EXPERIMENTAL DESIGN OVERVIEW


INTRODUCTION: One of the most important skills that a scientist must have is the ability to design experiments. Well-designed experiments lead us to a better understanding of science; poorly designed experiments are misleading and meaningless. One of the benefits of using CBL's is that students can easily design and conduct experiments themselves. We want to encourage these types of activities, and we want to lead students to developing well-designed experiments.

PURPOSE: This activity sheet provides guidelines and suggestions to help students develop well-designed experiments. A simple experiment is given as an example and the experimental plan is analyzed in terms of some key concepts in experimental design.

A Simple Experiment: The effect of fertilizer on plants.

Description: A biology class was studying various ways to recycle materials, including the use of compost as fertilizer. The class investigated the effectiveness of various recycled materials in promoting plant growth. One lab group decided to compare the effect of compost and commercial fertilizer on plant growth. Three flats of pea plants (20 plants per flat) were grown for seven days. The plants were then fertilized as follows: Flat A received 100 g of commercial fertilizer; Flat B received 100 g of aged compost; and Flat C received no fertilizer. The plants received the same amount of sunlight and water each day. At the end of 25 days, the students recorded the mass of the plants in grams.

The Seven Key Concepts of Experimental Design (with examples taken from above)

1. The Research Question: This is the question you want to answer. It is very important that it is clear and specific. This question often takes the form: "What effect does changing the IV (independent variable) have on the DV (dependent variable)." The research question should mention the independent and dependent variable(s).

"How does the type of fertilizer used affect the height of bean plants?"

2. Hypothesis: A guess at the answer to the question in the problem statement. It usually takes this form: If the IV (increases, decreases or remains the same) the DV will (increase, decrease, remain the same).

"If commercial fertilizer is applied to plants, they will grow to a greater height than compost is applied.”                                                                                               ‘                                                                              

3. Independent (or Explanatory) variable(s) (IV): The variable that is purposely changed by the experimenter, for example, the type of fertilizer in the experiment above.

4. Dependent (or Responsive) variable(s) (DV): The variable that responds to changes in the independent variable, for example, the height of the bean plants.

5. Constant(s): All factors that are kept the same during the experiment, for example, the amount of light and water in the scenario above.

6. Control group: Used as a standard of comparison for experimental effects. It receives no treatment and is used to tell if other treated samples have changed. In this example, the plants in Flat C that received no fertilizer were the control group.

7. Repeated trials: The number of objects/organisms undergoing treatment for each value of the independent variable, or the number of times the experiment is repeated. For our example experiment, the 25 plants in each flat represent 25 trials.

Experimental Design Diagrams

A strategy for helping students consider all of these components of experimental design is to ask them to fill out an experimental design diagram. A general version of this diagram is given below, followed by the specific version for the sample experiment given above.

Research Question (RQ):

Hypothesis (HYP):

Independent Variable (IV):

	Values of IV 
	(Control)


	
	
	

	# of Trials
	
	
	
	


Dependent Variable (DV):

Constants:

------------------------------------------------------------------------------------------------------------

Research Question: “How does the type of fertilizer used affect the mass of pea plants?”

Hypothesis: “If commercial fertilizer is applied to the plants, then they will grow to a greater mass than if compost is applied.”

Independent Variable (IV): “ The type of fertilizer.”

	Values of IV 
	(Control) no fertilizer
	100 g commercial fertilizer
	100 g compost

	# of Trials
	20 plants
	20 plants
	20 plants


Dependent Variable (DV): “ The mass of the plants.”

Constants: “ amount of water
type of commercial fertilizer      amount of sunlight
 

                      mass of fertilizer           amount of wind
                temperature

                      type of soil
            space to grow into                      days of growth
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