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4.3.5 Categorical covariates and dummy variables
A multiple linear regression model is not restricted to continuous covariates. We

may also include binary, nominal categorical, or ordered categorical variables.

Binary variables are straightforward to include and to interpret. The estimated

regression coefficient of a binary variable – coded 0 and 1 – is the mean difference

in the outcome between the two subgroups of observations defined by the binary

variable. This is illustrated in Table 4.7 where we analyze the effect of smoking

during pregnancy (SMOKE: 0 = No, 1 = Yes) on BWT.

The estimated regression coefficient for SMOKE in Table 4.7 is the same as we

get by calculating the mean difference in BWT between smokers and non-smok-

ers. The P-value is the same as using a two-sample t-test, under the assumption of

equal variance in the two groups.

Categorical variables with three or more categories require that we select a refer-

ence category and create dummy variables to include in the regression model.

Dummy variables (design variables) are two or more binary variables that are used

to compare each category with the reference category (see Section 3.3). A variable

with k categories needs  dummy variables. Consider the variable RACE intro-

duced in Section 4.3.4, which has three categories. Taking White as the reference

category, we create two dummy variables as shown in Table 3.6. The creation of

dummy variables is handled automatically by most statistical software packages.

When we include dummy variables in a regression model, we must include all

dummy variables at the same time. We cannot, for example, include RACE2 with-

out RACE3. Similarly, if the whole set of dummies, say, RACE, is significant – or if

we decide to keep it for another reason – we must keep all of the dummies in the

model, even though one or more of them may be insignificant.

Table 4.7 Results of fitting a linear regression model of BWT on SMOKE, n = 189.

Variable Estimate SE t P 95% CI

SMOKE -281.7 107 -2.63 0.009 (-493, -70.7)

Constant 3055 66.9 45.6 < 0.001 (2923, 3187)

k −1
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