PROBLEM SET 3

1) With a few words and diagrams define the standard deviation and standard error of the mean. What is the purpose of using one versus the other?

   The standard deviation is a descriptive statistic estimating the amount of variation in a population.

That is its use. The standard error of the mean is used to provide information on how precisely the mean has been estimated.

   The standard error of the mean can be interpreted as:

a) the standard deviation of the sampling distribution of means of fixed size, n, from a population. or more commonly

b) it is a measure of precision of the estimate of a mean.

where the standard error of the mean is estimate by 

the standard deviation divided by the square root of the sample size. (draw distribution of population and sampling distribution of means to illustrate.

2) For each of the following data sets estimate the mean and the standard error of the mean (do this by hand using SAS).

 data set 1
      data set 2
        data set 3
       data set 4

1

14.1

398.1
 
 61.32




3

16.3

-20.2

-21.10

6

19.5

  31.6

    1.00

8

18.4

-81.4

    1.00

          10

26.5

-92.1

    1.00


Data two;

input d1;

cards;

1






3



6


8



10




;

proc means mean n std stderr;

run;

Note that you can just run Proc Univariate to get this information which is probably easier to do and remember.
	The SAS System


The MEANS Procedure 

	Variable
	Mean
	N
	Std Dev
	Std Error

	d1
	5.6
	5
	3.6
	1.6

	d2
	18.96
	5
	4.69
	2.099

	d3
	47.20
	5
	202.40
	90.52

	d4
	8.644
	5
	30.963
	13.847


3) Here are weights of fish (kg) sampled randomly from Lake St. George: 1.42, 2.63, 3.21, 1.11, 0.63, 5.20.

Estimate the standard error the mean and the approximate 95% confidence limits for these data.

Here’s how to do this by “hand”:

∑x = 1.42+ 2.63+ 3.21+ 1.11+ 0.63+ 5.20

∑x =14.2

Mean = 14.2/6 = 2.367

∑x2 =1.422+ 2.632+ 3.212+ 1.112+ 0.632+ 5.202
∑x2 = 47.9064
So sample variance is estimated as follows:
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Where n = 6 in this case.
S2 = (47.9064 – 14.22/6)/(5-1)
S2 = 2.859947
The standard deviation is given by square root of the variance so:

S = 1.691138 
And finally the standard error of the mean, SEmean,is given by:   SEmean = s/n0.5 
SEmean = 1.691138/2.44949 so SEmean = 0.690404

Or rounding to one more decimal place than possessed by the raw data, this gives 

SEmean = 0.690
Approximate 95% confidence interval:
The approximate upper and lower limits are obtained as

the mean +/- 2 x SEmean
so lower limit is 2.367 - 2x0.690 = 0.986

   upper limit is 2.367 + 2x0.690 = 3.747

so we are 95% confident that the true mean lies somewhere

between these upper and lower limits.

Data three;
input fishwt;

cards;

1.42 
2.63 
3.21 
1.11 
0.63 
5.20

;

proc means mean n std stderr;

run;

Or, just use proc univariate.

	The SAS System


The MEANS Procedure 

	Analysis Variable : fishwt 

	Mean
	N
	Std Dev
	Std Error

	2.3666667
	6
	1.6911377
	0.6904041


 Note, SAS will not give you approximate 95% CI. It will give you the exact 95% CI under the assumption of a normal distribution if you use the following statement:

PROC UNIVARIATE CIBASIC;

The option CIBASIC for proc univariate requests 95% confidence intervals. 
4) The following questions apply to probabilities of rolling various numbers using fair dice.

a) What is the probability of rolling a single die and 

   obtaining a 2 or a 6?

given these are mutually exclusive events:

Pr[2 or 6] = Pr[2] + Pr[6] = 1/6 + 1/6 = 1/3

b) What is the probability of rolling a single die and 

   obtaining a 2 and 6?

given these are mutually exclusive events it is impossible to get both of these so:

Pr[2 and 6] = 0

c) What is the probability of rolling a die and obtaining a   

   4, and then rolling a second die and obtaining a 4?

Assuming these events are independent 

Pr[4 on first roll and 4 on 2nd roll] = 1/6 x 1/6 = 1/36

d) What is the probability of rolling a single die and    

   obtaining a 1 or a 3 or a 5?

given these are mutually exclusive events:

Pr[1 or 3 or 5] = Pr[1] + Pr[3] + Pr[5] = 1/6+1/6+1/6 = 1/2

e) What is the probability of rolling three dice and 

   obtaining a 1, on the first die, a 2 on the second, and 

   a 3 on the third?

Assuming these are independent events:
Probability = 1/6 x 1/6 x 1/6 = 1/216 

5) Returning to the planet Xenophobia, we know that hair colour (there are four mutually exclusive hair colours: purple, orange, yellow and beige) is independent of ear colour (there are two mutually exclusive ear colours: red and green). The probabilities of various hair and ear colours are given below:

Pr[hair purple] = 0.3          Pr[ear red]   = 0.2

Pr[hair orange] = 0.2          Pr[ear green] = 0.8

Pr[hair yellow] = 0.1

a) What is the probability of having beige hair?

There are four mutually exclusive hair colours and the probabilities must sum to 1.

So Pr[beige] = 1 - 0.3 -0.2 -0.1 = 0.4.

b) Calculate the probabilities of each Xenophobian below:

   i)   Red-eared, yellow-haired Xenophobian?

since hair and ear colour are independent this is given by:

Pr[Red-ear and yellow-hair] = Pr[Red-ear]x Pr[yellow-hair]

            = 0.2 x 0.1

            = 0.01

   ii)  Green-eared, orange-haired Xenophobian?

since hair and ear colour are indept:

Pr[green-ear and orange-hair]=Pr[green-ear]xPr[orange-hair]

            = 0.8 x 0.2

            = 0.16

iii) Green-eared, purple-haired Xenophobian?

since hair and ear colour are indept:

Pr[green-ear and purpl-hair]=Pr[green-ear]xPr[purp-hair]

            = 0.8 x 0.3

            = 0.24

iv)  You randomly sample a single Xenophobian and find

        they have beige hair. What is the probability they

        have red ears given that they have beige hair?

Pr[beige]=0.4, since events are independent the conditional statement is irrelevant; hair colour doesn't influence ear colour and vice versa.

iv)  You randomly sample a single Xenophobian and find

        they have green ears. What is the probability they

        have purple hair given that they have green ears?

as above the conditional statement isn't relevant

Pr[purple hair] = 0.3

   v)   What is the probability of randomly sampling 3 

        Xenophobs all of whom have yellow hair and red 

        ears?

So here we first need to calculate the probability of obtaining a single xenophob with yellow hair and red ears.
These are independent so we'll just multiply their independent probabilities. Then, since we are random sampling three times, each of the samples will also be independent so we'd multiply the probabilities we just obtained:

so Pr[of sampling 3 yellow-hair red-ear] =

= {Pr[Yell]xPr[red]}x{Pr[Yell]xPr[red]}x{Pr[Yell]xPr[red]}

= {0.1x0.2}x{0.1x0.2}x{0.1x0.2} = 0.000008

   vi)  What is the probability of randomly sampling a 

        purple-haired, green-eared Xenophobian or an 

        orange-haired, red-eared one?

Pr[purp hair and green ear]=Pr[purp]xPr[green]= 0.3x0.8=0.24

Pr[orange hair and red ear]=Pr[orange]xPr[red]=0.2x0.2=0.04

Prob [purp-green OR orange-red] given by the sum of these two mutually exclusive events calculated above

= 0.24+0.04 = 0.28

6) Constructing box and whisker plots

a)You can use SAS to plot box and whisker plots.

Here is the SAS code to plot a box and whisker plot where you have two samples correspond to two treatment groups. So, you'll want to plot a box and whisker plot for each of the treatment groups plotting them on the same axes. The sas program below does this. Run it as shown to ensure it works. So in the data set below, the variable TREAT indicates which treatment group each individual belonged to (group 1 or 2). Variable X is the actual measured value on each individual (eg number freckles on their left index finger).

DATA STUFF;

INPUT TREAT X;

CARDS;

1 2

1 3

1 4

1 5

1 6

1 7

1 8

1 7

1 6

1 5

1 5

2 2

2 3

2 4

2 5

2 6

2 7

2 8

2 7

2 6

2 5

2 5

2 100

;

PROC SORT;

BY TREAT;

PROC BOXPLOT;

      PLOT X*TREAT /BOXSTYLE=SCHEMATIC;

RUN;
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b) Imagine you have 3 groups of plants that you subject to three different fertilizer treatments (N=Nitrogren, P=Phosphorus, K=Potassium) and you then measure their heights after 3 months growth.

Here are the heights in cm.

Height of plants receiving Nitrogen

23.3 23.0 25.8 23.2 24.0 26.6 23.1 48.7 23.1 24.5 22.3 22.5 23.9 29.6 26.7 20.6 24.0 24.3 24.4 24.3 25.4 26.0 30.0 26.1 22.6 50.2 24.3 25.5 23.8 22.7

Height of plants receiving Phosphorus

11.3 17.4 16.4 16.4 18.9 3.2 16.3 12.6 10.5 16.4 14.5 15.4 15.0 17.3 13.9 15.4 13.9 15.5 12.7 14.0 18.1 15.2 16.9 14.2 17.0 17.4 16.0 15.4 17.4 15.1

Height of plants receiving Potassium

10.1 10.5  9.4  6.5 10.7 11.4 10.3  7.7 10.2  5.8  7.6 31.1  7.2  7.4 10.0  8.5 13.7  8.4 10.0  9.8  9.0 12.4  9.3  9.2  9.1 10.9  8.3 14.3  9.7 10.6 

Set up and run a SAS program to plot box and whisker plots of each of the fertilizer treatments on a single graph.

Comment on the differences, if any, among the treatments.

So you'll need to put the data in the following format and set up the SAS program as below:

DATA STUFF;

INPUT FERT $ HEIGHT;

CARDS;

nitro       23.3

nitro         23

nitro       25.8

nitro       23.2

nitro         24

nitro       26.6

nitro       23.1

nitro       48.7

nitro       23.1

nitro       24.5

nitro       22.3

nitro       22.5

nitro       23.9

nitro       29.6

nitro       26.7

nitro       20.6

nitro         24

nitro       24.3

nitro       24.4

nitro       24.3

nitro       25.4

nitro         26

nitro         30

nitro       26.1

nitro       22.6

nitro       50.2

nitro       24.3

nitro       25.5

nitro       23.8

nitro       22.7

phos        11.3

phos        17.4

phos        16.4

phos        16.4

phos        18.9

phos         3.2

phos        16.3

phos        12.6

phos        10.5

phos        16.4

phos        14.5

phos        15.4

phos          15

phos        17.3

phos        13.9

phos        15.4

phos        13.9

phos        15.5

phos        12.7

phos          14

phos        18.1

phos        15.2

phos        16.9

phos        14.2

phos          17

phos        17.4

phos          16

phos        15.4

phos        17.4

phos        15.1

potas       10.1

potas       10.5

potas        9.4

potas        6.5

potas       10.7

potas       11.4

potas       10.3

potas        7.7

potas       10.2

potas        5.8

potas        7.6

potas       31.1

potas        7.2

potas        7.4

potas         10

potas        8.5

potas       13.7

potas        8.4

potas         10

potas        9.8

potas          9

potas       12.4

potas        9.3

potas        9.2

potas        9.1

potas       10.9

potas        8.3

potas       14.3

potas        9.7

potas       10.6

;

PROC SORT;

BY FERT;

PROC BOXPLOT;

      PLOT HEIGHT*FERT /BOXSTYLE=SCHEMATIC;

RUN;
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There appear to be differences in plant height as a function of fertilizer treatment. Nitrogen fed plants have the greatest value with both mean and median exceeding that of other treatments. Phosphorus is next, but the whiskers certainly show some degree of overlap.

Note that there are a small number of outliers in each treatment.

7) Use SAS and the data set below to explore the shape of the sampling distribution of the mean. Each column of data below contains a sample from the same population. For each column construct a frequency histogram and compute the mean and standard deviation for each of these five columns. Then, compute the mean of the five numbers in each line of data (using SAS of course) and construct a frequency histogram of these means and estimate the mean and standard deviation of this distribution of means.

a) Comment on the shape of the each of the 5 distributions of each column of data. How do they compare to the shape of the distribution of means ? 

b) What is the approximate relationship between the mean of each column of data and the mean of the distribution of means?

c) What is the approximate relationship between the standard deviation of each column of data and the standard deviation of the distribution of means?

e) Optionally, if you want to explore this further, calculate the mean of just the first two columns for each line and plot that distribution as above. Then do the same for the first 3 columns, and plot it. Then do the first 4 columns.

Note that if you use PROC UNIVARIATE you can specify the bins that should be used to specify how the histograms are constructed. You can specify where the endpoint of each histogram bar is to occur and how wide they should be using the ENDPOINTS OPTION. So for the data below I suggest the following statement:

PROC UNIVARIATE;

HISTOGRAM / VSCALE = COUNT ENDPOINTS = 5 TO 15 BY 1;

Data runi;

input x1 x2 x3 x4 x5;

xm=(x1+x2+x3+x4+x5)/5;

cards;

8.1  6.0  5.8 14.8 10.2

 9.9 12.2 13.3  9.8 14.5

12.7  5.8 14.9 13.0 11.9

 7.5 14.3  8.7  6.1 12.4

14.9 13.8 11.1  9.4 14.3

10.2 10.9 10.5 13.5  8.3

12.8 13.5 12.0  7.8 13.3

11.2 10.1 13.8  7.6  8.9

13.1  7.7 14.3 14.9  5.5

10.5 11.5  6.8 14.7 14.3

 7.6 14.1  6.7  9.0  6.9

 7.5  6.5  8.3 12.2 11.7

12.1  7.4 14.0 14.5  6.3

12.8  7.7 10.9 14.5  6.3

11.1 13.0  6.3  9.2 13.5

 5.9 12.5 11.8  5.9  8.2

13.3 10.7 12.7  6.8 14.1

 6.8 10.4  7.0  5.4  9.3

13.0 11.0 13.8 12.4 10.1

 7.8 13.9  5.1 14.0 13.5

 8.4  8.9  5.4 13.6 14.3

 8.6  7.4  5.7 14.8 13.3

12.8  8.2 14.6  8.5 11.2

 9.0  6.2 14.3  7.8  6.2

10.2 13.7 12.2  7.8 10.5

14.4 14.6 13.1  9.8 10.6

 5.6  7.5  8.2 11.4 12.8

13.2  6.6 14.3 13.9  6.2

 9.4 11.6  6.4 12.7 11.7

10.6 11.1  5.6  6.7 14.2

 6.3 11.7 12.7 14.5  9.9

 9.6 14.5 12.6 12.0  7.2

 6.9  6.5 10.0  6.3  7.2

 6.5 13.2  5.7 14.9  6.0

 7.8  8.3 14.8 14.4 11.4

 9.0  9.2  7.3  5.5  9.9

 8.8  6.7 12.2 13.0  7.9

 6.0 11.6  6.0  9.0  5.7

 8.1  8.1  6.1 13.6 10.1

11.5  7.9 10.5  8.0  7.4

 8.7 12.0 13.8 14.9 12.5

 5.4 11.1 12.4 11.4  9.1

12.3 13.8 11.5  6.1 11.5

 7.7  7.5 11.5  6.3  9.2

 8.6 11.3 13.1  5.6 13.2

 6.5 12.8 12.3  6.9 14.3

11.9  7.5 14.2  9.7  9.0

 7.5  6.3 11.7 13.1 10.1

 6.4 14.6  9.1 14.9  9.3

 9.5 13.4  7.2 11.3  5.4

 8.7  9.4  7.3  9.4  7.0

10.6  6.5  8.7  7.9  8.6

10.5 11.4  7.2 10.5 14.2

 8.0 14.0  5.7 10.3 12.6

 6.9 10.2 12.4 12.2 11.6

 9.6  7.7 12.4  8.8  7.1

10.0 14.7  9.3  5.7 13.4

 6.3 12.3 12.9 10.0 14.2

13.7  9.8  6.0  9.8 10.0

 9.2 10.8 13.1 10.1  9.1

 5.5 14.7  6.3 11.8 10.8

 6.7 10.4 10.5 11.7  6.4

12.3  6.2  6.8  9.8  7.5

 6.8 13.4  9.5 10.7 10.2

 6.9  8.2  7.7 11.8  7.0

 8.9  9.4 13.5  8.6 14.0

14.5 10.0  8.4 10.4  5.9

 7.5 10.2  5.4 11.7 14.7

10.5  5.5 10.8 10.7 14.7

10.7  5.1 14.5  5.3  7.2

10.7  7.3  9.7 10.9 12.2

 7.7 10.9 13.2 11.3 12.8

 5.6  6.9 13.3  7.2 11.4

 7.1  6.0  9.3  6.9  9.4

12.3 14.9 14.8  8.7 12.0

 8.1 12.6 11.1 11.0 10.7

 8.2 14.5  6.3  8.8  7.0

14.7  6.6  6.5  8.4  7.9

 8.3 11.4 10.9  7.7 10.3

 5.5  9.8  7.8  6.1 10.1

 5.3  6.4  7.6  8.2 11.5

14.7  6.4 14.4 13.1  7.4

 8.8  6.8  7.6 14.1 11.3

 6.2 14.8  8.7  6.2  7.6

12.4  8.8  5.3  7.0  5.1

12.7 14.3  5.2 12.8  9.1

11.2 14.3  6.2  8.0 13.6

 9.2 13.5 13.4  9.5  7.0

 5.9  6.4  5.0  9.5  7.5

 5.7  7.2  7.5 11.2 12.5

 8.6  6.1 10.0  9.1  9.7

11.4  8.3  7.1  6.6  5.9

 5.6  7.4 14.3 14.9  6.0

10.6  9.9  7.1  6.8  5.5

 7.3  8.6 10.0  8.8  9.8

11.6  8.5 13.0 11.1 10.7

 6.4 10.7  5.8 10.7 12.8

14.8 12.6 14.4 13.6  5.8

11.8  8.5  9.3 10.1 13.7

13.9  8.7  7.9 14.6 12.9

 8.7  6.1  7.2  5.4 13.4

 7.7  5.9 12.9  7.0 11.3

11.0 14.0  9.6  7.1  5.7

 9.4 13.6  6.3  9.1  9.5

10.0 11.4  9.2 13.9  9.6

12.4  8.2  9.5 12.7  5.9

10.1  9.5 12.1 12.4  5.9

13.8 14.2  6.4  5.9 13.4

 5.6 14.1  8.8 14.5  5.6

11.3  7.4  8.3 10.6  9.8

11.9 12.0 13.6 13.3  9.7

12.2  5.1  8.9  9.2  5.3

 6.4  5.0  8.7 12.0 11.7

12.7 10.9 13.9 10.9  5.9

 7.0  6.4 13.9 10.4  7.9

 9.6 13.1 13.6  9.2  5.7

10.5 14.4  6.4 10.0 14.2

 5.7  9.9  6.8  9.0  5.4

 9.8 12.0  8.3 14.3  9.0

12.2 11.9 14.4 13.0 12.3

11.2 13.3  6.5 12.6  8.3

10.6 12.5  5.5  7.4 13.9

 7.6  6.1  9.9 14.5 11.1

 8.1 13.1  7.8 11.9 13.3

12.9  7.1 11.6  9.0  7.0

 8.4  8.4  5.3 14.5 12.4

14.5  5.3 11.7 11.5  7.6

11.6 10.3  8.1 13.5 10.2

10.7  9.6  9.6  5.8  6.6

 8.0  9.2 13.0  8.2 10.7

 6.5  5.1  5.9  8.5  9.4

 8.4 10.6 12.9 11.2  5.3

13.3 13.9 11.4 13.3 14.6

 9.9 11.9 10.2  7.6  9.7

12.0  5.2  8.1  8.5  9.9

 5.1 14.7 12.5 13.0  5.3

11.9  7.0 11.8 13.9 13.6

10.0  6.7 14.0 10.0  5.4

12.2 13.5  6.7 10.1  9.9

 9.7 10.7 13.8 14.0  6.5

 5.4  8.7 14.9 11.0 14.6

13.2  7.5  7.1 13.6  9.8

12.0 12.8 13.4 10.0 12.0

14.9  7.7 11.4  6.2 10.4

 6.3 13.2 13.9 14.2 10.3

14.3  9.2 11.0  9.6  5.3

14.3 12.1  8.9 13.0  9.5

12.4  6.5  5.2  9.7  7.5

10.1 13.2 14.1  5.6  7.3

11.1 11.0 11.8  9.1  8.0

 9.7  7.1 13.7 11.4 14.9

11.4 11.3  9.9 12.2 12.7

13.0  7.6  5.2  8.6  7.2

 9.5 11.0 11.4 12.5 12.8

 9.6 13.0 11.8 10.8 12.6

 5.2 14.8  8.1 11.8 11.5

12.1 10.4  5.3 13.2  5.3

10.7 10.9  7.6  7.5 10.3

 6.0 10.6  9.6  8.9  6.4

 8.3 11.3  8.7 14.1  8.1

13.6 10.0  8.4  8.8  6.9

 6.8 12.0 14.8 14.3 12.8

 8.7 14.4 11.8 12.8  5.2

14.4  5.8  5.8 13.8  5.9

14.7 10.1  6.7 10.8  6.8

14.1  9.1 11.2  9.8  8.4

 7.5 12.6 12.8 14.9  9.0

11.8  7.9 12.8  5.3  8.2

12.7 13.7 10.0 14.5  8.5

 9.5  9.1 12.9 12.9  9.7

13.1 11.7 10.8 14.9 10.6

 5.4 10.0 10.1  8.1 11.3

 5.9 12.1  7.1 10.5  8.1

14.7 10.4 13.5  6.3 14.3

 8.0  8.2  8.5  9.6  5.9

 7.2 13.8  9.0 13.9 12.3

13.8  9.2  5.0 10.4  8.2

10.8  9.7 13.9  7.2 11.0

 7.8 14.7 10.7 11.5  8.7

13.7 11.7  7.5  8.1  6.0

12.5 11.2  9.6  8.6  5.7

10.7 10.9  6.7 11.6  5.7

 5.9  6.3  8.9 11.8 12.1

 9.2 12.8 11.9 14.1  7.8

 6.6 13.7 12.8 12.8  9.1

 6.0  8.3  6.1 12.8 14.7

 6.3  9.9  6.5 13.0 14.7

 6.6 10.1  9.0 11.4  5.7

 7.2  9.7 13.3 11.5  8.9

 7.7  7.7 12.1  7.8 12.8

13.3 10.6 13.3 11.3 13.6

 9.3 13.7 12.7 13.8 11.7

13.2  9.2 10.7 12.1  5.0

 6.1  5.1 12.6 11.0  9.0

 7.6  6.2 14.8 11.6  8.7

 6.2 12.0  8.8  9.8  8.5

10.6 10.2 11.7 13.4  6.9

13.8 11.5 10.4 11.9  5.7

12.5  8.6 12.4  7.1 12.2

 5.1  9.8 14.0 12.6 14.7

 9.3 13.0  7.9 14.8  7.7

14.0 12.6 14.7  8.3 10.0

 8.5 12.4  5.7 13.0 10.8

 9.8  9.6  5.5  8.0 13.8

 8.1  9.4  9.1  8.5 14.8

 7.4  9.8  8.7 11.0  6.7

11.3  5.2  8.7 12.0 11.4

10.2  5.2  5.3  5.2  6.9

 8.3 12.5  6.8  6.7 13.0

10.8 12.9 12.6 11.1 12.7

14.1 11.4  7.0 13.7  8.2

 9.6  6.7  5.1  9.9  9.9

 8.6  8.7 10.0 10.8 14.7

 9.4  6.2 12.4 11.4 11.8

13.4 10.9  6.5 14.4 10.2

 9.9  8.4 13.9  5.5 12.0

14.0 12.4 12.6  9.7  5.9

14.6  9.8 12.7  9.0 11.9

10.2 14.5 12.2  8.7 12.5

 9.4 11.8  8.0  6.3  9.8

 8.7 10.7 11.3  8.5 12.8

10.8 10.7 10.3  6.0  6.3

 8.5  9.1  8.2 14.7 12.5

14.9 10.6  7.8  6.6  7.3

 8.0 12.9 10.0 12.4  7.5

 5.7  9.5 11.9 12.4 11.3

14.0  9.4  7.3 12.8 13.3

 7.2  7.1  8.0  8.9 14.5

14.1  9.7 10.4  9.3 14.8

12.4  7.6 14.9 10.8 11.3

 9.0  7.5 13.9 13.5 14.9
 7.2  8.5 13.3 12.7 14.8

13.1 14.0  5.3 10.9  6.3

 8.5 13.2 14.7  6.8  7.2

12.4 14.8 14.3  6.1  9.2

 6.7  6.8 11.1 10.2 14.0

 6.7  9.9 11.5 11.9  8.9

12.2 10.7 14.0  9.3 12.6

14.7 10.7  7.7  7.1  8.9

 7.1 14.7  9.5 10.8 14.2

 7.6  9.7  8.9 12.3 12.9

11.2 13.6  9.9  7.3 13.7

12.6 10.0 13.1  5.4  5.3

 7.1 14.5  9.9 12.2  8.2

13.3  8.1  9.7  5.4 12.1

12.0  9.4  5.2 10.1  8.6

 8.1  5.5 14.9 13.6  8.3

 6.0 12.4  8.9 12.1 10.6

12.2  6.1 13.4  8.0 14.8

13.7 13.3  5.6 10.3  8.7

12.3 10.6  6.3  7.2 14.4

14.3 11.1 12.9  9.7  8.7

14.1 14.9  6.8 11.5 11.9

 6.6  9.3 11.8 10.2  6.5

 8.3 13.2  7.8  9.9 13.3

 5.4 13.0  7.2  5.7  8.8

 6.2 11.0 10.5  7.8  9.3

10.7 10.4 13.3 14.9  8.4

14.4  6.8  9.2 14.1  6.8

14.3  7.4  5.7 13.3  8.7

 9.8  6.3  8.0  5.6 12.3

 9.7  5.9  5.0 11.8  5.8

13.3  6.4 10.1 10.3 10.1

 7.0 12.9  9.8 11.0 12.4

14.5  6.5  5.1 11.0 14.6

12.4 11.9  8.1 10.0 12.4

 8.1  5.1 13.2  6.9  5.0

 5.5 10.9  6.8  8.3  5.1

 9.5 11.0  6.5  6.1  7.8

 6.3 11.5  9.4  8.4 10.5

11.4 10.2 14.3 11.8 13.9

 7.5  8.8  5.6  9.7  8.8

 5.2  9.9  9.6 10.7 13.3

11.4  6.2  5.3 11.6  5.3

 8.4 14.3 12.5  5.8 10.6

 8.6  8.5  6.3 14.2 11.7

 7.5 10.4 12.4 11.2 12.6

 6.1  8.4  7.9 13.8 12.1

12.0 12.5 12.9 11.2  5.4

 6.7  6.9 11.7 13.8 14.6

 8.9  6.4  6.6 14.5 14.9

14.7 13.6 12.7  8.4  5.5

10.5 14.9  6.1  8.0 13.6

 6.6  6.9 13.1  8.1 11.4

 9.1  8.7 13.3  8.4  7.5

 8.9  9.2  5.5  7.4 11.0

;

PROC UNIVARIATE;

HISTOGRAM / VSCALE = COUNT endpoints = 5 to 15 by 1;

run;

	The SAS System


The MEANS Procedure 

	Variable
	Mean
	N
	Std Dev

	x1
	9.8097902
	286
	2.7991431

	x2
	10.1216783
	286
	2.7809285

	x3
	9.9398601
	286
	3.0073043

	x4
	10.3951049
	286
	2.7426413

	x5
	9.9552448
	286
	2.9544300

	xm
	10.0443357
	286
	1.2367839


Note that the means are all roughly 10, and the data were sampled from a uniform distribution with a mean of  10 (and random numbers ranging from 5 to 15).

The standard deviations of the raw data range from 2.78 to 3.01.

Once we compute the mean of each five values, and construct the histogram, this is like constructing the sampling distribution of means based on a sample size of n = 5. So we'd expect the standard deviation of that distribution to be approximately the standard deviation of the raw data / square root of 5,

which ranges from 2.78/sqrt(5) to 3.01/sqrt(5) or 1.24 to 1.35.

Note that these values are quite comparable to the standard deviation based on the mean of 5 values (1.24).

So, this example illustrates (really using a computer simulation) that if the underlying distribution of data comes from a uniform distribution, then the distribution of the mean based upon n=5 is approximately normal, and further that the standard deviation of this distribution is approximated by the equation for the standard error of the mean (based upon constructing means of samples of 5 observations).
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