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11.8 Testing the Ratio of Two Population Variances 

· Ratio of two population variances: 
[image: image1.wmf]2

1

s

/
[image: image2.wmf]2

2

s

  

where 
[image: image3.wmf]2

1

s

 is variance for population #1 and 
[image: image4.wmf]2

2

s

 is the variance for population #2.

· If 
[image: image5.wmf]2

1

s

/
[image: image6.wmf]2

2

s

=1 then 
[image: image7.wmf]2

1

s

=
[image: image8.wmf]2

2

s

.  

· If 
[image: image9.wmf]2

1

s

/
[image: image10.wmf]2

2

s

>1 then 
[image: image11.wmf]2

1

s

>
[image: image12.wmf]2

2

s

.  There is more variability in population #1 then population #2.

· If 
[image: image13.wmf]2

1

s

/
[image: image14.wmf]2

2

s

<1 then 
[image: image15.wmf]2

1

s

<
[image: image16.wmf]2

2

s

.  There is more variability in population #2 then population #1.

Examples: 

1) In comparison of two stocks, which has more risk?  Remember from 11.7 example, (2 is a measurement of risk for an investment.

2) Suppose two types of cars claim the same gas mileage.  Is one car type more consistent in its mpg?

3) To compare two frozen pizza facilities for Tony’s pizza, random samples of pizza weights are taken.  Are the facilities producing pizzas that have the same consistency in their weights?  

4) Check the assumption of Section 11.4 of equal variances among two populations.  

Hypothesis Test for Two Population Variances: Test Statistic Method (Note: The steps here are different than what is shown in Sincich; however performing the hypothesis test steps here or using Sincich’s method will result in the same conclusion.)
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Critical Value
F1-(/2, df num., df den & F(/2, df num., df den
F(, df num., df den.
F1-(, df num., df den.

where num= numerator of the F test statistic and den=denominator of the F test statistic. 

Note: 

· The degrees of freedom for 
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· F1-(/2, df num., df den and F1-(, df num., df den. is not listed in Table E; however these values can be found using the relationship: F1-(/2, df num., df den.=1/F(/2. df. den., df num. and F1-(, df num., df den.=1/F(. df. den., df num..

4) Reject or don’t reject Ho 

2-tail

Ho: 
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Right-tail

Ho: 
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Left-tail

Ho: 
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5) Conclusion

Hypothesis Test for Two Population Variances: P-value Method

1) Same

2) P-value 
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p-value
· See below
P(X>F)
P(X<F)

where X is a random variable from the F distribution and F is the computed test statistic value.  

The Excel function =fdist(F, df num., df den.) computes P(X>F).  Remember that P(X<F) = 1 - P(X>F).

· P-value for a 2-tail test is more complicated to calculate.  You are not responsible to know how to calculate the p-value for this case.  If you are interested in knowing how to calculate the p-value, stop by my office for an explanation.  

3) State (
4) Reject Ho if p-value < (; otherwise don’t reject Ho
5) Same 

· Assumptions for this hypothesis test to work:

· The populations have an approximate normal distribution. 

· The data is randomly sampled from each population.    

Without these assumptions holding, the type I error rate could be higher or lower than what is stated in the hypothesis test.   

Example: (conagra_SP500.xls) 

Data source: http://investor.msn.com/quotes/quotes.asp
Suppose an investor has a choice between investing in shares of ConAgra, a diversified international food company headquartered in Omaha, or an S&P 500 Index mutual fund.  The investor prefers the investment with the higher weekly mean return and lower weekly risk.  

The investor wants to show that the S&P 500 Index mutual fund has lower risk than ConAgra.  Thus in a hypothesis test for the ratio of two variances, the alternative hypothesis will include this.  The variance will be used as the measure of risk and (=0.05.

The data set consists of weekly returns of ConAgra stock and the S&P 500 Index mutual fund (just the actual S&P500) from 10/20/1997 to 10/12/1998.  

Date
Time
S&P 500
ConAgra

10/20/97
1
-0.27%
0.58%

10/27/97
2
-2.87%
-5.91%

11/3/97
3
1.41%
7.49%

11/10/97
4
0.09%
4.14%

11/17/97
5
3.74%
7.77%

(
(
(
(

9/28/98
50
-4.03%
-0.89%

10/5/98
51
-1.82%
6.51%

10/12/98
52
7.32%
3.80%

For example:

ConAgra shareholders lost 5.91% of their investment from 10/20/97 to 10/27/97. Suppose an investor had $1,000 worth of ConAgra shares on 10/20/97.  By 10/27/98, the investment had declined to $1000*(1-0.0591) = $940.9

S&P 500 Index mutual fund shareholders made a 7.32% profit from 10/5/98 to 10/12/98.  Suppose an investor had $1,000 worth of shares in the mutual fund on 10/5/98.  By 10/12/98, the investment had  increased to $1000*(1+0.0732) = $1,073.20.

Although this data is not a random sample from the populations, there is a very low amount of dependence between successive data values.  One way to show this is to perform a Durbin-Watson Test from section 16.8.  This test showed there is little dependence among the data.  Since this section is omitted from this course, the results are not shown here.  
Let 1=S&P 500 and 2=ConAgra. 

1) The purpose of the hypothesis test is to show  
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.  This means that the S&P 500 Index mutual fund has less risk than shares of ConAgra stock.   
Ho: 
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2) F = 
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where 
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 found using the formulas for the sample variance.

3) F1-(, df num., df den. = 1/F(. df. den., df num = 1/ F0.05, 52-1, 52-1  = 1/1.591971 = 0.628152

where F0.05, 52-1, 52-1  is found in Excel using =finv(0.05,51,51). 

Note if the tables are used: Table E does not have 51 d.f. listed, so use the next closest d.f. – 60.

4) Since 0.29< 0.63, reject Ho
5) The variance for the S&P 500 Index mutual fund is lower than the variance for ConAgra.  Investing in the S&P 500 Index mutual fund has less risk than investing in ConAgra stock.   

Note: 

A match pairs test for the differences between means results in no significant difference between the means for a 2-tail test (do not reject Ho:(1-(2=0).  

Excel does have a ratio of two variances hypothesis test analysis tool.  

Make sure to highlight the correct variable’s data first.  The variable that is highlighted first has its sample variance in the numerator of the F test statistic.  In the last example, the S&P 500 Index mutual fund data is highlighted first since F = 
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 (and 1 denotes the S&P 500 Index mutual fund).
F-Test Two-Sample for Variances








S_P500
CONAGRA

Mean
0.002495019
1.34038E-05

Variance
0.000677713
0.002314334

Observations
52
52

df
51
51

F
0.292832885


P(F<=f) one-tail
1.12773E-05


F Critical one-tail
0.628151753


Be careful:

P-value – Excel calculates as 

If F<1 then p-value = P(X<F)

If F>1 then p-value = p(X>F) 

Critical value – Excel calculates as

If F<1 critical value is F1-(, num. df, den df
If F>1 critical value is F(, num. df, den df
Thus, Excel may give an incorrect answer! 

Side-by-side box plots  (box_dot_plot.xls)

Notice how much smaller in width the S&P 500 box plot is compared to the ConAgra box plot.  This graphically shows that the variability in the S&P 500 values is smaller than the variability in the ConAgra values for this sample.  This difference in variability between the two in the sample is enough to conclude that the S&P 500 variance is less than the ConAgra variance in the population, and thus Ho is rejected.
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F-distribution plot 

Purpose:  Shows a plot of the F-distribution for user provided numerator and denominator degrees of freedom.
       
NOTE:      1) Cells with characters in red are to be changed by the user.
                2) Values from the F distribution are provided for a=0.10, 0.05, 0.01, 0.001.
                3) The x-axis is fixed to be from 0 to 20.  Thus, the whole plot may not be shown.
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F-distribution plot 

Purpose:  Shows a plot of the F-distribution for user provided numerator and denominator degrees of freedom.
       
NOTE:      1) Cells with characters in red are to be changed by the user.
                2) Values from the F distribution are provided for a=0.10, 0.05, 0.01, 0.001.
                3) The x-axis is fixed to be from 0 to 20.  Thus, the whole plot may not be shown.
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Boxplots

		

				Boxplot Template

						Enter the data on the Data worksheet.  The boxplot(s) will be drawn on the graph below.

				Remarks:

						1)  This template only works when n is less than or equal to 500 and the number

						of groups less than or equal to 5.

						2)  The blue vertical line ( | ) denotes the mean and an  X denotes a potential outlier.
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F-distribution plot 

Purpose:  Shows a plot of the F-distribution for user provided numerator and denominator degrees of freedom.
       
NOTE:      1) Cells with characters in red are to be changed by the user.
                2) Values from the F distribution are provided for a=0.10, 0.05, 0.01, 0.001.
                3) The x-axis is fixed to be from 0 to 20.  Thus, the whole plot may not be shown.
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