Mean Vectors and
Variance-Covariance Matrices

Inference for 1 and 2 Samples

Univariate Statistics

Let Yl’ Y2, ""YN - ”d N(H, 62)
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Univariate Test for o2
H,:0° =0,
H,:0°#0;

(N _1)32 _ 2
2

Test Statistic:. X° = N_1

Oy

This test is highly sensitive to violations
of the assumption of normality.

Multivariate Statistics

Let Yy, Yy, ..., Yy ~ iid N(u, Z)




Multivariate Test for X

H,: X=X,
H X=X,
LRT Test given in Johnson (1998), p. 398

This test is highly sensitive to violations
of the assumption of multivariate normality.

Test for Sphericity

H,: X =0l

H,:Z# 0’1
LRT Test produced by PROC FACTOR
using METHOD=ML option

This test is highly sensitive to violations
of the assumption of multivariate normality.




Test for Compound Symmetry
1 ... p
HO:)1:0'2[(1—,0)1+,0J]20'2 R

o 1

H :~H,
LRT Test given in Johnson (1998), p. 403

This test is highly sensitive to violations
of the assumption of multivariate normality.

Huynh-Feldt Conditions
H:Z=nl+y1'+1y’
H :X=nl+yl'+1y’

Let C be a px(p-1) matrix of
orthogonal constrasts such that

cC=I,,




Huynh-Feldt Conditions

Then X satisfies the Huynh-Feldt conditions
if and only if

Y =C'xC=nl

l.e., X* meets the sphericity condition

Huynh-Feldt Conditions

A test for the Huynh-Feldt conditions can
be obtained from PROC GLM with the
PRINTE option in the REPEATED
statement. The appropriate test is the
Sphericity Test associated with the
Orthogonal Components.

» This test is highly sensitive to violations of
the assumption of multivariate normality.




Implications

Note that:

Sphericity = Compound Symmetry
= Huynh-Feldt Conditions

Test for Independence
H, :Ezdiag(af az)z

H,:~H,

LRT Test produced by PROC FACTOR
using METHOD=ML option

This test is highly sensitive to violations
of the assumption of multivariate normality.




Equality of Several
Variance-Covariance Matrices
Hy:Z, =X, =---=X_
H,:~H,

LRT Test produced by PROC DISCRIM
using POOL=TEST option

This test is highly sensitive to violations
of the assumptions of multivariate normality
of the observations in each group.

Univariate Inference about n

Assume X, X,,--, X, ~iid N(x, o?)

Wantto test: H,:u= g,
Hytu# 1

X-u
Test statistic: t=——=2~1, .
s/N 7




An Alternative Test Statistic

t2 — ()_(_’uo)z
s?/N
() (%)
~F

IL,N-1

100(1-a)% Confidence Interval
for u

X+t

S
N-1,0/2 \/ﬁ




Multivariate Inference about p

Assume X, X,,---, X ~iid N (p, X)
Hy in=p,
Hin#p,

Want to test:

Test statistic: ~ T2=N (}_(—po),(S)_l()_(—llo)

~Hotelling's T:

(N-Dp
N-p

Fp1N_p

Simultaneous Confidence
Statements

We wish to construct a 100(1-a)%
Confidence Interval for a’y, true for all a:

Method 1:

a')_( T \/|: p|§|N _pl) Fp,Np;a:||:%alsa:|




Simultaneous Confidence
Statements

Method 2: Use Bonferroni’s Inequality

For a fixed (small) number of a’s,

a11 a21 ey

a/X + t_l/,/

fori=1,

The Two-Sample Problem

X1 Xlz""’XlNl ~ Np(ul’zl)
). O% Xzz""’XzN2 ~ Np(uzizz)

Hyip =n,
Hoip #p,
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Case 1: Equal Z's

fX, =X, =X
then a pooled estimate of X is
(N, -1)S, +(N, -1)S,
»T N, N, -2

Case 1: Equal £'s

Test Statistic:

T2= NlNZ
N, + N,

N1+N2—p—1_|_2~|:pN+N_p_1

pP(N,+N,-2) B

(X,-X,) 8;}(X,-X,)

where
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Case 2: Unequal X's

A test statistic valid for large samples is:

Simultaneous Confidence
Statements

We wish to construct a 100(1-a)%
Confidence Interval for a’(u,—p,),

true for all a:
Method 1: using Hotelling’s T2

s o N, +N, |,
a(Xl—XZ)iCO\/{WaSpa}

N, +N, -2
where CO = |: IE)I( —|—1N _2 0 _i Fp,Nl+N2p1;ai|
1 2
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Simultaneous Confidence
Statements

Method 2: Using Bonferroni’'s Inequality

For a fixed (small) number of a’s,

g, Ay, ..., Ay

I N, +N, ,
aj(Xl—XZ)iCo\/{ IiIN 2aspa}

1" 72

where ¢, =tN1+N2_2;%m

Paired Samples

Observation | Time 1l | Time 2 | Difference

1 Yu Y12 d;

2 Y21 Y22 d,

N yn YN2 dn




Paired Samples - Hypothesis

The hypothesis
Ho:y=H,

IS equivalent to
Hy:0=0

where
O=1-Hy

Paired Samples — Test Statistic
* Letd=yi;-yi

* This is now just a one sample problem
with the d’s
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