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Introduction

Science is Different from Other Ways of Understanding the World

If someone asks you “what is science?” you might say that it’s a bunch of facts and explanations. But that’s only
part of the story. Science is a knowledge base. But science is also a way of learning about the world.
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1.1 Scientific Explanations and Interpretations

• Identify and define facts, explanations, and opinions.

"It used to be, everyone was entitled to their own opinion, but not their own facts. But that’s not the case
anymore." Stephen Colbert, AV Club Interview, January 2006

Can you tell a fact from an opinion? Can you tell when an idea follows logically from a fact? Basing ideas on facts
is essential to good science. Science is a set of facts, and it is also a set of explanations that are based on those facts.
Science relies on facts to explain the natural world.
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Facts, Observations, Opinions

Scientists usually begin an investigation with facts. A fact is a bit of information that is true. Facts come from data
collected from observations or from experiments that have already been run. Data is factual information that is not
subject to opinion or bias.

What is a fact? Look at the following list and identify if the statement is a fact (from observation or prior experi-
ments), an opinion, or a combination.

FIGURE 1.1
Can you be sure from the photo that Su-
san has a cold?

1. Susan has black hair.
2. Susan is sneezing and has itchy eyes. She is not well. She has a cold.
3. Colds are caused by viruses.
4. Echinacea is an herb that prevents colds.
5. Bill Gates is the smartest man in the United States.
6. People born under the astrological sign Leo are fiery, self-assured, and charming.
7. Average global temperature has been rising at least since 1960.

An Analysis

The following is an analysis of the statements above:

1. This is a fact made from observation.
2. The first part is from observations. The second is a fact drawn from the prior observations. The third is an

opinion, since she might actually have allergies or the flu. Tests could be done to see what is causing her
illness.

3. This is a fact. Many, many scientific experiments have shown that colds are caused by viruses.
4. While that sounds like a fact, the scientific evidence is mixed. One reputable study published in 2007 showed

a decrease of 58%, but several other studies have shown no beneficial effect.
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5. Bill Gates is the wealthiest man in the United States; that’s a fact. But there’s no evidence that he’s also the
smartest man, and chances are he’s not. This is an opinion.

6. This sounds like a fact, but it is not. It is easy to test. Gather together a large number of subjects, each
with a friend. Have the friends fill out a questionnaire describing the subject. Match the traits against the
person’s astrological sign to see if the astrological predictions fit. Are Leos actually more fiery, self assured,
and charming? Tests like this have not supported the claims of astrologers, yet astrologers have not modified
their opinions.

7. This is a fact. The Figure 1.2 shows the temperature anomaly since 1880. There’s no doubt that temperature
has risen overall since 1880 and especially since the late 1970s.

FIGURE 1.2
Global Average Annual Temperatures are
Rising. This graph shows temperature
anomaly relative to the 1951-1980 aver-
age (the average is made to be 0). The
green bars show uncertainty.

Summary

• Facts are true. Data, gathered correctly, are facts.
• Some statements that appear to be facts are not.
• All scientific explanations and interpretations are based on facts.

Making Connections

MEDIA
Click image to the left for more content.

Practice

Use this resource to answer the questions that follow.

http://www.youtube.com/watch?v=zcavPAFiG14
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MEDIA
Click image to the left for more content.

1. What is science?
2. What is evidence?
3. List the steps of the scientific method (procedure).
4. What happens if a hypothesis is determined to be wrong?
5. Why is peer review important?
6. What is a theory?
7. Why might a theory be modified? When might it be thrown out?
8. Explain the importance of the scientific method.
9. How does technology show that scientific method works?

Review

1. Just because something appears in print doesn’t mean it’s true. Many stories circulate around the internet and
appear to be true but are not. Take a look at http://www.snopes.com to see some interesting true and false
tales. Think of something that you think is true, but may not be, and look it up. Here’s one: a tooth placed in
Coca-Cola will dissolve overnight.

2. Neuroscientists have shown that people are more likely to believe a statement if they have heard it before,
whether it’s true or not. Look in a newspaper or watch television news and find three statements that are not
actually true but that the person saying them is hoping will be believed. Is this effective?

3. What is the relationship between observations and facts? What is the relationship between facts and opinions?
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1.2 Scientific Method

• Explain how scientific questions are answered using scientific method.

How many angels can dance on the head of a pin?

This is a question that has been pondered over the centuries. Can it be answered using scientific method? Is it a
scientific question?

The Goal of Science

The goal of science is to answer questions about the natural world. Scientific questions must be testable. Which of
these two questions is a good scientific question and which is not?

7
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• What is the age of our planet Earth?
• How many angels can dance on the head of a pin?

The first is a good scientific question that can be answered by radiometrically dating rocks among other techniques.
The second cannot be answered using data, so it is not a scientific question.

Scientific Method

Scientists use the scientific method to answer questions. The scientific method is a series of steps that help to
investigate a question.

Often, students learn that the scientific method is a linear process that goes like this:

• Ask a question. The question is based on one or more observations or on data from a previous experiment.
• Do some background research.
• Create a hypothesis.
• Do experiments or make observations to test the hypothesis.
• Gather the data.
• Formulate a conclusion.

The process doesn’t always go in a straight line. A scientist might ask a question, then do some background research
and discover that the question needed to be asked a different way, or that a different question should be asked.

A flow chart of how science works that is much more accurate than the simple list above is found here: http://undsc
i.berkeley.edu/lessons/pdfs/complex_flow_handout.pdf .

Ask A Question

Now, let’s ask a scientific question. Remember that it must be testable.

We learned above that average global temperature has been rising since record keeping began in 1880. We know
that carbon dioxide is a greenhouse gas. Greenhouse gases trap heat in the atmosphere. This leads us to a question:

Question: Is the amount of carbon dioxide in Earth’s atmosphere changing?

This is a good scientific question because it is testable.

How has carbon dioxide in the atmosphere changed over those 50-plus years (see Figure 1.3)? About how much
has atmospheric CO2 risen between 1958 and 2011 in parts per million?

Answer a Question

So we’ve answered the question using data from research that has already been done. If scientists had not been
monitoring CO2 levels over the years, we’d have had to start these measurements now.

Because this question can be answered with data, it is testable.

Summary

• Scientists use scientific method to answer questions about the natural world.
• First, scientists ask a question that they want to answer.
• Background research is essential for better understanding the question and being able to move to the next step.
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FIGURE 1.3
Atmospheric carbon dioxide has been in-
creasing at Mauna Loa Observatory in
Hawaii since 1958. The small ups and
downs of the red line are seasonal vari-
ations. The black line is the annual aver-
age.

Making Connections

MEDIA
Click image to the left for more content.

Practice

Use this resource to answer the questions that follow.

http://www.schooltube.com/video/f52dc16d06d58ede92d5/writing-scientific-questions

MEDIA
Click image to the left for more content.

1. What is the first rule of writing science questions?

2. What is rule number 2?

3. What type of questions should NOT be used?

4. What is rule number 3?

5. Write a good scientific question using the three rules.
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Review

1. What features does a question need to have to be a good science question?
2. Create a list of three questions that are good science questions. Create a list of three questions that are not

science questions.
3. Look at the graph of atmospheric CO2 over time in the Figure 1.3. As close as you can determine, how much

as the atmospheric CO2 content risen since 1958?
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1.3 Development of Hypotheses

• Describe the characteristics of a good hypothesis.

What is a hypothesis?

An educated guess? Is that what you learned a hypothesis is? Lots of people have learned that, but it’s not exactly
right. So what is a hypothesis? There are two hypotheses listed below to address a question about carbon dioxide in
the atmosphere. Check out what those hypotheses are and what to do with them next.

Asking a New Question

Before we develop some hypotheses, let’s find a new question that we want to answer. What we just learned that
atmospheric CO2 has been increasing at least since 1958. This leads us to ask this question: Why is atmospheric
CO2 increasing?

Possible Answers for the Question

We do some background research to find the possible sources of carbon dioxide into the atmosphere. We discover
two things:

• Carbon dioxide is released into the atmosphere by volcanoes when they erupt.
• Carbon dioxide is released when fossil fuels are burned.

A hypothesis is a reasonable explanation to explain a small range of phenomena. A hypothesis is limited in scope,
explaining a single event or a fact. A hypothesis must be testable and falsifiable. We must be able to test it and it
must be possible to show that it is wrong.

From these two facts we can create two hypotheses. We will have multiple working hypotheses. We can test each
of these hypotheses.

11
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Hypothesis 1

Atmospheric CO2 has increased over the past five decades, because the amount of CO2 gas released by volcanoes
has increased.

Hypothesis 2

The increase in atmospheric CO2 is due to the increase in the amount of fossil fuels that are being burned.

Usually, testing a hypothesis requires making observations or performing experiments. In this case, we will look
into the scientific literature to see if we can support or refute either or both of these hypotheses.

Summary

• A hypothesis is a reasonable explanation to explain a phenomenon.
• A scientific hypothesis must be testable and falsifiable.
• Often, scientists as individuals or as a group test more than one hypothesis at a time to explain a phenomenon.

This is called multiple working hypotheses.

Making Connections

MEDIA
Click image to the left for more content.

Practice

Use this resource to answer the questions that follow.

http://www.teachertube.com/viewVideo.php?video_id=195822&title=Hypothesis_Machine

MEDIA
Click image to the left for more content.

1. What is the purpose of the scientific method?
2. What is your task?
3. Create a hypothesis that explains how the machine works.
4. What would you like to know to be able to better create a hypothesis?
5. What would you need to do to see if your hypothesis right?

Review

1. Why is calling a hypothesis "a reasonable explanation” better than “an educated guess”?
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2. A hypothesis is shown to be wrong. Is the question the scientists are trying to answer a bad question?
3. Why would scientists have multiple working hypotheses rather than just dealing with one hypothesis until it

is shown to be right or is thrown out?
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1.4 Testing Hypotheses

• Identify and explain the steps required to test a hypothesis.

How can I show that my hypothesis is wrong?

Many young scientists learn that a good scientist tries to disprove her hypothesis. This is the best way to be sure
that your hypothesis is getting a rigorous test. Why do you think established scientists tell students this? Why is it a
good idea?

Testing Hypothesis 1

How do you test a hypothesis? In this example, we will look into the scientific literature to find data in studies that
were done using scientific method.

To test Hypothesis 1 from the concept "Development of Hypotheses," we need to see if the amount of CO2 gas
released by volcanoes over the past several decades has increased.

There are two ways volcanoes could account for the increase in CO2:

• There has been an increase in volcanic eruptions in that time.

14
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• The CO2 content of volcanic gases has increased over time globally.

To test the first, we look to the scientific literature from a site like http://www.volcano.si.edu/education/questions/in
dex.cfm?faq=06 . We see that the number of volcanic eruptions is about constant. We also learn from the scientific
literature that volcanic gas compositions have not changed over time. Different types of volcanoes have different gas
compositions, but overall the gases are the same. Another journal article states that major volcanic eruptions for the
past 30 years have caused short-term cooling, not warming!

Hypothesis 1 is wrong! Volcanic activity is not able to account for the rise in atmospheric CO2. Remember that
science is falsifiable. We can discard Hypothesis 1.

Testing Hypothesis 2

Hypothesis 2 states that the increase in atmospheric CO2 is due to the increase in the amount of fossil fuels that are
being burned. We look into the scientific literature and find this graph in the Figure 1.4.

FIGURE 1.4
Global carbon dioxide emissions from fos-
sil fuel consumption and cement produc-
tion. The black line represents all emis-
sion types combined, and colored lines
show emissions from individual fossil fu-
els.

Fossil fuels have added an increasing amount of carbon dioxide to the atmosphere since the beginning of the
Industrial Revolution in the mid 19th century. Hypothesis 2 is true!

Summary

• Science is falsifiable. An incorrect hypothesis is discarded.
• Carbon dioxide levels in the atmosphere are increasing due to fossil fuel burning.

Making Connections

MEDIA
Click image to the left for more content.
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Practice

Use this resource to answer the questions that follow.

http://www.youtube.com/watch?v=LjbJELjLgZg

Note: the term theory is used inaccurately in the video.

MEDIA
Click image to the left for more content.

1. How are they using the word theory in this video? What word would be more accurate for them to use in this
context?

2. What is the hypothesis they are testing?
3. How do they test the hypothesis?
4. What were their results?
5. Is their hypothesis absolutely certainly correct? If you say, that they don’t know yet, what can they do to

further narrow down whether the hypothesis is correct?

Review

1. Think of at least one other hypothesis for why atmospheric carbon dioxide has been rising for the past several
decades. How would you test that hypothesis?

2. If your hypothesis is shown to be true, does that mean that hypothesis 2, which states that the increase in
atmospheric CO2 is due to fossil fuel burning, is wrong?

3. How did having multiple working hypotheses help this investigation along?
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1.5 Correlation and Causation

• Distinguish between correlation and causation.

Sugar consumption up. Global temperatures up. Is one causing the other?

Is the rise in sugar consumption in America causing average global temperature to rise? Are rising temperatures
causing people to eat more sugar? Both of these factors are rising but are they related by correlation, causation, or
both?

Correlation

We made a few discoveries in the previous sections:

• Average global temperature has been rising for the past several decades.
• Atmospheric carbon dioxide levels have been rising for the past several decades.
• Carbon dioxide emissions into the atmosphere from fossil fuel burning have been rising for the past several

decades.
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We see a correlation. A correlation is the mutual relationship between two or more things. CO2 emissions from
fossil fuel burning, atmospheric CO2 levels, and average global temperatures are all rising. They exhibit positive
correlation because they are all going in the same direction. If one factor rises while another sinks they have
negative correlation.

Causation

But correlation does not necessarily indicate causation. To explain the difference, let’s look at an example. Sugar
consumption in the United States has also been rising for decades. This is positively correlated with rising average
global temperatures.

FIGURE 1.5
American consumption of caloric sweet-
eners (sugar), 1970-2009.

Is the rise in sugar consumption causing the rise in global temperatures or vice versa? While this isn’t impossible;
it’s extremely unlikely. There’s no mechanism for one to increase the other. Here there is correlation, not causation.

Causation refers to the factor that is producing the effect. To establish causation we need to know how one would
cause the other.

Here is a brief outline of the way an increase in CO2 can increase global temperatures. Climate change science is
dealt with extensively in later concepts.

• Greenhouse gases in the atmosphere trap heat. This is natural and good.
• CO2 is a greenhouse gas.
• The more greenhouse gases there are in the atmosphere, the more heat can be trapped.
• The more heat that’s trapped, the warmer average global temperatures are.

Because carbon dioxide is a greenhouse gas, increased atmospheric CO2 causes average global temperatures to rise.
We found one cause for rising global temperatures. There are also others.

Summary

• Correlation is a comparison of two factors within a population. Correlation does not imply causation.
• If one factor is responsible for the change in another factor, there is causation.
• Establishing causation requires a mechanism to show how one factor can influence the other.
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• Burning fossil fuels releases CO2 into the atmosphere. That CO2 traps heat, which causes global temperatures
to rise.

Making Connections

MEDIA
Click image to the left for more content.

Practice

Use these resources to answer the questions that follow.

Correlation vs. Causality: Freakonomics Movie at http://www.youtube.com/watch?v=lbODqslc4Tg

MEDIA
Click image to the left for more content.

1. Why did people fear polio?
2. Why did people think there was a correlation between ice cream and polio?

Correlation vs. Causality: Continued at http://www.youtube.com/watch?v=t8ADnyw5ou8

MEDIA
Click image to the left for more content.

1. Why are there more police in Washington DC than in Denver? Where is there more crime? Do police cause
crime? Then why are there more police in Washington DC?

2. Explain why people often confuse correlation and causation.

Review

1. Compare and contrast correlation and causation.

2. Sugar consumption has been rising in the U.S. for decades. Can you think of something this might be positively
correlated with? Can you think of something this might be negatively correlated with?

3. Name at least two factors that are changing as a result of the increase in sugar consumption in the U.S. Is this
correlation or causation?
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1.6 Observations and Experiments

• Explain how observations and experiments are used to answer scientific questions.

How do you test a hypothesis?

When you test a hypothesis, you must make observations or perform experiments. We could test the two hypotheses
in the concept "Correlation and Causation" using the scientific literature because scientists who came before us
collected that data using scientific method. If the question was new we would need to do the testing ourselves. How
might you do the testing yourself?

Testing Hypotheses

If we were doing a scientific investigation we need to gather the information to test the hypotheses ourselves. We
would do this by making observations or running experiments.

Observations

Observations of Earth’s surface may be made from the land surface or from space. Many important observations are
made by orbiting satellites, which have a bird’s eye view of how the planet is changing (for example, see Figure
1.6).

Often, observation is used to collect data when it is not possible for practical or ethical reasons to perform experi-
ments. Scientists may send devices to make observations for them when it is too dangerous or impractical for them
to make the observations directly. They may use microscopes to explore tiny objects or telescopes to learn about the
universe (see Figure 1.7).
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FIGURE 1.6
This satellite image shows how the extent
of glaciers in Glacier National Park has
changed in recent years.

FIGURE 1.7
Artist’s concept of the Juno orbiter circling
Jupiter. The mission is ongoing.

Experiments

Answering some questions requires experiments. An experiment is a test that may be performed in the field or in a
laboratory. An experiment must always done under controlled conditions. The goal of an experiment is to verify or
falsify a hypothesis.

In an experiment, it is important to change only one factor. All other factors must be kept the same.

• Independent variable: The factor that will be manipulated.
• Dependent variable: The factors that depend on the independent variable.

An experiment must have a control group. The control group is not subjected to the independent variable. For
example, if you want to test if Vitamin C prevents colds, you must divide your sample group up so that some receive
Vitamin C and some do not. Those who do not receive the Vitamin C are the control group.
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Experimental Error

Scientists often make many measurements during experiments. As in just about every human endeavor, errors
are unavoidable. In a scientific experiment, this is called experimental error. Systematic errors are part of the
experimental setup, so that the numbers are always skewed in one direction. For example, a scale may always
measure one-half of an ounce high. Random errors occur because a measurement is not made precisely. For
example, a stopwatch may be stopped too soon or too late. To correct for this, many measurements are taken and
then averaged. Experiments always have a margin of error associated with them.

In an experiment, if a result is inconsistent with the results from other samples and many tests have been done, it is
likely that a mistake was made in that experiment. The inconsistent data point can be thrown out.

Summary

• Testing a hypothesis requires data. Data can be gathered by observations or by experiments.
• Observations can be done simply by looking at and measuring a phenomenon, or by using advanced technol-

ogy.
• Experiments must be well-designed. They must be done under controlled conditions and with the manipulation

of only one variable.
• Guidelines must be followed when dealing with possible experimental errors.

Making Connections

MEDIA
Click image to the left for more content.

Practice

Use the resources below to answer the questions that follow.

• Observations vs. Inferences at http://www.slideshare.net/jschmied/observations-vsinferencespart-one-143
22159

MEDIA
Click image to the left for more content.

1. What is an observation?
2. What is an inference?
3. For each picture in the slideshow (slides 14 to 24), list an observation and then an inference. How can you tell

the difference?
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Go to the following website: http://www.sciencekids.co.nz/gamesactivities/rockssoils.html

Conduct the experiments to answer the following questions:

4. Which rock floats?
5. Which rocks are permeable?
6. Which rocks can be split?
7. Which rocks wear well?
8. How did you do experiments to find the answers to the questions?

Review

1. Under what circumstances would a scientist test a hypothesis using observations?
2. Under what circumstances would a scientist test a hypothesis using experiments?
3. What is a control group in an experiment?
4. What is the difference between an independent and a dependent variable in an experiment?
5. An experiment is done on 90 people to test their vitamin D levels: 30 are given vitamin D tablets, 30 are told

to spend 15 minutes in the sun each day and 30 are kept inside and not given any supplements. What is the
control group? What is the dependent variable? What is the independent variable?
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1.7 Development of Theories

• Define the terms theory and law as they are used in science.

Do you have a theory about this couple?

“My theory on why she doesn’t want to go out with him any more is that he won’t let her see her friends.” While
that might be why she doesn’t want to go out with him, the idea is not a theory. In common speech, the word theory
is often misused. It is sometimes misused when referring to scientific ideas as well. What would be a better word to
use?

Theory

Scientists seek evidence that supports or refutes a hypothesis. If there is no significant evidence to refute the
hypothesis and there is an enormous amount of evidence to support it, the idea is accepted. It may become a
theory.

A scientific theory is strongly supported by many different lines of evidence. A theory has no major inconsistencies.
A theory must be constantly tested and revised. A theory provides a model of reality that is simpler than the
phenomenon itself. Scientists can use a theory to offer reliable explanations and make accurate predictions.

A theory can be revised or thrown out if conflicting data is discovered. However, a longstanding theory that has lots
of evidence to back it up is less likely to be overthrown than a newer theory. But science does not prove anything
beyond a shadow of a doubt.

Watch this video to understand the difference between hypothesis and theory: http://www.youtube.com/watch?v=j
dWMcMW54fA (6:39).
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MEDIA
Click image to the left for more content.

Laws

Many people think that any idea that is completely accepted in science is a law. In science, a law is something
that always applies under the same conditions. If you hold something above the ground and let go it will fall. This
phenomenon is recognized by the law of gravity. A law explains a simpler phenomenon or set of phenomena than
does a theory. But a theory tells you why something happens and a law only tells you that it happens.

FIGURE 1.8
The Leaning Tower of Pisa in Italy only
appears to defy gravity.
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Amazingly, scientific laws may have exceptions. Even the law of gravity does not always hold! If water is in an
enclosed space between a hillside and a glacier, the weight of the glacier at the bottom of the hill may force the water
to flow uphill –against gravity! That doesn’t mean that gravity is not a law. A law always applies under the right
circumstances.

Summary

• In science, a theory is an explanation of a much more complex phenomenon than a law describes. A theory
tells why something happens.

• A theory can be used to predict future events.
• A law describes something that always happens under the same set of circumstances, but not why it happens.

But even laws do not always hold.

Making Connections

MEDIA
Click image to the left for more content.

Practice

Use this resource to answer the questions that follow.

MEDIA
Click image to the left for more content.

1. What is a scientific theory?
2. What can be done with a theory?
3. What is a law?
4. Why is the phrase "only a theory" misleading?

Review

1. Compare and contrast hypothesis, theory, and law.
2. Can a theory become a law or a law become a theory? Can a hypothesis become a law or a theory?
3. Which of these, if any, is more important in science: hypothesis, theory, or law?

26

http://www.ck12.org
http://www.ck12.org/flx/show/interactive/N6btLBc9aYL4ooyafqWu.png
http://www.ck12.org/flx/show/video/http%3A//www.youtube.com/embed/S2xhPgDuUlA%3Fwmode%3Dtransparent%26rel%3D0%26hash%3D9b6dc8b6df21f676afdf76ad5f516f25


www.ck12.org Chapter 1. Principles of Science

1.8 Evolution, Plate Tectonics, and Climate
Change

• Describe the three essential theories of Earth science: the theory of evolution, the theory of plate tectonics,
and the theory of climate change.

How do you know this isn’t what the world is like?

The natural world wouldn’t make much sense without the theories scientists have developed to explain the things
that happen or that we observe. Without science, we might think that the world was on the back of an elephant that
rested on a tortoise (an inquisitive person would then wonder what the tortoise is resting on). With science, we have
theories. Some are essential for earth science.

Three Essential Theories

Scientific theories are sometimes thrown out when the data shows them to be wrong. Before plate tectonics theory
was accepted, people thought that fossil organisms had spread around using land bridges. Although a land bridge
across the Atlantic seemed a bit far-fetched, there was no better idea. Most scientists were relieved when they could
toss that theory out.

But some theories account for so many phenomena and are so broadly supported by so many lines of evidence that
they are unlikely ever to be disproved. Additional scientific evidence may reveal problems and scientists may need
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to modify the theories. But there is so much evidence to support them and nothing major to refute them that they
have become essential to their fields of science.

The Theory of Evolution

Darwin’s theory of evolution has been under attack ever since Darwin proposed it. But nearly all biologists accept
the theory and recognize that everything they learn about life on Earth supports the theory. Evolution is seen in
the fossil record, in the developmental paths of organisms, in the geographic distribution of organisms, and in the
genetic codes of living organisms. Evolution has a mechanism, called natural selection. People often refer to natural
selection as “the survival of the fittest.” With natural selection, the organism that is best adapted to its environment
will be most likely to survive and produce offspring, thus spreading its genes to the next generation.

FIGURE 1.9
The theory of evolution maintains that modern humans evolved from ape-like ancestors.

The Theory of Plate Tectonics

The theory of plate tectonics is the most important theory in much of earth science. Plate tectonics explains why
much geological activity happens where it does, why many natural resources are found where they are, and can be
used to determine what was happening long ago in Earth’s history. The theory of plate tectonics will be explored in
detail in later concepts.
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The Theory That Climate is Changing Due to Human Activities

The theory of climate change is a much newer theory than the previous two. We know that average global tempera-
tures are rising. We even know why: Carbon dioxide is released into the atmosphere when fossil fuels are burned.
Carbon dioxide is a greenhouse gas. In the atmosphere, greenhouse gases trap heat. This is like putting an extra
blanket over Earth. Since more heat is being trapped, global temperature is rising.

There is very little information that contradicts the theory that climate is changing due in large part to human
activities. Unless some major discrepancy is discovered about how the atmosphere works, the theory is very likely
to stand. So far, the evidence that is being collected supports the idea and global warming can be used to predict
future events, which are already taking place. This idea will be explored in detail in later concepts.

Summary

• Since scientific ideas must be testable and falsifiable, theories are sometimes tested and shown to be wrong.
• Many theories have held up against most tests over many decades. These theories may need to be modified

but they are solid at their core.
• Three essential theories for Earth Science are the theory of evolution, the theory of plate tectonics, and the

theory that human activities are altering Earth’s climate.

Making Connections

MEDIA
Click image to the left for more content.

Practice

Use these resource to answer the questions that follow. Note that plate tectonics will be described in great detail in
coming concepts.

http://www.youtube.com/watch?v=FnzmxeZJeho

MEDIA
Click image to the left for more content.

1. Briefly explain the theory of evolution.
2. Why is the evolution by natural selection called the unifying theory of biology?
3. How many experiments have been done that show evolution not to be true?
4. Is it likely that scientists will unearth something that will show the theory of evolution to be false?
5. How does the process of evolution differ from the theory of evolution?
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http://www.youtube.com/watch?v=CmRyJaBPvD0

MEDIA
Click image to the left for more content.

5. Briefly explain the theory of climate change as mentioned here.
6. What evidence is there for this theory?
7. Most people, including scientists, do not call this a theory. Why not? Do you think it should be called a theory?

Would calling it a theory saddle it with the same air of uncertainty that follows the theory of evolution?

Review

1. Scientists are reluctant to say that any theory is absolutely true. Why do you think that is?

2. What reasons do people have outside science to think that a theory is incorrect? Are these valid scientific
arguments?

3. What are the three essential theories in Earth science as stated here?
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1.9 Scientific Community

• Explain how the scientific community self-regulates and supports research.

How does science monitor itself?

Computer hackers stole files and emails from the Climate Research Unit’s server. These messages were alleged
to show that scientists had a conspiracy to promote the idea of global warming. Government and scientific bodies
investigated the charges and found no evidence of a conspiracy. Science is done with a great deal of quality control
and nearly all allegations of scientific misconduct are found to be false.

Sharing Results

A hypothesis will not be fully accepted unless it is supported by the work of many scientists. Although a study may
take place in a single laboratory, a scientist must present her work to the community of scientists in her field.

Initially, she may present her data and conclusions at a scientific conference where she will talk with many other
scientists. Later, she will write a paper to be published in a scientific journal. After she submits the paper, several
scientists will review the paper –a process called peer review –to suggest further investigations or changes in
interpretation to make the paper stronger. The scientists will then recommend or deny the paper for publication.
Once it is published, other scientists incorporate the results into their own research. If they cannot replicate her
results, her work will be thrown out!

Scientific ideas are advanced after many papers on a topic are published.

Scientific Integrity

There scientific community controls the quality and type of research that is done by project funding. Most scientific
research is expensive, so scientists must write a proposal to a funding agency, such as the National Science Foun-
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FIGURE 1.10
Participants share their results at a scien-
tific conference.

dation or the National Aeronautics and Space Administration (NASA), to pay for equipment, supplies, and salaries.
Scientific proposals are reviewed by other scientists in the field and are evaluated for funding. In many fields, the
funding rate is low and the money goes only to the most worthy research projects.

The scientific community monitors scientific integrity. During their training, students learn how to conduct good
scientific experiments. They learn not to fake, hide, or selectively report data, and they learn how to fairly evaluate
data and the work of other scientists. Scientists who do not have scientific integrity are strongly condemned by the
scientific community.

Nothing is perfect, but considering all the scientific research that is done, there are few incidences of scientific
dishonesty. Yet when they do occur, they are often reported with great vehemence by the media. Often this causes
the public to mistrust scientists in ways that are unwarranted.

Summary

• If science is done well, other scientists who replicate the same work will get the same results.
• Scientists peer review a scientific paper before it is published to be sure the work was done using the scientific

method.
• There are lots of controls in science, including oversight of the projects that get funded.
• The checks and balances assure that nearly all scientists operate with a great deal of integrity.

Making Connections

MEDIA
Click image to the left for more content.

Practice

Use this resource to answer the questions that follow.
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MEDIA
Click image to the left for more content.

1. Why aren’t scientists infallible? How are scientists different from theologians or other experts?

2. What is peer review?

3. What is the importance of peer review?

4. What makes a person a scientist?

5. For something to be science it must be reviewed by people who understand the topic scientifically and be published
in a peer reviewed journal. Why?

Review

1. How does peer review work keep quality control high in scientific research?

2. What happens if a scientist’s results cannot be replicated by other scientists?

3. What procedures are present in science to insure scientific integrity?
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1.10 Scientific Models

• Explain why scientists use models.
• Explain the importance and uses of scientific models.

Why do scientists need models?

What does it mean when the newspaper reports the results of a scientist’s most recent climate modelling? Scientists
work with models when the system they are interested in studying is too complex, too remote, or too difficult to deal
with as a whole. Models are necessary in science, but it must always be remembered that they are models.

Models are Useful Tools

Scientific models are useful tools in science. Earth’s climate is extremely complex, with many factors that are
dependent on one another. Such a system is impossible for scientists to work with as a whole. To deal with such
complexity, scientists may create models to represent the system that they are interested in studying.

Scientists must validate their ideas by testing. A model can be manipulated and adjusted far more easily than a real
system. Models help scientists understand, analyze, and make predictions about systems that would be impossible
to study as a whole. If a scientist wants to understand how rising CO2 levels will affect climate, it will be easier to
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model a smaller portion of that system. For example, he may model how higher levels of CO2 affect plant growth
and the effect that will have on climate.

Models can be Used to Make Predictions

How can scientists know if a model designed to predict the future is likely to be accurate, since it may not be possible
to wait long enough to see if the prediction comes true? One way is to run the model using a time in the past as the
starting point see if the model can accurately predict the present. A model that can successfully predict the present
is more likely to be accurate when predicting the future.

Many models are created on computers because only computers can handle and manipulate such enormous amounts
of data. For example, climate models are very useful for trying to determine what types of changes we can expect as
the composition of the atmosphere changes. A reasonably accurate climate model would be impossible on anything
other than the most powerful computers.

Models Have Limitations

Since models are simpler than real objects or systems, they have limitations. A model deals with only a portion of a
system. It may not predict the behavior of the real system very accurately. But the more computing power that goes
into the model and the care with which the scientists construct the model can increase the chances that a model will
be accurate.

Types of Models

• Physical models are smaller and simpler representations of the thing being studied. A globe or a map is a
physical model of a portion or all of Earth.

• Conceptual models tie together many ideas to explain a phenomenon or event.
• Mathematical models are sets of equations that take into account many factors to represent a phenomenon.

Mathematical models are usually done on computers.

Summary

• A model is a representation of a more complex system. Models can be manipulated far more easily than the
system they represent.

• Models can be used to make predictions.
• Models may be physical, conceptual, or mathematical.

Making Connections

MEDIA
Click image to the left for more content.
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Practice

Use this resource to answer the questions that follow.

MEDIA
Click image to the left for more content.

1. What is a model?

2. How do scientists create models?

3. How are models checked for accuracy?

4. How did Dr. Hansen check his model?

5. What are the challenges associated with modeling?

Review

1. If models have limitations, why do scientists use them?

2. What are some types of scientific models that you can name?

3. Imagine you make a model to predict an earthquake in a particular location. What factors would you need to
include? How accurately do you think your model might predict that earthquake?

Summary

Science is different from other types of information because scientists follow rigorous methods to learn about the
world. A scientific idea must be testable and falsifiable. Ideas that are not supported by observations and data are
revised or thrown out. The distinction between science and other ways of understanding the world is important
because scientific information has been obtained with much more rigor than ideas that are the result of opinion, gut
feelings, or faith. Scientists use the scientific method to answer questions about the natural world. The scientific
method is not linear but takes on this basic structure: Ask a question, do background research, propose a hypothesis,
test the hypothesis using data from observations and experiments, continue testing the hypothesis if it holds up or
find a new hypothesis if it does not, eventually create a theory. A theory is an explanation of a complicated set of
phenomena that fits virtually all of the available data. The theories of evolution, plate tectonics, and climate change
are crucial to understanding earth science.
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