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Pur pose

Particularly in psychol ogy, researchers have had a | ot of
argunents since the early 1980s, about how to nodel "growth." For
our purposes, we can sinply translate "growmh" into changes over
time where you have nore than two tinme frames of neasurenent.!?
For a good di scussion see the references cited for Rogosa.

In crimnal justice, concerns with change over tine translate
clearly into two areas of study:

. changes in crine rates or victim zation rates over tinme
. nmodel i ng of fenders' or delinquents' careers as they unfold
over tine

There may be other areas of interest as well.

HLM radi cal |l y changes how we approach these issues, transformng
how we conceptual i ze and anal yze.

The Two Level s
Qur two | evel s have changed.
Now, Level-1 refers to the tine of the observati on nade.

Level -2 refers now to the person hinfherself, or to the community
or state or nation, in the case of crime rates or victim zation
rat es.

At Level -2, each person's devel opnent is represented by
an individual growh trajectory that depends on a

uni que set of paraneters. These individual |evel growth
paraneters becone the outcone variables in a Level -2
nodel , where they may depend on sone person |evel
characteristics.[B&R, p. 131]

! The reason you need nore than two points in tine is because with only
two points in tinme you cannot distinguish between |inear vs. curvilinear vs.
ot her pol ynom al trends.
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So what enmerges fromL-1 is a description of how things start
out, and how t hey change, for each individual person or
community. At L-2 you now want to predict those paraneters that
descri be those changes.

HLM vs. MRM

On p. 133 B&R contrast HLM growh nodels with nmultivariate
repeat ed neasures. The nost inportant point from our perspective
is probably that you need not have evenly spaced neasurenment
intervals, and need not have observations of every unit at every
point intime for HHMto work reasonably well; this does not work
in repeated neasures.

Mbdel Notati on

At L-1

Yo = mg  * ompayg fomyai; +o... npad; +oey

wher e:

Yii = score on Y of individual i at tine t

Tg; = the unit's estimated '"true' ability or '"true' score
on the Y attribute at tine = 0 or age = 0 (a=0). Again:
this is the intercept

My = enpirical Bayes best estimate of the '"true' I|inear
growh rate or change rate over the t time periods, per
unit tinme. It represents "expected [linear] change
during a fixed unit of tinme" [B&R p. 134].

Iy = enpirical Bayes best estimate of the '"true' quadratic
growh rate or change rate over the t unit tine
periods, per unit time. This is just like adding a
quadratic predictor in QLS
(X * X), except that here you are multiplying the "age"
measure as your predictor

Tp; = enpirical Bayes best estimate of the Pth power growth
rate per unit t tine.

€ = portion of Yit that is not nodel ed; conditional error

or residual variance. Assune these are independent
across ts within individuals, and normal ly distributed.
If there are a lot of ts, however, you may need to
worry about serial autocorrelation. See coments top of



p. 132.
Note that as you add additional predictors (a) you are taking age
and making it to a higher and hi gher power until you get up to
af,
In other words the different predictors are really the sane
predictor, raised to different powers.

At L-2, the person |l evel nodel, we predict the outconmes fromL- 1.

Here your predictors are X1, X2 .... Xg

Model ing the intercept:

m,; = BOO + BO1(X01li) + .... BOq(X0qi) + rOi

and nodeling the slope paraneters such as oy

m, = B10 + B11(X11li) + .... Blg(Xlgi) + rij

Note how this | ooks Iike our usual L-2 nodel, except we have
substituted Bs for Gs, and rs for Us.

The following translation table nay hel p



St andard Two Level Model

L-1

I ntercept: BOJ
Sl ope: B1J
Predictor: X1, X2...

Resi dual : RIJ

L-2
I ntercept: GOO

Sl ope pred. intercept:
G01, G02,

Mean sl ope:
Gl10

Sl ope pred. slope:
Gl1, Gl2, G13 ..

Predi ctor: W

Resi dual (intercept): UO0OJ

Resi dual (slope): UlJ

Growt h Model

BO1,

B10

B11,
Xi
ROI

R1l

Sone Not es on Hypothesis Testing

BOJ

BO2,

B12,

Say we | ook at a random coefficients regression nodel,

2 predictors, and just linear tinme as our
fully unconditional nodel, at L-2. Here is what the nodel

like:

Blq

with no L-
L-1 predictor, i

a

| ooks



L-1: Yy = ng  + mpag + €y
L-2: n,, = BOO + ROI

m, = Bl10 + RII

Here is what the hypothesis tests are telling us:

BOO does the average initial score on Y across persons
(communities) differ significantly from zero?

B10 what was the linear gain in Y units, per tinme period,
per person (conmmunity), averaged across persons
(communities), and was this significantly different

fromQ0?
ROI across persons (comrunities), is the variation in
initial scores on Y significantly different from zero?
R1l across persons (comrunities), is the variation in
linear growmh rates on Y significantly different from
zero?

VWhat are the reliabilities telling us:

Reliability of: m;; = reliability of estimated true scores of
initial status

n,;, = reliability of gromh rate estimates;
measure of "signal to noise" ratio; ratio of
vari ance of enpirical Bayes best estimte to
the variance of the OLS esti mates;
reliability of growth paraneters for
popul ati on of persons (conmunities)



