Comparing Four Classic Sampling Techniques


On July 16, 2010, David Bee distributed an email titled “Some Summer Sampling Stuff” to the AP Statistics Discussion Group.  He wrote:

This was the second week of a six-week summer course I am teaching.  As the textbook is arranged, the second lesson last week focused on the four classic sampling techniques [simple random sampling (SRS), stratified random sampling (STS), systematic sampling (SYS), and cluster sampling (CLS)], which were illustrated with the following artificial population (N=6):


  
 2, 6, 8, 10, 10, 12

Thus, the population mean is 
[image: image1.wmf].
What follows is based on his discussion:

Consider samples of size n=2 under SRS, STS, SYS, and CLS by writing out all possible samples along with their means:

1. Simple Random Sampling (SRS)

a. The table below shows all possible samples for n=2 under SRS:

	Sample
	2,6
	2,8
	2,10
	2,10
	2,12
	6,8
	6,10
	6,10
	6,12
	8,10
	8,10
	8,12
	10,10
	10,12
	10,12
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	4
	5
	6
	6
	7
	7
	8
	8
	9
	9
	9
	10
	10
	11
	11


b. What name would you give the above distribution?


Sampling Distribution of 
[image: image3.wmf]for sample size n=2. 
c. Below is a frequency distribution for this Sampling Distribution for 
[image: image4.wmf] for 
[image: image5.wmf] under SRS.
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d. Enter the data into your calculator and use a statistics command to determine the mean, standard deviation, of this sampling distribution and enter the results in the table in step 5.  Also enter the distribution’s range.  

2.  Stratified Random Sampling (STS)

Consider this stratification:    

	Stratum One:
	2
	6
	8

	Stratum Two:
	10
	10
	12


1. The table below shows all possible samples for n=2 selecting an SRS of size 1 from each stratum:

	Sample
	2,10
	2,10
	2,12
	6,10
	6,10
	6,12
	8,10
	8,10
	8,12
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	9
	9
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2. Below is the frequency distribution for this Sampling Distribution for 
[image: image8.wmf] for  
[image: image9.wmf] under STS.
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3. Using your calculators, determine the Mean, Standard Deviation, and Range of this sampling distribution and enter the results in the table in step 5.  

3. Systematic Sampling (SYS)

1. Consider the population (frame) ordered as 2-6-8-10-10-12.  Since  N/n = 6/2 = 3, select a number at random from 1 to 3 (with 1, 2, 3 corresponding to selecting the 1st, 2nd, 3rd values (2-6-8) and every third value thereafter (10-10-12), which gives the sampling distribution below. 

	Sample
	2,10
	6,10
	8,12
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	6
	8
	10


2. Below is a frequency distribution for this Sampling Distribution for 
[image: image12.wmf] for  
[image: image13.wmf] under SYS.
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3. Enter the data into your calculator and use a statistics command to determine the mean, standard deviation, of this sampling distribution and enter the results in the table in step 5.  Also enter the distribution’s range.  

4. Cluster Sampling (CLS) [Single-Stage Cluster Sampling]

1. Consider this clustering:  

	Cluster A
	2
	6

	Cluster B
	8
	10

	Cluster C
	10
	12


Selecting one cluster at random gives the desired sample size of n=2. Thus, the possible samples and their means are:

	Sample
	2,6
	8,10
	10,12
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	4
	9
	11


2. Below is a frequency distribution for this Sampling Distribution for 
[image: image16.wmf] for  
[image: image17.wmf] 
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4. Enter the data into your calculator and use a statistics command to determine the mean, standard deviation, of this sampling distribution and enter the results in the table in step 5.  Also enter the distribution’s range.  

5. Comparing Results

	Method
	Mean
	Std Dev
	Range

	SRS
	8
	2.07
	7

	STS
	8
	1.33
	4

	SYS
	8
	1.63
	4

	CLS
	8
	2.94
	7


6. Generalization

David concludes in his email: 

“Thus, STS was really the most efficient method, with SYS second, SRS next, and CLS the least....  Finally, for a course like APStat, a follow-up to this [Extra Credit?] might be for the students to figure out a stratification and clustering where CLS would be most efficient and STS least efficient, which is something that in "real life" would lead to the person designing such being axed...).”

What have we learned here?  Can we generalize from these results?

1. In general (which we have not shown here), STS is the best sampling method since its sampling distribution has the lowest standard deviation.  

2. STS should be the best, but poorly constructed strata [such as those 2-10-12 and 6-8-10 strata below] could lead to it being worse than SRS.

3. We want the sampling distribution to have a low standard error.  For example, this will result in a more PRECISE confidence interval.  (See handout Sample Size and Statistical Precision.  Shiken.
Note:  It should be noted that inference techniques using sampling methods other than SRS are outside the realm of AP statistics and involve more sophisticated techniques.  
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