(5.3, 5.8, 5.10).

• Research genetic technologies using sources from print
and electronic media, and synthesize the information
gained (5.7, 5.8, 5.9, 5.10).

• Identify and describe science- and technology-based
careers related to the subject area being studied (5.9).

• Locate, select, analyze, and integrate information on
topics being studied (5.9, 5.10).

Chapter 5 Summary

In this chapter, you studied cells and chromosome
structure to better understand how genes work. To
summarize your learning, create a poster of a human
genome that shows the principles of sex-linked genes
and helps show the relationship between genes and
chromosomes. Label the sketch with as many of the
key terms as possible. Check other posters and use
appropriate ideas to make your poster clear.

Make a
Summary

Revisit your answers to the Reflect on Your Learning questions
at the beginning of the chapter.

• How has your thinking changed?
• What new questions do you have?

Reflect Learningon
your

Key Terms

Barr body
complementary

base pair
conjugation
gene therapy
genome
mutations
pathogen

plasmid
recessive lethal
recombinant DNA
restriction enzyme
sex-linked traits
somatic cells
transposons

Respiratory System 293

8.3

Maintaining Gas Levels

A variety of homeostatic mechanisms exist to help maintain appropriate levels of
oxygen and carbon dioxide. For example, a chemical receptor helps ensure that
carbon dioxide, the waste product of cellular respiration, does not accumulate.
During exercise, cellular respiration increases, causing carbon dioxide levels to
increase. This stimulates chemical receptors in the brainstem. The activated
nerve cells from the brain carry impulses to muscles that increase breathing
movements. Increased breathing movements help flush excess carbon dioxide
from the body. Other chemical receptors in the walls of the carotid artery are able
to detect low levels of oxygen in your blood. A nerve is stimulated and a message
is sent to the brain. The brain relays the information, by way of another nerve, to
the muscles that control breathing. Thus, a system of “turning on” and “turning
off” mechanisms is used to help maintain homeostasis.

Gas Exchange and Transport

1. Diffusion of a gas occurs from an area of high pressure to an area of low
pressure.

2. The partial pressure of oxygen is highest in the atmosphere and lowest in
the veins and tissues.
• Oxygen diffuses from the atmosphere into alveoli and then into the blood.
• Haemoglobin increases the oxygen-carrying capacity of blood by bonding

to oxygen molecules to form oxyhaemoglobin. Haemoglobin and oxygen
dissociate in the capillaries, and oxygen diffuses into the tissues.

3. The partial pressure of carbon dioxide is highest in the tissues and veins
and lowest in the atmosphere.
• Some carbon dioxide combines with water from plasma to form carbonic

acid; this decreases carbon dioxide concentration, ensuring that carbon
dioxide continues to diffuse into the blood.

• Carbonic acid dissociates into HCO3
– and H+. Haemoglobin combines

with H+, releasing oxygen and acting as a buffer.

CO2 transport

body cell

red blood cell

HCO3

C6H12O6 + 6O2

HbO2
H + Hb

reduced hemoglobin

CO2 + H20

H+

  –enzyme

6CO2 + 6H2O

O2
Figure 4

Under the influence of carbonic anhydrase,
an enzyme found in red blood cells, carbon
dioxide combines with water to form carbonic
acid (H2CO3), which then dissociates into H+

and HCO3
– ions.

Using a graphic organizer such as a concept
map in the Chapter Summary, students have
the opportunity to summarize key terms and
concepts to consolidate understanding.

Concept/Skill Summary 
A point-form summary of the major concepts
or skills presented in the section intended to
aid in study. It could be a summary of the steps
required to solve a particular class of problems.
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no symptoms of the disease. Indicate the possible geno-
types and phenotypes of the offspring if a male with the
genotype TmTn married and had children with a
woman of the same genotype.

15. In guinea pigs, black coat colour is dominant over white.
Short hair is dominant over long hair. A guinea pig that
is homozygous for white and for short hair is mated with
a guinea pig that is homozygous for black and for long
hair. Indicate the phenotype(s) of the F1 generation. If
two hybrids from the F1 generation are mated, determine
the phenotype ratio of the F2 generation.

16. The diabetes allele is recessive. Use the phenotype chart
to answer the following questions.
(a) How many children do parents A and B have?
(b) Indicate the genotypes of parents A and B.
(c) Give the genotypes of M and N.

(c) Should amniocentesis be performed even if there
is no strong evidence suggesting genetic problems?
Give your reasons.

(d) Should pedigrees be made public? Identify pros and
cons before coming to a conclusion.

female
diabetic
female
normal
male
diabetic
male
normal

I

II

III

D

A B

C E F G H

J K L M NI

? ?

Figure 2

Making Connections

17. In Canada, it is illegal for individuals to marry their
own immediate relatives. Using the principles of
genetics, explain why inbreeding is discouraged.

18. Amniocentesis is a common prenatal procedure that
is used to obtain cells to test for genetic abnormalities,
such as cystic fibrosis. The test is usually done in the
15th to 18th week of pregnancy on a woman who has
an increased risk of having children with genetic
abnormalities. Cystic fibrosis is caused by a recessive
allele found on chromosome 7.
(a) See Figure 3. Woman (O), who has cystic fibrosis in

her family history through marriage, is carrying a
child. The lineage of her husband (K) is also linked
with cystic fibrosis. On the basis of the information
provided, would you recommend amniocentesis?
Keep in mind that, like all invasive procedures, some
risk, although small, is associated with amniocen-
tesis. Provide reasons for your response.

(b) Would you recommend the procedure if man K mar-
ried woman O’s cousin, woman J? Give your reasons.

I

II

III

ID

A B

C E F G H

J K L M N O

Mother O’s Family Tree

I

II

III

Father K’s Family Tree

A B

IDC E F G H J

K L M N O P Q R S

Figure 3

19. During the 19th century, individuals with genetic
disorders were often shunned. As the 20th century
emerged and society began to understand that many
of these conditions were genetic, a movement emerged
that aimed to eliminate defective genes or less desirable
genes from the human population.
(a) How might defective genes be eliminated from a

population?
(b) Identify moral and ethical issues associated with a

policy that attempts to eliminate genes considered
less advantageous.

Exploring

20. Reread “The Plant Breeders” in section 4.3. Find out
about other Canadian contributions to plant genetics.
What technologies were used or created in the discovery
process? On the Internet, follow the links to Nelson
Biology 11, 4 Review.

www.science.nelson.comGO TO

14

The Nelson Science Web site
(www.science.nelson.com)
includes “Work the Web”
links along with other
resources for students,
parents, and teachers.

Web Questions appear
periodically throughout
the student text. These
questions provide students
with the opportunity to
extend learning by doing
further research and
engaging in interactive
activities on the Internet
related to lessons
presented in the text.
Links to Explore an Issue
lessons help students to
further understand the
issue by pointing them to
Web sites supporting
alternative positions.

How does Nelson Biology 11 integrate the use of information technology, laboratory
computer interface technology, and the Internet?

Technology
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The Student CD-ROM
not only includes all
of the student text,
but also additional
computer animations.

Specific Expectation Addressed
• compile qualitative and quantitative data from a
laboratory investigation of monohybrid and dihybrid crosses,
and present the results, either by hand or by computer.

Ontario Curriculum, Grades 11 and 12 Science , p. 16

156 Chapter 4

Understanding Concepts

1. Why are test crosses important to plant breeders?

2. A dihybrid cross can produce 16 combinations of alleles, 9 of
which are different. Explain why 100 seeds were counted rather
than only 16 or 9.

Applying Inquiry Skills

3. A dominant allele Su, called starchy, produces smooth kernels of
corn. The recessive allele su, called sweet, produces wrinkled ker-
nels of corn. The dominant allele P produces purple kernels, while
the recessive allele p produces yellow kernels. A corn plant with
starchy, yellow kernels is cross-pollinated with a corn plant with
sweet, purple kernels. One hundred kernels from the hybrid are
counted, and the following results are obtained: 52 starchy, yellow
kernels and 48 starchy, purple kernels. What are the genotypes of
the parents and of the F1 generation?

Making Connections

4. Thousands of years ago, the ancestor of corn grew only in
Mexico. Scientists have used technology and selective breeding
methods to develop varieties of corn that can grow in a wide
range of environmental conditions. As a result, corn is now
grown in many places where it would not occur by nature.
What are some risks associated with growing a species in a
foreign environment? Start your research on the Internet.
Follow the links to Nelson Biology 11, 4.6.

Section 4.5-4.6 Questions

www.science.nelson.comGO TO

(c) Assuming that sample B was produced from a test cross (i.e. B is from the
F1 generation), what is the phenotypic ratio of the F1 generation?

(d) What is the phenotype of the unknown parent?

Virtual Fruit Fly Simulation
Go on the Internet and follow the links to Nelson Biology 11, 4.6 to
begin the activity.

Test your understanding of Mendelian genetics by performing crosses
in the Virtual Fruit Fly lab. You will be able to select traits that demon-
strate the concepts of dominant and recessive alleles, segregation, and
independent assortment. 

• Create a classroom list of all possible crosses. 
• Working in groups of 2 or 3, select at least 2 crosses to examine.  
• Write a report of the crosses you tested and the results. 
• State the genotypes and phenotypes of the parents and F1 and F2

offspring.
• Indicate the number of each type of offspring produced in each

generation.
• Record the information on the classroom list.
• As a class, analyze the data. Compare the number of flies for eye

colour and for the other traits that were examined.

Try This
Activity

www.science.nelson.comGO TO

Chemistry of Life 33

2.1

The foods you eat can be classified into three major groups of nutrients:
carbohydrates, proteins, and fats, which are also called lipids. These nutrients
make up the bulk of what you eat. Vitamins and minerals are also required, but
in much smaller amounts. Most of the food you eat is a combination of nutri-
ents. For example, the cereal you eat for breakfast or the bowl of vegetable soup
you have for lunch is a combination of carbohydrates, proteins, and fats, as well
as some vitamins and minerals.

Activity 2.1.1

Investigating 3-D Molecules 

In this activity, you will view and manipulate computer-generated, three-dimen-
sional molecular models of various biochemicals, the chemicals of living matter.
You will also compare the different nutrient molecules.

1. Log on to your computer. On the Internet, follow the links for Nelson
Biology 11, 2.1.

2. Select the carbohydrates category. View glucose (Figure 3) and fructose.
Name the elements present in these two molecules. Count the number of
atoms of each element. Record the information as a ratio.

3. View lactose and sucrose. For each molecule, record the number of atoms
of each element.

4. View cellulose and amylose. Describe the differences between cellulose and
amylose. Provide an illustration of each molecule.

5. Select the lipids category. View glycerol, a fatty acid, and a triglyceride. A
triglyceride is made up of glycerol and fatty acids. Record the number of
glycerol and fatty acids molecules that can be found in one triglyceride.

6. View a saturated fatty acid and an unsaturated fatty acid. Compare these
two by the number of hydrogens per carbon.

7. View a phospholipid. Compare the phospholipid to a triglyceride by the
types of elements that each contains and by their structure.

8. Select the proteins category and view haemoglobin (Figure 4). Compare
the haemoglobin to carbohydrates and lipids by size and complexity.
Record the new elements that are present.

nutrients: the raw materials needed for
cell metabolism

www.science.nelson.comGO TO

Figure 3

Computer-graphics model of a glucose
molecule

Figure 4

Computer-graphics model of a haemo-
globin molecule

Figure 5

Computer-graphics model of DNA

Specific Expectation Addressed 
• view and manipulate computer-generated, three-dimensional
molecular models of important biochemical compounds including
carbohydrates, proteins, lipids, and nucleic acids.

Ontario Curriculum, Grades 11 and 12 Science, p. 13

Student EditionStudent Edition
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The data will be recorded in a table
like Table 4.

The data from the table will be
plotted on a bar graph to show the
frequency distribution of the various
species. This will make it easier to
identify the most common species.

In the evaluation of this investiga-
tion, we must first decide whether
our sample areas collectively repre-
sent the forested areas of our local
region. We can then compare the
frequencies of the different species
in the local area to the frequencies
of those species in the typical boreal
forest. The results of this investiga-
tion might lead us to speculate
about the reasons (e.g., climate,
topography, soil) for any differences
in vegetation between our local area
and the typical boreal forest.

For the format of a typical lab
report, see the sample Lab Report
in Appendix A4.

There are many ways to gather
and record observations during
an investigation. During your
observational study, you should
quantify your observations
where possible. All observa-
tions should be objective and
unambiguous. Consider ways
to organize your information
for easier analysis.

After thoroughly analyzing your
observations, you may have suf-
ficient and appropriate evidence
to enable you to answer the
question posed at the beginning
of the investigation. You may
also have enough observations
and information to form a
hypothesis.

At this stage of the investiga-
tion, you will evaluate the
processes that you followed to
plan and perform the investiga-
tion. Evaluating the processes
includes reviewing the design
and the procedure. You will also
evaluate the outcome of the
investigation, which involves
assessing the evidence—
whether it supports the hypoth-
esis or not—and the hypothesis
itself. The results of most obser-
vational investigations suggest
further studies.

In preparing your report, your
objectives should be to describe
your design and procedure
accurately, and to report your
observations accurately and
honestly.

Gathering, recording,

and organizing

observations

Analyzing the

observations

Evaluating the evidence

and the hypothesis

Reporting on the

investigation
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8 Appendix A

Observational Studies
Often the purpose of inquiry is simply to study a natural phe-
nomenon with the intention of gaining scientifically signifi-
cant information in answer to a question. Observational
studies involve observing a subject or phenomenon in an
unobtrusive or unstructured manner, usually with no specific
hypothesis. A hypothesis may, however, be generated after
repeated observations, and modified as new information is
collected over time.

The flow chart (Figure 3) summarizes the stages and
processes of scientific inquiry through observational studies.
The chief difference between an observational study and a
correlational study is that the hypothesis or plausible expla-
nation may not be posed at the beginning of the study, but
instead only after considerable evidence has been gathered.

Choose a topic that interests
you. Determine whether you are
going to replicate or revise a
previous study, or create a new
one. Indicate your decision in a
statement of the purpose.

In planning an observational
study, it is important to pose a
general question about the nat-
ural world. You may or may not
follow the question with the
creation of a hypothesis.

A hypothesis is a tentative
explanation. In an observa-
tional study, a hypothesis can
be formed after observations
have been made and informa-
tion gathered on a topic.

The design of an observational
study describes how you will
make observations relevant to
the question.

What are the most common species
of trees in our local region? Is the
vegetation in our region representa-
tive of the vegetation in the boreal
forest biome?

There is considerable variation in
the vegetation found throughout
any biome. However, one would
expect that certain species would
be more common than others and
would be found throughout the
biome. Since we are geographically
located in what is defined as the
boreal forest biome we would
expect that the most common trees
in this area would be those that
define the vegetation of the boreal
forest (i.e. spruce, fir, pine).

We will conduct an inventory of
trees in 10 sample areas of our
local region. Each sample area will
be 10 000 m2 (100 m × 100 m). All
species of trees will be identified
(using the common and scientific
names) and counted in each sample
area. The sample areas will be
selected by placing a scaled grid
over a map of the region and then
randomly selecting 10 cells of the
grid.

The purpose of our investigation is
to conduct an inventory of the plants
in our local area to determine the
most common trees and to deter-
mine if the vegetation in our local
area is typical of that found in the
boreal forest biome.
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Hypothesizing/

predicting

Designing the

investigation

Appendix A1

Figure 2

Where does this go?

Table 4: Inventory of Trees in Sample Areas of Local Region

Sample area

Tree species (common 1 2 3 4 5 6 7 8 9 10 Total
and scientific name)  

16

Appendices
The appendices of Nelson Biology 11 are an important feature of the text, providing students with comprehensive skills and a reference

resource. The six appendices include:

• Scientific Inquiry Skills

• Technological Problem Solving

• Decision-Making Skills

• Lab Report Writing

• Graphic Organizers 

• Math Skills

• Safety Skills

• Reference Charts

• Answers to Questions

• Care and Use of a Microscope

Scientific Inquiry Skills 7

Individuals and group results will
be recorded in tables like Tables 2
and 3.

Once we have totalled the number
of individuals who are colourblind,
we will calculate a percentage for
each sex. If there was no relation-
ship between the sex of the indi-
vidual and the incidence of
colourblindness, we would expect
an equal percentage of males and
females to be colourblind.

Was the sample size adequate? If
the survey was completed on 10
other samples of this size, what is
the likelihood that the results
would be different? Do the survey
results indicate that the incidence
of colourblindness is significantly
higher among males than females
or can any difference be attributed
to random variation in the sample?

For the format of a typical lab
report, see the sample Lab Report
in Appendix A4.

There are many ways to gather
and record observations during
an investigation. It is helpful to
plan ahead and think about
what information you will need
and how best to record it. This
kind of prepartion helps to
clarify your thinking about the
question posed at the begin-
ning, the variables, the number
of trials, the procedure, and so
on. It will also help you
organize your information for
easier analysis later.

After thoroughly analyzing your
observations, you may have suf-
ficient and appropriate evidence
to enable you to answer the
question posed at the beginning
of the investigation.

At this stage of the investiga-
tion, you will evaluate the
processes that you followed to
plan and perform the investiga-
tion. Evaluating the processes
includes reviewing the design
and the procedure. You will also
evaluate the outcome of the
investigation, which involves
assessing the evidence—
whether it supports the hypoth-
esis or not—and the hypothesis
itself. The results of your inves-
tigation may be used to create
new related studies.

In preparing your report, your
objectives should be to describe
your design and procedure
accurately, and to report your
observations accurately and
honestly.

Gathering, recording,

and organizing

observations

Analyzing the

observations

Evaluating the evidence

and the hypothesis

Reporting on the

investigation
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6 Appendix A

Correlational Studies
When the purpose of scientific inquiry is to test a suspected
relationship (hypothesis) between two different variables, but
a controlled experiment is not possible, a correlational
inquiry is conducted. The investigator cannot purposefully
change or control the variables but instead must allow them
to change naturally. It is often difficult to isolate cause and
effect in correlational studies. A correlational inquiry
requires large sample numbers and many replications to
increase the certainty of the results.

The flow chart (Figure 2) outlines the components that
are important in designing a correlational study. An investi-
gator can use databases prepared by other researchers to find
relationships between two or more variables, or can make
observations and measurements through fieldwork, inter-
views, and surveys.

Choose a topic that interests
you. Determine whether you are
going to replicate or revise a
previous study, or create a new
one. Indicate your decision in a
statement of the purpose.

In planning a correlational
study, it is important to pose a
question about a possible sta-
tistical relationship between
variable A and variable B.

A hypothesis is a tentative
explanation. In a correlational
study, a hypothesis can range in
certainty from an educated
guess to a concept that is
widely accepted in the scien-
tific community.

The design of a correlational
study identifies how you will
collect information on the vari-
ables under study and also
identifies the potential source
of such information. There are
two possible sources of infor-
mation: existing data and new
data found by the investigator.

Is there a greater percentage of
males than females who are colour-
blind?

Red-green colour blindness is a
sex-linked recessive disorder. In a
large sample, the incidence of
colourblindness among males will
be significantly higher than the inci-
dence among females.

An equal number (two hundred
each) of males and females in the
school will be surveyed for colour-
blindness. The data will be
recorded in a table and the per-
centage of colourblind individuals
will be calculated. The actual, or
observed, percentage will be com-
pared to the percentage we would
expect if there were no relationship
between the two variables.

The purpose of this investigation is
to determine if there is a statistical
relationship between the sex of an
individual and colourblindness.
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Table 2: Individual Colourblind
Test Results

Participant Colour Identified
# plate # correctly?(Y/N)

1 1

2

3

4

2 1

2

3

4

Table 3: Percentage of Colourblind
and Normal by Sex

Colourblind Normal

Male

Female

Figure 2

Where does this go?

Scientific Inquiry Skills 5

The measurements and observa-
tions will be recorded in a table
like Table 1.

The results will be analyzed to
determine if there were any changes
in mass and if there were any other
observable changes. Changes in
mass and/or colour should enable us
to determine what is happening
with the cells.

To evaluate this investigation, we
have to ask ourselves several
questions. Is our model cell an
appropriate model? Do the results
allow us to determine how water
moves into and out of cells? Does
the evidence gathered support our
hypothesis? Are there possible
sources of error that may invali-
date the evidence?

For the format of a typical lab
report, see the sample Lab Report
in Appendix A4.

There are many ways to gather
and record observations during
an investigation. It is helpful to
plan ahead and think about
what information you will need
and how best to record it. This
kind of preparation helps to
clarify your thinking about the
question posed at the begin-
ning, the variables, the number
of trials, the procedure, and so
on. It will also help you
organize your information for
easier analysis later.

After thoroughly analyzing your
observations, you may have suf-
ficient and appropriate evi-
dence to enable you to answer
the question posed at the begin-
ning of the investigation.

At this stage of the investiga-
tion, you will evaluate the
processes that you followed to
plan and perform the investiga-
tion. Evaluating the processes
includes reviewing the design
and the procedure. You will
also evaluate the outcome of
the investigation, which
involves assessing the evi-
dence—whether it supports the
hypothesis or not—and the
hypothesis itself.

In preparing your report, your
objectives should be to describe
your design and procedure
accurately, and to report your
observations accurately and
honestly.

Gathering, recording,

and organizing

observations

Analyzing the

observations

Evaluating the evidence

and the hypothesis

Reporting on the

investigation
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Planning an Investigation
In our attempts to further our understanding of the natural
world, we encounter questions, mysteries, or events that are
not readily explainable. We can use controlled experiments,
correlational studies, or observational studies to help us look
for answers or explanations. The methods used in scientific
inquiry depend, to a large degree, on the purpose of the
inquiry.

Choose a topic that interests
you. Determine whether you are
going to replicate or revise a
previous study, or create a new
one. Indicate your decision in a
statement of the purpose.

Your question forms the basis
for your investigation. Controlled
experiments are about relation-
ships, so the question could be
about the effects on variable A
when variable B is changed. The
question may also be about
what causes the change in vari-
able A. In this case, you might
speculate about possible vari-
ables and determine which vari-
able causes the change.

A hypothesis is a tentative
explanation. You must be able
to test your hypothesis. It can
range in certainty from an edu-
cated guess to a concept that is
widely accepted in the scien-
tific community.

The design of a controlled
experiment identifies how you
plan to manipulate the inde-
pendent variable, measure the
response of the dependent vari-
able, and control all the other
variables.

Under what conditions does water
move in and out of cells?

If a model cell is placed in a hypo-
tonic solution (having lower con-
centrations of solute than the cell),
water will move into the cell. If a
cell is placed in a hypertonic solu-
tion (having higher concentrations
of solute than the cell), water will
move out of the cell.

Three model cells are constructed
from dialysis tubing. Two are filled
with distilled water and one with a
starch ssuspension. One of the cells
with distilled water is placed in a
beaker of starch suspension. The
other two cells are placed in
beakers of distilled water. Iodine is
added to the distilled water in the
beakers. (Iodine is used as an indi-
cator to detect the presence of
starch.) The mass of each cell is
recorded and other observations
are made at the beginning and
after 10 and 20 min.

The purpose of this investigation
is to examine the conditions under
which water moves into and out of
cells.
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Scientific Inquiry Skills
Table 1: Observations of Model Cells

Model cell Initial mass Mass after Mass after Other
(g) 10 min (g) 20 min (g) observations

cell A—dialysis tube with
distilled water in beaker
of distilled water    

cell B—dialysis tube with
starch suspension in beaker
of distilled water    

cell C—dialysis tube with
distilled water in beaker
of starch suspension    

Controlled Experiments
Controlled experiments are performed when the purpose of the
inquiry is to create or test a scientific concept. In a controlled
experiment, an independent variable is purposefully and
steadily changed to determine its effect on a second, dependent,
variable. All other variables are controlled or kept constant.

The common components for controlled experiments
are outlined in the flow chart (Figure 1). Even though the
sequence is presented linearly, there are normally many cycles
through the steps during the actual experiment.

Figure 1

Where does this go?

Scientific Inquiry Skills 15

Table 1 illustrates a rating for two different
respirometer designs. Note that although design 1
came out with the highest rating, there is one
factor (subject safety) that suggests that we
should go with design 2. This is what is referred
to as a tradeoff. We have to compromise on cri-
teria such as size and accuracy in order to ensure
that the apparatus is safe for the subject spec-
imen. By reviewing or evaluating the product and
the process so far, we may be able to modify
design 2 to optimize its performance in meeting
the other criteria.

In this phase, you will construct and test
your prototype. You may also complete a
cost-benefit analysis of the prototype.

To help you decide on the best solution,
you can rate each potential solution based
on each of the design criteria on a scale of
1 to 5. You can then compare your proposed
solutions by totalling the scores.

In presenting your solution, you will com-
municate what your solution is, identify
potential applications, and put your solution
to use.

Once a decision has been made about
the design, the best presentation of the
solution is a demonstration of its use—a
test under actual conditions. This demon-
stration can also serve as a further test of
the design. Any feedback should be consid-
ered for future redesign. Remember that no
solution should be considered final. Always
consider the possibility of further refine-
ments to improve the performance of the
preferred solution.

The technological problem-solving process
is cyclical. 
Every step in the process involves feedback
and evaluation. However, it is important to
evaluate the final product using the estab-
lished criteria, and to evaluate the process
you followed while arriving at the solution.
Evaluating your product and process may
lead to a revision of the solution. 

Consider the following questions:
• To what degree does the final product

meet the design criteria?
• Can the final product enable us to col-

lect the information needed for the sci-
entific investigation?

• Did we have to make any compromises
in the design? If so, are there ways to
minimize the effects of the compro-
mises?

• Did we exceed any of the resource
parameters?

• Were there any unexpected (positive or
negative) outcomes?

• Are there other possible solutions that
deserve future consideration?

• How did our group work as a team?
• If we were given a similar task, how

would we work differently in our group?

Constructing/testing solutions
Presenting the

preferred solution

Evaluating the solution

and Process
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There is a difference between science and technology. The
goal of science is to understand the natural world. The goal of
technological problem solving is to develop or revise a
product or a process in response to a human need. The
product or process must fulfill its function but, in contrast
with scientific problem solving, it is not essential to under-
stand why or how it works. Technological solutions are eval-
uated based on such criteria as simplicity, reliability,
efficiency, cost, and ecological and political perspectives.

Figure 1 illustrates the technological problem-solving
process. This process starts with the identification of a need,

which leads to a clear definition of the problem, and ends
with an appropriate solution that addresses the need. It is
important to keep in mind that the process itself is an impor-
tant determinant of effective problem solving. Figure 2 out-
lines the process of technological problem solving in the
form of a flow chart .

Clearly state the question(s) that you want to
investigate to solve the problem.

Use your prior knowledge and experience
to propose possible solutions. Creativity is
also important in suggesting novel solutions.
Brainstorming in a group setting is generally
a good way to generate ideas. During brain-
storming, the goal is to generate many ideas
without judging them. They can be evaluated
and accepted or rejected later.

Your plan will outline your procedures,
identify potential sources of information and
materials, define your resource parameters,
and establish evaluation criteria. Seven
types of resources are generally used in
developing technological solutions to prob-
lems: people, information, materials, tools,
energy, capital, and time.

Generate as many ideas as possible about the
functioning of a respirometer and about potential
designs.

In this problem, you may need, and be restricted
by, the following resources:

• people—yourself, your partner(s), and your
biology teacher

• information—You already understand the
biochemical process of respiration. You need
to understand how a respirometer works.
What chemical reactions occur? What vari-
able is measured as an indicator of oxygen
consumption? In what units do you measure
oxygen consumption?

• materials—Your choice of materials is lim-
ited by the proposed design of your
respirometer, cost, availability, and time. You
are restricted to materials that can be
obtained in school or at home. Materials to
consider include a large tray, beaker or flask,
rubber stopper, rubber tubing, glass tubing,
pipette, graduated cylinder, plastic bottles,
carbon dioxide (CO2) absorbent such as
potassium hydroxide (KOH) solution or pel-
lets, plasticene, silicone caulking. 

• tools—The tools you will need will depend
on your proposed design. For this problem,
you are likely to require only common hand
tools such as a knife and scissors. Your

You need to conduct an investigation to deter-
mine how temperature affects respiration rate in
mammals. You need an instrument to measure
the consumption of oxygen. A respirometer
measures oxygen consumption during respira-
tion. Respirometers are commercially available
but may be inaccessible because of cost or other
limitations. Your challenge then is to design a
respirometer that will enable you to measure
oxygen consumption with a degree of accuracy
sufficient to answer your scientific question.
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Technological Problem Solving Skills

Identifying possible solutionsDefining the problem

design should not require any specialized
tools or machines.

• energy—The only energy requirement for
this problem is your own energy.

• capital—The capital resources must be
minimal, otherwise it may be more efficient
to purchase a commercial model. Limit your
design to a cost of not more than $10.

• time—Because of the time limit on the sci-
entific investigation, there is an even shorter
time limit on the construction of a respirom-
eter that will be used to collect data in the
investigation. You should be able to con-
struct your respirometer within 30 min.

The following are design criteria:
• large enough to contain a small mammal

(e.g., mouse, gerbil)
• accurate to at least + or – 5 mL/min
• must incorporate a thermometer
• can be reused without significant mainte-

nance
• safe for animal subject  

Table 1: Rating for Respirometer Designs

1—poor, 2—fair, 3—good, 4—very good, 5—excellent

Design criterion Design 1 Design 2

size 4 3

accuracy 4 3

thermometer 5 3

ease of reuse 4 3

subject safety 2 5

total score 19 17  

Figure 2

Where should this
figure # go?

This text is run-on from
the 3rd column

Scientific Inquiry Skills 11

The causal, sequential, or structural relationships
related to the issue include the following: GM
food has arisen from the need to produce more
and better food for the world’s population. A con-
sequence may be that consumers will refuse to
buy the GM products, thereby increasing the
demand for traditionally produced food and
increasing prices accordingly. Another conse-
quence is that public funds are being spent to sup-
port research in genetically modified food crops.

(Table 3 and the Decision-Making section of
the CD show a risk-benefit analysis of producing
GM foods.)

There are five steps that must be completed
to analyze the issue effectively. 

1. Establish criteria for evaluating your
information to determine its relevance
and significance. Using a graphic
organizer may assist in both evaluating
the information and clarifying the per-
spectives.

2. Evaluate the sources of information.
Separate fact from opinion. Are you able
to confirm the facts given? Determine
what perspectives and biases the
authors bring.

3. Identify and determine what assump-
tions have been made and whether
they are supported. If there is not
enough supporting evidence, the
assumption should be challenged.

4. Determine any causal, sequential, or
structural relationships that may be
associated with the issue.

5. Evaluate the alternative solutions. You
may decide to carry out a risk-benefit
analysis—a tool that enables you to
look at each possible result of a pro-
posed action and helps you make a
decision.

After analyzing your information, you can
answer your research question and take
an informed position on the issue. Your
position on the issue must be justified
using supporting information that you have
researched. You should be able to defend
your position to people with different per-
spectives. Ask yourself the following
questions:

• Do I have supporting evidence from a
variety of sources?

• Can I state my position clearly?
• Can I show why this issue is relevant

and important to society?
• Do I have solid arguments (with solid

evidence) supporting my position?
• Have I considered arguments against

my position and identified their faults?
• Have I analyzed the strong and weak

points of each perspective?
Communicate your decision using an appro-
priate format (e.g., debate, class discussion,
speech, position paper, multimedia presen-
tation, brochure, poster, video).

The final phase of decision making includes
reflecting on the decision itself and the
process used to reach the decision. The fol-
lowing are some questions to guide your
reflection:

• How did I determine what the issue
was?

• What was my initial perspective on the
issue? How has my perspective
changed since I first began to explore
the issue?

• How did I gather information about the
issue? What criteria did I use to eval-
uate the information?

• What facts did I consider to be most
important in making my decision?

• Before making my decision, whose per-
spectives did I consider?

• What options did I consider? How
would each option affect the stake-
holders?

• How did I make my decision? What
process did I use? What steps did I
follow?

• In what ways does my decision resolve
the issue?

• What are the likely short- and long-
term effects of the decision?

• How might the decision affect the var-
ious stakeholders?

• To what extent am I satisfied with my
final decision?

• What reasons would I give to explain
my decision?

• If I had to make this decision again,
what would I do differently?

Analyzing the issue Defending the decision Evaluating the process
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Modern life is filled with environmental and social issues that
have scientific and technological dimensions. An issue is
defined as a problem if it has at least two possible solutions
rather than a single answer. The variety of positions on an
issue are determined by the values of an individual or a
society. The best solution is the one that is appropriate for
most members of society.

The common components involved in the decision-
making process are outlined in the flow chart (Figure 1).

Some sections on this page have far too much copy and
extend beyond the colour fields...other sections have no
copy at all.

The first steps in understanding an issue are
explaining why it is an issue, describing the
problems associated with the issue, and
identifying the stakeholders—the individuals
or groups who may be positively or negatively
affected by the issue. Use the following ques-
tions to help you decide what you need to
research: Who? What? When? Where? Why?
How? Develop background information on the
issue by clarifying facts and concepts and
identifying relevant attributes, features, or
characteristics of the problem.

Examine the issue and think of as many
alternative solutions as you can. At this
point, it does not matter if the solutions
seem unrealistic. To analyze the alterna-
tives, you should examine the issue from a
variety of perspectives. Stakeholders may
bring different viewpoints to an issue and
these may influence their position on the
issue. Brainstorm or hypothesize how dif-
ferent stakeholders would feel about your
alternatives. 

Formulate a research question that helps
to limit, narrow, or define the issue. Then
develop a plan to find reliable and relevant
sources of information. Outline the stages of
your information search: gathering, sorting,
evaluating, selecting, and integrating rele-
vant information on the issue. You may con-
sider using a flow chart, concept map, or
other graphic organizer to outline the stages
of your information search. Gather informa-
tion from a number of different sources
including books, newspapers, magazines,
scientific journals, and the Internet.

One possible solution for people concerned
about GM food is to ban its production. Since
farmers who grow GM foods would lose income,
it might be necessary to offer subsidies for
farmers who grow GM crops.

Think about how different stakeholders might
feel about the alternatives. What would be the
perspective of a consumer? a local politician? a
farmer? an agronomist? a geneticist? an econo-
mist? a nutritionist? (See Table 2 and the
Decision-Making section of the CD for a descrip-
tion of the possible perspectives on an issue.)

Remember that one person could have more
than one perspective, or two people looking at
an issue from the same perspective might dis-
agree. For example, geneticists might disagree
about the impact of genetically engineered
species on natural species.

A possible research question is: What are the
advantages and disadvantages of genetically
modified foods?

Genetically modified (GM) foods are foods that have
been altered by the insertion of genes from a dif-
ferent species. Crops can be genetically modified to
grow quickly, to be resistant to diseases and pests,
or to be efficient at absorbing nutrients from the soil.

There is growing public debate about such
foods. Should we eat foods produced from geneti-
cally engineered organisms? Are they safe? Have
they been tested enough to assure us that there will
be no long-term effects from eating these foods?
What will be the impact of genetically engineered
species on natural species?

The issue is the overall safety of foods produced
from genetically engineered organisms. In this
debate, there are basically two positions: you either
support genetic engineering in agriculture or you do
not support it. (See Table 1 and the Decision-Making
section of the CD for a list of potential groups or
stakeholders who may be positively or negatively
affected by the issue.) Develop your knowledge of
the background information on the issue by clarifying
facts and concepts, and by identifying relevant attrib-
utes, features, or characteristics of the problem.
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Where does this go?
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Investigation 2.5 – Movement of Water
Into and Out of Cells

April 15, 2001

By Barry L. and Eileen J.

Purpose

The purpose of this investigation is to examine the conditions under which water moves into and out
of cells, using dialysis tubing as a model of a cell membrane.

Question

Under what conditions does water move in and out of cells?

Prediction

If a model cell is placed in a hypotonic solution (having lower concentrations of solute than the cell),
water will move into the cell. If a cell is placed in a hypertonic solution (having higher concentrations
of solute than the cell), water will move out of the cell.

Design

Three model cells are constructed from dialysis tubing. Two are filled with distilled water and one with
starch solution. One of the cells with distilled water is placed in a beaker of starch solution. The other
two cells are placed in beakers of distilled water. Iodine is added to the distilled water in the beakers.
(Iodine is used as an indicator to detect the presence of starch.) The mass of each cell is recorded and
other observations are made at the beginning and after 10 and 20 min.

Materials

lab apron latex gloves
medicine dropper dialysis tubing
funnel paper towels
scissors distilled water
100 mL graduated cylinder 4% starch suspension
three 250-mL beakers iodine
triple-beam balance

Procedure

1. Put on your lab apron. Iodine may stain your fingers; wear latex gloves if available.

2. Cut three strips of dialysis tubing (about 25 cm long) and soak them in a beaker of tap water for
approximately 2 min.

3. Rub one end of the dialysis tubing between your fingers to find the opening. Tie a knot near the
other end. Repeat with the other pieces.

4. Using a graduated cylinder, measure 15 mL of the 4% starch suspension. Pour the suspension
through the funnel into the open end of one of the dialysis tubes.

5. Fill the second and third dialysis tubes with 15 mL of distilled water. In one tube, add 20 drops
of iodine.

6. Tie a knot in the open end of each tube to close it.

7. Rinse the outside of all tubes with distilled water to remove any fluids that may have leaked out
during the tying procedure.

8. Gently blot excess water from the dialysis tubes and measure the mass of each.

9. Construct an observation table similar to Table 1. Record your measurements.

10. Place the dialysis tube with the starch suspension into a beaker containing 100 mL of distilled
water. Place the tube with only distilled water in a second beaker containing 100 mL of distilled
water. Place the tube with distilled water and iodine in a beaker containing 100 mL of starch sus-
pension

11. Add 20 drops of iodine to each of the beakers containing distilled water. Observe all three tubes
and beakers closely for any colour change. Note your observations at the beginning.

12. After 10 min, remove the dialysis tubes from the beakers. Gently blot off any excess liquid from
the tubes and measure the mass of each. Record your observations.

13. Return the dialysis tubes to the appropriate beakers.

14. After another 10 min, remove the tubes again, blot dry, and measure the mass of each. Record
your observations.

15. Pour the contents of the tubes down the sink, and rinse. Dispose of the tubes in the regular
garbage disposal.

Observations

Table 1: Observation Table

Model cell Initial mass (g) Mass after Mass after Other
10 min (g) 20 min (g) observations

dialysis tube with 17.5 17.5 17.5 no observable 
distilled water change in the
in beaker of solution inside
distilled water the tube

dialysis tube with 24.7 25.3 28.4 suspension inside
starch suspension the dialysis tube 
in beaker of turned dark
distilled water

dialysis tube with 18.5 17.8 15.7 starch suspension
distilled water in in the beaker 
beaker of starch turned dark
suspension  

Analysis

• The tube with the distilled water in the beaker containing distilled water showed no change in
mass.

• The tube with the starch suspension increased in mass during each 10-minute period. The
solution in this tube turned dark.

• The tube with the distilled water in the beaker with the starch suspension decreased in mass
during each 10-minute period. The starch suspension in the beaker turned dark.
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Although every effort is made to ensure that the science expe-
rience is safe, there are some inherent risks. These risks are
generally associated with the materials and equipment used,
and with disregard of safety instructions when conducting
investigations. There may also be risks associated with the
location of the investigation. Most of these risks pose no
more danger than what is normally experienceed in everyday
life. With an awareness of the possible hazards, knowledge of
the rules, appropriate behaviour, and common sense, these
risks can be practically eliminated.

Remember, you share the responsibility not only for your
own safety, but also for the safety of those around you. Always
alert the teacher in case of an accident.

In this text, chemicals, equipment, and procedures that
are hazardous are highlighted in red and are preceded by the
appropriate Workplace Hazardous Materials Information
System (WHMIS) symbol or by            .

Safety Conventions
and Symbols
WHMIS Symbols and HHPS

The Workplace Hazardous Materials Information System
(WHMIS) provides workers and students with complete and
accurate information regarding hazardous products. All chem-
ical products supplied to schools, businesses, and industries
must contain standardized labels and be accompanied by a
Material Safety Data Sheet (MSDS) providing detailed infor-
mation about the product. Clear and standardized labelling is
an important component of WHMIS (Table 1). These labels
must be present on the product’s original container and added
to other containers if the product is transferred.

The Canadian Hazardous Products Act requires manufac-
turers of consumer products containing chemicals to include
a symbol specifying both the nature of the primary hazard
and the degree of this hazard. In addition, any secondary haz-
ards, first-aid treatment, storage, and disposal must be noted.
Household Hazardous Product Symbols (HHPS) are used to
show the hazard, and the degree of the hazard is indicated by
the type of border surrounding the illustration (Figure 1).
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CORROSIVE

This material can burn your skin and eyes. If you
swallow it, it will damage your throat and
stomach.

FLAMMABLE

This product or the gas (or vapour) from it can
catch fire quickly. Keep this product away from
heat, flames, and sparks.

EXPLOSIVE

Container will explode if it is heated or if a hole is
punched in it. Metal or plastic can fly out and hurt
your eyes and other parts of your body.

POISON

If you swallow or lick this product, you could
become very sick or die. Some products with this
symbol on the label can hurt you even if you
breathe (or inhale) them.

Figure 1

Household Hazardous Product Symbols

Table 1: WHMIS Symbols

Class and type of WHMIS Risks Precautions
compounds symbol

class A: compressed gas (material • could explode due to pressure • ensure container is always secured
that is normally gaseous and kept in • could explode if heated or dropped • store in designated areas
a pressurized container) • possible hazard from both the force of • do not drop or allow to fall

explosion and the release of contents

class B: flammable and combustible • may ignite spontaneously • store in properly designated areas
materials (materials that will • may release flammable products if allowed to • work in well-ventilated areas
continue to burn after being exposed degrade or when exposed to water • avoid heating
to a flame or other ignition source) • avoid sparks and flames

• ensure that electrical sources are safe

class C: oxidizing materials • can cause skin and eye burns • store away from combustibles
(materials that can cause other • increase fire and explosion hazard • wear body, hand, face, and eye 
materials to burn or support • may cause combustibles to explode or react protection
combustion)  violently • store in proper container that will not

rust or oxidize

class D: toxic materials— • may be fatal if ingested or inhaled • avoid breathing dust or vapours
immediate and severe (poisons and • may be absorbed through the skin • avoid contact with skin and eyes
potentially fatal materials that cause • small volumes have a toxic effect • wear protective clothing, and face and
immediate and severe harm) eye protection

• work in well-ventilated areas and
wear breathing protection

class D: toxic materials— long term • may cause death or permanent injury • wear appropriate personal protection
concealed (materials that have a • may cause birth defects or sterility • work in a well-ventilated area 
harmful effect after repeated • may cause cancer • store in appropriate designated areas
exposures or over a long period) • may be sensitizers causing allergies • avoid direct contact

• use hand, body, face, and eye protection
• ensure respiratory and body protection

is appropriate for the specific hazard

class D: biohazardous infectious • may cause anaphylactic shock • special training is required to handle
materials (infectious agents or a • includes viruses, yeasts, moulds, bacteria, and materials
biological toxin causing a serious parasites that affect humans • work in designated biological areas
disease or death) • includes fluids containing toxic products with appropriate engineering controls

• includes cellular components • avoid forming aerosols
• avoid breathing vapours
• avoid contamination of people/area
• store in special designated areas

class E: corrosive materials • eye and skin irritation on exposure • wear body, hand, face, and eye
(materials that react with metals • severe burns/tissue damage on longer exposure protection
and living tissue) • lung damage if inhaled • use breathing apparatus

• may cause blindness if contacts eyes • ensure protective equipment is
• environmental damage from fumes appropriate

• work in a well-ventilated area
• avoid all direct body contact
• use appropriate storage containers and

ensure proper nonventing closures

class F: dangerously reactive • may react with water • handle with care, avoiding vibration,
materials (materials that may have • may be chemically unstable shocks, and sudden temperature 
unexpected reactions) • may explode if exposed to shock or heat changes

• may release toxic or flammable vapours • store in appropriate containers
• may vigorously polymerize • ensure storage containers are sealed
• may burn unexpectedly • store and work in designated areas
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SI Units

Throughout the text and in this reference section, we have
attempted to be consistent in the presentation and usage of
units. As far as possible, the text uses the International System
(SI) of Units. However, some other units have been included
because of their practical importance, wide usage, or use in
specialized fields. For example, Health Canada and the med-
ical profession continue to use millimetres of mercury (mm
Hg) as the units for measurement of blood pressure, although
the Metric Practice Guide indicates that this unit is not to be
used with the SI.

The most recent Canadian Metric Practice Guide
(CAN/CSA-Z234.1-89) was published in 1989 and reaffirmed
in 1995 by the Canadian Standards Association.

Other data in this reference section has been taken largely
from Lange’s Handbook of Chemistry, Fifteenth Edition,
McGraw-Hill, 1999.
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Appendix C

Table 1:

Numerical Prefixes: Powers and Subpowers of Ten

Prefix Power Symbol

deca 101 da

hecto 102 h

kilo 103 k

mega 106 M

giga 109 G

tera 1012 T

peta 1015 P

exa 1018 E

deci 10–1 d

centi 10–2 c

milli 10–3 m

micro 10–6 µ

nano 10–9 n

pico 10–12 p

femto 10–15 f

atto 10–18 a

Table 2:

Numerical Prefixes: Common Multiples

Multiple Prefix
�
1
2

� hemi-

1 mono-

1 �
1
2

� sesqui-

2 bi-, di-

2 �
1
2

� hemipenta-

3 tri-

4 tetra-

5 penta-

6 hexa-

7 hepta-

8 octa-

9 nona-

10 deca-

Table 3:

SI Base Units

Quantity Symbol Unit name Abbreviation

amount of substance n mole mol

electric current I ampere A

length L, l, h, d, w metre m

luminous intensity Iv candela cd

mass M kilogram kg

temperature T kelvin K

time t second s

Table 4:

Some SI Derived Units

Quantity Symbol Unit Unit Symbol SI Base Unit

acceleration a� metre per second per second m/s2 m/s2

area A square metre m2 m2

density �, D (pref) kilogram per cubic metre kg/m3 kg/m3

displacement d� metre m m

electric charge Q, q, e (pref) coulomb C A�s

electric potential V volt V kg�m2/A�s3

electric field E volt per metre V/m kg�m/A�s3

electric field intensity E newton per coulomb (Tesla) N/C kg/A�s2

(T)

electric resistance R ohm Ω kg�m2/A2�s3

energy E, Ek, Ep joule J kg�m2/s2

force F newton N kg�m/s2

frequency f hertz Hz s–1

heat Q joule J kg�m2/s2

magnetic flux Φ weber Wb kg�m2/A�s2

magnetic field B weber per square metre (Tesla) T kg/A�s2

momentum P, p (pref) kilogram metre per second kg�m/s kg�m/s

period T second s s

power P watt W kg�m2/s3

pressure P, p newton per square metre N/m2 kg/m�s2

speed v metre per second m/s m/s

velocity v� metre per second m/s m/s

volume V cubic metre m3 m3

wavelength λ metre m m

weight W, w (pref) newton N N, kg�m/s2

work W joule J kg�m2/s2

Scientific Notation
It is difficult to work with very large or very small numbers
when they are written in common decimal notation.
Sometimes it is possible to accommodate such numbers by
changing the SI unit so that the number falls between 0.1
and 1000; for example, 237 000 000 mm can be expressed as
237 km and 0.000 895 kg can be expressed as 0.895 g.
However, this unit change is not always possible, either
because an appropriate unit does not exist or because it is
essential to use a particular unit of measurement. In these
cases, the best method of dealing with very large and very
small numbers is to write them using scientific notation.
Scientific notation expresses a number by writing it in the
form a × 10n, where 1 < |a| < 10 and the digits in the factor
a are all significant. Table 1 shows situations where scientific
notation could be used.

To multiply numbers in scientific notation, multiply the
real numbers and add the exponents; the answer is expressed
in scientific notation. To divide numbers in scientific nota-
tion, divide the real numbers and subtract the exponent of
the denominator from the exponent of the numerator; the
answer is expressed in scientific notation. Note that when
writing a number in scientific notation, the simple number
must be between 1 and 10, and is rounded to the same
number of significant digits as the measurement with the
fewest number of significant digits. Look at the following
examples:

(4.73 × 105)(5.82 × 107) ≈ 27.5 x 1012 = 2.75 × 1013

(3.9 × 104) ÷ (5.3 × 10–3) ≈ 0.74 x 107 = 7.4 × 106

On many calculators, scientific notation is entered using
a special key, labelled EXP or EE. This key includes “× 10”
from the scientific notation; you need to enter only the expo-
nent. Here are two examples:

To enter 7.5 × 104 press 7.5 EXP 4.
To enter 3.6 × 10-3 press 3.6 EXP +/- 3.

Uncertainty in Measurements
There are two types of initial quantities that are used in sci-
ence: exact values and measurements. Exact values include
defined quantities (1 m = 100 cm) and counted values (5 cars
in a parking lot). Measurements, however, are not exact
because there is some uncertainty or error associated with
every measurement.

There are two types of uncertainty or error. Random
error results when an estimate is made to obtain the last sig-
nificant figure for any measurement. The size of the random
error is determined by the precision of the measuring instru-
ment. For example, when measuring length, it is necessary to
estimate between the marks on the metre stick. If these marks
are 1 cm apart, the random error will be greater and the pre-
cision will be less than if the marks are 1 mm apart.

Systematic error is associated with an inherent problem
with the measuring system, such as the presence of an inter-
fering substance, incorrect calibration, or operator error. For
example, if the balance is not zeroed at the beginning, all
measurements will have an error; if using a metre stick that
has been worn slightly, all measurements will contain an
error.

Sometimes the measurements may be very precise
because of the gradations of the measuring device. Precision
is the place value of the last measurable digit and is deter-
mined by the refinement of the scale on the measuring
instrument. For example, a measurement of 12.74 cm is more
precise than a measurement of 127.4 cm because the first
value measures to the hundredths of a centimetre whereas
the latter measures to the tenth of a centimetre. When adding
or subtracting measurements of different precision, the
answer is rounded to the same precision as the least precise
measurement. Here is an example:

11.7 cm + 3.29 cm + 0.542 cm = 15.532 cm 
The answer must be rounded to 15.5 cm because the first
measurement limits the precision to a tenth of a centimetre.

No matter how precise a measurement is, it still may not
be accurate. Accuracy refers to how close a value is to its true
value. The comparison of the two values can be expressed as
a percentage difference. The percentage difference is calcu-
lated as follows:

% difference = |measured value – true value| × 100
true value
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Appendix A6

Math Skills

Table 1: Examples of Scientific Notation

Expression Common decimal notation Scientific notation

124.5 million 124 500 000 1.245 × 108 km
kilometres

154 picometres 0.000 000 000 154 1.54 × 10-10 m

602 sextillion 602 000 000 000 000 000 000 000 6.02 × 1023

particles/mole particles/mol

When you are describing situations, issues, or events, it is
sometimes helpful to record your ideas so that you can see
them and compare them with those of other people. Instead
of putting your ideas in sentences, they can be made into
graphic organizers, which enable easier comparison. A
familiar example of a graphic organizer is a table that is used
to record your observations during scientific investigations.
These visual representations of ideas indicate your under-
standing of a topic and can take many forms.

PMI Chart

A PMI chart is used to examine both sides of an issue. Notes
about the positive aspects of a topic or issue are recorded in
the P (plus) column. Notes on the negative aspects are
recorded in the M (minus) column. Notes on interesting or
controversial questions are recorded in the I (interesting)
column (Table 1).

KWL Chart

A KWL chart can help you identify prior knowledge and
experience, decide what new information you want to learn
about, and reflect on your learning. Before you begin a new
concept, lesson, or unit, list what you know about a topic in
the K column and what you want to know in the W column.
After studying the new topic, list what you learned in the L
column (Table 2).

Venn Diagram

A Venn diagram is used to show similarities and differences
in two or more concepts. Write all similarities between the
concepts in the overlapping section of the circles and all
unique traits of each concept in the nonoverlapping parts of
the appropriate circles (Figure 1).

Fishbone Diagram

A fishbone diagram is used to identify separate causes and
effects. In the head of the fish, identify the effect, topic, or
result. At the end of each major bone, identify the major
subtopics or categories. On the minor bones that attach to
each major bone, add details about the subtopics or possible
causes of each effect or result (Figure 2).

Figure 2

Fishbone diagram: genetic continuity

The Concept Map

Concept maps are used to show connections between ideas
and concepts, using words or visuals. Put the central idea in
the middle of a sheet of paper. Organize the ideas most
closely related to each other around the centre. Draw arrows
between the ideas that are related. On each arrow, write a
short description of how the terms are related to each other.
Expand and add ideas or relationships as you think of them
(Figure 3).
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Appendix A5

Graphic Organizers

Table 1: A PMI Chart

P M I      

Table 2: A KWL Chart

K W L

chloroplasts

cell wall

vacuole

well-defined
nucleus

ribosomes

mitochondria

nuclear
membrane

Plant cell Animal cell

cell
membrane

Figure 1 

Venn diagram: plant and animal cells

sexual
reproduction

Genetic Continuity

two parents

one parent

asexual
reproduction

genes

DNA

chromosomes

This image didn’t fit...see next page.
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The microscope (Figure 1) is a useful tool in making obser-
vations and collecting data during scientific investigations
in biology.

The eyepiece lens usually magnifies 10 times. This infor-
mation is printed on the side of the eyepiece. The micro-
scopes that you will likely use will have three objective lenses:
scanning (magnifies 4 times), low (magnifies 10 times), and
high (magnifies 40 times). To determine the total magnifica-
tion, multiply the magnification of the eyepiece lens by the
magnification of the objective lens. For example, the magni-
fication obtained using the low-power objective lens is 10
times multiplied by 10 times, or 100 times. In other words, a
specimen viewed with the low power will appear 100 times
larger than it actually is.

To view very small specimens, an oil immersion lens can
be attached to the revolving nosepiece. This lens magnifies
100 times. A drop of immersion oil is placed between the
slide and this objective lens.

Use of the Compound Microscope

1. Obtain a microscope from the storage area. Grasp the
arm with one hand and use the other to support the
base of the microscope.

2. If the microscope has a built-in light supply, plug it in.
Place the cord so that it will not be hooked accidentally.

3. Rotate the revolving nosepiece until the shortest (scan-
ning) objective lens clicks into place.

4. Place a prepared slide of the letter f on the stage and
centre it. Hold the slide in place with the stage clips.

5. Turn the coarse-adjustment knob away from you to
lower the lens down as far as possible. Watch from the
side to ensure that the lens does not contact the slide.

6. Keeping both eyes open, look through the eyepiece and
turn the coarse-adjustment knob toward you until the
object comes into view. Use the fine-adjustment knob
to focus the image.

7. Adjust the diaphragm to control the amount of light and
fix the contrast. If the microscope has a mirror in the
base, adjust it to receive the appropriate amount of light.

8. Compare the orientation of the letter f as viewed on the
slide with the orientation as viewed through the eyepiece.

9. Compare the movement of the object on the slide
with the movement of the object as viewed through
the eyepiece.

Care and Use of the Microscope

Appendix B2

Figure 1

ocular lens (eyepiece)

body tube

coarse adjustment knob

fine-adjustment knob

arm
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revolving nosepiece
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stage
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condenser lens

diaphragm

light source
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Scientists generally share their work by publishing papers in
scientific journals. In the papers, they include details of their
design, procedure, evidence, analysis, and evaluation. Other
scientists can then repeat the experiment to verify the results,
or they can build on the information presented in the paper
to explore new directions. For this reason, it is important that
scientists keep clear and accurate records of their procedure
and results.

Lab reports are generally prepared after the investiga-
tion is completed. To ensure that you can accurately
describe the investigation later, it is important to keep thor-
ough and accurate records of your activities as you carry
out the investigation.

All investigators use a similar format in their lab books or
final reports, although the headings and order may vary. Your
lab book or report should reflect the type of scientific inquiry
that you used in the investigation and should be based on the
following headings as appropriate. (See the sample lab report
that follows.)

Title 

At the beginning of your report, write the number and title
of your investigation. This is usually given, but if you are
designing your own investigation, create a title that suggests
what the investigation is about. Include the date of the
investigation and the names of your lab partners (if you
worked in a team).

Purpose

State the purpose of the investigation. Why are you doing this
investigation?

Question

This is the specific question that you attempted to answer in
the investigation. If it is appropriate to do so, state the ques-
tion in terms of independent and dependent variables.

Hypothesis and/or Prediction

Based on your reasoning or on a concept that you have studied,
formulate an explanation of what should happen (a hypoth-
esis). From your hypothesis, make a prediction—a statement
of what you expect to observe—before carrying out the inves-
tigation. Depending on the nature of your investigation, you
may or may not have a hypothesis or prediction.

Design

This is a brief general overview (one to three sentences) of
what was done. If your investigation involved independent,
dependent, and controlled variables, list them. Identify any
control or control group that was used in the investigation.

Materials

Include a detailed list of all materials used, including sizes
and quantities, where appropriate. Be sure to include safety
equipment such as goggles, lab apron, latex gloves, and tongs.
Draw a diagram to show any complicated apparatus setup.

Procedure

Describe, in detailed step-by-step format, the procedure you
followed in carrying out your investigation.

Observations

This section includes all qualitative and quantitative observa-
tions that you made. Be as precise as possible when
describing quantitative observations, include any unexpected
observations, and present your information in a form that is
easily understood. If you have only a few observations, this
could be a list; for controlled experiments or for many obser-
vations, present them in a table.

Analysis

Interpret your observations and present the evidence in the
form of tables, graphs, or illustrations, each with a title.
Include any calculations, the results of which can be shown in
a table. Make statements about any patterns or trends you
observed. Conclude the analysis with a statement answering
the question that initiated the investigation.

Evaluation

The evaluation is your judgement about the quality of infor-
mation obtained and about the validity of the prediction
and hypothesis (if present). This section can be divided into
two parts:

• Did your observations provide sufficient and appro-
priate evidence to enable you to answer the question?

• Were the prediction and hypothesis supported or
refuted by the results?

Lab Reports
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