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?

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


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.

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?

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

   obtaining a 2 and 6?

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

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

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

   obtaining a 1 or a 3 or a 5?

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?

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?

b) Calculate the probabilities of each Xenophobian below:

   i)   Red-eared, yellow-haired Xenophobian?

   ii)  Green-eared, orange-haired Xenophobian?

   iii) Green-eared, purple-haired Xenophobian?

   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?

   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?

   v)   What is the probability of randomly sampling 3 

        Xenophobs all of whom have yellow hair and red 

        ears?

   vi)  What is the probability of randomly sampling a 

        purple-haired, green-eared Xenophobian or an 

        orange-haired, red-eared one?

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 corresponding 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 (e.g. 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;

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.

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;

 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
