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Topics covered in this lab:

· Scientific Models and their significance

· Uncertainty (and why it’s OK)
· Making estimates

· Percent Difference
· Importance of units and measurement tools
Experiment 1:  The “Mystery Tube”

Materials:

· Cardboard Tube

· String

· Scissors

· Tape

In front of you is a PVC tube capped at the ends.  Four string ends emerge from holes in the side of the tube and can be pulled outward.  When you pull one string, what happens to the others?  Play with the tube. Your job is to figure out how the tube works. The easiest way to find out would just be to open the tube!  However, you and your group must determine how the tube works without opening it.  Your group must make and test models of how you think the “mystery tube” might work. Use the space below to diagram your ideas and the materials provided in the box to make at least 3 models of the mystery tube.  If you need more room, you may also use the back of this page.

Follow-Up Questions:

1. What characteristics are important in your model?

2. Of the three models, can you tell which one is better than the others?  

3. If you have a favorite model, what characteristics make you like it better than the others?

4. After we discuss this as a class, do you wish to modify any of your models?
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5. What does this have to do with a scientist that makes a model of a cell, an atom, or the solar system?

Experiment 2:  Uncertainly is OK ?
Materials:

· Elbow Macaroni
· Small Plastic Cup
· Large Paper Cup
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The instructor will give you some macaroni, a small plastic cup, and a large paper cup.  The question we need to answer is “How many pieces of macaroni fit in the small plastic cup?” 
Start by taking a guess. Write this number in column A above.

Now fill the small plastic cup full of macaroni, then dump these pieces of macaroni on the table and count them. Record your answer in the “YOUR COUNT” column of the above table (column B).
In the space below write the counts of the other three people in your group. 
Can you think of any reasons why the numbers recorded by you and the other people in your group are not all the same? Discuss this with your group and write any reasons you come up with the space below:
Is it true that one of the numbers must be right and all of the other numbers must be wrong? Why or why not?
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Here is a related “thought experiment” (don’t do it, just think about it): If you repeated the same experiment several times (i.e. filled the small plastic cup and then counted the pieces of macaroni), do you think you would get the same answer each time? Explain. 

When everyone in the class has finished counting, the instructor will ask one person from each group to write all of the groups “counts” on the blackboard. Make a histogram of these numbers below (i.e. fill in a square for each measurement). Ask your instructor if you are unsure of how to create a histogram.
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The instructor will now calculate the average of all of the group’s answers.  Record this average number in column C of the table.  The average is a single number that is found by adding together all of the answers and dividing by the number of answers we started with. You can think of the “average” value as the single number that is as close as possible to all of the answers at the same time.  Can you think of a reason why taking the average might be a good way to get the “best estimate” answer?
Find the total difference between your value and the average value, and enter this in column D. This tells you how far away your value is from the average.
A percent difference is sometimes a more useful quantity to calculate since it tells us how big the difference is compared to the thing we are measuring. This is obtained by dividing the total difference by the average value and multiplying by 100%.  Calculate the percent differences between your measurement and the class average measurement and enter this into column E of the table. 
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Your instructor will collect these numbers and lead you in a brief discussion of measurement uncertainty.

Follow-Up Questions:

1. Matt S. and Lori N. are arguing about their abilities to predict stuff.  Matt guessed that a bag of jelly beans contains 100 beans, but when he counted he discovered that it really held 140.  Lori guessed that a bag of M&M’s contained 50, but when she counted she found that it really held 25.  Lori told Matt that that her guess is better because it was only off by 25, while his was off by 40.  Do you agree?  Explain why using the terms total difference and percent difference.
Now we will find out how many pieces of macaroni it takes to fill the large cup. First guess and write your answer in column A.  
Right now you know how many pieces of macaroni fit in your small plastic cup. Can you use this number, the small plastic cup, and the package of macaroni, to estimate how many pieces of macaroni will fit in the large paper cup?  (Do NOT count the pieces of macaroni in the large paper cup by hand.)  Discuss your method with the instructor, and then use it. Enter your result in column B.
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Just like before, the instructor will calculate the average of all of the group’s answers for the large paper cup.  Record this average number in column C of the table. Again, find the total difference and percent difference between your number and the average number, and enter this in columns D and E.
Compare the total difference you obtained for the small plastic cup to the total difference you obtained for the large paper cup.  Which one is biggest?   Can you explain why this does or does not make sense?

Endnote:  Some amount of error is expected in EVERY scientific experiment.  It is impossible to control all the variables in an experiment.  Variables are differing conditions in an experiment that can change the experiment’s outcome.  Some variables are put in an experiment intentionally, while others are unintentional.  For example, some unintentional variables in our future experiments may be slight air currents from ventilating the room or small vibrations from people talking.  These and many other things can throw your results off by small amounts.  Scientists try to lower their error by removing or controlling as many variables as possible, except for the variables that are actually being tested.
Experiment 3:  Mysterious Measuring
Materials:

· A Mystery Object
· Measuring Device (varies from student to student)
You will be given some device to measure with.  One by one, each student will leave the room and measure the mystery object in the hallway.  If you cannot measure the object directly, make the best estimate you can.  It is very important that you do NOT tell other students WHAT the mystery object is or HOW you measured it.  Record your measurement in the box below, making sure to include the units you used.  Units are the standard way scientists label a measurement.  Examples of units are:  meters, inches, pounds, kilograms, °F, °Celsius, liters, gallons, square feet, cubic centimeters (cc), volts, megabytes—and there are many, many more. While you are waiting for your turn to measure the mystery object, you may answer the questions on the following page.

	Measurement

(Include units)
	


Questions:

1. What device were you given to measure with?

2. What units does your device measure in?  (If there is more than one type of unit, mention these as well)

3. Could you easily measure a baseball with your device?  Why or why not?  Briefly describe a way to measure a baseball with your device.

4. Could you easily measure a car with your device?  Why or why not?  If your answer was “yes”, briefly how you might do this.

5. Could you easily measure a given amount of water with your device?  Why or why not?  If your answer was “yes”, briefly how you might do this.
6. Could you easily measure a given amount of air with your device?  Why or why not?  If your answer was “yes”, briefly how you might do this.

Once everyone has measured the mystery object, the TA will tell you to write your measurement on the front chalkboard.  If you wish, you may now discuss your results with other students.

Follow-Up Questions:

1. Were you able to make a direct measurement, or did you have to make an estimate?  Why?  If you had to make an estimate, can you think of a device that would be easier to measure the mystery object with?

2. Do the units used affect the measurement?  Why or why not?

3. Some people used the same units in their measurements, and others even used the same device.  Yet, some of these people still got different results.  Why?

4. Could you just invent a unit to measure the mystery object?  If not, explain why not.  If so, invent your new unit, and describe or draw it.

5. Why do most scientists use the same units and methods for measuring as other scientists, rather than just inventing their own for each experiment?


Knowing how to estimate is a very useful skill that we will work on as the semester progresses.  To get the ball rolling, we want everyone think of the following rather strange question, and to come to class on Wednesday prepared to talk about it:

How many piano tuners are there in the United States?
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