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Omitting a point in simple regression - effect on β̂1 and β̂0

In this document we will explore the effect of deleting a single point in simple regression.

Notation:

1. SXY =
∑n

i=1(xi − x̄)(y1 − ȳ) =
∑n

i=1 xiyi −
1
n (

∑n
i=1 xi)(

∑n
i=1 yi).

2. SXX =
∑n

i=1(xi − x̄)2.

3. SY Y =
∑n

i=1(y1 − ȳ)2.

4. In the discussion below, the symbol |i in a subscript means that the quantity is calculated without
point i. For example, ȳ|i is the sample mean of n− 1 values of y (all but yi). Another example, SXY |i
is the quantity SXY after the point (xi, yi) is omitted.

Questions:

a. Give an expression of x̄|i in terms of x̄ and xi.
SOLUTION:

(n− 1)x̄|i + xi = nx̄

x̄|i =
n

n− 1
x̄− 1

n− 1
xi

b. Give an expression of ȳ|i in terms of ȳ and yi.
SOLUTION:

(n− 1)ȳ|i + yi = nȳ

ȳ|i =
n

n− 1
ȳ − 1

n− 1
yi

c. Show that SXY |i = SXY − n
n−1 (xi − x̄)(y1 − ȳ).

SOLUTION:

SXY =

n∑
j=1

xjyj −
1

n

 n∑
j=1

xj

 n∑
j=1

yj



=

n∑
j 6=i

xjyj + xiyi −
1

n

 n∑
j 6=i

xj + xi

 n∑
j 6=i

yj + yi



=

n∑
j 6=i

xjyj −
1

n− 1

 n∑
j 6=i

xj + xi

 n∑
j 6=i

yj + yi


+ xiyi +

1

n(n− 1)

 n∑
j 6=i

xj + xi

 n∑
j 6=i

yj + yi





=

n∑
j 6=i

xjyj −
1

n− 1

 n∑
j 6=i

xj

 n∑
j 6=i

yj


− 1

n− 1
yi

 n∑
j 6=i

xj

− 1

n− 1
xi

 n∑
j 6=i

yj

− 1

n− 1
xiyi

+ xiyi +
1

n(n− 1)

 n∑
j 6=i

xj + xi

 n∑
j 6=i

yj + yi


= SXY |i

− 1

n− 1
yi (nx̄− xi)−

1

n− 1
xi (nȳ − yi)−

1

n− 1
xiyi + xiyi +

1

n(n− 1)
(nx̄) (nȳ)

= SXY |i +
1

n− 1
(−nx̄yi + xiyi − nȳxi + xiyi − xiyi + (n− 1)xiyi + nx̄ȳ)

= SXY |i +
1

n− 1
(−nx̄yi + nxiyi − nȳxi + nx̄ȳ)

= SXY |i +
n

n− 1
[(xi − x̄)(yi − ȳ)] .

Therefore,

SXY |i = SXY −
n

n− 1
(xi − x̄)(y1 − ȳ).

d. Similarly to (c) we can show that

SXX|i = SXX −
n

n− 1
(xi − x̄)2

and

SY Y |i = Syy −
n

n− 1
(yi − ȳ)2

Use the results above to find expressions for β̂1|i and β0|i. In other words, find expressions for β̂1 and β̂0
after point i was deleted.


