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13.7 Testing whether the model’s variables are useful for estimating Y

· Use a hypothesis test to simultaneously test if (1=0, (2=0, …, (k=0 (equivalently, (1=(2=…=(k=0)

The hypotheses are:

Ho: (1=(2=…=(k=0

Ha: At least one ((0

· The hypothesis test compares the estimating ability of a model with all the variables (Y=(0+(1X1+ … +(kXk+() to a model with no variables (Y=(0+()

Note
The model Y=(0+( produces 
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 as the estimated regression model.

· If at least one of the (’s is not equal to 0, the hypothesis test reject’s Ho: (1=(2=…=(k=0

Hypothesis test for determining if the overall model is useful for estimating Y (Overall F-test)

Test statistic method
1) 
Ho: (1=(2=…=(k=0

Ha: At least one ((0

2) Test statistic

Let MSR = SSR/k = ((
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)2/k denote the mean square due to regression.

The test statistic is:
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where 

k=number of independent variables

Note

Sincich uses SS(model) for SSR on p. 679

n-(k+1) is the degrees of freedom associated with SSE.  Since SSE is in the denominator of F, n-(k+1) is often referred to as the “degrees of freedom in denominator.” Similarly, k is often referred to as the “degrees of freedom in numerator.”

3) Critical value

The critical value comes from the F-distribution, which is another probability distribution.  See table E in the statistical tables packet.

For information on the interpretation of what a “probability distribution” really is, see the “Probability Distribution Review” set of notes.  

Equation (Do not need to know)

If X (random variable) has an F-distribution with a d.f. in the numerator and b d.f. in the denominator, then
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for 0<X<( and ((C)=(C-1)! If C is an integer; more generally, ((C)=
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For this hypothesis test, the critical value has a=k degrees of freedom in the numerator and b=n-(k+1)=n-k-1 degrees in the denominator
Graph Example (see F_distribution.xls)

If k=5 and n-k-1=20 (i.e. n=26), then

	Numerator degrees of freedom
	5

	Denominator degrees of freedom
	20

	F0.1, num df, den df
	2.1582

	F0.05, num df, den df
	2.7109

	F0.01, num df, den df
	4.1027

	F0.001, num df, den df
	6.4606
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The critical values to be found for the F-distribution are written as: F(, num. df, den d.f. This value comes from 

P(X > F(, num. df, den d.f.)=(.  

Where X is a random variable from an F-distribution.

In other words, F(, num. df, den d.f. is the value that gives an area to the right of it of ( for a F-distribution with the specified degrees of freedom (( is the area in the right tail for the distribution). 

(Remember from chapter 8, 

P(t > t(, df)=()

For this hypothesis test, the critical value is written as F(, k, n-k-1 

Finding the critical value: F(, num. df, den d.f.
1) Use the excel function: =FINV((,numerator df, denominator df).  See F_distribution.xls for an example
2) Use table E in the statistical tables packet
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Example: F0.05, 1, 16 = 4.49

N=Numerator df and D=Denominator df

4) Reject or don’t reject Ho
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5)  Conclusion

If reject Ho: The model is useful for estimating Y

If don’t reject Ho: There is not sufficient evidence to show that the model is useful for estimating Y
Note: ___ means to put in the above statements the variable name in the problem.

P-value method

1) Same

2) P-value = P(X > F)

where F = MSR/MSE  In Excel: =fdist(F, numerator df, denominator df).

3) State (
4) Reject Ho if p-value ( (; Don’t reject Ho if p-value > (.
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5) Same

Example: NBA guards data

Determine if the model:
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PPM

 = -0.4022 + 0.0040*MPG + 0.0036*Height + 0.0006*FTP 

is useful for estimating PPM.  Use (=0.05 in the hypothesis test.  

Part of the regression output: 

	ANOVA
	
	
	
	
	

	
	df
	SS
	MS
	F
	Sign. F

	Regression
	3
	0.2479
	0.0826
	7.2656
	0.0002

	Residual
	101
	1.1487
	0.0114
	
	

	Total
	104
	1.3966
	
	
	


1) 


Ho: (MPG=(Height=(FTP=0

Ha: At least one ((0

2) Test statistic

F = 7.2656

3) Critical value

F(, k, n-k-1 = F0.05, 3, 105-3-1 = 2.6946 from Excel

NOTE: The tables do not contain a denominator d.f. of 105-3-1=101.  Thus, take the next closest d.f. of 120.  Then F0.05, 3, 101 ( F0.05, 3, 120 = 2.68.

4) 
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Since 7.2656 > 2.6946, reject Ho.  

5)  The model (using MPG, Height, and FTP) is useful for estimating PPM.

This result should seem reasonable.  The 3 previous hypothesis tests (t-tests) for each individual variable concluded that 2 of the variables were useful in estimating PPM (Section 13.5).

Note
The p-value = 0.0002 < 0.05 = ( so the same conclusion would be reach as with using the test statistic.

Question

Why not just conduct hypothesis tests on (1=0, (2=0, … (k=0 individually using what we learned in section 13.5?

Suppose there are 8 independent variables and 8 individual hypothesis tests are conducted on (1=0, (2=0, … (8=0 using (=0.10 for each test.  What is the probability that at least one type I error (reject Ho, but Ho is really true) happens in the 8 tests?

Use the binomial distribution in chapter 5.  

P(success) = ( = 0.10 

P(failure) = 1-( = 1-0.10 = 0.90

Number of trials = n = 8

Number of “successes” = x (1

Note: success here is a type I error

P(X(1) = 1- P(X<1) 

= 1 – P(X=0)

= 1 -  0.4305 (from table F)

= 0.5695

So there is a 56.95% probability of making at least one type I error

Using the Overall F-test there is (*100% probability of a type I error; however, with doing the tests individually (with t-tests) there is a [1-(1-()k]*100% probability of committing at least one type I error.

To limit the probability of a type I error to (, conduct a Overall F-test.

Recommendation for checking a model’s variables usefulness in estimating Y: 2 steps
1) Do a Overall F-test

a) If don’t reject Ho: Stop.  Model variables may not be useful for estimating Y. 

b) If reject Ho: There is at least one variable that is useful for estimating Y.  Go to step 2.

2) Do t-test’s on individual (’s to determine which variables are useful for estimating Y

a) If reject Ho for a (: That (’s corresponding variable is useful for estimating Y

b) If don’t reject Ho for a (: That (’s corresponding variable may not be useful for estimating Y

Example: NBA guards data

Use the 2 steps for checking a model’s variables for usefulness in estimating PPM.

The model is: 
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PPM

 = -0.4022 + 0.0040*MPG + 0.0036*Height + 0.0006*FTP

1) Overall F-test conclusion: Reject Ho – Model is useful estimating PPM.

	Variable
	Ho:(=0 test result

	MPG
	Reject Ho

	Height
	Reject Ho

	FTP
	Don’t reject Ho


MPG and Height are useful for estimating PPM.  FTP may not be useful for estimating PPM.  
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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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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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