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The Value of the Science Skills Toolkit and
the Numeracy Skills Toolkit

The strategies described on the following pages complement the Science Skills Toolkit
and the Numeracy Skills Toolkit on pages 335-376 of the student textbook. They also
provide strategies for using Safety in your Science Classroom, on pages xii-xv of the
student textbook.

The skills component of the Science Links 9 program will be critical to you as you
successfully deliver the curriculum. Therefore, you will find the Science Skills Toolkit
and the Numeracy Skills Toolkit at the end of the student textbook useful in providing
students with the tools they need for further skills development (and remediation). They
can refer to these tools throughout the program because they are built into the textbook
as an integral part of instruction.

Each unit of the Teacher’s Resource includes many useful ideas to help students build
science skills. The skills development that your students will gain from using the Science
Skills Toolkit and Numeracy Skills Toolkit at the end of the textbook will provide
students with further background and practice for the skills they are using. They will
also remind students of the importance of the processes of science, and its effect on their
lives, whether they venture on into a science and/or technology career focus, or in a
totally different direction. All career paths and daily lives involve science and technology
in some ways. This Toolkit will help you to integrate skills throughout your course that
your students will find invaluable.

Safety in your Science Classroom, pages Xii-xv

This opening section presents 13 rules for safe conduct in and out of the science
classroom. They are:
1. Working with your teacher

. Starting an activity or investigation
. Wearing protective clothing

. Acting responsibly

. Handling edible substances

. Working in a science classroom

. Working with sharp objects

0 N O 1 A W N

. Working with electrical equipment
9. Working with heat

10. Working with various chemicals

11. Working with living things

12. Cleaning up the science classroom

13. Designing and building

Page xv presents the safety labels and symbols. Encourage students to become familiar
with the safety symbols used in Science Links 9. Students also review all Workplace
Hazardous Materials Information System (WHMIS) symbols.
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BACKGROUND INFORMATION

o Safety symbols are a necessary common feature of science resources and appear
on containers of materials used in the science lab, the workplace, and the home.
These symbols help people of differing experience, knowledge, and language skills
understand the risks associated with doing certain activities and using certain
materials. As students learn about scientific inquiry and methods, they should become
familiar with the symbols used in this book and with the labelling system of WHMIS.
They will encounter WHMIS symbols in this book and on containers of substances
they use in the science lab and at work if they have jobs.

INSTRUCTIONAL STRATEGIES

* Provide time in class for students to read the safety rules on pages xii-xiv of the
student textbook. Encourage students to ask about any rule that they do not
understand. Have students write the rules in their notebooks to reinforce the rules.
Provide a demonstration of the rules prior to starting the first laboratory activity.
Demonstrate any relevant rules that pertain to an activity before the start of the
activity. Provide a summary chart of the rules and post it in the science classroom as
a reminder. Incorporate these rules into your classroom rules and routines. Provide
BLM G-1, Safety Contract, on the first day of class. Students should sign it and keep
a copy for their records.

e Students can play a safety symbols card game (duration about 30 min) in small
co-operative learning groups to reinforce the meanings of the WHMIS symbols
on page xv. During this game, you will act as a facilitator, encouraging students to
understand the group task and functional criteria, and emphasizing the group’s social
roles and skills. Prepare cards by making copies of BLM G-3 WHMIS Symbol Cards.
Cut out the cards and stack them in piles, one pile each for symbols and descriptions.
You may prefer making more copies of the cards to lengthen playing time and provide
opportunities for the players to see each card more frequently. There should be equal
numbers of symbols and descriptions.

To play the game:
1. Have students establish a working, co-operative learning group of four students.

2. The dealer places sixteen cards facing down on the table in four rows of four cards.
3. Each player is allowed to turn over any two cards.
4,

If the two cards match (symbol on one and description on the other), the player
keeps them. If additional cards have been prepared, the dealer can add two more
cards to the grid, face down.

5. If the two cards that were turned face up do not match, they are turned back over,
and someone else attempts to make a match.

6. The game continues until all cards are picked up.

* Have students bring in a variety of empty, clean containers that have the various
symbols. Use these and other examples found in the science classroom and
around the school to test students’ knowledge. Provide BLM G-2 WHMIS
Symbols to further test their knowledge.
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ADDITIONAL SUPPORT

o @O The card game described above will provide enhanced understanding and
recall of the symbols for many students, including kinesthetic, non-verbal, verbal, and
visual learners.

e @I Some students may wish to draw cartoon characters who warn about various
hazardous situations.

Instant Practice-Safety Symbols Answers, p. xv

Answers will vary. For example, Clothing Protection Safety and Eye Safety are all found
in Investigation 1B. The fertilizer in the investigation can stain clothing, and harm eyes
and skin. Electrical Safety is found in Activity 2.4. Students are cautioned to unplug the
conductivity apparatus safely.

Instant Practice-WHMIS Symbols Answers, p. xv

1. “Flammable and combustible material” and “Compressed Gas”
2. Answers will vary but may include:

a) Hydrogen will ignite if it comes into contact with a spark. Hydrogen is under
pressure and the container may explode if heated.

b) Anyone working with hydrogen should take precautions to keep the container
cool and not drop or bang it. They must also not allow any flames or sparks close
to where they are working.

€) Store in a cool place away from any possible sources of sparks.

d) If the gas leaks, everyone should evacuate the area. If the container explodes,
treatment for cuts and burns may be necessary.

3. More detailed information may be found in the Material Safety Data Sheet for
hydrogen.

Further Practice

* You may wish to refer to BLM G-1 Safety Contract, and BLM G-2 WHMIS Symbols
periodically with your students, depending on the needs you observe and the level of
awareness and responsibility they demonstrate.

Science Skills Toolkit 1: Analyzing Issues-Science,
Technology, Society, and the Environment, p. 335

This Science Skills Toolkit encourages students to think about how science and
technology relate to the issues affecting society. Students learn to use science and the
processes they are learning as they work through a decision-making model.

BACKGROUND INFORMATION

* Decisions about science and technology are often far reaching but are sometimes
made without a clear understanding of what their effects (both positive and negative)
might be. As members of society, students need to accept responsibilities for science-
technology-society decisions. They need to learn to evaluate possible impacts of
decisions on the world outside of the classroom. Examples of issues that may require
society’s decision-making skills include: deforestation, organ transplants from one
species to another, responsible and safe use of plastics, and the increasing use of fossil
fuels.
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INSTRUCTIONAL STRATEGIES

* Discuss the Science Skill scenario with the students. Have them compare the process
that was followed with the steps in the model on page 335. What was the issue that
was identified? How did the students go about finding their information? What
alternatives did they consider?

* Suggest that students use the decision-making model to make a decision about
any issue that affects their own lives by asking small groups of students to research
and present the process they might take to make a decision about a societal or
environmental issue. Have the students write a sentence to describe the issue and
to indicate the nature of the decision. Have them write the questions they will need
to answer in order to obtain the knowledge and background that will help them to
suggest and evaluate alternatives. Ask them to give examples of each stage as shown in
the diagram on page 335.

* Investigating an issue in their own community allows students to internalize science-
technology-society-environment connections. Personal experience with such issues
heightens awareness of the complexity of societal issues. Local issues enable students
to appreciate the challenges that are encountered on a global scale. Whenever possible,
draw in local examples with which students may have some first-hand experience.

* You may wish to distribute BLM G-16 Decision-Making Organizer to help students
develop decision-making skills.

Instant Practice-Analyzing Issues, p. 338
Answers will vary but may include:
2.-3. Advantages of fossil fuel use
* Can be obtained from many areas of the world
o Still relatively inexpensive to obtain
* Can be used in electricity production
* Distribution network is extensive
* Helps countries improve their economies
Disadvantages of fossil fuel use
* Responsible for global warming
* Can result in pollution of land, water, and air (oil spills)

* Gases produced are thought to be responsible for increased respiratory
illnesses

¢ [s a non-renewable resource

4.-5. Discussion will vary and can get spirited!

6. Some examples of alternatives are wind power, fuel cells, solar cells, solar power,
nuclear power, biomass power, and tidal power. Advantages and disadvantages will
vary for each. For example:

Advantages of nuclear power

* Technology is fairly advanced, with many built-in safeguards
* Produces large amounts of clean electrical power

* Fuel is relatively plentiful and long lasting

Disadvantages of nuclear power

* High cost of building a reactor
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* Spent fuel rods take thousands of years to become less radioactive (few places
to store)

* Possibility of reaction resulting in radioactive material release

Science Skills Toolkit 2: Scientific Inquiry, p. 339

Science Skills Toolkit 2 provides students with insight into the nature of science and,
in particular, the methods of inquiry by which scientific knowledge is developed and
validated.

BACKGROUND INFORMATION

* All scientific disciplines and specializations share one characteristic: they are based
on an orderly, systematic process for asking questions and developing explanations
for natural phenomena. The process is not a recipe, but it has several important
features. The process is often more cyclical than linear and conclusive. For example, an
experiment or investigation often stimulates new questions to explore.

o The Science Links 9 program develops the process of science inquiry as an inherent
part of the flow, sequence, and emphasis of the text and activities. Questions are
stressed as the starting point for all science.

* Hands-on activities provide students with opportunities to develop inquiry skills with
concrete problems and materials. Students reinforce and build upon the basic concepts
covered by the text through investigation, observation, experimentation, and critical
thinking about, and application of, results. Students are encouraged to evaluate not
only their experimental results but also their experimental process.

* Prediction vs. hypothesis: A prediction is a statement of likely changes to a
responding variable as a result of changes (forced or natural) in a manipulated
variable. A hypothesis usually adds a possible reason for this relationship. For example,
“If heat causes particles to vibrate more vigorously, then increased temperature will
cause the rate of the reaction to increase”

e Scientists gain empirical support for their predictions and hypotheses through
experiments.
- An experiment is a test in which a manipulated variable is forced to change in order
to detect a predicted result.

- Although data-collection is important for establishing relationships and laws, the
usefulness of particular models and theories for explanations is always debated by
scientists. Constant evaluation and re-evaluation in terms of new data is important.
Data that disprove theories are just as important as, or more important than, data
that support current thinking.

INSTRUCTIONAL STRATEGIES

You may wish to reinforce students’ understanding of the stages in the science inquiry
process with further elaboration and discussion. Summarize the process by breaking it
into three stages:

Developing Ideas (i.e., devising predictions and hypotheses from observations and by

learning from others)

* Help students distinguish between a prediction and its hypothesis by having them
consider what might happen to the drop speed of three balloons, each inflated to a
different diameter (and knotted).
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* Work with students to develop a prediction and hypothesis using the model sentence:
As the diameter of the balloons increases, the drop speed will [class predicts a result],
because [class suggests a hypothesis].

Seeking Empirical Support (i.e., conducting experiments and studies)
* BLM G-17 Variables in Science can help students understand manipulated,
responding, and control variables.

* Point out to students that observing—and every other stage in science inquiry—is
based on or limited by some kind of theory. For example, observations cannot be
made without some ideas in mind about how to interpret stimuli (i.e., sights, sounds,
and so on). When we see a burner glowing red, we understand that it is hot. When we
see leaves on a plant that are dry and brown, we understand that they are dead.

¢ Ask a few students to demonstrate the test with balloons of different diameters for the
class, having others record data.

Communicating (i.e., publishing articles, giving lectures, presenting findings at

conferences and scientific publications)

* Help students create a graph to show their results dropping balloons, such as a point-
and-line graph. Students can use BLM G-25 Constructing a Line Graph for support
constructing a line graph, or refer to Numeracy Skills Toolkit 4: Organizing and
Communicating Scientific Results with Graphs.

* Practice with Science Inquiry: A three-phase approach will help teachers and
students explore the nature of science throughout this program. Generally, students
will already have some preconceived notions about the nature of science, along with
preconceived notions about laws and theories. These preconceived ideas should be
expressed by students before they share and learn new ideas about the nature of
science. Then, once they have a number of ideas available to them, they should have an
opportunity to apply and test them in authentic problem-solving contexts.

( Expressing Current Ideas J

}

( Sharing and Learning New Ideas]

}

[ Applying and Testing Different Ideas]

¢ The “Cartesian Diver” demonstration will help you illustrate the science inquiry
approach to questions and problems:
— Almost fill a 2 L plastic pop bottle with water.
- Drop in an eye dropper that is about half-filled with water, and tighten the cap on
the bottle. The eye dropper should float at the top and drop down as the bottle is
squeezed.
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- With one hand, hold the bottle up in front of your face and pretend to “force” the
eye dropper to move down by moving a plastic pen (that you have rubbed on your
clothing) along the edge of the bottle as you gently (and secretly) squeeze the bottle.

- Ask students what they observe. Students often move directly to hypothesizing. They
may say, “The pen is magnetized and is forcing the eye dropper to move.” Work with
the class, getting them to direct you to try different tests until they determine that
pressure is the cause.

- Point out how it is common to go through this sequence: observe, question,
hypothesize, predict, test, communicate.

* Encourage students to conduct their own tests. Start by showing them an inflated
balloon flying around the room when you release the untied end.

— Ask students what they could do to get the balloon to go farther or to do more loops.
Get them to brainstorm some manipulated and responding variables. Ask students
to predict what might happen to the balloon if a variable is changed. Ask them to
give a reason for their prediction.

— Then, ask students to form small groups and design a test that may give them
evidence to support their ideas. Ask them to record their ideas and give reasons for
their decisions.

- Once student groups have completed their tests, invite them to share their inquiry
ideas and test results with the class. Encourage a discussion about the different
inquiry approaches. Have students note (if appropriate) that each group had its own
way of doing things and wanted to defend its methods and conclusions. This will
help you stress the creative, very human aspect of science that may include “more
than one right answer” when it comes to designing an approach to a problem.

Instant Practice-Making Qualitative and Quantitative Observations
Answers, p. 340

1. a) Qualitative
b) Quantitative
2. a) Qualitative
b) Quantitative
3. a) Qualitative
b) Qualitative
4. a) Quantitative
b) Qualitative
5. a) Qualitative
b) Qualitative
6. a) Qualitative
b) Quantitative

Instant Practice-Stating an Hypothesis Answers, p. 341
Answers will vary but may include:
1. If heat causes water to change state from solid to liquid to gas, then raising the
temperature of water will cause it to change state.

2. If carbon dioxide has the greatest impact on atmospheric heating then a container
filled with carbon dioxide should heat up more when exposed to sunlight than
containers filled with other atmospheric gases. Carbon dioxide should have the
greatest impact on global warming compared to other atmospheric gases.
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3. If the length of duration of battery life is unaffected by the device, then the same
type of battery placed in different electronic equipment should all die at the same
time.

4. If honey bee visits are affected by the colour of the flower, then the visit count should
be different for each pot containing flowers of a different colour.

Instant Practice-ldentifying Variables Answers, p. 342

1. Control: light through air from a ray box
Manipulated variable: the material that the light is shone through such as water,
plastic, glass, etc.
Responding variable: angle through which the light is refracted

2. Control: vegetable plant in potting soil
Manipulated variable: vegetable plant potting soil with compost added to it
Responding variable: growth of plant

3. Control: arm with no repellent
Manipulated variable: arms covered with different types of repellent
Responding variable: number of bites/landings

Science Skills Toolkit 3: Technological Problem Solving, p. 344

In Science Skills Toolkit 3, students learn what technology is and how it can be used to
solve problems. They are given the opportunity to solve a problem, using a problem-
solving process.

BACKGROUND INFORMATION

Many people believe that technology develops from science. Indeed, scientists

who do pure research often try to turn the knowledge into a usable product. This

is the concept that science creates technology. Examples of such inventions are
superconductors and computers, electrical impulses and virtual reality games, Teflon™
plastic and non-stick cookware, and chemistry and contact lenses.

Technology can also drive science. For example, science has often been limited by
technology. The discovery of the composition of Earth has parallelled the development
of technology. The seismograph was invented to measure the magnitude of an
earthquake.

You might caution students about some of the problems that can result from using
technology without understanding the science that informs the technology. You

could argue that environmental problems have developed due to the application of
technologies without fully understanding the science. The internal combustion engine
has led to countless problems such as ozone depletion, smog, and the extinction of
organisms due to spin-off environmental stresses.

INSTRUCTIONAL STRATEGIES

Begin the lesson by presenting the class with a personal entertainment or
communication item (e.g., hand-held electronic game, cell phone, MP3 player,
portable CD player) and tell students it does not work. Have students describe what
they would do to solve the problem. They could work in small groups for this exercise.
Ask students to record their approach to solving the problem. What should they

do first? Next? How do they conclude their problem-solving process? How do they
evaluate their ideas?
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Conclude by referring to the diagram on page 344, Solving a Technological Problem.
Have students compare their process to the model to find similarities and differences.

A class discussion of similarities and differences might be the most effective way to
engage students in this problem-solving model.

Ask students to compare the processes involved in science and technology by listing
five steps that a scientist and an engineer might take as each worked with some objects
and events such as water, buildings, or earthquakes. Ask students to then describe how
the empirical tests conducted by scientists and technologists compare.

Ask students to collect 10 newspaper or magazine articles dealing with science or
technology and complete an analysis of whether the article deals with one or both
fields.

If possible, invite scientists and technicians (such as an engineer) to visit the class and
talk about their work.

Students could research a variety of technologies and try to determine the problem
that resulted in the technology. Encourage them to consider how well the technology
has solved each problem. If the technology has led to further problems, have them
discriminate between technology as the problem and human use of it (e.g., the internal
combustion engine would not be a problem if used judiciously; it becomes a problem
when people base their lifestyle on it).

Ask students to explain how their use of the computer or calculator makes them
technologists.

Have students describe how the telephone book and/or an Internet search engine are
examples of information technology.

ADDITIONAL SUPPORT

@ Make a large copy of the Solving a Technological Problem diagram on
page 344. Post it in the classroom for visual learners.

@01 Students with motor coordination challenges may benefit from using a flow
chart template to draw their model for solving a technological problem.

Science Skills Toolkit 4: Estimating and Measuring, p. 346

This Science Skills Toolkit provides information about the purpose of estimating and
measuring (area, volume, and mass) and provides opportunities for students to practise
these skills.

BACKGROUND INFORMATION

Estimating, as defined here, is essentially simple sampling. Sampling involves
techniques that are used to obtain a statistically significant (accurate) estimate of a
total population size (total number of individual items) when counting the entire
population is impractical or impossible. Note: Multiple samples should be used in any
estimation and the results averaged so as to increase the reliability of the sampling.

The skill of estimating is useful in social sciences when surveys are conducted on
percentages of the human population and the results are extrapolated to the rest of the
population. The technique is also very important in the physical sciences. Populations
of organisms (and objects) can be estimated fairly accurately.
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INSTRUCTIONAL STRATEGIES

Encourage students to express their understanding of how to estimate and measure.
If time allows, having the students demonstrate their own methods would set up

a comparison to the methods described here. Let the students draw their own
conclusions as to the efficiency and accuracy of any method.

You may wish to distribute BLM G-27 Estimating to help students practise estimating
measurements for science.

When students measure the size of angles in situations involving light rays, it is
preferable that the apparatus be set up on a sheet of paper. While the light is still on,
the students should mark the position of the incident ray and reflected (or refracted)
ray(s) using a pencil directly on the paper. Two marks should be drawn for each ray
and the position of all apparatus noted as well. After the apparatus is removed, the
students should be able to use the marks to complete the drawing (using a ruler) and
measure the needed angles from the drawing.

While it is tempting to set up a number of stations for students to rotate through while
practising the methods described here, it is more appropriate to refer to them when
each technique is needed for the particular investigation that is to be carried out. In
this way, the relevance of the methodology is immediately apparent. Whether you
decide to provide work stations or refer to estimating and measuring techniques only
when students actually need them, provide opportunities for students to attempt the
estimation or various measurements a number of times using different samples and
materials.

ADDITIONAL SUPPORT

Most students will have little difficulty with the skills outlined here. Break up the skill
set for those who cannot acquire the skills easily, and supplement it with additional
opportunities to practise the acquired skills when appropriate to the investigations
planned.

Enrichment—Provide challenges for students who have no difficulties with the
concepts and skills taught in this section. Ask them to devise methods to estimate
or measure in increasingly difficult situations, such as gas production of water plants
or yeast cells, moose populations in aerial photographs of central Ontario or fish
populations in fast-flowing streams that have been sampled by nets strung in

certain places.

Provide an opportunity for students to complete the Instant Practice on page 347. This
will give you an opportunity to observe where individual students run into difficulty
so that you can give them help and extra practice.

INSTRUCTIONAL STRATEGIES (Measuring Length and Area)

Go over the examples given on page 346 of Science Links 9, to ensure that students
understand how to measure length and how to calculate the area of a square and a
rectangle. Provide further examples for any students who have difficulty.

Have students complete the Instant Practice on page 347. Identify any students who
are unable to complete the questions, and provide support, such as carrying out the
practice with a classmate who has strengths in this area.
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Instant Practice-Estimating and Measuring

Answers, p. 347
1. Estimates will vary. For example: 3.5 x 4.0 toothpick units.

2. Answers will vary. For example: 5.0 x 3.5 toothpick units. This is the same width as
my estimate, but 1 toothpick longer.

3. Answers will vary. For example: hockey sticks, length of a leg, or a piece of stiff wire

4. Answers will vary and are dependent on what students choose in question 3.

INSTRUCTIONAL STRATEGIES (Measuring Volume)

* Go over the material presented on pages 348-349 of Science Links 9, making sure that
students understand the terms and that they understand the importance of measuring
from the lowest level of the meniscus.

* Through discussion, elicit from students the reason for using the liquid displacement
method for finding the volume of an irregularly shaped object. Have them complete
the Instant Practice on page 348. In small groups, have students measure several
irregularly shaped objects. Each student should have an opportunity to measure the
object and then share his or her findings.

Instant Practice-Measuring Volume Answers, p. 348
A. 73 mL

B. 18.0 mL
C. 650 mL

INSTRUCTIONAL STRATEGIES (Measuring Mass)

* Students are probably familiar with using balances to measure mass, so it is simply a
matter of ensuring that they are familiar with the type of balance used in your school
and that they learn how to handle it carefully. It should be pointed out that weight and
mass are two different concepts. Weight is the force exerted on an object by gravity.
Mass is the amount of matter in an object. Gravity does not have an effect on the
mass of an object. Use an example of the mass and weight of two different objects
as measured on Earth and on the moon. The masses of two different objects can be
different on Earth and so too will their weights. However, on the moon, the masses
remain constant, while the weight changes, that is, both objects will have a weight
almost equal to zero on the moon. By pointing out the difference between mass and
weight, you can explain the next point.

¢ Ask students if they are familiar with the question “Which is heavier, a kilogram of
lead or a kilogram of feathers?” Although it is tempting for students to say that the
lead is heavier, if the measure is the same the mass of the two substances is the same.
Have students complete the Instant Practice on page 349.

Instant Practice-Measuring Mass Answers, p. 349
The mass of the table salt is 70 g.

INSTRUCTIONAL STRATEGIES (Measuring Angles)

o Students may have little or no experience with protractors but will probably enjoy
using them. If any students have difficulty using their protractors, a few extra practice
examples should solve the problem. If you see students who seem unsure of what they
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are doing, provide more examples of angles to give them more practice in identifying
existing angles before they go on to draw angles of their own. Make sure the additional
examples are angles in different orientations.

* Provide an opportunity for students to do the Instant Practice on page 350.

ADDITIONAL SUPPORT

* Pair a student who is competent in using a protractor with one who is not.

Instant Practice-Measuring Angles Answers, p. 350
1. a. 70°

b. 165°
c. 70°
d. 95°
e. 110°
f. 180°
g. 80°
h. 150°

2. a. A b. S

45°

Al H

INSTRUCTIONAL STRATEGIES (Measuring Temperature)

* Go over the material on page 351 of the textbook, ensuring that students understand
how to properly use and read a thermometer.

* Since students should be very familiar with thermometers, no Instant Practice
exercises have been provided. Draw students’ attention to the tips on page 351, and
provide time to discuss the reasons for tips second and third (the thermometer is too
delicate to use as a stirring rod; a false reading could be obtained if the thermometer
bulb touches the walls of a container).

* Provide a folded towel so students can place their thermometer on and to prevent it
from rolling off the table.
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ASSESSMENT

* Performance tasks involving the estimating and measuring of similar materials can
be used to assess how well students have learned these skills. The performance tasks
should parallel the type of work done by the students during the formative learning of
this material.

Science Skills Toolkit 5: Precision and Accuracy, p. 352

This Science Skills Toolkit will help students to identify and understand two of the
causes of experimental errors.

BACKGROUND INFORMATION

Some errors in experiments are caused by making incorrect assumptions, by forgetting
a step in a procedure or a calculation, or by other errors of judgment. These errors can
be prevented by careful planning and careful execution. There are two causes of error,
however, that are inherent in any experiment. These are caused by the precision and
accuracy that the measuring tools we use allow us to have.

* Precision refers to the exactness of a measure. A bathroom scale allows us to see our
mass to the nearest kilogram, or perhaps to estimate to the nearest half of a kilogram.
A sensitive electronic laboratory scale, however, allows students to measure chemicals
to the nearest 0.1 g, or the nearest 0.0001 kg. This scale allows for more precise
measurements. Similarly, a metre stick calibrated in centimetres does not allow for
measurements as precise as those obtained from a metre stick that is calibrated in
millimetres.

* Accuracy refers to the consistency of measurements. If you placed a reactant for an
experiment on a laboratory scale five times and obtained measurements of 12.4 g,
12.3g,12.5 g, 12.7 g, and 11.9 g, you would not think the scale was very accurate.
No matter how precise the measurement, the lack of accuracy would impede your
experimental results.

* Both precision and accuracy are important considerations in analyzing the results
of an experiment. It is advantageous for students to use tools that allow for as much
precision and accuracy as possible, but it is often more important for them to be aware
of the precision and accuracy they are working with, when it comes time to analyze
their results.

INSTRUCTIONAL STRATEGIES
* To help students understand the role that precision plays in determining scientific
results, give pairs of students a metre stick (or a strip of paper 1 m long) that is
calibrated only in decimetres. Ask them to use it to find the length, width and area of
their desk, or of a table in the classroom. Once they have done that, give them a metre
stick calibrated in millimetres and ask them to use that to find the length, width, and
area once more. Then discuss their experience with them. Ask:
e What were the challenges in using the first measurement tool?
* What were the advantages of using the second tool?
* When might the first tool be precise enough?
e In what situations might you need a tool even more precise than the metre stick
calibrated in millimetres?
* What difference do you think a more or a less precise tool could have made to an
experiment you conducted recently?
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* To help students understand the role that accuracy can play in determining scientific
results, give pairs of students a strip of elastic that is 1 m long. Ask them to use the
metre stick to mark decimetres on their elastic. Then use it to measure the distance
across the classroom. Have them measure and record the distance three times. Then
discuss their experience:

* How similar were their three results?
e If their results were not very similar, why do they think this was?
* How confident are they about the real width of the classroom?

e What was it about their tool that did not allow them to obtain accurate results? (It
stretched, decimetre markings may have been thick, they had to judge where to put
the elastic down to measure each metre.)

* As an extension, challenge students to develop demonstrations of precision (or lack
of precision) and accuracy (or lack of accuracy) using other measuring tools, for
example, balances, thermometers, and protractors.

Instant Practice-Precision and Accuracy Answers, p. 353

1. If the student used the same thermometer for each measurement, the thermometer
is precise, because it always gives the same reading, but it is not accurate, since we
know the temperature of ice water is 0°C.

2. Student A had the more precise scale, since the range of measurements Student A
obtained was less.

Science Skills Toolkit 6: Scientific Drawing, p. 354

Science Skills Toolkit 6 leads students through the important points they need to know
about producing clear, accurate scientific drawings.

BACKGROUND INFORMATION

* Conventional Western European science initially recorded knowledge about the
human body, celestial movements, and mechanical devices exclusively with diagrams.
As time and technology progressed, the quality and detail of these diagrams steadily
improved. Today’s high-technology image-capturing tools enable us to construct
diagrams of vastly improved quality and to record images and share knowledge
quickly and easily.

* Dijagrams and other non-verbal forms of communication are used between cultures to
express meaning. When we meet another person whose native language differs from
ours, we adopt diagrammatic forms of communication. We may “talk with our hands”
to give added meaning to our words. We may draw pictures.

* Diagrams in science are inferences of what researchers believe they observe. As much
as possible, the investigator should avoid adding misleading information such as
colour, or other artistic interpretations or representations. While these details have
meaning for the researcher, they may be unclear to others. However, some latitude can
be allowed on such additions as stippling if the teacher, class, or research group concur
that it helps to clarify the diagram. Finally, diagrams are the researcher’s scientific
evidence. As such, they should be neat, formatted, and labelled as described in the
checklist shown on page 18.
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INSTRUCTIONAL STRATEGIES

* Initiate a discussion or have students brainstorm reasons why a scientific drawing
requires a prescribed format. This could be modified with other groups playing “devil’s
advocate,” brainstorming arguments against formatting. The groups of protagonists
could then pair up and debate their group’s view.

* Asa group, develop potential parameters for science diagrams prior to exposing the
students to the “official” view.

* Outline the requirements for a science diagram for students by presenting a checklist
similar to the one provided below.

Checklist for Science Diagrams

On unlined white paper. 1
Title is underlined. 1
2
Diagram fills page. 01 2
Diagram is neat. 01 2
Diagram is in pencil. 1
/5
Labels are on right side of diagram. 1
Labels are neat. 1
Labels are in ink. 1
Labels have horizontal (vertical where
applicable) lines. 1
/4
Diagram summary present and good quality 0 1 2
2
Magnification stated correctly 1
Magnification positioned correctly in lower
right-hand corner 1
2
Total (/15

* You could present students with a series of diagrams that have certain components
missing (titles, labels, description or summary, magnification) or that are poorly
represented (e.g., coloured diagrams; labels on left; diagrams or labels using ink,
lead, or coloured pencil inappropriately; poor descriptions or summaries). To assist
students in their critical analysis, you might provide a checklist similar to the one
shown above for students to use in evaluating the diagrams you have provided or for
any that they produce.

* Go over the steps in Making a Scientific Drawing with students and check that they
understand by asking simple questions such as “Why is it a good idea to use unlined
paper?” “Why should you use a pencil?” “Why is it not a good idea to make a very
small scientific drawing?”

* Go over the steps in Drawing Circuit Diagrams with the students, and have them
examine the illustration on page 355. Be sure to review the symbols in the circuits
diagrams. Have students name parts of the diagram.

* You may wish to distribute BLM A-7 Scientific Drawing Checklist or BLM A-25
Scientific Drawing Rubric to help students assess their own drawings.

ADDITIONAL SUPPORT

* Students who require support with written or oral language might be more successful
in learning from diagrams so they should be encouraged to develop skill in this area.
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* The checklist could be used to indicate areas of concern about students’ diagrams
without generating a grade. The assessed work could then be returned to students for
further attempts until students have overcome their difficulties.

e Students who are having particular difficulties could work with a classmate. Each
could evaluate the other’s diagrams, so that appropriate adjustments, based on peer
evaluation, could be made prior to final submission.

* Using the checklist, students could evaluate their own work, comparing it to a drawing
that you provide. Students could then defend their grade. The “defense” may provide
insight into any difficulty students might be experiencing.

Ideas for Communicating

e Students could generate a booklet of diagrams from a series of observations of various
events. One of the diagrams could be turned into a poster, either by the student
or teacher (on an enlarging photocopier), to display and share with the class as
exceptional work or to illustrate a course theme.

o Students could attempt to record all work in their science logs as a series of pictograms
for a certain period of time.

Instant Practice-Scientific Drawings Answers, page 355

1. Students’ drawings should clearly show the two metal parts of the scissors that
function as a lever, the handles, the blades, and the screw by using clean lines with
appropriate weights stippling, and labels.

2. Answers will vary. Answers may include:
The circuit has a battery, voltmeter, ammeter, and closed switch. It is a simple circuit
with the voltmeter measuring the load. Each of the 4 components is connected by
conducting wire.

3. Answers will vary. pad
A sample diagram may include:

The circuit has a battery, an ammeter, a load, and an open switch. It is a simple circuit
with the ammeter measuring the current when the switch is closed. Each of the four
components is connected by conducting wire.

Science Skills Toolkit 7: Using Models and Analogies in
Science, page 356

This Science Skills Toolkit helps students understand the value of models and analogies
to scientific communication.

BACKGROUND INFORMATION

* A model is defined on text page 356 of the student book as “a picture, a mental image,
a structure, or even a mathematical formula” An analogy is defined as “a comparison
between two things that have some characteristics in common.” Each attempts to
explain a concept or hypothesis. Models and analogies are usually simplifications
of the concept they represent so that the concept can be studied or more easily
understood.
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* Scientific models can take many different forms, but they fall into two major
categories, physical and mental. Some of the more common forms can include the
following physical models: equations, symbols, formulas, drawings, diagrams, scale
models, quantitative modelling (statistics), simulations (computer and otherwise),
and mental models such as the particle theory of matter and atomic theory. Even the
processes of science (scientific methodologies) used in the Science Links 9 program are
expressed in model form. The flowcharts found on pages 335, 339, and 344 are models

of these scientific processes.

Although the concept of two types of models (physical and mental) is implicit in the
definition provided, at this level the focus is on physical models, and students are not
expected to differentiate between physical and mental models.

Much recent scientific work entails the use of statistical modelling. This type of model
includes as much quantitative and qualitative data as possible and then generates
equations that are viewed as lines on graphs (or other graphical conceptions).
Scientists can change certain values of data and play “what if?” in an attempt to gain a
deeper understanding of the system under study.

Early scientists assumed that the planets orbited the Sun in circular patterns. Further
study and observation, however, showed that the circles (and their describing
equations) did not adequately account for the positions of the planets. In the early
17th century, Johannes Kepler tried fitting a number of other curve patterns to the
data and eventually determined that the ellipse best fit the data. Since then, the general
shape of the planetary orbits is understood to be elliptical, but the actual equations
have been adjusted to account for a number of other pieces of data. A similar
procedure was used in the “discovery” of Pluto when mass was unaccounted for in the
outer reaches of the solar system. The data suggested where the mass might be, and
then astronomers searched for it using telescopes and blink comparators.

INSTRUCTIONAL STRATEGIES

o At the simplest level, the graphing of data and the analysis of those graphs in some of
the investigations in Science Links 9 involve models. Graphing skills are very important
to students who are attempting to understand relationships between variables. As a
result, students should be given as many opportunities as possible to develop their
graphing skills. Although students will not be determining equations from these
models, they should be assisted in determining trends and patterns (lines of best fit)
that are particularly apparent in line graphs. This type of modelling work is significant
in the development of student-designed investigations for many of the same reasons.

In some activities, building or drawing a physical or working model, or stating an
analogy, may be helpful in understanding the relationships (in terms of physical
association) between the pieces of the model.

If working on scientific questions, students should be encouraged to make
predictions—if a variable (or a number of variables) changes in some way, then (an)
other variable(s) changes in some way—and to suggest possible theoretical reasons for
the predictions (i.e., the variables change in this way because ...). These rationales can
be supported by the data produced in the investigation as well as the models that are
developed based on them.
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e Alternatively, when working on technological problems, students should be
encouraged to develop a number of possible solutions to the problem being
investigated. At times, each of these problems may need a model to be developed
so that an informed decision can be made as to which solution is more suitable for
further work. Often, students at this age level need to be encouraged to look at various
alternatives rather than focussing on one solution only. In the same way, students
will need to be encouraged to continue to modify the solution they settle on so that it
becomes an even better fit to the requirements of the situation.

ADDITIONAL SUPPORT

o @™ Analogies, especially, can be very helpful to English language learners, helping
them to understand a new term by relating it to one they already know.

* @M Encourage students who have difficulty with manual graphing to use
dedicated-purpose computer graphing packages or general-purpose spreadsheet
programs. The dedicated-purpose programs are generally easier to use since they have
fewer options. Encourage the students to analyze the patterns in the graphed data and
draw in their own line of best fit, rather than having the computer determine the trend
line. If computer software is not available, prepare Blackline Masters with grids for
those students needing motor skills remediation.

e @O Many materials are appropriate for use by kinesthetic learners in making
models. These include plaster of Paris, paper, papier-méaché, modelling clay, wood,
sticks and balls, chemistry sets, and so on. Whenever appropriate, provide such
materials for the students’ use.

Ideas for Communicating

e Students should be given the opportunity to present and explain their models and
analogies to small groups, to the teacher, or the entire class. The explanations should
focus on how the model conforms to the data.

* When several groups have designed investigations that are closely related (in that
they have several variables in common or they are attempting to explain similar
phenomena), each group should share data and models with peers while attempting to
arrive at a consensual understanding. This would model scientific conventions.

Instant Practice-Using Models Answers, p. 356
Answers will vary. Sample answers:

a. Architects use scale models of their buildings in order to get a 3-dimensional view
of the project and its surroundings. The model can be used to show the building to
prospective investors or buyers. It can also be tested for resistance to earthquakes
and wind.

b. Aviation engineers test models of airplanes in wind tunnels for the amount of lift
that the wings produce and the amount of wind resistance.

¢. Theatre directors use models of the sets that they will use in plays to determine
where the actors will get the best exposure and where the set elements will provide
the best viewing.

d. Geographers use maps that show the heights of the lands so that when they are
surveying they are able to determine the best routes.

e. Landscape designers map out where they are going to put particular plants and
features like rock walls and sprinklers.
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Instant Practice-Using Analogies Answers, p. 357
1. Answers will vary. Students may say a food web is like relationships in a classroom,
where students have lots of different kinds of connections to several other students.
(Naming the relationship a food “web” is already an analogy!)

2. One analogy is shown on page 256 in Activity 4.4. Using two similarly charged
balloons to demonstrate like charges repelling is an analogy. Another analogy
is shown on page 268 in Figures 4.11A and 4.11B. The spread of charges over
your body and how they are transferred to a doorknob is an analogy for how
thunderclouds generate charges between the ground and clouds.

Science Skills Toolkit 8: How to Do a Research-Based Project,
p. 358

Science Skills Toolkit 8 outlines the steps of a research project, as well as some things to
keep in mind at each step.

BACKGROUND INFORMATION

e Students have been asked to research in school, but some parts of the process may be
new to them:

* They may not have experience formulating their own topic or question.
* They may not have experience evaluating sources of information.

* They may not have been expected to uphold rigorous standards of copyright, and
taught how to avoid plagiarism.

e They may not have had the opportunity to consider different methods of
presentation and choose one to suit their data and their audience.

INSTRUCTIONAL STRATEGIES

* Ask a student to relate the process they used to research for a recent school project.
(You may need to reassure them that they are not being set up to be criticized.) As
the student describes what he or she did, write key steps on the chalkboard. Key steps
might include:

. Ask some general questions about the topic.

. Find sources of information.

. Use the sources to look for information that help to answer the questions.
. Ask more questions to help completely cover the original topic.

. Repeat steps 2 and 3.

A U1 A W N =

. Choose a method to present your results, and create a presentation.

* Use the steps you record as discussion points as you talk about the material in
Science Skills Toolkit 8 with students.

* For each of the steps above, give an example of a project, and ask students what
they might do for that particular project. For example, for a project about possible
careers related to chemistry, what sources might you consult? For a project about
the formation of the solar system, how might you communicate your results to
other Grade 9 students and parents?
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ADDITIONAL SUPPORT

* For those students who are unfamiliar with the proper method of citing information
sources, provide BLM G-13 Citing Sources with examples of properly recorded
sources of information.

Instant Practice Answers, p. 361
1. Steps might include:
1. Ask some general questions about the topic.

2. Find information from reliable sources to help answer your questions. Record
the sources, too.

. Ask more questions to help you revise and complete your research.
. Find information to answer these questions, and record the answers.

. Repeat steps 1-4 as necessary to answer your original question.

A AW

. Consider your audience and choose a method of communicating your results.
Develop your presentation.

2. Answers will vary. For example, what are the characteristics of the moons of Jupiter.

3. Answers will vary. For example, students might suggest including visuals or
multimedia to keep the younger students interested, as well as using simple
vocabulary.

Science Skills Toolkit 9: Using Electric Meters, p. 548

Science Skills Toolkit 9 provides information about the correct use of electrical meters.
Students are provided with the opportunity to identify the correct placement of meters
and practise reading an analogue meter.

BACKGROUND INFORMATION

e Circuit diagram symbols are a common method of simplifying a complex electrical
circuit. Circuit symbols provide an international language when conveying
information about circuits. Refer to Science Skills Toolkit 6, page 355 for the symbols.
Most of the symbols resemble the actual electrical component they represent. The
long (+) and short (-) posts on the cell symbol represents the two dissimilar metals
in the cell. The battery, which contains more than one cell, is therefore symbolized
by several cells connected together. Traditionally, chemical cells had a maximum
potential difference of around 1.5 V so a 6.0 V battery would be symbolized as four
cells connected together. Modern technology has produced chemical cells that can
produce more than two volts. Because of this, it is difficult to predict how many cells
are in a modern battery. It is now acceptable to draw the battery symbol as a single cell
and simply write the total battery voltage beside the symbol.

o There are many types of electric meters used today to analyze electric circuits.
Analogue meters usually measure only either voltage or current. The advantage of this
is that students differentiate between a voltmeter and an ammeter. The disadvantage of
analogue meters is that grade 9 students may have difficulty determining the correct
value displayed on the scale. As well, analogue meters must be connected correctly in
order to avoid damaging the meter. Care must be taken to make sure that the positive
terminal (red) is always connected to the positive side of the circuit. On some meters,
the negative terminal (black) is sometimes called “common” If the meter is connected
backwards, the needle will try to deflect in the wrong direction and damage could
occur.
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* Digital meters tend to combine several meters into one. A meter that can measure
current, voltage, and other electric concepts is called a multimeter. Even though
students may find a digital multimeter easier to read, care must be taken to make sure
the meter has been connected and set to the appropriate scale. That is, if the digital
multimeter is to be used as a voltmeter, the connection terminals and settings are
different than if it is to be used as an ammeter. Unlike an analogue meter, if a digital
meter is connected backwards (positive side of the meter to the negative side of the
circuit), the display will place a negative sign in front of the displayed value. This will
not damage the meter, but students should reverse their connections so that the meter
is connected correctly.

* Regardless of whether the meter is digital or analogue, an ammeter should always
be placed in series with the circuit. That is, the circuit must be disconnected and
the ammeter inserted so that all the current flows through the meter. Ammeters
are designed to have a very low resistance so that they do not significantly change
the resistance of the circuit when they are inserted. Because of an ammeter’s low
resistance, it should never be connected directly across a battery. The large current
drawn by the low resistance ammeter will damage it.

* A voltmeter is always connected in parallel to the load or source of potential
difference. Voltmeters are designed to have a very large resistance so that they do
not significantly change the resistance of the circuit when placed in parallel with a
component.

INSTRUCTIONAL STRATEGIES

e Use BLM G-19, Circuit Symbols, to make flashcards with the symbol on one side
and the name on the other. Then the actual electrical components could be randomly
placed on a table and the students could be asked to match the symbol with the
component.

o If the students will be using analogue meters, give students: an ammeter, a voltmeter,
ared connecting wire, and a black connecting wire. Call out a certain meter and scale
setting, and check to see if students have the correct connections and/or settings. For
example, you might say “A voltmeter on the 25 V scale”

o If the students will be using multimeters, give students: a multimeter, a red connecting
wire, and a black connecting wire. Call out a certain meter and scale setting, and check
to see if students have the correct connections and/or settings. For example, you might
say “An ammeter on the 200 mA scale” Go over the information on pages 362-363
regarding connecting an ammeter and connecting a voltmeter.

Use the diagrams on these pages to emphasize the following points:
1. The positive side of the meter is always connected to the positive side of the circuit.

2. When using an ammeter, the circuit must be disconnected so that the ammeter can
be placed into the circuit.

3. When using a voltmeter, the circuit does not have to be manipulated. The voltmeter
is placed directly across either a load or a source of potential difference.

* You may wish to use BLM G-21 Reading an Analogue Meter to display various
analogue meter readings and have students record the values.

* Have students complete the Instant Practice on page 364 of Science Links 9.
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Instant Practice-Using Electric Meters Answers, p. 364

1. a. Red
b. Black

2. The positive terminal of the meter should be connected to the positive side of the
power source.

3. The circuit must be disconnected before inserting an ammeter.

4. Set the meter on the largest scale to obtain an approximate value. Then, lower the
scale until you have the highest possible reading without going off the scale.

5. a. Use the 2.5 scale and multiply your value by 10.

Answer =6.5 V.

b. Use the 5 scale and multiply your value by 100.
Answer = 285 V.

¢. Use the 1 scale and multiply your value by 10.
Answer = 8.8 V.

d. Use the 1 scale and multiply your value by 100.
Answer = 44 mA

Science Skills Toolkit 10: Creating Data Tables, p. 365

Science Skills Toolkit 10 will help students to organize data into tables for effective
communication of scientific results.

BACKGROUND INFORMATION

Organized data make it easier for others to understand the results of an investigation
and also give the researcher credibility.

Simple tables have columns with heads that show what is being recorded and rows
with heads that show data items. It is acceptable to reverse the function so that
columns are used for data items and rows are used for what is being recorded, in order
to make the table fit a horizontal or vertical format.

More complex tables, like the one on page 545 of the student textbook, subdivide the
rows or columns to include subcategories of data.

Word processing software or spreadsheet software provide good templates for data
tables, allowing students to add or subdivide rows or columns, and to revise data,
without having to recreate the table.

INSTRUCTIONAL STRATEGIES

Show examples of tables from newspapers or magazines. Discuss them with students,
asking students to interpret the data in each one, and to comment on the effectiveness
of the presentation.

Divide students into small groups, and have each group design a table that they could
use to record the number of dandelions growing in 6 different sections of the school
yard. Invite groups to share their results, and comment on why they set up their table
as they did.

Then ask each small group to design a table that they could use to record data from
the investigation described on page 545 of the student textbook: an investigation of
the water quality of a stream. Samples will be taken at three different locations. At
each one, the numbers and types of organisms will be recorded, as well as the pH.
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Invite groups to share the table they created and explain why they set it up as they did.
Have students compare their tables with the one on page 545 and discuss similarities
and differences. What makes the table on page 545 effective for this data? What makes
their table effective?

* For students who are not familiar with creating tables on the computer, use a
projector to demonstrate how to create and customize tables using word processing or
spreadsheet software.

* BLM G-22 Data Tables provides templates for some simple tables for students
working by hand who require support.

Instant Practice-Creating Data Tables Answers, p. 365

1. Answers will vary, but could resemble the table shown on page 545. Headings would
be: “Week’, “Type of Weed”, and “Number of Weeds”.

Amount of
Day Plant Fertilizer Height of Plant
1 Plant 1 5mL 5cm
2 Plant 2 10 mL 10 cm
3 Plant 3 15mL 15cm
L 4 Plant 4 20 mL 20 cm )

Students may report that the heights of the plants cannot be recorded without seeing
the actual data.

Numeracy Skills Toolkit 1: Scientific Notation, p. 554

Numeracy Skills Toolkit 1 presents a review of the scientific notation and the use of
exponents with base 10.

BACKGROUND INFORMATION

* Scientific notation is a way in which to write very large or very small numbers using
powers of 10. Writing very large numbers in standard notation can be very time
consuming.

Example:

The closest star to Earth is Alpha Centauri, which is 38 000 000 000 000 km away.

This distance is written in standard notation. In scientific notation, this distance can be
written as 3.8 x 10'3 km.

INSTRUCTIONAL STRATEGIES

* To help students appreciate the usefulness of exponents, ask them to write one trillion
as a numeral. Ask them to imagine what it would be like to have to write or type this
number each time they wanted to refer to it. Point out that a trillion in Europe has six
more zeroes than a trillion in North America. Writing 102 makes it very clear to the
reader what number is being referred to.
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* To help students to understand exponents, review the relationship between bases and
powers. Have students work with examples you provide, such as:

102=10 x 10

10°= 10 x 10 x 10

0= —01
10!

102=-L — 001
102

100=1

For reinforcement of the values of powers of 10, use the patterning approach. This will

lead to understanding of why 10° = 1.

* When students seem comfortable working with exponents, have them complete the
Instant Practice on page 366.

* Use BLM G-24 Using Scientific Notation for further practice, as well as practice
multiplying and dividing numbers written in scientific notation.

ADDITIONAL SUPPORT

o @I If students are having difficulty, you might wish to find material from
appropriate mathematics textbooks for additional problems.

Other Problem-Solving ideas

* Have students take measures such as the length of the class, diameter of a car, number
of students in the school, and size of the lottery jackpot, and represent these numbers
in larger and smaller units, converting from standard to scientific notation.

Instant Practice Answers, p. 366

1. a) 4 x 10! stars b) 2.3 x 102 m
2. a) 980 000 b) 2300 000 000
) 0.000 055 d) 0.000 000 000 65

Numeracy Skills Toolkit 2:
Significant Digits and Rounding, p. 367

Numeracy Skills Toolkit 2 provides students with strategies to deal with uncertainty and
level of precision in measuring, rounding, and calculating.

BACKGROUND INFORMATION

* Asstudents saw in Science Skill 5, Precision and Accuracy, no measurement is exact.
On a metre stick, for example, you can measure to the nearest millimetre, for example,
1.724 m. With a more precise tool, you can measure to the nearest micrometre, for
example, 1.724530 m. The number of decimal places in the measurement tell the
reader how precise the measurement is. It is important that students not add zeros to
a measure, as that would convey a false degree of precision.

¢ In calculating with measurements, we use their precision to determine the precision of
the final result. For example, if a rectangle is measured as 2 m x 3 m, we can say that
its area is 6 m? This tells the reader that the area is between 5.5 m? and 6.4 m? If the
area is measured with a more precise tool and found to be 2.12 m x 3.24 m, we can
write its area as 6.74 m?>—a much more precise value. Note that the number of digits
in the area is the same as the number of digits in the least precise measurement. This is
one of the rules of calculating with significant digits.
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INSTRUCTIONAL STRATEGIES

If students are not familiar with the concepts of precision and accuracy, they should
refer to Science Skill 5, Precision and Accuracy before they read about significant
digits and rounding.

Show students a small box and ask a student to measure the length, width, and height
to the nearest millimetre. Record these measurements on the chalkboard in metres.
Have students calculate the volume of the box, for example:

0.314 m x 0.226 m x 0.187 m = 0.013 270 268 m?

Discuss with students whether this number is realistic. First, is it reasonable, and
second, does it make sense that we can calculate the volume of this box so precisely (to
the nearest billionth of a cubic metre)? Explain that this is an example of why scientists
developed rules to help us decide how many digits it is reasonable to include in a
number you calculate from measurements.

Read the left column of page 367 with students, and give them additional examples
of each type of each rule. Consider having students write a number and challenge a
classmate to decide how many significant digits it contains.

Read Rules for Rounding together. This is a relatively simple rule, but consistent
interpretation of scientific results depends on everyone agreeing on it.

Read Adding or Subtracting Measurements and Multiplying and Dividing
Measurements together. These are also simple rules, but important ones, as they
ensure that scientific results will not be misinterpreted. Give students a few examples
of measurements to calculate, and have them compare their answers with those of a
classmate, to ensure they have included the correct number of significant digits.

Numeracy Skills Toolkit 3: The Metric System, p. 368

Numeracy Skills Toolkit 3 presents a review of the metric system and unit conversion.

BACKGROUND INFORMATION

Scientists have agreed that the metric system (Systéme international d’unités) will

be the system of measurement for science. The metric system has fixed standards

of measurement for easy comparison. The Imperial system was based upon
measurements such as the length of a certain king’s foot, while the inch was the width
of a thumb. Obviously these things could and would change from one individual

to another. Further, British Imperial units of measurement did not always match

those of American units. For example, a British gallon is larger than an American
gallon. To avoid confusion, the metric system has been universally adopted. Imperial
measurement is still used in some cases. Wood is still sold and purchased in Imperial
units, and students might be interested to learn that horses are still measured in hands,
the unit used to indicate the height of a horse from its front hoof to its shoulder. As
well, the fathom is still used to measure the depth of water. A fathom is the measure

of a length of rope that is stretched between two extended hands, traditionally
considered to be six feet. This measure was used to detect the depth of water under the
hull of a boat as a weighted rope was slowly lowered over the side and the number of
arm’s lengths of rope was counted.
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INSTRUCTIONAL STRATEGIES

* To introduce the students to the relationship of prefixes in measurement, provide each
student with a metre stick. Inform the students that the stick represents a metre. Point
out to them how it can be divided into units of 10 (decimetres):

1 metre = 10 decimetres

Within a decimetre (starting on the left), have the students count the number of major
divisions. Tell the students that these major divisions represent centimetres. Help them
to make the inference that 1 dm = 10 cm.

Finally, have students count the number of markings between centimetres. Help them
to make the inference that 1 cm = 10 mm. Get students to then correlate between the
minor units of measurement in the metric system:

10cm=1dm

10dm=1m

100 mm =1 dm

To reinforce these ideas, play the game, Jeopardy! with teams of contestants and
conversion problems. Many examples can be found in mathematics resources.

* To help students develop some facility with conversions, use a stair format or unit
number line. In the stair format, which is illustrated for students on BLM G-28, Metric
Conversions, the larger units are written at the top left of the stairs. Descending units
are written on lower rungs. The number is written on the stair with a decimal place.
Moving up or down is done by moving the decimal, and zeros are added on the vacant
stairs between the original number and the new unit.

For example:
30cm=0.3m

kilometre
hectometre
decametre
metre 0.3
decimetre 3.0
centimetre 30
millimetre

Using a unit line applies the same principle in a linear fashion. For example,

3m=300cm |
3.0
kilo  hecto  deca | root unit | deci centi  milli
3 0 0.
kilo  hecto  deca | root unit | deci  centi  milli

Carry out one or two examples on the chalkboard with students, then provide

an example to pairs of students. Students should try to complete the stair or unit
number line and then exchange with their partner to see if they have inserted the
same numbers. Discuss the examples on page 369 of Science Links 9, copying them
onto the chalkboard, if necessary. Ensure that all students appreciate which way the
conversion is going (from a larger to a smaller unit or vice versa). Using the examples,
demonstrate to students how this can help them to assess whether their answers are
right or wrong. By using the Factor-Label method for converting units, they will be
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able to determine if the conversion is correct. When students are comfortable with
conversions, have them complete the Instant Practice on the bottom right of page 368.

ADDITIONAL SUPPORT

e If students are having difficulty, it may be worthwhile to find material from
appropriate mathematics textbooks for additional problems.

* Review the Factor-Label method in each example.

Instant Practice-Using Metric Measurements Answers, p. 368
1. megametre
2. millilitre
3. 3500 mg
4. 0.350 L of acetic acid
5. 230 cm wingspan
6.

2.5 mL

Numeracy Skills Toolkit 4: Organizing and Communicating
Scientific Results with Graphs, p. 370

This Numeracy Skills Toolkit introduces students to the principles and procedures used
in the tabulation and representation of data. Students learn which graph is appropriate
for various types of data and have opportunities to practise their graphing skills.

BACKGROUND INFORMATION

* Acceptance of new ideas is more likely if the individual who “discovers” something is
credible. Credibility is enhanced if that individual displays or presents material in a
format that is socially agreed upon to represent that area of knowledge. Professionally
produced tables and graphs that contain data present a convincing argument. They
are then available for further reference. Finally, they indicate the worth of a scientific
investigation, given that this lies in the reliability and validity of the data produced.

* Data collected in science investigations need to be recorded into tables that organize
the data into fields (rows and columns) of a variable (i.e., data on one variable are
collected and recorded together). The table or data base will have several fields
of related data organized either vertically or horizontally. The data should be in
ascending (increasing) value of the manipulated variable or in rows of related data.
Tabulated data can then be graphed to show potential relationships between data.
Depending on the variables’ relationships, different graphs are used.

The table below shows the graph and variable relationship.

Variable Relationship | Type of Graph

Non-continuous words (or categories) and numbers | Bar graph

Continuous words and numbers Histogram

Categories or divisions of one variable Circle graph

Non-continuous comparison of numerical variables Line graph, scatter graph

kContinuous comparison of numerical variables Line graph
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In graphs, the x-axis generally represents the manipulated variable while the y-axis
represents the responding variable.

INSTRUCTIONAL STRATEGIES

e Students frequently find graphing and interpretation of graphs difficult. To overcome
this obstacle, students need repeated exposure to practise this skill. They will also
benefit from a variety of jigsaw activities.

* Give a group of students different graphs that are labelled but not titled. Give another
group of students a title for a graph. Have each group seek out the group that has the
match to its title or graph.

* Play Jeopardy!, a game in which an untitled graph is presented and the students
formulate a (causal) question to describe the graph.

* Present students with a number of titled graphs and ask them to interpret the
relationship demonstrated in the graphs. To promote student understanding of the
relationship between the variables of a graph:

- supply students with a number of partial tables of data and a corresponding graph.
They should then try to determine the missing field of data.

- supply students with split tables of data (e.g., all one variable) and a number of
graphs. Have students match the data and tables.

* You may want to distribute BLM-26 Interpreting Line Graphs to provide practice
and reinforcement.

* When students have mastered the ability to read graphs and understand the
relationship between data points, they are ready to attempt to graph. Provide them
with a checklist such as the following to ensure they include all components of a graph
or table. Hand out BLM A-15 Data Table Checklist and BLM A-16 Graph from Data
Checklist for students who need reminders.

Format for Tables | Format for Graphs
All tables must have the following: All graphs must have the following:
e Title e Title
e Labelled columns or rows e Labelled x-axis
e Units of measurement included with data e Labelled y-axis
e Description or summary of the table’s data e Units of measurement included with data
e Appropriate size ¢ Description or summary of the graph’s data
e Neat presentation e Appropriate size
L * Neat presentation

* Line of best fit is another traditional area of difficulty for students. Explain that the
line of best fit represents an average of a potential trend in the data, where, if possible,
approximately the same number of data points should be on the line and at an equal
distance both above and below the line. Place some scatter graphs on the chalkboard
or use an overhead, and work with the students to develop a line of best fit for each.
Then provide students with scatter graphs to add their own smooth lines of best fit.
Remind students that the line does not have to be straight. A clear plastic ruler is a
useful tool that allows students to see where all the data points are arrayed as they try
to place the line in the best position. A piece of string can serve a similar purpose,
especially with graphs with curving lines of best fit.
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* Once students have conceptually mastered the skill of graphing, you can introduce
them to spreadsheet programs that allow them to input data into fields, manipulate
data with sort functions, and graph data. The ease and speed in which data are input
and graphs produced will take away from the “procedural noise” of tabulating and
plotting data that hampers students’ understanding of the skill. If time is spent up
front with the students becoming software literate, they can then copy tables or graphs
from the database into a word-processing document. This will allow them to produce
high-quality reports that are easily modified if oversights or mistakes are made.

Note: If your students are using a spreadsheet, make sure they input only one type of
data into each cell. (For example, in a column used to record individuals” height, height
is the only data that would be entered in any cell in that column. Units, which in this
example would be “cm,” are not used in the cell entry, as they will already appear in the
column heading.)

INSTRUCTIONAL STRATEGIES (Drawing a Line Graph)

* Have the students examine Table 1 on page 370 of Science Links 9 and compare it with
the graph on page 371 in step 7. Ask them what information the two visuals contain.
Ask which visual more efficiently and effectively communicates the information
it contains. Alternatively, you could have half of the class examine the table while
half examine the graph. Have a race to see which half of the class understands
the information first. The students using the graph will probably understand the
information more quickly.

» With the students, go over the steps in drawing a line graph to ensure that they
understand how to perform each of the steps. For steps 3 and 4, you might want
to provide several different types of examples so that the students develop a clear
understanding of scale and its importance to a graph.

* Have the students do the Instant Practice on page 371.

* You may wish to distribute BLM G-25 Constructing a Line Graph to provide practice
and reinforcement.

Instant Practice-Line Graph Answer, p. 371

Ozone Levels in Upper Atmosphere

Total Ozone (DU)
P — n N w
(4] o (4] o (4] o
O O O O O o o

1970 1975 1980 1985 1990 1995 2000
Year

INSTRUCTIONAL STRATEGIES (Constructing a Bar Graph)

* Discuss with the students the information presented in Table 3 on page 372. Have
them examine the bar graph on page 372 and think how they might present that
information in a line graph. They should quickly be able to see that the information
would be difficult to present as a line graph and such a representation would be
less effective and less useful. Remind students that each type of graph has a specific
purpose and that when they are preparing presentations for which graphing would be

TR-98 MHR e Using the Science and Numeracy Skills Toolkit 978-0-07-072368-9



useful, they need to take into account the type of information that will be graphed and
choose the appropriate graph.

* Have students do the Instant Practice on page 372.

Instant Practice-Bar Graph Answer, p. 372

Gravitational Pull of Planets

25
G
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o

= 15
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2 1

2

g 05

s L[] [ ]

Mercury Venus  Earth ~ Mars Jupiter Saturn Uranus Neptune
Planet

INSTRUCTIONAL STRATEGIES (Constructing a Pie Graph)

e Students will probably be familiar with circle graphs from earlier grades. Remind them
that such graphs are also called pie graphs, pointing out that when a piece of pie is cut
from a whole pie, it is easy to see how much has been cut and how much is left. If the
pie is cut into several slices, it is easy to tell whether one slice is much bigger than the
others, so a circle graph is a good way of displaying data when it is necessary to see
how much of the whole (what percent) a portion of the data represents.

* Go over the steps in constructing a pie graph with the students and then have them do
the Instant Practice on page 373.

Instant Practice-Pie Graph Answers, p. 373

World Energy Consumption Graph

Eastern Asia and
Oceania

North America

Central and
South America
Africa

Middle East

Europe
Eurasia

ADDITIONAL SUPPORT

e @D For students who have motor coordination difficulties, the use of a spreadsheet
to generate a pie graph will be helpful. Students can input the data into the table and
convert the data by entering the appropriate formulas into the spreadsheet.

Further Practice

* You may wish to use BLM G-26 Interpreting Line Graphs and BLM G-25
Constructing a Line Graph for students who require more support or review.

978-0-07-072368-9 Using the Science and Numeracy Skills Toolkit « MHR TR-99



* Provide several data sets and ask students which graph would be the most appropriate
to display the data and why. Reinforce the concepts of continuous versus non-
continuous of discrete data. Discrete data are measurements that cannot be broken
into smaller parts. For example, the number of cars in a parking lot, the number of
cows in a herd, and the number of students in the a grade 9 science class. Examples of
continuous data are money, time, and length.

Numeracy Skills Toolkit 5: The GRASP Problem Solving
Method, p. 376

This Numeracy Skills Toolkit introduces students to a procedure that can be used to
solve numerical problems. G-given, R-required, A-analysis, S-solution, P-paraphrase-
GRASP.

BACKGROUND INFORMATION

* The method for solving numerical problems will be familiar to students from their
studies in mathematics. Remind students of the stages of the GRASP method by
posting them in the classroom.

INSTRUCTIONAL STRATEGIES
* Provide a more detailed approach to the GRASP method.

Remind students of the following:
Given: o Read the problem three times.
* On the first read, get a general sense of what the question is asking.
* On the second read, determine the information given then write it down.
* On the third read, determine if there is any unnecessary information.
Is there hidden or missing information? Do you need to make any
assumptions?
Do you need clarification before proceeding?
Required: « Determine what you need to find.

Analysis: « Plan out your solution. Does the problem look like one you have solved
before?
* Choose a strategy that you might use:
- brainstorm or make an idea web
- estimate
- draw a diagram, graph, or model
- act it out
- solve a simpler problem
- break the problem into simpler parts
- make a table, chart, or organized list
- look for a pattern
- express a pattern using algebra
- set up and solve an equation or inequality
- work backward
- use systematic trial
- make an assumption
- use logical reasoning
- use technology such a calculator, graphing calculator, or spreadsheet
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Solution: « Solve the problem by carrying out your plan.
* Estimate your answer, if possible first, so you can check the reasonableness
of your calculated answer.
¢ Calculate your answer. Be sure to show all steps so you can check your
work. Make sure your work is neat and orderly.

Paraphrase: ¢ Check your work. State your solution and check for the reasonableness of
your answer. Ask yourself:
* Have you answered the question?
 Check your answer by solving the problem a different way.
* Check your answer with a classmate.
* Present your solution to a classmate. Does it make sense?

* Give a problem to pairs of students. Have each pair solve the problem in
a different way and compare their solutions in class.

* Have students work in pairs to solve a problem. One student works on
several stages and the other completes the remaining.

* When students are familiar with GRASP and have carefully reviewed the
solution to the example, complete the Instant Practice on page 376.

ADDITIONAL SUPPORT

o @I For students who have reading or poor problem solving strategies, have them
write the problem in their notebooks. Highlight the given information in one colour
and the information that they need to find in another colour. This will help consolidate
what is given and what is needed, G and R.

* Pair a strong student with a student who needs support to solve a problem. The
stronger student could guide the other student through the different stages.

e For difficult problems, a Blackline Master of the question with scaffolding could be
provided. Parts of the question and/or diagrams could be partially completed for

students.

* You may wish to provide simpler problems from grade 8 for some students to
complete for extra practice.

e For students who are not able to solve problems independently, model solving a
problem by each of the strategies listed in Instructional Strategies. Then, provide
problems that can be solved by the various strategies and have students follow your
examples to solve them.

* Provide BLM G-23 Problem Solving Using GRASP for students who need a template
for writing a solution.

Instant Practice-Using GRASP, p. 376
Given

Unit cost of electricity = 11.1¢/kWh

amount of electricity used in one month = 375 kWh

Required
total cost of 375 kWh of electricity for the one month
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Analysis
1. Calculate the amount money it costs for 375 kWh of electricity at 11.1¢/kWh by
multiplying the two amounts. This amount will be in cents.

2. Convert the amount in step 1 to dollars by dividing the value by 100.

Solution
1. total cost in cents = unit cost of electricity x amount of electricity used in one month
=11.1¢/kWh x 375 kWh
=4162.5¢

2. total cost in dollars = total cost in cents + 100
=4162.5¢ + 100¢/$
=$41.63
Ruby uses 375 kWh of electricity in one month at a unit rate of 11.1¢/kWh, so she must
pay a total of $41.63 for electricity use for the month.

Check: Divide $41.63 by 375 kWh and you should get 11.1¢/kWh.
Round off $41.63 to $40 to do a quick estimate. If you multiply $0.10 by 375, you get
$37.50, which is a reasonable answer.
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