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You'll Learn

i Define science and identify ques-
tions that science cannot answer.

1 Compare and contrast theories
and laws.

i identify a system and its

components.

identify the three main branches

of science.

=]

&MWJ it’s Important

Scnence can be used to learn more
about the world you live in.

% Review Vocabulary
theory: explanation of things or
events that is based on knowl-
edge gained from many observa-
tions and experiments

New Yocabulary

@ science e life science

@ scientific e Earth science
theory @ physical

@ scientific law science

o system @ technology

Figure 1 Questions
about politics, literature,
and art cannot be answered
by science.

Learning About the World

When you think of a scientist, do you imagine a person in a
laboratory surrounded by charts, graphs, glass bottles, and bub-
bling test tubes? It might surprise you to learn that anyone who
tries to learn something about the natural world is a scientist.
Science is a way of learning more about the natural world.
Scientists want to know why, how, or when something occurred.
This learning process usually begins by keeping your eyes open
and asking questions about what you sce.

Asking Questions Scientists ask many questions. How do
things work? What do things look like? What are they made of?
Why does something take place? Science can attempt to answer
many questions about the natural world, but some questions can-
not be answered by science. Look at the situations in Figure 1.
Who should you vote for? What does this poem mean? Who is
your best friend? Questions about art, politics, personal prefer-
ence, or morality can’t be answered by science. Science can’t tell
you what is right, wrong, good, or bad.




Figure 2 As new information
becomes available, explanations
can be modified or discarded and
new explanations can be made.

 Question | o

Possible Explanations If learning about your world begins
with asking questions, can science provide answers to these
questions? Science can answer a question only with the informa-
tion available at the time. Any answer is uncertain because peo-
ple will never know everything about the world around them.
With new knowledge, they might realize that some of the old
explanations no longer fit the new information. As shown in
Figure 2, some observations might force scientists to look at old
ideas and think of new explanations. Science can only provide
possible explanations.

ELIOFECTIT® Why can't science answer questions with certainty?

Scientific Theories An attempt to explain a pattern
observed repeatedly in the natural world is called a scientific
theory. Theories are not simply guesses or someone’s opinions,
nor are theories vague ideas. Theories in science must be sup-
ported by observations and results from many investigations.

They are the best explanations that have been found so far.

However, theories can change. As new data become available,
scientists evaluate how the new data fit the theory. If enough
new data do not support the theory, the theory can be changed
to fit the new observations better.

Sclentific Laws A rule that describes a pattern in nature is a
scientific law. For an observation to become a scientific law, it
must be observed repeatedly. The law then stands until someone
makes observations that do not follow the law. A law helps you
predict that an apple dropped from arm’s length will aIwajrs fall
to Earth. The law, however, does not explain why gravity exists

- or how it works. A law, unlike a theory, does not attempt to

explain why something happens. It simply describes a pattern.

Possible outcomes

- Explanation
still possible

:lExp,!é_na_ﬁpp £
- discarded

New possible
explanation
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Figure 3 Systemsarea
collection of structures, cycles,
and processes.

Infer What systems can you
identify in this classroom?

Classifying Parts

of a System

Procedure

Think about how your school’s
cafeteria is run. Consider the
physical structure of the cafe-
teria. How many people run
it? Where does the food come
from? How is it prepared?
Where does it go? What other
parts of the cafeteria system
are necessary?

Analysis ‘
Classify the parts of your
school cafeteria’s system as

structures, cycles, Ty
Or processes.

Systems in Science

Scientists can study many different things in nature. Some
might study how the human body works or how planets move
around the Sun. Others might study the energy carried in a light-
ning bolt. What do all of these things have in common? All of

them are systems. A m is a collection of structures, cycles,
and processes that relate to and interact with each other. The
structures, cycles, and processes are the parts of a system, just like
your stomach is one of the structures of your digestive system.

[TETETRGIS® Whatis a system?

Systems are not found just in science. Your school is a system
with structures such as the school building, the tables and
chairs, you, your teacher, the school bell, your pencil, and many
other things. Figure 3 shows some of these structures. Your
school day also has cycles. Your daily class schedule and the cal-
endar of holidays are examples of cycles. Many processes are at
work during the school day. When you take a test, your teacher
has a process. You might be asked to put your books and papers
away and get out a pencil before the test is distributed. When the
time is over, you are told to put your pencil down and pass your
test to the front of the room.

Parts of a System Interact In a system, structures, cycles,
and processes interact. Your daily schedule influences where you
go and what time you go. The clock shows the teacher when the
test is complete, and you couldn’t complete the test without a
pencil.




—

Parts of a Whole All systems are made up of other systems.
For example, you are part of your school. The human body is a
system—within your body are other systems. Your school is part
of a system—district, state, and national. You have your regional
school district. Your district is part of a statewide school system.
Scientists often break down problems by studying just one part
of a system. A scientist might want to learn about how construc-
tion of buildings affects the ecosystem. Because an ecosystem
has many parts, one scientist might study a particular animal,
and another might study the effect of construction on plant life.

The Branches of Science

Science often is divided into three main categories, or
branches—Ilife science, Earth science, and physical science. Each
branch asks questions about different kinds of systems.

Life Science The study of living systems and the ways in
which they interact is called life science. Life scientists attempt
to answer questions like “How do whales navigate the ocean?”
and “How do vaccines prevent disease?” Life scientists can study
living organisms, where they live, and how they interact. Dian
Fossey, Figure 4, was a life scientist who studied gorillas, their
habitat, and their behaviors.

People who work in the health field know a lot about the life
sciences. Physicians, nurses, physical therapists, dietitians, medical
researchers, and others focus on the systems of the human body.
Some other examples of careers that use life science include biol-
ogists, zookeepers, botanists, farmers, and beekeepers.

Health Integration
Systems The human body
is composed of many differ-
ent systems that all inter-
act with one another to
perform a function. The
heart is like the control
center. Even though not all
systems report directly to
the heart, they all interact
with its function. If the
heart is not working, the
other systems fail as well.
Research human body sys-
tems and explain how one
system can affect another.

Figure 4 Over a span of

18 years, life scientist Dian Fossey
spent much of her time observing
mountain gorillas in Rwanda,
Africa. She was able to interact
with them as she learned about
their behavior. =
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Earth Sclence The study of Earth systems and the systems in
space is Ea ce. It includes the study of nonliving things
such as rocks, s01l clouds, rivers, oceans, planets, stars, meteors,
and black holes. Earth science also covers the weather and cli-
mate systems that affect Earth. Earth scientists ask questions like
“How can an earthquake be detected?” or “Is water found on
other planets?” They make maps and investigate how geologic
. features formed on land and in the oceans. They also use their
¢ knowledge to search for fuels and minerals. Meteorologists study
. weather and climate. Geologists study rocks and geologic fea-
tures. Figure 5 shows a volcanologist—a person who studies vol-
canoes—measuring the temperature of lava.

PRGN @ What do Earth scientists study?

Figure 5 These volcanologists . . .
are studying the temperature of Physical Science The study of matter and energy is

the lava flowing from avolcano, | Physicaliscience. Matter is anything that takes up space and
has mass. The ability to cause change in matter is energy.
Living and nonliving systems are made of matter. Examples
include plants, animals, rocks, the atmosphere, and the water
in oceans, lakes, and rivers. Physical science can be divided
into two general fields—chemistry and physics. Chemistry is
the study of matter and the interactions of matter. Physics is
the study of energy and its ability to change matter. Figure 6
shows physical scientists at work.

Figure 6 Physical scientists
study a wide range of subjects.

This physicist is studying light as
it travels through optical fibers.

This chemist is studying the light
emitted by certain compounds.

10 CHAPTER1 The Nature of Science
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Careers Chemists ask questions such as “How
can I make plastic stronger?” or “What can I do to
make aspirin more effective?” Physicists might
ask other types of questions, such as “How does
light travel through glass fibers?” or “How can
humans harness the energy of sunlight for their
energy needs?”

Many careers are based on the physical sci-
ences. Physicists and chemists are some obvious
careers. Ultrasound and X-ray technicians work-
ing in the medical field study physical science because
they study the energy in ultrasound or X rays and how it
affects a living system.

Science and Technology Although learning the
answers to scientific questions is important, these
answers do not help people directly unless they can be
applied in some way. Technology is the practical use of
science, or applied science, as illustrated in Figure 7. Engineers : Figure 7 Solar-powered cars
apply science to develop technology. The study of how to use the : and the swimsuits worn in the
energy of sunlight is science. Using this knowledge to create : Olympics are examples of technol-
solar panels is technology. The study of the behavior of light as { ogy—the application of science.
it travels through thin, glass, fiber-optic wires is science. The use i

of optical fibers to transmit information is technology. A scien- :

tist uses science to study how the skin of a shark repels water. :
The application of this knowledge to create a material that helps :

swimmers slip through the water faster is technology. :
r .
Summary ' Self Check
Learning About the World ‘ 1. Compare and contrast scientific theory and scientific
. @ Scientists ask questions to learn how, why, or law. Explain how a scientific theory can change.
- when something occurred. 2. Explain why science can answer some questions, but
. @ Atheory is a possible explanation for observa- not others.
tions that is supported by many investigations. 3. Classify the following statement as a theory or a law:
| @ Ascientific law describes a pattern but does Heating the air in a hot-air balloon causes the balloon
" not explain why things happen. to rise.
- Systems in Science 4, Think Critically Describe the importance of technology
" @ Asystem is composed of structures, cycles, and how it relates to science.
. and processes that interact with each other.
' The Branches of Science — g .
s S . 5. Infer Scientists ask questions and make observations.
@ Science is divided into three branches—life i . :
: . . . What types of questions and observations would you
science, Earth science, and physical science. : L . o
: 3 make if you were a scientist studying schools of fish in
@ Technology is the application of science in our the ocean? ' r
everyday lives. ’ '}
e y
; &i-‘ .wr\“' P :1,'\ 9 4 \
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Science in Action

Science Skills

You know that science involves asking questions, but how
does asking questions lead to learning? Because no single way to
gain knowledge exists, a scientist doesn’t start with step one,
then go to step two, and so on. Instead, scientists have a huge
collection of skills from which to choose. Some of these skills
include thinking, observing, predicting, investigating, research-
ing, modeling, measuring, analyzing, and inferring. Science also
can advance with luck and creativity.

as you read

oz You'll Learn

=@ [dentify some skills scientists use.

= Define hypothesis.

@ Recognize the difference between
observation and inference.

Wéy It’s Important

Science can be used to learn more
about the world you live in.

vesosvessnda
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Science Methods Investigations often follow a general pat-
® Review Yocabul ary . tern. As ﬂlus'trated in Figure 8,.most investigations begin by see-
observation: a record or descrip- ing something and then asking a question about what was
tion of an occurrence or patternin  :  observed. Scientists often perform research by talking with other
nature scientists. They read books and scientific magazines to learn as
New Vocabulary : rguch as they can abo:ut what is already known abogt their ques-
o hypothesis @ independent  : tion. Usually, scientists state a possible explanation for their
e infer variable : observation. To collect more information, scientists almost
o controlled e dependent  : 3lways make more observations. They might build a model of
Sxpertment variable . what they study or they might perform investigations. Often,
@ variable @ constant . . —
they do both. How might you combine some of these skills in an
investigation?

Figure 8 Aithough there are differ-
ent scientific methods for investigating
a specific problem, most investigations
follow a general pattern.

12 CHAPTER 1T The Nature of Science




What's that
metal-like ¢
sound?

jestioning and Olbserving Ms. Clark placed a sealed shoe
on the table at the front of the laboratory. Everyone in the
ass noticed the box. Within seconds the questions flew.
Vhat’s in the box?” “Why is it there?”

‘Ms. Clark said she would like the class to see how they used
e science skills without even realizing it.

I think that she wants us-to find out what’s in it.” Isabelle
to Marcus.

“Can we touch it?” asked Marcus.

- “It’s up to you,” Ms. Clark said.

Marcus picked up the box and turned it over a few times.
“It’s not heavy,” Marcus observed. “Whatever is inside slides
und.” He handed the box to Isabelle.

Isabelle shook the box. The class heard the object strike the
es of the box. With every few shakes, the class heard a metal-
ound. The box was passed around for each student to make
rvations and write them in his or her Science Journal. Some
rvations are shown in Figure 9.

ing a Guess “T think it’s a pair of scissors;” said Marcus.
‘Aren’t scissors lighter than this?” asked Isabelle, while shak-
e box. “I think it’s a stapler.”

at makes you think so?” asked Ms. Clark.

Vell, staplers are small enough to fit inside a shoe box, and
ms to weigh about the same,” said Isabelle.

We can hear metal when we shake it,” said Enrique.

So, you are guessing that a stapler is in the box?”

“Yes,” they agreed.

ou just stated a hypothesis,” exclaimed Ms. Clark.

A what?” asked Marcus.

anasans

anonoanasncn

aesmcncnmrran

asen

Figure 9 Investigations often

begin by making observations
and asking questions.

INTEGRATE |

Biologist Some natural-
ists study the living
world, using mostly their
observational skills. They
observe animals and
plants in their natural
environment, taking care
not to disturb the organ*
isms they are studying.
Make observations of
organisms in a nearby
park or backyard. Record
your observations in your
Science Journal.
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Forming a Hypothesis
Procedure

1. Fill a large pot with water.
Place an unopened can of
diet soda and an
unopened can of regular
soda into the pot of water
and observe what each can
does.

In your Science Journal,
make a list of the possible
explanations for your
observation. Select the
best explanation and write
a hypothesis.

3. Read the nutritional facts
on the back of each can and
compare their ingredients.
Revise your hypothesis
based on this new
information.

2.

4.

Analysis

1. What did you observe
when you placed the cans
in the water?

2. How did the nutritional
information on the cans
change your hypothesis?

3. Infer why the two cans
behaved differently
in the water. @@ oy

Figure 10 Comparing the
known information with the
unknown information can be
valuable even though you
cannot see what is inside the
closed box.
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The Hypothesis “A hypothesis is a reasonable and educated
possible answer based on what you know and what you observe.”
“We know that a stapler is small, it can be heavy, and it is
made of metal,” said Isabelle.
“We observed that what is in the box is small, heavier than a
pair of scissors, and made of metal,” continued Marcus.

Analyzing Hypotheses “What other possible explanations
fit with what you observed?” asked Ms. Clark.-

“Well, it has to be a stapler,” said Enrique.

“What if it isn’t?” asked Ms. Clark. “Maybe you're overlook-
ing explanations because your minds are made up. A good sci-
entist keeps an open mind to every idea and explanation. What
if you learn new information that doesn’t fit with your original
hypothesis? What new information could you gather to verify or
disprove your hypothesis?”

“Do you mean a test or something?” asked Marcus.

“I know” said Enrique, “We could get an empty shoe box
that is the same size as the mystery box and put a stapler in it.
Then we could shake it and see whether it feels and sounds the
same” Enrique’s test is shown in Figure 10.

Making a Prediction “If your hypothesis is correct, what
would you expect to happen?” asked Ms. Clark.

“Well, it would be about the same weight and it would slide
around a little, just like the other box,” said Enrique.

“It would have that same metallic sound when we shake it,”
said Marcus.

“So, you predict that the test box will feel and sound the
same as your mystery box. Go ahead and try it,” said Ms. Clark.




Testing the Hypothesis Ms. Clark gave
the class an empty shoe box that appeared
to be identical to the mystery box. Isabelle
ound a meta] stapler. Enrique put the sta-
pler in the box and taped the box closed.
Marcus shook the box.
“The stapler does slide around but it
feels just a little heavier than what’s inside
the mystery box,” said Marcus. “What do
you think?” he asked Isabelle as he handed
her the box.
~ “Tt is heavier,” said Isabelle “and as hard
as I shake it, I can’t get a metallic sound.
What if we find the mass of both boxes?
hen we’ll know the exact mass difference between the two.”
Using a balance, as shown in Figure 11, the class found that
the test box had a mass of 410 g, and the mystery box had a mass
of 270 g.

Organizing Your Findings “Okay. Now you have some new
information,” said Ms. Clark. “But before you draw any conclu-
sions, let’s organize what we know. Then we’ll have a summary
of our observations and can refer back to them when we are
drawing our conclusions.”

 “We could make a chart of our observations in our Science
Journals,” said Marcus.

- “We could compare the observations of the mystery box
with the observations of the test box,” said Isabelle. The chart
1at the class made is shown in Table 1.

' Table 1 Observation Chart

Mystery Box Our Box

270¢ | - 410g

Figure 11 Laboratory balances
are used to find the mass of
objects.

Itslides and appearstobeflat. It slides and appears to be flat.

It makes a metallic sound whenit = The stapler makes a thudding sound

strikes the sides of the box. - when it strikes the sides of the box.
No. The object doesn’t No. The mass of the stapler is
completely fill the box. - unevenly distributed.
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Drawing Conclusions
: “What have you learned from your investigation so far?”
: asked Ms. Clark.
' “The first thing that we learned was that our hypothesis
wasn’t correct,” answered Marcus.

“Would you say that your hypothesis was entirely wrong?”
asked Ms. Clark.

“The boxes don’t weigh the same, and the box with the sta-
pler doesn’t make the same sound as the mystery box. But there
could be a difference in the kind of stapler in the box. It could
be a different size or made of different materials.”

' : “So you infer that the object in the mystery box is not exactly

Figure 12 Observationscanbe  : the same type of stapler, right?” asked Ms. Clark.
used to draw inferences. “What does infer mean?” asked Isabelle.
infer Looking at both of these pho- “To infer something means to draw a conclusion based on
tos, what do you infer has taken : what you observe,” answered Ms. Clark.
place? ° “So we inferred that the things in the boxes had to be differ-
ent because our observations of the two boxes are dif-
ferent,” said Marcus.

“] guess we're back to where we started,” said
Enrique. “We still don’t know what’s in the mystery box.”

“Do you know more than you did before you
started?” asked Ms. Clark.

“We eliminated one possibility,” Isabelle added.

“Yes. We inferred that it’s not a stapler, at least not
like the one in the test box,” said Marcus.

“So even if your observations don’t support your
hypothesis, you know more than you did when you
started,” said Ms. Clark.

‘Continuing to Learn “So when do we get to open
the box and see what it is?” asked Marcus.

“Let me ask you this,” said Ms. Clark. “Do you think
scientists always get a chance to look inside to see if they
are right?”

“If they are studying something too big or too small
to see, I guess they can’t,” replied Isabelle. “What do they
do in those cases?”

“As you learned, your first hypothesis might not be
supported by your investigation. Instead of giving
up, you continue to gather information by making
more observations, making new hypotheses, and by
investigating further. Some scientists have spent life-
times researching their questions. Science takes
patience and persistence,” said Ms. Clark.
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