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Number know-how lets this gardener figure out
how many plants will fit in the space.
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How much does a full-grown tiger weigh? About as much as

seven kids your age weigh all together. Can you make an

object go twice as far? Of course, if you double the force. ;
Many of the questions of science are answered using the .
skills of math—especially number sense’ skills.

multiply?, and divide*. A person with good number sense can

make an estimate, quickly carry out some mental math, and
recognize’ when an answer is reasonable. If you have good number sense,
you can use math to help you make sense of the world around you.

Number sense is more than just knowing how to add, subtract?,

What’s my best guess? Does that answer make sense? How can I solve
this problem in a different way? These are the kinds of questions that
scientists with good number sense ask themselves every day. So let’s take
a laok at some e-mails from a few scientists in

the field. Then maybe you can detect® just

how much number know-how they have!




Subject: Think Fast!

From: n'wagg\efjﬁnyu.edu
To: |lbwC marineworld.org, ramonﬁ*botamc.org

Greetings from New York City,

My work here at the brain research lab just gets more interesting
every day. Late f n studying human reaction time'. Did
you know that a majo aseball player has only four-
tenths of a second to he will react to @ pitched4 ball?

No wonder it's sO hard t
E-mail me soon,
Maggie
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New York City/ TLANTIC

he human brain is an incrediblel

Torganz. It weighs only about
1,450 grams (about 3 pounds) at

full size, but it is more complex?
than any supercomputer* ever built.

Scientists have learned a great deal
about the brain, especially during the
past decade’. In fact, there are now
more than 30,000 research papers
published about the brain each year.

Maggie and her coworkers report on
many different studies. Sometimes
they describe the actions of billions® of
brain cells. Sometimes they record
response time in tiny fractions’ of a
second. Clearly these scientists need to
understand both very large and very

small numbers.
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The Importance of Place
Maggigrand her team know that the
human brain receives about 100
million! signals? every second. How
many is that? Well, there are 100
million pennies in one million dollars.
And the state of California® has about
100 million acres of land. (That’s about
100 million football fields!) But it’s still

hard to imagine a number so big.

You can get a better sense of just how

large or small a number is by
understanding place value. Place value
is the value given to the place a digit*

has in a number.

Our place value system is based on

groups of ten. So each place in a

number is ten times greater than the
value of the place to the number’s right.

How Place Value Works
Think about place value in a two-digit
number. You know that the symbol on
the right is in the ones place. And the
symbol on the left is in the tens place—

which is worth ten times more.

Now think of the number 54. It has a 4
digit in the ones place on the right and
a 5 digit in the tens place on the left.
This means the number stands for S

tens and 4 ones.

1. million n.

2. signal n Ch
3. California hoF A& fE T
4. digit n. HF




Unlike our system, the
numbering system of the ancient
Maya used many symbols for
zero—including a half flower, a
head and hand, and a seashell.

The same place value system works for
very small numbers between 0 and 1.
However, with these very small
numbers, the place values are positioned

to the right of a decimal point!.

In the example below, 0.25 stands for 2
tenths and 5 hundredths, or 25
hundredths. Notice that the hundredths
place is worth ‘]](—) the value of the tenths
place, which is to the left of it.

0.2 5

ones tenths  hundredths |

Making Zero Sense

The ancient Maya? were one of the
first pcople to use place value. They
also created a symbol for zero in their
number ;ystem. This was a very
important achievement®. Why?

Read on.

1 0O 0,0 0 0,0

hundred ten
thousands thousands

hundred ten

millions  millions millions

e

In the number system that we use today,
there are ten symbols: 0, 1, 2, 3, 4, 5, 6,
7, 8 and 9. Remember, though, that the
value of a symbol depends not only on

what it is but also on where it is.

A zero is important because it holds a
place in a number. For example, the
zero in the number 102 is in the tens
place and it means that there are no

tens in this number. Without the zero,
the number 102 would look like 12.

Look at the place value chart* along
the bottom of this page for the number
100 million. Eight zeros hold places in
this number. If you remember that each
place value is ten times larger than the
place to its right, you can begin to get a
sense of just how large 100 million

must be!

1. decimal point NS
2. Maya . o 7 A
3. achievement n. Bl sk
4. chart . QE S

thousands hundreds tens ones
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That Looks Familiar

Maggie works with so many large and
small numbers that you nﬁlight wonder
how she can make sense of her results.
Maggie relies on benchmarks to keep
things in perspective!. Benchmarks are
guides that help us connect unfamiliar

numbers to something more familiar.

Although you may have never heard of
benchmarks, you probably use them all
the time. For example, you know how
to split? a pizza evenly? between two
people. Cutting it in half is easy. But
what if you had to split the pizza
between four or eight people? If you
use 3 as your benchmark, you can
quickly figure out what  or 1 of the

pizza would be.

Take Time to Connect
Benchmarks are useful for getting a
better sense of “how many.” But they
can also be used to get a better feel for

distance* and even time.

Think back to Maggie’s e-mail about
the major league baseball player. He
has 0.4 of a second to react to a
pitched ball. How long is that? One

benchmark you could use for

. in perspective A
. split v
. evenly adh

AW N =

. distance n. 9



The difference in time between first and . -
second place is often less than the blink FIQUI“IHQ it DUt -

of an eye.

comparison' is an eye blink?. The

average’ blink lasts about 0.3 of a
second. That means the baseball
player has about the same time as the
blink of an eye to start a swing* that

will connect with the ball!

. comparison
blink
average

. swing

5. fraction




Subject: Doting on' polphins?
From: \bw"i“marmewor\d.org
To: maggie@nyu.edu, ramon@botanic.org

Nice hearing from you, Maggie.

Good thing | don’t have 1O hit a baseball for a living! | need far
more than 0.4 of a second to think about how to take care of

all the marine? animals here in san Diego® at Ocean World. It's a
constant® challenge t hem all healthy, but | wouldn't trade

it for the world.

In fact, | need to feed the dolphins right now. Those

smart® mammals’ always know if 'm late.

Keep in touch,

Lisa

1. dote on

. dolphin .
. marine

. San Diego

. constant

. smart

. mammal
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isa is a marine biologist!
L working at a marine park.
These kinds of parks provide
entertainment? and education to
tens of thousands of people each
year.

Lisa takes care of the many animals
in the park, but she also does
important research. As she observes?
the animals in her care, she learns
more about their needs and behavior.
This information helps the animals in
captivity?, but it also can be used to
protect other members of the species® in

the wild.

-

It’s hard work to care for large aquatic
animals®. Their needs often change on a

. daily basis. So Lisa must depend on her
3 BRENFR et il

SR -  science knowledge and good number

=88 — sense to help her make the right

decisions all day long.
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Double Duty

Even though dolphins spend much of
their time underwater, they are
mammals. This means that they must
come to the surface to breathe air.
Dolphins give birth to live! young.
They’re not hatched? from eggs. Just like
all other mammals, female? dolphins

must nurse, or feed milk to their babies.

Lisa and her team know this firsthand.
One of their female dolphins recently
gave birth. A baby dolphin is no small
fry*, either. It was almost 1 meter
(about 3 feet) in length the day it was

born.

An adult’ bottlenose dolphin® usually

Bottlenose dolphins

eats about 4 percent of its body weight
in food every day. So the 300-kilogram
(about 661-pound) female dolphin in
Lisa’s park usually needs about 12
kilograms (about 26 pounds) of food
each day.

Lisa knows that a mother dolphin that
is nursing needs twice that amount of
food. So when the baby dolphin was
born, Lisa immediately doubled the
mother’s food supply to about 24
kilograms (about 52 pounds) per day.

. live
. hatch V.
. female

adj.

ad|
. fry r/:
. adult
. bottlenose dolphin
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Using Your Head
Doing gtiick calculations! in her head

helps Lisa plan her day. For example,

Figuring It Out!

there are times when Lisa needs to

observe a dolphin at the surface of the Can you do the mental math?

water. Lisa knows that dolphins usually
come to the surface to take a breath at A baby dolphin spends about ten
seconds attached* to its mother
underwater every time it wants
to nurse. If the baby nurses six
times an hour, how many total
minutes will the baby spend
nursing over a two-hour period?

least once every three minutes. She also
knows that dolphins can sometimes
stay underwater for as long as 15

minutes.

Lisa does some quick mental math. She

figures that the longest she’ll need to A quick calculation in your head
stay at the pool is about 30 minutes. can give you the answer.

That will let her see a dolphin surface 10 dhianite « B =

more than once, which is what she 60 secondsthour

wants. She may even see the dolphin
You know that 60 seconds = 1

minute. So in a two-hour period,
the baby will spend a total of
two minutes nursing.

come up for air ten times—if it’s taking
a breath every three minutes or so.
However, what if the
dolphin takes two back-
to-back? dives? of 15
minutes? No problem. It
will still‘be forced to
come to the surface at
least one more time

during that 30-minute

period.
1. calculation . itE
3. back-to-back  adj. feXs i1
4. dive . oK

5. attach V. 1 4 Bt
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subject: super Gardens

From: ramon@botan'\c.org
To: \bw@marinewor\d.org.
m beautiful Hawaii',

moving” doesn’t come to mind when you think about
type of meat-eating plant that I'm studying can
ickly to trap? its victim3. 1Us called the
b\adderwort4, and it grows underwater. Believe it or NO
ant can suck a small water animal into the traps on its

0.3 ofa second.
rning new things here at the botanic gardenS.
< to take me on a fun field trip® every day!

maggie@nyu .edu

Hello fro

| bet “fast-
plants. But one
react pretty au

t, this
leaves in

My

'm always lea
research seem

Talk to you soon.

Ramon




