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Exercise 6_18

titlel 'EXR6_18_T6_9';

Data turtles;
turtle+l;
infile 'E:\sta5707\data\T6-9.dat';
Input x1 x2 x3 gender §$;
Lxl=Log(x1) ;

Lx2=Log (x2) ;
Lx3=Log(x3) ;

run;

data turtles_female;

set turtles;

where gender='female';

run;

proc corr data=turtles_female cov;
var x1 x2 x3;

run;

data turtles_male;
set turtles;
where gender='male';
run;

proc corr data=turtles_male cov;
\ var x1 x2 x3;
o -

proc iml;

use turtles_female;
read all var{xl x2 x3} into x_£;
close turtles_female;
print x_£;
x_fbar={136.04,102.58,52.04};
e=J(24,1);
sl=(x_f—e*x_fbar‘)‘*(x_f—e*x_fbar‘)/23;
use turtles_male;
read all var{xl x2 x3} into x_m;
close turtles_male;
print x_m;
x_mbar={113.38,88.29,40.71};
e=J(24,1);
sz=(x_m—e*x_mbar‘)‘*(x_m—e*x_mbar‘)/23;
print sl s2;
spool=(24—1)/(24+24—2)*(sl+s2);
print spool;
xpbardiff=x_fbar-x_mbar;
print xbardiff;
s=(1/24+1/24) *spool;
s_l=inv(s);
print s_1;

o quuare=xbardiff‘*s_l*xbardiff;

@ print Tsquare;

ahat=inv(1/24*s1+1/24*s2) *xbardiff;
print ahat;



run,;
quit;

output:

451
270
165

51

.51993 270.97464 165.95471 138.76633

79.14673
.95471 101.84421 64.737322 37.375009

.97464  171.7319 101.84421

SPOOL
295.14313 175.06069
175.06069 110.88678
101.66486 61.749096
XBARD IFF
22.66
14.29
11.33

5_1

0.8612592 -0.804773
-0.804773 1.8903822
-0.996516 -0.918787

TSQUARE

72.330743

AHAT

-3.274595
-1.632455
14.992132

52

79.14673 37.375009
50.04167 21.653383
21.653983 11.259061

101.66486
61.749096
37.998191

-0.996516
-0.918787
4.4750796
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Exercise6_18 (after log transformation)
titlel 'EXR6_18_T6_9_after log transformation';
Data turtles;
turtle+l;
infile 'E:\sta5707\data\T6-9.dat"';
Input x1 x2 x3 gender §;
Lxl=Log(x1) ;
Lx2=Log (x2) ;
Lx3=Log(x3) ;
run;

data turtles_female;

set turtles;

where gender='female';

run;

proc corr data=turtles female cov;
var Lx1l Lx2 Lx3;

run;

data turtles_male;
set turtles;
where gender='male'’;
run;

proc corr data=turtles male cov;
var Lx1l Lx2 Lx3;
run;

'

/*exercise 6_18(1)*/
proc iml;
use turtles_female;
read all var{Lxl Lx2 Lx3} into x_f;
close turtles_ female;
print x f;
x_fbar={4.90,4.62,3.94};
e=J(24,1);
sl=(x_f-e*x fbar™) “*(x_f-e*x_fbar~)/23;
use turtles_male;
read all var{Lxl Lx2 Lx3} into x_m;
close turtles_male;
print x_m;
x _mbar={4.73,4.48,3.70};
e=J(24,1);
82=(x_m-e*x mbar”) ~* (x_m-e*x mbar™)/23;
print sl s2;
spool=(24-1)/(24+24-2) * (sl+s2) ;
print spool;
xbardiff=x_ fbar-x_mbar;
print xbardiff;
s=(1/24+1/24) *spool ;
s_l=inv(s);
print s_1;
Tsquare=xbardiff~*s_ l*xbardiff;
print Tsquare;
: ahat=inv (1/24*s1+1/24*s2) *xbardiff;
" print ahat;



/

run;
quit;

..

Output:

51 52
0.0264061 0.020114 ¢.0249178 0.0110937 0.0080307 0.0081445
0.020114 0.0161993 ¢.0194252 0.0080307 0.0064229 0.0059972
0.0249178 0.0194252 0.0249399 0.0081445 0.0059972 0.0067833
SPOOL
0.0187493 0.0140723 0.0165311
0.0140723 0.0113111 0.0127112
0.0165311 0.0127112 0.0158616
XBARD IFF
0.17
0.14
0.24
S_1
13095.746 -9602.331 -5953.404
-9602.331 17711.484 -4185.984
=-5953.404 -4185.984 10315.808
TSQUARE

95.635817

AHAT

-546.8664
=-157.4249
8¥7.67746



/

Exercise 6_33
(a) Perform a two-factor MANOVA, testing for a species effect, a time effect and
species-time interaction. Use o =0.05.
Since the p-value<0.001 for three test, there are significant effects of species, time
/ and species-time interaction.
MANDVA Test Criteria and F Approximations for the Hypothesis of Ho Dveralki%é%%}%%i%f?%é}

H = Type 111 SSCP Matrix for species
E = Error SSCP Matrix

-

§=2 M=-0.5 N=12

Statistic Value F Value Hum DF Den DF Pr > F
Wilks' Lambda 0.06877382 36.57 4 52 KS.OO
Pillai's Trace 0.96119962 12.49 4 54 <0001
Hotell ing-Lawley Trace 13.10458966 84.21 4 30.19 <.0001
Roy'’s Greatest Root 13.07124723 176.46 2 27 <.0001
MANOVA Test Criteria and F Approximations for the Hypothesis of Mo Overall ﬁﬁﬁe Effect
H = Type 11l SSCP Matrix for time —

E = Error SSCP Matrix
§5=2 M==0.5 N=12

Statistic Value F Value Hum DF Den DF Pr > F
Wilks® Lambda 0.04916603 45.63 4 52 q%m
Pillai’s Trace 0.99198604 13.29 4 54 <. 0001
Hotelling-Lawley Trace 18.50224287 118.89 4 30.19 <.0001
Roy's Greatest Root 18.45689384 249.17 2 27 <.0001

MANOVA Test Criteria and F Approximations for the Hypothesis of No Overall E;;;:;%EEEEE:Ebfect
H = Type 111 S5CP Matrix for species*time T—

E = Error SSCP Matrix
§=2 M=0.5 N=12

Statistic Value F Value Hum DF Den DF Pr > F
Hilks' Lambda 0.08707032 15.53 8 52 g;oogﬁ
Pillai’s Trace 0.92115522 5.76 8 54 <0001
Hotelling-Lawley Trace 10.39049958 33.07 8 34.899 <.0001
Roy's Greatest Root 10.38139964 70.07 4 27 <.0001

(b) From the formal normality test and plot, the usual MANOVA assumptions are not
satisfied. We need to consider the covariance structure for the repeated measures.

Tests for Normality

Test --Statistic--- m————p Yalug======
Shapiro-Hilk W 0.862909 Pr ¢ H 0.0004
Ko lmogorov=Smirnov D 0.178779 Pr > D <0.0100
Cramer=-von Mises W-Sq 0.307814 Pr > U-8gq <0.0050

finderson-Darling A=-Sq 1.72642 Pr > A=8q <0.00590




The UNIVARIATE Procedure
Variable: EI

Hormal Probability Plot

5.5+ *
1
1
H FrTITYY
2.5+ YT YY)
! *hdrrre ¥ *
= RERRRERRRERE ¥
-0.5+ EFT TR T R Y
H T EY LI T
H Y FE R LS
=3 .S+e+re¥
e e e e o e o o s e o e e e e
-2 -1 0 +1 +2
The UNIVARIATE Procedure
Variable: E2
Normal Probability Plot
22.5+ *
H ¥ o
H LT T
7.5+ [ETTTY ]
i TTL L L L]
! ok ok ok K
-7.5+ ¥ Rprp¥kpd
H [T T ET Y
1444+
-22.5+ *
A e e o o o e e e o o e e e e e e e e e o e
-2 -1 0 +1 +2

(c) For x1(percent spectral reflectance at wavelength 560nm), there is significant
interaction between species and time. But for x2(percent spectral reflectance at
wavelength 720nm), there is no significant interaction between species and time.

IS ULl 1T ULCUUr o

Dependent UariablefSEi) percent spectral reflectance at wavelength 560mm(green)

Sum of

Source DF Squares Mean Square F Value
Model 8 3036.236856 379.529607 133.67
Error 27 76.658775 2.839214
Corrected Total 35 3112.895631

R-Square Coeff Var Root MSE x1 Mean

0.975374 11.78205 1.684997 14.30139
Source DF Type | 88 Mean Square F Value
species 2 965.181172 482.590586 169.97
time 2 1275.247739 637.623869 224.58
species¥time 4 795.807944 198.951986 70.07
Source DF Type 111 SS Mean Square F Value
species 2 965.181172 482.590586 169.97
time 2 1275.247739 637.623869 224.58
species¥time 4 795.807944 198.951986 70.07

Pr > F
<.0001

Pr > F

<.0001
<.0001
<.0001

Pr > F
<.0001

<.0001
.00



Source
Model
Error

Corrected Total

R-Square
0.814966
Source
species
time

species*time

Source

species
time
species*time

Sum of
DF Squares Mean
8 7794.211339 974.
27 1769.642225 BS.
35 9563.8535%64
Coeff Var Root MSE
22.62157 8.095820
DF Type | SS Mean
2 2026.856372 1013,
2 5573.805706 2786.
4 193.549261 48.
DF Type 111 8S MHean
2 2026.856372 1013.
2 5573.805706 2786.
4 193.549261 48.

Square
276417
542305

x2 Mean

35.78806

Square

428186
902853
387315

Square

428186
902853
387315

F Value
14.86

F Value

15.46
42.52
0.74

F Value
15.46

42.52
0.74

Dependent Uariable:(ié) percent spectral reflectance at wacelength 720mm(near infrared)

Pr > F
<.0001

Pr >F

<.0001
<.0001
0.5741

Pr > F

<.0001
<.0001
CO.574D

—

(d) Repeated measures design is more appropriate way to analyze these data. Time
trend and covariance structure can be taken into account.

SAS code:

Titlel 'Exercise 6_33 Two-way MANOVA';

Data skull;

infile 'E:\sta5707\data\T6-18.dat';

Input x1 x2 species $ time replicate @@;

Label xl='percent spectral reflectance at
x2="'percent spectral reflectance at wacelength 720mm (near

infrared) ';
run;

Proc Print Data=skull Label;
Run;

/*Produce summary statistics of the responses.

wavelength 560mm(green) '

Compare the correlations here with the partial correlations reported by

GLM below.*/

Title2 "Summary Statistics";
Proc Corr Data=skull;

Var x1 x2;

Run;

/*Analyze the data as a 2 factor factorial, but we wish to use all 2
responses with replication simultaneously.*/

Title2 "Multivariate Analysis of Variance";

Proc GLM Data=skull;
Class species time;

Model x1 x2 = species time species*time / NoUni;
Manova H=species*time species time/ PrintE PrintH;



repeated replicate;

/* Compute Bonferroni CIs over all Responses. */

/* Note that the intervals are simultaneous only over each factor
separately. */

/* Alpha=0.05/2=0.025 was used for p=2. */

LSMeans species time / PDiff Adjust=Bon CL Alpha=0.025;

Output Out=Diag R=El E2; /* output residuals for diagnostics */
Run;
Quit;

proc univariate data=diag plot normal;
var El1 E2;
run;

Title2 'univariate two-factor ANOVA';
Proc GLM Data=skull;
Class species time;
Model x1 = species time species*time;
*Manova H=species*time species time/ PrintE PrintH;
*repeated replicate;
Run;
Quit;

Proc GLM Data=skull;
Class species time;
Model x2 = species time species*time;
*Manova H=species*time species time/ PrintE PrintH;
*repeated replicate;
Run;
Quit;
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Exercise 6_24
Construct 95% Simultaneous CI, it is found that
(1)A difference in MaxBreath exists between period 4000 B.C. and period 1850 B.C.; but
no difference is observed between period 4000 B.C. and period 3300 B.C.; between
period 3300 B.C. and period 1850 B.C.
(2)A difference in BasLength exists between period 4000 B.C. and period 3300 B.C.;
between period 4000 B.C. and period 1850 B.C., but no difference is observed between
period 3300 B.C. and period 1850 B.C.
The Usual MANOVA assumptions looks satisfied through checking the normality of
residuals for each component.
For MaxBreath:

Least Squares Means for Effect TimePeriod

Difference

Between 95X Confidence Limits for
i J Means LSMean( i J-LSMean(j )
1 2 =-1.000000 -3.324841 1.324841
1 3 =3.100000 =-5.424841 =-0.775159
2 3 -2.100000 -4.424841 0.224841
Tests for Normality
Test -=-Statistic=-= p Value -
Shapiro-Hilk W 0.982491 Pr < H 0.2678
Ko Imogorov=Smirnov D 0.07529 Pr >D >0.1500
Cramer-von Mises W-Sq 0.081441 Pr > U-Sq 0.2036
fAinderson-Dar1ing A-Sq 0.482023 Pr > A=Sq 0.2322
The UNIVARIATE Procedure
Variable: Rt
MNormal Probability Plot
15+ *
*++
ek
sREE
EXT LT N
KERKKK
1+ KKKk
ETITTT]
ETITTS
FHEKR
P L K]
FEFYI Y]
e
-13+%
T -2 -1 0 1 2
For BasHeight:
Least Squares Means for Effect TimePeriod
Difference
Between 95% Confidence Limits for
i J Means LSMean( i )-LSMean(j )
2 0.900000 =-1.513581 3.313581
1 3 =-0.200000 =-2.613581 2.213581
2 3 -1.100000 -3.513581 1.313581
Tests for Normality
Test -=Statistic==-- p Value
Shapiro-Hilk W 0.988847 Pr < W 0.6462
Ko 1mogorov=Smirnov D 0.065033 Pr >D >0.1500
Cramer-von Mises W-8q 0.058122 Pr > H-8q >0.2500
finderson=-Darling A=-Sq 0.389462 Pr > A-Sq >0.2500



ATE Procedure
R2

Normal Probability Plot

L 1
++
*er
¥
e
+HR
A%
LES S
KKK
L)
EE 2]
kg
AR
L L)
L1
=12.5+%
-1 0 +1 +2

-2
For BasLength:
Least Squares Means for Effect TimePeriod

Difference

Between 95% Confidence Limits for
i i Means LSMean( i )-LSMean(j )
1 2 0.100000 -452981 2.852981\
1 3 3.133333 0.580352 5.686314 )
2 3 3.033333 0..480352 5.586
e —
Tests for Normality
Test --Statistic=-==- =====p Valug======
Shapiro-Wilk W 0.988946 Pr < W 0.6535
Ko lmogorov-Smirnov D 0.058599 Pr >D 20.1500
Cramer-von Mises W-Sq 0.037097 Pr > U-8q >0.2500
Anderson-Darling A-Sq 0.255298 Pr > A=Sq >90.2500
The UNIVARIATE Procedure
Variable: R3
Norrial Probability Plot
14.5+ *
+
4
++
9.5+ * X
*4
*%
k%
Ft: ]
4.5+ (23]
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EX 1]
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s
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95% Confidence Limits for
LSHean( i )-LSMean(j )

-1.294839 1.894839
: -1.628172 1.561506
-0.333333 -1.928172 1.261506

Tests for Normality

-=Statistic=== p Value
“Hilk W 0.986421 Pr < H 0.4765
Shap N rov-Smirnov D 0.068903  Pr >D  >0.1500
Cramer=-von Mises W-Sq 0.054824 Pr > U=8q >0.2500
anderson-Darling A-Sq 0.336162 Pr > A=Sq >0.2500

The UNIVARIATE Procedure
Variable: 4

Normal Probability Plot

et
LR L
Rk X
L1 1]
KKK
EEE 1]
1.5+ LLTY
FRRKE
EE L L]
KK
EE L]
%%
FREKK
* kek ¥
=6.5+% +++

-2 -1 0 + .

Proc GLM Data=EgyptianSkulls Order=Internal;

Class TimePeriod;

Model MaxBreadth BasHeight BasLength NasHeight = TimePeriod;
MANOVA H=TimePeriod;

LSMeans TimePeriod / PDiff CL Alpha=0.05;

Output Out=Diagnostics R=R1-R4; /* output the residuals */
Run;

Quit;

proc univariate data=diagnostics plot normal;
var R1-R4;
run;



a t(x3) x4->1log(x4) .

as£'9quares Means for Effect zone

pifference

ion is invalid when constructing the model based on
, it needs to consider the data transformation as

x1),there is difference between zone of submuli and
upper. No difference is observed between zone of Wilhelm and

Between 95X Confidence Limits for
Means LSMean( i )~LSMean(j )
-2.780861 -4.072781 -1.488941
1.216883 =-0.607503 3.041269
3.997744 2.445746 5.549742
Tests for Normality
Test --Statistic--=- p Value
Shapiro-Hilk H 0.976806 Pr < W 0.3523
Ko Imogorov=Smirnov D 0.107089 Pr >D 0.1074
Cramer-von Mises W-8q 0.08181 Pr > W-Sq 0.1998
fAinderson-Darling A-Sq 0.478881 Pr > A-Sq 0.2328
The UNIVARIATE Procedure
Variable: RI1
Normal Probability Plot
4.25+ e
! e X
3.25+ ++
i e
2.25+ LT TS
! T
1.25+ LT
H LEET ]
0.25+ LT
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For iron(x2), there is difference among zone of Wilhelm, submuli, and upper with each

other.
Least Squares Means for Effect zone
Difference
Between 95% Confidence Limits for
i i Means LSMean( i )-LSMean(j )

2 10.838278 4.709643 16.966912

1 3 -10.480519 -19.135%074 -1.825965

2 3 -21.318797 -28.681194 -13.956400

Tests for Normality

Test --Statistic--- p Value
Shapiro-Hilk ] 0.967757 Pr < W 0.1387
Ko lmogorov=Smirnov D 0.084206 Pr > D >0.1500
Cramer-von Mises W-Sq 0.075886 Pr > U-8q 0.2349
finderson-Darling A-Sq 0.505874 Pr > A-Sq 0.2027



+1 +2

For beryllium(x3), there is difference between zone of submuli and
Wilhelm or upper. No difference is observed between zone of Wilhelm and
upper .

Least Squares Means for Effect zone

Difference

Between 95% Confidence Limits for
i J Means LSMean( i )-LSMean( j )
2 -0.254154 =-0.432632 =-0.075676
1 3 0.040663 -0.211375 0.292700
2 3 0.294817 0.080409 0.509224
Tests for Normality
Test --Statistic--=- p Value
Shapiro-Hilk W 0.976082 Pr < N 0.3281
Ko Imogorov=Smirnov D 0.121427 Pr >D 0.0391
Cramer-von Mises W-Sq 0.103257 Pr > W-8q 0.09396
Anderson-Darling A-Sq 0.580635 Pr > A=8q 0.1301
The UNIVARIATE Procedure
Variable: R3
Normal Probability Plot
0.625+ L2 2Y
>t
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For saturated hydrocarbons(x4), there is difference between zone of submuli
and Wilhelm or upper. No difference is observed between zone of Wilhelm
and upper.



. Means for Effect zone
g5% Confidence Limits for
LSMean( i )-LSMean(j )
0.216119 0.477767

-0.227804 0.141682
-0.547164 -0.232843

Tests for Normality

-=Statistic=== | ===== p Value===---
iro-Wilk W 0.976267 Pr < H 0.3341
Imogorov-Smirnov D 0.103106 Pr >D 0.1418
émer-von Mises W-Sq 0.079567 Pr > W-Sq 0.2131
Anderson-Dar1ing A-Sq 0.471947 Pr > A-8q 0.2405
. The UNIVARIATE Procedure
Variable:

Normal Probability Plot

*
=0.425+ +*+

-2 -1 [} *1 *?2
For aromatic hydrocarbons(x5), there is difference between zone of
. upper and Wilhelm or submuli. No difference is observed between zone of
Wilhelm and submuli.

Least Squares Means for Effect zone

Difference
Between 95% Confidence Linits for

i J Means LSMean( i }-LSMean(j)

1 2 -0.284258 -2.018545 1.450029

1 3 -6.056364 ~8.505438 -3.607289

2 3 -5.772105 -7.855524 -3.688687

Tests for Normality

Test -=Statistic--- p Value
Shapiro-Hilk ] 0.947023 Pr < U 0.0157
Ko lmogorov=Smirnov D 0.105569 Pr > D 0.1205
Cramer-von Mises W-8q 0.07268 Pr > U=8q >0.2500
Anderson-Darling A-Sq 0.658993 Pr > A-Sq 0.0846



The UNIVARIATE Procedure
Variable: RS

Normal Probability Plot
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Data crudeoil;
infile 'E:\sta5707\data\Tll—7.dat';
Input x1-x5 zone §;
Label xl="vanadium (in percnet ash)*"
X2 ="iron(in percent ash)"
x3 ="beryllium(in percent ash)
x4="saturated hydrocarbons (in percent area)"
X5="aromatic hydrocarbons (in percent area)";
Sx3=sqrt (x3) ;
Lx4=log(x4) ;
run;
Proc GLM Data=crudeoil;
R Class zone;
Model x1 x2 Sx3 Lx4 x5 = zone;
MANOVA H=zone;
LSMeans zone / PDiff CL Adjust=Tukey Alpha=0.01; /* 0.05/5 */
Output Out=Diagnostics_trans R=R1-R5; /* output the residuals */
Run;
Quit;

proc univariate data=diagnostics_trans plot normal;
var R1-R5;
run;
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6.24.

Xin L1

One Way MANOV A test: p value is 0.044. The null hypothes is is rejected at 5% level
implying there is a time period effect.

Statistic

Wilks' Lambda

Pillai's Trace
Hotelling-Lawley Trace
Roy's Greatest Root

Value
0.83010268
0.17221185
0.20188200
0.18696913

F Value
2.05
2.00
2.11
3.97

Num DF
8

8
8
4

Den DF
168
170

117.7
85

Pr > F
0.0436
0.0489
0.0405
0.0053

From the SAS output, p value for MaxBreadth and BasLength is smaller than 0.05, for
the other two variable is bigger than 0.05. It implies than any differences over time

periods are probably due to changes in MaxBreadth and BasLength.

95% simultaneous confidence interval: (values from the SAS output)

m=pg(g-1)/2=12
£,(0.05/24) =2.94
MaxBreadth:

T — Ty

T, — Ty —3.1£3.44
Ty — Ty - —2.11£3.44
BasHeight:

T, — Ty :—0.9% 2.94\[

T, — Ty :—0.2+3.57
Ty — Ty - —1.1£3.57
BasLength:

1(131.36-132. 36)+294\F7

854(1

19243(1
87

30 30

T

T, — Ty :3.14% 3.78

Ty — Ty 0 3.03£3.78
NasHeight:

Ty —Tog :—03+294\[

:—0.03+£2.36
Tyy — T3 - —0.33£2.36

Ty —Tay

8402( 1 +—1— = -03+236
30 30

) = -09+3.57

=Ty 014294 |7 2131 1) 014378
87 \30 30

\

— | =>-1+3.44
30 30)

All the intervals includes 0. Evidence for changes over time is marginal.



From the residue plot below, the data seems normal. The usual MANOV A assumptions
are realistic these data.

SAS output:
‘Dependent Variable:
Source
Model

Error

Dependent Variable:

Source
Model

Error

Dependent Variable:

Source

Model

Error
Dependent Variable:

Source

Model

Error

MaxBreadth Maximum Breadth of

DF

2

87

Sum of
Squares

150.200000

1785. 400000

Skull (mm)

Mean Square
75.100000

20.521839

BasHeight Basibregmatic Height of Skull (mm)

DF

2

87

BasLength Basialveolar Length

DF

87

Sum of
Squares

20.600000

1924. 300000

Sum of
Squares

190.288889

2153.000000

Mean Square
10.300000

22.118391

of Skull (mm)

Mean Square
95.144444

24.747126

NasHeight Nasal Height of Skull (mm)

DF

87

Time
Period

4000 B.C.

3300 B.
1850 B.

Time
Period

4000 B.C.

3300 B.
1850 B.

(2]

o

Sum of
Squares

2.0222222
840.2000000

MaxBreadth
LSMEAN

131.366667
132.366667
134.466667

BasHeight
LSMEAN

133.600000
132.700000
133.800000

Mean Square
1.0111111
9.6574713

LSMEAN
Number

1
2
3

LSMEAN
Number

F Value

3.66

F Value

F Value

3.84

F Value

0.

10

Pr > F

0.0298

Pr > F

0.6293

Pr > F

0.0251

Pr > F

0.9007



Time BasLength LSMEAN
Period LSMEAN Number

4000 B.C. 99.1666667 1
3300 B.C. 99. 0666667 2
1850 B.C. 96.0333333 3

Time NasHeight LSMEAN
Period LSMEAN Number

-

4000 B.C. 50.5333333
3300 B.C. 50.2333333
1850 B.C. 50.5666667 3

N

-
o

3
v
n
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6.25. (ilo tmhs(»crmu.'or\)
‘One Way MANOV A test: p value is smaller than 0.0001. The null hypothesis is rejected
at 5% level.

Statistic Value F Value Num DF Den DF Pr > F
Wilks' Lambda 0.11591099 18.98 10 98 <.0001
Pillai's Trace 1.20665556 15.21 10 100 <.0001
Hotelling-Lawley Trace 4.84442811 23.43 10 70.804 <.0001
Roy's Greatest Root 4.17841435 41.78 5 50 <.0001

From the SAS output, p value for all these five variable are smaller than 0.05, implying
these five variables are responsible for any difference in the zones.

95% simultaneous confidence interval: (values from the SAS output)
m=pg(g-1)/2=15
1,(0.05/30) = 3.074

X1:
T, — Ty (445-7.23)+3.074 | —— 187.58 l+i = -2.78+275
53 \7 12
/
T, — 75 1 (4.45-3.23)£3.074 w -1-+L =1.22+238
\7 37
7
Ty — T4 :(7.23-3.23)£3.074 |—— 187.58 L+L =4.00+£1.92
12 37
X2:

22116 l+—1— = -10.84+13.05
7 12

f12 70 (33.09-22.25)£3.074 \/

21.16 l+L = -10.48+11.31
7 37

12772 (33,09 43.57)+3.074 \/

4221.16 L+§17) = -21.3249.11

Ty~ Ty

(22.25-43.57) + 3.074J

X3:



Ti3 Ty (0.17-0.43) £3.074 iﬁ(}7+112) = -026+£0.42

53
7T (017-012)+3.074 |24 L L) 0051037
53 \7 37
Ty —T
27 0a3-012)+3.074 |24 L L LY 0315030
53 12 37
F1a 72 (6,56 - 466)+3O74\/575;)4 -17-+1l2j:1.90i1.52
-7 /
T 656-680)+3.074 ot L, L) o 0241131
53 (7 37
T, —T
T 4666803074 |18 L L1 5141106
53 \12 37
X5:
ry =ty (548—577)+3.074 2222 L 1 o 9294369
53 (7 12
ro—ty, (5.48-11.54)£3.074 | 25002( L 1) 6064320
53 (7 37
T~y (5.77-11.54) % 3.074\/33;02(112 N 317j = _577+2.58

The intervals for X1 (7, —7,;, Ty — 73, ) - X2( 7y — 731), 3(7 =75, ). X4 (7, — T3, Ty —T31)
and X5(7,, — 75,7, — 7y, ) don’t include 0.
SAS output:

Dependent Variable: x1

Sum of
Source DF Squares Mean Square F Value Pr > F
Model 2 135.6731502 67.8365751 19.17 <.0001
Error 53 187.5752427 3.5391555
Corrected Total 55 323.2483929
Dependent Variable: x2
Sum of
Source DF Squares Mean Square F Value Pr > F
Model 2 3186.681172 1593.340586 20.01 <.0001



Error

Dependent Variable: x3

Source

Model

Error

Corrected Total

Dependent Variable: x4

Source

Model

Error

Corrected Total

Dependent Variable: x5

Source

Model

Error

Corrected Total

53
DF
2
53
55
DF
2
53
55
DF
2
53
55
y
SubMuli
Upper
Wilhelm
y
SubMuli
Upper
Wilhelm

4221.158113

Sum of
Squares

0.98442037

4.43566535

5.42008571

Sum of
Squares

48.8034220

57.0404334

105.8438554

Sum of
Squares

209.2941996

338.0228861

547.3170857

x1 LSMEAN

4.44545455
7.22631579
3.22857143

x2 LSMEAN

33. 0909091
22.2526316
43.5714286

79.644493

Mean Square

0.49221018

0.08369180 °

Mean Square

24.4017110

1.0762346

Mean Square

104.6470998

6.3777903

LSMEAN
Number

LSMEAN
Number

N

F Vvalue

5.88

F Value

22.67

F Value

16.41

Pr > F

0.0049

Pr > F

<.0001

Pr > F

<.0001



y

SubMuli
Upper
Wilhelm

y

SubMuli
Upper
Wilhelm

y

SubMuli
Upper
Wilhelm

x3 LSMEAN

0.17090909
0.43210526
0.11714286

x4 LSMEAN

6.56090909

4.65815789

6.79571429

x5 LSMEAN

5.4836364

5.7678947
11.5400000

LSMEAN
Number

1
2
3

LSMEAN
Number

LSMEAN
Number



Dependent Variable: x1i

Source
Model
Error
Corrected Total

Dependent Variable: x2

Source
Model
Error

Corrected Total

Dependent Variable: x5

Source
Model
Error

-Corrected Total

Dependent Variable: x6

Source
Model
Error
Corrected Total

Dependent Variable: x7

Source
Model

Error

DF

24

26

DF

24

26

DF

24

26

DF

24

26

DF

24

Sum of
Squares

70.8412407
84.0506111

154.8918519

Sum of
Squares

1552.255556
1561.744444

3114.000000

Sum of
Squares

128.2116830
135.4106800

263.6223630

Sum of
Squares

69.4933889
96.6132778

166.1066667

Sum of
Squares

2010.758519

2233.484444

(with transformation for 6.25, x6=sqrt(x3), x7=log(x4))

Mean Square
35.4206204

3.5021088

Mean Square
776.127778

65.072685

Mean Square
64.1058415

5.6421117

Mean Square
34.7466944

4,0255532

Mean Square
1005.379259

93.061852

F Value

10.11

F Vvalue

11.93

F Value

11.36

F Value

8.63

F Value

10.80

Pr > F

0.0007

Pr > F

0.0003

Pr > F

0.0003

Pr > F

0.0015

Pr > F

0.0005



9596shnuhaneousconﬁdencehﬂmrvah

LSMEAN
y x1 LSMEAN Number
~ SubMuli 4.86000000 1
Upper 7.42222222
Wilhelm 3.22500000 3
y x1 LSMEAN 95% Confidence Limits
SubMuli 4,860000 2.519208 7.200792
Upper 7.422222 6.188516 8.655928
Wilhelm 3.225000 0.607915 5.842085
Difference Simultaneous 95%
Between Confidence Limits for
i j Means LSMean (i) -LSMean(j)
1 2 -2.562222 -5.602700 0.478256
1 3 1.635000 -2.399646 5.669646
2 3 4.197222 0.872585 7.521860
LSMEAN
y x2 LSMEAN Number
SubMuli 33.2000000 1
Upper 21.9444444 2
Wilhelm 42.0000000 3
y x2 LSMEAN 95% Confidence Limits
SubMuli 33.200000 23.109854 43.290146
Upper 21.944444 16.626471 27.262418
Wilhelm 42.000000 30.718874 53.281126
Difference Simultaneous 95%
Between Confidence Limits for
i j Means LSMean (i) -LSMean(j)
1 2 11.255556 -1.850633 24.361744
1 3 -8.800000 -26.191619 8.591619
2 3 -20.055556 -34.386633 -5.724478
LSMEAN
y x5 LSMEAN Number
SubMuli 3.8980000 1
Upper 6.0900000 2
Wilhelm 11.2800000 3
y x5 LSMEAN 95% Confidence Limits
SubMuli 3.898000 0.926889 6.869111
Upper 6.090000 4.524087 7.655913
Wilhelm 11.280000 7.958197 14.601803

Least Squares Means for Effect y

Difference Simultaneous 95%



y

SubMuli

Upper

Wilhelm

-

y

SubMuli

Upper

Wilhelm

-

w

Between confidence Limits for
Means LSMean (i) -LSMean(j)
-2.192000 -6.051205 1.667205
-7.382000 -12.503079 -2.260921
-5.190000 -9.409882 -0.970118
LSMEAN
y x6 LSMEAN Number
SubMuli 3.92000000 1
Upper 7.21111111 2
Wilhelm 3.67500000 3
x6 LSMEAN 95% Confidence Limits
3.920000 1.410363 6.429637
7.211111 5.888416 8.533806
3.675000 0.869141 6.480859
Difference Simultaneous 95%
Between confidence Limits for
‘ Means LSMean (i) -LSMean(j)
-3.291111 -6.550903 -0.031320
0.245000 -4.080670 4.570670
3.536111 -0.028337 7.100559
LSMEAN
y X7 LSMEAN Number
SubMuli 30.2000000 1
Upper 21.6444444 2
Wilhelm 46.0000000 3
x7 LSMEAN 99% Confidence Limits
30.200000 18.133428 42.266572
21.644444 15.284802 28.004086
46.000000 32.509162 59.490838
Difference Simultaneous 95%
Between Confidence Limits for
Means LSMean (i) -LSMean(j)
8.555556 -7.117833 24.228944
-15.800000 -36.598235 4.998235
-24.355556 -41.493760 -7.217351



x1

Simple Statistics

x2

4.64
1.696870184

45.
14.13465320

Covar iance Matrix

x3

9.965000000
1.904641146

x1 x2 x3
sweet rate 2.8793684 10.0100000 =-1.8090526
sodium 10.0100000 199.7884211 -5.6400000
potassium -1.8090526 -5.6400000 3.6276579
Total Variance 206.29544737
Eigenvalues of the Covariance Matrix
Eigenvalue Difference Proportion Cumulative
1 200.462464 195.930874 0.9717 0.9717
2 4.531591 3.230198 0.0220 0.9937
3 1.301392 0.0063 1.0000
Eigenvectors
Prini Prin2 Prin3
x1 sweet rate 07050841 -.573704 0.817489~
x2 sodium “. 0.998284 0.053020 -.024877
x3 potassium “=:029972 0.817345 . 45”7
QQ plot
P
+
= +
Lot
10 . * +
.+ *
o +
H L
- 101 +
+
’/' g -20 - N
o
- T T
-2 - e 1 2
Nrrad Qurtiles
QQ plot
«
+
+
. .
+ o+t
ol P
+
2 R
+
-2 .
% B +
-l T T T T
-2 - o 1 2
rorra Qartilen
QQ plt
of
+
.
+
ks + '
+ o+t
+
+
%o +
N + o+ *
-2 *
P
+
-
+
-e T T T T
-2 - ° 1 2

Mol Qurtiles



sas code:
data ex8_14;
input x1-x3;

’

run;

proc princomp cov data=ex8_14 out=result;

var x1 x2 x3;
run;

data plotting;

set ex8_14;
y1=0.0508* (x1-4.64)+1.0*% (x2-45.4)-0.029*(x3-9.963);

y2=—0.57*(xl—4.64)+0.053*(x2-&5.4)+0.817*(x3—9.965);
y3=—Q.817*(xl—é.sé)—0.025*(x2—§5,4)+0.575*(x3—9.965);

run;

proc capability data=plotting;
qgplot yl;
ggplot y2;
qgplot y3;

run;



- 8.14.

Pincipal component analysis:

The PRINCOMP Procedure

Observations 20
Variables 3

simple Statistics

x1 x2 x3
Mean 4,640000000 45.40000000 9.965000000
StD 1.696870184 14.13465320 1.904641146
Covariance Matrix
x1 x2 x3
x1 2.8793684 10.0100000 -1.8090526
X2 10.0100000 199.7884211 -5.6400000
x3 -1.8090526 -5.6400000 3.6276579
Total Variance 206.29544737
Eigenvalues of the Covariance Matrix
Eigenvalue Difference Proportion Cumulative
1 200.462464 195.930874 0.9717 0.9717
2 © 4.531591 3.230198 0.0220 0.9937
3 1.301392 0.0063 1.0000
Eigenvectors
Print Prin2 Prind
x1 0.050841 -.573704 0.817484
x2 0.998284 0.053020 -.024877
x3 -.029072 0.817345 0.575415

Q-Q plot: there are no suspect observations since all the observations are close to the line.
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Normal Quantiles

Noc et Quanti | es

SAS Code:

(for 6.25)

Proc Format;

value BC 1="Wilhelm."
2="gubMuli."
3="Upper";

Run;

pata Egyptianskulls;
Skull+l;
Input x1-x5 Y S;
Datalines;




x6=sqrt (x3);

x7=log (x4);

run;

Proc Print Data=EgyptianSkulls Label;
Id skull;

Run;

Proc IML;

Reset Print Log FW=12;

/* Specify the values */

X={4000 3300 1850};

/* Get orthogonal polynomials (rows) */
P=(Orpol (X)) *;

/* Drop the coefficients into contrast statements */
Quit;

/*
* Examine data for homogeneity of covariance matrices
*/
Proc Discrim Data=EgyptianSkulls Method=Normal Pool=Test;
Class y;
Var x1 x2 x5 x6 x7;
Run;

/*
* MANOVA analysis
* Use the ORDER=INTERNAL option so that contrast
* coefficients correspond correctly with the Time Periods.
*/
Proc GILM Data=EgyptianSkulls Order=Internal;

Class y;
Model x1 x2 x5 x6 x7 = y;
Contrast "Linear TimePeriod " y 0.6125845862 0.1612064701 -

0.773791056;

Contrast "Quadratic TimePeriod" y 0.5398210735 -0.80042435
0.2606032769;

MANOVA H=y;

LSMeans y / PDiff ¢l Adjust=Tukey Alpha=0.01; /* 0.05/5 */
Output Out=Diagnostics R=R1-R5; /* output the residuals */
Run;
Quit;

/*
* Invoke SAS/Insight for Interactive Data Analysis
* to examine residuals for normality and outliers.
*/

Proc Insight Data=Diagnostics;

Run;

/*

* Consider the profile analysis

*/
Proc GIM Data=EgyptianSkulls Order=Internal;

Class y;

Model x1 x2 x3 x4 x5 = y / NoUni;

Contrast "Linear TimePeriod " y 0.6125845862 0.1612064701 -

0.773791056;




Contrast "Quadratic TimePeriod"™ y 0.5398210735 -0.80042435
0.2606032769;
MANOVA H=y
M=x1-x2,x2-x6,%x6-x7,x7-x5;
MANOVA H=y
M=x1+x2+x6+x7+x5;
Run; (For 8.14)
data sweat;
input x1-x3;
Datalines;

5

proc princomp cov data=sweat out=result;
var x1 x2 x3;

run;

data sweatpc;
set sweat;
yi= 3

y2=;

y3=;

run;

proc capability data=sweatpc;
qgplot yl;
qaplot y2;
qgplot y3;
run;
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_ [&“f [ = -xm;z}
&} ko= -
= gl L-mxa 2

T s 150717 = 13.5¢
Bl T 4 3‘3.,2 {see (5.53)
e} Hyse' = [7,71]
a = 05 5o Fa 2{.!}5} » 19,00

Since TP = 13084 ¢ 37, 2{.95} = 3(38) = 57 do not reject H_ a

3
the o % .05 Yewe!

43
(reT3] § Oxemgd () |
" FECRES R e R <] 2423
&l 37 F=f __{,,.a}wé%%&—w3=‘§lﬁé

il
PRCERIERY

i
I 23 (Ei‘“z} fiﬁj“é% ! l

B 4

1 I
A\ I,Z (g Mz g

LT
Wilks® Tambda = 2%/% o yV2 | rpmw . jpee

Ry' = [L86,.500 7% = 1.7
a = 0% Fﬁ,w(‘as} = 3,23
stee T w107 < HE) £ 0 oney 0 opopsa.29) . 662
- K 0 2,400 " ) e
we do not reject Ha #t the o= .05 level. The reselt iz zonsisiant
with the 95% confidence ellipse for o pictured in Figure 5.7 since

4' = [.35,.80] 15 inside the el1ipse.



5.7

4.640 2.879 10.010 -1.810
F=| 45400 |,5 = 10.010 199.788 —5.640
9.965 ~1.810 -5.640  3.628

)

95% simultaneous 72 conﬁdence intervals for p1, pto, p3:

- 1
%.__3.)2  pl(e) = %Ewgf&n(o 05) = (13)3(5 20) = 10.73

4.640 — v10.73 ’“85 < py € 4.640 + V10.73 2879 = 3,40 < 1y < 5.88

1 7 199.788

45.400 — V10.734/ 9) 88 < s < 45.400 + V1073 s;g = 35.05 < pp < 55.75
62 78 ; 8

9.965 - v/10. 73\/ ”’6'% < iz < 9.965 + V10.73 3.628 = 857\ ,u.-/s 11.36

20 \" 7

(i}

%% sinsultansous Booferroni condidence intorvals for i, g, it

- ;1; ) "2%{{ ;;;;;; ;g 2= Ly (0.0053) = £.65

4540 zm\;—mwp so0+2e/ 220 aas w~zr:
e Toa s _ ;
45,400 - z.mv’ ‘m £ g % 4540042 naa\[ii’-;;% s S < iy < G055
E 5 2 %
- " 5
QBEE - 2, 62“11‘; } g % B - 6251&3' 362S -—&;9’?? = ;A,) e ‘96{5‘?"

{1i)

L;;migriaw the interals in prredi} and part{ii), we ses that Banferroni intereals
provlde smore precise estimates e the T inter vads. Y
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513 The ¥’ Jistribution with 3 degrees of fromdom,

14 Lengin of one-si-a time i-interval [ Length of Benferron interval = b e ST s (] 2l
8 4 & i ] { )

w
2 4 1t
TS Doesa 06448
05652 0.764L DBETE
sn | o.BE01 07748 D.6B30
TOETIS GTHG 08910
874 07847 06883

E(xy) = (Dm+®-p)=pe

Vari = (- pfps 0 -piil-ml=nl- )

(b} CoulXin gy = B )~ ELXE(Xigh s U= pipe = —PiPe
516

@}, Using &= NP Fo3jm, the 95 % confidence intervals for D1, Pae P Feo P8

are
{02
by Using o ~ B & «,fxiliwmf{;% (1= 1) + il = ) = Zhifa) fm, the 95 % confidence
soaerval for - pa i (~0.118, 0.0994). There s go sigaificant difference in two proportions.

2

o1, 0,570}, (0.258, 0.412), (0.098, g.2171, 10,026, .112), (0.084, 0.198] respectively.

it
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6.8 a}l  For first varisble:

treaiment
ghservation = mean + - gffant +  residual
6 5 8 4 4 4 4 5 4 2222 01227
31 2 =14 & 4 $ jaz -2 o2 #1110
2 5 32 4 4 4 % 111 | -1 2 oeed
§5,pc * 286 S5 g " 192 55, = % 5., =18

For seecond variabla:

3331 3 3 -1 1-21 1

9 9] [5 55 5 5]
=

£ 85 5 THET =1 &1 Ll - |
3 15 5 5 5 | |«3~3«3-3 el =11
Ksa}m = 402 ssgm = 300 SS,E,: = B4 %ng = 18
Cross praduct contributions:
275 250 45 -13
Y MANOVA table:
Source of )
Variation ssp €.f.
38 48
Tregtment B ow F-1=2
48 B
18 =13]
Hesiduzl W= 543+4~-3 =38
-13 18
54 15] V
Totzl [corrected) i)
__35 'mz_




@11

<}

Wi _ 188 _ .
}," £ B”V?” :~ z’“‘*’zaj = .9352

Using Table 6.3 with p=2 and g = 3

(1w [P0 L9,
e g=-1 i

Since Fy 4.0.01) = 477 we conclude that treatment differences

exist at == .01 level.
Klteraatively, esing Bartlett's procedurs,

«{n=1 - i%ﬂ}m w* = -{12-1 »fgn)z.a(.ezsz'} = 2E.20%
Simee e{.01) = 13.28 we again conclude trestment differences

exfst gt o= .01 Jevel,

Llpgatsof) = £y DLlu,.8)

¢

Jtpés- GG I ERTORETTN

)
(o, Jo wywg|
() = 4 ¢

) G ¢’ 7 - ‘32})}

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

to oy and g, at gz =% and = &, respectively and with

i!:(i

vespact to o oat

e n.:—rn (e 135y # {ny - 205, < > “pocled

{For the maximization with respect 45 § ses Pesult 4.10 with

L and B = (n, =115, + (a,-235,)
g A Py = iy * Amp =205,



‘643 a) and B) For first varizble:

Obssrvation = mean 4 factor 3 ¥ fector 2 residual

gffect effect
6 48 2 1111 .4 4 4 1-2¢-3] [6 13 0
34&4}»”114»4—%44* 1243 %1 2T 0 =1
“3-43-) [111) |3-3e3.3) |[1-24-3] [c20 01 1

gy * 220 S5, =12 S5 =104 S5, =80 S5 eT4
For szcond variable:

8 612 6] [3333 § 55 5] [3-21-2] [-30 3 o

le 2 3 al=laaszls|r 11 1|+la2 12+l 102 1

{2-5-3-6) |3333] |6-6-6-6] |3-21-2] Lze-1a

S50 THO S5 %108 S5 (=28 S5, e84 S5 w30

tum of cross produects:
Py * hgean * Py ¥ Peacz 5P
227 = 36+ 148 + 51 - §

¢} HAROVA tzbie:

“Hource of ,
variation 58P d.f.
Tpe 148
: 1 gels3a]=?
Factor L 43 258_.
" an &1 ]
g0 5t
bel=4-1=3
Factor & 51 s
14 -8 ]
Residusl {g-1){s-1}) = &
L -8 Z&
Totsl [Corrected) LT gh=1 =11
141 332

4} We rzject ?i(}: Ty T, Iyt 4 &t o= W05 Tevel since

155,41
w [a=1Yna 5 3z res
- Ua)(s1) - (LS Jenne = -6 - "E"'z"?'“(fsw%m"“ res]

e -5, 5an (255 = 1087 > xi{.05) = 9.48
13208
and conclude there are factor 1 effects.

We also reject HyiBy = 8, = 83 = B, = 0 at the a = .05 Tevel

zince



» s5p |
. [g-T)b-1) - {W}gwlﬁ . -[6 "%i]m (5,5?] ,rzsg \
. ) I faca” Fpa 1 j

= -6 tn (20} = 1277 > xi1.05) = 12.58°

and conclude there ares Factor 2 effects.

.14 b)Y MANOVA Table:

Spmrcs of .
Veriation ssp d.f.
‘ ) 436 184
Factor 1 . 2
184 28
36 24
Factar 2 ) 3
24 38 ’
; 3z 0
Interaction £
0 48
3z -
Residue) 1z
-84 00

876 1A
Total (Corrected)
1248

E 5P
£} Since -fgh{n-1) - {p+l - (9—}}{34}3!331&1" = 43,5211 +§§;

= azs‘suhaﬂazv = 2.88 < Xi3(.05) = 2103 we do rot reject
Bptfyy = Mg = cee =gy = 0 {no interaction effects) at the

a = 05 Tevel,



Since

Issp__ |
viﬂbtn-i}ﬂ{p*!—{§-11}#23£nﬁﬁ==~1§.§£n(: 5P T —

= -11.8800.2467) = 16,12 » xi(.08) = 9.48 we reject

Hyrzy =T " 135 0 {no factar 1 effects]) et the a=.08
Tevel,
Since

jssp

P s |
“Fgbin-1)-{p¥l={b=13)/2]2na* = ~122n W
gbin-13-lp ! Peac2* *Fresl

s o1zen{.7549) # 2,76 < XE[.03) = 12.59 we do pot reject

=

=By = o s factor 2 effects] st the

Hytdy = By 7 By

a'= .05 Tevel.
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]|

-
Wards (O ——— (D
Different Same
Parity

Effect P i

Pant}* main: L“z + #4} - {ﬂx + iy ¥
Format maby (i + g )= ()
Interaction: [ty = ey = (g + 1 ¥

Conirast matyix:

~1 1 =1 13

Cml-1 =1 1 1]

11 -ty
R RELTCIN - .
Singe I = 153.7 5 s . (2.83) = 240, reject Hy © Cp o= 0 (oo treatment effests)

at the 5 % level,
BY 03% simtaneous ¥ intervals for the conirasta:

G5

Parity main effect -zaﬁmﬁ;‘am\;&%ﬁ;é —» (<2823, -130.6)
Tt

Fomat main effeet wza?w&aﬂ“gw e (4158, ~198.2)

10,6673

Tnteraction effect: 22.4% égs'aﬁ‘xg' —y {318,766}

W internction effeel Parity effect—"different” pesponses slower than
“same” responses. Formal effest—Swords” slower than “Arabic”,
) The M meodel of numerical coguition is supported by Gils experiment.
&) The reultivariate normal model is a peasonable populstion model for the scores
corresponding 1o the parity conteast, the format contrast ssd the inferaction
coTeasL.



O d Y {55
624 Wilks' Jamibdie A’ = 6301, Sinceg=3, [fﬁ? A2 1 L?%ﬁ%}l}wzw isanF
: R )

X - '
value with £ and 168 degrees of fresdom. Shwe povaine = PIF > 2048 = 044wy
wonld just repect the aull hypothesis B0 1, = 5, =z, =0 at the 5% level lmplying
there §s 2 tme peviod effac.

F gatisties and p-values for ANOVA s
F pveElus
366 Jaa
BasHegh: 04 525
BasLgth 384 025
KasHghn @10 901

Any differences over time periods are probably due to changes in muximam breath
of skull (MaxBrh) and basislvesiar length of skuil {BasLgth).
95% Bonferrond simultansous intervels: mow pplg -1 2212,
En 05/ 24 = 254
BesBrh oty ~12294 sm““ V} ey 13348
= e V& L3030 T

Ty~ Tyt 314344
Ty =Tyt —21k3A4

. ., 19243
BuasHehr T fa ! {J‘.Qﬁl%d‘g
ety —0213.57
T =y 1 = 1.12357
Haslah Ty BAGE254 Ww(-——— ML DAGE3RTR
BasLeath Ty~ ¥n 157 x;mﬁﬂsaj .

T =Tyt 3EERTE
Tt 3032378

: o2 Y 0304 2.3
sHgh = Ta 1 [_6 m} | —» 030%236

A
R

PP A !3(}3*‘“’5343

Toe =Tyt —03322.36
All the simultsnesus intervals inclede 0. Evidence for changes in skull size over
time iz mwrginagl, 1f clumpes mxige, then these changes m.zgﬁxt be i maximum braath
and basialveolar Iength of skull from time periads 1 1o 3.

The esual MANOVA assumptions appear to be satisfiad for these dara
SSUmp PP



T 626 To test for parallelfse, consider Hy: fuy = G, with © given
by [ 6613«

[-.413 T.674 987 Lg187)
eyt = | z.ola 1188
-.035 2.341

CF - %) =

T = 8,58 > ¢* = 8.0, we raject Hy at the o = .05 level. The
excess electrica] usage of the test growp was such Tower then that
&f the control group for the 11 AN, 1 P.M. and 3 PLH. hours,
The similar 9 AN, usage for the twy groups contradicts the

paralielism hypothesis.



/631 {8} Two-factor MANDVA of peanuts data

E = Error SERCPF Marrix

11 12
X1 104.208 45,385
f4s 45,365 352,108
%1 TE.48 122,988
H = Typs 117 SEECP Masriz for FACTORS

1 ; 13
Xt Q. 7083353833 =10, 6875
1z ~i0,8576 1E62.0675
%3 7. 1201588887 ~i0%. 4128

%3
76.48
121,888
94,828

( hﬁﬂdﬁ&w}
13

T . 1251866087
~108.4108
T2.530B333383

Hanova Test Criveria and Fract F Statisties for
the Hypothezis of no Dverall FADTORL E2fect
E = Ervor SSRECP Hetrix

H o= Type III 55uCP Matrix Far FACTORL

&=1 K. 5 fiml
Stariasic Vilue F Huw IF Den OF Pr » F
Wilks' Lambda G, i0851820 11,2843 3 4 G.R20%
Pillai’s Trace 0.B8348580 11,1843 3 £ G.ozDg
Hotelling-Lawley Trace B.aganss4s 11.1843 3 4 0.0205
fiogts Grentest Bont H.38824348 31,1843 2 4 0.020CE
& = Type 11T S58CP Mamax for macTonz (Mariedy)

51 b I3
3 188,118 365.1825 #2.8275
Xz I5E, 1838 108D, 015 414,655
12 £2,8278 4144655 S84, 191688867
Hapova Test Criteris and ¥ doproximatisns for
the Hypothesiz of ne Uverall FACTORZ Effect
E = Type IIT B5CP Matrdiz for FACTORZ E = Zrror 35809 Harriz
82 H= N
Statisede Value F e DF Den OF Pr > F
Vilks* Lasbda 0. 01284417 10.8181 & E C.001%
Pillai®s Trace 1.708406821 B.7924 4 16 G.o011
fintelling-Lavley Trace 21 3TBETEDA 10.8ave 8 & 0.0088
Roy’s Dreatast Boot 8. 18TEUIT 30.313T 3 5 D.0012
H o= Type III S820F Matriz for FPACTURISFACTORS

X1 X2 b 53
X3 ZUR. LG1B6687 B3 . E87R 0T . veBEssaz
2 S83.8675 TRU.ESE 254 .22
i3 0778583333 268, 32 B85 . 551656887



Manpwe Test Criteria axd F Approsimatisns for
she Eypothesis of s Uversil FAOTORIFACTORZ Effect
£ ow Error SEECP Mamriz

B = Type III

g=3

Y=l

=1

cariutic
Wilks' Lambda
Pillei's Trace

Hotelling-laviey Trace
Aeg’s Grewtest Root

b3 Residual analysis, The residuals b Xy at jneation ¥ end variety b Jook large

Talue
£.07429584
1. 38088073
T.5e428030
£.82409368

Lk

s

e fd

1

ERLOR Wetriy for FACTHRISFACTORZ

¥ Ham TF
BEBZ B
HERL -
21 6
3ras 3

Dea OF
8

10

g

&

eopE FLCTORD FACTORZ PREED! HES1 FPRED2 BESZ PREDZ  RESD
£ 3 [ 184,80 0.50 180.40 ~7.30 §2.55 -1.45
@ k1 & 18480 ~0. 50 160.40 7.30 5286 1.18
F 2 3 165,06 4.8% 130,30 £.20 48.55 B.88
] 2 g 1BS.06 ~4.85 130,30 -8.20 48,96 ~5.55
€ i & 164,45 5.55 161.40 -4 80 47,80 2.00
€ 1 & 108,45 -3,B5 161.40 4.50 &7.8G -2.00
& 2 & 202, 35 4,55 163.95 .15 57.95 3.15
-4 2 & opa, 48 ~2.55 183,65 -2.15 §7.28 ~3.18
& i & 199,05 5.28% 164.80 -0.00 BE.20 ~0.40
& i B 180,95 -5,35 164,80 0.30 5B.30 .50
b4 2 4 enn. 75 D.7H 170,30 -%.50 &6.10 ~1.310
4 2 & SO0.TE ~0.75 170,30 3,50 86.10 1.1D
Piot of rasidusis varsus fited values
e Yiaig H2 = v sl xarmals ¥3 = Bead 53R
5
Ll ™ *lt-l & 'y 5
5 H
£ ) B LI T ) ;
B P t 3 3 2
T o 3 s 4 = H
L iR LR
| * ¢ £ i 4
4k W4 i i
7 : = I
@ .
A |
wBE 190 1B 18E 30 s 86 & B

et



i) Univariate two-factor ANOVA, With & = 0.05, from Wilk’s lambda test in pary {a},
the iterscrion venm cas be dropped,

Dupendent Veriadle: X3

B-Square (o 8 Rost HMSE %1 Haan

S 38887 3.187434 G.217T98 188,078
Bonres DF Type II1I 85 Meen Sgoare ¥ Value Fr > ¥
FROTORL i 0. TR033 0. 700833 Q.02 5.9963
FACTURD 3 1%5. 115000 @5, OB7E00 2.84 C.1403
Dopandent Yarisble: %3

R~Souare g, ¥, Reot MEE X2 Mean

0. 524808 7506437 11,5956 158,535
Souroe DF  Type 111 885 Mesn Sguare F Yalee Pr>F
FACTORS 1 162 . 08TEG 162.08750 i.1% 0.3188
FRCTIIRZ 2 1080, D100 544 .BGTED 3.88 20678
Dependert Variable: I3

B-Gapare [ Roat MEE X3 Heac

L GESEGE 6. 595038 4.75377 BB . 3082
Source oF Type II1 52 Hean Sguare  F Yaloe Pr =¥
FACTIRL 1 T2.B30823 Ti.520833 3.21 0.1110
FACTORD p B4, 1018EY 142050833 5.29 G.6228

Bonferronl simultanecus pomparisons of suriety.

Cmly varieties 5 and 8 differ, and they differ ondy on X

Bonfervoni {(Junwd T tests for varisble: %1

Klphes .06 Confidence=s 0.85 dfe 8 H3E~ 38,68833

Critvical Value of T= J.0L57¢

Hinimam Bignificens Diffapenzes 12,36
Comparisony significast at the (.06 level ars indicated by feex?,

Bimultanesus

Lower

FAOTURZ Confidence
Comparrizon Limat
~8.950
~3.38E
~17.860
=1.68%
-23.338
«i%. B35

¥

@ ;
o
R

(LSRG <+
]

Bimnltaneous

Difference Upper

Berwesn  Confidence
Howns Limit
4.300 17.880
B.878 28.1358
. 300 . 950
5,878 18.838
=g 875 3. 386
~5 578 7.888



Bonfersesi {Duanl T tests for variable; X2

Aiphas= 0,05 Confidence= 0.85 df= § HEE= 141.8

Oritical Yaluwe of T= 2.01578

Pinimus Significent Diffecences 25,375

Coppayisers signifizant et the .05 level are indicated by ‘eex?,

Zimultaneoes Simaltanesus
Louer Difference Upper

FARTORZ Zenfidence Berwesn  Comfidencze
Dompnriszos Limzt Hazno Limit
£ -8 =30, B0 4.BTE 30,3250
& - & ~3.178 22,260 AT . ETE
§ =B =30.260 ~4. B 30500
& - 5 -5, 050 17,336 42,700
% - 8 =47 . E7E =22 200 3478
5 - & -42.700 17 A28 B.OSC

Sopferroni: (Dumsd T tests for waciable: X3

kiphe= 0,05 Comfidence= .95 df= B KHEs 22.58033

Crivical Yalue of To BOOLETE

Hinimup Sigedficamt Differspces 10157

Cosprrizons sigeificant =t the 0.0 level are iudicated by ‘swe!,

Simpltaneous Bimultaneous
Lower Differsace Upprr
FAUTORZ Congidencs Batween  Confidencs
Comparison Limit Heans Limit
8 - G =552 . 626 18782
. - B 0763 10,500 21,037 wes
& - B =18, TED =G 815 0.812
§ - 5 =8 . BE2 1.278 11.412
5 - B ~21 087 ~10 . B0 3. 785 e
§ - ~13.412 -1.275 §.g82

Fitting @ qusdratic growsh curve to caldium messusements on the dominen: alna,

irearing =il 31 subjects ns a single group,

XLAR MLE of beta [E*8p~ (~138) " (=1}
Te.TESR T1.503% 42.272% -5 .HTER 0.QTE9

18323 2.8873 -5.9783 S.3020 -2.3033

T31.8085 1. 8404 L.0TeY -2 0083 1,070

B4. 6548

& Wom ip-1)aE

4. 5a4l BO.TBER BULOOEL TE.OEVS 2U36.322 FTUR.BBG 24D0.243 342.027
90,7562 BI.6616 TE.DUEE V7 .YT2E 2733 EES 280D B4E 2269.8%4 2333,173
BO.0081 TH.SEES TT.LE4E T0.03B85 DA00.247 2E8D . EB4 2354830 2101.083
TE. 0876 TT.TTIE T0.0088 YE.B318 2347.037 2533.1V5 2101089 Z27TT.857
Estimated covariance masziz W2

3.1868 «D.J086 G.0028 ZEST. 6T 2784.522 2394410 2368674
«0. 2086 0,331 -0, 1002 2TB4. B2 EEG.0GE 2IBB.GZD Z23EY.070
G028 ~0,3008 00372 23%4.410 2358 E22 2316.071 2083 ,.362

565,674 2387070 2083.362 1314.825

Lambda = [¥|/IW2] = 07583

Since, with @ = 0.01, = [n— Hp— g+ 1)] log(A} = 7803 = x3 ,,(0.01] = 6635, we
refect the null hvpothesis of a quadratie 82 6t o = 001,
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With Various 95% Univariate Confidence Intervals

Bivariate Nomal ©5% Confidence Ellipse
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Bivarnate Nommal ©35% Confidence Ellipse
With ©€5% T—Bquare Confidence Intervals
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Bivariate Nommal 95% Confidence Ellipse
With 95% Bonferroni Confidence Intervals
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Bivarnate Nomal 5% Confidence Ellipse
With Usual 95% Univariate Confidence Intervals
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Bivariate Nomal 95% Confidence Ellipse
With Usual €5% Univariate Confidence Intervals
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Bivariate Nomal 95% Confidence Ellipse
With Various 95% Univariate Confidence Intervals
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Bivariate Nomal ©95% Confidence Ellipse
With 95% T—Bquare Confidence Intervals
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Bivarnate Nomal ©5% Confidence Ellipse
With Usual 95% Univariate Confidence Intervals
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Bivariate Nomal 95% Confidence Ellipse
With Various 95% Univariate Confidence Intervals
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Bivariate Normal 95% Confidence Ellipse
With ©5% Bonferroni Confidence Intervals
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