Three-level models (HLM3)

Conventional Representation: Level 1

Here

At level 1, we have
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Y, 1s the n, by 1 outcome vector,

Aﬁ( is the n, by P® matrix of predictors having random effects at level 2;
7[;2 is the P® vector of level-1 coefficients that are random at level 2;
A]i is the n;, by P" matrix of predictors having fixed effects at level 2; and

72'5{ is the P" vector of level-1 coefficients having fixed effects at level 2.

Conventional Representation: Level 2

At level 2 we have
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X JI.;CR isa P®by O matrix of predictors of 7[}1.2 having random effects at level 3;
% is the Q™ by 1 vector of level-2 coefficients associated with X ;f{R ;

rylsa P* by 1 vector of level-2 random effects;

X ,iF is the P* by O™ matrix of predictors of 7[}1.2 having fixed effects at level 3;
" is the Q™ by 1 vector of level-2 coefficients associated with X ﬁ(F;

X ;{R is the P" by O matrix of predictors of 7[5{ having fixed effects at level 3;
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X ;{F is the P* by O™ matrix of predictors of 72'5{ having fixed effects at level 3
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Conventional Representation, Level 3

At level 3 we have

Here
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W isa O™ by S** matrix of predictors;
k Yy p

yRR isa S*& by 1 vector of fixed effects;

u,fR 1sa QRR by 1 vector of random effects;

WkRF isa O by S™ matrix of predictors;
y*is an S® by 1 vector of fixed effects;

W™isa O™ by S™ matrix of predictors;
k y p

7/FR isa S by 1 vector of fixed effects;

ukF ®isa QFR by 1 vector of random effects;

W isa O™ by S™ matrix of predictors;
Yy p

7/FF isa S by 1 vector of fixed effects;

Revised Representation

The logic of allocating degrees of freedom is easy to follow if we represent the model as follows:
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The elements of ,B,fm are ,BquR forqﬁk = 1,...,Q§R . Define QRR =

Of VVkRR

. 1s the O™ by 1 vector of level-2 coefficients associated with X f;{R ;

" is the Q" by 1 vector of level-2 coefficients associated with X ;{F.
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Degrees of Freedom

RR
1. For any element y ", ,
p RS R R

2 )
p R

2. For any element 7/11:1}: F
R F

R
A A
»

FR
3. For any element Y e gn
l’F

. Define Q™ =

for s =1,...
A ’

for s =1,...
A ’

for s =1,...
Pl ’

=1,...

PR
. Define QRF = z QPFR , the number of rows

pf=l1

pr
R
QpF , the number of rows
-
p =l

pPF
.. Define QFF = Z QPFF , the number of

pr=l1

o
S + « where S
Tp 4,k Z

R R
pqu

=S* and
P

R _
l]ﬂk =1

F
0

,Squ:R where Z S

R _F
pqu

=S*, and
P

Fo_
qu =1

o7r
,S . » where z S
p qu

R
=87, and
Pialy pr

R _
qﬂF =1

of yRR , the degrees of freedom are K — SquR .
of ¥ the degrees of freedom are J — KQ™* — §*.

of ]/FR , the degrees of freedom are K — SquR .



4. For any element 7/5 qu . of y", the degrees of freedom are
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