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1 Dummy Variable Regression

Categorical variables that take on values of O or 1 for each observation are referred
to as binary or dummy variables. These variables can be used in regression models
to investigate differences in outcomes between two groups. For instance, if we are
interested in studying the gender pay gap, we can use a dummy variable female in a
regression with wages as the dependent variable. The female dummy variable takes on
the value 1 if the reported sex in the data is female and O if it is male.

In this case our model is given by:

wages = o + p1female +u

The exogeneity assumption in this case is:

E(u|female) =0

This means that, on average, the unobserved factors or error term are zero, regardless
of whether the female variable takes on a value of O or 1. Since the female variable can
only take on two values, this assumption reduces to:

E(u|female = 1) = E(u|female =0) =0

This implies that the unobserved factors that affect wages, on average, are similar for
men and women. Under this assumption, we can interpret 3; as the causal effect of
being female on wages.

To see this, we can take the conditional expectation:

E(wages|female =1) =Bo+B1-1=B0+p1
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E(wages|female =0) = Bo+81-0=po

Thus, Bo captures the average wages for men, while 31 captures the difference between
the average wages for women and men.

Bo = E(wages|female = 0)
B1 = E(wages|female = 1) — E(wages|female = 0)

When we use OLS on our sample data, it returns:

ﬁAO = Yfemale:O
lgl = Yfemalezl - Yfemale:O

Therefore, even if the exogeneity assumption is not met, we can still interpret 8o as
the average wages of men in our sample, and 3 as the difference between the average
wages of women and men in our sample.

The table below presents the estimates for the above model from the ACS data.

Wages
Intercept 67,220.17*
(439.87)
Female -14,661.12**
(637.27)
Observations 17,578
R2 0.03
Note: *p<0.1; *p<0.05; “**p<0.01

Based on the results shown in the above table, the estimated coefficient 8o is 67,220.17,
which represents the average wages for men in our sample. Meanwhile, the estimated
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coefficient 87 is —14,661.12, indicating that the average wages for women in our sam-
ple are lower by $14,661.12 compared to men. Therefore, the average wages for
women in our sample are 67,220.17 — 14,661.12 = $52,559.05. This result can also
be verified by directly calculating the raw averages. However, the regression here has
an advantage in that you can test the hypothesis of whether the difference between
the two groups is statistically significant.

2 Dummy Variables and Interactions

Consider a multiple regression model where the outcome variable Y is a function of
a continuous independent variable X and a binary independent variable D (a dummy
variable). The model can be written as:

Y=0p0+p1X+B2D +u
Then under the exogeneity assumption, we can write:

E(Y|X,D =1) = (Bo+p2)+p1X
EY|X,D=0)=80+B1X

The intercept term Bg represents the expected value of Y when X =0 and D = 0. The
coefficient B represents the expected change in Y associated with a one-unit increase
in X, holding D constant. The coefficient B9 represents the difference in average Y
between the group represented by D = 1 and the group represented by D = 0, at any
given value of X, i.e.

Bo=E(Y|X,D=1)-E(Y|X,D =0)

Now let’s consider an augmented model where the interaction between D and X is also
added to the model. The model can be written as:

Y=Bo+B1X+B2D +B3DX +u

To interpret the coefficients in this model, as before, lets take the conditional expecta-
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tions of Y for each group, holding X constant:

E(Y|X,D =1) = (Bo+pB2)+(B1+p3)X
EY|X,D=0)=pB0+p1X

Interpretation of coefficients:

e Bois the intercept term for the group D = 0.

e (31 is the effect of X on Y for the group D = 0. It represents the change in Y
associated with a one-unit increase in X when D = 0.

e [35 represents the difference in the intercept between the two groups. In other
words, it quantifies the average difference in Y between the two groups when
X =0.

e (33 is the interaction effect between X and D. It represents how the effect of X
onY differs between the two groups. Alternatively, we can understand 33 as the
measure of how the effect of D varies with X. In other words, it is the difference
in the slopes of the regression lines for the two groups.

Interactions between two dummy variables can also be included in regression models.
Let’s look at an example with two dummy variables Hispanic and Female.

wages = o + p1Female + foHispanic + BsFemale X Hispanic +u

To interpret the coefficients, we need to consider the conditional expectations of wages
for each combination of the two dummy variables:

E(wages|Female = 0, Hispanic = 0) = o
E(wages|Female = 1, Hispanic = 0) = Bo + 51
E(wages|Female = 0, Hispanic = 1) = o + B2
E(wages|Female = 1, Hispanic = 1) = Bo + 81 + B2 + B3

Interpretation of coefficients:



ECON 340: Economic Research Methods Div Bhagia

e [3o represents the average wages of non-Hispanic men.

e (3 represents the difference in average wages between non-Hispanic females and
males.

e (3o represents the difference in average wages between Hispanic and non-Hispanic
men.

¢ Finally, B3 represents the interaction effect of being female and Hispanic. It rep-
resents the difference in the effect of being female on wages for Hispanics com-
pared to non-Hispanics. Alternatively, we can interpret B3 as the difference in
the effect of being Hispanic on wages for females compared to males.

To understand the interpretation of B3, note that:

A1 = E(wages|Female = 1, Hispanic = 0) — E(wages|Female = 0, Hispanic = 0) = 31
Ao = E(wages|Female = 1, Hispanic = 1) — E(wages|Female = 0, Hispanic = 1) = 81 + 33

So can interpret B3 = Ay — A;. Alternatively,

Ayq = E(wages|Female = 0, Hispanic = 1) — E(wages|Female = 0, Hispanic = 0) = B9
As = E(wages|Female = 1, Hispanic = 1) — E(wages|Female = 1, Hispanic = 0) = B2 + 83

So can also interpret B3 = Ay — As.



