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A Dichotomous/Categorical
Independent Variable

Here a “unit increase” represents switching
from one category to another. The coefficient
is the average difference in Y between the
category for which X = 0 (the reference group) 
and the category for which X = 1 (the
comparison group)



A Dichotomous/Categorical
Independent Variable

Therefore, compared to the reference group, we
would expect people in the comparison group
to score 2.26 units higher on the dependent
variable, on average.



Additive Model

This is our initial model:

E(I) = α + β1 Education + β2 Urban + ϵ

Where,

I = respondent’s wealth

α = slope

β1 = Respondent’s educationMain effect 1

β2 = Respondent’s area of residence (urban = 1)Main effect
2

ϵ = error



Additive Model: Stata Output, 
Evidence from Latin America



Model Assumptions

Model assumes the difference in wealth between rural and 
urban residents is constant across all levels of education

0 years of education 20 years of education



Model Assumptions

Model assumes the slope of education is the same for
urban and rural residents.

Urban Rural



Non-Additive Way of Thinking

Slope line for education could depend on the
group (rural vs. urban residents) one is
analyzing

Categorical variable as the moderator

Difference in income between urban and rural 
residents could depend on the amount of 
education people have

Continuous variable as the moderator



Definition

An interaction exists when the relationship
between X and Y changes (in magnitud or
direction) when examined at different levels
of a third variable



Non-Additive Model

This is our initial model:

E(I) = α + β1 Education + β2 Urban +                                           
β3 Urban*Education + ϵ

Where,
I = respondent’s wealth
α = slope
β1 = Respondent’s education conditional effect 1
β2 = Respondent’s area of residence (urban = 1) conditional

effect 2
β3 = Respondent’s area of residence (urban = 1) * respondent’s

education cross-product term
ϵ = error



Something to Consider First

• Rural residents’ education effect (slope) 
= 0.0109

Rural residents’ slope is not as steeper
as  urban residents’ slope

Urban residents’ education effect
(slope) = 0.0349

Wealth returns to education are 
stronger for urban residents



Interpreting the Results

• Education: effect of education for rural residents (reference group)

• _Iurban_1: predicted income gap between rural and urban residents when
education is zero in both groups

• Urban_education: part of education effect for urban residents



The Math

E(Y) = α + β1 (Education) + β2 (Urban) + β3 (Urban*Education) + ϵ
E(I) = .003 + .01 (Education) + .03 (Urban) + .02 (Urban*Education) 

Substitute 1, 2 & 3 as possible values for education and the
interaction; and 0 for urban

E(I) = .003 + .01 (1) + .03 (0) + .02 (0) = 0.4
E(I) = .003 + .01 (2) + .03 (0) + .02 (0) = 0.5
E(I) = .003 + .01 (3) + .03 (0) + .02 (0) = 0.6

The difference between predicted values is (e.g. 0.5 - 0.4) =.01

So, .01 is the change in slope for rural residents increment in 
wealth for rural risdents for one unit increase in education



The Math

E(Y) = α + β1 (Education) + β2 (Urban) + β3 (Urban*Education) + ϵ
E(I) = .003 + .01 (Education) + .03 (Urban) + .02 (Urban*Education) 

Substitude 1, 2 & 3 for education; 1 urban; and 1, 2 & 3 for the
interaction

E(I) = .003 + .01 (1) + .03 (1) + .02 (1) = 0.9
E(I) = .003 + .01 (2) + .03 (1) + .02 (2) = 1.2
E(I) = .003 + .01 (3) + .03 (1) + .02 (3) = 1.5

The difference between predicted values is (e.g. 1.2 - 0.9) = 0.3

So, .03 is the change in slope for urban residents increment in 
wealth for urban residents for one unit increase in education



A Graphic Result:                                            
Non-Additive vs. Additive
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Conclusion

When people have more education, the urban vs. 
rural gap in wealth is large.

If you live in a rural area, it does not pay that much
to get more education (when compared to the
situation in urban areas).

Given the size of the coefficients and their signs, a 
positive coefficient for the interaction means
both slopes for area of residence are positive.


