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Steps of the Scientific Method Detailed Help for Each Step 

Ask a Question: The scientific method starts when you ask a question about something 
that you observe: How, What, When, Who, Which, Why, or Where?  

And, in order for the scientific method to answer the question it must be about something 
that you can measure, preferably with a number. 

Your Question  

Do Background Research: Rather than starting from scratch in putting together a plan 
for answering your question, you want to be a savvy scientist using library and Internet 
research to help you find the best way to do things and insure that you don't repeat 
mistakes from the past. 

Background Research PlanFinding 
InformationBibliographyResearch Paper  

Construct a Hypothesis: A hypothesis is an educated guess about how things work:"If 
_____[I do this] _____, then _____[this]_____ will happen."  

You must state your hypothesis in a way that you can easily measure, and of course, your 
hypothesis should be constructed in a way to help you answer your original question. 

VariablesVariables for 
BeginnersHypothesis  

Test Your Hypothesis by Doing an Experiment: Your experiment tests whether your 
hypothesis is true or false. It is important for your experiment to be a fair test. You 
conduct a fair test by making sure that you change only one factor at a time while keeping 
all other conditions the same.  

You should also repeat your experiments several times to make sure that the first results 
weren't just an accident. 

Experimental ProcedureMaterials 
ListConducting an Experiment  

Analyze Your Data and Draw a Conclusion: Once your experiment is complete, you 
collect your measurements and analyze them to see if your hypothesis is true or false.  

Scientists often find that their hypothesis was false, and in such cases they will construct a 
new hypothesis starting the entire process of the scientific method over again. Even if they 
find that their hypothesis was true, they may want to test it again in a new way. 

Data Analysis & GraphsConclusions  

Communicate Your Results: To complete your science fair project you will communicate 
your results to others in a final report and/or a display board. Professional scientists do 
almost exactly the same thing by publishing their final report in a scientific journal or by 
presenting their results on a poster at a scientific meeting.  

Final ReportAbstractDisplay BoardScience 
Fair Judging  

Even though we show the scientific method as a series of steps, keep in mind that new information or 
thinking might cause a scientist to back up and repeat steps at any point during the process. A 
process like the scientific method that involves such backing up and repeating is called an iterative 
process. 

Throughout the process of doing your science fair project, you should keep a journal containing all of 
your important ideas and information. This journal is called a laboratory notebook. 
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Finding an Idea for Your Science Fair Project 

One of the most important considerations in picking a topic for your science fair project is to find a 
subject that you consider interesting. You'll be spending a lot of time on it, so you don't want your 
science fair project to be about something that is boring. 

We know that finding a topic is the hardest part of a science fair project, and sometimes you just need 
a little help focusing on what sorts of topics would be of interest to you. To help you find a science fair 
project idea that can hold your interest, Science Buddies has developed the Topic Selection Wizard. By 
answering a series of questions about everyday interests and activities, you will help us identify an 
area of science that is best for you.  

 

 

Your Science Fair Project Question 

The question that you select for your science fair project is the cornerstone of your work. The research and 
experiment you will be conducting all revolve around finding an answer to the question you are posing. It is 
important to select a question that is going to be interesting to work on for at least a month or two and a question 
that is specific enough to allow you to find the answer with a simple experiment. A scientific question usually starts 
with: How, What, When, Who, Which, Why, or Where.  

Examples 

These are examples of good science fair project questions:  

• When is the best time to plant soy beans?  

• Which material is the best insulator?  

• How does arch curvature affect load carrying strength?  

• How do different foundations stand up to earthquakes?  

• What sugars do yeast use?  

 

Some science fair projects that involve human subjects, vertebrate animals (animals with a backbone) or animal 
tissue, pathogenic agents, DNA, or controlled or hazardous substances, need SRC (Scientific Review Committee) 
approval from your science fair BEFORE you start experimentation. Now is the time to start thinking about getting 
approval if necessary for your science project. 

 

 

 

 

 



 

These are examples of bad science fair project topics that you should avoid: 

Science Project Topics to Avoid Why 

Any topic that boils down to a simple preference or taste 
comparison. For example, "Which tastes better: Coke or Pepsi?" 

Such experiments don't involve the kinds of numerical 
measurements we want in a science fair project. They are more of 
a survey than an experiment. 

Most consumer product testing of the "Which is best?" type. This 
includes comparisons of popcorn, bubblegum, make-up, 
detergents, cleaning products, and paper towels. 

These projects only have scientific validity if the Investigator fully 
understands the science behind why the product works and applies 
that understanding to the experiment. While many consumer 
products are easy to use, the science behind them is often at the 
level of a graduate student in college. 

Any topic that requires people to recall things they did in the past. The data tends to be unreliable. 

Effect of colored light on plants  
Several people do this project at almost every science fair. You can 
be more creative! 

Effect of music or talking on plants Difficult to measure. 

Effect of running, music, video games, or almost anything on blood 
pressure 

The result is either obvious (the heart beats faster when you run) 
or difficult to measure with proper controls (the effect of music). 

Effect of color on memory, emotion, mood, taste, strength, etc. Highly subjective and difficult to measure. 

Any topic that requires measurements that will be extremely 
difficult to make or repeat, given your equipment. 

Without measurement, you can't do science. 

Graphology or handwriting analysis Questionable scientific validity. 

Astrology or ESP No scientific validity. 

Any topic that requires dangerous, hard to find, expensive, or 
illegal materials.  

Violates the rules of virtually any science fair. 

Any topic that requires drugging, pain, or injury to a live 
vertebrate animal.  

Violates the rules of virtually any science fair. 

Any topic that creates unacceptable risk (physical or psychological) 
to a human subject.  

Violates the rules of virtually any science fair. 

Any topic that involves collection of tissue samples from living 
humans or vertebrate animals.  

Violates the rules of virtually any science fair. 
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Science Fair Project Question Checklist 
 
If you don't have good answers for the questions below, then you probably should look for a 
better science fair project question to answer.  

Here are some things to consider as you finalize your question: 

What Makes a Good Science Fair Project Question? 
For a Good Science Fair Project Question, 

You Should Answer "Yes" to Every 
Question 

Is the topic interesting enough to read about, then work on for the next couple months? Yes / No 

Can you find at least 3 sources of written information on the subject? Yes / No 

Can you measure changes to the important factors (variables) using a number that 
represents a quantity such as a count, percentage, length, width, weight, voltage, 
velocity, energy, time, etc.?  

Or, just as good, are you measuring a factor (variable) that is simply present or not 
present? For example, 

• Lights ON in one trial, then lights OFF in another trial,  

• USE fertilizer in one trial, then DON'T USE fertilizer in another trial.  

Yes / No 

Can you design a "fair test" to answer your question? In other words, can you change 
only one factor (variable) at a time, and control other factors that might influence your 
experiment, so that they do not interfere? 

Yes / No 

Is your experiment safe to perform? Yes / No 

Do you have all the materials and equipment you need for your science fair project, or 
will you be able to obtain them quickly and at a very low cost? 

Yes / No 

Do you have enough time to do your experiment more than once before the science 
fair? 

Yes / No 

Does your science fair project meet all the rules and requirements for your science fair? Yes / No 

Have you checked to see if your science fair project will require SRC (Scientific Review 
Committee) approval? 

Yes / No 

Have you avoided the bad science fair project topic areas listed in the table above? Yes / No 
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Variables in Your Science Fair Project 
Scientists use an experiment to search for cause and effect relationships in nature. In other words, 
they design an experiment so that changes to one item cause something else to vary in a predictable 
way.  

These changing quantities are called variables. A variable is any factor, trait, or condition that can 
exist in differing amounts or types. An experiment usually has three kinds of variables: independent, 
dependent, and controlled. 

The independent variable is the one that is changed by the scientist. To insure a fair test, a good 
experiment has only one independent variable. As the scientist changes the independent variable, he 
or she observes what happens. 

The scientist focuses his or her observations on the dependent variable to see how it responds to 
the change made to the independent variable. The new value of the dependent variable is caused by 
and depends on the value of the independent variable.  

For example, if you open a faucet (the independent variable), the quantity of water flowing 
(dependent variable) changes in response--you observe that the water flow increases. The number of 
dependent variables in an experiment varies, but there is often more than one. 

Experiments also have controlled variables. Controlled variables are quantities that a scientist wants 
to remain constant, and he must observe them as carefully as the dependent variables. For example, 
if we want to measure how much water flow increases when we open a faucet, it is important to make 
sure that the water pressure (the controlled variable) is held constant. That's because both the water 
pressure and the opening of a faucet have an impact on how much water flows. If we change both of 
them at the same time, we can't be sure how much of the change in water flow is because of the 
faucet opening and how much because of the water pressure. In other words, it would not be a fair 
test. Most experiments have more than one controlled variable. Some people refer to controlled 
variables as "constant variables." 

In a good experiment, the scientist must be able to measure the values for each variable. Weight or 
mass is an example of a variable that is very easy to measure. However, imagine trying to do an 
experiment where one of the variables is love. There is no such thing as a "love-meter." You might 
have a belief that someone is in love, but you cannot really be sure, and you would probably have 
friends that don't agree with you. So, love is not measurable in a scientific sense; therefore, it would 
be a poor variable to use in an experiment.  

 

 

 

 



www.sciencebuddies.org 

For more details, please visit: http://sciencebuddies.org/science‐fair‐projects/project_variables.shtml  

Examples of Variables 
 

Question  Independent 
Variable 

 
(What I change)  

Dependent Variables  
 
 

(What I observe)  

Controlled Variables  
 
 

(What I keep the same) 

How much water 
flows through a 
faucet at different 
openings?  

Water faucet opening 
(closed, half open, 
fully open) 

Amount of water flowing 
measured in liters per minute  • The Faucet  

• Water pressure, or how much the water is 
"pushing"  

"Different water pressure might also cause different 
amounts of water to flow and different faucets may 
behave differently, so to insure a fair test I want to keep 
the water pressure and the faucet the same for each 
faucet opening that I test."  

Does heating a 
cup of water allow 
it to dissolve more 
sugar?  

Temperature of the 
water measured in 
degrees Centigrade  

Amount of sugar that 
dissolves completely 
measured in grams  

• Stirring  

• Type of sugar 

"More stirring might also increase the amount of sugar 
that dissolves and different sugars might dissolve in 
different amounts, so to insure a fair test I want to keep 
these variables the same for each cup of water." 

Does fertilizer 
make a plant grow 
bigger?  

Amount of fertilizer 
measured in grams  • Growth of the plant 

measured by its 
height  

• Growth of the plant 
measured by the 
number of leaves  

• See Measuring Plant 
Growth for more 
ways to measure 
plant growth  

• Same size pot for each plant  

• Same type of plant in each pot  

• Same type and amount of soil in each pot  

• Same amount of water and light  

• Make measurements of growth for each plant at 
the same time  

"The many variables above can each change how fast a 
plant grows, so to insure a fair test of the fertilizer, each 
of them must be kept the same for every pot." 

Does an electric 
motor turn faster 
if you increase the 
voltage? 

Voltage of the 
electricity measured 
in volts 

Speed of rotation measured in 
revolutions per minute (RPMs)  • Same motor for every test  

• The motor should be doing the same work for 
each test (turning the same wheel, propeller or 
whatever)  

"The work that a motor performs has a big impact on its 
speed, so to insure a fair test I must keep that variable 
the same." 
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Hypothesis 
After having thoroughly researched your question, you should have some educated guess about how 
things work. This educated guess about the answer to your question is called the hypothesis. 

The hypothesis must be worded so that it can be tested in your experiment. Do this by expressing the 
hypothesis using your independent variable (the variable you change during your experiment) and 
your dependent variable (the variable you observe-changes in the dependent variable depend on 
changes in the independent variable). In fact, many hypotheses are stated exactly like this: "If a 
particular independent variable is changed, then there is also a change in a certain dependent 
variable." 

Example Hypotheses 

• "If I open the faucet [faucet opening size is the independent variable], then it will increase 
the flow of water [flow of water is the dependent variable].  

• "Raising the temperature of a cup of water [temperature is the independent variable] will 
increase the amount of sugar that dissolves [the amount of sugar is the dependent 
variable]."  

• "If a plant receives fertilizer [having fertilizer is the independent variable], then it will grow 
to be bigger than a plant that does not receive fertilizer [plant size is the dependent 
variable]."  

• "If I put fenders on a bicycle [having fenders is the independent variable], then they will 
keep the rider dry when riding through puddles [the dependent variable is how much water 
splashes on the rider]."  

Note: When you write your own hypothesis you can leave out the part in the above examples that is in 
brackets [ ]. 

Notice that in each of the examples it will be easy to measure the independent variables. This is 
another important characteristic of a good hypothesis. If we can readily measure the variables in the 
hypothesis, then we say that the hypothesis is testable.  

Not every question can be answered by the scientific method. The hypothesis is the key. If you can 
state your question as a testable hypothesis, then you can use the scientific method to obtain an 
answer. 

Advanced Topic -- Cause & Effect or Correlation? 

In some experiments it is not possible to demonstrate that a change in the independent variable 
causes a change in the dependent variable. Instead one may only be able to show that the 
independent variable is related to the dependent variable. This relationship is called a correlation. 
One of the most common reasons to see a correlation is that "intervening variables are also involved 
which may give rise to the appearance of a possibly direct cause-and-effect relationship, but which 
upon further investigation turn out to be more directly caused by some other factor" (Wikipedia, 
2006). 
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Advanced Topic -- Is it OK to Disprove Your Hypothesis? 

Is all science accomplished using this same method that is taught in schools and emphasized at 
science fairs? Should you worry if you end up disproving your hypothesis? Actually, the answers are 
no it's not, and no don't worry if you disprove your hypothesis. Learn more in this essay written by a 
veteran Science Buddies Adviser, Dr. Bruce Weaver. 

 

Hypothesis Checklist 

What Makes a Good Hypothesis?  
For a Good Hypothesis, You Should 

Answer "Yes" to Every Question 

Is the hypothesis based on information contained in the Research Paper? Yes / No 

Does the hypothesis include the independent and dependent variables? Yes / No 

Have you worded the hypothesis so that it can be tested in the experiment? Yes / No 

If you are doing an engineering or programming project, have you established your 
design criteria? 

Yes / No 

 
References 
Hypothesis. (2006, December 8). In Wikipedia, The Free Encyclopedia. Retrieved August 29, 2006, 
from http://en.wikipedia.org/w/index.php?title=Hypothesis&oldid=93038705  
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Experimental Procedure 
Now that you have come up with a hypothesis, you need to develop an experimental procedure for 
testing whether it is true or false.  

The first step of designing your experimental procedure involves planning how you will change your 
independent variable and how you will measure the impact that this change has on the dependent 
variable. To guarantee a fair test when you are conducting your experiment, you need to make sure 
that the only thing you change is the independent variable. And, all the controlled variables must 
remain constant. Only then can you be sure that the change you make to the independent variable 
actually caused the changes you observe in the dependent variables. 

Scientists run experiments more than once to verify that results are consistent. In other words, you 
must verify that you obtain essentially the same results every time you repeat the experiment with 
the same value for your independent variable. This insures that the answer to your question is not just 
an accident. Each time that you perform your experiment is called a run or a trial. So, your 
experimental procedure should also specify how many trials you intend to run. Most teachers want you 
to repeat your experiment a minimum of three times. Repeating your experiment more than 
three times is even better, and doing so may even be required to measure very small changes in 
some experiments. 

In some experiments, you can run the trials all at once. For example, if you are growing plants, you 
can put three identical plants (or seeds) in three separate pots and that would count as three trials. 

In experiments that involve testing or surveying different groups of people, you will not need to repeat 
the experiment multiple times. However, in order to insure that your results are reliable, you need to 
test or survey enough people to make sure that your results are reliable. How many participants are 
enough, what is the ideal sample size? See the Science Buddies resource, How Many Survey 
Participants Do I Need?, to find out. 

Every good experiment also compares different groups of trials with each other. Such a comparison 
helps insure that the changes you see when you change the independent variable are in fact caused 
by the independent variable. There are two types of trial groups: experimental groups and control 
groups. 

The experimental group consists of the trials where you change the independent variable. For 
example, if your question asks whether fertilizer makes a plant grow bigger, then the experimental 
group consists of all trials in which the plants receive fertilizer. 

In many experiments it is important to perform a trial with the independent variable at a special 
setting for comparison with the other trials. This trial is referred to as a control group. The control 
group consists of all those trials where you leave the independent variable in its natural state. In our 
example, it would be important to run some trials in which the plants get no fertilizer at all. These 
trials with no fertilizer provide a basis for comparison, and would insure that any changes you see 
when you add fertilizer are in fact caused by the fertilizer and not something else. 

However, not every experiment is like our fertilizer example. In another kind of experiment, many 
groups of trials are performed at different values of the independent variable. For example, if your 
question asks whether an electric motor turns faster if you increase the voltage, you might do an 
experimental group of three trials at 1.5 volts, another group of three trials at 2.0 volts, three trials at 
2.5 volts, and so on. In such an experiment you are comparing the experimental groups to each other, 
rather than comparing them to a single control group. You must evaluate whether your experiment is 
more like the fertilizer example, which requires a special control group, or more like the motor 
example that does not.  
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Whether or not your experiment has a control group, remember that every experiment has a number 
of controlled variables. Controlled variables are those variables that we don't want to change while we 
conduct our experiment, and they must be the same in every trial and every group of trials. In our 
fertilizer example, we would want to make sure that every trial received the same amount of water, 
light, and warmth. Even though an experiment measuring the effect of voltage on the motor's speed 
of rotation may not have a control group, it still has controlled variables: the same motor is used for 
every trial and the load on the motor (the work it does) is kept the same. 

A little advance preparation can ensure that your experiment will run smoothly and that you will not 
encounter any unexpected surprises at the last minute. You will little advance preparation can ensure 
that your experiment will run smoothly and that you will not encounter any unexpected surprises at 
the last minute. You will need to prepare a detailed experimental procedure for your experiment so 
you can ensure consistency from beginning to end. Think about it as writing a recipe for your 
experiment. This also makes it much easier for someone else to test your experiment if they are 
interested in seeing how you got your results.  

Experimental Procedure Checklist 

What Makes a Good Experimental Procedure?  
For a Good Experimental Procedure, 
You Should Answer "Yes" to Every 

Question 

Have you included a description and size for all experimental and control groups?  Yes / No 

Have you included a step-by-step list of all procedures?  Yes / No 

Have you described how to the change independent variable and how to measure 
that change? 

Yes / No 

Have you explained how to measure the resulting change in the dependent variable 
or variables? 

Yes / No 

Have you explained how the controlled variables will be maintained at a constant 
value? 

Yes / No 

Have you specified how many times you intend to repeat the experiment (should be 
at least three times), and is that number of repetitions sufficient to give you reliable 
data? 

Yes / No 

The ultimate test: Can another individual duplicate the experiment based on the 
experimental procedure you have written?  

Yes / No 

If you are doing an engineering or programming project, have you completed 
several preliminary designs? 

Yes / No 

 


	7 Experimental Procedure.pdf
	Science Fair Booklet
	Finding an Idea for Your Science Fair Project.pdf
	Science Fair Booklet
	6 Hypothesis.pdf
	Science Fair Booklet
	5 Variables in Your Science Fair Project.pdf
	Science Fair Booklet
	Question-.pdf
	Science Fair Booklet-
	Finding Topic and Question Statement
	Science Fair Booklet.pdf
	Question-
	Science Fair Booklet-.pdf
	Question.pdf
	Science Fair Booklet
	3 Steps of the Scientific Method.pdf
	Science Fair Booklet
	2 Parent's Guide to Science Projects
	3 Steps of the Scientific Method
	4 Science Fair Project Question
	5 Variables in Your Science Fair Project
	6 Hypothesis
	7 Experimental Procedure












