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I
.

CCX ) =
@ ( w ) ⇒ XA=W For Some A

,

WB =X For SOME B
.

Thus
,

Px Pw .

- Pxwlwiw )
-

w
'

= Px XACW 'w5W
'

= XALW ' w )
-

W
'

= WCW
'

W )
-

W
'

= Pw

LIKEWISE PwP×= Pw WBCXK )
-

X
'

= WBLXKJX
'

=P
,

Now

(Px - Pw)
' ( Px - Pw) =LPx - Pw)LP× - Pw)

= P×P× - Pxpw -

Pwpx
t Pw Pw

= Px - Pw - Px t Pw = O
.

THEREFORE
,

Px - Pw = O
,

WHICH IMPLIES

Px = Pw .



I
. ALTERNATIVE SOLUTION

.

H ZE IR
"

,
PxZ=PwZ Is THE

UNIQUE
VECTOR IN @ ( X ) = @ L w )

THAT Is CLOSEST To Z WITH

RESPECT
To EUCLIDEAN DISTANCE .

WE PROVED THERE EXIST ONLY ONE VECTOR IN

( FYI

.fr?.cEhI?atsIsaosesotoz=In)PxZ=PwZVz=EIR

"

⇒ Px Ei = Pw Ei fi -

-

I
,

-
- in

WHERE Ei Is THE

ith Column OF Inxn .

⇒ P×I=PwI

⇒ p×=Pw .



2
. ELLE-of ]

= E I Lot -

ECE
) t

ECE
) - o ) ]

= E [ C E -

ECE
) )

'

t C

ECE
) - 0-5 t

2 C € -

ECE
) ) (

ECE
) - o ) ]

= E ( E -ECE) )
'

tCECE) - o )
2

t 2
CECE

) - o ) E ( E -ECE) )

= VAR CE) t CBIAs to ) )
Z

t 2 (

ECE
) - o ) ( ECE ) - ECE ) )

-
O

= Van ( E ) t [ BIAS ( E ) ]
?



3 a) -0 = E Cys ; ) =p ,
t

Batt
- 4) =P ,

X' x
-

- fooIan .  to
. to ] )

= foo%) ⇒ Xxi
'

'

y
-

.

so

=L"E%
.]

× €-4I , .

- 272
.

t GI

*xi 't '

't

to =p
"

,

-

- I .
.



3 b) WITH E
'

= C 1,07
,

WE HAVE

VAR ( Bi ) = VAR ( E' E) = o
- E' C x'XI's

=
02 ( to )=36/20 = 9/5

c) E tot = ELI .
.)=EtTzYItY )

= ECYT .
) 1- ECYI .

) t ECYT . ) t E CITY.)
4-

= CM, t Mz t Ms t 'M4) 14

=
160 t 180 t 200 t 252

-

4

= 198

BIAS = ECE ) - -0=198-200

= - 2

d) 9/5

tfI
= 5 . 8

[ VAR t BIAS)



3 e ) Var Lin's) -=V Ant = 351=7.2
MSE ( Itis ) = 7.2+02=7.2

( ECI g.) = Ms = to So Bias LIFEno . )

THUS
,

EVEN THOUGH

they .

Is THE BEST

LINEAR
UNBIASED ESTIMATOR

OF -0
,

IT HAS HIGHER

MEAN SQUARED ERROR THAN THE

SLIUHTLY BIASED ESTIMATOR YI.

OBTAINED FROM THE FIT OF THE

INCORRECT
MODEL .



3 f) F= 't 'CPx-Px¢
MSE

~

E.ro.n.nl#tPEEIxe-)~Fr-ro,n-r(1lCPx-Pxz.LXI)~Fr.ro,n-r(

Hxe-zPxgIIn)
N = 20

,
r= 4

,
ro = 2

WITH £ = I 5×1 ,

WE HAVE

Xf= ME

¥÷÷÷
* .

252



3 f ) ( CONTINUED )

" Ia' us . .

IN PART la ) ,

WE HAVE

* xo5xixf=f÷±]
=L

::]x ::c:* :*:÷÷÷÷÷÷÷x÷÷÷÷÷÷

.



3 f) ( CONTINUED )

'

Ii:* .

÷÷
THUS

,
llxf - Poxft F- 54%5+51%5

+565+51%5=5
[100+4442+4]=5

[ 4% ] =

THE NON CENTRALITY PARAMETER Is THEN

1,4¥ = 1% ,
.

So Fa
,

to
(1%1)



3 f ) ( continued )

ALTERNATIVELY ,

THE NCP CAN BE

COMPUTED As P' X' [ ccxk )
- '

c' J
- '

xp
I .

202

HOWEVER ,
WHEN SELECTING C

,
IT

Is IMPORTANT
TO NOTICE THAT X

VALUES O
,

2
,

4
,

AND 10 ARE NOT

EQUALLY
SPACED .

ONE APPROPRIATE

CHOICE For C Is

[ to}! ,Y ] ,

WHICH TESTS

Ho : µ ,
- Mz

-
- Ma

- Ms AND 3 ( Ms - Nz ) = My - Ms
.

My

t
Ms

-

Nz -

µ , -

O
'L '

y
I

10



4 a ) R PARAMETERIZATION IS

µij= Altritajt ( ra )ij WITH ALL PARAMETERS

WITH ONE OR MORE I SUBSCRIPTS DISCARDED
.

ADVERTISEMENT

I 2

I µ Mt Az

REGION 2 Mt Rz Mt rata t @a)
zz

3 Mtb Mtr ,
taztcra )

, ,

COLUMN

µ , rztzrz µ+ht + az + Cra)utCra)
AVERAGES

!
3

ESTIMATED
ADVERTISEMENT

I 2

CELL
MEANS I 123 123+1-283=95

123+56 123+56 t ( -28 ) t ( - It )

REGION 2
= 179= 140

123T C- 5) 123 t C - 5) t ( - 28 ) t 108

3 = 118 = 198



4 a ) ( CONTINUED )

So LSMEDN For ADI IS

jutr¥ = Izz t 563--5=140

OR (123+179418)/3= 140

LSMEDN For AD 2 IS

iii. rigs + ii. +

Cia
. .

+ crib
-

= 140 - 28 +
-111-108

3

3- = 1/21-3243=14443

OR (95+1404198)/3=144
' b



4 b) Mn - Miz =

M - carton ) =
- an

a X

Mn - Miz =  -

z
= 28

n X

VAR ( Mil - Mic ) = VAN ( In .

- In
.
)

= VAR ( YT , . ) t Van ( In .)

= 075 t 075

= 2£15

SE C Ii . ,

- iii. I = SEC -

'a'2) = TEs

WE ARE GIVEN SE ( ( r
32 ) = 36

NOTE ( ra )sz= Mt rz ta ,
t Cra )

, ,

- ⑥tr)
- ( Mt Az ) t IU

I 1h32 - 1h31 - Miz t Mil

Thus
,

SEC Crab ) = SEC pin - It's
,

- tint IUD

= TEs



4 b) (CONTINUED )
Thus

,
SEC -

'

a'a) = = 36/52=1852 .

ALSO
,

WE HAVE

£2 = 5×4-62 =
45×36=5×9×6×6 = 1620

n - r = 30-6=24

THUS ,
95% CONFIDENCE INTERVAL

Is 28 I

2.064×1852
4 C) COMPARING THE ADDITIVE MODEL For

LACK OF FIT RELATIVE To THE

CELL
- MEANS

MODEL Is THE SAME

As TESTING For INTERACTIONS BETWEEN

REGION AND
ADVERTISEMENT IN THE

CELL - MEANS MODEL .



4 c) ( CONTINUED )

No INTERACTIONS Is EQUIVALENT To

Mil - Miz = Mz ,
- lllzz AND

( µ "
- Miz ) t ( Ma - Nh )

=

M3l - 1h32
,

-
2

WHICH Is EQUIVALENT TO

viii.'÷÷
OR CB = Q ,

WHERE

⇐Kii::¥e:÷÷l
.



4 c) ( CONTINUED )
Usi Nh THE TABLE OF ESTIMATES From 4 ca )

GIVES

CE =
123 - 95 - I 79 +140

[ 123 - 95 t 179 - 140 - 236 t 39

)= I

C C x' x )
- ' I = C HIC

'
= If CC

'

=
"scoff



4 c) ( CONTINUED )

[ ccx 'x5' c' J
'

= 5 %

]LcE)
'

Lux 'x5' I JIE

=
51¥-415+7.4275]

F  =

514415+7122751125×362/4

AN ALTERNATIVE SOLUTION IS

To Compute
THE TEST STATISTIC

For Testing Ho : C ra )zz = ( ra )sz=0

BECAUSE This Nnw Is EQUIVALENT

To No INTERACTION



4 c) ( ALTERNATIVE SOLUTION CONTINUED )

TAKE C = [ 0 000 I o

0 O O O O I ] .

f- = [ M , rz
, B

,
Az ,

Crate
,

Cra )
, )

"

C E = fiIs ] .

UNFORTUNATELY ,

THE

MODEL MATRIX X THAT GOES WITH

THE PARAMETER VECTOR

A = [ M , rz
, B

,
Az ,

Crate
,

Cra )
, )

"

DOES Not LEAD To X' X THAT Is EASILY

INVERTIBLE .

THUS
,

IT Is BETTER To RECOGNIZE

innit:D
=Ct in

.ei.io::"
÷÷÷:)

'

inn



TH us
,

Van ( CE) = VAR ( I )

= or C* C x 452*1

= o
' c' *

⇐ I )c*
'

= of c*c*
'

= El::]
=¥ I'd

tanked
- '

= E.
's E.I ]

= EiIT
= ¥ EiI ]



4 c) ( ALTERNATIVE SOLUTION CONTINUED )

F-  

= CcE)
' CariKED.IE/z

[-11.1083%1]/7:]
= -

3×36
'

=
Ell

, 108312%7/(3×35)

= ( Il ) ( 130 ) t ( 1084227)
-

(3) 362

BOTH VERSIONS OF THE F STATISTIC

COMPUTE To APPROXIMATELY G
.

67
.



4 d) BASED on ESTIMATED MEANS IN

PART

(a)
,

WE HAVE THE Fouowinh

SIMPLE EFFECT ESTIMATES

For ADI MEAN MI Nhs AD 2 MEAN :

REGION
-

I ii. ,
-

'

n' 5- 28

z Iiia ,

- inn = 39

3 ins,
- In's =

- 80

THE MARGIN OF ERROR ( t - QUANTILE X SE )

For THESE ESTIMATES
Is ( From Part ( b ) )

2. 064 X 18 Tz I 2×18×1.5=54

THUS
,

WE SEE A STATISTICALLY SIGNIFICANT

DIFFERENCE
For REGION 3 BECAUSE

O ¢ ( - 80-54
,

-80+54 )
.



4 d) NONE OF THE OTHER INTERNS

EXCLUDES ZERO
.

( ALTHOUAH It

Is NOT OBVIOUS From THE INFO

GIVEN ,
A BON FERRON I CORRECTION

WOULD
USE TI - 0.025% , zy

= 2.57

As THE QUANTILE AND WOULD NOT

CHANGE ANY CONCLUSIONS ABOUT

STATISTICAL
SIGNIFICANCE AT THE

0.05 LEVEL . ) THUS
,

I MINHT TELL

THE COMPANY EXECUTIVE SOMETHIN 's

LIKE THE FOLLOWING i



4 d) ( CONTINUED )

" IN REHION 3
,

POTENTIAL CUSTOMERS WHO

RECEIVED ADVERTISEMENT 2 SPENT ON

AVERAGE 80 CENTS MORE PER POTENTIAL

CUSTOMER THAN POTENTIAL CUSTOMERS

WHO

RECEIVED

ADVERTISEMENT I
.

WE ESTIMATE
THE MEAN SPENDING

DIFFERENCE To BE 80154 CENTS

Pen POTENTIAL CUSTOMER AND RECOMMEND

ADVERTISEMENT 2 For POTENTIAL

CUSTOMERS
IN REGION 3

.

RESULTS

ARE INCONCLUSIVE
IN REGIONS 1

11

AND 2
.



4 d) THE STATED PURPOSE OF THE

EXPERIMENT Is To COMPARE

ADVERTISEMENTS ,

SO Comparing

REGIONS Is NOT LIKELY To BE

OF INTEREST For THIS STUDY
.

THE COMPANY WOULD PRESUMABLY

HAVE MUCH MORE DATA THAT

WOULD ADDRESS SALES IN EACH

REGION .

MANY OF YOU WROTE DESCRIPTIONS

THAT WOULD PROBABLY BE CLOSE To

IMPOSSIBLE
For THE COMPANY EXECUTIVE

To UNDERSTAND ( UNLESS SHE OR HE

HAPPENED To HAVE A DEGREE IN STATISTICS )
.


