Unit: .  Scientific Method
Position within Unit:  After introduction of basic cycle of the experimental method, including Hypothesis, prediction, experiment, conclusion.  Can be used as either an introduction to basic statistical techniques or application if they have already been introduced.

Title: Why do Snakes digest so slowly?

	Objectives 
	Learn to apply the experimental method and the concept of reductionism to get a partial answer to a complex question. Break down a complex question into a series of simple ones that experiments can easily answer.



	CA Standards: 


	Grades 9-12: Investigation and Experimentation 1 a, b, c, d, g, j, k


Grades 9-12: Chemistry 8 b

	Materials: 

For a lab of 30, working in 2 person teams


	15 mortars and pestles (or any way to crush the antacids)

30+ Calcium Carbonate antacid tablets (1 bottle)

1 L 0.1 M HCl acid labeled 

Note: dilute vinegar can be substituted for HCl; I suggest a 10% or 20% dilution.

30 100 ml beakers 

30 forceps

15 Grease pencils (or label tape to ID beakers)

30 50-100 ml Graduated cylinders (ideal #, but can be shared)

30 pH test strips (0-14 range works well, 0-7 can be done) or a pH meter.

Vocab: Observation, reductionism,hypothesis,independent variable, dependent variable, molarity volume, antacid digestion,antacid, acid, 

	Activities.  I suggest that you work on developing hypotheses and beginning to design the experiment on one day.  Finish the design and conduct the experiment the next day.  Extensions can carry this lab through as many additional periods as you like.
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	Introduction (Anticipatory Set) (5-10 min).  

Observation:

Questions to open lab:  How many of you have seen snakes eat?  When they eat, about how long does it take for their food to digest?  How long does it take you to digest your food?  

The answers to these questions should lead students to the observation that snakes digest their food more slowly than humans (exactly how much longer isn't critical; snakes generally take several days, sometimes weeks, humans generally ¾-1½ days.  Make sure that they realize that this is an observation, based on the past experience of at least some of the students in the classroom.  Then ask:

What are some other differences between snakes and people?  

Students generally come up with ideas like: swallowing food whole vs. chewing it, differences in body temperature, differences in digestive juices, eating fur/scales, moving after eating vs. staying still – and a variety of others, some good, some bad.  You may need to guide them to the factor(s) you intend to test, but these ones generally pop up without too much coaxing. Again, point out that these are all observations, based on past experiences.  Collect a list of the differences as the students develop them.  
Main Activities:

Developing Hypotheses: (5-10 min)
Major question: What makes snakes digest their food more slowly than people?
Students will immediately throw out some ideas.  As they slow down (or if they never get started) guide them by returning to the list of differences you made earlier; explain that each of these differences contains a simple hypothesis potentially explaining why snakes digest their food more slowly than humans (e.g. snakes digest their food more slowly because they don’t chew their food).  For each difference the students identify, ask whether they think it is likely to affect the rate of digestion, and ask them to explain why.  Eliminate ideas that nobody thinks will effect digestion, but also point out that these hypotheses are not mutually exclusive, nor are they all-inclusive.  Explain the concept of reductionism and how it works in science – tell students that you will break down the rather complicated question about digestion in these two different organisms into a series of simple predictions, based on simple hypotheses about which of the factors they identified influence digestion.  You can then test these simple predictions one-at-a-time to begin developing your answer to the more complicated question.

Prediction: (5 min)
Pick any of the differences students have identified as possibly affecting digestion (I’ll use chewing as an example throughout), and ask students: If (chewing) affects the rate of digestion, what kinds of predictions can you make?

Almost invariably, some students will predict that snakes will digest their food more slowly than humans.  This gives you the opportunity to point out how useless it is to predict your initial observation, and why this circular reasoning doesn’t work.  Point out that if your prediction and your observation are the same, you can justify any hypothesis: for example, I can hypothesize that little green men retard the digestion of snakes and make the same prediction – can my hypothesis be falsified?   Move them beyond this by asking:
What would you predict would happen if we set up a digestive process using chewed food, and compared the rate of digestion to the rate in the same process using unchewed food?

Once you have a valid prediction move the students on to designing a simple experiment to test their hypothesis.  Usually, the students will get to the prediction that chewed food will be digested faster than unchewed food, all else being equal.  You may need to spend some time convincing them that “all else being equal” is important and allows you to be non-circular in your predictions.   

Designing the experiment: (10-20 min)
Ask students: how can you make “all else equal”?
Students generally get stuck on the idea that they need to compare a snake and a human to answer the question.  A common idea that they develop is to make someone swallow a mouse whole, and compare their digestive time to a snake that eats a same-sized mouse (or similarly, they want to force a snake to eat a chewed mouse).  Once they stop being disgusted by this suggestion, you get to point back to your list and point out all those other differences and the fact that they are still different – so any difference in digestive rate you might find with such an experiment doesn’t mean much – you can't separate out the different factors this way.  Next, someone will usually venture that you could use two people (or two snakes), one chewing the food, one swallowing it whole.  Point out 1) this could work, but you’d need a bigger sample size and 2) logistically it’s not really feasible.  At this point you can guide them to the idea of doing an experiment in an artificial stomach, where you can keep all those other factors constant.  Good questions to use through here typically involve starting to show them some of the materials.  For example, you can ask questions like: 

What if we could make digestion happen in this beaker?  How might we be able to do that, given that we have hydrochloric acid, a common stomach acid, and antacids sitting right here on the table?
At this point at least some of the students get the idea and will volunteer information which you can use to develop a simple experiment.  Put the steps of the experiment on the board as they volunteer possibilities, and have students discuss the pros and cons of different steps and procedures.  As you do this you will get to see – and correct – a number of misconceptions that your students have about snakes, digestion, and the experimental method.  As you start putting up the method, ask questions like:

What is the independent variable? (the antacid’s state: chewed or whole)

Does it matter if there is more acid in one beaker than another? Why? What about the concentration (Molarity) of the acid – should it be the same?  Can we chew up the antacids and spit them in the beaker?  Why not? How should we go about crushing them?

Do this to get them to tell you that they need to hold everything constant except for the independent variable.  I make 2 lists, which I make the students fill out: one with everything that needs to be done with the “chewed” antacids, one with everything that needs to be done to the whole antacids. These lists should go through a series of revisions as you progress, but eventually the 2 lists end up being identical except for the state of the antacid.  The important thing is that the students be forced, as a group, to think their way through the problem.  Act as a guide, but make them tell you how to fix problems you point out.  Then ask:

What is the dependent variable?
Typically they want to time how long it takes for the different antacids to dissolve.  This makes sense, but is a logistic nightmare – the antacids crumble and float and discolor the solution, and it is very difficult to tell just when, if ever, the antacids completely dissolve.  It also takes a long time. For this experiment using pH indicator paper to determine the change in pH after 10 minutes of “digestion” works well.  Simply measure the pH before adding the antacid and again after ten minutes, and use the change in pH as the dependent variable to indicate how much antacid dissolved.  There is no need to try to convert this into a mass.
In this part of the lab, there are several things you could ask the students, but they may not have enough experience to give reasonable answers, so they may just need to be told things like: A good volume of acid to use is 30 ml; a good time for measuring the change in pH is 10 min; you need to stir the solutions briefly because the crushed antacid tends to float (ask them if they should stir the whole antacid solution as well).  You can just supply this information as opportunities arise.
Conducting the experiment: (Day 2, 20-30 min, plus analysis)
Once the experimental design is on the board, conducting the experiment is just a matter of getting the students to follow the directions they’ve developed.  In small classes, every student can do both a crushed and a whole antacid; in larger classes they can work in groups. You want a sample size of 10-15 per treatment so any statistical analysis you want to do will work well without taking too much time for the students to collect all of the data.  Depending on the class, you may want to be the “timekeeper” and make everyone do the experiment simultaneously – I find that this reduces the number of mis-timed experiments and reduces variation in the data.  Have everyone put their data on the board to share.  The TI calculator performs a t-test that can be used as a nice quick way to analyze the results.  If students have experience with TI's this should take 5-10 minutes.  If not, a while longer
Conclusion:  Use data collected to answer the question:  does chewing account for at least some of the difference in digestive rates?  Then go back to the list and ask if the experiment we did helps us support or falsify the other hypotheses – point out that many times, hypotheses are not mutually exclusive.

Extensions:

Repeat!  Once they have finished the first experiment, go back to the list of hypotheses you generated, select another one, and go through the procedure again from that point.  This reinforces a lot of the ideas that were introduced the first time around.  Students will generally go through it the 2nd time much faster and with more confidence.
Suggestions for other tests to conduct
These are primarily limited by your imagination (or better yet, your students’ imaginations).  The methods all follow the same basic outline, the tough part is usually figuring out how to manipulate the system to test different variables.  Below are just a few ideas, based on differences between snakes and humans that students frequently come up with:

Acid concentration/type: Students often want to know how different concentrations or different types of acid affect digestion.  This can be easily experimented with using this system (e.g. 0.1M vs. 0.2M HCl). Snakes actually have a more concentrated stomach acid than we do, so this is a good opportunity to demonstrate falsification of a hypothesis)

Temperature.  Place beakers in water baths at different temperatures (room temperature vs. 37ºC makes sense) to test whether or not temperature affects digestion rate.

Activity levels: Snakes sit around after eating, mammals move around.  Stirring vs not stirring can simulate this difference, but don't stir the entire ten minutes.
Food content:  Students always want to test the differences in diet between snakes and humans (i.e. meat vs vegetables, cooked vs. raw, with bones and fur vs without, etc.).  In general I don’t recommend this, since digestion is much slower with these materials.   If you are adventurous, try increasing the digestion times (overnight?) and/or acid concentrations to test these types of questions.  You’ll want to test out new materials before performing them to make sure they work well and don’t stink too much.
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	Assessment can be done by having the students design their own experiment on the topic of digestion using the basic setup, but testing another hypothesis.  This can be done by having them actually carry out experiments (if you have time and supplies) or by having them just design the experiment without actually conducting it.  See attached assignment.

Lower level students can just be asked to provide this information on the experiment already conducted.

	Reflection
	


Assignment:  Students should design their own experiment involving a hypothesis developed in the lab.  The format below can help them.

Hypothesis: (i.e. Potential Explanation) Provide a potential explanation of why snakes digest their food more slowly than humans.  This potential explanation is your hypothesis.  
Prediction: Your hypothesis can be used to develop a prediction about what might happen given a particular new situation.  Your experiment should bring that situation about.  
Experiment:  Provide the following information detailing the experiment that tests your hypothesis.
Method: A brief description of each treatment, and how you would collect the data.  The basic idea is that someone should be able to read this and repeat the experiment. 

Independent variable: a.k.a. treatment variable.  The variable you manipulated in order to test the hypothesis.  Give both the variable and the 2 categories of the variable used in the experiment.  Include the units it was measured in, if appropriate.

Dependent  variable: a.k.a. response variable.  The variable you measured in order to test the hypothesis.  This must be a variable you expect (correctly or not) to be influenced by the independent variable.  Include the units it will be measured in.

Factors to be held constant:  List here factors that were held constant in all treatments.  Don't just randomly list factors here; limit your list to those factors that you actually think could cause an effect on the outcome of your experiment, and do not put your dependent or independent variables here – after all, they should, by definition, vary.

Control Group:  Identify the control group, if the experiment had one.  If the experiment did not have a control group, state this and explain why it did not have a control group.

