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Topic #1 Introduction
Two factors affect the quantity and quality of information contained in the sample. 
The first is the size of the sample selected. 
The second is the amount of variation in the data; variation can frequently be controlled by the method of selecting the sample. 
The procedure for selecting a sample is called the sample survey design. We will consider various designs, or sampling procedures, for obtaining n observations in a sample. Because observations cost money, a design that provides a precise estimator of the parameter for a fixed sample size yields a savings in cost to the experimenter. The basic design we will discuss is a simple random sample.
If a sample of size n is drawn from a population of size N in such a way that every possible sample of size n has the same chance of being selected, the sampling procedure is called simple random sampling. The sample obtained is called a simple random sample.
It is a consequence of this definition that all individual elements in a population have the same chance of being selected; however, this statement cannot be taken as a definition of simple random sampling because it does not imply that all samples of size n have the same chance of being selected. We will use simple random samples to obtain estimators for population means, totals and proportions.


Example: A federal auditor must examine the accounts of a city hospital. The hospital computer file shows each account and how much the person owes, and the auditor must verify this total. There are 28,000 open accounts in the hospital, and the auditor cannot afford the time to examine every patient record to verify the total accounts receivable figure. The auditor must choose a sampling scheme. After examining this sample, the auditor can estimate the total accounts receivable for the entire hospital. If the computer figure lies within a specific distance of the auditor’s estimate, the computer figure is accepted as valid. Otherwise, more hospital records must be examined for possible discrepancies between the computer figure and sample data. 
Suppose that all N = 28,000 patient records are recorded in a computer file and a sample size of n = 100 is to be drawn. The sample is called a simple random sample if every possible sample of n = 100 records has the same chance to be drawn. Simple random sampling is the foundation of most scientific surveys. 
· Gallup polls that are done by telephone surveys begin by stratifying banks of telephone numbers into various geographic regions but then randomly select phone numbers within these regions by random digit dialing.  Simple random sampling plays a key role, even though the final sample design is much more complex.

· Auditors study simple random samples of accounts in order to check for compliance with audit controls or to verify the actual dollar value of the accounts. Thus, they may wish to estimate the proportion of accounts not in compliance with controls or total value of receivables.

· Marketing research often involves a simple random sample of potential users of a certain product. The researcher may want to estimate the proportion of potential buyers who prefer a certain color of car or flavor of food.

· A forester may estimate the volume of timber or proportion of diseased trees in a forest by selecting geographic points in the area covered by the forest and then attaches a plot of fixed size and shape to that point.

We are faced with two problems now:
1. How can we draw a simple random sample?

2. How can we estimate the various population parameters of interest?



Topic #2 How to Draw a Sample Random Sample
How can we draw a sample from a population in such a way that every possible sample of size n has the same chance of being selected? 
· Should we use our own judgment to randomly select the sample? (Called haphazard sampling)

· Should we choose a sample that we consider to be representative of the population? (Called representative sampling)
Both haphazard and representative sampling are subject to investigator bias. They also lead to estimators whose properties cannot be evaluated! So, neither method leads to a simple random sample.
Simple random samples can be selected using tables of random numbers. A table of random numbers is attached. A random number table is a set of integers generated so that in the long run the table will contain all ten integers (0, 1, 2, 3, 4, 5, 6, 7, 8, 9) in approximately equal proportions, with no trends in the pattern in which the digits were generated. Thus, if one number is selected from a random point in the table, it is equally likely to be any of the digits 0 through 9.
Choosing numbers from the table is the same as drawing numbers out of a hat containing those numbers on thoroughly mixed pieces of paper. Suppose we want to draw a simple random sample of three people to be selected from seven. We could number the people from 1 to 7, put slips of paper containing these numbers into a hat, mix them, and draw out three without replacing the drawn numbers.
It would be the same to drop a pencil on a random point on the attached random number table, say 15th line of column 9 and we decide to use the rightmost digit (a 5, in this case). The procedure is like drawing a 5 from the hat. We may now proceed in any direction to obtain the remaining numbers in the sample. Suppose we decide before starting to proceed down the page. The number immediately below the 5 is a 2, so our second sampled number is 2. We next come to an 8, but there are only seven people in our population; hence, the 8 must be ignored. Two more 5’s then appear, but both must be ignored since person 5 has already been selected (The 5 has been removed from the hat). Finally, we come to a 1, and our sample of three is complete with persons numbered 5, 2, and 1.
· Any starting point can be used on a random number table. Each time you take a sample, you need a new starting point. 

· Many computer programs and graphing calculators can be used to generate random numbers.


Example: There are N = 1000 patient records from which a simple random sample of n = 20 is to be drawn. We know that a simple random sample will be obtained if every possible sample of n = 20 records has the same chance of being selected. We will use the random number table to select the 20 patient records.
We can think of the accounts being numbered from 001, 002,…999, 000. (001 represents the first record, 000 represents the last) We will use the last column (14) of digits starting on row 26 in the table and drop the last two digits of each number. Taking a random sample of 20 digits, be obtain the following sample. 
	Patient#
	Patient#
	Patient#
	Patient#

	957
	766
	732
	457

	252
	880
	427
	693

	982
	485
	873
	667

	904
	35
	204
	978

	696
	880
	180
	595


If a random number occurs twice, the second occurrence is omitted and another is selected as its replacement. 
Topic #3 How to Estimate a Population Mean and Total
Suppose that a simple random sample of n accounts is drawn, and we are to estimate the mean value per account for the total of the hospital records. We naturally take the average of our sample values, Ῡ, to estimate the populations mean μ. 
	Ῡ = (∑y)/n
For this sampling scheme, the probability that any individual piece of sample data is chosen would be equal, or p(y) = n/N and the unbiased estimator of the population total is given by 
	t = ∑(y/p(y)) = ∑(y/(n/N))
Because the population mean is related to the total by the equation T/N = µ, the sample mean will be the unbiased estimator of the population mean. That is E(y) = µ. 
The single value of E(y) tells us very little about the population mean unless we are able to evaluate the goodness of the estimator. In addition to estimating µ, we would like to place a bound of error on the estimation. To accomplish this, we will need the variance of the estimator; for a simple random sample chosen without replacement from a population of size N, 
	v(y) = (s²/n)(N-n)/(N)
The variance of the estimator is multiplied by a correction factor to adjust for the sampling from an infinite population.
Lets go back to that previous example in which we selected a sample of n = 2 from a population of (1,2,3,4). 
In a single observation, µ = E(y) = ∑yp(y) = 1(.25) + 2(.25) + 3(.25) + 4(.25) = 2.50
And the variance would be (1-2.5)²(1/4) + (2-2.5)²(1/4)+(3-2.5) ²(1/4)+(4-2.5) ²(1/4) = 5/4 
The table below shows the six possible samples of size 2
	Sample
	Probability of Sample
	‘t – estimated total
	Ῡ – estimated mean
	‘v – sample variance
	V – variance  with correction factor (s²/n)[(N-n)/N]

	(1,2)
	1/6
	1/.5+2/.5 = 6
	(1+2)/2 = 1.5
	(1-1.5)²+(2-15.)² = 0.5
	0.5/4 = 0.125

	(1,3)
	1/6
	8
	2.0
	(1-2.0)²+(3-2.0)² = 2.0
	2.0/4 = 0.500

	(1,4)
	1/6
	10
	2.5
	(1-2.5)²+(4-2.5)² = 4.5
	4.5/4 = 1.125

	(2,3)
	1/6
	10
	2.5
	(2-2.5)²+(3-2.5)²= 0.5
	0.5/4 = 0.125

	(2,4)
	1/6
	12
	3.0
	(2-3.0)²+(4-3.0)²= 2.0
	2.0/4 = 0.500

	(3,4)
	1/6
	14
	3.5
	(3-3.5)²+(4-3.5)²= 0.5
	0.5/4 = 0.125



Mean E(y) = (1.5)(1/6) +(2.0)(1/6) +(2.5)(1/6)+(2.5)(1/6)+(3.0)(1/6)+(3.5)(1/6) = 2.50 = µ
Variance E(Ῡ-µ)²=(1.5-2.5)²(1/6)+(2.0-2.5) ²(1/6)+(2.5-2.5)²(1/6)+(2.5-2.5)²(1/6)+(3.0-2.5)²(1/6)+(3.5-2.5)²(1/6) = 5/12
Recall that variance was 5/4, N = 4, n = 2, so   v(y) = (s²/n)(N-n)/(N-1) = [(5/4)/2][(4-2)/(4-1)] = (5/4)(1/3) = 5/12
Sample Variances:  E(s²) = (0.5+2.0+4.5+0.5+2.0+0.5)/6 = 5/3   Same as original variance times [N/N-1] = (5/4)(4/3) = 5/3
Also E(V) = (0.125+0.500+1.125+0.125+0.500+0.125)/6 = 5/12
· Estimator of the Population Mean:     Ῡ = (∑y)/n

· Estimator of the variance of Ῡ:   v(y) = (s²/n)(N-n)/(N)

· Bound on the error of estimation:   2√v = 2√[(s²/n)(N-n)/(N)]
The quantity (N-n)N is called the finite population correction (fpc). When n is small compared to N, the fpc may be ignored if (N-n)/N ≥.95. In that case, the estimated variance is the more familiar s²/n. 
If a sample of voters is selected from the population of a state, , to obtain a precise number for N for that point in time is generally impossible. N is assumed to be quite large and the fpc is ignored. 
If a two standard deviation bound on the error (often called the margin for error) is subtracted and added to the sample mean, the resulting confidence interval has approximately 95% chance of capturing the population mean within its boundaries. 

Example: Suppose we took a sample (n = 200) from the accounts receivable of a hospital (N = 1000). The mean of the sample was found to be Ῡ = $94.22 and the sample variance s² = $445.21. 
We need to estimate the average of all 1000 of the hospital accounts.  We would use Ῡ to estimate µ, but we know that Ῡ includes some error (because it is a sample). Instead of giving a point estimate, we would like to give a range of values that have an approximately 95% probability of including the correct parameter. We want to add and subtract 2 standard deviations from the mean.
	2√v = 2√[(s²/n)(N-n)/(N)] = √[(445.21/200)(800/1000)] = 2√1.7808 = $2.67
So we estimate the mean to be Ῡ = $94.22. We believe that we have a normal distribution because n is large (200). The 95% confidence interval for the mean would be $94.22 ±$2.67. We give the range of values ($91.55, $96.89).


Another Example : A simple random sample of n = 9 hospital records is drawn to estimate the average amount of money due on N = 484 open accounts. The sample values for these nine records are:
	$33.50    $32.00    $52.00    $43.00    $40.00    $41.00    $45.00    $42.50    $39.00
We compute the sample mean:      Ῡ = (∑y)/9 = 368.00/9 = $40.89
The variance:  s² = [∑(y-Ῡ)²]/(n-1) = $35.67
Error of estimation: 2√v = 2√[(s²/n)(N-n)/(N)] =                   												√[(35.67/9)(475/484)]=2√3.89=$3.94
We estimate that the mean amount of money owed µ is Ῡ = $40.89. Although we cannot be certain how close Ῡ is to µ, we are reasonably confident that the error of estimation is no more than $3.94.
We have looked at the mean extensively. What about the total?
Estimator of the population total: T = N(∑y)/n
Estimated variance of the estimator V = N²( s²/n)[ (N-n)/(N)]
Bound of error of estimation  2√v = 2√ {N²( s²/n)[ (N-n)/(N)]}
Yet another example: A population of N = 750 employees from which a random sample of n = 50 time-log sheets was obtained. The average amount of time lost for the 50 employees was Ῡ = 10.31 hours per week. 
The estimate for the total population is T = 750(10.31) = 7,732.5 hours
The error of estimation is 2√v =2√ {N²( s²/n)[ (N-n)/(N)]}  
                      =  2√{750²(2.25/50)(700/750)} =  2√23,625 = 307.4 hours
The estimated time lost is 7,732.5 hours. We are reasonably confident that the error of estimation is less than 307.4 hours.										


