Review of F-Statistic

F-test is used to determine if a group of variables are jointly significant statistically (versus t-test, which is used to determine if a single variable is statistically significant).

F-test is used in two situations (usually):

● to determine if all the variables in your model are jointly significant (i.e., to see if your ‘model’ is statistically significant) – this is reported as part of the results of every OLS analysis; and

● to determine if some subset of variables in your model are jointly significant.  This is applied to any group of binary variables used to operationalize a variable that has been dummied out into more than two categories (e.g., religion dummied out into four categories (i.e., three variables with a base group) such as secular, protestant, catholic and other).

Steps to F-test:

1. Set up hypothesis test

2. calculate F-value

3. determine critical value

4. reject or fail to reject null.

1. Hypothesis Test

     A. Testing to determine if model is jointly statistically significant

You can set up a hypothesis test in which:

0  1 = 2 = 3 = … =  k = 0 

(where k is the number of independent variables)
A  1 ≠ 2 ≠ 3 ≠ …  ≠ k ≠ 0
In the null model, you can think of all the estimated betas being constrained/restricted to equal zero.  Thus, the null model can be thought of as EQ 1,

EQ 1:  Ŷ = b0 

and the full/unrestricted model can be thought of as EQ 2

EQ 2:  Ŷ = b0 + b1X1 + b2X2 + b3X3 + … + bkXk.

B. Test to determine if subset of variables is jointly statistically significant.

You can set up a hypothesis test in which:

0  3 = 4 = 0.

A  3 ≠ 4 ≠ 0.

In this scenario, the restricted model is:
EQ 1:  Ŷ = b0 + b1X1 + b2X2,

and the unrestricted model is:

EQ 2:  Ŷ = b0 + b1X1 + b2X2 + b3X3 + b4X4.
2. Calculate the F-Value

The F-value is calculated as follows:



Remember, SSE stands for Error Sum of Squares (which is sometimes referred to as Residual Sum of Squares).  SSE1 is the SSE for the restricted model and SSE2 is the SSE for the unrestricted model.  One expects SSE2 to be less than SSE1 in most situations – why?
  Side bar: SSE is simply ∑(Yi- Ŷi)2

In Stata, the easiest way to generate Ŷi is to use the predict command.
Determine Critical Value

· We write it like this:



.

SYMBOL 183 \f "Symbol" \s 10 \h  To get critical values for the F statistic, we use a set of tables, just like for the normal and t-statistics.  m is the degrees of freedom for the numerator and n-k is the degrees of freedom for the denominator.  Must also specify a confidence level (e.g., p<0.05).
Reject/Fail to Reject the Null
If F-value is greater than critical value, then the value falls into the tail and we can reject the null.  In other words, the variables are jointly statistically significant.  Otherwise, we fail to reject the null – the variables are not jointly statistically significant.
Example of using the F-Test

Dependent Variable: Objective Political Knowledge (knowt)
Dependent variables:


Interest in Politics (polint)


Partisanship (partint)


Gender (female)


Age (age1829 age3044 age4564 agenk; base category is age 65 plus)


Religion (memrelig churengl catholic; base category is secular) 
Full Model:
  
Ŷ = b0+b1(partint)+b2(partint)+b3(female)+b4(age1829)+b5(age3044)

+b6(age4564)+b7(agenk)+b8(memrelig)+b9(churengl)+b10(catholic).
Restricted Model 1:


Ŷ = b0
Restricted Model 2 (drop religion):

Ŷ = b0+b1(partint)+b2(partint)+b3(female)+b4(age1829)+b5(age3044)

+b6(age4564)+b7(agenk).
Restricted Mode 3 (drop age):

Ŷ=b0+b1(partint)+b2(partint)+b3(female)+b4(memrelig)+b5(churengl)+b6(catholic).
. 

. * full model

. regress knowt partint polint female age1829 age3044 age4564 agenk memrelig churengl catholic [aw> =bpanwgt]

  Source |       SS       df   Number of obs =    2354

---------+------------------   F( 10,  2343) =   52.01

   Model |  710.821109    10   Prob > F      =  0.0000

Residual |  3202.09579  2343   R-squared     =  0.1817

---------+------------------   Adj R-squared =  0.1782

   Total |   3912.9169  2353   Root MSE      =   1.169

-------------------------------------------------

   knowt |      Coef.   Std. Err.      t    P>|t| 

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

 partint |   .0157669    .022597     0.70   0.485 

  polint |   .1541259   .0098703    15.62   0.000  

  female |  -.3573763   .0495622    -7.21   0.000 

 age1829 |  -.2110693   .0842868    -2.50   0.012  

 age3044 |   .1713608   .0720124     2.38   0.017

 age4564 |   .3087145   .0707197     4.37   0.000

   agenk |   .4365333   .4484057     0.97   0.330

memrelig |  -.3781511   .0740645    -5.11   0.000

churengl |  -.0440615   .0605902    -0.73   0.467

catholic |  -.1281559   .0807889    -1.59   0.113

   _cons |   3.742383   .1001583    37.36   0.000

. * restricted model 1 -- age

. regress knowt partint polint female memrelig churengl catholic [aw=bpanwgt]

  Source |       SS       df  Number of obs =    2354

---------+------------------  F(  6,  2347) =   75.57

   Model |  633.573168     6  Prob > F      =  0.0000

Residual |  3279.34373  2347  R-squared     =  0.1619

---------+------------------  Adj R-squared =  0.1598

   Total |   3912.9169  2353  Root MSE      =  1.1821

-------------------------------------------------

   knowt |      Coef.   Std. Err.      t    P>|t|     

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

 partint |   .0181669   .0225843     0.80   0.421   

  polint |   .1618028   .0099012    16.34   0.000    

  female |  -.3538202   .0500673    -7.07   0.000   

memrelig |  -.3797023   .0740284    -5.13   0.000   

churengl |   .0033287   .0584463     0.06   0.955   

catholic |  -.1193228   .0815741    -1.46   0.144   

   _cons |   3.790281   .0743556    50.98   0.000    

Calculate F-Value



SSE1=3279.34373  
SSE2=3202.09579  
m=4
n=2354

k=11
F=((3279.34373-3202.09579)/4)/(3202.09579/2343)
F=14.1307

Determine Critical value: 
numerator df=4, denominator df=infinity, p<.05 F-critical==2.37
Reject Null?

. * restricted model 2 -- religion

. regress knowt partint polint female age1829 age3044 age4564 agenk [aw=bpanwgt]

  Source |       SS       df  Number of obs =    2354

---------+------------------  F(  7,  2346) =   69.56

   Model |  672.572463     7  Prob > F      =  0.0000

Residual |  3240.34444  2346  R-squared     =  0.1719

---------+------------------  Adj R-squared =  0.1694

   Total |   3912.9169  2353  Root MSE      =  1.1753

-------------------------------------------------

   knowt |      Coef.   Std. Err.      t    P>|t|    

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

 partint |   .0168587   .0226951     0.74   0.458   

  polint |   .1528922   .0099085    15.43   0.000   

  female |  -.3765684   .0493523    -7.63   0.000    

 age1829 |   -.184499   .0813499    -2.27   0.023   

 age3044 |   .2045922   .0703184     2.91   0.004    

 age4564 |   .3328618   .0705349     4.72   0.000  

   agenk |   .4974105   .4505874     1.10   0.270  

   _cons |    3.64963   .0950124    38.41   0.000   

-------------------------------------------------

Calculate F-Value
SSE1=3240.34444
SSE2=3202.09579  
m=3

n=2354

k=11
F=((3240.34444-3202.09579)/3)/( 3240.34444/2343)

F=9.22

Determine Critical value: 
numerator df=4, denominator df=infinity, p<.05 F-critical==2.60

Reject Null?

Run it in Stata as f-test

. * full model

. regress knowt partint polint female age1829 age3044 age4564 agenk memrelig churengl catholic [aw

> =bpanwgt]

(sum of wgt is   2.3520e+03)

  Source |       SS       df   Number of obs =    2354

---------+------------------   F( 10,  2343) =   52.01

   Model |  710.821109    10   Prob > F      =  0.0000

Residual |  3202.09579  2343   R-squared     =  0.1817

---------+------------------   Adj R-squared =  0.1782

   Total |   3912.9169  2353   Root MSE      =   1.169

-------------------------------------------------

   knowt |      Coef.   Std. Err.      t    P>|t| 

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

 partint |   .0157669    .022597     0.70   0.485 

  polint |   .1541259   .0098703    15.62   0.000  

  female |  -.3573763   .0495622    -7.21   0.000 

 age1829 |  -.2110693   .0842868    -2.50   0.012  

 age3044 |   .1713608   .0720124     2.38   0.017

 age4564 |   .3087145   .0707197     4.37   0.000

   agenk |   .4365333   .4484057     0.97   0.330

memrelig |  -.3781511   .0740645    -5.11   0.000

churengl |  -.0440615   .0605902    -0.73   0.467

catholic |  -.1281559   .0807889    -1.59   0.113

   _cons |   3.742383   .1001583    37.36   0.000

--------------------------------------------------

. 

. test age1829 age3044 age4564 agenk

 ( 1)  age1829 = 0

 ( 2)  age3044 = 0

 ( 3)  age4564 = 0

 ( 4)  agenk = 0

       F(  4,  2343) =   14.13

            Prob > F =    0.0000

. test memrelig churengl catholic

 ( 1)  memrelig = 0

 ( 2)  churengl = 0

 ( 3)  catholic = 0

       F(  3,  2343) =    9.33

            Prob > F =    0.0000
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