SCIENCE FAIR PROJECT- Teacher’s Packet
Background:  This is an informational packet to help guide your students through a science fair project.  For additional information on the regional and state fair, go to:  http://www.ncsta.org/sciencefair/. 

This packet should be supplemented with information based on your school’s specific requirements for each grade level.  For example, each school will decide which of the following parts of a science fair project will be required for each grade:  
· individual (or group) science fair project (experiment or prototype)

· notebook, 3-ring binder 
· backboard display
· written paper describing the project

· oral presentation in front of classmates
· participation in school science fair

· oral presentation to science fair judges

Introduction:  A science fair project is different from a school report on a special topic like dolphins, rocks or global warming.  It is also different from making a model such as a volcano or solar system.  A science fair project includes conducting an experiment (science-focused) or building a prototype (engineering-focused).  Building and testing a prototype is different from making a model and requires following the basic steps of an engineering design process rather than the scientific method.  At the regional and state science fair levels there are categories specifically for engineering-focused projects.  This packet, however, will only cover the scientific method.  Students with an interest in building a prototype should research the “engineering design process” for guidance. 
Key words:  Before students start, they must understand the meaning of some scientific words.  As a class exercise, you could have students look these words up in a dictionary or science text book and write down their definitions.  Here are simplified definitions:

hypothesis:  a prediction (sometimes called an educated guess) for the answer to the question proposed by the student researcher.
variable: a factor that may be changed.



independent variable:  a variable manipulated (changed) by the student.  It is independent because the student chooses its values (a.k.a. manipulated variable).
dependent variable:  a variable measured as an outcome of the experiment.  Its value will depend on the value of the independent variable and the relationship between the independent variable and the dependent variable (a.k.a. response variable). 
constant variable(s): any variable that is the same for both the control trials and the experimental trials.  It is not changed, so it is constant.
control (noun):  a trial without the independent variable present.  This is what the results from the experimental trials will be compared to in order to evaluate if there is a difference related to the presence of the independent variable.
quantitative:  measurable with numbers (e.g., temperature, speed, weight)
qualitative:  describable with adjectives (e.g., hotter, faster, bigger)
observations: comments on what has been observed (seen) or read about  


Find a topic: This may be the most difficult part for your students.  Ask your students what they like to do, think about, or read about.  Have your students start by gathering information on a subject that they think is interesting.  It could be the weather, baseball, plants, animals, electricity, soccer, rocks, minerals, waves, tides, color, rockets, cooking or something else?  The list is endless.  Almost any topic could be turned into a science fair project.
· WARNING:  Projects involving animals with a backbone (including humans, cats, dogs, fish, horses, birds, hamsters, etc.) are highly regulated and require specific paperwork to be completed and approved BEFORE the project begins.  Consequently, it is recommended that you do not design a project using animals with a backbone (especially humans).  
· All the rules and forms can be found at:

  http://www.societyforscience.org/isef/about/rules_regulations.asp 
Research the topic:  Each student should find at least 5 references on the subject.  Have them look in the library, books, newspapers, or online.  They should read the information and make a list of all references used, including websites.  (Be careful of websites that end in “.com”; it would be much better to find sites that end in “.edu”.)  They could also contact an expert in the subject they are researching and interview them about the topic.

Make an observation:  Have students take notes while reading the information.  Write down observations that interest them.  For a science-focused project (experiment), concentrate on the variables related to the topic and the relationships between variables.  For an engineering-focused project (prototype), concentrate on the equipment used to measure the variables.  The engineer category is for 6th-8th grade.
SCIENTIFIC METHOD
STEP 1:  Ask a question
From your notes and research on the topic, formulate a question, here are 3 examples:  

1. How does one variable = X influence another variable = Y?
Example:  How does temperature affect the growth of grass?

2. What is the effect of one variable = X on another variable = Y?


Example:  What is the effect of surface area on the top speed of a boat?

3. When one variable = X changes what happens to another variable = Y?
Example:  When salinity is increased, what happens to boiling point of water?

In these questions, the variable X is the independent variable and is the variable manipulated in the experiment.  The variable Y is the dependent variable.  This is what is measured as an outcome of the experiment.  Both variables should be quantitative like time, speed, temperature, amount, rate, weight, light, volume, size or number and not qualitative like mood, taste or smell.  Also avoid terms that can have more than one meaning to different people like better, best and favorite.  Target variables that can be measured (use the metric system) and research how scientists measure those variables.  

STEP 2:  State a hypothesis
Based on your research and notes, make a prediction to answer your question.  

Try to put it in an IF...THEN.... format.  Here is an example:

If X changes (increases or decreases), then Y will change (increase or decrease)
Example:  If salinity is increased, then the boiling point of water will decrease
After you have written your hypothesis (limited to one sentence), describe why you think what you predicted will happen.  What did you read or do you know that makes you think that result is what is going to happen.  There is no right or wrong answer here, just a chance to explain what you have learned.  You should include information from the references you found when doing your research.

Example:  I think this will happen because when my mom adds salt to a pot of water, it seems to boil faster than when she forgets to add salt.  

STEP 3:  Conduct an experiment

The experiment needs to answer the question you proposed.  In general, that means the experiment needs to test the effect of the variable X (independent) on the variable Y (dependent).  Here is another opportunity to be creative.  Think about what experimental design will get you the answer to your question.  

· How will you isolate and manipulate the one variable you are testing (your independent variable).  

· How will you measure the outcome (your dependent variable)?  

· What other variables do you have to take into consideration and how will you keep them constant (these are your constant variables), so that they do not affect the results?

The goal of the experimental design is to change the independent variable and observe what happens to the dependent variable.  If possible the experiment should include 2 set-ups, but you may need to use the same system twice (see example below).  One set-up will include everything except the independent variable (this is the control and is what you will compare your results to) while the other will have everything plus the independent variable.  The only difference between the two should be the variable that you are testing (independent variable).  A critical part of experimentation is replication, so you will need to repeat the experiment at least 3 times to be confident in your results.  

Example:  
Independent variable:  salinity (concentration of salt in the water)

Dependent variable:  boiling point of water (temperature at which water boils)

1. Set up 1 pot of water with 2 liters of water on a stove with a thermometer.

2. Turn the burner to high

3. Watch for the first bubbles (indicates boiling)

4. Record the temperature of the water when the first bubble was observed

5. Cool everything back to room temperature.

6. Repeat steps 1 through 5, two more times (total of 3 times).  This is the control because it does NOT have the independent variable (salt).  

After you have completed it 3 times, you should have a good idea of what the boiling point of “regular” water is (i.e., water without salt).  Now you are ready to test the effect of salt on the boiling point of water. 

7. Set up the same pot of water (2 liters) on the same burner on the same stove

8. This time add 5 grams of salt to the 2 liters of water.

9. Turn the burner to high

10. Watch for the first bubbles to form

11. Record the temperature at which the first bubble was observed.

12. Repeat steps 9 through 13, two more times (total of 3 times)

Note: Can you think of other ways to do this experiment?  Maybe you have 2 similar pots? Maybe you would use measuring cups and spoons (i.e., 2 tablespoons of salt into 3 cups of water) if you didn’t have metric flasks and scales.

STEP 4:  Analyze the results
During your experiment you will collect data on both the independent and the dependent variables.  You will need to decide how to best present that data for others to understand your results.  There are different ways to present data such as data tables and graphs.  The goal here is to communicate your results with other people.  If you use a graph, make sure your graph is labeled (title and units) on both axes.  

Example:  Compare your control results (temperature at which water without salt boils) to your experimental results (temperature at which water with salt boils).  
	Trial
	Control (no salt)
	Experiment (with salt)

	1
	 100 ºC
	103 ºC

	2
	 100 ºC
	104 ºC

	3
	 100 ºC
	102 ºC


STEP 5:  Make a conclusion  

Your conclusion should state if your hypothesis was accepted (results agree with your prediction) or rejected (results do not support your prediction).  It is not correct to say the hypothesis was “right” or “wrong”.  

Your conclusion then becomes your next observation and the cycle repeats itself. 

Example:  My hypothesis is rejected.  My results show that as the salinity increased, the boiling point of water also increased (not decreased as I predicted).  
REPEAT

Your conclusion becomes your next observation and the cycle repeats itself.  What would your next experiment be?  

Example:  Next, I will test how the amount of salt influences the boiling point of water.  For example, I will repeat the experiment and add 5, 10, 15, 20, etc. grams of salt to 2 liters of water to determine the maximum boiling point of water with salt.
Recommended deadlines (adjusted to school’s schedule)

Deadline # 1:  Students show teacher the notebook they have started and turn in their topic, evidence of research (list of at least 5 references), question they are asking, and their hypothesis

Deadline #2:  Students turn in experimental design including variables (independent, dependent, and constant) and control, list of materials needed, procedure for the experiment, and how many times they will be completing the experiment

Deadline #3:  Students turn in results and conclusion

Deadline #4:  Students make backboard and binder to display work
LONG TERM in class example (set up in class, monitor for several weeks)
Question: Does color affect the growth of plants? 

Hypothesis:  If the color of light is changed, the growth of plants will be affected.

Experiment:  


Independent variable:  color of light

Dependent variable: growth of plant


Constant variables:  type of plant, type of soil, amount of water, air temperature

Control (what you will compare the result to):  “regular” light (= white light)

Materials

12 plant seeds or small plants (all same size and type), 12 small pots or paper cups, potting soil for 12 pots, 4 similar boxes big enough for 3 pots, 4 lamps, 4 sheets of plastic (clear, red, blue, green).  The clear plastic is the control (regular light), while you are testing the effect of color of light (red, blue, and green) on growth.
Procedure:  
1.  If using seeds, then fill the 12 small pots with equal amounts of potting soil.  Bury one seed in each pot.  If using plants measure the starting height of each plant.
2.  Randomly divide the 12 pots into 4 groups.  Each group will have different lighting.  Place each group of pots into their own box.  Put a plastic sheet over each box.  Position the lamp so that it is shining its light into the box, through the plastic (not too close as to be a fire hazard). 

3. Water the pots on the same schedule with the same amount of water.   
4.  Once a week (or whatever your schedule permits) take the plants out and measure the height each plant has grown.  

Results (hypothetical):
You will have 3 measurements for each type of lighting for each time point monitored.  Average the 3 measurement for growth for each time.  
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The bar graph might look like this:
Figure 1.  The color of light affected the growth of plants observed over a four week period. Each bar represents the average height (in centimeters) of three plants.  Plants grew the tallest in white light (control) and grew the least in green light.  

Conclusion:

The hypothesis is accepted because when the color of the light was changed there was an effect on the growth of these plants.  Growth was reduced when the light was only one color (green, blue or red) compared to the control (white light) which contains all the colors.  
Next experiment:  The next experiment could test different types of plants to see if the results are consistent or more colors (yellow, orange, purple) to see if the results hold for all colors of light.  There are many other directions in which the next experiment could lead.  Ask the class to see what they recommend. 
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