Dr. Joan Burtner 2015 Hypothesis Testing Examples ~ANOVA
Review of Excel 

Statistical Functions

Data Analysis

Graphing

Orientation to Minitab

Worksheet

Session Window

Help Function including Data, Output and Interpretation

Experimental Designs

Single factor three-or-more sample hypothesis test     (One-way ANOVA)   
Two factor multiple sample hypothesis test     (Two-way ANOVA)   
Chi-square Test     (Goodness-of-Fit Test) 
Chi-square Test     Two way table (Test of Independence) 
Single Factor Hypothesis Testing Template with Definitions
Problem Statement:  _____________________________________________________
______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

Response: (What is being measured?)   ___________________________

Factor and Levels (What are the groups or categories that are being compared?)
Hypotheses:


H0:
 

H1:


Justification of correct experimental design and test statistic  ( T, Z, F, C2 )
Computer Input (Copy and paste from Excel or Minitab) Use Courier New 10 point font.
Computer Output (Include calculated test statistic, p-value and ANOVA Table if applicable)
Decision: 
________________H0

Conclusion:
Use complete sentences. (Refer to problem statement and managerial decision based on p-values)

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Dr. Burtner Spring 2015     Single Factor ANOVA Hypothesis Testing Example
Problem Statement:

 A quality researcher is interested in comparing the sodium content (measured in milligrams) of three brands of corn flakes. All three brands are produced at a cereal plant in Georgia. The researcher collects the following data. Does this data suggest that brands differ in terms of average sodium content? Assume the distribution of sodium contents to be normal.
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Response: (What is being measured?)   sodium mg

Factor and Levels (What are the groups or categories that are being compared?)

Factor: Cereal Brand       Levels: SimplyFlakes, BettyFlakes, KellyFlakes
Hypotheses:
H0:
( Simply = ( Betty = ( Kelly
H1:
At least two of the mean sodium levels differ. 

Justification of correct experimental design and test statistic:   
 One factor, three levels, normally-distributed data: Use F statistic

Computer Output (Include calculated test statistic, p-value and ANOVA Table if applicable)
One-way ANOVA: SimplyFlakes, BettyFlakes, KellyFlakes 

Source  DF      SS     MS     F      P

Factor   2   30.33  15.17  4.36  0.026

Error   21   73.00   3.48

Total   23  103.33

S = 1.864   R-Sq = 29.35%   R-Sq(adj) = 22.63%

                                Individual 95% CIs For Mean Based on

                                Pooled StDev

Level         N    Mean  StDev  -------+---------+---------+---------+--

SimplyFlakes  8  244.00   2.00                 (--------*--------)

BettyFlakes   8  241.75   1.83  (--------*--------)

KellyFlakes   8  244.25   1.75                  (--------*--------)

                                -------+---------+---------+---------+--

                                   241.5     243.0     244.5     246.0

Pooled StDev = 1.86

Tukey 95% Simultaneous Confidence Intervals

All Pairwise Comparisons

Individual confidence level = 98.00%

SimplyFlakes subtracted from:

              Lower  Center  Upper  ---------+---------+---------+---------+

BettyFlakes  -4.597  -2.250  0.097   (--------*--------)

KellyFlakes  -2.097   0.250  2.597             (--------*--------)

                                    ---------+---------+---------+---------+

                                          -2.5       0.0       2.5       5.0

BettyFlakes subtracted from:

             Lower  Center  Upper  ---------+---------+---------+---------+

KellyFlakes  0.153   2.500  4.847                      (--------*--------)

                                   ---------+---------+---------+---------+

                                         -2.5       0.0       2.5       5.0

 Graphic:



           0     0.05      0.10     0.15                                                                 
1   p-value

Decision: 
Reject H0

Conclusion:
 Based on a p-value = 0.026, the data suggest that there is a statistically significant difference in the mean sodium content of at least two of the three brands. Based on the Tukey 95% Simultaneous Confidence Intervals, we conclude that the mean sodium content of SimplyFlakes is not significantly different from the mean sodium content of BettyFlakes and that the mean sodium content of SimplyFlakes is not significantly different from the mean sodium content of KellyFlakes. However, the data suggest that the mean sodium content of BettyFlakes and KellyFlakes are significantly different;  KellyFlakes have significantly higher mean sodium content than BettyFlakes.

****

*******************

Two Factor ANOVA Hypothesis Testing Template
Problem Statement:

Response: (What is being measured?)   
Experimental Design:   (2X2,   2X3,  3X3, etc)         ___________  

Factors and levels: 

Factor 1:________________________

Levels ________________________    ________________________    ________________________

Factor 2:________________________

Levels ________________________     ________________________    ________________________

Hypotheses:
Factor 1:________________________

H0    ______________________________

H1    ______________________________

Factor 2:________________________

H0    ______________________________

H1    ______________________________

Interaction between ________________________ and ____________________

H0    ______________________________

H1    ______________________________

Minitab or Excel Input 

(Copy and Paste from Worksheet using Courier New 10 point font)

Minitab or Excel Output

(Copy and Paste from Worksheet using Courier New 10 point font)

Interpretation of Results

Factor 1 ______________________

p-value
Decision:      _________________________
Conclusion:       _________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Factor 2 ______________________

p-value
Decision:      _________________________
Conclusion:       _________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Interaction between ______________________ and __________________________
p-value
Decision:      _________________________
Conclusion:       _________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Dr. Burtner Fall 2015    Two Factor Hypothesis Testing Example
Problem Statement:

 A quality researcher is interested in comparing the sodium content (measured in milligrams) of three brands of corn flakes produced at a cereal plant in Georgia. The researcher suspects that the sodium content differs as a function of shift (day vs. night) as well as brand.  Do the data suggest that brands and/or shifts have a significant effect on average sodium content? Assume the data are normally distributed.
Response: (What is being measured?)   sodium mg

Experimental Design:   (2X2,   2X3,  3X3, etc)      3X2  

Factors and levels: 

Factor 1:    Brand
Levels:     Kelly Flakes       Betty Flakes     Simply Flakes
Factor 2:    Shift

Levels:     Day       Night    
Hypotheses:
Factor 1:   Brand
H0:
( Simply = ( Betty = ( Kelly
H1:
At least two of the means differ. 

Factor 2: Shift

H0:
( Day = ( Night
H1:
( Day ≠ ( Night
Interaction between Brand and Shift:
H0:
There is no significant interaction between brand and shift.
H1:
There is significant interaction between brand and shift.
Minitab or Excel Input 

(Copy and Paste from Worksheet using Courier New 12 point font)

	Sodium_mg
	Brand
	Shift
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	241
	Betty
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Minitab or Excel Output

(Copy and Paste from Worksheet using Courier New 12 point font)

Two-way ANOVA: Sodium_mg versus Brand, Shift 

Source       DF       SS       MS     F      P

Brand         2   30.333  15.1667  4.83  0.021

Shift         1   13.500  13.5000  4.30  0.053

Interaction   2    3.000   1.5000  0.48  0.628

Error        18   56.500   3.1389

Total        23  103.333

Interpretation of Results

Factor 1    
 Brand   

p-value
0.021
Decision:      Reject the null hypothesis
Conclusion:       
Based on a p-value = 0.021, the data suggest that there is a statistically significant difference in the mean sodium content of at least two of the three brands. A Tukey analysis should be conducted to determine which pairs of means are statistically different.
Factor 2 
Shift
p-value
0.053
Decision:      Fail to reject the null hypothesis

Conclusion:     
Based on a p-value = 0.053, the data suggest that there is no statistically significant difference in the mean sodium content based on shift.   

Interaction between  Brand and Shift
p-value
0.628
Decision:     Fail to reject the null hypothesis

Conclusion:    
Based on a p-value = 0.628, we conclude that there is no statistically significant interaction between brand and shift. 

Chi-Square Goodness-of-Fit Test Example 
A popular type of candy is sold in 25-count packages.  Each package contains an assortmemt of the following colors: orange, blue, brown, red, or yellow.  A bag containing 25 candies was analyzed. Each candy was categorized with respect to color.  Do the data suggest the color distribution is uniform?
The results are tabulated in the following table.

	
	Orange
	Blue
	Brown
	Red
	Yellow

	observed
	5
	2
	8
	6
	4

	expected
	5
	5
	5
	5
	5


The Minitab output is shown below.
Chi-Square Goodness-of-Fit Test for Observed Counts in Variable: obs 

Using category names in color

                          Test            Contribution

Category  Observed  Proportion  Expected     to Chi-Sq

orange           5         0.2         5           0.0

blue             2         0.2         5           1.8

brown            8         0.2         5           1.8

red              6         0.2         5           0.2

yellow           4         0.2         5           0.2

 N  DF  Chi-Sq  P-Value

25   4       4    0.406

Using a significance level of 0.05, there is no evidence that the distribution of colors is not uniform.

Chi-Square Test of Independence Example

A retrospective study was conducted for Blew Cross Insurance.  A random sample of 113 knee-replacement patient records for June 2013 was collected. Each record was categorized as to location (FL, GA, NY, AZ) and gender (M,F).

The results are tabulated in the following table.

	Gender
	FL
	GA
	NY
	AZ

	Female
	6
	22
	21
	9

	Male
	4
	23
	24
	4


Do the data indicate that there is an association between location and gender for knee-replacement claims?   NOTE: The data in the table are counts, not values.  The correct hypothesis test is the Chi-Square Test for Independence.
Chi-Square Test: FL, GA, NY, AZ 

Expected counts are printed below observed counts

Chi-Square contributions are printed below expected counts

          FL     GA     NY     AZ  Total

    F      6     22     21      9     58

        5.13  23.10  23.10   6.67

        0.147  0.052  0.190  0.812

    M      4     23     24      4     55

        4.87  21.90  21.90   6.33

        0.155  0.055  0.201  0.856

Total     10     45     45     13    113

Chi-Sq = 2.467, DF = 3, P-Value = 0.481

1 cells with expected counts less than 5.

Interpretation  (association)

Null Hypothesis:  There is no association between location and gender.

Alternate Hypothesis:  There is an association between location and gender.

The p-value of 0.481 suggests that  location and gender are not associated with respect to knee-replacement claims during June 2013.
Interpretation  (independence)

Null Hypothesis:  Location and Gender are independent.

Alternate Hypothesis:  Location and Gender are not independent.

The p-value of 0.481 suggests that Location and Gender are independent with respect to knee-replacement claims during June 2013.
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