STAT 3008 Applied Regression Anylysis

Midterm Solution

March 2013
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Linear regression is not suitable....1pt, because the scatter plot is not a straight line....1pt.
b)

logy =log A+ Bx +e

- fy) = logy
a = log A
b=DB
€=e. .Apt
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The actuary's suggestion is good. We can use linear regression now....1pt.
¢)

= T..1pt
szf(yz) T n Zx% Zf(yz)

b= —= 7.468 x 107%....formular 2pt, result 1pt
>owi— _(Z ;)?
—_— 1 ~ 1450, 000
= fly) — bz = = X 64.757 — b - T’ = 7.704....formular 2pt, result 1pt
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draw the line....2pt

When 2 = 250, 000,

logy = a+ b- 250,000 = 9.571....formular 1pt, result 1pt
§ = 14342.75....1pt.

d)

SS DF MS F p-value

SSreg | 4.8596(1pt) | 1(0.5pt) | 4.8596(1pt) | 426.2807(1pt) | <0.001(1pt)
RSS | 0.0569(1pt) | 5(0.5pt) | 0.0114(1pt)
TSS | 4.9165(1pt)
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g = —6723 4+ 0.1032 x 250000 = 19077....1pt
The estimation in part ¢) is more reliable. As in part c), the regression is valid/in part e) the

regression is not valid....2pt.



a)
/

123\ (2

112] |3
1313 —0.1417 —0.2204) | | 2| |y —0.6205
B=(X'X)""X'Y = | —0.1417 0.0284 0.0164 oel 1517 0.6508
—0.2204 0.0164 0.0532 0.8108

183 |8

150/ \2

....formular 2pt, result 2pt
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....formular 2pt, result 1pt.

b) Hy: B =0+ Ha: B #0...1pt

b 0.6508 . .
= = 2.5438, where V7 is the (2,2) entry of (X'.X) ™.
vVl /2.3047+/0.0284 11 (2,2) entry of (X'X)

t-statistic =

....formular 2pt, result 1pt



Since t-critical value = (o5 3 = 2.3534 < 2.5438, we reject Hy....1pt

C) Hy:Y = BO —~H .Y = BO + 51X1 +B2X21pt

RSSy, = Z(Y; —Y)? = 26....formular 2pt, result 1pt

RSSy, = éé = 6.9141....2pt

RSSHO — RSSHA/(deo - deA)
RSSHA/deA

(26 — 6.9141)/(5 — 3)

- 6.9141/3 = 4.1406....formular 2pt, result Ipt.

F-statistic =

Since F-critical value = F{ g5 23 = 9.5521 > 4.1406, we do not reject H....1pt.

—0.6205

d) X. = (1,6,4),V = X3 = (164) | 06508 | =6.5275...2pt
0.8108

The 95% prediction interval is

Y £ 6to0955v/1 + XL(X'X)1X, = [0.5902, 12.4648)].

....formular 2pt, result 1pt.

¢)
Va?"(ﬁl - ﬁ?)

= Var(ﬁl) -+ Var(BAg) — 2001}(51, 32)

= (0.0284 + 0.0532 — 2 x 0.0164)0>

= 0.04880".

....formular 3pt, result 1pt.
- Var(fy — B;) = 0.04886% = 0.1125....1pt

f)

~ A~

b — B Bi— B> 0.6508 — 0.8108

t-statistic = - — = = —0.4770.
86(61 — /82) VACLT(Bl _ 62) vV 0.1125

....formular 3pt, result 1pt

Since t-critical value = t o253 = 3.1824 > |t-statistic| = 0.477, we do not reject Hj....1pt.



E(B) = (X'X +k)'X'B(Y) = (X'X + kI)"'X'X§....5pt

4.
1)20—2—1=17...2pt
2)1,17...3pt

5.
Since ) é; = 0, the residuals of model 1) are (—0.415,0.108, —1.13,0.994, 0.443)....1pt
Similarly, the residuals of model 2) are (0.3798, —0.373, —0.0868, —1.21, 1.29)....1pt

%) Zélié%
B = = —0.2138.
R
....formular 2pt, result 1pt
6.
a)
RSS =Y'(I - H)Y
= (X' +€)I—H)(XB+e)
=¢'(I — H)e X'H=X'and HX = X
...2pt
b)

RSS =€ (I — H)e=¢QDQ%e....1pt

Denote QT e as €. So RSS = &' Dé, where é N (0, Io?)....1pt

Since D is a diagnoal matrix with n — p ones and p zeros in the diagonal entries,

RSS = § &2
=1

is the sum of n — p mutually independent normally distributed variables with mean 0 and

variance 0°. So RSS is 0%y} _, distributed....1pt.



