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Power and Magnitude of Effect
This activity and the following one are similar in nature. The first one relates power to the magnitude of the effect, and the second one relates power to sample size. Both are described for classes of 20 students, but you can modify them as needed for smaller or larger classes or for classes in which you have fewer resources available. Both of these activities involve tests of significance on a single population proportion, but the principles are true for nearly all tests of significance. 

Note: Both of these texts
, by Floyd Bullard, appear on the College Board web site AP central (apcentral.collegeboard.com) under the AP Statistics Teachers’ Corner in an article called “On Power”.  The copyright is held by the College Board, which has granted permission to reprint the article here.


Activity One: Relating Power to the Magnitude of the Effect

In advance of the class, you should prepare 21 bags of poker chips or some other token that comes in more than one color. Each of the bags should have a different number of blue chips in it, ranging from 0 out of 200 to 200 out of 200, by tens. These bags represent populations with different proportions. Distribute one bag to each student but tell the students not to look in the bags. Then instruct them to shake their bags well and draw 20 chips at random.  Have them count the number of blue chips out of the 20 that they observed in their sample and then perform a test of significance whose null hypothesis is that the bag contains 50 percent blue chips and whose alternate hypothesis is that it does not. They should use a significance level of α = 0.10.

They are to record whether they rejected the null hypothesis or not, then replace the tokens, shake the bag, and repeat the simulation a total of 25 times.  When they are done, they should compute what proportion of their simulations resulted in a rejection of the null hypothesis.

Meanwhile, you should draw on the board a pair of axes.  The horizontal is labeled “population proportion” and the vertical is labeled “proportion of simulations that rejected p=0.5”.  When they and you are done, students should come to the board and draw a point on the graph corresponding to the proportion of blue tokens in their bag and the proportion of their simulations that resulted in a rejection.  The resulting graph is an approximation of a “power curve”, for power is precisely the probability of rejecting the null hypothesis.  The lesson from this activity is that the power is affected by the magnitude of the difference between the hypothesized parameter value and its true value.  Bigger discrepancies are easier to detect than smaller ones.

12
Power and Sample Size
Activity Two: Relating Power to Sample Size

For this activity, prepare 11 paper bags each containing 65% blue chips and 35% non-blue chips.  The total number of chips in the bags should vary from 200 up to 1200 by 100’s.  This activity requires 7,700 tokens.  

Pair the students up. Each student pair is assigned a sample size from 20 to 120 and is given the bag containing 10 times their sample size.  (The reason so many chips are required is to adhere to the rule-of-thumb that says the sample should not represent more than about 10% of the population.  It isn’t very important for students to know how many chips are in their bags and indeed it may confuse them.  It’s better to just assign them a sample size and hand them the appropriate bag.) 

The activity proceeds as did the last one.  Students are to take 25 samples corresponding to their sample size, recording how many of those samples lead to a rejection of the null hypothesis p=0.5 compared to a two-sided alternative, at a significance level of 0.10.  While they’re sampling, you make axes on the board labeled “sample size” and “proportion of simulations that rejected p=0.5”.  The students put points on the board as they complete their simulations.  The resulting graph is a “power curve” relating power to sample size.  Hopefully, it shows clearly that the null hypothesis is rejected with a higher probability when the sample size is larger.
Where to buy tokens on-line

If you do a search on-line for colored tokens to use in these activities, you probably should search for “counters” or “math counters” or “math counters manipulatives”, as these items are generally sold to K-3 teachers.  I also found beads at low prices from on-line craft supply stores.  I have not used dry beans in the classroom, but they would surely be an even cheaper alternative, so long as they did not break; black beans and black-eyed peas are about the same size and shape, but are different in color.

As of this writing, the cheapest beads I found on-line were “tri-beads” from www.bjcraftsupplies.com.  These come in a wide variety of colors and may be purchased in single-color bags of 1000 for $3.50 plus shipping.  brandine.com sells “pony beads” in bags of 1000 for $5.50.  (These might roll around undesirably, though.)  From classroomprdcts.com I found sets of poker chips and various animal counters.  enasco.com sells teddy bear and other animal counters, as well as cheaper Tiddly-wink type counters.

� The activities have been modified slightly since they were published on AP Central.  The original activities call for bags of 20 tokens and sampling with replacement.  As describe them here, there are hundreds of tokens in each bag and students sample without replacement.  This revision makes the activities much faster in the classroom and avoids some confusion among weaker students, who may not grasp the reason for sampling with replacement.





