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The scientific method is the backbone of every Science experiment, and understanding it is

critical to the success of solving a problem scientifically.

Three different people can witness the same event, and each come up with a different account of
how it occurred. Police and investigators know that this is true; so do parents and teachers.
You've probably had some experience with this phenomenon, as well. Have you ever had two
friends who attended the same event give you completely different reports of what happened?

These conflicting viewpoints occur because we all see the world differently. We all have beliefs,
biases, and perceptions that cause us to view things the way we do. While these differences are
what make us each unique and assure that the world is an interesting place, they can make it

difficult to determine what is really true and what isn't.

Scientists over the centuries found they faced the same problems when it came to sorting out the
truth from non truths. To solve the problem, they devised a methodical framework within which
to work. This framework is called the scientific method, and it's extremely important to solve a

problem.

The Scientific Method Made Easy
The scientific method is a tool that helps scientists and the rest of us to solve problems and
determine answers to questions in a logical format. It provides step-by-step, general directions to

help us work through problems.

The scientific method is a series of steps that serve as guidelines for scientific endeavors. It's a
tool used to help/ solve problems and answer questions in an objective manner.
You probably use the scientific method in everyday life without even realizing it. Let's say that

one night you feel like reading in bed, but your mom has already told you three times that it's late
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and you need to keep your light out and go to sleep. Because you know you're not going to be
able to sleep regardless of what your mom says, you reach under the bed for your handy pen

torch and flip the switch to turn it on. Nothing happens.

Now you're faced with the problem of not being able to read because your pen torch doesn't
work, and you're not happy about it. Having identified the problem, you think back to the last
time your pen torch didn't work, and you remember that it was because of worn-out batteries.
You guess that worn-out batteries are the reason your pen torch isn't working now, so you get
some new batteries from the drawer next to your bed and replace the ones in your pen torch. Oh!

Your pen torch works..

Without realizing it, you've just worked through the steps of the scientific method to solve a

problem.

There are five steps to the scientific method. They are ...
o Identify a problem.
o Research the problem.
o Formulate a hypothesis.
e Conduct an experiment.

e Reach a conclusion.

When your pen torch wouldn't turn on, you knew you had a problem. That took care of the first
step. Your research (the second step) was conducted when you thought back to the last time your
pen torch didn't work and remembered that you needed new batteries. You completed the third
step by coming up with the hypothesis (an educated guess) that you needed new batteries this

time, as well.

You conducted your experiment (the fourth step) when you replaced the batteries and turned the
pen torch on. When the pen torch worked, you reached the conclusion that indeed, it had needed
new batteries. You completed the fifth step of the scientific method and proved your hypothesis

to be correct. You also got to finish that great book you were reading!
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So you see, the sc'ientific method is not mysterious or difficult, although you can use it to work
through some difficult problems. There's no question that you must use the scientific method
when you do your Science project. Using the scientific method assures that you'll work
objectively, not subjectively. That means that you won't bring to the project your personal,
preconceived thoughts about what you think should or should not happen, or your own
interpretations of your observations and data. The scientific method assures that you'll stick to
“Just tﬁe facts.” You'll employ objective reasoning instead of subjective reasoning. The

difference, when it comes to Science projects, is extremely significant.

What is objective reasoning, and how does it compare to its subjective cousin? Simply, objective
reasoning is when you recognize that there's a problem, then use research and experimentation to
solve it. Sort of like when your pen torch didn't work. You thought about (researched in your
head) the problem, then experimented by replacing the batteries. And, ultimately, you solved the

problem.

Had you reacted subjectively, however, you would have recognized the problem of the pen torch
not working, but you may have come to an invalid conclusion based on emotions or some bias
instead of figuring out that you needed new batteries. Maybe you would have assumed that the

pen torch wasn't working because you disobeyed your mother.

Whoever Thought of the Scientific Method, Anyway?

The scientific method probably is the cumulative result of hundreds of years of scientific
pondering and people working to make sense out of what goes on around us. A scientist often
credited with being the first to employ the scientific method——.although he wouldn't have called it
that—is Francesco Redi, an Italian physician who lived from 1626 until 1697. Francesco Redi
was a man of many talents. In addition to his scientific work, he worked as a doctor, and was
also a poet and writer. As a doctor, he stressed the importance of a balanced diet.

Redi's work to disprove spontaneous generation is often credited as the first modern experiment,
and was conducted within the parameters of what we now call the scientific method. Basically,
Redi disagreed with the then-popular notion that some species appeared spontaneously in

nonliving matter.
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As odd as it seems to us, people believed for hundreds of years that certain species could be
grown from nonliving materials. Some people, for example, thought that if you put worn, sweaty
cloth in an open jar with some husks of wheat and let it sit for a few weeks, the sweat from the

undies would penetrate the husks of wheat and turn the wheat kernels into mice.

Redi's work, however, didn't involve cloth and mice, but rotting meat and maggots. It was widely
believed in those days that maggots appeared spontaneously from rotting meat. Redi, however
was convinced from his research, which coﬁsisted primarily of observing activity surrounding
rotting meat, that the maggots resulted from the eggs that visiting flies deposited on the meat.

He hypothesized that the maggots came from the eggs of flies, and set out to prove that he was
right. Redi set up an experiment in which some meat was left uncovered, some was partially

covered, and some was sealed so that nothing could get to it.

As you probably guessed, no maggots appeared on the sealed meat, because no flies could reach

~it. Redi's hypothesis was shown to be correct, and the roots for the scientific method had taken
hold.

Stating the Problem
Try to be aware of how you may identify problems as they occur in everyday life. You'll find
yourself using a simpler version of the scientific method to solve problems and answer questions

on a daily basis.

The first step when using the scientific method is to state the problem you'll be attempting to
solve. This step is sometimes referred to as “stating your purpose.” You're identifying the
purpose of the project, which is to solve a problem or answer a particular question. In a Science
project, you deliberately identify and state the problem you're attempting to solve. In everyday
life, you probably do the same thing in a more informal way. Did you ever ask yourself (or
someone else) why your neighbor's grass is really green, and yoursbis sort of brown with lots of

weeds in it?
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Or why you got an 88 percent in the last maths test, and your best friend only got a 74 percent?
Every time you ask a question of this sort, you're stating a problem. You can probably go ahead
and solve these types of Aproblems by doing some informal research, making a guess, and
checking to see if you're right. You may learn, for instance, that your neighbor has been
fertilizing his lawn, and your best friend forgot to take his maths book home the night before the

test.

When you state your problem or question, be sure not to make it so broad that it becomes
unmanageable. Try to focus in and make your problem specific. This will help you to find a

starting point in solving it.

For instance, stating your problem as “In what conditions do plants grow best?” is so broad and
general that it would be almost impossible to know how to begin working through a project. But,
if you ask, “Do bean plants grow better in direct sunlight, indirect sunlight, or shade?” you've.
narrowed down your problem to address only one type of plant, and one factor affecting its
growth. Also, be sure that your problem is one that can be solved through experimentation.
Solving the bean plant problem stated above can easily be accomplished through a controlled

experiment. A controlled experiment is when you test a variable against a control.

Researching Your Topic

Once you've stated your problem, you'll probably need to do a bit of research before you
formulate your hypothesis. At this point, you'll be refining your research to specifically address
the problem you've stated. This will allow you to put forth an intelligent and well thought out
hypothesis, which is simply an educated guess about the results of your project.

Remember to document your research, and use a variety of sources. Don't forget that your
previous experiences and knowledge you already have can be ‘valuable additions to your

research.
Coming Up with a Hypothesis

The third step of the scientific method is formulating a hypéthesis. A hypothesis is an educated

guess about the outcome of your experiment, based on knowledge that you have and research
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you've conducted. All this means is that you'll need to come up with a statement concerning the
predicted results of your éxperiment. It's what you think will happen, based on the research

you've done and your knowledge. A hypothesis doesn't include why you think you'll get certain

- results, just what you think they will be. The more you know about your problem, the better |

equipped you'll be to come up with a logical hypothesis.

Giving It Your Best Guess
Your hypothesis should be clearly and simply stated, and should be in statement form—not a
question. If you're guessing about the growth of the bean plants, for instance, the following

statement is an example of a clear, concise hypothesis:
Bean plants will grow better in direct sunlight than in indirect sunlight or shade.

Because it's understood that a hypothesis is an educated guess, you don't need to say that you're
guessing. You needn't say, for example, “I think that bean plants will grow better in direct

sunlight than in indirect sunlight or shade.”

Remembering That It's Only a Guess

So what happens if you state your hypothesis, only to find out after the experiment that it's
wrong? Nothing. Guessing incorrectly the results of your expériment doesn't make the
experiment wrong; or any less valuable than if your hypothesis turned out to be correct. Your
hypothesis isn't necessarily the answer to your problem. It's simply a statement of what you think

will happen.

Testing Your Hypothesis

The experiment that you conduct will be to test your hypothesis. Your experiment will be
designed around your hypot_hesis, and will either prove or disprove it. If your hypothesis turns
out to be incorrect, resist the temptation to change it. This defeats the purpose of using the

scientific method. An incorrect hypothesis will not affect the quality of your project.
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Method

Your method will be the process by which you prove or disprove your hypothesis. Make sure
your method of investigation will answer your question and only your question. Compile a list of
all the materials you will need to conduct your investigation. At this point begin doing your
experiments, keeping very accurate records of everything you do. Reéord failures as well as
successes. Keep track of all steps you perform and all tests you make in your notebook. If you
can build or improvise your materials, so much the better. Where necessary, use a control as

well.

Results
What was the result of the experiment? Keep clear, precise records. Do your experiment again to
check your results. Have you eliminated all variables (conditions which could affect your answer

but for which you are not testing) ? Do your experiment twice to ensure accuaracy.

Conclusion

You asked a question, you did an experiment, and you did the experiment a second time. You
recorded your results. Now it is time to write your conclusion. The conclusion, plain and simple,
is the answer to your question. It should be clear, concise and stick to the point. Resist the
temptation to jump to conclusions. If you were to do yoﬁr experiment again, would you get the
same results? Can there be differences? Why? Ask yourself what happened when you tested your
hypothesis. What have you learned? Write a final feport summarizing your question, research

methods and conclusion.

Now you know that the scientific method is a method for rationally or logically drawing
conclusions about the world around us. It is not just scientists that might use the scientific
method: it is also used by historians and other social scientists, by criminal investigators, by
doctors and engineers, and by anyone who wants an organized way to intelligently solve a

problem.
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Let me put the scientific method in a different way:

Ask Question

Do Background research

Construct Hypothesis

Test with an experiment

Analyze results, Draw
conclusion

Think! Try Again
A

"

Hypothesis is True Hypothesis is False
or partially-true

Report results Communicate your

results

Everyone can use the scientific method in a general way in everyday life: Why won't the car
start? What is making me sneeze so much? Which candidate for public office should I vote for?
It is also very important for ALL students to understand the scientific method because Science is
used and abused so mubch in our society today. Many people who claim to have scientific
knowledge have influence over how we live, in big and small ways. Some of this "knowledge"
may not be agreed upon by scientists, and some may even be rejected by most scientists. Many
scientists these days forget the last step of the scientific method, listed above. |

What is a scientist? How about you--if you use the scientific method!
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