Unit Title: Man is the measure of All Things

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

Stage 1:

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

GLEs: 
Understandings:

Students will understand that:

· Science is never certain: all science depends upon measurements, and measurement has error

· The quest for precision is difficult, requiring honesty (not just care) in measuring

· Standard Measures are essential once we try to compare, test, or use our results

· Accuracy depends upon a standard measure; otherwise all we have is relative precision

· The precision required is different from the precision that is possible: what is required in terms of tools, units, and precision depends upon the context in which we are working.

Essential Questions:

· How sure are we of the measurement?

· Are we measuring what we should be measuring or only what is easy to measure?

· How precise can we be here? How precise should we be here?

· Am I being honest in what I am reporting as data?

Knowledge and Skills:

Students will know:

· the definition of accuracy, precision, standard measure, “fair” test

Students will be able to:

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

Stage 2: Assessment Evidence

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

Performance Tasks: 

Other Evidence:

Prompts (for written or oral assessment): 

· “Uncertainties in measurement cannot be avoided, although we try to make them as small as possible. For this reason, it is important to clearly describe the uncertainties in our measurement.” (from p. 21 of the Physics textbook Physics: Principles and Problems). What do the authors mean? Why is this idea so important? And how can we be “clear” in describing our “uncertainty”?

· “Precision is the degree of exactness in which a measurement can be reproduced…Accuracy is the extent to which a measured value agrees with the standard value of a quantity.” (Physics, p. 21-22). State in your own words what the author is saying, and explain why the distinction is important, using examples.

· Have students do research on famous examples in science of “fudging” the data to prove a point

· Have student read and respond to the following quote from Physicist Richard Feynman:

We have learned a lot from experience about how to handle some of the ways we fool ourselves. One example: Millikan measured the charge on an electron by an experiment with falling oil drops, and got an answer which we now know not to be quite right. It's a little bit off because he had the incorrect value for the viscosity of air. It's interesting to look at the history of measurements of the charge of an electron, after Millikan. If you plot them as a function of time, you find that one is a little bit bigger than Millikan's, and the next one's a little bit bigger than that, and the next one's a little bit bigger than that, until finally they settle down to a number which is higher.

 Why didn't they discover the new number was higher right away? It's a thing that scientists are ashamed of - this history - because it's apparent that people did things like this: When they got a number that was too high above Millikan's, they thought something must be wrong - and they would look for and find a reason why something might be wrong. When they got a number close to Millikan's value they didn't look so hard. And so they eliminated the numbers that were too far off, and did other things like that. We've learned those tricks nowadays, and now we don't have that kind of a disease.

But this long history of learning how to not fool ourselves - of having utter scientific integrity - is, I'm sorry to say, something that we haven't specifically included in any particular course that I know of. We just hope you've caught on by osmosis

 The first principle of investigation is that you must not fool yourself - and you are the easiest person to fool. So you have to be very careful about that. After you've not fooled yourself, it's easy not to fool other scientists. You just have to be honest in a conventional way after that. …

 One example of the principle is this: If you've made up your mind to test a theory, or you want to explain some idea, you should always decide to publish it whichever way it comes out. If we only publish results of a certain kind, we can make the argument look good. We must publish BOTH kinds of results. (from his Commencement address to CalTech graduates.)
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Stage 3: Learning Activities

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

NOTE: The key idea in this unit is that error in science is unavoidable, not merely a function of crude instruments, “mistakes,” or “carelessness” – a common misconception on the part of many students, aided by cookbook labs with known right answers. Thus the activities should not only develop student skill in measuring but their interest in measuring without subtle bias. While it may have been possible to “fudge” the data in past years, the main lesson should be here that such fudging is science at its worst. Thus, any activities that can make students realize the difficulty of measuring well and the importance of doing so will serve the purpose of the unit.

Measurement activities that can initially raise the right questions:

1. Drop three balls from the same height, one of which is a styrofoam ball, one of which is a ping-pong ball and one of which is a golf ball. Ask them to predict what will happen about the time to drop from the same vertical height, then, to observe and record what happened. Make sure that there are 3 stopwatches being used, so that additional variables are involved. 

2. Ask kids to twirl a ball or weight tied to a string, to cut the string in mid-flight, to watch the path of the object, and to draw that path. Many will “see” the ball curve in a way they expect rather than the true path which is a straight line.

3. Have students measure the boiling temperature of water, but unbeknownst to some of the groups, you made some of the water salty, thus it will have a lower boiling temperature. They may still say it boiled at 100 degrees.

4. Have students measure the volume of the room using metersticks or tape measures – but make sure one of the sticks has a centimeter shaved off each end.

5. Have students report the actual number of head and tales in 100 coin flips. Then ask them to report any flips that they didn’t count, and why.

6. Have students score their own test in class, where some of the questions involve some degree of judgment. See if they inflated their own scores in the grey areas.

7. Stage the famous Asch experiments of 60 years ago where a group of 4-5 are asked to say which of 4 sticks is longer than the control stick – but where you have coached all but one member of the group to choose one that is the 2nd longest. Many students will go along with the group. (Better yet, if the group is a group of science teachers plus one student.)

Later in the unit, once specific skills of measurement are being developed and coached, you will want to check for error in the opposite direction – namely, students using excessive precision in their reporting – unwarranted by the margin of error inherent in the measuring device and situation.

Readings that raise all the right issues:

· The first 9 pages of the book The Measure of All Things: The Seven-Year Odyssey and Hidden Error that Transformed the World by Ken Adler (2002) in which the author explains the problem of standard measurement to set up a fascinating history of the creation of the official meter by two Frenchmen 200 years ago – and the errors in the measurement that went undetected for years. (The book would make a great extra-credit research project for avid readers)

Internet Resources on measurement and the problem of precision without bias:

http://home.iae.nl/users/lightnet/science/scientificfraud.htm
An account of the problem in today’s universities

http://www.wmich.edu/ethics/ESC/cs2.html


http://onlineethics.org/edu/precol/classroom/cs1.html
The first in a series of good articles on the ethics of research

http://onlineethics.org/edu/precol/classroom/cs2.html
A history of the Millikan case, cited by Feynman

http://instructor.physics.lsa.umich.edu/ip-labs/tutorials/errors/illerr.html
Advice to college physics students on what to do with “bad” data.

http://www.actionbioscience.org/education/allchin2.html
A clear and readable account of error in science entitled Error and the Nature of Science, by a biologist and historian of scientist

http://www.the-scientist.com/yr2000/mar/russo_p1_000320.html
A brief essay on errors in science

http://www.quotableonline.com/quotesubject.php?subject=Error
Quotes on error 

http://en.wikipedia.org/wiki/The_Structure_of_Scientific_Revolutions
A summary of the ideas of Thomas Kuhn, the person who was responsible for the idea of “paradigm” shift, by his history of science.

