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/ a) THE COLUMN SPACE OF X Is THE SET OF ALL

VECTORS
THAT

Can
BE EXPRESSED As A Linear

COMBINATION OF THE Columns OF X .

{ q e Rn : a- = XD For Some b-ERP }

OR

{ Xb : b- e RP }

) b) C must BE EQUAL
To

AX
For Some

qxn
MATRIX OF CONSTANTS A

.

| c) g2( ( X
' XTC

' SEE Derivation BELOW
.

VAR ( CKKJX
'

Y ) =VAr ( Axlx '×5×' 7)

= VARCAB , ¥ ) =
AP×VAnC¥)(AP×)

'

= AP× o2I Px
' A' = o2AP×P×' A

'

= or AP×P× A
'

= 02A RA
'

= 0217×41×5 NA '
= 02C ( x 'x)

'

C
'



I d)Let E = to E- = YOIE
.

CLEARLY Z Is A LINEAR TRANSFORMATION

OF A MWTNARIATE NORMAL VECTOR And

Is THUS ,
MULTIVARIATE NORMAL .

E (E) = E ( o÷IE)=toIE( E) =Q

VAR (E) =VAn(tI E) = tIo2ItI=I .

THUS
, Z ~ NCQ ,

I ) .

THEREFORE ,

e-
'

Ehr = foE)
'

to E) =3 'E~X2n
.



Za ) ( k -1) ( t - 1) = kl - K -ltl

E. II. III. II. ke
- F. " . I. ety ...

I

= 10 ,§
,
§

. ,

( I.  ikey

.io#.ety....)2
2 b) THIS Is A SPLIT - SPLIT - ROT EXPERIMENT

.

Ho '

. MT
. .=ATz

. .

Is THE Nuu HYPOTHESIS THAT SAYS

THERE Is Now WHOLEFLOFFACTON ( i. e. TYPE )

MAIN EFFECT .
THE WHOLE - Plot - Experimental

UNITS
CORRESPOND To HELMET ( TYPE )

,

So THE

F STATISTIC
For TESTING Ho Is

226/1

F = M5TYPE_
= -

MSHELMETCTYPE ) 254/8
-

THUS
)

t=µMsmpef=2IY€

HELMET ( TYPE )



2 c) From THE Provinces EXPECTED Mean

SQUARES
,

IT Is STRAIGHTFORWARD To SEE

THAT

µS HELMET ( TYPE )
- MS

Direction ×
HELMETCTYPE)

4-

HAS EXPECTATION O}
.

THUS ,

AN UNBIASED ESTIMATOR OF 03

TAKES THE VALUE

254/8 - 114/8

T
= 5405=4.375



2 d) Because WE HAVE A BALANCED Design
,

We Know THE BLUE OF MTZ
.

- At , , .

Is

YT . z . Ji . i.

,
WHICH HAS VAKIANCE

Var ( Ii .

+ In + E
, .z .

- AT
.

-5
, . ,

- E.
. , .)

= Var ( 5
, ...

-5
, . ,

+ El . z .

- El .i . )

= 2 03 + 20€
- 5×2
5

= st (203+03)

= ¥ E ( MS Direction x HELMET ( TYPE ) )
Titus

,
Va"n ( YT ... # , .)=±s (g)

= 5720

= 2.85



Zd ) ( Continues )

THUS
,

THE CONFIDENCE INTERVAL IS

0.5 I 2.306 -2.85

€

t.at
DF For DIRECTION × HELMET ( TYPED

2e)VAr( I , . ,
-F . " )

= VARCI , .

+5
, .ztE , .z ,

-9T
.

-51.1- E
, . , , )

=VAr( 51.2-5 , . ,
+ E

, .zi
- El .li )

= 2g÷ +202¥ =s±( 203+203 )

= ¥[E(MS Direction XHELMETCTYPE ))tE(MSEnror)]



2€ ) ( CONTINUED )

Thus
,

SE Is

⇐(114/8 + 59/16)

To SEE THAT DF For Error Is 16
,

Note
THAT

ERROR = INTENSITY × HELMET ( TYPE ) +

INTENSITY X DIRECTION X HELMET ( TYPE )

So DF Is ( 2- 1) ×€-1) xz +

(2-1)×(2-1) x (5-1)×2 = 16

ALTERNATIVELY ,
BY SUBTRACTION

, WE HAVE

(40-1) - ( 1+1+1 +1+1+1+1 +8+8 ) = 16



3 a) THE LIKELIHOOD RATIO STATISTIC IS

zi . ii. = #. if - tits -20
= 88.105-37.674

HOWEVER
,

THERE Is Evidence OF Over Dispersion :

THE RESIDUAL Deviance Is

24g
- z^l = 37.67 .

UNDER THE NULL OF No Oven DISPERSION ,
THIS STATISTIC HAS

APPROXIMATE
DISTRIBUTION X }o . y

= X ,}
.

EVEN Ttlouan

THE APPROXIMATION NIHHT NOT BE PARTICULARLY Good IN THIS CASE
,

NOTE THAT E ( X4o ) = 16
,

VAR ( XTs )= 2×16=32
,

SD (2/2,6)=53275.5 ,
AND

37.67 - 16 21
.

⇒
=s¥=4 .

THUS
,

THE RESIDUAL DEVIANCE Is NEARLY 4

STANDARD DEVIATIONSABOVE ITS EXPECTATION UNDER

THE NULL HYPOTHESIS OF No OVER DISPERSION .

THUS
,

A BETTER
STATISTIC For THE TEST OF INTEREST Is

(242^6)/(4-1) (88.105-37.674)/3⇐ 37.674/16
01



3b) Fznu

3) ACCORDING To THE MODEL
,

WE

HAVE THE Fouowinn TABLE :

GenotYPe_1og(¥)
1 Bi + Pz CHEM

2 B ,
+ Bztpsctiemtpyutem

For GENOTYPE 1 AND CHEM
= 0

,
WE Have

log ( Ft)=f ,
⇒ T=1¥p(p

, )

;
.

# =|+¥pLlJ)



3 d) A Confidence INTERVAL FOR Pi WITH

CONFIDENCE LEVEL APPROXIMATELY EQUAL

To 95% Is

fitters .io#LITeF
- 1,50+-2.12 -(37.674/16) 0.151

LET LAND U BE THE Lowen AND Upper

ENDPOINTS OF THIS INTERVAL .

THEN THE

Interval
For IT Is

(
1-

-

ltexpl - L )
,

ltexpfu ) )
.



3 E) From THE TABLE IN THE Solution To PART

3 c)
,

WE NEED X Such THAT

p ,
+ pzx =p ,

+ a + Fx + Byx

ie
,

x=
- Pypy .

×

* = iffy=
# = 18
0.10



3 f) Because h ( f) =

-

PYP
,

Is A NONLINEAR FUNCTON OF f
,

WE Use THE DELTA METHOD To

FIND A STANDARD ERROR
.

dyf.et.dk# =

o

:HI - Ypy

:k¥ 0

:h ( f )
- PYpf

294



3 f) ( CONTINUED )
0

&±dhff÷k⇒ It
.

.

=

no

0
180

1.8/(+05

VIIIHIED =D
"

'

viirlpld
"

=D
' '

d
'

ITA d
"

=3 'i¥ wink:
';D 't:D

=
37,674

Tg ( 26.1+ 1802^(004-21.041800)

= 3776¥ 18.9

SE
 

= FIT



4a ) Po ,f , ,pz 3

oh ,

§
.

3+2+1

{
q

6+5 +4+3+2+1

.

31

DIMENSION OF MODEL PARAMETER SPACE

Is 31
.

4 b) - Zln #-)
= 24-1064) - C- 1235)]

= 2 (1235-1064)
= 2×171 = 342



4 c) THE Mobees Are THE SAME Except

For THE ASSUMPTION ABOUT € .

{
q

HAS 6+5+4 +3+2+1=21

PARAMETERS IN MODEL D AND

Just 2 IN Modern B. THUS
,

THE DIFFERENCE IN DIMENSIONS

Of
THE MODEL PARAMETER

Spaces Is 21-2=19
.

DF = 19
.



Rwoucb CALCULATE AIC As
4 d) fouows :

MODEL

Version
AlC= -

2l^÷A

2634+2(10+1)=2656
B 2470 t 2

(10+2)=2494
C 2316 + 2 (10+2)=2340

D 2128 t 2( 10+21 )= 2190

MODEL VERSION D HAS THE Lowest

AIC AND Is THEREFOR PREFERRED

OVER THE OTHER MODELS
.

Note THAT

THE VALUE OF 10 IN THE CALCULATIONS

ABOVE Is 3 + It 3+2+1 From PART (a) .


