Before you begin

One of the secrets to a high-quality science project is how well you use and understand the scientific method. What is this scientific method? It is a series of logical steps used to answer questions and solve problems. The scientific method includes the following key elements: purpose, hypothesis, experiment, results and conclusion. The scientific method will help you every step of the way through your project. And once you learn to use this decision making process, you will see that there are no wrong ideas, wrong experiments, wrong results, wrong conclusions or wrong answers. This guidebook will introduce you to the steps you should follow when using the scientific method and it will be a valuable tool for students preparing their first science fair project as well as students who have previous experience with science fair projects. 
Getting started

Stephanie’s topic

Stephanie has a favorite nylon jacket that she likes to wear regardless of the weather. One very cold winter day, her mother said, “You have five jackets. Why don’t you wear one of the heavier ones today? Your nylon jacket will not keep you warm enough.” Although Stephanie suspected her mother was right, she nonetheless wondered if coats made of heavy fabrics really do keep people warmer than coats made of light fabrics? The question became the topic for her science project. Are you ready to turn an idea you’ve come up with into a problem to solve? Here is how you can tell:
After you have done enough background research to be sure that you will be able to test your idea, you will have come up with a problem to solve. If your research is complete and you are ready to move forward, you will be able to write a problem statement at this point.

Next, is the purpose statement. The purpose statement gives you a reason for what you plan to do. It answers the question “why?” The purpose statement becomes your project’s foundation.

Be sure your purpose isn’t too general. This brings us to the hypothesis. The hypothesis is an “educated guess.” It is your prediction of what will happen during your experiment. The hypothesis will be your guide for planning tests. If your hypothesis was: cold weather causes trees to lose their leaves, then you would set up your experiment to prove it.

Decision time

Stephanie’s problem

Stephanie doesn’t want to wear heavy, bulky jackets when she goes outside to play.

Her purpose

The purpose of Stephanie’s experiment is to find out if one of the five types of fabric her coats are made of is better than the others. Her purpose was to “find out if heavy fabrics hold heat longer than lightweight fabrics.”

Her hypothesis

Stephanie decided her hypothesis would be: Wool will retain heat longer than other fabrics.

Watch your variables

Before you begin testing anything, you need to understand what “experimental groups” and “control groups” are. You also need to understand the relationship between the two groups. Most good experiments have both a “control group” as well as an “experimental group.” If your experiment’s purpose is to see how magnets affect plant growth, you would grow plants without a magnet hung over them, as well as plants with magnets hung over them. The plants without the magnet would be the control; those with the magnet would be the experimental group. The experimental group should be as alike the control group as possible, except for a variable — something you change because you think the change will have a measurable impact on the experimental group. Because this variable is selected by the scientist, it is called the independent variable. Try to have only a single independent variable in your experiment. Scientists must also realize their experiments have variables which may or may not influence the results of their experiments. In addition to coming from different raw materials, the fabrics Stephanie tests contain dyes, and different processes were used to manufacture them. As she came up with her hypothesis, Stephanie didn’t think these other variables would affect the results of the experiment. A list of independent variables which may or may not influence the results of your experiment is nonetheless important. You may need to analyze these other variables if your results don’t match your hypothesis. Experiments also have a “dependent variable.” In your search for a dependent variable, you find something which depends on what you’re going to do to the experimental group — something which can be measured. If your experiment’s hypothesis is “plants grow faster with magnets over them,” then what results are going to be dependent, and how can you measure them? (If you choose height as your dependent variable, you will be able to measure the plants with a ruler as they grow. If you choose color, you have selected a dependent variable which won’t be easy to measure.)

Stephanie’s control

Stephanie’s purpose is to find out if heavy fabrics hold heat longer than lightweight fabrics, and the plan for her experiment is to wrap five types of fabric around five cups of water, which have been heated to the same temperature in a microwave. She plans to use a thermometer to check the water temperature to see which cup of water is slowest to cool. For her control, she needs to check how long it will take for a cup of heated water to cool down when it is not wrapped with any fabric at all.

Her independent variable

Stephanie decided to use fabric type as her independent variable. Fabric type is an independent variable because Stephanie will control and change it during the experiment. She will test nylon, wool

and three other fabrics. As she conducts her tests on the five fabrics, the water temperature she starts with, the amount of water and all other variables will be the same: the only change will be the type offabric she is testing.

Her dependent variable

Stephanie decided to use water temperature as her dependent variable. Water temperature will be the same at the start of each test, when hot water is put in a cup with a fabric wrapped around it. As the water temperature decreases, the change will be in response to the ability of the fabric to retain heat. Water temperature is a good dependent variable because it is measurable (with a thermometer) and it changes only in response to the independent variable (fabric type).

Take another look at your purpose, hypothesis, control and variables. Is everything complete? Make sure you take another look at your science fair instructions and guidelines. Will your experiment fit all the regulations? Do you have access to all the equipment and supplies you will need? Is there going to be enough time for your experiment to be completed by the science fair? You may have to repeat your experiment more than once to make careful observations

and get accurate measurements, so allow yourself plenty of time.

Is it time to experiment?

Stephanie’s experiment

Stephanie carefully measured and cut five different fabrics. (They were wool, nylon, polyester, denim and a blend of polyester and nylon.) She wrapped five cups with the five fabrics. For her control, Stephanie used a sixth cup, just like the others except it was not wrapped in any fabric whatsoever. She filled the six cups with six ounces of water each, and heated them to 100o F in a microwave. She checked the temperature of each cup every 30 minutes for a period of two hours. The room temperature remained constant at 69o F throughout the experiment. Stephanie found that her control, with no fabric wrapped around it, cooled down faster than all the cups with fabric. She also found that the water in the cup with wool fabric around it took longer to cool than the other cups.

Collect your data

During an experiment, certain information must be collected. These pieces of information are the “data.” In most experiments the data are numbers which reflect changes in the dependent variable. (For Stephanie’s experiment, the data consisted of the temperature readings she was taking every thirty minutes from the five cups of heated water with pieces of fabric around them, and the control.) It is important to collect all your data as carefully as possible. Why?

This strengthens the accuracy of your findings. Record your data in a notebook, or use another convenient method. Collecting and interpreting your data will allow you to answer more questions about your hypothesis when you finish. As you get more data, you might begin to realize that it is not supporting the hypothesis you stated. THIS IS OKAY! Just because your

data does not support what you thought would happen does not mean that you have a bad experiment. Continue with your experiment. Once you collect all of your data and analyze it, you are ready to state your results. Charts, graphs, and tables are a good way to show your data.

Once you have the results of your experiment, you can draw some conclusions based on what you have learned. Remember that even if the results do not support the hypothesis, the experiment is not wrong! It simply means that there are probably variables, other than the treatments, which may affect the outcome.

Stephanie’s results

After conducting her experiment, Stephanie discovered that the cup wrapped in wool retained

heat longer than any of the other cups. This was followed in order by cups wrapped in: polyester

and nylon blend, denim, polyester, and nylon.

Her conclusion

Stephanie concluded that the wool fabric retained heat longer than the other fabrics tested.

Her recommendation

Stephanie told her mother, “Mom, you were right! The wool fabric holds heat better than nylon.”

On the next cold day, Stephanie recommended a wool jacket to her sister, Laura, because it would keep her warmer than jackets made of other fabrics.

