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Presenter Notes
簡報註解
現在是高維度資料(很多變數)的時代，我們需要一些方法來預防模型過度配適 (overfitting) 的問題。
以傳統的做法來說，我們可以使用像模型診斷章節所介紹的變數挑選方法，不過在遇到很大量的變數時，計算過程會困難許多。
其他可以採用的方法還有很多種，而本章主要會著重使用正規化 (regularization) 和壓縮 (shrinkage) 方法。
對此，我們也將使用 glmnet 套件裡的 glmnet 函數和 arm 套件裡的 bayesglm 函數。
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ANOVA
Homogeneity of Variances

- For three or more variables the following statistical tests for
nomogeneity of variances are commonly used:

e Levene’s test
« Bartlett's test




MANOVA: Box's M Test

« Box's Mtests: the assumption that the vector of the dependent
variables follow a multivariate normal distribution, and the
variance-covariance matrices are equal across the cells formed
by the between-subjects effects. MANOVA makes the
assumption that the within-group covariance matrices are equal.
If the design is balanced so that there is an equal number of
observations in each cell, the robustness of the MANOVA tests is
guaranteed.

« Box's test is used to determine whether two or more covariance
matrices are equal. Bartlett's test for homogeneity of variance
presented in Homogeneity of Variances is derived from Box's test.

« One caution: Box's test is sensitive to departures from normality.
If the samples come from non-normal distributions, then Box's
test may simply be testing for non-normality.
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One-way MANOVA
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Testing for MANOVA
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Testing for MANOVA
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Multiple comparisons
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Multiple comparisons
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Tests for univariate equality of the means
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Remark: MANOVA
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Results of example
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MANOVA table of example

3. fRMANOVAZRZKTE » YAV, HEEHINEEZLE -
P-
Source df SS MS
value
Bet("lj’l‘;e" 3 914.075 304.692 2.81  P>0.05
Withi
Y1 'thin 36 3901.300 108.369
(E)
Total
39  4815.375
(T)
Bet("H";*e" 3 67.400  22.467 1.38 P>0.05
Withi
Yo thin 36  587.000 16.306
(E)
Total
39  654.400
(T)




Results of example
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Two-way MANOVA

Xy =u+a, +,Bj +(a,8)l.j +&5

a b a b
>a,=0,>5,=0>(ap), =0 forall j,> (af), =0 forall i
=1 j=1 i=1 j=1

X, =X+(X -X)+(X, -X)+(X, -X, X, +X)+(x,,-X, )

b n b

Z X]k ZZXUk X]k yyijk
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Two-way MANOVA

X :)?+()?i.. _)?)-I_()?.j. _)?)—l_(XlJ -4 _)?-J'- +)?)+(X’7k _X”)
SsPA=>">">(X, - X)X, - X)
SSPB=Y.3" (X, - X)X, - X)

SSPAB=Y Y > (X, -X, -X , + X)X, -X, -X , +X)
SSPE = ZZZ(XW - X, X, - X, )
SSPT = ZZZ(X,-jk —)7)(ng - X)

SSPA+ SSPB + SSPAB + SSPE = SSPT



MANOVA table
Source df SS | MS | Wilks A Testing
SSPA an-1 .| SS/df | SSPA/(SSPE+SSPA)
SSPB bn-1 . . SSPB/(SSPE+SSPB)
SSPAB ((a-1)(b-1)| . . | SSPAB/(SSPE+SSPAB)
SSPE
SSPT abn-1
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vaf Multivariate

%;enderﬁ Yariahles:
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Between-Subjects Factors

Tl W e Box's Test@a= - %‘?ﬁ?ziﬁémy\%ﬂ
S i o EIEMWE - MEETRIESERIE
I Tﬁl o FHIRBox's MES IR 2N K/ )\%5 Bl Y
o T Torom] GIRAEUK - O DIZ BaEKE

REEN  —FiR 30.00 £.325 10 EE FE' E
- 40.80 5.4493 10 J \ © _U:b I % oo H /\\\ O O 1
=54R 28.90 B.790 10
Total 3323 2118 an Box's Test of Equality of Covariance Matrices®
FHEH —F4E 29.70 4138 10 Box's M 25534
4R 3520 4.940 10 F 1774
=iF§R 47 A0 2461 10 i 12
Tatal 37.47 5.488 30 df2 3.533E3
HRSBER  —F4R 35.70 £.395 10 Sig. 046
—_FR 35.80 T.r24 10 Tests the null hypothesis that the obsened covariance matrices of the dependent
= 3850 5704 10 variables are equal across groups.
Total 657 6.50 30 a. Design: Intercept + 4B
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Levene's Test of Equality of Error Variances®

F 1 df2 Sidg.
RERED A1 2 27 GET
HEEND 1.675 ? 27 206
HASH[E D 218 2 a7 206

Tests the null bypothesis that the error variance ofthe dependent variahle is equal
ACr0SS groups.

a. Design: Intercept + F4B
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Multivariate Tests®

Fartial Eta

Effect Yalue F Hypothesis df Errar df Sig. Squared
Intercept  Pillai's Trace 984 | 1.346EF 3000 | 25.000 .000 594
wilks'Lambda 006 | 1.346EF 3000 | 25.000 .000 594
Hotelling’s Trace 161.555 |1.346E3 3000 | 25.000 .000 594
Roy's LargestRoot | 451 555 | 1.346E3° 3000 | 25.000 000 594
F4 Pillai's Trace 1.262 | 14817 000 | 52.000 .000 B3
Wfilks' Lambda 101 | 17.840° 6.000 | 50.000 .a0o f8z
Hatelling’s Trace 5.281 21.126 .000 | 48.000 000 725
Roy's Largest Root 4482 | 38842 3.000 | 26.000 .000 818

a. Exact statistic
. The statistic is an upper bound on F thatyields a lovweer bound on the significance level.

¢. Design: Intercept + 2E4R
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Tests of Between-Subjects Effects

Cepend Type Il Sum Parial Eta
Source gnt == of Squares if Mean Sguare F Siiy. Souared
Corrected Model  SREEN 864 8672 I 432.433 11147 000 452
HELEN 1661.267° 2 830,633 52375 .aon 795
CEE-T- N 50.467° 2 25.233 520 600 037
Intercept HEEN 33133.633 1 33133.633 | 854.857 .0on 969
EILED 42112533 1 42112.533 | 2.655E3 .a0n 8490
e 40333.333 1 40333.333 | 831.171 .000 8648
F4B SREEN 864.567 2 432433 | 11157 .000 452
HHEN 1661.267 2 530633 | 52375 000 795
HSEN 50,467 2 25233 520 500 037
Errar FEEN 1046.500 27 38.759
HEEND 428.200 7 15.859
CEE T 1310.200 27 48.526
Total FEREN 35045.000 30
HELEN 44202.000 30
LEEN 41694.000 30
Corrected Total  SREEH 1811 367 29
HEHED 2089 457 29
HASE @ 1360667 29

a. R Squared = 452 (Adjusted R Squared = 412
b. R Sguared = 7945 (Adjusted R Sgquared = .78
c. R Sguared = 037 (Adjusted R Sguared =-.034)



Parameter Estimates

95% Confidence Interval

Depend

ent FPararmet FPartial Eta

Yariable ar B St Error i Sig. Lower Bound | Upper Boutd Souared

SEED  Intercept 28.900 1.969 14 679 .000 24.860 32.940 889
[FaR=1] 1.100 2.784 395 GOE -4613 F.813 06
[F4h=2] 11.900 2.784 4274 .000 6.187 17.613 404
EE4R=73] iy

FHESD  Intercept 47.500 1.259 37.718 .000 44916 a0.084 981
EFB=11 | -17.200 1.781 -3.995 .000 -21.454 -14.146 787
EFh=2] | -12.200 1.781 -6.908 .000 -15.954 -0.646 639
EE4R=13] iy

HABER  Intercept 38.500 2.203 17.477 oo 33.980 43.020 819
[Fah=1] -2.800 3115 -.599 a77 -9.192 3.592 029
[EF4R=2] -2.700 3118 - 867 394 -3.092 1692 027
EE4R=13] 0=

a. This parameter is setto zero hecause itis redundant.




Post Hoc

F
Multiple Comparisons
EBonferroni
95% Confidence Intenval
Cepend ~ Mean
ent JE:2 f)g: Difference (- _
variahle é% & J Std. Error Sin. Lower Bound | Upper Bound
SFEEN —FR TER -10.80° 2784 .00z -17.81 -3.68
=R 1.10 2784 1.000 -6.01 8.21
ZEH —F4 10.80° 2.784 .00z 3,649 1791
=R 11.80° 2.784 .01 478 19.071
=FEH —F -1.10 2.784 1.000 -8.21 B.01
4R -11.90° 2.784 .01 -19.01 -4.79
THEN —FR ZER -5.50° 1.781 014 -10.05 -85
=4R -17.80° 1.781 .000 -22.35 -13.25
T —F4R 5.50° 1.781 014 95 10.05
=R -12.30° 1.781 .000 -16.85 -7.75
=4 —F4R 17.80° 1.781 000 13.25 22.35
iR 12.30° 1.781 000 774 16.85
LUE 1 — -10 3115 1.000 -8.05 7.85
=FR -2.80 3115 1.000 -10.75 515
ZEH —F4R A0 3.115 1.000 -7.85 B.05
=& -2.70 3115 1.000 -10.65 5.25
=& —FHR 2.80 3115 1.000 -5.15 10.75
R 2.70 3115 1.000 -5.25 10.65

Based on ohsemed means.

The errorterm is Mean SguarelErrar = 43 526,

* The mean difference is significant at the .04 level.
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ransform  Analyze

mEE A HE SEE $0%

Graphs  Lhilties  Add-ons Window  Help

J ﬂgﬁ %%Eﬂ ?g;,ﬁ@jj 'tﬁ@.@jj war war war war war war war
1 1 7 4 b
E X a r1 § Multivariate E| v Multivariate: Options
1
: Dependent Yariables: ~Estimated Marginal Means
1 6& 2xED e Factor(=) and Factor Interactions: Dizplay Means for:
& EBED (OVERALL) 1551
! Fixed Factor(s): Fil LS
= ) s
| o
1 ﬁ iR - = [ ] Compare main effects
[ Options...
1 Confidence interval adjustment:
1 Covarigters): ’LSD(nDne) -
1
1 ~Display
1 [ | Descriptive statistics [ | Transformation matrix
WS Weight:
1 - | | [ ] Estimate= of effect =ize
E [ ] Ohserved power [ ] Spread vs. level plat
’ Ok ] ’ Paste ] ’ Re=zet ] ’ Cancel ] ’ Help l
2 [ ] Parameter estimates [ ] Residual plat
2 1 4 g 4 SSCP matrices [ ] Lack of 1it
2 1 5 J 3 Residual SSCP matrix [ | General estimable function
2 1 3 10 b
p 2 g 5 7 Significance lewel: Confidence intervalzs are 95.0%
2 2 7 B g L Cantinue | ’ Cancel l [ Help l
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Example 2

e Box's Test k&)

&

B

f

il‘

Between-Subjects Factors

4=4

2-

Box's Test of Equality of Covariance Matrices?®

Yalue Label [
@l yrum 15
z Fhir 15
Fah —E4R 10
2 —ER 10
3 =i4R 10
Box's M 49 640
F 1.085
df1 a0
df2 1.302E3
Sig. 332

It 454

/\ 3

AR = [E

Tests the null kvpothesis that the obsemned covariance matrices ofthe dependent
variables are equal across groups.

3. Design: Intercept + 3881 + S4B + 88 ~F4B



Example 2

Multivariate Tests®
Effect YWalue F Hypaothesis df Error df Sig.
Intercept Pillai's Trace 896 | 1.66BE3 3.000 | 22.000 000
Wilks' Lamhbda 004 | 1.666E3 3.000 | 22.000 000
Hotelling's Trace 227.202 | 1.6BBEZ 3.000 | 22.000 000
Roy's LargestRoot | 237 202 | 1 66BES 3.000 | 22.000 000
85 Fillai's Trace 579 | 10,079 3,000 22.000 .00
Wilks' Lambda 421 | 10079 3.000 22.000 .0on
Hotelling's Trace 1374 | 10079 3.000 | 22.000 000
Roy's Largest Roat 1.374 | 10079 3.000 | 22.000 000
Fih Pillai's Trace 1.404 | 18.081 5000 | 46.000 000
Wilks' Lambda 072 | 200189 £.000 44.000 .0oa
Hotelling's Trace 5285 | 21.997 5000 | 42.000 000
Roy's Largest Foot 4945 27.90g" 2000 22,000 0on
185 4k Pillai's Trace F18 3.429 £.000 46.000 .07
Wilks' Lambda 383 45153 £.000 44.000 001
Hotelling's Trace 1.607 5,626 5000 | 42.000 000
Roy's Largest Root 1605 | 12.308" 3.000 | 23.000 000

a. Exact statistic

. The statistic is an upper bound on F thatvields a lower bound on the significance level.

c. Desian: Intercept + #4881 + S48 + £85I * Fif

LA RL - 8
FIEEAT 2 T T
172 B0 S 4R 2
R

FAE_EERNTHIREERE > Fl—#ET
BRI EEUR ) AYMANOVAREEVERE



Tests of Between-Subjects Effects

Depend Type l Sum
Source ght «= of Sguares of hean Sguare F Sig.
Corrected Model  E3EEEH G7.4572 g 13.483 16.192 .ona
YRR 167 467" 5 33.493 23647 .00
& EN 10.267° 5 2.053 428 825
Intercept BEED 1702.533 1 1702.533 | 2.043E3 a0
—. E _|--|_
EEEN 1128533 1 1128533 | 796.612 il ° )( E 'T/E 7%, % %
1 EED 1128.533 1 1128.533 | 235.111 000 m
458 LHEH 19,200 1 19.200 | 23.040 .000 * ZI: E 'ﬂﬁl 'fZ\Z
AR 34133 1 34133 | 24094 oo Q
{ERE A 3,333 1 3.333 694 413 IE M2 /) ﬁ ,ﬂﬁl 12‘
i SEER 44067 y 22.033 26.440 a0 ~ 4 ‘<
EBEN 81067 2 40,533 28612 0oo I%glg IE E 'ﬂﬁl E — j(
EEEN 2467 2 1.233 257 776 =Z o~ _— /zE
£851 * 4B SEEN 4 200 y. 2 1001 2A20 102 —_ N
FEHEED 52 267 2 26,133 18,447 000 _jl_ E/\j é& E 1/]5 1 g él_
1A 4 467 i 2.233 465 B34
Errar SEEN 20.000 24 B33 ,u\ E/]
HEEEN 34.000 24 1.417
iR EN 115.200 24 4,300 &Eﬂ;ﬁﬁ EEEE%@
Total SHEEN 1780.000 30 S8 R T 725 G
THER 1330.000 30 /HEjjﬁEE\Z
&R 1254.000 30
Corrected Total  £3#EH 87 467 249
FEE R 201 467 249
&R 126 467 29

a. R Sguared = 771 {Adjusted B Squared = 724
h. R Sguared = 831 {Adjusted R Squared = 796)
c. R Squared = .082 (Adjusted B Sgquared =-109)
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Example 2
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Multivariate Tests®s?

Effect Walue F Hypothesis df Errar df Sig.

Intercept  Pillai's Trace a97 | 1115829 2000 10.000 oo
Wilks'Lambda 003 | 111863 3.000 10.000 000
Hotelling's Trace 334625 [1.115E3° 3.000 | 10.000 000
Roy's LargestRoot | 334625 |1.115E3 3.000 | 10.000 000

40 Fillai's Trace 1.287 f.621 B.000 22.000 oo
Wiilks' Lambda 051 | 114229 6.000 | 20.000 000
Hotelling's Trace 11.968 | 17.952 6.000 | 18.000 000
Roy's LargestRoot | 19 355 [ 41.747" 2.000 | 11.000 000

a. Exact statistic

h. The statistic iz an upper hound on F thatyields a lower bound on the significance level.
. #8A = A

d. Design: Intercept + S4B



Example 2

Tests of Between-Subjects Effects®

Cepend Type Il Sum
Source ent = of Sguares df Mean Sguare F Sig.
Corrected Model  E3EEREER 10,533 2 8267 0.204 o4
EEED 83.733" 2 41 867 38.061 oo
fE M EE D A00° 2 200 039 962
Intercept BEEN 1041 667 1 1041.667 | 1.838E3 oon
RN 355.067 1 395067 | 350.061 000
TR B 504 600 1 504.600 97 RS 000
4R SFEEND 10.533 2 5.267 9.294 004
AEEED 83.733 2 41,867 | 39.061 000
TR 400 2 200 039 962
Error SEEED .200 12 BET
FEEEN 13.200 12 1.100
tEREED §2.000 12 5167
Total SEET 1059.000 15
EEES 482.000 15
fEmED S67.000 15
Corrected Total  Z2#EH 17.333 14
EmED 96.933 14
& EE D £2.400 14

4. R Sguared = 603 (Adjusted B Sguared = 542
h. R Squared = 864 {Adjusted R Squared = .841)
c. R Squared = 006 {Adjusted R Squared =-.159)
o. #8A8l = &A1




Example 2

Muktiple Comparisons?

==/ /_\< Tubkew HSD
) E_E"fé tb $X 95% Confidence Interval
Diepend ~ Mean
ent [ A)F:= Difference - _
Variahle éi % 1) Std. Errar Sig. Lowwer Bound | Upper Baund
SEEN —FR TFR -1.40° ATE 031 -2.67 -13
=F4 -2.00° ATE 003 -3.27 73
ZEHR —F4R 1.40° AT 031 A3 267
=ik - B0 ATE 443 -1.87 67
=F#  —F4R 2.00 AT 003 73 3.27
- B0 ATE 443 - B7 1.87
EEED —F4R TFR 40 663 821 -1.37 217
=ik -4.80° B3 000 -B.57 -3.03
ZEH —FR -.40 BG3 a21 247 1.37
=&k -5.20° B3 000 -6.97 -3.43
=& —FR 4.80° B3 000 3.03 B.57
—Fah 5.20° 663 .00 3.43 5.97
IEEED  —FR  TFR 40 1.438 8958 -3.44 4.24
=Fih 20 1.438 429 -3.64 4.04
—ER —F4R -.40 1.438 958 -4.24 344
=&k -.20 1.438 589 -4.04 364
=FH —FR -.20 1.438 989 -4.04 164
—Fik 20 1.438 584 -3.64 4.04

Based on obhzsened means.
The errar term is Mean Sguare(Error = 5167,

* The mean difference is significant at the .05 level.
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