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PRACTICAL INFORMATION

Today’s lecture: Chapters 3—4 in Davis (2002),

e multivariate analysis for normally distributed outcomes,

x multivariate ~ multiple outcomes,
x 1n the repeated measures context, the series of mea-
sures on each subject ~ multivariate outcome,

e Chapter 3: one- and two-sample models,

e Chapter 4: general MANOVA model + two models/
approaches for repeated measures: profile and growth-
curve analysis,

e theory and methods for multivariate analysis require
matrix calculus
= examples focus on ideas and less on formulae.

Software for multivariate analysis:

e Stata, SAS and SPSS offer full set of classical analyses,

e R/S-Plus only limited facilities (but some non-standard

add-ons).

Course schedule:

e material on multivariate normal methods expanded onto
two sessions (I won’t manage all of Chapter 4 today).
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ANALYSIS OF VENTILATION VOLUME DATA

Multivariate model:

yz':(yz‘l,...,ym)NN6<ILL,Z>, ’1:21,...,8,

where p = (p1, ..., i), the means at the 6 temperatures.
The hypothesis of interest is

H0:N1:,U2:---:,U6-

Approach:

e compute for each subject the 5 differences:
Yii = Yij — Yij+1 for g =1,...,5

e test for yi’s the Ho™ : pf = p3 = ... = pi = 0, using
the T statlstlc and

F = (881)6(+1 )T2 S T? ~ Fo_15-641 = Fy3

under the hypothesis Hy (and hence Hy®),

e calculation:

T° =34.155, F =293 P = P(F53>2.93)=0.20,

e no significant difference between temperatures,

e test has low power due to low denominator degrees of
freedom for F'.
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ANALYSIS OF RAMUS BONE DATA

Multivariate model:

yz‘:<yz‘1,...,y¢4>NN4<,LL,Z>, ’1:21,...,207
where = (p1, ..., jt4), the means at the four ages.

Analyses:

e test of age homogeneity Hg : 1 = o = ... = g,

x same approach as in previous example, leading to

2 20—4+41 17
T® = 73.16, F = 2l % = LT = 21.82,

which in F4_1’20_4_|_1 = F3’17—dlSt. ~ P < 0.0001,
* Hy is clearly significant (but not very interesting!),

o test of linearity of age effect, Hy : p; = By + B1 age;,

x due to the equi-spaced time points, Hy ~ zero high-
order polynomial contrasts,

* construct derived variables:

(quadr.) : ¥y = (Dyia + (=D + (= 1)yis + (1)yia,
(cubic) © yi = (=1)yir + (3)yie + (—3)yiz + (1)yia,
and test hypothesis Hy™ : uj = u3 =0,
x calculation:

T%=0.038, F = gy 1% = 3377 = 0.018,

which under Hy™* follows F} 509 = F2’18 and is clearly
non-significant,

x conclusion: no indication at all of non-linearity:.
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TWO-SAMPLE PROBLEM

Statistical model:

o y1; ~ Ny(uy,X) fori =1,...,ny, where

Y1i = (ym, e 7ylz’t), and pp = (,ull, e ,Mlt)’;
o yo ~ Ny(ug, ) fori =1,... ng, where

Y2i = (y2z'17 e 7y2it)’ and po = (,u21, e 7,U2t)/;

e note the assumption of equal variances in the two groups.

Hypothesis of interest: Hy : 1 = po.

Statistical procedure (generalization of univariate t-test):

(m=1)S1+(ng—1)5y
ni+no—2 !

e pooled covariance matrix: S =

o T2 test statistic:
7% = [(1/n1) + (1/n2)] " (91 — 42)'S™ (51 — %2),

. _ ni+no—t—1 2
e under Hy: F = (n1+n2_2)tT ~ Finitng—t—1.

More general hypothesis of interest: Hy : C'(u1 — p2) = 0,
for a ¢ x t matrix C,

e compute derived variables zy; = C'yy; and z9; = Cyo;,

e test hypothesis Hy : .1 = 2o using T (for z’s), and

__ ni+ng—c—1 T2

— (n1+nge—2)c ~ Lenjt+ng—c—1 under Hp.
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FIRST ANALYSIS OF DENTAL DATA

Multivariate model:

Ui = (Ybit, - -+ Ybia) ~ Na(pp, 2), 2=1,...,16,
Ygi = (Ygits -+ Ygia) ~ Nalpg, 2), 1=1,...,11,

where py, = (o1, .-, ppa) and py; = (Ug1,-- -, fga), the
means at the four ages.

Analyses:

e test of equal boy and girl means Hy : pp = pg,

*x calculation:

2 __ 164+11—-4-1 22
T =16.51, F = {SHH=S 72 = 272 = 3,63,

which in F4716_|_11_4_1 = F4722—d18t. ~ P = 00207
% test is (weakly) significant — evidence of gender dif-
ferences,

e test of parallel curves for boys and girls,

* compute differences: vy = Ynia — Ybit, - - -
Y. = Ynia — Yz (and similarly for the girls),

x test equality between boys and girls for y*-variables,

2 __ 164+11-3-1 23
T? =879, F = =812 = 277 = 2,695,

which in F3’16_|_11_3_1 — Fg’gg—dISt. ~ P = 007(),
x test 1s close to significant — some indication of non-
parallel curves.
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MORE ANALYSES OF DENTAL DATA

e test of parallelism: on previous slide, P = 0.070,

e test of no group differences — two versions:

x without assuming parallelism: on previous slide,
P = 0.020,

* assuming parallelism: univariate t-test between two
groups (assuming same variances; similar without
assumption),

t=3.05 df=25 P =0.005

e test of no time differences — two versions:

x without assuming parallelism: test no reviewed yet:
F =11.46, df=(6,46), P < 0.0001,
* assuming parallism: T*-test similar to previous ones,

F =364, df=(3,23), P <0.0001,

Conclusion:

e some indication of non-parallel curves,

e clear group and time differences.
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