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B grouped and | ongitudi nal data as
hi erarchi cal data structures

m nultilevel regression nodel
1 for grouped data
1 for longitudinal data
m multilevel structural equations
nodel
g for grouped and | ongitudi nal

dat a

m nultilevel regression & | atent
growt h curve nodels for
| ongi t udi nal data

q latent growth curve nodel

1 conparison with nultil evel
nodel s
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H erarchical Data Structure

A three-|level data structure. The
groups at the different |evels may
all have different sizes. Vari abl es
may be defined at all avail able

| evel s.

Examples: education time series survey
Level 3 schools organizations regions
Level 2 classes respondents clusters

Level 1 pupils occasions respondents
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Problens with H erarchical Data
Structures

1
| 1 | | 2 | | N |6 school s
rtr 1 1 ¢t 1T 1T 11 1° 1 [
1] |2[. |n] [2] [2].|n]| [2] [2].|n 30 cl asses
123 123 123 123 123 123 123 123 123 600 pupils

Suppose we have a dependent vari able
at the | owest level (level 1), for
exanpl e the pupils' school career. W
want to predict this variable using
expl anatory variables fromall three
| evel s, for exanple pupils' SES,

cl ass size, school organization.

H How?
m \Wat is the proper sanple size?

m Wat if the effect of class size
IS not the sane in different
school s?
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Tradi tional Approaches

m D saggregate all school and cl ass
| evel variables to the individual
pupi | | evel

m Performanal yses (ANOVA, nmultiple
regression, etc.) wth all
expl anat ory vari abl es

Some i nprovenents:

B Express explanatory variabl es as
devi ances fromtheir class neans.
thus: pupil SES is split up into
two variables: the class nean and
the i ndividual pupil's deviation
fromthat nean. this nmakes it
possible to separate class effects
and pupil|l effects nore clearly

M Add cross-level interactions. this
makes it possible to nodel
different effects for different
cl asses/ school s
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Problems with Ordinary (CLS) Miultiple
Regression on Hi erarchical Data

m Miltiple Regression assunes

] 1 ndependent error terns

;7 equal variances of errors for
al | observations
(honobscedastic errors)

1 hormal distribution for errors

0 linearity

[] NO neasurenent error in
predi ctors

m However, wth hierarchical data
] errors are not independent
] errors have different
vari ances (heteroscedastic
errors)

(bservations fromthe same groups are
nore simlar than observations from
di fferent groups, due to: selection
processes, shared group history,

cont extual group effects. The anount
of this wthin-group correlation is
usual |y i1 ndicated by the intracl ass
correl ation.

B ordinary statistical tests are not
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at all robust agai nst these
vi ol ati ons
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CLS Techni ques on Miultil evel Data

Actual type | error in t-test;
Individuals in cells are

| nterrel at ed,

nom nal al pha level is 0.05

n per intraclass correlation

cel l .00.01.05.20.40.80
10 .05.06.11.28.46 .75
25 .05.08.19.46 .63 .84
50 .05.11.30.59.74 .89
100 .05.17 .43 .70.81.92

(Barci kowski, JES, 1981)

Utrecht Seminar Longitudinal research in work & health psychology, April 27-28, 2000



G aphi cal Representation of a Sinple
Mul til evel Regression Model

S1

S2

| evel

school

| evel
pupi |

P1

P2

B Features

[

[

[
[

[

dependent variable Y at pupil
| evel

expl anatory vari ables P at
pupi | | evel

error termE, at pupil |evel
expl anatory vari ables S at
school | evel

error termEs at school |evel
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Mul til evel Regression Mddel: Lowest
Level

B Odinary regression, one
expl anatory X

Y, = B, * B, X * &

0 B, the intercept
1 B, the regression slope
0 e the residual error term

B Miltilevel regression, |owest
| evel :

Yij = BOj + plj Xij t eij

O B, the intercept
0 B, the regression slope
0 €, the residual error term

B Subscript j for groups. W assune

for each group a different
Intercept B, and a different slope

By
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m FErrors e, = N(0,02) (or = N(O, 0,2)
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Mul til evel Regression Mddel: Second
Level

m At the lowest level Y, =8, + B,

X+ e,

m Regression coefficients g, vary

across groups. This variation is
predi cted by group | evel

expl anatory variables. Wth one
group | evel Z the nodel for the I3
| S:

BOj = Yoo t Yo1 Zj + qu

W
=
[

Y10 + Y Zj + ulj

0 Y, and y, are the intercept
and slope to predict B, fromZ

0 Uy, is the residual error term
In the equation for B3,

0 Y, and y, are the intercept
and slope to predict B, fromZ

O u, is the residual error term
i n the equation for B3

1j
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Si ngl e Equati on Version

m At the lowest (individual) |evel
we have

Yij = Boj + By Xij + €
m and at the second (group) I|evel

Boj = Yoo + Yo1 Zj + U
Bij = Y10 + Y11 Zj + Uy

B Substitution and rearranging terns
gi ves

Yij= Yoo + Y10 Xij + Yo1 Zj + Y11 ZjXjj +

Uyj Xij + Ugj + €

B v, t v, X, v, 4 +vy, 4X; are
the fixed coefficients in the
fixed (determnistic) part

m u, +u, X, + e, are the random
error terns in the random
(stochastic) part

m Oher salient features:
O cross-level interaction ZX,
O error termu, X, inplies
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het er oscedasticity
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Assunpti ons

m The nodel 1Is

Yij = Yoot Y10 Xij + Yo1 Zj + Y11 ZjXjj +
Ugj Xjj + Uoj + €jj

B Assunptions

0 individual level errors e, are
| ndependent, = N(O, o?)

0 group level errors u, are
| ndependent
~ N(O, Z:)

0 group level errors u, are
I ndependent fromthe e,

7 plus usual assunptions of
mul ti ple regression anal ysis:
| 1 near rel ationshi ps,

expl anat ory vari abl es neasured
w t hout error
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| nterpretation

Yii = Yoo + Y10 Xij + Yo1 Zj + Y11 ZjXjj J+ Uy Xjj + Ugj + €;

Fi xed part resenbles sinple
regression wth intercept vy,, and
regression slopes vy, Y, and y,..
The regression coefficients in the
fixed part are interpreted as raw
regression coefficients, sane as
In ordinary nmultiple regression

The error termis nore
conpl i cat ed:

ulj Xij + uOJ' + eij

There are several error vari ances
o2 variance of |ower |evel errors

o2 ,variance of the higher |evel
errors u, (=variance of
Intercepts B3,)

o2 ,variance of the higher |evel
errors u, (=variance of the
sl opes B3)
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Esti mati on

B Specialized software estinates
paraneter val ues, standard errors,
devi ance
(HLM M.n, Varcl, M xreg, MA,
al so in BVMDP and SAS)

[

[

different |ikelihood functions
(e.g., FM., RW)

di fferent estimtion nethods
(e.g., EM Fisher scoring,

| GLS)

different features (e.qg.,
graphi cs, macro's)

di fferent nodel extensions
(e.g., neta analysis, logistic
nodel s)

resi dual s at several |evels
nest ed nodel s can be tested
usi ng the devi ance
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Sone Prograns

HLM user friendly interface

[

[
[

FML+RML estimati on,
constraints

net a- anal ysi s ext ensi on
3 levels

M.n g powerful & very flexible

[

[

Varcl

M xreg

[
structure

[

[
[

dat a mani pul ati on,

gr aphi cs, nacros

FML+RM. esti nati on,
constraints

unl i mted nunber of |evels

FML estimation, constraints
ext ensi ons for non-nor mal
dat a

3 |l evel s

FML estination
all ows autocorrel ati on

bi nary/ordi nal data in
M XOR

2 | evels

freeware
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MLA FM estimation, constraints
1 bootstrapping options
0 2 levels
1 batch operation
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Sone Speci al Model s
The Intercept-Only Mdel
(enpty nodel, null nodel)

B Intercept-Only nodel: contains
only intercept and correspondi ng
error terns

Y = Yoo T U, + e .

I I

0 null nodel

] conpute intra class
correl ati on p:

P = c"zuo / (czuo + 02)
] e IS a population estinmte of

t he variance expl ai ned by the
groupi ng structure
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The Fi xed Mbdel

B The Fixed Mddel: intercepts vary
across groups, slopes are fixed

Yij = Yoo + YlO Xj + u0j T eij

1 fixed slope: explanatory
vari abl e has sane effect in
al | groups
(= parallel slopes)

1 Simlar to ANCOVA with random
grouping factor (identical if
equal group sizes and RM
estimation)

B Since this nodel estinates
distinct intercept variances for
each level, 1t is also called a
vari ance conponent nodel
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The Random Coeffi ci ent Model

B Random Coefficient Mddel: both
| ntercept and sl opes vary across
gr oups

Yij = Yoo + Y10 Xj + ulj Xj + u0j + eij

1 for each regression sl ope
there is a 2nd | evel error
termu,

m The full nmultilevel nodel adds
expl anatory vari ables at the
hi gher | evel (s), and cross-|evel
| nt eractions

Yij :Y00+Y10><ij +Y01Zj +Yllzj ><ij +u1j ><ij +u0j +eij
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Model Sel ection & Exploration
Strategy

1: Intercept-only nodel: intra class
correlation;: deviance Is used as
basel | ne

2. Fixed nodel: test slopes for
significance. Test the inprovenent
of the nodel using the difference
of the deviance of this nodel and
t he previous (intercept-only)
nodel )

3: Random coefficient nodel: test if
any sl ope has a significant
vari ance conponent. (use the chi-
square test on the deviances to
test for inprovenent)

4. Test higher |evel explanatory
vari abl es, inspect if they explain
bet ween group variation (intercept
vari ance)

5. Test cross-level interactions
bet ween expl anatory group | evel
vari abl es and i ndi vi dual | evel
expl anatory vari abl es that had
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significant slope variation in
step 3, inspect if they explain
sl ope vari ances
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Exanpl e

Data: 28 classes wth 428 pupils,
dependent vari able | oneliness at end
of school year

expl anatory vari abl es | oneli ness at
start,

pupi| sex, class size, teacher

experi ence (centered)

Expl Model for lonely posttest

var int. only fixedRC +expl. var

const .03 (.11) .04 (.09) .06 (.09) .02 (.08)

lon pre .66 (.04) .66 (.04) .66 (.04)
sex (girl) -.16 (.06) -.18 (.08) -.17 (.08)
class size -.05 (.02)
teach.exp. -.03 (.01)
interac t.e.*sex -.03 (.01)
o2 72 41 .39 .39
O2const 31 19 19 14
O25ex (9330) .08 .05
deviance 1128 894 889 877
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Mul til evel Regression Model
for Longitudi nal Data

m |owest |level: occasions; second
| evel : 1 ndividuals; (higher
| evel s: groups)

B inportant conceptual distinction:
1 fixed occasion nodel, all
| ndi vi dual s sanme nunber and
ti mes of neasurenent
1 growth curve nodel, nunber and
times of nmeasurenent arbitrary

Mbodel :

Yij = Boj+BayTy+BoyXi+ey
and
Boj = Yoot+Yo1Zj+Uo;
B1j = Yio+Y11Zj+Uy
B2 = Ya0t+Y21Zj+Uy;
thus
Yij = Yoot Y10 T4+Y20Xij+Yo01Zj+Y11Zi T+ Y21ZiXej+

U1j Tj+U2iX¢j+Uoj+Eyj
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Advant ages of Miultilevel Regression
Model
for Longitudi nal Data

Why? Because:

m |owest |evel nodels specific
growt h curves

B nunber of repeated neasures and
their spacing nmay vary across
persons

B covariances between repeated
neasures can be nodel ed

B identical to Manova approach if
groups are bal anced (and
estimation i s RW)

M sinple to add higher |evels
(Bryk & Raudenbush, 1992, pl33)

B sinple to add tinme varying and/ or
tinme invariant covari ates

However :

m in standard nultil evel nodel error
covari ances are identical between
all tinme points
1 time dependent error structure

possible in M xreg and M.n
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Exanpl e Data Set from Rogosa and
Saner

m 200 cases

1 dependent variable Y

B 5 equidistant tine points (t =
0,1, 2,3,4)

m 1 tine invariant (person |evel)
covariate Z

m Artifical data generated to follow
| 1 near growth nodel, with
nmeasurenent error in the dependent
vari abl e

B 7/%Data points randonmy del eted
( MCAR)
m Mdel:

Y, = Y00+Y10th +Y01Zj vy 4T tu, Tti Uy +E,

t] it

(JEBS, 1995)
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Mul til evel
cent er ed)

m ssi ng val ues data set:
results in 14 cases del et ed:
on 186 cases

(866 observations left of 1200 =

efficiency)

Model (1) (2) (3) (4)

interc 54 (.67) 44 (.6) 44 (.5) 44 (.6)

time 5(.1) 5(.2) 5(.2)

(-1)

Z 3(.2)

(-2)

Z*time 6 (.1)

02, 83 (b) 23 (1) 12 (.8) 13(.8)

o2 42 (6) 54 (6) 50 (6) 50 (6)

O2time 4 (6) 4 (6)

Ot -3 (1) -11 (2)
-7 (1)

Fixt -.19 - 74

-.66
deviance 6509 5625 5452 5320

compare
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Regressi on Results (Z

14 Z m ssing
anal ysi s

73%

(5)

44 (.5)
5

2

12 (.8)
41 (5)
3 (.4)

5249



“explained variance' O2¢ (1) (5) 713%
O2int 4) (5) 19%
C’.Ztime (4) (5) 39%
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Mul til evel Regression, Conments

B Fixed regression coefficients
estimated well, even in small
sanpl es

m Wth small nunber of groups
(i ndividuals in |ongitudinal data)
| ow power for group and cross-
| evel interaction effects

m Wth small nunber of groups | ow
accuracy for estination and tests
of higher |evel variance
conponent s

m Hi gher level sanple size: at |east
20, preferably 50, if variance
conponents are i nportant
preferably 100
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Multilevel Structural Equation Models

g=1.

Data from N i ndividual s, divided
Into G groups, in p-variate vector
Y.

ig

(i for individuals, i=1..N, g for groups,

Ne)

Deconpose Y, into a between groups
conponent Y, = _and a within

gr oups corrponent Yo = Y, -

(repl ace observed Total score Y. \’ by \A
(di saggregated group nean) and Y

(i ndi vi dual devi ation fron1group nmean)

Note that Y, and Y, are orthogonal
and additive: Y=Y +Y,,
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Mul til evel Structural Mbdel s

B Deconpose the popul ati on

L. =X t+ X

T B wW

m =, and £, are nodel ed by separate

nodel s for the between groups and
Wit hin groups structure

B Unfortunately, we cannot sinply
use S, as an estimate of =, and S,

for

w
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Mul til evel Structural Mbdel s

M I, is estimated by the pool ed
Wi t hi n groups covariance matrix S,,

G n
ZE (Y- ) (Y,- )"

N- G

B W can estinmate the popul ation
Wi thin group structure by
constructing and testing a nodel
for S

PW
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Mul til evel Structural Mbdel s

B The sanpl e between groups
covariance matrix S, i1s

G
zn, (-9 (- 9"

G

B This estinates

B C is a scaling factor for the
group size

m Thus, for S, specify two nodel s:
one for the wthin groups
structure and one for the between
groups structure
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Mul til evel Structural Mbdel s

m Use the nultigroup option of
conventional covariance structure
software to nodel S,, and S,
(based on NG and G observati ons)
si mul t aneousl y

m The nodel for =, nust be specified

for both S,,and S, wth equality
restrictions between both " groups'

m The nodel for =, is specified for

S, wth the scale factor c built
I nto the nodel

m Strictly this applies only if all
groups have the sane size
(bal anced case)

m If group sizes differ, use average
group size given by

G
N - X n2g

N (G 1)
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Multil evel CFA Exanple

m Data are scores on 6 intelligence
measures of 187 children from 37

famlies (word list, cards, nmatrices,
figures, aninmals, and occupati ons)

B Deconpose | Q neasures:

Means, variances and ICC for family data

Total Family Individual
Measure Var. Var. Var. ICC
Word list 15.2 7.5 7.7 37
Cards 28.5 13.7 14.8 .35
Matrices 16.4 5.2 11.1 .15
Figures 21.2 6.8 14.4 16
Animals 22.8 8.5 14.4 22

Occupat. 21.4 9.1 12.3 .28
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Wthin Fam | i es Model

m S, based on 150 observations, S
on 37

B

m CFAon S, for 2 factor nodel:
x2=7.21, df=8, p=.51. (1 factor
nmodel : x?2=44.87, df=9, p=.00)

m For S, sane nodel wth equality
restrictions across both 'groups'
plus famly | evel nodel

B Benchmark nodels for famly |evel:

Fam |y | evel benchmark nodel s

Model X2 df p
Nul | nodel 125.4 29 .00
| ndependence nodel 52.5 23
.00

Sat ur at ed nodel 7.2 8

.51
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Bet ween Fam | i es Model

B One factor nodel fits well
(x2=21.3, df=17, p=.21)

M Thus we end with a 2 factor npdel
for wthin famlies covariation
and 1 factor nodel for between
famlies covariation
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Multil evel CFA, Path D agram
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Multil evel CFA, Standardi zed Results
| ndi vi dual Fam |y
I | | I
Wwrd [ist . 30* - . 84*
Car ds .52 - . 78
Matri ces .70 - 1. 00*
Fi gures - . 30 . 58
Ani mal s - .70 . 86
Cccup. - .48 . 33"

Correl ati on between i ndi vidual factors:

0.22%;

Utrecht Seminar Longitudinal research i

* = fixed; ns = not significant
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Multil evel Structural Mdel s,
Conment s

m Higher level sanple size should be
sufficient: at |east 50,
preferably 100

m W need S, and S can be conputed
by standard software or BW
(Mut hén), Split2 (Hox), Streans
(Gust af sson)

M In path nodels: often there are
hi gher | evel variables that don't
exist at lower levels (e.g.class
Si ze)
;1 Lisrel: put pseude val ues
(1,0) in S,, phantom vari abl es
I n nodel, adjust df

1 Egs, Anps: don't worry

B Setups are non-standard
1 Lisrel: set AD=OFF
0 Sinplis: don't use
1 Take a | ook at the STREAMS
preprocessor
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Latent G owth Curve Mdel, Path
Di agram

B Note that the |atent growth curve
nodel 1s a fixed occasi ons nodel
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Exanpl e Data Set from Rogosa and
Saner

m 200 cases

1 dependent variable Y

B 5 equidistant tine points (t =
0,1, 2,3,4)

m 1 tine invariant (person |evel)
covariate Z

m Artifical data follow |inear
growt h nodel

B 7/%Data points randonly del eted
( MCAR)

Pat h di agram
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Latent G- owt h Mbdel

Resul ts

(Z centered, AMOS, M., mi ssing data set,
anal ysis on 1119 data points, efficiency=93%

(multilevel

Mbodel

| nterc
time
(.14)
7
Z*t 1 me

nmean o2,

o.2int
(5.19)
02“
o'i*t
(1.27)

ne

| nterc

regressi on was 73%

(1) (2)
44.2 (.55) 44.2 (.50)
4.9 (.16) 4.9
1.5 (.24)
.58 (.07)
12. 4 12. 4
52.8 (6.18) 42.0
4.1 (.56) 2.6 (.42)
-3.3 (1.40) -7.1
-. 23 - . 68
14. 4 31. 4
10 13
.17 . 00
1. 00 .99
.20
.37

on tine
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Conpari ng Esti nates,

Cent er ed

exp.var. regression

44
5
1.4
.67
12
47
3.2
-.73

extra's:

(EQS);

M ssing Data, Z

multilevel latent growth pop.

interc.  44.2 (.52)
time 4.9 (.14)

Z 1.4 (.24)
Z*time .61 (.07)
o2, 12.4 (.79)
O2int 40.8 (5.16)
2time 2.5 (.41)

lit -.66

nice plots

robust tests (MLn)

missings (Amos, Mx
reliabilities (HLM)
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model

44.2 (.50)
4.9 (.14)
1.5 (.24)
58 (.07)
8.7-14.9
42.0 (5.19)
2.6 (.42)
-.68

robust tests

missings (MLn?)
SMC for Y



Concl usi ons

m Miltilevel Regression Mddels (MRM
and Latent G owth Mdels (LGVM
performhighly simlarly. Wth
data sets and nodel s where both
may be used, there are no strong
reasons to prefer one over the
ot her

B MMare nore elegant than LGM i f
we have a | arge nunber of
unequal | y spaced data points. At
the limt, LGM nmay becone
| npossi bl e

B MMare better if we want to
| ncl ude higher levels. Possible in
LGV but difficult

m LGMcan incorporate conplex path
nodel s, MRM not

B LGMcan incorporate nmultiple group
nodel s, MRM not
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Exanple with Real Data: ol dstein
Adol escent G owt h Dat a

Repeat ed neasures of hei ghts of
adol escent chil dren

110 boys, 436 neasurenents at ages
11-16, plus a neasure of their
adul t hei ght

Measures: height in cm bone wdth
(age- st andardi zed)

Characteristics that nmake this data a
chal | enge:

Dependent vari abl e adult hei ght at
second level, difficult in
multil evel regression

Nunber of repeated neasures and
t heir spacing varies across
persons, difficult in |atent
growt h nodel i ng
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ol dstein's (1995) Miultivariate
Repeat ed Measures Model

5
— (1) (1) (1) h (1) (1) (1)
Y= 98, (vo +2v, T, "+u, P +u, P +e, ) +
h=1

(2) (2) (2) (2)
atj ( Yo t Uy, t e, ) +

(3) (3) (3)
5, ( Yo 1 Uy )

 is a dummy indicating the neasure:

” =1 if Y is adol escent height, O
ot herw se

? = 1 if Y is bone age, 0 otherw se
Y =1 if Yis adult height, O

ot herw se
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Mul tivari ate Repeated Measures Model

5
— (1) (1) (1) h (1) (1) (1)
Ytj_atj (Yo +th th +u0j +u1j +etj ) t
h=1

(2) (2) (2) (2)
atj ( Yo t U, t e, ) +

(3) (3) (3)
5, ( Yo 1 Uy )

B Adol escent height: a 5th degree
pol ynom al for age, tinme-dependent
errors, and intercept and |i near
sl ope variance at the 2nd (person)
| evel

B Standardi zed bone wei ght:
| ntercept, linear slope for age,
ti me dependent errors, and
| ntercept variance at the 2nd
| evel

m Adult height: intercept and 2nd
| evel vari ance
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Results Multivariate Multil evel
Regressi on on Adol escent G owth Data
(age centered at 13)

Fi xed part

adul t hei ght:
| Nt er cept

adol escent hei ght

| Nt er cept
agel
age2
age3
age4
ageb

bone age
| Nt er cept
agel

Random part :

adul t hei ght

hei ght 1 ntercept

agel sl ope

bone 1 ntercept
.02 .85

Esti mate ( SE)

174. 6

153
6.91 (.2)
.43 (.09)
-.14 (.03)
-.03 (.01)
.03 (.03)

62. 5

49. 5 24.5
1.11 1.14
.97 3.00
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Problemwth Miultivariate Miultil evel
Regressi on: How to Predict Adult
Hei ght

Solution 1: use nultiple regression
on covariances in random part (2 step
procedur e)

predi ct or b (SE) beta NB SE's
height intercept 1.1 (.05) 1.0
assume
agel sl ope .0 (.20) -.01
N=110

bone intercept-3.2 (.38) -.36

Multiple correlation: RE=.83

Solution 2: Goldstein (1995) suggests
to predict adult height using the
estimated residuals from M.n.
Advantage: all information in the
data is used. D sadvantage: difficult
to interpret.
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Adol escent Gowh as Latent Curve

Mbodel

m Data must be translated from
mul til evel structure into fl at
data file wth repeated neasures
as vari abl es

[

Probl emm neasures between 11-
16 yrs inply 6 neasures, on
average each boy has 4
measures, thus 33% of neasures
IS m ssing

Sol ution: use nodern M

nmet hods to estimate nodel In

t he presence of m ssing data
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Path Di agram for Latent Curve Model
of Adol escent G owt h
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Results Latent G owth Mddel on
Adol escent G owt h Dat a

Estimates for paths to adult height:

predi ct or b ( SE) bet a

height intercept 1.21 (.05) 1.25
agel sl ope -3.71 (.85) -. 31
bone i ntercept-4.34 (.47) -. 48

Results nultiple regression anal ysis:

Rz =. 83
predi ct or b ( SE) bet a
height intercept 1.08 (.05) 1.01
agel sl ope -.03 (. 20) -. 01

bone i ntercept-3.16 (.38) -. 36
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More about the Latent G owth Mdel
for Adol escent Hei ght

B x2,=702 p=.00 TLI=. 84

B Mdel predicts well, but fits
poorly

B FromMn results we expect a
hi gher degree pol ynom al; but SEM
beconmes unstable after fitting a
gquadratic trend

m Mst of the ms-fit relates to
poor nodeling of bone-size and
hei ght trends:

1 The bone size neasure appears
poorly age-standardi zed (both
means and vari ances vary over
t he years

1 Height trend needs higher
pol ynom al s that cannot be
fitted

m The functional sanple size for

these data i s N<55, which expl ai ns
estimati on probl ens
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m Part of the ms-fit relates to
non-nornmality of the data. There
are correction fornmula's for this,
but these need full data
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Concl usi ons

m Miltilevel Regression Mddels (MRM
and Latent G owth Mdels (LGVM
performhighly simlarly. Wen
both are applicable, there are no
strong preferences

B MMare nore elegant than LGM i f
we have a | arge nunber of
unequal | y spaced data points. At
the limt, LGM nmay becone
| npossi ble (the adol escent growh
data are close to that limt)

B MMare better if we want to
| ncl ude hi gher |evels

m LGMcan incorporate conplex path
nodels, MRM not or with difficulty
(2-step nodeling on covariance
matri x at higher |evels)

B LGMcan incorporate nmultiple group
nodels, MRM not or with difficulty
(using interactions wth dummy
coded groups)
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