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Introduction

Introduction

We examine the 3-level HLM model and the introductory
example in the HLM manual.
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The 3-Level HLM Model

Basic Model Characteristics

The 3-level model extends the ideas from the 2-level model to a
third level. This opens up many possibilities. For example,
students can be nested within classrooms, which are in turn
nested within schools. In that case, there are nj, students
nested within each of j = 1,..., J; classrooms, in turn nested
within each of K = 1,..., K schools.
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Level-1 Model

At level 1, the outcome Yy for case ¢ within level-2 unit j and
level-3 unit k is represented as

P
Yk = Togk + D Togie g + € (1)
p=1

The 7, are level-1 coefficients, with the corresponding a’s the
level-1 predictors. e is the level-1 random effect, with the
assumption that

Cijk ~ N(O, 0'2) (2)
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Level-2 Model

At level 2, the 7 coefficients at level 1 are treated as outcomes
to be predicted. We have

@p
Tpik = Bpok + Z Bpak Xk + g (3)
q=1

The By are level-2 coefficients, the X, level-2 predictors, and
Tpjk is the level-2 random effect. Taken as a vector, the r’s are
assumed to have a multivariate normal distribution with a
mean vector of 0 and a covariance matrix T, with maximum
dimension (P +1) x (P +1).
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Level-3 Model

At level 3, the § coefficients at level 2 are treated as outcomes
to be predicted. We have

Spq

Bpak = Bpqo + Z Vpgs Wk + Upgk (4)
s=1

The 7,45 are level-3 coefficients, the W, level-2 predictors, and
Upgr, is the level-3 random effect. Taken as a vector, the u’s are
assumed to have a multivariate normal distribution with a
mean vector of 0 and a covariance matrix T g, with maximum

dimension ZZJ::O(QP +1) x Zi:o(Qp +1).
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Introduction

This example, from the HLM6 manual, Chapter 4, has, at
level-1, time series data on 1721 students nested within 60
urban public primary schools.

Math achievement is the outcome.

There are 3 SPSS files.
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Level-1 File

The file EG1.SAV contains the level-1 data. There are two ID
variables, schoolid for the school, and childid for the child.
The other variables are

@ year, the year of the study —3.5

e grade, the grade level —1 of the child on each testing
occasion

e math, a math test score

@ retained, an indicator for whether the child was retained
in grade
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Level-2 File

The file EG2.SAV contains the level-2 data. It is crucial that
the ID’s be sorted the same way in both files, with level-2 ID
nested within level-3 ID. There are two ID variables, schoolid
for the school, and childid for the child. The other variables
are

o female (1 = female, 0 = male)
@ black (1 = African-American, 0 = other)
e hispanic (1 = Hispanic, 0 = other)
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Level-3 File

The file EG3.SAV contains the level-3 data. The first variable is
schoolid for the school. The other variables are

@ size, the number of students enrolled in the school

@ lowinc, the percentage of students from low income
families

@ mobile, the percentage of students moving during the
course of a single academic year
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MDM File Setup

The MDM file setup is very similar to the 2-level setup, except
that now variables need to be selected for a third level.

Start up HLM and select “Make new MDM file —> Stat package
input”

B3 HLM for Windows (B

File Help.
Create a new modl using an existing MDH fle
Edit/Run old cormand(.him]mim) il

Stephen Raudenbush
Anthony Bryk
Richard Congdon

W File

o ASCI input
4 MDM from cld 1D template(.mdm) fie: X

View Output
Graph Equations
Graph Data

Preferences

Exit

Mixed|+
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A Conditional Model

Startup HLM3

Next, select HLM3 and click on OK.

[ [ox|

Select MDM type

Hierarchical Line;
 HLMZ

Is

Hierarchical Multivariate Linear Models
" HMLM © HMLM2

Cross-classified Linear Models

" HCM2

Cancel

Mixed

1 HLM Model
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Specify the Variables — Level 1

This will open up the Make MDM HLMS3 specification dialog.
Browse for the level-1 specification file, and select EG1.SAV.
Click OK, then click on Choose Variables.

Make MDM HLM3
MDM template file MM File Name use .mdm suffi)
File Name

Open mdmtﬁ\s‘ Save mdmtﬁ\s‘ Edit mnmtme| InputFile Type [GPESMIndows  v]

Level-1 Specification

Level-1 File Name

Missing Data? Delete datawhen:

@ No o Yes ¢ makingmdm (" running analyses

Level-2 Specification
Browse | Level-2 File Name:

Level-3 Specification

Brawse | Level-3 File Name:

Make MDM Check Stats Done: ‘
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Specify the Variables — Level 1

Select the variables as shown in the snapshot below. This choice
should make sense to you!

Choopse variables - HLM3

[scHooun  MALsd [ L2l I o
CHILDIO [~ L3d [L2id [ I i
[vear [ L3d [ Lz R@owow [
GRADE [Lsd [ Lzd @ivow [
MATH [ [ Lzd Eiovow [
RETAIMED ™ Laid [~ L2id [F]in oM ’— I=
[ FeeFear =

T T oV L O o v o o I o o o
b 2L Il s L i i sl Sl S ]

= F= F= I =
) = = I =
= = = T i
T e s s  |id
T i I I |— 12
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Specify the Variables — Level 2

Browse for a level-2 file. Select EG2.SAV. Select the variables
as shown in the snapshot below.

Choose variables - HLM3

[ScHoomD  [Fusa 2 T~ [ 1
[crom Lo @z - |
FEMALE [~ L3 [T L2id \n MOM ’— ]
BLACK s [l @owow [
[REparc e [ e Flewew [
I e [ =

11 S L e e W K 0 L
TN E S s L S S S ST ST

[ = = [T
[ = = = [ =
I I r [ =
I = r [ =
| T & r | =
= i r =
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Specify the Variables — Level 3

Browse for a level-3 file. Select EG3.SAV. The snapshot below
shows the proper variable selection.

Choose variables - HLM3

[sorooLo [@lse W [  rwr jit
EE e 2 D I
LOWING Il o Eevow [ T T IF
[moBLTY [ L3 T Rinvow [ = =
I = = = [ (=i =
= 5 5 — |= = 5
D s = = I |= fi =
B = = [ [ =
[ = = [ i =
T = = = [ Flur =
T o & & [ FlE &
| = [ [ [ (I [
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Create the MDM File

Finish off with these 5 steps, which are marked with red
numbers in the screenshot below:

@ Enter the MDM file name in the window.

@ Click Save mdmt file and choose EG as the file name.

@ Click on Make MDM file.

@ Click on Check Stats, and make sure they agree with the
next slide.

@ Click on Done.

DM termplate fle
File Name:

MM File Name (use_mdm suf)

1| [ESwoT)
wile| - Estmanttie| gutue e [SRSmIaE <]
Lovel 1 Specifcation =

Browse | Level-1 File Name: CAllCUITent ProjectsUMLRIMLecturesHLMAEG  Choose Varlables

Wissing Data? | Delete data when

Openmartiie| |save

@MNo CYes | C makngmim  C runninganalysss
Level-2 Specifeation

Browse | Level-2 File Name:  CAllCurrent ProjectsUMLRMILectures\HLWIIEG: ~_Choose Variables
Level-3 Specifcation

Browse | Level-3File Name: CAICurent ProjctsUNLRMLectures HUNAEG: _Choose Varables
N | 4 [Creweas 5 Done
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Descriptive Statistics

LEVEL-1 DESCRIPTIVE STATISTICS

VARIABLE NAME N MEAN SD MINIMUM
YEAR 7230 0.38 1.39 -2.50
GRADE 7230 1.81 1.35 0.00
MATH 7230 -0.54 1.53 -5.22
RETAINED 7230 0.05 0.22 0.00
LEVEL-2 DESCRIPTIVE STATISTICS
VARIABLE NAME N MEAN SD MINIMUM
FEMALE 1721 0.51 0.50 0.00
BLACK 1721 0.69 0.46 0.00
HISPANIC 1721 0.15 0.35 0.00
LEVEL-3 DESCRIPTIVE STATISTICS
VARIABLE NAME N MEAN SD MINIMUM
SIZE 60 642.53 317.37 113.00
LOWINC 60 73.74 27.27 0.00
MOBILITY 60 34.75 13.21 8.80

1ditional Growth
onal Model

MAXIMUM
2.50
5.00
5.77
1.00

MAXIMUM
1.00
1.00
1.00

MAXIMUM
1486.00
100.00
67.00

1 HLM Model
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An Unconditional Growth Model

This model simply states that math achievement (MATH) is
predicted linearly by (YEAR). Each child will have a randomly
varying slope and intercept, but there are no level-2 or level-3
predictors capturing variation from child or school.
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Specifying the Model

Here is the model specification:

Outcome |y gyer 1 moDEL 5
Levell _
Leverz | MATHp = oy lYEARY) + 2y

>> Level3 << | LEVEL 2 MODEL

TNTRCPTS Ry = Bags 1

SIZE 0k ik Ok

LOWMNG Mg = Prgr Tl

MOBILITY

LEVEL 3 MODEL
Boor = Yooo * “oox

Bro = Yaoot ok

Mixed Model

MATHW = You0 +ywawVEARw Fg VMMVEARW + gy T uwkaEARM ix e
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A Conditional M

Here is the model specification:
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File Basic Settings Other Settings  Run Analysis Help.
Outcome | gyey 4 moDEL
eVl MATH,, = m,, +x,, (YEAR ) +
Leverz v = T R (VEAR) + ey,
>> Level3 << | LEVEL 2 MODEL
TTRCRTS By = By + By BUACK T + By (HISFANIC ) 4 7y
LOWING aje = Prog * B1ayBLACK ]+ Bp (HISPANIC ) + 1y
MOBILITY
LEVEL 3 MODEL
Pagk = Tago * tagsLOWINC ) + g,
Pork = oo
Pozx = tozo
Bagk = Y100 *1gsLOWINC ) + g,
Bagg = Tosp
Bazs = V120
MATH,, = g+ 730 LOWING, + 1, sBLACK,, + 7, sHISPARIC, +p, Y EAR, +

T "LOWING +YEAR . + vy, BLACK, wYEAR, + 7,y HISPANIC  «YEAR ,, + 1y

VAR g,

+g #YEAR

%
EUK
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