פיתרון לתרגיל 12
Problem 1:

It has been suggested that exercise increases the level of growth hormone. Two blood samples were taken from each of 6 different subjects. The first sample (called Control below) was taken following a day where no strenuous exercise was performed. The other sample (called Postexercise below) was taken following a day where the subject had engaged in strenuous exercise. The level of growth hormone (mg/ml) was determined for each sample. Use the data below to test the suggestion. Notice there is a substantial outlier in the Postexercise group. Therefore, assume that the relevant distributions are not normal.

Subject  Control  Postexercise
   1       8.5        13.6
   2      12.6        14.7
   3      21.6        42.8
   4      19.4        20.0
   5      14.7        19.2
   6      13.6        17.3

Solution:


These data are paired by subjects; and since they are nonnormal, we will do a Wilcoxon Paired-sample Test. Also, we are testing for an increase in growth hormone levels after exercise, this is a one-tailed test.

Ho:  Hormone levels postexercise are less than or equal to control levels.
HA: Hormone levels postexercise are greater than control

                                              

Rank of      Positive   Negative
Subject  Control  Postexercise  Differences   |Differences|     Ranks      Ranks
   1      
 8.5       
 13.6         
 -5.1            5                         
5
   2     
 12.6        14.7          
-2.1             2                         
2
   3      
21.6       
 42.8         
-21.2           6                        
 
6
   4     
 19.4        20.0          
-0.6            1                         

1
   5      
14.7        19.2         
 -4.5           4                         

4
   6      
13.6        17.3          
-3.7            3                         

3

                                                              

 
T+ = 0    T- = 21

We will call the Control group "Population 1", and the Postexercise group as "Population 2".
Therefore, our null hypothesis may be written Ho: Population 1 equal to Population 2.
Our T+ = 0.  Consulting Table for n = 6, we see that the critical value for alpha(1) = 0.05 is 2. Since our value of T = 0, we have p<0.05, and we reject the Ho:. Exercise does appear to increase growth hormone levels.
Problem 3:

A recent study was done on cooperative hunting behavior in lions. Lionesses cooperate by approaching prey in groups. (Male lions don't help much - they lie around and wait for the females to bring back food - they really do think they're the "King of the Jungle".) As a group of lionesses approach potential prey, they tend to form a loose line configuration. The researchers could identify two positions along the line: (1) Center - basically the middle of the line; or (2) Wing - near the end of the line. The researchers also determined the role of each lioness in the capture attempt. The two possible roles were (1) Initiate Chase - be the first one to charge the prey; or (2) Participate in Chase - join the chase after it had started. Of 76 lionesses in the Center position, 48 were classified as Participate in Chase, the rest as Initiate Chase. Of 107 lionesses in the Wing position, 66 were classified as Initiate Chase. Use these data to test if the Role of the lioness is independent of the position along the line. Assume relevant distributions are nonnormal.

Solution:

A recent study was done on cooperative hunting behavior in lions. Lionesses cooperate by approaching prey in groups. (Male lions don't help much - they lie around and wait for the females to bring back food - they really do think they're the "King of the Jungle".) As a group of lionesses approach potential prey, they tend to form a loose line configuration. The researchers could identify two positions along the line: (1) Center - basically the middle of the line; or (2) Wing - near the end of the line. The researchers also determined the role of each lioness in the capture attempt. The two possible roles were (1) Initiate Chase - be the first one to charge the prey; or (2) Participate in Chase - join the chase after it had started. Of 76 lionesses in the Center position, 48 were classified as Participate in Chase, the rest as Initiate Chase. Of 107 lionesses in the Wing position, 66 were classified as Initiate Chase. Use these data to test if the Role of the lioness is independent of the position along the line. Assume relevant distributions are nonnormal.

This is a 2x2 Contingency Table. You have two categorical variables (position, role), each with two categories.

                                Role
Position      |  Initiate Chase  |  Participate in Chase  | Row Totals
Center        |        28        |         48             |     76
--------------|------------------|------------------------|-----------
Wing          |        66        |         41             |    107
--------------|------------------|------------------------|-----------
Column Totals |        94        |         89             |    183 = n

Calculate the expected frequency of each cell as the (Row Sum x Column Sum)/n.
For example, the Center, Initiate Chase cell expected is (76 x 94)/183 = 39.0
Here is the table with all expected frequencies in parentheses:

                                Role
Position      |  Initiate Chase  |  Participate in Chase  | Row Totals
Center        |        28 (39.0) |         48 (37.0)      |     76
--------------|------------------|------------------------|-----------
Wing          |        66 (55.0) |         41 (52.0)      |    107
--------------|------------------|------------------------|-----------
Column Totals |        94        |         89             |    183 = n

Since this is a 2x2 table, we have DF =1. DF = (r-1)(c-1) = (2-1)(2-1) = 1.
Therefore, we use Yates' Correction for Continuity:


Problem 4:

Two randomly selected samples of Nipissing University students were asked to read and then evaluate a short story written by a new author. One sample was told that the author was from Quebec, while the second sample was told the author was from Ontario. The following evaluations were obtained . . . a higher score indicating a more favorable evaluation. Assume this is ordinal level data and apply the median test to determine whether there is significant difference between the medians of these groups. Were student evaluations of the short story influenced by the cultural background of its author.

	SAMPLE 1
	SAMPLE 2

	6
	6

	5
	8

	1
	8

	1
	2

	3
	5

	4
	6

	3
	3

	6
	8

	5
	6

	5
	8

	1
	2

	3
	2

	5
	6

	6
	8

	6
	4

	3
	3


Solution: 

The median is 5 and the calculated Chi-square is 3.236. With df = 1 and an alpha of 0.05 the critical value is 3.841. Hence, we cannot reject the null hypothesis and must conclude that student evaluations were not influenced by the cultural background of the author.

Problem 5:

A large manufacturing firm wants to determine  whether  a relationship exists between the number of works-hours an employee misses per year and the employee’s annual wages ( in thousands of dollars ). A sample  of 15 employees produced the data  shown in Table 
	EMPLOYEES 
	   HOUR 
	  WAGES 

	1 
	49 
	15.8 

	2 
	36 
	17.5 

	3 
	127 
	11.3 

	4 
	91 
	13.2 

	5 
	72 
	13.0 

	6 
	34 
	14.5 

	7 
	155 
	11.8 

	8 
	11 
	20.2 

	9 
	191 
	10.8 

	10 
	6 
	18.8 

	11 
	63 
	13.8 

	12 
	79 
	12.7 

	13 
	43 
	15.1 

	14 
	57 
	24.2 

	15 
	82 
	13.9 


a)     Calculate Spearman’s rank correlation  coefficient  as a measure of the strength of the relationship  between work-hours missed and annual wages.

b)    Is there sufficient evidence to indicate that work-hours missed decrease as annual wages increases , i.e., that work-hours missed and annual wages are negatively correlated? Test using ( = 0.01.

Solution:
a)   First we rank the values of work-hours missed and rank the values of  the annual salaries. Let these rankings are  xi  and yi, respectively, and they are shown in Table. The next step is to calculate the differences di = xi – yi  ( i = 1, 2, ..., 15 ). These differences di and their squares are shown in the table. Since there are no ties, we calculate rs by the formula
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This large negative value  of rs implies that a negative correlation  exists between  work-hours missed and annual wages in the sample  of 15 employees.

  

	 

	EMPLOYEE 
	HOURS 
	RANK 
	WAGES 
	RANK 
	di 
	di2 

	1 
	49 
	6 
	15.8 
	11 
	-5 
	25 

	2 
	36 
	4 
	17.5 
	12 
	-8 
	64 

	3 
	127 
	13 
	11.3 
	2 
	11 
	121 

	4 
	91 
	12 
	13.2 
	6 
	6 
	36 

	5 
	72 
	9 
	13.0 
	5 
	4 
	16 

	6 
	34 
	3 
	14.5 
	9 
	-6 
	36 

	7 
	155 
	14 
	11.8 
	3 
	11 
	121 

	8 
	11 
	2 
	20.2 
	14 
	-12 
	144 

	9 
	191 
	15 
	10.8 
	1 
	14 
	196 

	10 
	6 
	1 
	18.8 
	13 
	-12 
	144 

	11 
	63 
	8 
	13.8 
	7 
	1 
	1 

	12 
	79 
	10 
	12.7 
	4 
	6 
	36 

	13 
	43 
	5 
	15.1 
	10 
	-5 
	25 

	14 
	57 
	7 
	24.2 
	15 
	-8 
	64 

	15 
	82 
	11 
	13.9 
	8 
	3 
	9 

	  
	  
	  
	  
	  
	(di2=1038 


b)      To test H0: No correlation exists between work-hours missed and annual wages in the population against H1: Work-hours missed and annual wages are negatively correlated, we use rs as the test statistic  and obtain the critical value r0  from Table

This table gives the critical values of r0 for an upper-tailed test, i.e., a test to detect a positive rank correlation. For our example, ( = 0.01, n =15, the critical value is r0 = 0.623. Therefore, we reject the null hypothesis in favor of the alternative hypothesis if the computed rs statistic is less or equal –0.623.  Since our computed rs = -0.854 < -0.623, we reject H0 and conclude that there is ample evidence to indicate that work-hours missed decrease as annual wages increases. 













