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CHAPTER 1 Scientific Investigation

Learning Objectives

• Define the scientific method.
• Explain the steps of the scientific method.
• Describe how scientists study the natural world.
• Develop a study incorporating the steps of the scientific method.

Chances are you’ve heard of the scientific method. What exactly is the scientific method?

Is it a precise and exact way that all science must be done? Or is it a series of steps that most scientists generally
follow, but may be modified for the benefit of an individual investigation?

The Scientific Method

There are basic methods of gaining knowledge that are common to all of science. At the heart of science is the
scientific investigation, which is done by following the scientific method. A scientific investigation is a plan for
asking questions and testing possible answers. It generally follows the steps listed in Figure 1.1.

Making Observations

A scientific investigation typically begins with observations. You make observations all the time. Let’s say you take
a walk in the woods and observe a moth, like the one in Figure 1.2, resting on a tree trunk. You notice that the moth
has spots on its wings that look like eyes. You think the eye spots make the moth look like the face of an owl.
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FIGURE 1.1
Steps of a Scientific Investigation. A
scientific investigation typically has these
steps. Scientists often develop their own
steps they follow in a scientific investiga-
tion. Shown here is a simplification of how
a scientific investigation is done.

Asking a Question

Observations often lead to questions. For example, you might ask yourself why the moth has eye spots that make it
look like an owl’s face. What reason might there be for this observation?

Forming a Hypothesis

The next step in a scientific investigation is forming a hypothesis. A hypothesis is a possible answer to a scientific
question, but it isn’t just any answer. A hypothesis must be based on scientific knowledge, and it must be logical. A
hypothesis also must be falsifiable. In other words, it must be possible to make observations that would disprove the
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FIGURE 1.2
Does this moth remind you of an owl?

hypothesis if it really is false. Assume you know that some birds eat moths and that owls prey on other birds. From
this knowledge, you reason that eye spots scare away birds that might eat the moth. This is your hypothesis.

Testing the Hypothesis

To test a hypothesis, you first need to make a prediction based on the hypothesis. A prediction is a statement that
tells what will happen under certain conditions. It can be expressed in the form: If A occurs, then B will happen.
Based on your hypothesis, you might make this prediction: If a moth has eye spots on its wings, then birds will avoid
eating it.

Next, you must gather evidence to test your prediction. Evidence is any type of data that may either agree or disagree
with a prediction, so it may either support or disprove a hypothesis. Evidence may be gathered by an experiment.
Assume that you gather evidence by making more observations of moths with eye spots. Perhaps you observe that
birds really do avoid eating moths with eye spots. This evidence agrees with your prediction.

Drawing Conclusions

Evidence that agrees with your prediction supports your hypothesis. Does such evidence prove that your hypothesis
is true? No; a hypothesis cannot be proven conclusively to be true. This is because you can never examine all of
the possible evidence, and someday evidence might be found that disproves the hypothesis. Nonetheless, the more
evidence that supports a hypothesis, the more likely the hypothesis is to be true.

Communicating Results

The last step in a scientific investigation is communicating what you have learned with others. This is a very
important step because it allows others to test your hypothesis. If other researchers get the same results as yours,
they add support to the hypothesis. However, if they get different results, they may disprove the hypothesis.

When scientists share their results, they should describe their methods and point out any possible problems with
the investigation. For example, while you were observing moths, perhaps your presence scared birds away. This
introduces an error into your investigation. You got the results you predicted (the birds avoided the moths while you
were observing them), but not for the reason you hypothesized. Other researchers might be able to think of ways to
avoid this error in future studies.

As you view The Scientific Method Made Easy, focus on these concepts:
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1. the relationship between evidence, conclusions and theories,
2. the "ground rules" of scientific research,
3. the steps in a scientific procedure,
4. the meaning of the "replication of results,"
5. the meaning of "falsifiable," and
6. the outcome when the scientific method is not followed.

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/149

Discovering the Scientific Method

A summary video of the scientific method, using the identification of DNA structure as an example, is shown in this
video by MIT students:

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/174859
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KQED: Why I Do Science

Dan Costa, Ph.D. is a professor of Biology at the University of California, Santa Cruz, and has been studying marine
life for well over 40 years. He is a leader in using satellite tags, time and depth recorders and other sophisticated
electronic tags to gather information about the amazing depths to which elephant seals dive, their migration routes
and how they use oceanographic features to hunt for prey as far as the international dateline and the Alaskan Aleutian
Islands.

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/108472

Science Friday: A Shot in the Dark: Alternative Uses for Squid Ink

Squid ink is commonly thought of as a defensive mechanism used by squids, but could there be other uses? In this
video by Science Friday, Dr. Stephanie Bush talks about possible other functions of squid ink.

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/191873
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Science Friday: No Strain, No Gain: Filter Feeding Mantas

Mantas are an example of filter feeders that obtain food as they swim through the water. How do these filters work?
In this video by Science Friday, Dr. Misty Paig-Tran discusses the mechanisms used by manta rays.

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/154946

Summary

• At the heart of science is the scientific investigation, which is done by following the scientific method. A
scientific investigation is a plan for asking questions and testing possible answers.

• A scientific investigation typically begins with observations. Observations often lead to questions.
• A hypothesis is a possible logical answer to a scientific question, based on scientific knowledge.
• A prediction is a statement that tells what will happen under certain conditions.
• Evidence is any type of data that may either agree or disagree with a prediction, so it may either support or

disprove a hypothesis. Conclusions may be formed from evidence.
• The last step in a scientific investigation is the communication of results with others.

Review

1. Outline the steps of a scientific investigation.
2. What is a scientific hypothesis? What characteristics must a hypothesis have to be useful in science?
3. Give an example of a scientific question that could be investigated with an experiment. Then give an example

of a question that could not be investigated.
4. Can a hypothesis be proven true? Why or why not?
5. Why do scientists communicate their results?
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