MODULE #8 (Null Hypothesis Testing)

Chapters 8, 9, and 10

Materials Associated with Module #8
· Review Study Guide materials related to Charting and Graphing Techniques

· Prepare Null Hypothesis Guide materials

· Review for Final Exam (Chapters 3, 8, 9, and 10)

*Learning Objectives

· To understand the concepts associated with null hypothesis testing (pages 125-128).
· To understand the concept associated with “testing for significant difference between means” (pages 125-128 and 139-140).
· To identify the steps associated with accepting or rejecting the null hypothesis (pages 125-128 and 139-140).

· To understand the significance that random assignment plays in null hypothesis testing. 

· To define and provide examples of the null hypothesis (pages 125-128).

· To define and provide examples of degrees of freedom (pages 125-128).

· To define and provide examples of levels of significance (pages 125-128).

· To determine the appropriate chart values associated with null hypothesis testing.

· To use and interpret the t-test for independent groups (pages 155-160).

· To distinguish between Type I and Type II errors (pages 146-149).

Step #1:  Introduction to Null Hypothesis Testing (pages 125-128)

· What is a hypothesis:  A hypothesis is prediction about the differences between two or more group means.  Specifically the null hypothesis is the predication that there will be no statistical difference between the means of the groups.  Remember the mean symbol is the X with the bar over the X.
*Null Hypothesis (Ho):  (1 = (2 (the mean of group #1 is statistically similar to the mean of group #2)

*Alternative Hypothesis (Ha):  (1 /= (2 (the mean of group #1 is not statistically similar to the mean of group #2)
Example of the Null Hypothesis narrative:  The mean score for Group #1 on a health knowledge test will be statistically similar to the mean score for Group #2 on the same health knowledge test.

If, after performing the data analysis (performing the statistical analysis), the statistical test presents no evidence that the null hypothesis is false then the null hypothesis is accepted and the alternative hypothesis is rejected.


On the other hand, if after performing the data analysis, the statistical test presents evidence that the null hypothesis is false then the null hypothesis is rejected and the alternative hypothesis is accepted.

Step #2:  What is the Degrees of Freedom concept:  The degrees of freedom are determined by the sample size, and indicate the number of scores in a distribution that are free to vary.  Two group degree of freedom formula (n1 + n2  - 2)

Step #3:  What is the Level of Significance concept:  The level of significance is the probability associated with rejecting the null hypothesis when in fact the null hypothesis is true.  The level of significance is often set at either the .05 or .01 level and is written as (p<.05 or p<.01).  If the null hypothesis is rejected @ the .05 level, there is 5 chances out of 100 that an incorrect decision was made, and if the null hypothesis is rejected @ the .01 level, there is 1 chance out of 100 that an incorrect decision was made.
*Type I error:  Occurs when the null hypothesis was rejected but the null hypothesis was true (1 = (2 
*Type II error:  Occurs when the null hypothesis was accepted but the null hypothesis was false, and (1 /= (2 and the mean score of Group 1 was not statistically equal to the mean score of Group 2.

Step #4:  Establish the Chart Value:  The chart value that is used to determine whether to accept or reject the null hypothesis is based on the degrees of freedom and the level of significance.


Chart Value (Please utilize the following chart information):

Degrees of Freedom (df)


   
.05

                1



          12.706

                5                                                              2.571




           10



           2.228

15 2.131

16 2.120

17 2.110

18 2.101

19 2.093

20 2.086

30                                                             2.042

40 2.021

Step #5:  Establish the Calculated Value:  After performing the statistical calculations a decision is made to accept or reject the null hypothesis.
*If the calculated value is greater than the chart value the null hypothesis is rejected.

*If the calculated value is less than the chart value the null hypothesis is accepted.

Sample Problem #1 (See Steps 1-5 Below) Related to Null Hypothesis Testing

Perform Data Analysis on Group #1 (Smokers) Resting Heart Rate and Group #2 (Non-smokers) Resting Heart Rate and Respond to the Designated Questions

Sample Problem #1

Determine whether to accept or reject the null hypothesis based on the following data collection.

Independent t-test:

Group#1 (Smokers) Resting Heart Rate
Group#2 (Non-smokers) Resting Heart Rate
Subject 1
78




Subject 1
72

Subject 2
100




Subject 2
82

Subject 3
88




Subject 3
62

Subject 4
62




Subject 4
84

Subject 5
94




Subject 5
61

Subject 6
88




Subject 6
68

Subject 7
76




Subject 7
72

Subject 8
90




Subject 8
64

Subject 9
85




Subject 9
76

Subject 10
82




Subject 10
62

Subject 11     
77




Subject 11
66

Subject 12
91




Subject 12
68

Subject 13
90




Subject 13
96

Subject 14
68




Subject 14
58








Subject 15
87








Subject 16
80








Subject 17
78








Subject 18
69

Steps:

1. Write the Null Hypothesis:  The mean resting heart rate score for Group #1 will be statistically similar to the mean resting heart rate score for Group #2.  Thus (1 = (2.
2. Establish the Degree of Freedom:  (n1 + n2 – 2)  thus (14 + 18 – 2) = 30 degrees of freedom
3. Establish the Level of Significance:  I will select (p<.05).  However, by selecting the .05 level I run the risk, if the statistically calculated value is greater than the chart value and thus rejecting the null hypothesis, of being incorrect 5 times out of 100. 
4. Establish the chart value:  The chart value is based on 30 degrees of freedom and a significance level of .05.  The chart value (found in text appendix) is 2.042.
5. Calculate is 4.24, thus the calculated value is higher than the chart value and the null hypothesis is rejected.  Thus the calculation indicates that a significant difference exists between the group mean resting heart rate scores. 

Sample Problem #2

Determine whether to accept or reject the null hypothesis based on the following data collection.

Independent t-test:

Group #1 Treatment Group Test Scores

Group #2 Control Group Test Scores
Subject 1
30



Subject 1
26

Subject 2
38



Subject 2
27

Subject 3
36



Subject 3
34

Subject 4
29



Subject 4
24

Subject 5
35



Subject 5
23

Subject 6
37



Subject 6
32

Subject 7
28



Subject 7
25

Subject 8
40



Subject 8
20

Subject 9
35



Subject 9
22

Subject 10
32



Subject 10
19







Subject 11
23

Steps:

1. Write the Null Hypothesis:  The mean test score for Group #1 will be statistically similar to the mean test score for Group #2.  Thus (1 = (2.
2. Establish the Degree of Freedom:  (n1 + n2 – 2)  thus (10 + 11 – 2) = 19 degrees of freedom
3. Establish the Level of Significance:  I will select (p<.05).  However, by selecting the .05 level I run the risk, if the statistically calculated value is greater than the chart value and thus rejecting the null hypothesis, of being incorrect 5 times out of 100. 
4. Establish the chart value:  The chart value is based on 19 degrees of freedom and a significance level of .05.  The chart value (found in text appendix) is 2.093.
5. Perform the statistical calculation:  Using the statistical software in the computer lab, it was determined that the calculated value equals 4.7.  Because the statistical calculation of 4.7 is greater than the chart value of 2.093 the null hypothesis is rejected.  Thus, it appears that statistically there is a significant difference between the test scores of Group #1 vs. Group #2.
*Module #8:  Study Guide Question:  (these questions are eligible to be on the 
midterm exam and those with the asterisks are multiple-choice eligible items)
1. *Utilize the five-step approach to determine whether to accept or reject the null hypothesis based on the following data collection (similar to the sample problem – see above).  Question:  Subjects were randomly assigned to one of two groups.  Each group received different types of instruction.  At the conclusion of the instructional unit each subject was administered a knowledge test.  Thus, did (Group #1) significantly outperform (Group #2) on the knowledge test?  Adhere to steps 1-4 to answer the question.  Step #5 is as follows:  The calculated value is 1.32. 

Independent t-test:

Group #1 Computer-instructionTest Scores
Group #2 Traditional-instruction Test Scores
Subject 1
13




Subject 1
 14

Subject 2
13




Subject 2
 12

Subject 3
10




Subject 3
 10

Subject 4
11




Subject 4
 11

Subject 5
12




Subject 5
 13

Subject 6
12




Subject 6
 13

Subject 7
11




Subject 7
 15

Subject 8
 8




Subject 8
 12

Subject 9
14




Subject 9
 10

Subject 10
10




Subject 10
 14

2. Utilize the five-step approach to determine whether to accept or reject the null hypothesis based on the following data collection (similar to the sample problem – see above).  Question:  Subjects were randomly assigned to one of two groups.  Each group received different types of instruction.  At the conclusion of the instructional unit each subject was administered a knowledge test.  Thus, did (Group #1) significantly outperform (Group #2) on the knowledge test?  Adhere to steps 1-4 to answer the question.  Step #5 is as follows:  The calculated value is 5.35. 

Independent t-test:

Group #1 CAI Test Scores

Group #2 TI Test Scores
Subject 1
7




Subject 1
 12

Subject 2
12




Subject 2
 6

Subject 3
20




Subject 3
 10

Subject 4
21




Subject 4
 11

Subject 5
22




Subject 5
 13

Subject 6
22




Subject 6
 12

Subject 7
21




Subject 7
 15

Subject 8
18




Subject 8
 13

Subject 9
24




Subject 9
 11

Subject 10
20




Subject 10
 12

Subject 11
23

3. *Distinguish between a Type I and Type II error.

Final Exam Review

Module 6 - Study Guide Questions - (these questions are eligible to be on the midterm exam and those with the asterisks are multiple-choice eligible items)

**Answer the following Exercise Questions on pages 51 and 53

1. *3.3 State the principal difference between a negatively skewed distribution and a positively skewed one, and draw each.
2. From the 53 observations of test scores listed below prepare a frequency table that includes class interval and class frequency:  49, 15, 48, 16, 46, 18, 46, 19, 45, 44, 43, 41, 43, 41, 39, 39, 38, 37, 37, 37, 36, 35, 35, 34, 33, 33, 32, 31, 31, 31, 31, 30, 30, 30, 29, 29, 28, 27,27,27,27,26, 26, 25, 24, 24, 23, 23, 22, 21, 21, 20, 20.
3. From the 42 observations of test scores listed below prepare a frequency table that includes class interval and class frequency:  27, 94, 39, 86, 41, 80, 78, 46, 48, 48, 54, 57, 57, 57, 59, 59, 60, 61, 61, 61, 62, 63, 64, 64, 64, 65, 65, 66, 67, 67, 67, 68, 68, 68, 68, 69, 71, 72, 72, 75, 76, 76.
4. *3.18 Classify the following data as to whether each is (1) nominal, (2) ordinal, (3) interval, or (4) ratio, and describe ways in which each scale of measurement differs from the other scales of measurement
(a) the number of students in this class

(b) height

(c) heads and tails on a coin

(d) weight

(e) order of finish in a race

Module 7 - Study Guide Questions - (these questions are eligible to be on the midterm exam and those with the asterisks are multiple-choice eligible items)

**Answer the following Exercise Questions

1. Draw a frequency polygon and histogram for the 53 observations of test scores (utilize the frequency table designed in Module #6) listed below:  49, 15, 48, 16, 46, 18, 46, 19, 45, 44, 43, 41, 43, 41, 39, 39, 38, 37, 37, 37, 36, 35, 35, 34, 33, 33, 32, 31, 31, 31, 31, 30, 30, 30, 29, 29, 28, 27,27,27,27,26, 26, 25, 24, 24, 23, 23, 22, 21, 21, 20, 20.
2. *Draw a frequency polygon and histogram for the 42 observations of test scores (utilize the frequency table designed in Module #6) listed below:  27, 94, 39, 86, 41, 80, 78, 46, 48, 48, 54, 57, 57, 57, 59, 59, 60, 61, 61, 61, 62, 63, 64, 64, 64, 65, 65, 66, 67, 67, 67, 68, 68, 68, 68, 69, 71, 72, 72, 75, 76, 76.
Module 8 - Study Guide Question - (these questions are eligible to be on the midterm exam and those with the asterisks are multiple-choice eligible items)
1. *Utilize the five-step approach to determine whether to accept or reject the null hypothesis based on the following data collection (similar to the sample problem – see above).  Question:  Subjects were randomly assigned to one of two groups.  Each group received different types of instruction.  At the conclusion of the instructional unit each subject was administered a knowledge test.  Thus, did (Group #1) significantly outperform (Group #2) on the knowledge test?  Adhere to steps 1-4 to answer the question.  Step #5 is as follows:  The calculated value is 1.32. 

Independent t-test:

Group #1 Computer-instruction Test Scores
Group #2 Traditional-instruction Test Scores
Subject 1
13




Subject 1
 14

Subject 2
13




Subject 2
 12

Subject 3
10




Subject 3
 10

Subject 4
11




Subject 4
 11

Subject 5
12




Subject 5
 13

Subject 6
12




Subject 6
 13

Subject 7
11




Subject 7
 15

Subject 8
 8




Subject 8
 12

Subject 9
14




Subject 9
 10

Subject 10
10




Subject 10
 14

2. Utilize the five-step approach to determine whether to accept or reject the null hypothesis based on the following data collection (similar to the sample problem – see above).  Question:  Subjects were randomly assigned to one of two groups.  Each group received different types of instruction.  At the conclusion of the instructional unit each subject was administered a knowledge test.  Thus, did (Group #1) significantly outperform (Group #2) on the knowledge test?  Adhere to steps 1-4 to answer the question.  Step #5 is as follows:  The calculated value is 5.35. 

Independent t-test:

Group #1 CAI Test Scores

Group #2 TI Test Scores
Subject 1
7




Subject 1
 12

Subject 2
12




Subject 2
 6

Subject 3
20




Subject 3
 10

Subject 4
21




Subject 4
 11

Subject 5
22




Subject 5
 13

Subject 6
22




Subject 6
 12

Subject 7
21




Subject 7
 15

Subject 8
18




Subject 8
 13

Subject 9
24




Subject 9
 11

Subject 10
20




Subject 10
 12

Subject 11
23

3. *Distinguish between a Type I and Type II error.




























