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■ Homoscedasticity—The variance of the dependent variable doesn’t vary with the
levels of the independent variables. (I could call this constant variance, but say-
ing homoscedasticity makes me feel smarter.)

If you violate these assumptions, your statistical significance tests and confidence
intervals may not be accurate. Note that OLS  regression also assumes that the inde-
pendent variables are fixed and measured without error, but this assumption is typi-
cally relaxed in practice. 

8.2.1 Fitting regression models with lm()

In R, the basic function for fitting a linear model is lm(). The format is

myfit <- lm(formula, data)

where formula describes the model to be fit and data is the data frame containing the
data to be used in fitting the model. The resulting object (myfit, in this case) is a list
that contains extensive information about the fitted model. The formula is typically
written as

Y ~ X1 + X2 + ... + Xk

where the ~ separates the response variable on the left from the predictor variables on
the right, and the predictor variables are separated by + signs. Other symbols can be
used to modify the formula in various ways (see table 8.2).

Table 8.2 Symbols commonly used in R formulas

Symbol Usage

~ Separates response variables on the left from the explanatory variables on the right. For 
example, a prediction of y from x, z, and w would be coded y ~ x + z + w.

+ Separates predictor variables.

: Denotes an interaction between predictor variables. A prediction of y from x, z, and the 
interaction between x and z would be coded y ~ x + z + x:z.

* A shortcut for denoting all possible interactions. The code y ~ x * z * w expands to 
y ~ x + z + w + x:z + x:w + z:w + x:z:w.

^ Denotes interactions up to a specified degree. The code y ~ (x + z + w)^2 expands 
to y ~ x + z + w + x:z + x:w + z:w.

. A placeholder for all other variables in the data frame except the dependent variable. For 
example, if a data frame contained the variables x, y, z, and w, then the code y ~ . 
would expand to y ~ x + z + w.

- A minus sign removes a variable from the equation. For example, y ~ (x + z + w)^2 
– x:w expands to y ~ x + z + w + x:z + z:w.

-1 Suppresses the intercept. For example, the formula y ~ x -1 fits a regression of y on 
x, and forces the line through the origin at x=0. 
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In addition to lm(), table 8.3 lists several functions that are useful when generating a
simple or multiple regression analysis. Each of these functions is applied to the object
returned by lm() in order to generate additional information based on that fitted
model.

When the regression model contains one dependent variable and one independent
variable, the approach is called simple linear regression. When there’s one predictor vari-
able but powers of the variable are included (for example, X, X2 , X3), it’s called polyno-
mial regression. When there’s more than one predictor variable, it’s called multiple linear
regression. We’ll start with an example of simple linear regression, then progress to
examples of polynomial and multiple linear regression, and end with an example of
multiple regression that includes an interaction among the predictors.

8.2.2 Simple linear regression

Let’s look at the functions in table 8.3 through a simple regression example. The data-
set women in the base installation provides the height and weight for a set of 15 women

I() Elements within the parentheses are interpreted arithmetically. For example, y ~ x + 
(z + w)^2 would expand to y ~ x + z + w + z:w. In contrast, the code y ~ x + 
I((z + w)^2) would expand to y ~ x + h, where h is a new variable created by 
squaring the sum of z and w.

function Mathematical functions can be used in formulas. For example, log(y) ~ x + z + w 
would predict log(y) from x, z, and w.

Table 8.3 Other functions that are useful when fitting linear models

Function Action

summary() Displays detailed results for the fitted model

coefficients() Lists the model parameters (intercept and slopes) for the fitted model

confint() Provides confidence intervals for the model parameters (95% by default)

fitted() Lists the predicted values in a fitted model

residuals() Lists the residual values in a fitted model

anova() Generates an ANOVA table for a fitted model, or an ANOVA table comparing 
two or more fitted models

vcov() Lists the covariance matrix for model parameters

AIC() Prints Akaike’s Information Criterion

plot() Generates diagnostic plots for evaluating the fit of a model

predict() Uses a fitted model to predict response values for a new dataset

Table 8.2 Symbols commonly used in R formulas

Symbol Usage
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