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Linear regression
model

® Basic model
Vi =a+ px; +u;
@0 and f : coefficient parameters
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Distribution of y and u

“ Assumption:
— Variance is gche same

>

yi~N(a+ fx;, 02) u;~N(0, 02)
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Residual

® Regression line

y; =a+bx;

®Difference between the regression line
and the observation is called residual

yi—yi=y;—(a+bx;)=¢
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Least Square Method

® Sguare sum of the residual

o= D et =) (ri—(a+bx))’

®Minimize square sum of the residual

% =2 ) (- (a+bx))(-1] =0

;:1_; - ZZ[(}?J _ (ﬂ + b}:j))(—}:j)] —
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Constant term parameter a
(upper egation)

® Regression line goes through the center of
the sample

\?}rj—na—hv}:j =
e i

vy—a—bx=0
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Slope parameter b
(lower equation)

z:qi}ri —aZ}:i —bz:xzf =0
D xiyi— F—b%) ) x—b ) xF =0
) 5@ =) =b ) x(x—%) =0

> (=D -7 —b Y (54 —D(x —F) =0
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Regression coefficient

® Slope parameter b
_ 2 =D( - 7)
Z(xi —)_5)2

® Constant term parameter a

b

y=a+bx=>a=y—-bx
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Regression coefficient
(variance parameter)

®The main purpose of regression analysis
IS to check the significance of “p”

®Here also the variance is important !

® 5 2 : unbiased estimator of o2

® 5 : standard error
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§% = ® Sample size is n
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Linear regression
model (matrix)

® Basic model
y=XpP+u
@ Sample size Is n
®The number of parameters is k

Vi 1 Xop Tt X _ﬂl— _ul_
y= y:2 X = 1 Xoy " xl:c2 . B= ﬁ:2 ’ 7":2

_yn_ _1 x2n xkn_ _ﬁk_ _un_
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Distribution of y and u

® Basic model
y=XB+u

®Error term u follows iid Normal
®|dentically Independent Distribution

v~N(XB,c°I) u~N(0,c°T)
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Regression coefficient

® Coefficient parameter
b=X'X)"(X'y)

® 52 : unbiased estimator of 62
® s : standard error

Z e-2 ® Sample size is n
2 =i ® The number of
n—k parameters is k
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R square

®Measure of fithess of the equation

20w —Z,e > e

> (=) Z(y,- -5,

®But, R’ gets larger when the
number of variables increases
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R square

®Measure of fithess of the equation
) 20i=7) —Ze .
>.0i=7) Z-(y,-—?i)z
®But, R’ gets larger when the
number of variables increases
D€ /(n k)
> (vi=y)  (n=1)
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R>=1-
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Distribution of “b” 1

® Coefficient vector b follows the
normal distribution

b~N(B,o>(X'X)")

®“b” is the BLUE
®Best : the smallest variance
®Linear : Linear function of y
®Unbiased
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Distribution of “b” 2

® Coefficient vector b follows the
normal distribution

b~N@,o" (X'X))
® As to one coefficient bi

5 =Py (o,1)
SD(b,)
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Distribution of “b” 3

®But, the variance of the error term is
unknown - you cannot use this!

®\When SE is used instead of SD, the
following statistics follows t-distribution
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T-value of “b”

®If i = 0, this variable is meaningless
®Assuming pi =0
b.
L ~t(n—k
sewy Y
® This statistic is called t-value

(b)) =2

l

SE(b;)

Regression 18




You can confirm

® |f the number of parameters is 2

® “t-value test of bi” Is same as “Test of the
correlation of x and y”

b
t(bi)_SE(bl.) t(n—2)

ran—2

V1—72
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I'(r)=

~t(n—2)




