Teacher’s Guide…A Method to Our Madness
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INTRODUCTION

Think of all the scientific discoveries in the past 100 years.  A famous American scientist by the name of Benjamin Franklin bettered lives through inventions like bifocals (which allowed people to keep their glasses on more frequently), the lightening rod (which protected homes and boats from lightening strikes), urinary catheter (which led to many medical improvements), iron furnaces (which heated homes without the dangers of open flame and used less wood), and the odometer to keep track of distances traveled.  Through experimentation, Mr. Franklin had several successes, but was met with many, many failures too.  Mr. Franklin, when asked how he dealt with so many failures replied, “I have not failed; I have found one thousand ways that do not work.”  How do scientists like Mr. Franklin keep track of all of their experiments? For example…What works, what doesn’t? Does the order of doing something matter? Are there external factors affecting the results?  This lesson will explore how scientists organize their thoughts to learn about the world around them.
EXPLORATION A
Materials:
Each group will need the following:

· 12 black or brown planaria (playthelmenthis, flat worms) 
· 2- 4” Petri dish, 1 with half of the bottom painted black, 1 painted all black with a line drawn down the middle
· Clean spring or pond water
· Light source (strong overhead lights are sufficient)
Procedures:  You are fishing in a pond and OBSERVE small, flat worms hiding under leaves and rocks.  
1. What are some QUESTIONS you might ask about this observation?

Take the random brain storming of the students and write on board.
2. As a class we will pick one question to try to answer.  What QUESTION will we work with? 
Lead the class to pick one that can be tested and relates to a light/dark preference.
3. When you guess an answer to a question using scientific evidence, you are making a HYPOTHEIS.  What is your HYPOTHESIS to this question?
Wording depends on question, but should be something along the lines of “flat worms prefer the dark”.

4. Together we will design an experiment to test our hypothesis.  What is our EXPERIMENTAL DESIGN?
Adjust according to class question, but basic steps would be…
1. Place 6 worms in an all black Petri dish with a very thin line down the middle.
2. Place 6 worms in a ½ clear, ½ black Petri dish.

3. Place Petri dishes on a white piece of paper and label left/right of the all black dish. (This dish should have both sides white and will be used as a control.)

4. Be sure there is plenty of light.  Usually, classroom lights are enough.  Too much heat will kill the worms.

5. Wait 15 min., then record how many worms are in the white vs. black and right vs. left.

6. Take a class total for each group of worms and graph.
a. The dependent variable is the thing we are testing.  What is the dependent variable?
Worm preference or worm placement
b. Standardized variables (constants) are things outside the experiment that may affect the results and therefore need to remain consistent throughout the experiment.  What are your standardized variables?  
Lighting, room temperature, worm source, time in dishes, etc.
c. The independent variable is what might change what we are testing.  What is the independent variable?
Dark / Light conditions
d. Control groups are designed to make sure it is in fact the independent variable making the change in the dependent variable.  This group is treated just like the experiment, but with no independent variable in it.  How will you treat your control group?
Group in all black dishes.  You may also use an all white dish with a line down the middle, but if the line down the middle is too thick, the worms will congregate to the line.  If there is a shadow, this will affect the control group results.
5. RESULTS – results are just what you observe happening.  NOT what you think is.
 Data Collection Table (you will get any missing data from other groups) 
	
	Group 1
	Group 2
	Group 3
	Group 4
	Group 5
	Total

	Dark
	
	
	
	
	
	

	Light
	
	
	
	
	
	

	Control: left
	
	
	
	
	
	

	Control: right
	
	
	
	
	
	


 Graph your data as a BAR graph based on class totals
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6. CONCLUSION – Your conclusion answers your question.  Here you say what you think based on your results.  What is your CONCLUSION?  
7. Did you accept or reject your hypothesis?
8. COMUNNICATION – Finding interesting results does no good if no one knows about it.  How might a scientist tell others about their findings?

9. What, if any, changes would you make to the experiment to make it better or more reliable?
CONCEPT DEVELOPMENT
1. What basic steps did you take from beginning to end of your experiment? (Hint: look at the capitalized words).
a. ____Observe_________________________
b. ____Question________________________
c. ____Hypothesis_________________________
d. ___Experimental Design____________________
e. ___Results__________________
f. ___Communication____________________
2.  Do you think scientists could use these same basic steps in their experiments? ________
Why or why not?
3. The basic method you used in the classroom is used by professional scientist everywhere to perform reliable experiments.  What is the name of this method?

______Scientific method________________________
CONCEPT APPLICATION

1. Although the basic steps in the scientific method you performed should always be used, the terminology (what words are used) to describe the scientific method may be different from one classroom to another.  Go through your science textbook or use the internet to find other terminology used to describe the STEPS to the scientific method.  Write the STEPS of the scientific method below:
The purpose of this activity is to show that the wording used in scientific method may be different based on the source, but the basic steps are the same.  Here, discuss the importance of each step in a real scientific exploration.
2. An engineer is a person who uses scientific knowledge and mathematics to solve practical problems.  Engineers use much of the same process as the scientific method to build their solutions to problems.  In the chart below, write what step of the scientific method may be equivalent to the same step in the engineering process.
	The Scientific Method
	The Engineering Process

	State your question
	Define a need

	Do background research
	Do background research

	Formulate your hypothesis, identify variables
	Establish design criteria

	Design experiment, establish procedure
	Prepare preliminary designs

	Test your hypothesis by doing an experiment
	Build and test a prototype

	Analyze your results and draw conclusions
	Test and redesign as necessary

	Present results
	Present results


CONCEPT ASSESSMENT

You are a zoologist studying whether or not flatworms have specialized cells.  Some specialized cells are cells in the body that may…

1. Respond to light (photoreceptors)

2. Respond to smell (chemoreceptor)

3. Respond to touch (mechanoreceptors)

You decide to run an experiment to test whether or not flatworms have one of these types of cells.  Using the scientific method and the materials available, design an experiment to test your hypothesis.  You will be graded on whether you follow the proper steps to the scientific method.

Materials:
Each group will need the following:

· 2-3 black or brown planaria (playthelmenthis, flat worms) 
· 1 – 4” Petri dish with clean pond water
· Pin light
· Probe

· 1 small piece of chicken or beef liver
** The flat worm has receptors for each listed and will respond to…
Light by turning direction

Food by moving toward the food, but this may take some time

A probe touch by curing up
1. What is your OBSERVATION?
2. What is your QUESTION?

3. What is your HYPOTHESIS?

4. What is your EXPERIMENTAL DESIGN?

a. What is the dependent variable?
b. What are your standardized variables?
c. What is the independent variable?
d. How will you treat your control group?
5. What are your RESULTS?  You may use the data table below if needed.
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


6.  What is your CONCLUSION?  Did you accept or reject your hypothesis?  
7. Now COMMUNICATE your interesting results and conclusion to someone in the class.  Did anyone test the same question as you?  If so, did their results agree with yours?  How was your experimental design the same or different?  If your results were different, how might you explain this? 
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