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�Mbr2` i?2 [m2biBQMb BM i?2 bT�+2b T`QpB/2/ QM i?Bb 2t�KX

L�K2,

Ç uQm ?�p2 8y KBMmi2b iQ +QKTH2i2 i?2 2t�KX

Ç h?2`2 �`2 j [m2biBQMbX �Mbr2` �HH Q7 i?2 [m2biBQMbX

Ç SH2�b2

Ĝ /Q MQi HQQF �i i?2 2t�K mMiBH A i2HH vQm �M/
Ĝ biQT r`BiBM; r?2M A �MMQmM+2 i?�i i?2 2t�K Bb Qp2`X

Ç h?2`2 Bb QM2 T�;2 Q7 bi�iBbiB+�H i�#H2b �i i?2 2M/ Q7 i?2 2t�KX uQm K�v `2KQp2 i?2
T�;2 Q7 i�#H2b B7 vQm /2bB`2X

Zm2biBQM SQBMib a+Q`2

R R8

k R8

j Ry

hQi�H, 9y
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Solutions
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RX U�V URyVa?Qr i?2 H2�bi b[m�`2b 2biBK�i2b Q7 βββ BM KmHiBTH2 HBM2�` `2;`2bbBQM �`2 mM#B�b2/X
uQm b?QmH/ #2;BM #v bi�iBM; i?2 KmHiBTH2 HBM2�` `2;`2bbBQM KQ/2H BM K�i`Bt 7Q`K-
�HQM; rBi? �Mv �bbmKTiBQMb vQm `2[mB`2X

k Zm2biBQM R +QMiBMm2b QM i?2 M2ti T�;2Ę

y -_ Xp -iE

where ynxl ,

Xmis fixed rank p

§ pxl ,

unknown parameters

Em ,
i. i. d. with EE . )=O &

Var ( Ei ) -
- 02

ECB ) -
- E ( ⇐ X )

- '

xty )
from

= E X)
- '

XTC XP -1 E )) regression
eqn .

= EµEIpt④xYxz ) expand

cancel
linearity

=

p t X )
- I

X'
-

E @ ) of

p expectation

= § + O
O by assumption

⇒ unbiased
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U#V U8VAK�;BM2 i?2 2``Q`b �`2 +Q``2H�i2/X 6Q` 2t�KTH2- i?�i i?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt
Q7 i?2 2``Q`b- o�` (ϵϵϵ)- Bb � bvKK2i`B+ n × n K�i`Bt- Σ- BX2X o�` (ϵϵϵ) = ΣX �`2 i?2
H2�bi b[m�`2b 2biBK�i2b biBHH mM#B�b2/\ CmbiB7v vQm` �Mbr2`X

j 1t�K +QMiBMm2b QM i?2 M2ti T�;2 Ę

The estimates will still be unbiased
.

We still

have E ( f ) = f from
previous part Ca )

we

since
V
only used property that

ECE ) -

- O
,

not any properties
of

Vorce )
.

Aside : Var ( e ) -

- To will affect the

variance of our estimates
, ad in fact

f÷÷÷÷÷÷÷±÷÷÷ :)
we talk about GLS
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kX �b T�`i Q7 i?2 L�iBQM�H GQM;Bim/BM�H aim/v QM uQmi?- +Q;MBiBp2 i2bi b+Q`2b 7Q` 9j9 j@
�M/ 9@v2�` QH/ +?BH/`2M �M/ i?2B` KQi?2`b �`2 Q#i�BM2/X
*QMbB/2` i?2 7QHHQrBM; `2;`2bbBQM KQ/2H,

+?BH/Ƕb b+Q`2i = β1JQi?2` >ai + β2JQi?2` MQ >ai + β3JQi?2`Ƕb b+Q`2 + ϵi

r?2`2 ǴJQi?2` >aǴ �M/ ǴJQi?2` MQ >aǴ �`2 i?2 BM/B+�iQ` p�`B�#H2b,

JQi?2` >ai =
⎧
⎨

⎩
1, B7 i?2 KQi?2` Q7 +?BH/ i +QKTH2i2/ ?B;?b+?QQH
0, Qi?2`rBb2

�M/

JQi?2` MQ >ai =
⎧
⎨

⎩
1, B7 i?2 KQi?2` Q7 +?BH/ i /B/ MQi +QKTH2i2 ?B;?b+?QQH
0, Qi?2`rBb2

_2bmHib 7`QK i?2 H2�bi b[m�`2b }i �`2 ;Bp2M #2HQrX

β̂ =

⎛

⎜⎝
25.7
31.7
0.6

⎞

⎟⎠ , (XT X)−1 =

⎛

⎜⎝
0.10 0.10 −0.001
0.10 0.12 −0.001

−0.001 −0.001 0.00001

⎞

⎟⎠

σ̂ = 18.1,

U�V U8V6BM/ � N8W +QM}/2M+2 BMi2`p�H 7Q` i?2 T�`�K2i2` β3X

U#V UjVAMi2`T`2i vQm` +QM}/2M+2 BMi2`p�H 7`QK T�`i U�V BM i?2 +QMi2ti Q7 i?2 bim/vX

9 Zm2biBQM k +QMiBMm2b QM i?2 M2ti T�;2Ę

I

D
h

-10=3

a
pi
pi

§
,
± tn.pl -975 )SE( Is) ! SE = 18.1700001

I = 0 . 057
0.611.97 ( o . 057 )

,

i tanto . 9754197
;( o . 487

,

0713 ) I

With 95% confidence
,

a in the

mother 's score is associated with an increase in

mean of between 049 and 0-71

points , aftt¥ whether the mother

Completed high school
.
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U+V U8V*QMbB/2` i?2 HBM2�` +QK#BM�iBQM β2 − β1X *QM/m+i � i@i2bi U�i i?2 8W bB;MB}+�M+2
H2p2HV QM i?2 MmHH ?vTQi?2bBb i?�i i?2 HBM2�` +QK#BM�iBQM Bb x2`QX

U/V UkVh?2 i2bi BM T�`i U+V K�v �HbQ #2 +QMbB/2`2/ �b �M 6@i2biX q`Bi2 /QrM i?2 7Q`Kb 7Q`
i?2 irQ KQ/2Hb i?�i rQmH/ #2 +QKT�`2/ BM bm+? �M 6@i2biX

8 1t�K +QMiBMm2b QM i?2 M2ti T�;2 Ę

Ho : Pz - B ,
= O

t - stat : E - I ,
SETE p , )

' " Pare
to tag , ( 0.975 )

SE ( f . - f) = on JEFE
= 18 . I = 2 . 56

t =
31 . 7 - 25.7 €1.97

-7
= 234 ⇒ his ,

(0-975)

Reject Ho

Full model : child 's score is f , Mother Hsi t fr Mother no Hsi

+ f , Mothers score it Ei

Reduced model : child 's score i
=

pot p ,
Mother 's score .

.

+ Ei

T Get this by substituting

B. = Be into full model
,
then

Mother Hs .it Mother No Hf
. =L for all i
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jX _2b2�`+?2`b +QHH2+i2/ /�i� QM bim/2Mi 2p�Hm�iBQMb Q7 BMbi`m+iQ`bǶ i2�+?BM; [m�HBiv �M/
#2�miv 7Q` 9ej +Qm`b2b �i i?2 lMBp2`bBiv Q7 h2t�bX
h?2 }`bi }p2 `Qrb Q7 i?2 /�i� �`2 ;Bp2M #2HQr,

2p�Hm�iBQM ;2M/2` #2�miv
9Xjy 72K�H2 yXky
9X8y K�H2 @yX3j
jXdy K�H2 @yXee
9Xjy 72K�H2 @yXdd
9X9y 72K�H2 RX9k

*QMbB/2` i?2 7QHHQrBM; irQ KQ/2Hb,

JQ/2H R, 2p�Hm�iBQMi = β0 + β1#2�mivi + β272K�H2i + β3 (#2�miv × 72K�H2)i + ϵi

JQ/2H k, 2p�Hm�iBQMi = β0 + β1#2�mivi + ϵi

r?2`2,

Ç 2p�Hm�iBQMi Bb i?2 �p2`�;2 b+Q`2 QM � i2�+?BM; 2p�Hm�iBQM 7Q` i?2 BMbi`m+iQ` Q7 i?2
ii? +Qm`b2-

Ç #2�mivi Bb �M �p2`�;2 #2�miv `�iBM; 7Q` i?2 BMbi`m+iQ` Q7 i?2 ii? +Qm`b2 K�/2 #v bBt
bim/2Mib r?Q r2`2 MQi BM i?2 +Qm`b2- �M/

Ç 72K�H2i Bb �M BM/B+�iQ` p�`B�#H2 7Q` r?2i?2` i?2 BMbi`m+iQ` Q7 i?2 ii? +Qm`b2 r�b
72K�H2X

h?2 bmK Q7 b[m�`2/ `2bB/m�Hb �`2 RjRXN �M/ RjdXk 7Q` i?2 irQ KQ/2Hb `2bT2+iBp2HvX
U�V UkVaT2+B7v i?2 }`bi }p2 `Qrb Q7 i?2 /2bB;M K�i`Bt- X- +Q``2bTQM/BM; iQ JQ/2H RX

e Zm2biBQM j +QMiBMm2b QM i?2 M2ti T�;2Ę

p= 4

q= 2

i÷÷÷÷ : :÷¥
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U#V U8V*QM/m+i 6@i2bi iQ +QKT�`2 i?2 irQ KQ/2HbX

U+V UjVAMi2`T`2i i?2 `2bmHi Q7 vQm` 6@i2bi 7`QK T�`i U#V BM i?2 +QMi2ti Q7 i?2 bim/vX

d 1M/ Q7 2t�KX

at St
. significance level

I

.

F- = ( R¥¥¥p - q n F
under p - q in - p

RSS.fm/n-p nun

= (137.2-131.9)/2
-

131.9/459

= 9.26 3) compare
to Fz

, usa
( 095 )

Reject Ho
= E. soo

=3 . 01

Full model : holding beaty co -
start

,
different mean eval

for male us
.

female
,

and

different effect of beauty between male &

female

Reduced model : mean eval depends only on beauty ,

Ha : atleast
no effect of gender at all

.

There is convincing
evidence

,
that at least one

of gender or the gender beauty i traction is

a significant predictor of the mean
student evaluation

score after accounting for beauty alone
.

See some alternatives a following pages .



Possibilities under the Possibilities under

restricted model the full model

Is A
female

student student

evaluation evaluationBz to &

- _¥
I I

one
modbeeffotfb.tn beauty

male and female
Hs

::¥¥o :
→

beauty

Is

student

evaluation &

Bs ¥0
→

beauty

HA '

- at least one of fz 't O
or Ps I O



3 (c) Some alternative interpretations :

When considering the relationship between
me - student evaluations ad the gods and

beauty of the instructor
,

there is

convincing evidence the mean student
evaluations doesn't depend on beauty
alone

.

When
considering

mean student
evaluations 'Tread a straight Line function
of the instructors beauty

"

'T there is

convincing
evidence that the lire

for males is different to that for
females

.

There is
convincing

evidence that
the mean student

.

evaluation score can

not be described by the same straightLine function of beauty for male
and female instructors .


