Regularized Reduced-Rank
Growth Curve Models

Yoshio Takane

Kwanghee Jung (presenter)

Heungsun Hwang




Overview

1. Growth Curve models

2.

3.

Reduced-Rank|Growth Curve models

Regularized Reduced-Rank

models

Growth Curve



Growth Curve Models (GCMs)
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Growth Curve Models (GCMs)

e The model for GCMs
Y=XBH'+E (Potthoff & Roy, 1964)

e |Least Squares (LS) estimate of B
B=(XX)'XYHHH):



Reduced-Rank Growth Curve Models

e Reduced-Rank Growth Curve Models
(Reinsel & Velu, 1998)

rank(B) =r <min(g, d)

e Reduced-rank least squares (LS) estimate of B

Step. 1 R
GSVD (B) vy yu

Step. 2

B=,0( D)



Regularized Reduced Rank GCMs

e A ridge type of regularization

Small positive values of regularization parameters
(A, p) typically shrink an estimate of B, closer to the
true parameter values (Hoerl & Kennard, 1970)

- Small sample size

- High collinearity among predictor variables (X)
and/or among trend coefficients (H)



Regularized Reduced Rank GCM

e Minimize

b,,,(B)=SS(Y ~ XBH")+ASS(B) ., + PSS(B), ;.1 + A0SS(B) 1 11

e Regularized reduced-rank LS estimate of B

Step. 1
= Regularized unconstrained-rank LS estimate of B
BU.p)= (XX + .I)'X'Y HH'H+ pl)”!

(A, p : ridge parameters, /: identity matrix)

Step. 2
= GSVD (B(ﬂ“a p))X’X+/11,H’H+pI



Two important choices

1. The choice of the best dimensionality (r) of B

» Permutation tests

2. The choice of optimal values A and p
» The K-fold cross validation method



An example

s data set (1969)

e Grizzle and Allen’

*Y : level of coronary sinus potassium over 7 time points

(1,3,5,7,9, 11

"X : 4 experimental

(Unequal samp]

»f1: Up to the third

polynomials

, and 13 minutes after occlusion)
| groups (n=36)
e size: n1=9, n2=10, n3=8, n4=9)

| order (cubic) orthogonal



Permutation Tests Results
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Cross Validation Results
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Conclusions

e Regularized reduced-rank LS estimate of B

- Derivation
- Usefulness

e Further extension

- A mixture model of GCM and MANOVA for
capturing time-invariant covariates

Y = X,BH! + X,B, +E
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