Problem set 6

(answer questions by hand, and where possible, also use SAS. Programming statements for using SAS are given at the bottom of the problem set).

1) Given a normally distributed population with μ = 10 and σ = 2, what value does X have to be so that 80% of the distribution lies below that value?

2) If the age distribution of children in grade 5 is normal with μ = 10 and 

σ = 2, what proportion of the children are less than 8 years old or greater than 12 years old?

3) Assuming that the grade distribution in Basketweaving 101 is normal with μ = 60% and σ = 10:

a) what is the probability of obtaining a random sample of n = 4 students having a mean less than 50%.

b) what is the probability of obtaining a sample of n = 4 students having a mean greater than 70%

4) A plastics company manufactures flappers for toilet flush values that are supposed to be μ = 10cm in diameter.

You obtain a random sample of n = 5 flappers and measure them:

9.5, 11.0, 10.8, 9.3, 10.9

Given this information,

a) What is the probability of obtaining a random sample of n=5 flappers having a mean greater than 10.5 cm?
b) what is the probability of obtaining a random sample of n=5 flappers having a mean 

less than 9.0 cm?

5) A company that sells restriction enzymes tells you that 1 unit of their enzyme digests 1 microgram of DNA in 60 mins. You conduct an experiment to test this hypothesis.

You obtain 7 test tubes and put 1 microgram of DNA in each one. You then add 1 unit of their enzyme and measure the time taken to digest the DNA to completion.

 Your data (in minutes to complete digestion) follow:

55, 60, 68, 64, 71, 62, 65

Conduct the appropriate statistical test to evaluate the claim made by the company. State any assumptions made in carrying out the test.

6) You wish to explore the effect of two water temperatures (10C vs 20C) on the swimming speed of guppies. You also are concerned that the weight of the guppies might influence their swimming speeds, so you pair guppies according to their weights. You then randomly assign one member of each pair to the different treatments (temperatures) and measure their maximum swimming speeds in cm per second. The data follow:

The pairs are ranked from lightest to heaviest guppies.

Pair #            10C                  20C

1

50

55

2

53

51

3

60

64

4

62

66

5

65

64

6

68

71

7

70

73

8

73

73

Conduct a statistical test to address the question of guppy swimming speeds and water temperature. State any assumptions made in carrying out the test.

7) You wish to compare the nuclear DNA content of two plant species to see if it differs between the two species. You randomly sample a number of plants of each of two species and measure the amount of DNA in their nuclei in picograms (pg) using a flow cytometer.

Species A : 2.4, 2.8, 2.6, 2.7, 2.4, 2.5

Species B : 2.8, 2.7, 2.9, 3.1, 3.0, 3.2, 2.9

Conduct the appropriate statistical test stating any assumptions made in the test.

8) You hypothesize that goldenrod plants parasitized by a gall-forming wasp, should be smaller in height than those not parasitized. You go into the field and randomly sample a number of plants with galls (ie parasitized), and a number without galls (not parasitized). You measure the heights (cm) of the plants.

With galls: 56, 64, 76, 54, 67, 45, 55

Without galls: 65, 70, 66, 59, 67, 72, 70

Conduct the appropriate statistical test stating any assumptions made in the test.

9) You decide to compare the blood glucose levels (in mg/dL) in individuals in the morning before breakfast and again 1 hour after breakfast. You do this to test the idea that blood glucose levels should rise. You take a blood sample of each individual before and after breakfast. The data are below. Conduct the appropriate statistical test stating any assumptions.

                        _______Blood glucose level_______

Individual
before breakfast
after breakfast

1


100


150

2


85


120

3


110


170

4


120


160

5 


130


130

6     


80


160

7


90


180

USING SAS FOR T-TESTS

SAS FOR 1-SAMPLE T-TEST

Imagine you wished to carry out a 1-sample t-test for some data and test it against the null hypothesis that μ = 2 versus a 2-tailed alternate hypothesis.

So here is how you might do that with SAS. 

Note that you specify what μ is under the null hypothesis with the statement H0=3.

The PLOTS(SHOWH0) statement produces a number of plots of the data and draws a line on the graph showing where the μ is under the null hypothesis. Note that H0 is the letter H followed by the  number zero (not the letter "O").

DATA ONESAMPT;

INPUT MYDATA;

CARDS;

1

2

3

4

;

PROC TTEST H0=2 PLOTS(SHOWH0);

   VAR MYDATA;

   RUN;

Note that if you need a 1-tailed test, you do the following:

To test for just the upper tail modify the statement as follows:

PROC TTEST H0=2 PLOTS(SHOWH0) SIDES=U;

To test for just the lower tail modify the statement as follows:

PROC TTEST H0=2 PLOTS(SHOWH0) SIDES=L;

Here is the output without the graphs.

The TTEST Procedure 

Variable: MYDATA 

N
Mean
Std Dev
Std Err
Minimum
Maximum

4
2.5000
1.2910
0.6455
1.0000
4.0000

Mean
95% CL Mean

Std Dev
95% CL Std Dev


2.5000
0.4457
4.5543
1.2910
0.7313
4.8135

DF
t Value
Pr > |t|

3
0.77
0.4950

SAS FOR A PAIRED T-TEST.

Note that you can easily carry out a paired t-test using the 1-sample t-test code provided above. What you would need to do, however, is to input your data as pairs and then subtract one member of the pair from the other, and then do your t-test on the difference.

Here is an example. Here I've put the values of each pair on the same line and get sas to 

computer the difference between each pair. Then you will tell the ttest procedure to operate on the difference (IE use the statement, VAR DIFF;)

DATA PEARED;

INPUT PAIR1 PAIR2;

DIFF = PAIR1 - PAIR2;

CARDS;

12 15

14 16

15 15

13 18

;

PROC TTEST H0=0 PLOTS(SHOWH0);

   VAR DIFF;

   RUN;

note that you have the same options as with the 1-sample ttest above. That is, you can specify 1 or 2 tailed tests. You'll need to think about which tail you want which is also dependent on which way you subtract the pairs.

Here's the about but I've not included the graphs.

The TTEST Procedure 

Variable: DIFF 

N
Mean
Std Dev
Std Err
Minimum
Maximum

4
-2.5000
2.0817
1.0408
-5.0000
0

Mean
95% CL Mean

Std Dev
95% CL Std Dev


-2.5000
-5.8124
0.8124
2.0817
1.1792
7.7616

DF
t Value
Pr > |t|

3
-2.40
0.0957

SAS FOR A 2 SAMPLE T-TEST.

So let's imagine you now want to do a 2-sample t-test.

Let's say you've measure the lengths of birds wings for male and female sparrows and want to compare them.

For the statements below, a 2 tailed t-test will be carried out (it is the default option).

DATA TWOSAMP;

INPUT GENDER $ WINGL;

CARDS;

M 14

M 15

M 13

M 12

F 12

F 11

F 10

F 12

;

PROC SORT;

  BY GENDER;

PROC TTEST;

      CLASS GENDER;

   RUN;

If you want a 1-tailed t-test, you can again use the statements

PROC TTEST SIDES = L;

OR

PROC TTEST SIDES = U;

Note that for 1-tailed tests you'll need to take care to specify which tail is relevant,

the upper or the lower. The will also be a function of the order SAS will put your data in following the proc sort procedure.

So in the example above, SAS will re-order the data alphabetically according to gender

(that is, the female data will be first followed by the male data). 

SAS will print the female mean etc first followed by the male.

Now if your alternate hypothesis Ha is μfemale < μmale

you would tell SAS to use the lower tail of the distribution (PROC TTEST SIDES = L)

If the alternate was Ha is μfemale > μmale

use (PROC TTEST SIDES = U)

The output for the 2-tailed example is given below:

NOTE THAT SAS GIVES A LOT OF OUTPUT.

IT GIVES THE T-VALUE FOR TWO DIFFERENT T-TESTS. THE FIRST IS THE ONE WE NORMALLY CALCULATE, THE SECOND INVOLVES SATTERTHWAITE'S APPROXIMATION WHICH IS USE IF THE VARIANCES OF THE SAMPLES DIFFER.

DESCRIPTIVE STATS

GENDER
N
Mean
Std Dev
Std Err
Minimum
Maximum

F
4
11.2500
0.9574
0.4787
10.0000
12.0000

M
4
13.5000
1.2910
0.6455
12.0000
15.0000

Diff (1-2)

-2.2500
1.1365
0.8036



CONFIDENCE LIMITS ETC


GENDER
Method
Mean
95% CL Mean

Std Dev
95% CL Std Dev


F

11.2500
9.7265
12.7735
0.9574
0.5424
3.5698

M

13.5000
11.4457
15.5543
1.2910
0.7313
4.8135

Diff (1-2)
Pooled
-2.2500
-4.2164
-0.2836
1.1365
0.7324
2.5027

Diff (1-2)
Satterthwaite
-2.2500
-4.2573
-0.2427




T-TESTS 


Method
Variances
DF
t Value
Pr > |t|

Pooled
Equal
6
-2.80
0.0312

Satterthwaite
Unequal
5.5336
-2.80
0.0340


TEST FOR EQUALITY OF VARIANCES OF SAMPLES

Equality of Variances





Method
Num DF
Den DF
F Value
Pr > F

Folded F
3
3
1.82
0.6356

PRIVATE "TYPE=PICT;ALT=Summary Panel for WINGL"


PRIVATE "TYPE=PICT;ALT=Summary Panel for WINGL"


