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Sampling distributions are central to statistical inference, yet because of their theoretical nature, they are one of the most difficult concepts for students to grasp. It is essential to find ways to introduce these concepts that are intuitively meaningful.


The American Statistical Association funded, and the American Mathematical Association of Two-Year Colleges endorsed, Guidelines for Assessment and Instruction in Statistics Education (GAISE).  This project issued two reports on statistics education (for PreK-12 and College) in February 2005 (http://it.stlawu.edu/~rlock/gaise/).  The College Report emphasizes teaching core statistical concepts, including how sampling distributions enable conclusions about a population, through hands-on activities and data simulations rather than just mathematical procedures.  A variety of computer simulations are available online (for example, see http://www.rossmanchance.com/applets/index.html). 


In order to explain sampling distributions in a meaningful, real-world context, I created a simulation of political polling. Political polls are familiar and newsworthy, and there is always a fresh supply of current material on which to base lessons (see, for example, http://www.gallup.com and http://www.people-press.org, which are updated weekly). Polls provide topics for interesting discussions on population trends and how to measure them. Students relate to them easily because they can analyze not only the simulation data but the meaning of real polls on issues that interest them.  Finally, data from a physical, hands-on activity may be real to students in a way that computer-simulated data may not always be.
The Classroom Activity

The activity begins with a question:  Since polls based on samples always have sampling error, how can a pollster ever know how accurate the results are?  It seems like an unsolvable problem; but if the pollster knows “the typical behavior of random samples,” or the predictable long-run probability of repeated random samples, he or she can estimate a margin of error, can project a range for the population, and can distinguish random variation in samples from nonrandom differences that signal population patterns.
The classroom simulation is based on an actual poll.  On the next page is an activity based on a poll asking whether Hillary Clinton, then First Lady, should run for the U.S. Senate.  Students in small groups receive a container of “ballots” that represent a population in miniature:  100 cards consisting of 48 “yes” votes and 52 “no” votes, for a population proportion of 0.48.  Students draw repeated random samples of 10 cards from this container, with replacement, and count and record the number of “yes” votes in each sample.  The “yes” results of these random samples are then plotted on the blackboard so that students can observe the long-run probability of repeated random samples of the same size drawn from the same population.  First they observe that the results approach a normal distribution.  Then together we compute the center of this sampling distribution, which averages at the population parameter, and develop a simple formula for the 95% margin of error of a proportion (1/
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).  Finally, we use this formula to create a 95% confidence interval estimate for the original sample survey.

Once we have done this for the full sample, we compare the projections for males and females separately to observe how pollsters infer a population difference vs. results too close to call.  This builds an understanding of statistical inference that can be extended to other applications.  Students enjoy this activity, and it provides a concrete and meaningful way to understand both the theory of sampling distributions and how they are used in actual practice.  A more detailed description of the classroom activity, results, and the effects on student course performance may be found in

http://www.amstat.org/publications/jse/secure/v8n3/gourgey.cfm 
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Classroom Activity:  Creating a Sampling Distribution


On June 16, 1999 (It's Still Too Early for the Voters), the Pew Research Center (www.people-press.org) announced that 48% of Americans polled responded yes to the question, “There has been some talk that Hillary Clinton might run for the U.S. Senate.  Would you like to see her do this or not?”  What would happen if you selected repeated samples from a population in which 48% answered yes to that question?  Working in a research team, you will receive a box of 100 ballots, 48 of which are marked “yes” and 52 of which are marked “no,” for an experiment to generate the sampling distribution for this situation.

I.  Directions for your experiment

1. Mix the responses together well.  With eyes closed, have each team member choose a sample of 10 responses and record the number of yeses.  Since each person should choose samples from a complete box, return the ballots to the box before taking the next sample.  Keep repeating this procedure until each person has chosen at least six samples.  Make a list of all the sample counts that your group members obtained.

2. Together, we will combine our sample counts and plot them on one graph.  What pattern do you observe in this graph?  Where does the population percentage of yeses (48%) fall?  What are the mean and standard error for this distribution, and what percentages of the data fall within one and two standard errors of the mean, respectively?  What does this graph show about how the outcomes of random samples of the same size vary in relation to the population percentage of yeses?

II.  Additional Questions 

1. The poll on Hillary Clinton was based on a sample of 1,153 respondents and had a margin of error of approximately 3%.  How did they calculate this 3%?  What does the margin of error represent?  Within what range of percentages would you expect the population percentage to fall, if 48% of a sample said yes?

2. After the total sample of 1,153 people was polled, the respondents were divided by sex.  41% of men wanted Clinton to run for the Senate; 53% of women did.  The total number of males and of females was about 575 each.

a. What is the margin of error for males and for females?

b. What do you observe happens to the margin of error when the sample is subdivided?

c. Within what range of percentages would you expect the population percentage of men supporting Clinton to fall?  

d. Within what range would you expect to find the population percentage of women supporting her?  

e. Do these ranges show a clear difference of opinion between men and women in the population?  How can you tell?
Formula derivation:

95% Margin of error = 2
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Note:  p = 0.50 is the conventional substitution used in polls with multiple percentages.
95% confidence interval for the total sample:  48% +/- 3% = 45% to 51%.

95% confidence interval for males:  41% +/- 4% = 37% to 45%; for females:  53% +/- 4% = 49% to 57%.

Since these intervals do not have any common values projected for the population, we conclude that there is a population difference between men and women in their support for Hillary Clinton.
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Sampling Distribution Experiment: Some Classroom Results


Number of Yes’s/10
      Frequency
       Percentage


No. Y Drawn


  0


    0

   0%



     0


  1


    5

   1%



     5


  2


  21

   5% (+/- 2 SD)

   42



  3


  59

 15% (+/- 2 SD)

 177



  4


  81

 21% (+/- 1 SD)

 324



  5


  83

 22% (+/- 1 SD)

 415



  6


  73

 19% (+/- 1 SD)

 438



  7


  45

 12% (+/- 2 SD)

 315



  8


  14

   4% (+/- 2 SD)

 112



  9


    4

   1%



   36


10


    1

   0%



   10


Total


386

100%



1874
· There were 386 samples of 10, or 3860 cards drawn.

· 1874 of these were yes cards; 1874/3860 = 48.5% yes (approximately the population parameter of 48%).

· Approximately 62% of the samples are within 1 SD of the parameter; approximately 98% of the samples are within 2 SD of the parameter.  This approaches the 68% and 95% of the normal distribution (they would be reached with infinite samples).
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Sampling Distribution of Yes's

		STA2000 FH13:  Data from 2 classes combined for a larger number of trials

		No. Yes/10		Frequency		Percentage				No. Y drawn

		0		0		0%				0

		1		5		1%				5

		2		21		5%		(+/- 2 SD)		42

		3		59		15%		(+/- 2 SD)		177

		4		81		21%		(+/- 1 SD)		324

		5		83		22%		(+/- 1 SD)		415

		6		73		19%		(+/- 1 SD)		438

		7		45		12%		(+/- 2 SD)		315

		8		14		4%		(+/- 2 SD)		112

		9		4		1%				36

		10		1		0%				10

		Total		386		100%				1874

		*		There were 386 samples of 10 cards, or 3860 cards drawn.

				1874 Yes's out of 3860 cards drawn = 0.485, or 48.5% Yes.

				This shows that the mean of the samples is approximately 48% Yes.

		**		The SD can be computed as 0.16 or 16%.  Approximately 62% of the samples

				are within 1 SD of the mean.  Approximately 98% of the samples

				are within 2 SD of the mean.

		***		Thus, even though not exactly a normal distribution, this sampling distribution

				is a close approximation to one.
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Sampling Distribution of Yes's

		STA2000 FH13:  Data from 2 classes combined for a larger number of trials

		No. Yes/10		Frequency		Percentage				No. Y drawn

		0		0		0%				0

		1		5		1%				5

		2		21		5%		(+/- 2 SD)		42

		3		59		15%		(+/- 2 SD)		177

		4		81		21%		(+/- 1 SD)		324

		5		83		22%		(+/- 1 SD)		415

		6		73		19%		(+/- 1 SD)		438

		7		45		12%		(+/- 2 SD)		315

		8		14		4%		(+/- 2 SD)		112

		9		4		1%				36

		10		1		0%				10

		Total		386		100%				1874

		*		There were 386 samples of 10 cards, or 3860 cards drawn.

				1874 Yes's out of 3860 cards drawn = 0.485, or 48.5% Yes.

				This shows that the mean of the samples is approximately 48% Yes.

		**		The SD can be computed as 0.16 or 16%.  Approximately 62% of the samples

				are within 1 SD of the mean.  Approximately 98% of the samples

				are within 2 SD of the mean.

		***		Thus, even though not exactly a normal distribution, this sampling distribution

				is a close approximation to one.
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