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From: Cothron, Giese, and Rezba, Students and Research, 2000.

Identify your area of research interest: 
__Popcorn___
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1.
What materials and tools are readily available for conducting experiments on 
    POPCORN?


Response:



Popcorn



Oil



Popper
2.
How do(es)  POPCORN act?  What do(es) it do?  What can you observe about popcorn?

Response:



It pops.

3.
How can you change the set of materials to affect the action of  POPCORN ?

	Materials:

one per column
	Popcorn
	Oil
	Popper
	
	

	What can vary the material/ tool to change the action of your research interest?
	· Brand

· Amount

· Age

· Storage method
	· Brand

· Amount

· Kind
	· Brand

· Heating time

· Cooking time
	
	


4.
How can you measure or describe the response of your research interest to the change?  Keep in mind the materials and tools you have on hand to make measurements.


Response:

· Count the number of popped kernels

· Measure the mass of the popped and unpopped kernels

· Describe the appearance of the popcorn
** Remember to define how you will define your qualitative variables.

5.
What tools do you have available to observe and measure your research interest’s response?  

Response:
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Identify your area of research interest: 
1.
What materials and tools are readily available for conducting experiments on  __________________?


Response:



Materials:


Tools: 
2.
How do(es)  ___________ act?  What do(es) it do? What can you observe about ____________?

Response:

3.
How can you change the set of materials to affect the action of  ___________ ?

	Materials:

one per column
	
	
	
	
	

	What can you 
change about the material
 to change the way your research interest behaves?
	
	
	
	
	


4.
How can you measure or describe the response of your research interest to the change?  Keep in mind the materials and tools you have on hand to make measurements.


Response:
** Remember to define how you will define your qualitative variables.

The Four Question Research Strategy:

The Next Steps in Experimental Design
From: Cothron, Giese, and Rezba, Students and Research, 2000.

Your responses recorded on the Four Question Research Strategy Worksheet contain several important parts of your experimental design.

Step 1.  Identifying the Independent Variable

An independent variable is the part of an experiment that the experimenter changes on purpose.  In Question 3, you listed several potential ways to change your research materials.  You need to select one of the ways you listed in Question 3.  This will be your independent variable in your experimental design.  


In the popcorn example, you might choose to vary the amount of oil used to pop the popcorn.  The amount of oil is your independent variable. 

Step 2.  Deciding on the Levels of the Independent Variable

Once you have decided on the variable you will change, you need to decide how you will change it.  Here is where you decide on the number of levels and the amount of each level.

In the popcorn example, you chose to vary the amount of oil used to pop the popcorn.  Here is where you decide on how many different amounts of oil you want to use (the levels).  So you might decide to have five levels for your independent variable and use 0 ml, 10 ml, 20 ml, 30 ml, and 40 ml of oil.

Step 3.  Knowing what variables you need to control

Here you need to establish what you need to do to understand whether changing the independent variable made any difference.  Here you need to identify a comparison group where the independent variable is not changed.

In the popcorn example, the control group is the set of popcorn kernels that receive no oil (0 ml).

Step 4.  Identifying the Dependent Variable

In Question 4, you identified several possibilities for how you might change the set of materials you have in order to see an action in your experiment.  Here is where you select one of the ways in which your research interest is changed (same independent variable that you chose in Question 3).

In the popcorn example, you identified ways that you might vary the amount of oil to affect the popcorn.  You can choose any variable you listed here, for instance, the number of kernels popped.  This will become the dependent variable for your experimental design.

A part of Step 4 is operationally defining, if need be, your dependent variable.

In the popcorn example, you will need to define exactly what you consider a “popped kernel” to be.

Step 5.  Composing a Hypothesis

A hypothesis is a prediction of the effect that changes in the independent variable will have on the dependent variable.  It can be written as an “if-then” statement in the following way: If the [independent variable] changes [in this way], then the [dependent variable] will [respond this way]

In the popcorn example, a possible hypothesis would be: If the amount of oil is increased when popcorn is popped, then the number of popped kernels will increase.

Step 6.  Identifying Constants

In Step 3, you brainstormed all the potential independent variables you could choose from.  Since you chose one of those variables as your independent variable, all the others should be held constant.  To change a potential independent variable to a constant, you need to assign it a specific value – amount, time, brand, etc.

In the popcorn example, you would need to identify the brand of popcorn, amount kernels used, the age of the popcorn, popcorn storage, type/kind of oil, brand of popper, heating and cooking time.

Step 7.  Repeated Trials

You need to decide how many times to gather data for each level of independent variable.  Here you need to consider the amount of variation in the object you are researching and the consequences of coming to a wrong conclusion.  The more trials for each level of independent variable, the more confident you can be in your results and conclusion.


In the popcorn example, three trials at each of the independent variable levels would give better results than only one trial with each amount of oil.

Step 8.  Identifying Safety Concerns/Procedures

You need to identify how you will handle any safety issues.


In the popcorn example, the kernels will be extremely hot immediately after popping, so you should identify how you will handle the kernels safely.

Experimental Design Diagram

From: Cothron, Giese, and Rezba, Students and Research, 2000.
The Experimental Design Diagram is a concise way to describe an entire experiment.


	Title: The Effect of ________________ (IV) on ___________________ (DP)


	Hypothesis:  


	Independent Variable:__________________  (unit of measure:     _______    )



	Levels of Independent Variable, Including the Control

	(control)
	
	
	
	

	How many repeated trials for each of the IV levels

	
	
	
	
	

	Dependent Variable:     __________________  (unit of measure: _________  )



	Constants:

Potential Variable

Level held constant

Potential Variable

Level held constant



	Safety Considerations:



	Measurement Tools Needed:




Experimental Design Diagram

From: Cothron, Giese, and Rezba, Students and Research, 2000.
The Experimental Design Diagram is a concise way to describe an entire experiment.


	Title: The Effect of Various Amounts of Oil on the Number of Popped Corn Kernels


	Hypothesis:  If the amount of oil placed on the popcorn is increased, then the number of popped kernels will increase.


	Independent Variable: Amount of oil    (unit of measure:     milliliters    )



	Levels of Independent Variable, Including the Control

	0

(control)
	10 ml
	20 ml
	30 ml
	40 ml

	Repeated trials for each of the IV levels

	3 times
	3 times
	3 times
	3 times
	3 times

	Dependent Variable:     number of popped kernels  (unit of measure: kernels   )



	Constants:

Potential Variable

Level held constant

Potential Variable

Level held constant

Popcorn brand

“Pop-Rite”

type of oil

corn

# kernels

100 kernels

popper brand

“Cor-Pop”

age of popcorn

fresh

heating time

2 minutes

brand of oil

“Pazol”

cooking time

4 minutes



	Safety Considerations:

Popcorn should be poured on a surface and allowed to cool before handling.
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