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Introduction

We recently learned about one-way ANOVA, a statistical test for
scenarios involving a nominal categorical explanatory variable and a
quantitative outcome. The alternative model in one-way ANOVA
can be expressed as a regression model:

Group one-way ANOVA Regression
1 yi =µ1+ϵi
2 yi =µ2+ϵi yi =β0+β1Xi1+β2Xi2+ϵi
3 yi =µ3+ϵi

X1 and X2 are dummy variables (0’s and 1’s), such that:

Ï µ1 =β0 (the reference group when both X1 and X2 are zero)
Ï µ2 =β0+β1 (when X1 = 1)
Ï µ3 =β0+β2 (when X2 = 1)
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The F -test for Regression

Similarly, the null model in one-way ANOVA can also be expressed
as an intercept-only regression model:

Group one-way ANOVA Regression
All yi =µ+ϵi yi =β0+ϵi

Ï Thus, the F -test performed in one-way ANOVA is actually
comparison of nested regression models

Ï Two models are nested when one model, known as the reduced
model, is a special case of a larger model

Ï yi =β0 +ϵi is a special case of the larger model:
yi =β0 +β1Xi1 +β2Xi2 +ϵi that occurs when β1 = 0 and β2 = 0
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The F -test for Regression

In regression, the F -test’s null hypothesis is that additional
predictors in the larger model provide no improvement over the
predictors already present in the reduced model, or in statistical
symbols:

H0 :βj =βj+1 =βj+2 = . . . =βp = 0

Ï {βj ,βj+1, . . . ,βp} are the respective coefficients of variables in
the larger, alternative model that are not present in reduced
model.

Ï Thus, both models contain {β1,β2, . . . ,βj−1} and we don’t learn
anything about the corresponding variables from the test
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The F -test for Regression

The F -test assesses whether the sum of squared residuals decreases
by more than would be expected by chance when additional
predictors are included in a regression model:

F = (SS0−SS1)/(d1−d0)
SS1/(n−d1)

Ï Here SS0 is the sum of squares of the reduced model, which
the smaller one that represents the null hypothesis

Ï SS1 is the sum of squares of the larger model, which represents
the alternative hypothesis

Ï d0 is the number of parameters in the reduced model, while d1
is the number of parameters in the larger model
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Example - Modeling Occupational Prestige

A study collected data on n = 98 occupations. We’ll consider the
variables:

Ï prestige: the average prestige rating of the job (from 0 to 100)
Ï education: the average number of years of schooling for

people holding the job
Ï type: the type of job, either skilled professional (prof), blue

collar (bc), or white collar (wc)
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Example (cont.)

In this application we’ll consider the following models:

Ï Model 1: prestige ~ 1
Ï The intercept-only model yi =β0 +ϵi

Ï Model 2: prestige ~ education
Ï An alternative model yi =β0 +β1Educi +ϵi

Ï Model 3: prestige ~ education + type
Ï An even larger model

yi =β0 +β1Educi +β2(type =“prof")+β3(type =“wc")+ϵi

Questions: Is model 1 nested within model 3? Is model 2 nested
within model 3? Why?

7 / 15



Example (cont.)

The F -test compares models using their sums of squares (squared
residuals):
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Recall: SS =∑n
i=1(yi − ŷi)2 and F = (SS0−SS1)/(d1−d0)

SS1/(n−d1)
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Example (cont.)

Below we use anova() to evaluate whether Model 2 is superior to
Model 1:
## Analysis of Variance Table
##
## Model 1: prestige ~ 1
## Model 2: prestige ~ education
## Res.Df RSS Df Sum of Sq F Pr(>F)
## 1 97 28346.9
## 2 96 7064.4 1 21283 289.21 < 2.2e-16 ***
## ---
## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

The p-value of the F -test is very small, thereby providing strong
evidence that Model 2 better fits the data
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Example (cont.)

We can repeat the same process to evaluate whether Model 3 is
superior to Model 2:
## Analysis of Variance Table
##
## Model 1: prestige ~ education
## Model 2: prestige ~ education + type
## Res.Df RSS Df Sum of Sq F Pr(>F)
## 1 96 7064.4
## 2 94 5740.0 2 1324.4 10.844 5.787e-05 ***
## ---
## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Here we conclude that Model 3 is indeed superior to Model 2
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Example (cont.)

What if we add another variable, RX, consisting of randomly
generated values with no relation to the response?
## Analysis of Variance Table
##
## Model 1: prestige ~ education + type
## Model 2: prestige ~ education + type + RX
## Res.Df RSS Df Sum of Sq F Pr(>F)
## 1 94 5740.0
## 2 93 5701.1 1 38.925 0.635 0.4276

The F -test indicates a lack of evidence that this variable improves
the model, so we should omit it as the complexity it adds to the
model isn’t warranted.
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Transformations

Coming soon (time permitting)
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R2 vs. Adjusted R2

Coming soon (time permitting)
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Multicollinearity

Coming soon (time permitting)
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