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1 Measurement—
A Common 
Language

Objectives
After this lesson, students will be able to 
P.2.1.1 Explain why scientists use a standard 
measurement system.
P.2.1.2 Identify the SI units of measure for 
length, mass, volume, density, time, and 
temperature.

 

P.2.1.3

 

Describe how conversion factors 
are useful.

Target Reading Skill

 

Comparing and Contrasting

 

Explain that 
comparing and contrasting information 
shows how ideas, facts, and events are similar 
and different. The results of the comparison 
can have importance.

 

Answers

 

Length—

 

Distance from one point to 
another, meter (m), metric ruler

 

Mass—

 

Amount of matter, gram (g), balance

 

Volume—

 

Amount of space, liter (L), 
graduated cylinder

 

Time—

 

Passing of events, second (s), watch 
or clock

 

Temperature—

 

Hotness or coldness, degrees 
Celsius or kelvin, thermometer

Teaching Resources

 

•

 

Transparency P6

Preteach

 

Build Background 
Knowledge

 

Experience With Metric Measurement

 

Ask: 

 

What units of measure do you use in 
everyday life? 

 

(Sample answer: Pounds, miles, 
yards, feet, inches, gallons, ounces, degrees 
Fahrenheit) 

 

What units of measure have you 
used in science investigations in the past? 

 

(Sample answer: Grams, meters, liters, degrees 
Celsius)

 

 Why do you think there is a 
difference in the units of measure people 
use every day and the units of measure used 
in science? 

 

(Sample answer: Scientists all over 
the world have agreed to use the metric 
system.)

L2

 

Skills Focus

 

Inferring

 

Materials

 

scissors, sheet of paper

 

Time

 

15 minutes

 

Tips

 

Divide the class into groups of four. 
Make sure each group uses one shoe from 
one person only. To speed up the 
measurement process, students could use 
two identical cut-outs and measure two 
shoes at a time.

 

Expected Outcome

 

Each group of 
students will have measured a different  
number of  “shoes.”

 

Think It Over

 

Sample answer: Using 
standard units of measure helps to 
eliminate confusion when people 
communicate their data, conclusions, 
and answers.

1 Measurement—A 
Common Language

How Many Shoes?
1. Trace an outline of your shoe onto a piece of 

paper. Cut out your pattern.
2. Use your pattern to measure the length of your 

classroom in “shoes.”
3. Compare your measurement to those of three 

classmates. Did you all measure the same number 
of “shoes”?

Think It Over
Inferring Why do you think it is important that 
people use standard units of measurement?

Reading Preview
Key Concepts
• Why do scientists use a standard 

measurement system?

• What are the SI units of measure 
for length, mass, volume, density, 
time, and temperature?

• How are conversion factors 
useful?

Key Terms
• metric system   • SI • mass
• weight   • volume   • meniscus   
• density

Target Reading Skill
Comparing and Contrasting
As you read, compare and contrast  
different types of measurement by 
completing a table like the one 
below.

Did you ever ask a relative for an old family recipe? If so, the
answer might have been, “Use just the right amount of flour
and water. Add a spoonful of oil and a pinch of salt. Bake it for
awhile until it looks just right.”

Instructions like these would be difficult to follow. How
much flour is “just the right amount”? How big is a spoonful or
a pinch? It would be impossible for you to know what your rel-
ative had in mind. You could end up with disastrous results.Definition

SI unit

Measuring tool

Length MassCharacteristic

Measurement

In tasks such as cooking,
measurements can be critical!

� 
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Differentiated Instruction

Instruct

 

A Standard 
Measurement System

 

Teach Key Concepts

 

The Metric System and SI

 

Focus

 

Tell students that modern scientists 
use a version of the metric system called 
the International System of Units, or SI.

 

Teach

 

Ask: 

 

What do scientists use SI units 
to measure? 

 

(Length, volume, mass, density, 
temperature, and time)

 

 

 

Apply

 

Ask: 

 

Why is using a standard 
measurement system important for 
scientists? 

 

(Using the same system of 
measurement minimizes confusion among 
scientists all over the world.)

 

learning 
modality: logical/mathematical

Teaching Resources

 

•

 

Transparency P7

 

The Work of Scientists

 

Show the Video Field Trip to let students 
experience the work of scientists. Discussion 
question: 

 

What two readings are necessary 
to determine longitude? 

 

(Latitude and the 
difference in time between where you are and 
the time at a fixed location)

 

Independent Practice
Teaching Resources

 

•

 

Guided Reading and Study Worksheet: 

 

Measurement—A Common Language

 

 

 

Student Edition on Audio CD

L2

L2

 

Special Needs

 

Communicating

 

Ask students to create 
a display about each of the measurements 
described in this section. For each 
measurement, students should include 
a definition of the characteristic being 
measured, the basic SI unit for that 
measurement, any instructions for making 
the measurement, and any formulas 
needed for determining values.

 

learning 
modality: visual

L1

 

Gifted and Talented

 

Comparing and Contrasting

 

Have 
students investigate how to operate a 
double-pan balance and prepare a 
demonstration for the class. In this 
demonstration, they can compare and 
contrast the double-pan balance with the 
triple-beam balance by determining the 
mass of an object on both instruments. 

 

learning modality: visual

L3 Monitor Progress L2

 

Oral Presentation

 

Call on students to 
identify the system that scientists all over the 
world use and to explain why scientists use a 
standard measurement system.

 

Answers

 

Figure 1

 

100 times larger

 

10

Common SI Prefixes

kilo- k 1,000

hecto- h 100

deka- da 10

deci- d 0.1 (one tenth)

centi- c 0.01 (one hundredth)

milli- m 0.001 (one thousandth)

Prefix Symbol Meaning

A Standard Measurement System
The recipe example illustrates the importance of using a stan-
dard system of measurement. This is especially true in science.
Using the same system of measurement minimizes confusion
among scientists all over the world.

The Metric System More than 200 years ago, most coun-
tries used their own measurement systems. Sometimes two or
more different systems were used in the same country. In the
1790s, scientists in France developed a universal system of
measurement called the metric system. The metric system is a
system of measurement based on the number 10.

The International System of Units (SI)  Modern scien-
tists use a version of the metric system called the International
System of Units, abbreviated as SI (for the French, Système
International d’Unités). Scientists all over the world use SI units
to measure length, volume, mass, density, temperature, and
time. Using SI as the standard system of measurement allows
scientists to compare data and communicate with each other
about their results. In this book and others in the Science
Explorer program, you will use both SI and other metric units.

Figure 1 lists the prefixes used to name the most common
SI units. Because they are based on multiples of 10, SI units are
easy to use. Each unit is ten times larger than the next smallest
unit and one tenth the size of the next largest unit. This is sim-
ilar to our money system, in which a dime is worth ten times
more than a penny, but one tenth as much as a dollar.

SI units are based on multiples of what number?

FIGURE 1
SI units, based on multiples of 
10, are easy to use. Knowing 
what the prefixes mean can 
help you judge how big or 
small a measurement is.
Calculating How much larger 
is a kilo- than a deka-?

Video Preview
Video Field Trip
Video Assessment  

The Work of 
Scientists
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Length

 

Teach Key Concepts

 

The Meter

 

Focus

 

Tell students that the SI unit of length 
is the meter.

 

Teach

 

Ask: 

 

What is length? 

 

(Length is the 
distance from one point to another.)

 

 Have 
students turn back to Figure 1, the Common 
SI Prefixes. Explain that these prefixes can 
be combined with the word 

 

meter

 

 to form 
the names for the SI units of length. Ask: 

 

What is the unit of length that equals 
1,000 meters? 

 

(The kilometer)

 

 Ask: 

 

What 
does 1 meter equal in centimeters? 

 

(100 centimeters)

 

Apply

 

Ask: 

 

What unit of length would you 
use to measure a piece of notebook paper? 

 

(The centimeter) 

 

The distance from Atlanta 

 

to Chicago? 

 

(The kilometer) 

 

learning 
modality: verbal

Teaching Resources

 

•

 

Transparency P8

 

Measuring Length in Metric

 

Materials

 

meter stick, metric ruler

 

Time

 

20 minutes

 

Focus

 

Challenge students to create a metric 
measurement inventory of the classroom.

 

Teach

 

Introduce students to the metric ruler 
and the meter stick. Explain the metric ruler 
is used to measure small objects and the 
meter stick is used to measure larger objects. 
Ask: 

 

What measurements is a metric ruler 
divided into? 

 

(Centimeters and millimeters) 

 

Which instrument would you use to 
measure a paper clip? 

 

(Metric ruler)

 

 
Demonstrate how to use both.

 

Apply

 

Give students 10 minutes to 
measure the length of anything in the 
classroom. Ask them to keep a record of 
their measurements. Collect their records 
when the time is up, and ask volunteers 
to assemble the information into a large 
chart.

 

learning modality: kinesthetic

L2

L2

1500 B.C. 500 B.C.1000 B.C. A.D. 1

1400 B.C.
A Simple Balance
The ancient Egyptians developed 
the first known weighing 
instrument, a simple balance with a 
pointer. Earlier, they had been the 
first to standardize a measure of 
length. The length, called a cubit, 
was originally defined as the 
distance between the elbow and 
the tip of the middle finger.

200 B.C.
Standard
Measures
Shih Huang Ti, the 
first emperor of 
China, set standards 
for weight, length, 
and volume. He also 
improved travel 
conditions by 
setting standards 
for the widths of 
roads and for the 
distance between 
chariot wheels.

Measurement Systems
Like so much else in science, systems of 
measurement developed gradually over 
time in different parts of the world. 640 B.C.

Standard Units of 
Weight
Merchants in the Middle 
East and Mediterranean 
used units of weight to be 
sure that they received the 
correct amount of gold 
and silver in trade and to 
check the purity of the 
metal. A talent was about 
25 kilograms, and a mina
was about 500 grams. The 
Lydians minted the first
true coins to have standard 
weight and value.

Common Conversions
for Length

1 km = 1,000  m

1 m = 100 cm

1 m = 1,000 mm

1 cm = 10 mm

Length
How far can you throw a softball? Can you judge by eye how
far the ball travels? A better way to find out would be to mea-
sure the distance, or length, that the ball travels. Length is the
distance from one point to another. In the case of your softball
throw, it would be from the point where you release the ball to
the point where it first hits the ground.

Units of Length The basic unit of length in the SI system
is the meter (m). One meter is about the distance from the
floor to a doorknob. A softball throw would be measured in
meters. So would your height. Most students your age are
between 1.5 and 2 meters tall.
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Focus

 

Ask: 

 

How long is the period that the 

 

timeline shows? 

 

(3,500 years, from 1500

 

 

 

B

 

.

 

C

 

. 

 

to 

 

A

 

.

 

D

 

. 2000)

 

Teach

 

Invite volunteers to read entries 
on the timeline. After the entire timeline 
has been read, ask: 

 

When were the first 
standard units of weight established? 

 

(In 640 

 

B

 

.

 

C

 

., merchants established 
standard units of weight.) 

 

Why do you 
think merchants established standard 
measurements? 

 

(Standard measurements 
would have been necessary for trade to 
flourish between countries and different 
peoples.) 

 

Is the reason why scientists use 
a standard system similar to why ancient 
merchants established standards? 

 

(Yes. Both 
merchants and scientists need to compare and 
communicate.)

 

Writing Mode

 

Description

 

Scoring Rubric 

 

4

 

Exceeds criteria; may have well-written 
directions and/or include illustrations

 

3

 

Meets all criteria

 

2

 

Meets some but not all criteria

 

1

 

Meets few criteria, with inaccurate 
information and/or brief descriptions

Monitor Progress L2

 

Oral Presentation

 

Ask volunteers to 
identify the basic unit of length in the SI 
system and explain what a centimeter and a 
millimeter are.

A.D. 1000A.D. 500 A.D. 1500 A.D. 2000

A.D. 789
Standard Units of 
Length and Weight
The foot of Charlemagne, 
emperor of most of 
central Europe, was set 
as the standard unit of 
length. The standard 
unit of weight was the 
Karlspfund, translated as 
“Charlemagne’s pound.”

A.D. 1983
International
Standards
The International Bureau of 
Weights and Measures in 
France defined a single set 
of standard units. Scientists 
throughout the world use 
these units in their work. 
The official kilogram 
measure, shown above, is 
kept in a vacuum chamber.

A.D. 1714
Thermometer
Gabriel Fahrenheit invented the 
thermometer, a temperature-
measuring device that relies on 

the expansion of mercury with 
heat. His name later came to 

be used as the name for a 
temperature scale.

To measure objects smaller than a meter, scientists use units
called the centimeter (cm) or the millimeter (mm). The prefix
centi- means “one-hundredth,” while the prefix milli- means
one-thousandth. One meter, then, is equal to 100 centimeters or
1,000 millimeters. The length of a typical sheet of loose-leaf paper
is 28 centimeters, which is equal to 280 millimeters.

What unit would you use to measure a long distance, such as
the distance between two cities? For such measurements, scien-
tists use a unit known as the kilometer (km). The prefix kilo-
means one thousand. There are 1,000 meters in a kilometer.
If you were to draw a straight line between San Francisco and
Boston, the line would measure about 4,300 kilometers.

Research and Write While
scientists rely on SI units, 
people use different measure-
ment units for other purposes. 
Research the units used in sail-
ing, horse breeding, diamond 
cutting, farming, or another 
activity that interests you. 
Write a few paragraphs about 
your findings.

 



    

Using Visuals: Figure 2

 

Measuring Length

 

Focus

 

Explain that the metric ruler is the 
instrument students will be using most often 
to measure length.

 

Teach

 

Ask: 

 

What do the longer lines 
indicate on a metric ruler? 

 

(They are the 
centimeter markings.) 

 

What do the shorter 
lines indicate? 

 

(They are the millimeter 
markings.) 

 

In Figure 2, what is the back end 
of the shell lined up with on the ruler? 

 

(The 
zero mark) 

 

When the back end of the object 
is lined up with the zero mark, how do you 
determine the object’s length? 

 

(Read the 
number at the other end of the object.)

 

Apply

 

Ask students to use their metric ruler 
to measure the length of a small paperclip. 

 

How long is a paperclip? 

 

(Sample answer: 
3.2 cm)

 

learning modality: visual

Teaching Resources

 

•

 

Transparency P9

 

Mass

 

Teach Key Concepts

 

The Kilogram

 

Focus

 

Tell students that the basic SI unit of 
mass is the kilogram.

 

Teach

 

Ask: 

 

What is mass? 

 

(Mass is a 
measure of the amount of matter an object 
contains.) 

 

If the basic SI unit of mass is the 
kilogram, then what is a gram? 

 

(A gram 
is one-thousandth of a kilogram.) 

 

What is 
weight? 

 

(Weight is the measure of the force of 
gravity acting on an object.) 

 

Why doesn’t 
gravity affect an object’s mass? 

 

(Mass is a 
measure of the amount of matter, and gravity 
doesn’t affect the amount of matter an object 
has.)

 

 Explain that scientists do measure 
weight for various reasons, but when they do 
they usually use the SI unit of force, called 
the newton.

 

Apply

 

Ask: 

 

How many milligrams are 
there in a kilogram? 

 

(1 kg =  1,000,000 mg) 

 

learning modality: logical/mathematical

L1

L2

Measuring Length A very common tool used to measure
length is the metric ruler. As you can see in Figure 2, a metric
ruler is divided into centimeters. The centimeter markings are
the longer lines numbered 1, 2, 3, and so on. Each centimeter is
then divided into 10 millimeters, which are marked by the
shorter lines.

To use a metric ruler, line one end of the object up exactly
with the zero mark. Then read the number at the other end
of the object. The shell of the turtle in Figure 2 is 8.8 centi-
meters, or 88 millimeters, long.

One centimeter is divided into how many 
millimeters?

Mass
Can you lift a bicycle with one finger? Probably not, unless the
bicycle’s frame is made of titanium, a strong but very light
metal. Most bike racers use titanium frames because the bike’s
low mass allows them to ride faster. Mass is a measure of the
amount of matter an object contains.

Units of Mass The basic unit of mass in the SI system is
the kilogram (kg). The kilogram is a useful unit when measur-
ing the mass of objects such as bicycles, cars, or people. The
mass of a wooden baseball bat is about 1 kilogram.

To measure the mass of smaller objects, you will use a unit
known as the gram (g). As you can guess, there are 1,000 grams
in a kilogram. A large paper clip has a mass of about 1 gram.
Even smaller masses are measured in milligrams (mg). There
are 1,000 milligrams in one gram.

Common Conversions
for Mass

1 kg = 1,000 g

1 g = 1,000 mg

FIGURE 2
Measuring Length
To measure the length of the 
turtle’s shell, line up one end of 
the shell exactly with the zero 
mark on the ruler. Read the 
number at the other end of the 
shell to obtain its length.
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Using a Triple-Beam Balance

 

Materials

 

triple-beam balance

 

Time

 

10 minutes

 

Focus

 

Tell students that to find the mass 
of an object, they will use a triple-beam 
balance.

 

Teach

 

Display a triple-beam balance for 
students to observe. Point out the parts of 
the balance, including the pan, the three 
beams, and the riders on each beam. Show 
students how to “zero” the balance, if 
necessary. Demonstrate how to place an 
object on the pan. Then, show students how 
to move each of the riders forward until the 
horizontal pointer drops below zero and 
then move the rider back one notch. Point 
out the middle beam is divided into five 
units of 100 grams, and it should be moved 
first. The back beam should be moved next, 
and the front beam should be moved last.

 

Apply

 

Place an object on the pan, and 
adjust the three riders appropriately. Ask: 

 

How can you determine what the mass of 
this object is? 

 

(The mass of the object is the 
sum of the readings on the three beams.)

 

 As 
students observe, find the mass of several 
small objects in the classroom, including a 
small notebook, an eraser, and coins. 

 

learning modality: visual

Teaching Resources

• Transparency P10

Skills Focus Measuring

Materials triple-beam balance, CD, 
notebook paper, textbook

Time 15 minutes

Tips Pair students of differing ability 
levels. Students can make the 
measurements individually and then 
get together for comparisons. After 
pairs compare measurements, encourage 

students to remeasure if the measurements 
of one or more of the objects are not close.

Expected Outcome Students will 
become familiar with using a triple-beam 
balance to measure the mass of objects. 
There may be minor discrepancies among 
measurements. learning modality: 
kinesthetic

Monitor Progress L2

 

Writing Ask students to write a paragraph 
that explains the difference between mass and 
weight.

Answers
Figure 3 153.8 g

10 millimeters

A measure of the force of 
gravity acting on an object

Measuring Mass To find the mass of an object, you may
use a balance like the one in Figure 3. This balance, known as a
triple-beam balance, works by comparing the mass of the
object you are measuring to a known mass. When you use a
triple-beam balance, you first place the object on the pan. You
then shift the riders on the beams until they balance the mass
of the object. You can find step-by-step instructions for using a
triple-beam balance in Appendix C.

The Difference Between Mass and Weight  Mass is often
confused  with weight. But weight is not the same thing as mass.
Weight is a measure of the force of gravity acting on an object. As
you probably know, you can measure an object’s weight using a
scale. When you stand on a scale, gravity pulls you downward,
compressing springs inside the scale. The more you weigh, the
more the springs compress, and the higher the reading.

If, however, you were to weigh yourself on the moon, you
would obtain a very different reading. Because the force of
gravity is much weaker on the moon than on Earth, the springs
inside the scale would compress much less. You would weigh
less on the moon. But how would your mass compare? Because
mass measures the amount of matter an object contains, it
remains constant wherever an object may be. Your mass on the
moon is the same as your mass on Earth. You can see why sci-
entists prefer to use mass, rather than weight, when making
measurements.

What is weight?

Pan
Riders Beams Pointer

Measuring
Use a balance to determine 
the mass of the following 
objects

• a CD
• a crumpled sheet of 

notebook paper
• this textbook

Compare your measurements 
to those of a classmate. How 
close are the two sets of 
measurements?

FIGURE 3
Measuring Mass
You can use a triple-beam balance 
to find the mass of small objects. 
To measure mass, place the object 
on the pan and shift the riders on 
each beam until the pointer stops 
at zero. Observing What is the 
mass of this turtle?

L2

L1
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Volume

Teach Key Concepts
The Liter
Focus Tell students the basic unit of volume 
of liquids is the liter.

Teach Ask: What is volume? (Volume is 
the amount of space an object takes up.)

 

 Point 
out that volume is commonly considered a 
characteristic of liquids. Show students a 2-L 
plastic soft-drink bottle. Ask: What is the 
volume of this soft-drink bottle? (Two liters) 
How many milliliters of liquid does the 
bottle contain? 

 

(2,000 mL)

 

 Then explain 
that scientists determine the volume of solid 
objects as well, because solid objects also 
take up space. 

 

What unit of measure would 
you use for the volume of a small object? 

 

(The cubic centimeter, cm

 

3

 

) 

 

What unit would 
you use for the volume of a large object? 

 

(The cubic meter, m

 

3

 

)

 

Apply

 

Ask: 

 

What unit of measure would 
you use for the volume of water in a 
bathtub? 

 

(The liter) 

 

What unit of measure 
would you use for the volume of a 
textbook? 

 

(The cubic centimeter, cm

 

3

 

) 

 

learning modality: verbal

Teaching Resources

 

•

 

Transparency P11

 

Use Visuals: Figure 4

 

Measuring Volume

 

Focus

 

Tell students that Figure 4 shows how 
to measure the volume of a liquid, a 
rectangular solid, and an irregular solid.

 

Teach

 

Ask a student to read the annotation 
that explains how to measure the volume of a 
liquid. Ask: 

 

What is a meniscus? 

 

(The curve 
at the top surface of a liquid in a graduated 
cylinder) 

 

When determining the volume of 
water in a graduated cylinder, how should 
you read the meniscus? 

 

(You should read 
the millimeter marking at the bottom of the 
curve.)

 

 Have students read the annotations 
for calculating the volume of a regular solid 
and finding the volume of an irregular solid.

 

Apply

 

Ask: 

 

Which method would you use 
to find the volume of a book? 

 

(You would 
calculate the volume of a book by multiplying 
length 

 

×

 

 width 

 

× 

 

height.)

 

learning 
modality: visual

L2

L2

Volume
Do you drink milk or orange juice with breakfast? If so, how
much do you have? You probably don’t measure it out; you just
pour it into a glass. You decide when to stop pouring by
observing the amount of space it fills in the glass. Volume is
the amount of space an object takes up.

Volume of Liquids  To measure the volume of a liquid, sci-
entists use a unit known as the liter (L). You have probably seen
1-liter and 2-liter bottles of beverages at the grocery store. You
can measure smaller liquid volumes using milliliters (mL).
There are 1,000 milliliters in a liter.

To measure the volume of a liquid, just pour it into a con-
tainer with markings that show the volume. Scientists com-
monly use a graduated cylinder to measure liquid volumes.
The graduated cylinder in Figure 4 is marked off in 1-milliliter
segments. Notice that the top surface of the water in the gradu-
ated cylinder is curved. This curve is called the meniscus. To
determine the volume of water, you should read the milliliter
marking at the bottom of the curve.

Volume of Rectangular Solids  How can you determine
the volume of a solid object, such as a cereal box? The unit you
would use is the cubic centimeter (cm3). A cubic centimeter is
equal to the volume of a cube that measures 1 centimeter on
each side. This is about the size of a sugar cube. One cubic centi-
meter is exactly equal to one milliliter.

FIGURE 4

Measuring Volume
Volume is the amount of space an 
object takes up. Measuring the 
volume of liquids, rectangular 
solids, and irregular solids requires 
different methods.  
Observing What is the proper way 
to read a meniscus?

Common Conversions
for Volume

1 L = 1,000 mL

1 L = 1,000 cm3

1 mL = 1 cm3

25 cm

6 cm

Liquid
To measure the volume 
of a liquid, read the level 
at the bottom of the 
meniscus, or curve.

20 cm

Meniscus
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Differentiated Instruction

PHSchool.com

 

Volume of a Rock and Shoebox

 

Materials

 

small rock, shoebox, graduated 
cylinder, metric ruler

 

Time

 

20 minutes

 

Focus

 

Tell students they will find the 
volume of a regular solid and an irregular 
solid.

 

Teach

 

Ask: 

 

What is the formula used to 
calculate the volume of a rectangular solid? 

 

(Volume = Length 

 

×

 

 Width 

 

× 

 

Height) 

 

What 
unit of measure would you use? 

 

(The cubic 
centimeter, cm

 

3

 

) 

 

What process do you use to 
find the volume of an irregular solid? 

 

(Record the volume of water in a graduated 
cylinder. Place the irregular solid into the 
water, and record the volume of water plus the 
object. Subtract the volume of water alone 
from the volume of water plus the object.)

 

 
Explain that the result should be expressed 
in milliliters. Because the object is solid, a 
final step will be to convert the milliliter 
measure into cubic centimeters. Ask: 

 

One 
milliliter equals how many cubic 
centimeters? 

 

(One milliliter equals one cubic 
centimeter.)

 

Apply

 

Divide the class into small groups, 
and give each group a shoe box and a small 
rock. Ask each group to determine the 
volume of each.

 

learning modality: 
kinesthetic

 

For: 

 

More on 
measurement

 

Visit: 

 

PHSchool.com

 

Web Code: 

 

cgd-6021

Students can review measurement in an online 
interactivity.

L2

 

English Learners/Beginning

 

Comprehension: Modified Cloze

 

 
Distribute a simplified paragraph about 
SI units and measurement, but leave 
some words blank. Model how to 
fill in the blank, using a sample sentence 
on the board. Provide students with the 
correct answers as choices.

 

learning 
modality: verbal

L1

 

English Learners/Intermediate

 

Comprehension: Modified Cloze

 

 
Distribute the same paragraph, but include 
some additional terms as incorrect answer 
choices. After students complete the 
paragraph, have them work together to 
write definitions for the answer choices not 
used.

 

learning modality: verbal

L2

Monitor Progress L2

 

Skills Check

 

Have students make three 
flowcharts that describe how to determine 
the volume of a liquid, a regular 
solid, and an irregular solid. 
Students can keep their 
flowcharts in their portfolios.

 

Answers

 

Figure 4

 

You should read the marking at 
the bottom of the meniscus.

 

A cubic meter is equal to 
the volume of a cube that 

measures 1 meter on each side.

35 mL
41 mL

Irregular Solids
To measure the 
volume of an irregular
solid, use the water
displacement method.

1 Record the volume 
of water in the grad-
uated cylinder.

2 Carefully place the 
irregular solid into 
the water. Record the 
volume of the water 
plus the object.

3  Subtract the volume 
of the water alone 
from the volume of the 
water plus the object. 

For solids with larger volumes, scientists use the SI unit
known as the cubic meter (m3). A cubic meter is equal to the
volume of a cube that measures 1 meter on each side.  

You can calculate the volume of a regular solid using this
formula:

Suppose that a cereal box is 20 centimeters long, 6 centimeters
wide, and 25 centimeters high. The volume of the box is

Notice that, when you calculate volume, in addition to
multiplying the numbers  (20 � 6 � 25 � 3,000), you also
multiply the units (cm � cm � cm � cm3). Therefore, you
must be sure to use the same units for all measurements when
calculating the volume of a regular solid.

Volume of Irregular Solids  Suppose you wanted to mea-
sure the volume of a rock. Because of its irregular shape, you
can’t measure a rock’s length, width, or height. How, then,
could you find its volume? One method is to immerse the
object in water, and measure how much the water level rises.
This method is shown in Figure 4.

What is a cubic meter?

Volume Length Width Height���

Volume 20 cm 6 cm� 25 cm� 3,000 cm3� �
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Density

 

Teach Key Concepts

 

Mass Over Volume

 

Focus

 

Tell students that scientists identify 
materials by a physical characteristic called 
density.

 

Teach

 

Ask: 

 

What is density? 

 

(Density is 
a measure of how much mass is contained 
in a given volume.)

 

 Show students two 
familiar objects about the same size, such 
as a CD and a round plastic lid of a storage 
container. Ask: 

 

How do these compare in 
terms of volume? 

 

(Both have about the same 
volume.) 

 

Does either have more mass than 
the other? 

 

(Sample answer: The lid has more 
mass.)

 

 Explain that because it has more mass 
in about the same amount of space, it has 
greater density. Ask: 

 

What is the formula 
used to calculate density? 

 

(Density = Mass/
Volume) 

 

What are two common units of 
density? 

 

(Two units are g/cm

 

3

 

 and g/mL.)

 

Apply

 

Ask: 

 

Which object would have a 
greater density, a rock or a rubber ball of 
the same size? 

 

(The rock) 

 

Why? 

 

(A rock has 
more mass in the same volume.)

 

learning 
modality: logical/mathematical

 

Math Skills

 

Calculating density

 

Focus

 

Tell students that this problem 
involves using a formula to calculate the 
density of a metal object. 

 

Teach

 

Ask: 

 

What is the mass of the metal 
object? 

 

(57 g) 

 

What is the volume of the 
metal object? 

 

(21 cm

 

3

 

)

 

 Explain that in the 
Plan and Solve step of the problem, the given 
values for mass and volume are plugged into 
the formula used to calculate density. Have 
students work the problem with a calculator 
or pencil and paper. Ask: 

 

What is the density 
of the object? 

 

(2.7 g/cm

 

3

 

)

 

 Explain the answer 
is rounded to two figures according to rules 
they will learn later in the chapter. Direct 
students’ attention to the table in Figure 6 to 
confirm that the metal object has the same 
density as aluminum.

Teaching Resources

 

•

 

Transparency P12

L2

 

Math Skill

 

Calculating density

 

Answers

 

1.

 

0.46 g/cm

 

3

 

2.

 

0.94 g/mL

Density
As you can see in Figure 5, two objects of the same size can
have very different masses. This is because different materials
have different densities. Density is a measure of how much
mass is contained in a given volume. To calculate the density of
an object, divide its mass by its volume.

Units of Density Because density is actually made up of
two other measurements—mass and volume—an object’s
density is expressed as a combination of two units. Two com-
mon units of density are grams per cubic centimeter (g/cm3)
and grams per milliliter (g/mL). In each case, the numerator is a
measure of mass while the denominator is a measure of volume.

Density Mass
Volume
---------------------�

1. What is the density of a 
wood block with a volume 
of 125 cm3 and a mass of 
57 g?

2. What is the density of a 
liquid with a mass of 45 g 
and a volume of 48 mL?

Calculating Density
Suppose that a metal object has a mass of 57 g and a volume of 
21 cm3. Calculate its density.

Read and Understand
What information are you given?

Plan and Solve
What quantity are you trying to calculate?

What formula contains the given quantities and the 
unknown quantity?

Perform the calculation.

Look Back and Check
Does your answer make sense?

The answer tells you that the metal object has a density 
of 2.7 g/cm3. The answer makes sense because it is the 
same as the density of a known metal—aluminum.

Mass of metal object 57 g�

Volume of metal object 21 cm3�

The density of the metal object �

Density Mass
Volume
---------------------�

Density Mass
Volume
---------------------

57 g

21 cm3------------------- 2.7 g/cm3� � �

FIGURE 5
Comparing Densities
Although the bowling ball and 
beach ball have the same volume, 
one contains much more mass 
than the other.  Inferring Which
item has the greater density?
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Time

 

Teach Key Concepts

 

The Second

 

Focus

 

Tell students that the SI unit of 
measure for time is the familiar second.

 

Teach

 

Ask: 

 

Are the units used to measure 
time based on the number 10? 

 

(The units 
below the second are, but the units above 
the second—minutes, hours, days—are not.) 

 

How many milliseconds are there in a 
second? 

 

(1,000)

 

Apply

 

Recall for students that one folk 
measure of counting the passing of seconds 
is to count with the word 

 

Mississippi:

 

 
“one Mississippi, two Mississippi, three 
Mississippi.” Give pairs of students access 
to a watch or clock with a second hand, 
and have each pair test whether the folk 
“definition” of a second is accurate.

 

learning modality: verbal

L2

Monitor Progress L2

 

Oral Presentation

 

Call on volunteers to 
explain what density is, what the formula 
for finding density is, and how you can 
determine whether a substance will float 
in water.

 

Answers

 

Figure 5

 

The bowling ball

 

Figure 6

 

The density of a substance is 
the same for all samples of that substance. 
All samples of pure gold have a density of  
19.3 g/cm

 

3

 

. Therefore, if the bar of metal has 
a density of 19.3 g/cm

 

3

 

, the metal is gold.

 

The object will float because
 it has a density less than the 

density of water, 1 g/cm

 

3

 

.

 

1,000 ms

1 s = 1,000 ms

1 min = 60 s

1 h = 60 min

Common Conversions
for Time

Densities of Common Substances The table in Figure 6
lists the densities of some common substances. The density of a
substance is the same for all samples of that substance. For
example, all samples of pure gold—no matter how large or
small—have a density of 19.3 g/cm3.

Once you know an object’s density, you can determine
whether or not the object will float  in a given liquid. An object
will float if it is less dense than the surrounding liquid. For
example, the density of water is 1 g/cm3. A piece of wood with
a density of 0.8 g/cm3 will float in water. A ring made of pure
silver, which has a density of 10.5 g/cm3, will sink.

Will an object with a density of 0.7 g/cm3 float or 
sink in water?

Time
The crowd cheers wildly as you near the finish line. You push
your legs to run even faster in the final moments of the race.
From the corner of your eye, you see your opponent catching
up to you. At moments like this, just one second can mean the
difference between winning and losing.

Units of Time The second (s) is the SI unit used to measure
time. Your heart beats about once per second—when you are
not running, that is! The second can easily be divided by multi-
ples of 10, like the other SI units. For example, a millisecond
(ms) is one-thousandth of a second. Longer periods of time are
expressed in minutes or hours. There are 60 seconds in a
minute, and 60 minutes in an hour.

Measuring Time Clocks and watches are used to
measure time. Some clocks are more accurate than
others. Some digital stopwatches, which are used to
time races, can measure time accurately to one
hundredth of a second.

How many milliseconds are in 
one second?

FIGURE 6
The density of a substance stays 
the same no matter how large or 
small a sample of the substance 
is. Applying Concepts How could 
you use density to determine 
whether a bar of metal is pure 
gold?

Densities of Some
Common Substances

Air 0.001

Ice 0.9

Water 1.0

Aluminum 2.7

Gold 19.3

Substance
Density
(g/cm3)

FIGURE 7
Measuring Time
A stopwatch can be used 
to measure time.

 



    

Temperature

 

Teach Key Concepts

 

The Celsius and Kelvin Scales

 

Focus

 

Tell students that scientists use two 
scales to measure temperature.

 

Teach

 

Ask: 

 

What are the two scales 
scientists use to measure temperature? 

 

(The 
Celsius scale and the Kelvin scale) 

 

What is an 
instrument used to measure temperature? 

 

(A thermometer)

 

Apply

 

Mount a Celsius thermometer on the 
outside of the school building. Ask students 
to take a temperature reading once a day, and 
record their readings in a data table. At the 
end of a week, call on students to present the 
range of temperatures they recorded. 

 

learning modality: visual

Teaching Resources

 

•

 

Transparency P13

 

Converting Between 
Units

 

Teach Key Concepts

 

Conversion Factors

 

Focus

 

Tell students that in science it is often 
necessary to convert one unit of measure 
into another.

 

Teach

 

Ask: 

 

What is a conversion factor? 

 

(An equation that shows how two units of 
measurement are related)

 

 Ask students to 
turn back through the pages of this section 
and examine the small boxes of common 
conversions for length, mass, volume, 
time, and temperature. Ask: 

 

How many 
milligrams equal 1 gram? 

 

(1,000) 

 

How 
many millimeters equals 1 meter? 

 

(1,000)

 

.

 

Apply

 

Tell students that in doing research 
a scientist finds that the mass of a substance 
is 2.3 grams. It would be more convenient 
for a report if that value were expressed in 
milligrams. Ask: 

 

How many milligrams is 
2.3 grams? 

 

(2,300 mg)

 

learning modality: 
logical/mathematical

Teaching Resources

 

•

 

Transparency P14

L2

L2
Absolute
Zero

Freezing
Point
of Water

Boiling
Point
of Water

Celsius (ºC) Kelvin (K)

100 373

2730

–273 0

Temperature
As you head out the door each morning, one of the first
things you might notice is the temperature. Is it cold out
this morning? How high will the temperature rise?

Units of Temperature  Scientists commonly use the
Celsius temperature scale. On the Celsius scale, water
freezes at 0°C and boils at 100°C. There are exactly
100 degrees between the freezing point and boiling point of
water. Normal human body temperature is about 37°C.

In addition to the Celsius scale, scientists sometimes use
another temperature scale, called the Kelvin scale. In fact,
the kelvin (K) is the official SI unit for temperature. Units
on the Kelvin scale are the same size as those on the Celsius
scale. Figure 8 compares these two temperature scales.

Zero on the Kelvin scale (0 K) is the temperature that
scientists consider to be the coldest possible temperature.
Nothing can get colder than this temperature, called abso-
lute zero. Absolute zero is equal to –273°C on the Celsius
scale. The Kelvin scale is useful because it does not have
negative numbers to complicate calculations.

Measuring Temperature  You can measure tempera-
ture using a thermometer. When you first place the ther-
mometer in a substance, the liquid inside the thermometer
will begin to move up or down. Wait until the level of the
liquid stops changing. Then read the number next to the top
of the liquid in the thermometer.

What is the official SI unit for temperature?

Converting Between Units
Do you have a jar where you keep all your pennies? Sup-
pose you counted your penny collection and discovered
that you had 236 pennies. How many dollars does that
equal? With only a little thought, you could probably
answer, “$2.36.”

Just like converting between dollars and cents, it is often
necessary to convert from one unit of measurement to
another.  To convert one measurement to another, you need
to know the appropriate conversion factor. A conversion
factor is an equation that shows how two units of
measurement are related. For conversion factors, refer to the
conversion tables included throughout this section.

FIGURE 8 
Measuring Temperature
Scientists use the Celsius and Kelvin 
scales to measure temperature. Units 
on both scales are the same size.
Observing At what temperature on 
the Kelvin scale does water boil?

Common Conversions
for Temperature

   0°C =    273 K

100°C =    373 K

 

Administrator
Line

Administrator
Line



   

Monitor Progress L1Monitor Progress L2

 

Answers

 

Figure 8

 

373 K

 

The kelvin (K)

 

An equation that shows how
 two units of measurement 

are related

Assess

 

Reviewing Key Concepts

 

1.

 

 

 

a. The International System of Units (SI) 
b. Confusion might arise if the scientists 
didn’t take into consideration the two 
systems. 
2.  a. Centimeters for the length of a 
baseball bat; grams for the mass of a baseball 
b. Sample answer: 76 cm for the length of a 
baseball bat; 145 g for the mass of a baseball. 
To determine how close these estimates are, 
you could measure the length of a bat and 
the mass of a baseball.  c. To determine 
the density of a baseball, follow these steps: 
(1) Use a balance to measure the mass of 
the baseball. (2) To determine the volume, 
immerse the baseball in a known volume of 
water (in a large container), and measure 
how much the water level rises. (3) Divide 
the mass by the volume to calculate a 
baseball’s density.
3.  a. An equation that shows how two 
units of measurement are related 
b. 

 

1 L = 1,000 mL  c. 250 mL

Reteach
Write these terms on the board: length, mass, 
volume, density, time, temperature. Call on 
volunteers to identify the units of measure 
used for each and describe the processes 
used to determine a measurement for each.

Performance Assessment
Writing Have students describe how to 
find the length of a baseball bat, the mass 
of a shoe, the volume of water in a cup, the 
volume of a cereal box, and the density 
of a rock.

Teaching Resources

• Section Summary: Measurement—
A Common Language

• Review and Reinforcement: 
Measurement—A Common Language

• Enrich: Measurement—A Common 
Language

L1

L2

Keep Students on Track Check to 
see that each student has a written plan 
that briefly describes how he or she will 
proceed with the project. Also check that the 
objects to be included in the model or the 
dimensions of the landmark are listed in the 
data table. Suggest that students proceed 
with converting the actual measurements 
to scale measurements. By this time, each 
student should have determined an 
appropriate scale.

Math Skill Calculating density

Answers
4. 6.25 g/cm3 (6, to the correct significant 
figure)
5. 0.781 g/cm3 (0.8, to the correct significant 
figure)

Suppose you walk 1.5 kilometers to a friend’s
house. How many meters have you walked? To con-
vert 1.5 kilometers to meters, follow these steps:

1 Begin by writing down the measurement you
want to convert.

2 Find a conversion factor that relates the two
units you are converting.

3 Write the conversion factor as a fraction. Make
sure to place the units you are converting from in
the denominator.

4 Multiply the measurement you are converting
from by the fraction. When you do this, the units in
the measurement will cancel out with the units in
the denominator of the fraction. Your answer will
then be in the units you are converting to.

 By converting between units, you now know that
you walked 1,500 meters to your friend’s house.

What is a conversion factor?

Section 1 Assessment

Target Reading Skill
Comparing and Contrasting Use the informa-
tion in your table about the different types of 
measurement to answer Question 2.

Reviewing Key Concepts
1. a. Identifying What is the standard 

measurement system used by scientists 
around the world?

b. Predicting  Suppose that two scientists use 
different measurement systems in their work. 
What problems might arise if they shared 
their data?

2. a. Listing What SI unit would you use to 
measure the length of a baseball bat? What 
SI unit would you use to measure the mass 
of a baseball?

b. Estimating Estimate the length of a baseball 
bat and mass of a baseball. Be sure to use the 
appropriate SI units in your predictions. 
How could you determine how close your 
estimates are?

c. Problem Solving  Outline a step-by-step 
method for determining the density of a 
baseball.

3. a. Reviewing What is a conversion factor?
b. Identifying What conversion factor would 

you use to convert between liters and 
milliliters?

c. Calculating Your cat’s bowl holds 0.25 liters 
of liquid. How many milliliters of water can 
you pour into the bowl?

1

FIGURE 9
Converting Between Units
Using the appropriate conversion factor, you 
can easily convert one unit of measurement to 
another. This example shows how to convert 
1.5 kilometers to meters.

Two solid cubes have the same mass. They 
each have a mass of 50 g.

4. Calculating Density Cube A has a volume 
of 2 cm � 2 cm � 2 cm. What is its density?

5. Calculating Density Cube B has a volume 
of 4 cm � 4 cm � 4 cm. What is its density?

1

2

3

4                  1 km

1.5 km  =     m

1.5 km                        1,500 m

1.5 km  =  1,500 m

1 km  =  1,000 m

1,000 m

1 km
1,000 m

x =

1

2

3

4
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Backpack Basics

Prepare for Inquiry
Skills Objectives
After this lab, students will be able to:
• measure the mass and the dimensions of 

a regular object
• calculate the volume and density of a 

regular object

Prep Time 15 minutes

Class Time

 

40 minutes

 

Advance Planning

 

Most texts are too heavy for a standard 
laboratory balance. Make sure to have a 
bathroom scale handy. Tell students ahead of 
time to bring a backpack. Have ready 5–6 
identical textbooks for each group.

 

Safety

 

Students should use caution, when
moving around meter sticks, so as not 

to hit others. Be sure that students do not lift 
heavy backpacks beyond their capability. 

Teaching Resources

 

•

 

Lab Worksheet: 

 

Backpack Basics

 

Guide Inquiry

 

Invitation

 

Studies show that many students carry a load 
in their backpacks in excess of safety 
guidelines. Ask: 

 

Does your backpack feel 
too heavy? Do you know how much your 
backpack usually weighs? Do you know 
how much is safe to carry on your back? Do 
you think the amount you carry in your 
backpack is safe? 

 

(Accept all reasonable 
answers.)

 

Introduce the Procedure

 

Ask: 

 

How do you measure the volume of 
a backpack? 

 

(Measure length, width, and 
height of the main compartment with a meter 
stick and multiply.) 

 

A balance measures 
mass and a scale measures weight. What is 
the difference? Why can we convert weight 
to mass? 

 

(Mass is the amount of matter. 
Weight is the force of gravity on matter. Since 
gravity on Earth is constant, objects of the 
same mass have the same weight.)

 

Troubleshooting the Experiment
•

 

Some students may feel uncomfortable 
about using their own weight for 
calculations. Be sensitive. Allow students 
to work in groups.

 

•

 

Small paperbacks can be measured on 
a balance. Most texts are in excess of 
600 g and will need to be placed on a 
bathroom scale.

 

•

 

Books may be placed directly on the scale, 
or the student may step on the scale with 
the book and subtract his or her mass 
to determine the mass of the book. This 
is particularly useful if the scale is not 
responsive to small masses. If a kilogram 
scale is not available, pounds are converted 
to kilograms by dividing by 2.2.

Backpack Basics
Problem
Which backpack is a better choice for carrying 
the recommended safe load of books?

Skills Focus
measuring, calculating, drawing conclusions

Materials
• balance   • 5–6 textbooks   • meter stick
• 2 backpacks (one large and one small)

Procedure
PART 1 Determining Your 

Maximum Safe Load

1. To prevent back problems, experts recom-
mend that the mass of the backpack you 
carry should be no greater than 15 percent 
of your body mass. Use the table below to 
find your “maximum safe load.”

2. To determine how many textbooks equal 
your maximum safe load, use a balance to 
find the mass of one textbook. Next, divide 
your maximum safe load by the mass of the 
textbook. Your answer is the number of 
textbooks (of that size) you can safely carry 
in a backpack.

PART 2 Comparing Backpacks

3. Your teacher will give you two backpacks—
one large and one small. Load each backpack 
with the number of textbooks you calculated 
in Step 2. Carry each backpack on your back 
for one minute and note how it feels. Also, 
observe how empty or full each backpack is.

4. Using a meter stick, measure the length, 
width, and height in centimeters of each 
backpack. Your partner should stretch out 
the backpacks fully as you measure them. 
Record the dimensions in a data table like 
the one at the top of the next page.

5. Calculate the volume of each backpack using 
this formula: 

Record the volumes in your data table.

6. Calculate the approximate volume of the 
textbook you used in Part 1. Measure its 
length, width, and height in centimeters, 
and then multiply these measurements 
together.

Volume Length Width Height335

Determining Maximum Safe Load

30 (66) 4.5

35 (77) 5.3

40 (88) 6.0

45 (99) 6.8

50 (110) 7.5

55 (121) 8.3

60 (132) 9.0

65 (143) 9.8

70 (154) 10.5

75 (165) 11.3

80 (176) 12.0

85 (187) 12.8

Body Mass
kg (lbs)

Maximum Safe
Load (kg) 

 

L2
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Expected Outcome
A large student backpack might have the 
following dimensions:
44 cm × 33 cm × 26 cm. Such a backpack has 
a capacity of about 37 L (L ×  W × H/1000). 
The average density of several textbooks is 
approximately 0.8 kg/L. This backpack filled 
to capacity would hold about 30 kg of books. 
The backpack itself has a mass of 0.7 kg for a 
total of about 31 kg. A 68 kg student (150 lb) 
cannot safely lift more than 10 kg (0.15 × 68) 
on his or her back.

Analyze and Conclude
1. Sample answer: Each backpack is large 
enough to carry the maximum safe load. The 
larger backpack carried the books more 
easily than the smaller backpack, but the 
smaller backpack felt more comfortable.

2. Sample answer: The larger backpack 
has three times the volume of the smaller 
backpack. The larger backpack could carry 
a total mass of 28.4 kg, while the smaller 
backpack could carry a total mass of 
only 9.0 kg.

3. Sample answer: The larger backpack 
could carry about four times my maximum 
safe load. The smaller backpack could carry 
about two times my maximum safe load.

4. Sample answer: The larger backpack 
could carry many more books, though it 
would be heavier to carry. The smaller 
backpack couldn’t carry as many books, but 
it would be lighter to carry.

5. Students’ advertisements should mention 
the comfort and the carrying capacity of the 
backpack chosen.

Extend Inquiry
More to Explore For five straight days, 
each student will use a balance to determine 
the mass of the backpack plus its contents 
carried that day. To find the mean, students 
will add the masses of each of the five days 
and then divide the sum by 5. Many students 
may find they will exceed the recommended 
maximum safe load for their body mass.

Sample Data Table

Backpack
Length 

(cm)
Width 
(cm)

Height 
(cm)

Volume 
(cm3)

Total Number 
of Textbooks

Total Mass of 
Textbooks

(kg)

1 43.8 33.0 25.7 37,146 22 28.4

2 32.6 21.7 15.4 10,894   7   9.0

7. Calculate the total number of textbooks that 
could fit into each backpack by dividing the 
volume of each backpack (from Step 5) by 
the volume of one textbook (from Step 6). 
Record the results for each backpack in your 
data table.

8. Calculate the total mass of textbooks that 
could fit into each backpack by multiplying 
the mass of one textbook (from Step 2) by 
the total number of textbooks that fit into 
each (from Step 7). Record the results in your 
data table.

Analyze and Conclude
1. Observing Is each backpack large enough to 

carry your maximum safe load? What differ-
ences did you notice between the two back-
packs when carrying this load of books?

2. Measuring How do the two backpacks com-
pare in volume? What is the total mass of 
books that each backpack could carry?

3. Calculating Calculate how many times your 
maximum safe load each backpack could 
carry. (Hint: Divide the total mass of books 
from Step 8 by your maximum safe load in 
Step 1.)

4. Drawing Conclusions Based on the calcula-
tions and observations you made in this lab, 
what are some of the pros and cons of each 
backpack?

5. Communicating Choose one of the back-
packs and write an advertisement for it. In 
your advertisement, be sure to explain why it 
would be the best choice for students.

More to Explore
For a week, record the actual mass of the back-
pack you carry to school each day. Then calculate 
the average (mean) mass of your backpack. How 
does this compare to your recommended maxi-
mum safe load?

Data Table
Backpack

1
2

Length
(cm)

Width
(cm)

Volume
(cm3)

Height
(cm)

Total Number
of Textbooks

Total Mass of 
Textbooks (kg)



Science and 
Society

Should the United 
States Go Metric?

Key Concept
The English system of measurement is 
generally used throughout the United States. 
Almost all of the other countries in the world 
rely on the metric system. The question for 
Americans is whether the country should 
convert to the metric system.

Build Background Knowledge
Using the Metric System
Ask: Why do scientists use a standard 
system of measurement? (Using a standard 
system allows scientist to compare data and 
communicate with one another about their 
results.) Explain that business and industry 
might benefit in using a standard system for 
the same reasons. Yet, the United States is the 
only industrialized country in the world 
whose population and businesses generally 
don’t use the metric system. Ask: How might 
this cause difficulty in world trade? (U.S. 
products might be at a disadvantage because 
they aren’t produced in metric dimensions.) 
Explain that much of American industry 
has already converted to the metric system 
because of those problems, though most 
Americans still do not use metric 
measurements easily.

Introduce the Debate
Have students look at the map of the world 
shown in the feature. Ask: What does this 
map tell you about measurement and 
the United States? (The United States is one 
of only three countries in the world using the 
English system.) Tell students that they will 
debate whether the United States should 
convert to the metric system or stay with 
the English system. Facilitate the Debate

• Have students read the feature and answer 
the You Decide questions individually as a 
homework assignment. Allow a day for 
research about other countries that have 
gone metric. On the second day, divide the 
class into small groups for discussion. 
Have students consider these questions: 
What advantages for the United States 
would there be in converting to the metric 
system? How difficult would converting be 

for the average citizen? Would the cost of 
converting be worth the trouble involved?

• Divide the class into two groups. 
Arbitrarily assign one group to argue that 
the United States should go metric. Assign 
the other group to argue that going metric 
is unnecessary. Alternately call on students 
from each group to state its position or 
refute an idea someone from the other 
group has put forward.

Should the United States Go Metric?
On a long car ride, have you ever asked, “Are we there yet?” If the 
driver answered, “We’re 30 kilometers away,” would you know 
whether you were close to your destination or far away?

As a U.S. resident, you probably have no trouble understanding 
English units, which include miles, feet, pounds, and gallons. Metric 
units, however, may be more unfamiliar. But most countries in the
world use the metric system. Should the United States convert to
metric or continue using the English system?

The Issues
Why Change?
People in the United States are comfortable with the English 
system of measurement. If the country converted to metric, 
citizens might have a hard time buying products or calculating 
distances. These problems may not disappear overnight.

Businesses in the United States rely on the English system. 
Many of the tools and machines that manufacture goods are 
based on the English system, as are the goods themselves. To go
metric, the machines would have to be replaced and the goods 
repackaged. This could cost millions of dollars.
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Students can research this issue on line.

You Decide
1. Sample answer: Advantages—The metric 
system is easy to use, since it is based on the 
number 10. The rest of the world uses the 
metric system, and converting would help 
companies in the United States in world 
trade. Disadvantages—Learning a new 
measurement system may be difficult for 
older Americans. The cost of converting 
machines and other devices may be great.
2. Students should discover in their research 
that most countries changed to the metric 
system long ago. The United Kingdom, for 
example, began the transition to the metric 
system in 1965. In Ireland, the conversion 
is still in process; road signs had to be 
converted from miles to kilometers in late 
2004. Students may find that some citizens 
of countries that converted relatively recently 
reported having trouble learning the metric 
system.
3. Some students may support the 
conversion, while others may oppose it. 
Whatever the position taken, students 
should be prepared to support their stance 
with facts and well-reasoned arguments.

Extend
Encourage interested students to contact the 
U.S. Metric Association (USMA), which is 
headquartered in Northridge, California. 
This organization is a nonprofit advocate of 
U.S. conversion to the metric system. A first 
step might be to find this organization’s Web 
page on the Internet.
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1. Identify the Problem
In your own words, state the 
advantages and disadvantages of 
converting to the metric system.

2. Analyze the Options
Do some research on countries 
that have recently gone metric. 
What problems did these 
countries face? How did they 
overcome the problems? Did 
the benefits of converting to 
the metric system outweigh 
the costs?

3. Find a Solution
Take a stance on this issue. Then 
engage in a class debate about 
whether or not the United States 
should convert to the metric 
system. Support your opinion 
with facts from this feature and 
from your research.
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United
States

Liberia Myanmar
(Burma)

The countries in red currently use the 
English system of measurement.

Why Be Left Behind?
Supporters of the metric system point out how easy 
it is to learn. Because metric units are based on the 
number 10, converting from kilometers to meters, 
for example, is simple. In contrast, converting miles 
to feet, or gallons to ounces, is more complicated. 
Schoolchildren could master the metric system 
much more quickly than the English system.

 Furthermore, conversion may help the United 
States stay competitive in foreign trade. Many U.S. 
businesses sell their products in other countries. But 
people worldwide prefer products labeled in units 
they know—in this case, metric units. They may 
avoid products that are not made to metric 
standards. In fact, by 2010, products sold in Europe 
must be labeled in metric units only.

Why Not Compromise?
The next time you drink a bottle of juice, look at its 
label. Most likely, it includes both English and metric 
units. Labels like these are a compromise. They allow 
users of both measurement systems to know exactly 
what they are buying.

Some people feel that such a compromise works 
well enough. People who need to use the metric 
system, such as those in science and industry, should 
be able to use it. However, those who prefer to use 
English units should be able to do so as well.

History of Science Before metric 
measurement, traditional measuring units 
often depended on the dimensions of 
the human body. In the late 1700s, the 
original metric measurements were more 
rationally defined. For example, the meter 
was defined as one ten-millionth of the 
distance from the equator to the North 
Pole. The metric system was adopted by 
France in 1795, though it was not 

compulsory. In 1820, Belgium, the 
Netherlands, and Luxembourg became 
the first countries to require use. Between 
1850 and 1900, the metric system was 
adopted throughout most of Europe 
and Latin America. In 1875, most 
industrialized countries—including the 
United States—signed the Treaty of the 
Meter, which established the International 
Bureau of Weights and Measures (BIPM).

Background
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