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Topic 16

Sampling Distributions 1: Proportions.

Overview
You have been studying probability and probability distributions.  These ideas arise in the practice of statistics because sound data collection strategies involve the deliberate introduction of randomness.

Therefore, drawing meaningful conclusions from sample data requires an understanding of properties of randomness.

In this topic you will study how sample proportions vary from sample to sample, in a predictable manner that enables us to draw conclusions about the underlying population.

Objectives

· To continue to practice distinguishing between parameters and statistics.

· To gain an understanding of the fundamental concept of sampling variability.

· To discover and understand the concept of sampling distributions as representing the long-term pattern of variation of a statistic under repeated sampling.

· To discover the effects of sample size on the sampling distribution of a sample proportion.
Activity 16-1:  Parameters and Statistics

Recall that a population consists of the entire group of people of objects of interest to an investigator, while a sample refers to the part of the population that the investigator actually studies.  Also remember that a parameter is a numerical characteristic of a population and that a statistic is a numerical characteristic of a sample.

You must be very care to use different symbols to denote parameters and statistics.  Here is a chart.
	
	(Population)

Parameter
	(Sample)

Statistic

	Proportion


	
[image: image1.wmf]p


	
[image: image2.wmf]µ

p

 “p-hat”

	Mean
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 “x-bar”

	Standard Deviation
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 “sigma”
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Identify each of the following as a parameter or statistic, indicate the sysmbol, and state the population of interest.

(a) The proportion of American voters from the 1996 election who voted for Ross Perot.
(b) The mean amount of money spent on Christmas presents by all adults in 2005.

(c) The proportion of adults who told a Gallup pollster that they believe in witches.

(d) The standard deviation of the number of cats in all households in America.
(e) The proportion of “heads” in 100 coin flips.

(f) The mean weight of 20 bags of potato chips.
Activity 16-2:  Colors of Reese’s Pieces Candies

Consider the population of Reese’s Pieces candies by Hersey.  Suppose you want to learn about the distribution of the colors of these candies but can only afford a sample of 25.  Below is a table of the distribution of the color of candies.

	
	Orange
	Yellow
	Brown

	Count
	10
	8
	7

	Proportion
	0.40
	.032
	.028


(a) From the table alone, can you tell what the true proportion of orange candies are from this ample?

(b) From the table alone, can you tell what the true proportion of orange candies manufactured by Hersey is?

[image: image32.wmf]10

np

³

[image: image33.wmf](1)10

np

-³


Suppose you put your data of 25 candies together with 19 other students’ data of 25 candies on a scatter plot to observe everyone’s proportion of orange candies.
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(c) Did everyone obtain the same proportion of orange candies?

(d) Identify the observational units in this display and the variable being measured.

(e) If everyone were to estimate the population proportion of orange candies by the proportion of orange candies in their sample, would everyone arrive at the same estimate?


(f) Having the benefit of now looking at the sample results of 20 students, take a guess of the population proportion of orange candies.
(g) Assuming each student had access to only their own sample would most estimates be reasonable close to your unbiased estimate above?  Would some be way off?  Explain.

Activity 16-3:  Simulating Reese’s Pieces

Run this simulation on your calculator: Randbin(25,.45,500) ( L1. (randBin is found by pressing the “Math” key and scrolling over to “PRB”) This takes about 6 minutes.  Think of these as 500 students each taking a random sample of 25 Reese’s Pieces and counting how many orange pieces they have.  Now, calculate the sample proportions and store in List 2.

(a) On your calculator create a histogram of List 2with x-scale of .02.  

(b) Describe shape, center, and spread of the histogram above.

The patterned displayed by the variation of the sample proportion is called the sampling distribution of the sample proportion.  Even though the sample proportion of orange candies varies from sample to sample, there is a recognizable long- term pattern to that variation.  These simulated sample proportions approximate the theoretical sampling distribution derived from all possible samples of a fixed size n.


(c) Calculate the following and use the correct symbols:

Mean of 
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 values:

Standard Deviation of 
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 values:

(d) Make another histogram of ListTwo , but FIRST rescale the window as follows:

Xmin:  .45 – 3(.1)
Xmax:  .45 + 3(.1)
Xscale:  .1

Ymin:
-40

Ymax:   250

Yscale:  20
Sketch the six bars of this histogram and include the number of trials in each bar at the top of each bar:

(e) What percentage of all trials are in the center two columns?

What percentage of all trials are in the center four columns?

What percentage of all trials are in all six columns?

(f) Forget for the moment that you have designated the population proportion of orange candies to be .45.  Suppose that each of these 500  imaginary students was to estimate the population parameter by going  a distance of .20  on either side of her or his sample proportion.  What percentage of the 500 students would capture the actual population proportion (.45) within this interval?

This question reveals that if one wants to be 95% confident of capturing the population proportion within a certain distance of one’s sample proportion, that “distance” should be about twice the standard deviation of the sampling distribution of sample proportions.

(g) Still forgetting that you actually know the population proportion of orange candies to be .45, suppose you were one of those 500 imaginary students.  Would you have any way of knowing definitely whether your sample proportion was within .20 of the population proportion?  Would you be reasonably “confident” that your sample proportion was within .20 of your population proportion?  

While one cannot use a sample proportion to determine a population proportion exactly, one can be reasonably confident that the population proportion is within a certain distance of the sample proportion.  This “distance” depends primarily on how confident one wants to be and on the size of the sample.  You will study this notion extensively when you encounter confidence intervals in Topics 19 and 20.

One need not use simulations to determine how sample proportions vary from sample to sample.  An important theoretical result affirms what your simulations have suggested about the shape, center, and spread of this distribution:

Central Limit Theorem (CLT) for a Sample Proportion: 

Suppose that a simple random sample of size n is taken from a large population in which the true population possessing the attribute of interest is 
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.  Then the sampling distribution of the sample proportion 
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 is approximately normal with mean 
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 and standard deviation 
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.  This approximation becomes more and more accurate as the sample size 
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 increases, and it is generally considered to be valid provided that
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Notice that this result specifies three things about the distribution of sample proportions:  shape, center, and spread.  Specifically

Shape:       approximately normal


Center:      
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  Spread:      
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Activity 16-6:  Presidential Votes
In the 1996 Presidential election, Bill Clinton received 49% of the popular vote, compared to 42% for Bob Dole and 9% for Ross Perot. Suppose that we take a simple random sample of 100 voters from that election and ask them for whom they voted.

(a) Would it necessarily be the case that these 100 voters would include 49 Clinton votes, 41 Dole votes, and 8 Perot votes?

(b) Now suppose you were to repeatedly take SRS’s of 100 voters.  Would you find the same proportion of Clinton voters each time?

(c) According to the Central Limit Theorem, what would be the standard deviation of the sampling distribution of the sample proportion of Clinton votes?

(d) According to the empirical rule, about 95% of your samples would find the sample proportion of Clinton voters to be between what two values?
(e) Use the CLT (Central Limit Theorem) to calculate the standard deviations of the sampling distribution of these sample proportions for each of the following values of n:
	   N
	50
	100


	200


	400


	500


	800


	1000


	1600


	2000
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(f) By how many times does the sample size have to increase in order for the standard deviation to be cut in half?   Can you support this algebraically?

Now think about a different election with different candidates.  Let 
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 represent the proportion of votes received by a certain candidate.    Suppose that you repeatedly take SRSs of 100 voters and calculate the sample proportion who voted for this candidate.

(g) Use the CLT to calculate the standard deviation of the sampling distribution of these sample proportions for each of the following values of 
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	0


	.1
	.2
	.3
	.4
	.5
	.6
	.7
	.8
	.9
	1
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(h) Construct a scatterplot of these standard deviations vs. the population proportion 
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. Sketch below:

(i) Which value of 
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 produces the most variability in sample proportions?

(j) Which values of 
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produce the least variability in sample proportions?  Explain in a sentence or two what happens in these cases.

Activity 16-13:  Halloween Practices

A 1999 Gallup survey of a random sample of 1005  adult Americans found that 69% planned to give out Halloween treats from the door of their home.

(a) Is this .69 a parameter or a statistic?  Explain.

(b) Does this finding necessarily prove that 69% of all adult Americans planned to give out treats?  Explain.
(c) If the population proportion planning to give out treats had really been .7, would the sample result have fallen within two standard deviations of .7 in the sampling distribution?  Support your answer with the appropriate calculation. [hint:  To fall “within two standard deviations” means that the difference between the observed statistic 
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= .69 and the parameter value .7 is less than two times  the standard deviation of  
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(d) Repeat (c) if the population proportion had really been .6.

(e) Working only with multiples of .01 (e.g., .60, .61, .62,…) determine and list all potential values of the population proportion 
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for which the observed sample proportion .69 falls within two standard deviations of 
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 in the sampling distribution.  Show calculations to support your list.  [ Hint:  since the standard deviation of 
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is very similar for all of these 
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values, you might want to calculate it once and then use that approximation throughout.]

Activity 16-14:  Halloween Beliefs

A 1999 Gallup poll found that 22% of a sample of 493 adult Americans said that they believe in witches.

(a) Would it be possible to obtain this sample result if the proportion of all American adults who believe in witches is .23?  Explain by calculating a range of values that are ±2 standard deviations away from .23.

(b) Would it be possible to obtain this sample result if the proportion of all American adults who believe in witches is .25?  Explain by calculating a range of values that are ±2 standard deviations away from .25.
(c) Would it be possible to obtain this sample result if the proportion of all American adults who believe in witches is .30?  Explain by calculating a range of values that are ±2 standard deviations away from .30.
(d) The following histograms show simulations of 1000 repetitions of asking 493 people whether they believe in witches.  One of them was based on an assumption that 23%  of the population believes in witches, one assumed that 25% do, and the third assumed that 30% do.  Identify which parameter value goes with which histogram.


(e) Based on the sample proportion obtained by the histogram and your answer to (c), is it plausible that 30% of all American adults believe in witches? Explain.

Topic 16 Wrap Up

This topic has emphasized the fundamental distinction between a parameter and a statistic.  You have explored the obvious (but crucial) concept of sampling variability and learned that this variability displays a very definite pattern in the long run.  This pattern is known as the sampling distribution of the statistic.  You have investigated properties of sampling distributions in the context of sample proportions.  You have also discovered that larger sample sizes produce less variation among sample proportions, and the Central Limit Theorem provides a way of measuring that variation.

In addition, you have begun to explore how sampling distributions relate to the important idea of statistical confidence:  that one can have a certain amount of confidence that the observed value of a sample statistic falls within a certain distance of the unknown value of a population parameter.  You have also encountered the issue of statistical significance.  You have learned that the question of statistical significance relates to how often an observed sample result would occur by sampling variability or chance alone.

In the next topic you will study sampling distributions not of sample proportions but of sample means, and you will continue to explore the connection between sampling distributions and the fundamental concepts of confidence and significance.

Also there are two conditions for valid use of these formulas:





� EMBED Equation.DSMT4  ��� and � EMBED Equation.DSMT4  ���.








These simple questions point out that it is easy to find sample statistics but one rarely knows the population parameter.  A primary goal of sampling is to estimate the value of the parameter based on the statistic.
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These simple questions illustrate a very important statistical property known as sampling variability:  Values of sample statistics vary from sample to sample.  The difference between the population parameter and the sampling statistics is called the sampling error.





A statistics is an unbiased estimate of a parameter if the values of the statistic from different samples are centered at the parameter.  Unbiased statistics result from unbiased means of gathering data where randomization is used in the design.





The precision of a sample statistic refers to its variability from sample to sample.  Precision is related to sample size:  Sample means and sample proportions from larger samples are more precise (closer together) than those from smaller samples.  Since these statistics are also unbiased, those from larger samples provide more accurate estimates of the corresponding population parameter.
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