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This Lecture

Topics

• Dummy Variables

• Interactions

• Chow Test

Assignments

• Problem Set 4 due Monday, July 24th

• Quiz 4 next Tuesday, July 25th
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Dummy Variables

Dummy variables: are binary variables (or zero-one variables).

For example: urban or rural

How do we interpret dummies? Let’s look at a classic question, the

wage gap between men and women:

wage = β0 + β1 f emale + β2educ + u

Then, β1 equals:

E[wage| f emale = 0, educ] = β0 + β2educ

E[wage| f emale = 1, educ] = β0 + β1 + β2educ

E[wage| f emale = 1, educ]−E[wage| f emale = 0, educ] = β1

Q: Why don’t we include both male and female in this regression?
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Dummy Variables

wage = β0 + β1 f emale + β2educ + u

• Difference between females and males wages at a given

education level is β1.

• We can also think of this dummy as introducing an intercept
shift between males and females:

• The intercept for males is β0
• The intercept for female is β0 + β10
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Dummy Variables (note δ = β1)

5 / 36



Policy and Dummy Variables

This type of analysis will simply tell us if there is a gap between

men and women’s earnings

In the policy world, we need to go further:

• Is this result “robust”

• Why is there a gap?

• Different jobs?

• Discrimination?

• Differential returns to eduction?

• The answers to these questions will determine the appropriate

policy response
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Wage Gap

Yes, there is a wage gap
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Wage Gap

Yes, it is statistically significant at the 1% level
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Wage Gap
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Policy and Dummy Variables

Now we have to investigate why:

1 We want to investigate whether there are other differences
between men and women that could drive this effect

• I.e. is there an omitted variable?

2 We want to test whether the return to certain characteristics
is different for men and women

• In our example of wages across men and women, this would

mean asking whether the coefficient on educ or exper is

different across these groups
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Policy and Dummy Variables

There are some differences, particularly in job type
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Policy and Dummy Variables

How much of the gap do these difference explain?
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Policy and Dummy Variables

The coefficient on f emale remains negative and significant. This is

a “robust” result so far

13 / 36



Interactions: Dummy Variables

Now we move to considering whether women have differential

returns to their characteristics. Consider this model:

wage = β0 + β1 f emale + β2educ + β3 f emale× educ + u

• What is the marginal effect of increasing education?

• Intuitively, think about regrouping all the terms that have

education in them:

E[wage|educ, f emale] = β0 + β1 f emale + (β2 + β3 f emale)︸ ︷︷ ︸
regrouped

educ

So the “education effect”, i.e the marginal effect of education is

β2 + β3 f emale.
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Interactions: Dummy Variables

We can express the marginal effect of educ is:

∂E[wage]
∂educ

= β2 + β3 f emale

The marginal effect of education depends on the value female take.

So we need to plug in:

• If female==0 (i.e. male) then the marginal effect of educ is:

∂E[wage]
∂educ

= β2

• If female==1 (i.e. female) then the marginal effect is:

∂E[wage]
∂educ

= β2 + β3
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Interactions: Dummy Variables

Similarly, we can ask what the marginal effect of f emale is.

∆E[wage]
∆ f em

= β2 + β3educ

• The “effect” of being female depends on the value of educ

• To evaluate this, you will be asked to look at a particular

value of education

• Typically we use the median value of the continuous variable

• Substituting educ=10 for example gives:

∆E[wage]
∆ f em

= β1 + β3 ∗ 10
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Interactions: Dummy Variables

How do we interpret each coefficient in the regression?

wage = β0 + β1 f emale + β2educ + β3 f emale× educ + u

• Interpreting β0: parameter is the intercept for of males.

• Interpreting β1: parameter is the difference in the intercepts

between women and men.

• Interpreting β2: parameter reflects the effect of education for

males.

• Interpreting β3: parameter reflects the difference in the

marginal returns to education between males and females
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Interactions: Dummy Variables

How do we interpret each coefficient in the regression?

wage = 65− 10 f emale + 3educ− 2 f emale× educ + û

1 Interpret each coefficient above in words

2 Draw a graph that depicts the ŵage for males and females

3 Redraw the same graph for the new coefficients below

wage = 65− 15 f emale + 2educ + 3 f emale× educ + u
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Interactions: Dummy Variables
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Wage Gap and Interactions

Looks like the first panel. The wage gap is larger for individuals

with more education

Based on this picture, what are your predictions for each of the

four β̂ j?
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Wage Gap and Interactions

What does this look like in regression:

Does each coefficient conform to our predictions? Why or why

not?
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Wage Gap and Interactions

We can run the same analysis with union membership: Do unions

have a differential impact for men and women?
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Wage Gap Research

This is as far as we’ll take this investigation on our own. However

there is much on-going work on this topic

The most recent paper on the wage gap is a working paper by

Barth, Kerr, and Olivetti (2017):

• Wage gap starts small as men and women enter the workforce

• The wage gap increases sharply in the late 20s and early 30s,

concentrated in high education jobs

• This effect is driven by married women - implies that having
children is a big driver of the wage gap

• High education jobs seem to place premiums on long hours in

the office and face time, something women are more likely to

sacrifice when they have children

• Women are more likely to change jobs without a wage increase

(likely following their spouse)
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Hypotheses with Interactions

wage = β0 + β1 f emale + β2educ + β3 f emale× educ + u

1 Write the null and alternative hypothesis to test that the

return to education is the same for women and men

2 Write the null and alternative hypothesis to test that average

wages are identical for men and women who have the same

levels of education:
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Hypotheses with Interactions
How can we test hypotheses when the same variable appears

multiple time:

wage = β0 + β1 f emale + β2educ + β3 f emale× educ + u

1 Write the null and alternative hypothesis to test that the

return to education is the same for women and men:

H0 : β3 = 0 vs. H1 : β3 6= 0

2 Write the null and alternative hypothesis to test that average

wages are identical for men and women who have the same

levels of education:

H0 : β1 = 0 & β3 = 0 vs. H1 : β1 6= 0 &/or β3 6= 0
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Hypotheses with Interactions

What if we want to test whether the an entire model is different

for two groups

• E.g. Is the wage equation different for men and women

There are two ways we might do this:

1 Interact all variables with the dummy for our group and then
run on F-test for the interaction terms.

• This can be tedious

2 Conduct a “Chow test”

• A Chow test is the same as an F-test, but can save you time in

certain situations
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Chow Test

To conduct a Chow test you

1 Run three regressions without any interaction terms:

• The regression for each group separately (e.g. for men then

women)

• A “pooled” regression with both groups included

2 Plugging the results of these three regressions into this

formula to get an F-stat

F =

(
SSRpooled − (SSRw + SSRm)

)
/q

(SSRw + SSRm)/(n− (2k + 1))

Where q = k + 1

3 Proceed as you would on an F-test
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Chow Test

F =

(
SSRpooled − (SSRw + SSRm)

)
/q

(SSRw + SSRm)/(n− (2k + 1))

Note that this equation is identical to the normal F-test because

SSSUR = SSRw + SSRm

And the SSRpooled is the same as the SSRR. If we plug this in we

get our old F-stat:

F =
(SSRR − SSRUR)/q

SSRUR/(n− kUR − 1)

So, this is the exact same test, just a different way to calculate it
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Interactions: Two Continuous Variables

Now consider this model:

wage = β0 + β1age + β2educ + β3age× educ + u

What is the marginal effect of age? Again, re-group all the terms

with age in them:

E[wage|educ, age] = β0 + (β1 + β3educ)︸ ︷︷ ︸
regrouped

age + β2educ

As before, the “age effect” i.e the marginal effect of age is

β1 + β3educ.
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Interactions: Two Continuous Variables

∂E[wage]
∂age

= β1 + β3educ

• Marginal effect varys with educ. To get one value, we can

plug in for educ (usually with the media)

• The expected wage for people with 10 years of education is

β1 + β3 ∗ 10

We can follow the same intuition for education:

∂E[wage]
∂educ

= β2 + β3age

• The marginal effect of education on expected wage for people

with 20 years of age is β2 + β3 ∗ 20
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Interacting Two Dummy Variables

Changing the model so we have two dummy variables:

wage = β0 + β1married + β2 f emale + β3 f emale×married + u

Regrouping terms on married:

E[wage|married, f emale] = β0 +(β1 + β3 f emale)︸ ︷︷ ︸
regrouped

married+ β2 f emale

The marginal effect of marriage on wage:

∆E[wage]
∆mar

= β1 + β3 f emale

31 / 36



Interacting Two Dummy Variables

Now, when we plug in for f emale we only have two options (0,1)

• Substituting female=0 (i.e you are male) gives:

∆E[wage]
∆mar

= β1

The effect of being married on expected wage for males is β1

• Substituting female = 1 (i.e you are female) gives:

∆E[wage]
∆mar

= β1 + β3

The effect of being married on expected wage for females is

β1 + β3
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Interaction Two Dummy Variables

wage = β0 + β1married + β2 f emale + β3 f emale×married + u

Interprete each coefficient:

1 β0:

2 β1:

3 β2:

4 β3:

Q5: Calculate the average wage of married females?
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Interaction Two Dummy Variables

wage = β0 + β1married + β2 f emale + β3 f emale×married + u

Interprete each coefficient:

1 β0: The average wage for single males.

2 β1:The average effect of being married for a male.

3 β2: The average effect of being female for a single individual.

4 β3: The differential effect of being married for a woman

relative to what it is for a man.

Q5: Calculate the average wage of married females?

= β̂0 + β̂1 + β̂2 + β̂3
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Another Example

colGPA = β0 + β1 f emale + β2athlete + β3 f emale× athlete
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III. Examples

i. Example 1

We have the following model in mind

colGPA = b0 + b1 f emale + b2athlete + b3 f emale ⇥ athlete

Stata outputs is as follows

. gen fem_ath=female*athlete

. reg colGPA female athlete fem_ath

Source | SS df MS Number of obs = 4137

-------------+------------------------------ F( 3, 4133) = 26.46

Model | 33.8056063 3 11.2685354 Prob > F = 0.0000

Residual | 1760.39007 4133 .425935172 R-squared = 0.0188

-------------+------------------------------ Adj R-squared = 0.0181

Total | 1794.19567 4136 .433799728 Root MSE = .65264

------------------------------------------------------------------------------

colgpa | Coef. Std. Err. t P>|t| [95% Conf. Interval]

-------------+----------------------------------------------------------------

female | .1248531 .0208526 5.99 0.000 .0839707 .1657355

athlete | -.3015775 .0553063 -5.45 0.000 -.4100075 -.1931474

fem_ath | .1963892 .1129543 1.74 0.082 -.0250621 .4178405

_cons | 2.608557 .0141477 184.38 0.000 2.58082 2.636294

------------------------------------------------------------------------------

• What’s the effect of female on predicted wages?

0.1248531 + 0.1963892athlete

• What’s the effect of athlete on predicted wages?

�0.3015775 + .1963892 f emale

• Interpret each coefficient in your model :

– b0: Average GPA for male non-athletes

– b1: Average effect of being a female for non-athletes

– b2: Average effect of being an athlete for males

– b3: Differential effect of being an athlete for a woman relative to what it is for a man

11

1 What is the effect of f emale on predicted wages?

2 What’s the effect of athlete on predicted wages?

3 Interpret each coefficient
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Another Example

1 What’s the effect of f emale on predicted wages?

0.1248531 + 0.1963892athlete

2 What’s the effect of athlete on predicted wages?

−0.3015775 + .1963892 f emale

3 Interpret each coefficient:

• β0: Average GPA for male non-athletes

• β1: Predicted average effect of being a female for non-athletes

• β2: Predicted average effect of being an athlete for males

• β3: Differential effect of being an athlete for a woman relative

to what it is for a man
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