2
.f B8 a) Treatment Z: Sample mekn vactor [

) 4
1 =32
=32 3
3
Treatment 3: Sample mean vector ; sample covariance matriz
2

2 =43
43 43

] . sample covariance matrix

Sposen ™ 1.6
=1.4 Fa

-1
1.1, |16 -l4 =31
p) T = [2-3, 4-2] {{31--5] [_1_4 5 ] ] I:“E} 3.88

{n +n,-2)p
El_“-;?w Ppany+ng=p-1 (.or) = E‘*E- (18) = 43

Sipce TS = 3.8 < 45 do not reject Hﬂ:EZ'EEI- =10 2t the a = .00

Tlevel.
g) . 95% simultaneous confidence intervals:

My - ugy: (2-3) % /B VANMITIPER R

Haz = Baat 2+72



6.8 al For first vardiahle:

treatment
ohservation u mEan + effect + residual
6 5 8 4 7 e 4 4 4 & 222z 0-12-2
31 2 = |4 4 4 + | -2 -2 -2 +1-10
2 5 3 2 4 4 4 4 =1 =1 =1 =1 =1 2 0-=1
Ssuh: = I8 SS-H“ = 1532 sstr = 36 551*:: = 18
For second variable:
7 9 6 9 19 5§ 5 5 5 B 33 3 3 3 =1 1=21 1
3 6 3 =15 8§ § a1 -1 =1 *l-1 21
3111 3 5 5 § § -3 -3 -3 -3 1-1-11
Ssuhc: = 402 ss_u“ = 300 SS,G_ = B4 55‘__5 = 18
Cross product contributions:
275 240 4% =13
by  MANOVA tehle:
Source of
Variation SsP d.f.
(36 48 ]
Treatment B o= 3-1=12
| 48 84
M1 =13]
Residuzl W= §+34+44d-3=139
=13 19;
sq 5]
Total (corrected) n
|35 102




B.11

c)

W 185 _
'F‘-iTJET‘“T:m_ L0362

Uzing Table 6.3 with p =2 and g§ = 3

LI (i S ) IR T
viE g =1

since Ty 15{ 1) = 4.77  we conclude that treatment differences

exist at = = .01 Tevel.
Alternatively, vging Bartlett's procedure,

- In-1- -{%l] En A% = =(12-1 -%mt.nssz] * 2B.209

Since ¥el.01) = 13.28 we again conclude treatment differences

exist at o = .01 level,

1 1 gy o]
Trvngle ¥y E!FL 7 (tr £ L0 =15 +{ny-1)8,]

(z2) % |4 ¢

*m(E ) rT[E_.'E.‘} +nyl%, ) 17N(E, - 33])}

using {4-16) and (4-17). The 1ikelihood {s maximized with respect

to uy and p, at E] =% amd i, =X, respectively and with

respect to § at

. II-I'H"I:EHE
F oy U =108y #ln - 20550 | = | Spnte

{For the maximization with respect tv £ see Result 4.10 with
n, +n

b __12_3 and B = (n.[-llﬁ.[ - {nz-zjsz}



‘613 a) and B) For first variable:

Observation = mean + f:ﬁ:::; * f::?:;tz + recidual
E &8 2 1111 4 4 4 & 1 =24 =3 0 1=1 0O
334 4f={V 1T 1|[+|=1101+|124-3)%[2-1 01
=3 -4 3 -4 1111 =3 =3 =3 =3 1 -2 4-3 =20 1 1
Esmt = 220 ssm“n =12 551_.“-1 = 104 Hfal:Z. a0 ﬁm-'llt
For second variable:
2 2812 & 3333 5 E 5 § 1-2 1= =30 2 0
B 2 3 3|=133331+|7 11T Y|+|3-=21=24710-2 1
2 -5 =3 =6 3333 =0 = = =§ 32 12 20-1 =1
Emt =30 Esnean =i sza.n:l =2ak EIs’l‘u: Fa 54 551'1'_1 = 50
sum UF Cross pmdu[tﬁ:
ECF‘mt - ECP.éﬂn * scpfa;'l * scpfnﬂz + SCPP‘ES
237 =36 + 145 + 51 - B
¢)  MANDVA tzble:
“Spurce af
Variation S5 d.f.
104 148
Factor 1 g-1#3-122
148 248
5
Factor 2 * b-1=4-1-3
B1 54
14 -8
Residusl (g-1}p-1) = &
-8 2&
Tatal {Corrected) 208 191 gb-1=11
191 332

d} We reject Hu: =T, T3 0 at a= .05 Tevel since

155,
- Ta 3.2 T 25
- [{g-1){e=1) - {ﬂTLLu'nlmi = -le - _?-_]Ln (555Pf1:1 2= I'EED

«-5.5in{ 6 ) = 1087 > xi(.05) = 9.49
13204
and conclude there are factor 1 effects.

=0 at the a= .05 Tevel

We also reject Hy:g, =85 =By =By

simce



S5P [
-Etg-ﬂtw}-{E-*l—'g{ﬂlumu{s—lgijm< IssP ! T)

559 +
J fac g SSPTH

.. 3861 . 19 2 :
§an{="2) = 1797 > xi{.05) = 12,59

and conclude there are factor 2 effects.

/814 b)) MANDVA Table:

Source of
Variation 5P d.f.
496 184
Factor 1 - 2
184 208
38 24
Factor 2 3
24 36 ’
32 ]
Interaction N
9 44
3z -
Residual 12
-84 400
B7s 124
Total (Corrected) 23
124 (EZ

: ssp_, ]
e) since -[gb{n-1) - {p+1 - {g-1}{b-1})/2]2ne* = -13,52n Py TS I
nt res

= -13,5in(.B08) = 2.88 < %{.(.05) = 21.02 we do mot reject
HyYgq = Y12 = === = T34 = 0 (no interaction effects) at the

a= 05 Tevel.



Since
|ssP

|
-[ghln-1)-{p+1-{g-1))/2]enp* = ~17.500 (TssF'm : :Egspml )

= -11.52n{.2047} =16.19 > x4 [.05) = 9.49 we refect

Hy'Ty = Tp " I3~ 0 {no factar 1 effects]) 2t the «=.05

Tevel .,

Since
[gb{n-1)={p+1-{b=1))/2]tnA* = -12in |55P s |
o ’ s Prac2* §5p“’

= ~12£n{.7949) =2.76 < XE{.05) = 12.59 we do not refect
2 = th
Hpedy =85 B3 =By 7 0 {no factor 2 effects ] at the

a = .05 Tevel.



%617 a) Arbice @ —— @
Format !

Words @—@

Dvifferent Same
Farity
Effecis Contrast
PEI.I"iT!.’]’!'.IEI.i‘I!‘!: (.Iu: RN Bl VY
Formal main: oy + g )= (s + 40
Interaction: (oo = 1 Y — (0 + 1)
(Conirasl matrx;
-1 1 =1 1%
c=-1 -1 1 1]
111 -1y
. 3 " 313 . .
Simee T =133.7=> ~'-__I—§—-f.2.93] = 0.40, reject Hy - Cp = 0 {no treatment effects)
at the 5 % level, .
b} 5% simultancous T intervals for the conirasts:
Parity main effect: —206.4 w.m,hi”*i;?‘s —» (-2822,-130.6)
(403693
Farmat main effect: _30','1¢'9.4qu% — (—415.8,-198.2)
- Moo073
Interaction effect: 224+ Jg_auulm-gg?"* —y {318 76.6)

No interaction effect Parity effect—"different” responses slower than
“game” responses. Formal effect—"words" slower than “Arabie”.
¢} The M medel of numerical cognition is supported by this experiment.
d) The reultivariate normal moded is a reasonable popotation model for the scores
corresponding to the parity contrast, the format contrast and the interaction
comirast.



!

6.24 Wilks' Jambda: A° = 8300, Sincer=1, | =
= L e |

W1—4 8301 )

Faf_d_ 9 A
2042 |=z.n4l;| i5 an F

value with & and 168 degrees of freedom. Since p-value = P(F > 2.049) = 044, we
wanld jus? reject the null hypothesis M5, =1, =1, =0 at the 5% leve] implying
there 15 8 Ume penod effsct.

F statisties and p-values for ANOVA s
F p-value
MaxBrth:  3.66 30
BasHght: 047 529
BasLgth: 384 023
MasHght: 010 S0

Any differences over time periods are probably due to changes in maximum breath
af gkull (MaxBrth) and basialveslar length of skull {BasLgth).

25% Bonferroni simultansons intervals: m=pe(g-0/2=12,
t,, (05/24) = 2.54

1785471 1 ]
BEasPr Ty =Ta s —122.04 | —_—te—| e =1F344
h 1= Ty 1 ,u P |.\__:_!-I:I 0

T~y =31+£3144
Ty =Ty 0 —2I1+£3.44

I]?Zfl..!-r 11 o

BasHpeht T =Tt 082284 | —— 2 — 4 — | e (95357

=t ixNclald 1z~ Tg 1|| 57 JD+_’-I§JJ o
Ty =Tyt —021£3.57

Ty -6t =L1%3.57
715371 17
BasLath Ty —Fay ¢ L10E2.594 ‘—[— — | T 010£378
S U~ a 1,-'| &7 kau"saJ
To=Tp: 3042378
Ty =Ty 3032378

S
NasHgth T =Ty 030294 |H02 l+l‘| —» 0304236
e Y &7 L300 30,

Ty—Ty: —0032238

Ty =Ty —O033£2.36
All the simultansous ntervals inclode 0. Evidence for changes in skull size over
time is marginal. If changes exist, then these changes might be in maximum breath
and basialveolar length of skull from time periods 1 to 3.

The wsual MANOVA assumptions appear to be satisfisd for these data,



' 6.26

To test for parallelism, consider Hy: Cuy = Qi with € given

by ( 6-61)-

413 1.674 947 616

- bl = - - '] =
ClF, - &) 6T |5 (05, 00" 2018 1.144
-.036 2,341

T = 9,88 > €* = 8.0, we raject Hy &t the o= .05 Tevel. The
exeess electrical usage of the test groep was much Tower than that
af the control growp for the 11 AM., 1 P.M. and 3 P.H. houoes.
The similar 9 A.M. vsage for the two groups comtradicts the

parallelism hypothesis.



";6.31 {a) Two-factor MANOVA of peanuis data

E = Error S5&CF Matrix

Ll 12 I3
n 104.208 49,355 TE.48
12 45. 365 352,108 121,895
X3 TE.48 121.885 B4.83B

H = Typs 111 SSGCP Masrizr fer FACTOR: | Locotionm)

I1 X2 I3
X1 . TODBII3333 =10,65T6 T . 1291666667
) =10.6676 1620676 -10B.4125
I3 T. 12815666657 =108 . 4128 T2 . 8320833333

Manova Teat Criterisz and Exzact F Statisties for
the Hypothesis of no Overall FACTORL Effect

H = Type IIT SS5ECP Matriz for FACTOR1 E = Error SSECP Hatrir

g=1 M=0.5 =1

Statiszic Value F Hum IF
Wilks" Lumbdda 0, 106516820 11.1843 a
Fillai's Tzace 0.EB348380 11.1B43 3
Hotelling-Lawley Trace B.3BE24248 11.1843 3

3

Rov's Graatest Root §.38824343 11.1843

H = Type II1 S5ECP Matrir far FACTORZ (\"Iﬂ.r{lﬂﬂ)
12

Ii I3
X1 196,115 3EG. 1825 426275
£z 385, 1825 1088.01% 414,655
X3 42,8275 414,855 284, 101656567

Manova Test Criteria and F Approximaticms for
the Hypothesis= of mo Overall FACTOR? Effect

Den DF
4

£
4
4

E = Type II] SS5ECP Matxriz for FACTORZ E = Error S5ECP Matrix

-] M=01 HN=1

Statistic Value F Hum TF
Wilks' Lambdda 0.01244417 10.6181 &
Pillai‘*s Trace 1.70010031 Q.7924 ]
Hotelling=Lawley Trace 21.3756TE04 10,6878 ]
Roy's Greatest Root 18, 18761127 30,3127 3

H = Typa III S5&CF Matrizr for FACTORI=FACTORZ

X1 Iz I3
X1 205, 101656467 363 .66TH 107 . TEE3333
12 383.8675 TEO0.695 254.22

Iz 107.TA583333 2h4, 22 BG . 55166656T

Den DOF

G

Pr » F
0.0205
C.0205
0.0208
0.020E

Fr> F
o 0018
0.0011
0.00&E
0.0012



(k)

Mamova Test Criteria asd F Approzimetions for

the Hypetkesis ef as Overall FACTOR1=FACTOR2 EIZ
H = Tyoe ITI SS&CF Matrixz for FACTOR1*FACTORZ

=32 M=0 =1
Statistic
Wilks' Lambda

Pillmi’e Trace

Hozelling-Lawley Trace

Noy's Gremtest Root

Value F
0.0T429584 3,E5BE2
1. 22086073 3.0338
T.52423DEE 3.7721
£.E2402366 11.373%

ect
E = Bxror S53kCP Matrix

Tam

oF
B
B
<]
a

Den OF Pr > F
& 0.0508
1o 0.058T7
6 O.0655
E §.0413

Residnal analysis. The residuals for Xy at Jocation 2 and varisty 5 look large.

AES1 FPRED2 RES2

a.
=0,

i.
-4,
.55
BB
.55
BB
.25
.28
TS
.15

=7.30
T.30
b
-8.20
-4, 60
4 .60
2.18
-2.15
=0.20
0.30
=3.50
3.&0

160.40
160.40
130,30
130,30
i81.40
161,40
183.95
163.55
164.80
164,80
170,30
170,30

50
a0
&5
B

48
48
47

FREDZ
E2.
£2.

55
EE

N1
95
JBOD
47,
BT.
5T.
BE.
5B,
6.
65,

BQ
25
2%
20
20
10
10

REE32
-1.15
1.16
5.65
-5.58
2,00
-2.00
3.15
=3.1E
0. 40
0.40
-1.10
1.10

Piot of residuals warsus fited values

COPE FACTOR1 FACTORE FREDL
a i 5 194,80
a 1 5 124 .30
b o3 B 185.08
1] 2 5 1BG.05
£ 1 & 19%.45
c 1 [ 199,45
d 2 8 200,15
d 2 B 200,15
e 1 B 190,28
B 1 B 190.25
4 2 a 00,76
i 2 8 200.75

X1 = Yial
i [
A " cu
i .
i . '
= d
L] =)
w JE
B8 190 184 18D

®2 = Sound mEts karmeals
o 1
=

Residiab

¥ = Sead 826




() Univariate two-factor ANOVA, With a = 005,

(d)

the interaction term can be dropped.

Dependent Veriable: X1

R-Zguars
0. 38887
Source oF
FACTOR1 1

FACTDRZ 2

Dapandent Variabla: X2

A-Equare

0.E24300

Source OF
FACTORL 1
b

FACTORZ

Dapendent Variable: X3

R-Square
f . 663596
Source OF
FACTORA 1
FACTURZ 2

from Wilk's lambda test in part (a),

Bonferroni simultaneous comparisons of veriety.,
Omnly varieties 5 and B differ, and they differ only on X5,

Bonferreni (Dunm) T teste for veriable: X1

Alpha= 0.06 Confidence= (.35 df= 8 MSE= 3B,56332

Critical Value «f T= 3.0L1ETE

Minimum Significant Diffarsnce= 13.26
Comparizens significant at the .05 level are indicated by f=e=’.

Simultaneows
Lower

FACTOR2 Comfidence
Comparisen Limit
-1 -8 =d.260
g -5 =3.385
2 -6 -17. 560
B = B =7 .685
] ] -23.13%
5 - B =13.E35

Bimultaneous

Difference Upper

Batween Confidence
Hamne Limit
4,300 17 .560
0.87TE 23.1358
=4 . 300 B.9&0
E.575 18.8358
=4 _BTE 3.385
=5.575 T.685

c.v, Root MEE I1 Maan
3.187484 g.21798 185.075
Type IIT 55 Mzan Sguare F Yalue Fr > F
0.700833 0.700833 0.02 08362
196.115000 o8, 0ETEDD .84 0.1403
C.Y. Reot MSE L2 Maean
7.506437 11_ 8996 158,525
Type III =5 Mean Sguarve F Value PFr = F
162 .0ETED 162. 06780 1.14 0.3158
1088, 01500 544 .B0TEQ 3.83 3.0676
a.v. Root MSE %3 Hean
B.595035 4.T837T 56,3083
Type IIT 55 Nean Sguare F Value Pr > F
T2.620833 T2.520833 3.21 O 1110
2B%. 101667 142 050833 5.29 0. 0228



Bopfersepi (Dumn) T tests for veriable: X2

Alpha= 0.08 fonfidence= 0.85 g&f= § MHSE= 141.6

Criticel Value of T= 3.0L576

Minimum Significant Difference= 25 . 376

rizens significant st the 0.0% level are indicated by Tawa

Canpa.
Sigultanecus Cimmltanesng
Lower Difference Upper
FACTOR2 Cenfidence Between  Confidence
Comparison Limit Haans Limit
] -6 ~20, 500 &.BTE 30,260
B - B -3.17% 22.200 47 . 575
-] - & =30, 260 =£.875 20500
[ -5 -E.060 17,326 42,700
b -8 =4T7.57% =22.200 3.175
E - & -4 T00 -17. 326 B.OBD

Bopferromi (Dumm) T teste for variable: X3

Klpha= 0.05 Confidence= 0.85 df= 8 MSE= 27,.E59833
Crizical Velue of T= 3.01578

Minimen Sigpificant Differences 10,137

Cogperisons sigmificamt at the 0.05 level are indicated by

mmmd .

Simul taneows Simmltaneouns
Lowar Difference Upper
FACTORZ Confidence Batwean Confidenca
Comparison Limit Heans# Limit
a -6 -0,.512 9.826 19,762
8 -5 0.7TE3 10,900 21.037 ===
a -8B =18.762 =5.625 2.512
[ - & -B.862 1.275 11.412
o - B =21.037 =10. 800 =Q_7¥E63 EEE
-] -6 -11.412 -1.275 &.562

635 Fitting a guadratic growth curve to calcium messurements on the dominant ulna,
treating =il 31 subjects as a single group.

IEAR MLE of beta [E*3p - {-13B] (=1}

TO.7E3I0 T1.6032% §2.278% -5 9TE3  0.0TEE

T1.8323 3.8673 -5.9783 9.3020 -21.5033

T1.B068 -1.5404 0.07TD9 -%.503%  1.07ED

54,6548

5 W= {p-1)=E

94 5441 D0.TBEZ 30,0081 TE.0ETE PEIE. 50T 2703.886 2400.343 2343, 027
90, TIED D3 6616 TE.9OSE TT.TT2E 2TI5.BBE 2EDS B4B 2359.8%4 2323.175
a0.0081 TB.SBES T7.1546 TO.D3E6 2400.243 22369.894 2314.630 2101.005
TE. 0576 TT7.7725 TO.036E6 T5.8318 2342,027 2333175 2101.083 2277 .087
Eztimated coveriance matriz W2

3.1B%4 =0.2086 O.0028 ZEST.167 2764.522 2394.410 2369.674
-0.2006 ©.3215 -0.1003 2764, 522 288%. 063 2358.522 ZIEBT.OTO
O.0028 -0, 1003 0.0372 2304, 410 2358.522 2316,2T1 2003, 362

2365.4T4 238T.070 2003.362 1314.625
Lagbda = {W|/IW2| = 0.T853

Since, with & = 0,01, — [n— 3{p— g + 1}] log{A] = 7803 = 3 5, (0.01]) = 6.635, we
reject the nnll hypothesis of a quadratie ft at o = 0.01.



