Estimation of population variance and mean from sample data

Sampling distribution of sample means.


Often, you will need to use sample data to estimate the mean, variance, and standard deviation of your population of interest.  Take lots and lots (an infinite number) of samples, calculate the mean for each sample, and then take the average of the resulting distribution of sample means.  The mean of all sample means will equal the population mean.  That is, the sample mean provides an unbiased estimate of the population mean.


The corresponding estimation process for the population variance is more complex: The formula for the unbiased estimate is  S2 = (1/(N-1)) ∑(X-M)2 .  The average of all of these unbiased estimates will yield the population variance.


Demonstration. Consider the population [2, 4, 6].  The  of this population is 4.00, and the 2 is 2.67.  Given the extremely small size of this population, it is possible to list all the possible samples of size N = 2.  For each possible sample, the sample mean, the biased variance estimate, and the unbiased variance estimate are presented below.

Sample  
Sample Mean

Unbiased: (1/(N-1)) ∑(X-M)2

2,2

2


0

2,4

3


2

2,6

4


8

4,2

3


2

4,4

4


0

4,6

5


2

6,2

4


8

6,4

5


2

6,6

6


0

___________________________________________________

average:
4.00


2.67

Note that the distribution of sample means is closer in shape to a normal distribution than was the original distribution of scores.  The Central Limits Theorem expresses this pleasing notion for the general case.  This tendency towards normality in the distribution of sample means is stronger with larger sample sizes.


Note also that the variance and standard deviation of the distribution of sample means are smaller than the corresponding parameters of the original population.  The variance of the distribution of sample means is the variance of the single scores divided by the sample size, which is N = 2 for this demonstration: 2.6667 / 2 = 1.3333.  The standard error of the mean (the standard deviation of the distribution of sample means) equals the standard deviation of the original population divided by the square root of the sample size.
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Adapted from Table D.10.





Larger
Smaller

z
Mean to z
Portion
Portion

0.00
.00

.50
.50


0.20
.08

.58
.42


0.40
.16

.66
.34


0.50
.19

.69
.31


0.60
.23

.73
.27


0.80
.29

.79
.21


1.00
.34

.84
.16


1.20
.38

.88
.12


1.50
.43

.93
.07


1.645
.45

.95
.05


1.96
.475

.975
.025


2.00
.48

.98
.02


2.50
.49

.99
.01


3.00
.50

.00
.00
