The coefficients of an OLS regression of Y; on a constant and X; when X; is binary.

Assume that you have a sample with n units. Let Y; denote the value of the variable y for
unit ¢, and let X; denote the value of the variable x for unit . When you write “Is y ¢ x7,
E-views computes Bo and 31, the coefficients of the constant and of X; in the OLS regression

of Y; on a constant and X;. It follows from a result you saw during the lectures that

B = Ly (Vi-Y)(X;—X)
1= IS (Xi—X)?
Bo = Y - 31X,

where Y denotes the average of the Y;s, while X denotes the average of the Xs.

Assume that X, is a binary variable that is either equal to 0 or to 1. Let n; be
the number of units with X; = 1, and let ng = n — n; be the number of units with X; = 0.
The difference between the average of the Y;s among units with X; = 1 and with X; = 0 is
n% Dix—1Yi— nio > ix,—o Yi- The goal of the exercise is to show that

s (Y - Y)(X; — X)
n j=1\"1 7 1 .
1 (X — X)? i1 Yi s Yixi—o Yi

Y - BiX = nio > iiXi=0 Yi-

Watch out, these results are only true when X, is binary.

1 n N ~
; ’ : : 7 2im1 (Yi—Y)(Xi—X)
1) First, let’s consider the denominator of 2= XX

n

X(1— X). Hint: remember that X; is a binary variable.

. Show that 2 7 | (X;—X)? =

1 (Yi=Y)(X;—X)
=3, (Xi—X)?

Show that L 3" (V; -Y)(X; - X) =137 ViX; - Y X.

1
2) Now, let’s consider the numerator of =

a)
b) Show that + >, YiX; = X -3, v, Vi

c) Use questions a) and b) to show that 1 3" (V; - Y)(X; — X) =X (7711 D ix,=1 Yi— ?).
d) Show that Y = Ynil dix,—1 Yit (11— Y)nio > ix,—o0 Yi-

e) Use questions ¢) and d) to show that

ny . no .
1:.X;=1 1:X;=0

1 & — — - — (1 1
n;(m—Yxxi—X) XO=-X) (= D Vi = D%

3) Combine the results of questions 1) and 2) e) to show that

B\l: %Z?:l(yz_?)()ﬁ_y):i Z Y'-i Z V.
5 i (Xi = X)? n "o '

4) Finally, use the result of question 3) to show that

~ — o~ 1
Bo=Y — i X =—



Conclusion of the exercise. This exercise shows that 31, the coefficient of X; in OLS regression
of Y; on a constant and X; measures the difference between the average of the Y;s among units
with X; = 1 and with X; = 0. Putting it in other words, Bl measures the difference between
the average Y; of units whose X; differs by one unit. B\o measures the average of Y; among

units with X; = 0.



