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Multiple Regression Analysis with
Qualitative Information:

1 Outline

� Describing qualitative information

� Using a single dummy independent variable

� Using dummy variables for multiple categories

� Interactions involving dummy variables

� A binary dependent variable (Y variable): The linear probability model

2 Describing Qualitative Information

� "Female" and "Married" are qualitative variable.

� We arbitarily assign a dummy variable to decribe them.

famale =

�
1 if female
0 otherwise (or if male)

married =

�
1 if married
0 otherwise (of if single)
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3 Models with a single dummy independent variable

Consider

wage = �0 + �0female+ �1educ+ u:

where

famale =

�
1 if female
0 otherwise (or if male)

In this case, the �0 notation is used to highlight the interpretation of the parameters
multiplying dummy variables. In other cases, we can use any notation that is the most
convenient.
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4 It is not possible to include all of the dummy alternatives in the same
model

� If we include all alternatives of a dummy variable in the same model, we will face
the "perfect collinearity" problem.

For example:

1 = female+male

female = male+ 1

or

1 = winter + spring + summer + fall

winter = 1� spring � summer � fall

� At least one alternative has to be dropped. We treat the dropped alternative as
the "BASE GROUP" or "BASELINE" or "BENCHMARK GROUP".
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5 Using dummy variables for multiple categories

Case 1 We can use many dummy variables in the same model
Consider a model which includes 2 dummy variables�female and married:

log(wage) = �0 + �0female+ �1married+ �1educ+ �2 exp er + �3 exp er
2

+�4tenure+ �5tenure
2 + u:

Comments:
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Consider a model which includes dummy variables for each gender/marital status
combination�marrmale; marrfem and singfem:

log(wage) = �0 + �0marrmale+ �1marrfem+ �3singfem+ �1educ+ �2exper

+�3exper
2 + �4tenure+ �5tenure

2 + u: (9.1)

Comments:
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Case 2 We can use dummy variables to represent multiple categories of a variable
Consider the relationship between law school rankings and starting salaries

log(salary) = �0 + �0top10 + �1r11_25 + �3r26_40 + �4r41_60 + �1LSAT

+�2GPA+ �3 log(libvol) + �4 log(cost) + u:

where top10; r11_25; r26_40; r41_60 would be equal to 1 when the variable rank falls
into the appropriate range.
** Rank below 60 would be the base case.

Comments:
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6 Interactions involving dummy variables

Case 1 Interactions among dummies
**We can use interactions among dummies to account for the e¤ect of each combination

of dummies as well:
A di¤erent way to estimate eq.(9.1) is

log(wage) = �0 + �0female+ �1married+ �3female �married+ �1educ
+�2exper + �3exper

2 + �4tenure+ �5tenure
2 + u:

where female�married = female�married:

Comments:
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Case 2 Interaction between a dummy and a continuous variable

log(wage) = �0 + �0female+ �1educ+ �1female � educ+ �2exper
+�3exper

2 + �4tenure+ �5tenure
2 + u:

Comments:
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7 Testing for Di¤erences in Regression Functions across Groups

� Is it reasonable to believe that the population regression function that explains the
dependent variable is the same across subsamples of populations?

� For example, is it reasonable to believe that the function that explains "GPA of
college athlete" is the same for male and female students?

Consider

cumgpa = �0 + �1sat+ �2hsperc+ �3tothrs+ u;

where
cumgpa = cummulative GPA
sat = SAT score
hsperc = high school rank percentile
tothrs = total hours of college courses

� If we want to test whether "male" students and "female" students have the same
values of �0; �1; �2; �3 we can estimate the following model

cumgpa = �0 + �0female+ �1sat+ �1female � sat+ �2hsperc+ �2female � hsperc
+�3tothrs+ �3female � tothrs+ u;

and the null hypothesis would be

H0 : �0 = �1 = �2 = �3 = 0 (9.2)

Ha : otherwise (at least one �j = 0)

We can use the F-test to test this type of null hypothesis:

1. The restricted model (r)
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2. The unrestricted model (ur)

Comments:

7.1 We can use the "Chow statistics" to test this type of hypothesis as well

� When there are many variables in the model, adding an interaction for every ex-
planatory variable would make the regression analysis messy.

� In which case, we can use the "Chow test" or "Chow statistic" to test the hypothesis
expressed in (9.2).

� Chow statistic is a type of F-statistic.

F =
SSRp � (SSR1 + SSR2)

SSR1 + SSR2
� [n� 2(k + 1)]

k + 1
;

where n is the total number of observations.
SSRp = SSR from the pooled model (include observations from both subsamples)
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SSR1 = SSR from subsample 1
SSR2 = SSR from subsample 2

Comments:
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8 A Binary Dependent Variable (y variable): The Linear Probability
Model

� So far, our Y variables are continuous.

� What if we are interested in explaining a qualitative Y variable (that is, Y is a
dummy variable)?

Consider

y = �0 + �1x1 + :::+ �kxk + u

E(yjx) = �0 + �1x1 + :::+ �kxk;

where x denotes all of the explanatory variables (x1; :::; xk):
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where
inlf = 1 if the woman reports working for a wage outside the home at some point

during the year, zero otherwise.
nwifeinc = husband�s earnings (in thousands of dollars)
educ = years of education
exper = past years of labor market experience
age = age
kidslt6 = number of children less than 6 years old
kidsage6 = number of kinds between 6 - 18 years old
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