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3 (random-intercept model)
Yij = a; + Bx;; + &;

o 3) 9| Al4 2 (random-coefficient model)

Yij = o + Bix;; + &;
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O| 2% o 2 A2 MLM (#%)

Yij = aj + Bixi; + &; (e;~N(0,02))  (Level 1)
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0| A|: Stata & HSB Data

e 4 |
- Stata w/ High School and Beyond Data

. use http://www.stata-press.com/data/mlmus2/hsb, clear

. Xtsum

Variable Mean Std. Dev. Min Max Observations

schoolid overall 5277.898 2499.578 1224 9586 N = 7185
between 2547 .683 1224 9586 n = 160
within (7] 5277.898 5277.898 T-bar = 44.9063

mathach overall 12.74785 6.878246 -2.832 24.993 N = 7185
between 3.117651 4.239781 19.71914 n = 160
within 6.186706 -6.926784 30.71674 T-bar = 44.9063

ses overall .0001434 .7793552 -3.758 2.692 N = 7185
between .4139706 -1.193946 . 8249825 n = 160
within .660588 -3.650597 2.856222 | T-bar = 44.9063

sector overall .4931106 .4999873 0 1 N = 7185
between .4976359 0 1 n = 160
within (7] .4931106 .4931106 T-bar = 44.9063
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oAl = 2

. regress mathach ses

Source SS df MS Number of obs = 7,185
F(1, 7183) = 1074.69

Model 44233.1556 1 44233.1556 Prob > F = 0.0000
Residual 295643.779 7,183 41.1588165 R-squared = 0.1301
Adj R-squared = 0.1300

Total 339876.934 7,184 47.3102637 Root MSE = 6.4155
mathach Coef. Std. Err. t P>t [95% Conf. Interval]
ses 3.18387 .0971209 32.78 0.000 2.993485 3.374256
_cons 12.7474 .0756864 168.42 0.000 12.59903 12.89576
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. xtmixed mathach ses || schoolid:, mle nolog
Mixed-effects ML regression Number of obs = 7,185
Group variable: schoolid Number of groups = 160
Obs per group:
min = 14
avg = 44.9
max = 67
Wald chi2(1) = 511.98
Log likelihood = -23320.502 Prob > chi2 = 0.0000
mathach Coef. Std. Err. z P>|z]| [95% Conf. Interval]
ses 2.391499 .1056926 22.63 ©.000 2.184346 2.598653
_cons 12.65762 .1873212 67.57 0.000 12.29048 13.02477
Random-effects Parameters Estimate Std. Err. [95% Conf. Intervall]
schoolid: Identity
sd(_cons) 2.174516 .1491543 1.900978 2.487414
sd(Residual) 6.085211 .0513769 5.985342 6.186745
LR test vs. linear model: chibar2(@l) = 456.94 Prob >= chibar2 = ©.0000
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Note: LR test is conservative and provided only for reference.

I. xtmixed mathach ses || schoolid: ses, mle nologl
Mixed-effects ML regression Number of obs = 7,185
Group variable: schoolid Number of groups = 160
Obs per group:
min = 14
avg = 44.9
max = 67
Wald chi2(1) = 412.75
Log likelihood = -23318.373 Prob > chi2 ©.0000
mathach Coef. std. Err. z P>|z]| [95% Conf. Interval]
ses 2.396654 .1179671 20.32 0.000 2.165443 2.627865
_cons 12.65302 .1895413 66.76 9.000 12.28153 13.02452
Random-effects Parameters Estimate Std. Err. [95% Conf. Interval]
schoolid: Independent
sd(ses) . 6400501 .1815615 .3670757 1.116021
sd(_cons) 2.19312 .1519763 1.914595 2.512164
sd(Residual) 6.06823 .0518184 5.967513 6.170647
LR test vs. linear model: chi2(2) = 461.19 Prob > chi2 = ©.0000
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e
0 2| EA0| 2R o 2 A2 MLM (8% 1t H|m)

0

o l)OE/egald V2 2 2ey

mathij = Qa; + ﬁjsesij + Eij (e1;~N(O, 7)) (Level 1)
a; = Yo +yisector; +uy;  (uy;~N(0,0%))

, (Level 2)
ﬂ] = 60 + 61S€Ct01"j + u2]' (u2j~N(0, O'uz))

0 ) CHB/ER B |2 B Ay
mathi]’ = ()’0 + ylsectorj + u1]) + (60 + 61sect0r]- + qu)SeSij + Sij
= (Yo * v1sector; + §yses;j + §ysectorjses;;) + (uqj + uy;ses;j + ;)
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xtmixed mathach ses i.sector i.sector#c.ses || schoolid: ses, mle nolog

Log likelihood

schoolid

Mixed-effects ML regression
Group variable:

= -23284.091

Number of obs
Number of groups

Obs per group:

min
avg
max

Wald chi2(3)
Prob > chi2

7,185
160

14
a4 .9
67

617 .69
9 .0000

mathach Coef. Std. Err. P>|z]| [95% Conf. Interval]
ses 2.953381 .1405383 21.01 0 .000 2.677931 3.228831
sector
Catholic 2.137317 .3389178 6.31 ©.000 1.47305 2.801584
sector#c.ses
Catholic -1.312292 .2118813 -6.19 ©.000 -1.727572 -.8970125
_cons 11.79835 .2269272 51.99 0 .000 11.35358 12.24312
Random-effects Parameters Estimate std. Err. [95% Conf. Interval]
schoolid: Independent
sd(ses) .0001712 .0002742 7 .42e-06 .©0639513
sd(_cons) 1.965169 .1367453 1.655151 2.192953
sd(Residual) 6.068864 .0512393 5.969263 6.170127

Note:

LR test vs.

linear model:

chi2(2)

= 338.63

Prob > chiz2

LR test is conservative and provided only for reference.

= ©0.0000

9/26/2019

16



|A|l: CFES B (28 = for “Public’)
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|Al: CFE 2™ (a2 = for “Catholic’)
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NHTMEM TR 2 Y

Yie = a;+ B, TIME;; + &4  (~N(0,6%))
a; =Yo +V1Z; + Uy (u1;~N(0,02))
Bi= 08¢+ 81k; + uy; (u2i~N(0,6%,))

o CHE/=stg 0 7|2 0 d: AsHe

2 3
Yie = Vo +V1z; + uq;) + (69 + 61k; + uy )TIME; + £;;
= (Yo +v1z; + 6oTIME;; + 61 k;TIME;;) + (uq; + uy; TIME;; + &;;)

‘nEL yolea
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. summarize

Variable

| A|: Stata w/ Weight x Age Data

0Obs

Mean

Std. Dev.

. use http://www.stata-press.com/data/mlmus2/asian, clear

Min

Max

id
occ
age

weight
brthwt

198
198
198
198
198

2491.227
2.111111
1.080552
8.837091
3106.081

1379.389
1.031375
. 787069
3.02723
537.5595

45

1
.1149897
3.1
1575

4975

5
2.546201
17.2
4270

gender

198

1.494949

.5012419

Wwoom -1 s W

10
alil
12
13
14
15
16
17
12
13
20
21
22
23
24
25
26
27
28
29

30

45
45
45
45
258
k8
258
258
287
287
as7

occ

age
-138853
.E57084
1.21834
1.4251¢
2.27242

-13185
.€87201
1.1275%
2.30827
-134155

.70089
1.1€30&

2.2423
-747433
l.01s2482
2.24504

-120485

5]

-30527

-

.lzzs2

(5]

-2E614¢
-114355
2.280€3
-117728
-€35121
Z.30801
-134155

2.2642
-125541
-95£578

Z.3572%

weight
5.171
10.8€
13.15
13.2
15.88
5.3
5.74
5.58
11.34
4.82
5.0%
11.1
1e.8
5.7¢
6.92
5.53
4.4
12.25
lo.8%
1z2.7
3.9
12
3.52
7.22

1z.8

13

10.8%9

brthwt
4140
4140
4140
4140
4140
3155
3155
3155
3155
3850
3850
3850
3850
2875
2875
2875
3280
3280
3500
3500
2520
2520
24&0
24€0
24€0
3605
3605
3200
3200

3200

gender

e R T R S R R K I S N R I T T R O SR R =
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oAl = 2

| . regress weight age age2 |

Source SS df MS Number of obs = 198
F(2, 195) = 527.26

Model 1523.59303 2 761.796513 Prob > F = 0.0000
Residual 281.738331 195 1.44481195 R-squared = 0.8439
Adj R-squared = 0.8423

Total 1805.33136 197 9.16411856 Root MSE = 1.202
weight Coef. Std. Err. t P>|t] [95% Conf. Interval]
age 7.503384 .430679 17.42 0.000 6.653997 8.352771

age2 -1.600168 .161087 -9.93 0.000 -1.917864  -1.282471
_cons 3.583899  .2183076 16.42 0.000 3.153352 4.014447
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. xtmixed weight age age2 || id:, mle nolog
Mixed-effects ML regression Number of obs = 198
Group variable: id Number of groups = 68

Obs per group:
min = 1
avg = 2.9
max = 5
Wald chi2(2) = 2623.63
Log likelihood = -276.83266 Prob > chi2 = ©.0000
weight Coef. std. Err. z P>|z]| [95% Conf. Interval]
age 7.817918 .2896529 26.99 0.000 7.250209 8.385627
age2 -1.705599 .1085984 -15.71 0.000 -1.918448 -1.49275
_cons 3.432859 .1810702 18.96 0.000 3.077968 3.78775
Random-effects Parameters Estimate Std. Err. [95% Conf. Interval]
id: Identity

sd(_cons) .9182257 .0973788 . 7458966 1.130369
sd(Residual) .7347063 .0452564 .6511507 .8289837
LR test vs. linear model: chibar2(el) = 78.07 Prob >= chibar2 = ©.0000
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. xtmixed weight age age2 || id: age age2, mle nolog
Mixed-effects ML regression Number of obs = 198
Group variable: Number of groups = 68
Obs per group:
min = 1
avg = 2.9
max = 5
Wald chi2(2) = 1908.80
Log likelihood = -258.28823 Prob > chi2 = 0 .0000
weight Coef. std. Err. z P>|z| [95% Conf. Interval]
age 7.703184 .2328483 33.08 ©.000 7.24681 8.159559
age2 -1.657892 .087368 -18.98 ©.000 -1.82913 -1.486654
_cons 3.492399 .1410613 24 .76 ©.000 3.215924 3.768874
Random-effects Parameters Estimate Std. Err. [95% Conf. Intervall]
id: Independent
sd(age) .5049391 .1935995 .3377505 .7548871
sd(age2) .1024006 .9777392 .©231259 .4534265
sd(_cons) .7256802 .101173 .5521693 .9537141
sd(Residual) .5420471 .0456327 .4595978 .6392875
LR test vs. linear model: chi2(3) = 115.16 Prob > chi2 = ©.0000

Note: LR test is conservative and provided only for reference.
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weight;, = a; + f;agey + frageq + € (ex~N©,02))

a; =Yo+ y19irl; + uy; (u1;~N(0,02,))
B1i = 8¢ + uy; (u2;~N(0, 0;2))
P2i = Tp + ug; (u3;~N(0,0:3))

o OHE/Egdait 7|2 2y 4y
Vie = (Vo + v19irl; + uqy) + (8p + up)agey + (1o + uz;)ages + &;
= (Yo +v19irl; + dpage;; +T0agelgt) + (uqg; + uy;age; + uSiageizt + &)

gnk sl ‘Adola s
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. xtmixed weight age age2 i.girl || id: age age2, mle nolog

Mixed-effects ML regression Number of obs = 198
Group variable: id Number of groups = 68
Obs per group:
= 1
2.9
= 5
Wald chi2(3) = 1958.16
Log likelihood = -253.71942 Prob > chi2 = ©.0000
weight Coef. Std. Err. z P>|z]| [95% Conf. Interval]
age 7 .701928 .2316034 33.25 0.000 7 .247993 8.155862
age2 -1.65784 .9872627 -19.00 0.000 -1.828871 -1.486808
girl
Girls -.6230483 .1990072 -3.13 0.002 -1.013095 -.2330014
_cons 3.804559 .1676813 22.69 0.000 3.475909 4.133208
Random-effects Parameters Estimate std. Err. [95% Conf. Interval]
id: Independent
sd(age) .4883836 .1028249 .323257 .7378604
sd(age2) .1e7130e8 .©735085 .©279163 .4111229
sd(_cons) .6573844 .©988615 .4895651 .8827309
sd(Residual) .5450756 .9457708 .4623598 .6425891
LR test vs. linear model: chi2(3) = 104.46 Prob > chi2 = ©.0000

Note:

LR test is conservative and provided only for reference.

9/26/2019

29



Ol Al: &=

A

ME M (2= for ‘Boys’)
I

./‘

:3 3
N

Graphs by id

3
age

45 287 800 801 833 944
g m
o L d
21 // ././ ‘/ /
N /‘/‘
1005 1010 1155 1249 1264 1291
g m
©
= P e o //
w
1341 1441 1572 1976 2108 2197
8 i
:‘2 4
= / ./C/“
o / //‘ /
2302 2351 2353 2730 2817 3021
g m
2 i
21 / / / /
w /
3289 3446 3556 4017 4108 4119
g m
‘ID_ 4
== ././. t/'/. o
w+ /'
4357 4418 4682 4975
8 ]
©

9/26/2019

30



Ol Al: d&==MHEH (2= for “Girls’)
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o Rabe-Hesketh and Skrondal. 2012. Multilevel and
Longitudinal Modeling Using Stata (3'9).

o Raudenbush and Bryk. 2002. Hierarchical Linear Models
(2nd).

o Gelman and Hill. (2006). Data Analysis Using Regression
and Multilevel/Hierarchical Models.

o Kreft and Leeuw. (1998). Introducing Multilevel Modeling.

o Singer and Willett. (2003). Applied Longitudinal Data
Analysis: Modeling Change and Event Occurrence.
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