i, STETS,

<ILFLRILVBEETNEETIL

ix LI

o EBAMRET L BEEMREEENROMAZEHLET,
mixed A~ FIZMEEENRETLEZ 74 v FLET, TNHLDOETLIETLF L
RILVETIL, EEREEETLE LT ENET,

$ AXtoavryRFAHEIE—L Stata®av >y K74 v RYIZBEY(FIFTEITTE£9,
ETOREODIAT > RiE, do 7 74 /L multileveldo (CxEHONTLNET,

2 L~JLETFTIV

BIE 1: 2V FZLURD2 L~ULETIL

® Ruppert, Wand, and Carroll (2003) ¥ & 0" Diggle et al. (2002) @ 48 DK DT — X+
v bEBERALET, AE (weight) & I BEOEHBHM (week) DEHREET L
9., SEEIEEHId ICL > THEBISNET,

F—Rty rEAE—FL, ZLHDO 10 BORERGA/ERL X,

use https://www.stata-press.com/data/rl6/pig

twoway connected weight week if id<=10, connect(L)

[=]
©

60

weight

40
1

20
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an IR ) __aBIRERR R

o HEEROMRAIRITIE T, HREIFATHEICESIL TBMLTLWET, 10 oMK
REICHIBEDILODENBOONET, INLDY > TILERELHAERD LD
SURLYYTILELTHRVET,

o MW%®&@%‘—w%ttf%rkaiT(M%pmw@7/ﬂAw#E):Er

ITRDELSICHRY £,

- sTata.,

WEIghtU = ﬂo + ,81W98kij + Uj + Eij (1)
i mEREOB  i=1,...,9
Ji X DAE R j=1,...,48

ETILOBEEDRED By + Pyweek;; &, BEFDOTHERT 1 DOe@fi L EIRE
MaeRDHZIEERLTVET, ZEVR w 13 BEFIISLCTIORIBERE LT
I 7 MLET,

ZEMNRITEEERL ~L (id) THRETD7-H. ROLSIICETLE T4y FLET,

mixed weight week || id:

<> LightStone’ #za#F1bAM=>
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_gBBRRRRE 1100

Performing EM optimization:
Performing gradient-based optimization:

Iteration @: log likelihood = -1014.9268

Iteration 1: log likelihood = -1014.9268
Computing standard errors:
Mixed-effects ML regression Number of obs = 432
Group variable: id Number of groups = 48
Obs per group:
min = 9
avg = 9.0
max = 9
Wald chi2(1) = 25337.49
Log likelihood = -1014.9268 Prob > chi2 = 0.0000
weight Coef. Std. Err. z P>|z| [95% Conf. Interval]
week 6.209896  .0390124 159.18 0.000 6.133433 6.286359
_cons 19.35561  .5974059 32.40 0.000 18.18472 20.52651
Random-effects Parameters Estimate  Std. Err. [95% Conf. Interval]
id: Identity
var(_cons) 14.81751 3.124226 9.801716 22.40002
var(Residual) 4.383264 .3163348 3.805112 5.04926
LR test vs. linear model: chibar2(01) = 472.65 Prob >= chibar2 = 0.0000

estimates store O~ N CHEMRBRICZFI 2 (TIT THREL X,

estimates store randint

B TTTTTIII L. <>LlightStone’ #=tanF4hAR—"
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BIRE 2. SV X LAOD—TD2L~LETIL
o ETNLMEMKRL., MERREDIEODE L L Tweek;; D7 VX LAMAE ZAIBEICT 5
ELRDESITHRY ET,

weight;; = By + Byweek;; + ug; + uyjweek;; + € (2)

CDETILTI A4y FEEITLET,

mixed weight week || id: week

Performing EM optimization:

Performing gradient-based optimization:

Iteration 0: log likelihood -869.03825
Iteration 1: log likelihood = -869.03825

Computing standard errors:

Mixed-effects ML regression Number of obs = 432

Group variable: id Number of groups = 48
Obs per group:

min = 9

avg = 9.0

max = 9

Wald chi2(1) = 4689.51

Log likelihood = -869.03825 Prob > chi2 = 0.0000

weight Coef. Std. Err. z P>|z| [95% Conf. Interval]

week 6.209896 .0906819 68.48 0.000 6.032163 6.387629

_cons 19.35561 .3979159 48.64 0.000 18.57571 20.13551

Random-effects Parameters Estimate  Std. Err. [95% Conf. Interval]

id: Independent

var(week) .3680668 .0801181 .2402389 .5639103

var(_cons) 6.756364 1.543503 4.317721 10.57235

var(Residual) 1.598811 .1233988 1.374358 1.85992

LR test vs. linear model: chi2(2) = 764.42 Prob > chi2 = 0.0000

Note: LR test is conservative and provided only for reference.

<> LightStone” #stauF1 A=
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HERRICEZAZM T TRELES,

estimates store randslope

o ZTEMR (uw,) PHDVBIEEZIRE LMD o770 mixed A~ FIET 7 4L
b DT (Independent) #EEZEA L L7,

Y, =Var [Z(l)j ] = [a,fo (; ] (3)

0 o5

® ERLY. 62,=676. 62, =037 TY, EEMNROIEEBIZ. ETIL(D)OER LR
CIZA>TWETH, INRELT7T—XTY,

® LD PREEXMA O, 7YRLAA—TIHNEETHDEEXET, TELBED D
v  Rlrtest &, INETICRELZ2 DOWEREAFERAL T, 2O EABRIIL
£7,

lrtest randslope randint

Likelihood-ratio test LR chi2(1)
(Assumption: randint nested in randslope) Prob > chi2

291.78
0.0000

Note: The reported degrees of freedom assumes the null hypothesis is not on
the boundary of the parameter space. If this is not true, then the
reported test is conservative.

0 tvOICHWEENKEIT BEEEDS 7 bOAEHATLIETILDLY L, TV H LA
BEAEBEOREERELHFATEAETILQOANETCEZTYARWI EARLTWE
ER

<> LightStone’ #za#F1bAM=>




HOBBIE

o ZENROHNHESEZIRELAVEE, nixed I~ Y FIET 74 /L F DML
(Independent) B&E%#FEH L 9, MOHEDEUEEXIETET 2 & £1d covariance()
AT avEFERALET,

covariance()# 7> a v —& (A)
independent [050 0 ] ZEXNROMICAEEEL L, I,
(F7#L 1) 0 o
identity o2 0] HAL/2H, AEUETNTHE L,
0 o2
exchangeable 02 0y, DEUTETHE L, $HEBOHENED & DEAE
[0'01 O'u] HEDHAE L,
unstructured 02y 0oy 2TONHEHEDEIRELR D,
[001 051]
BIE 3 HEOHIEEHNRD2 LRILET L

o Q& —MILLT. w, & w 2HEEILZIELNTEXT,
covariance(unstructured)# /> 3 TIEEL 9,

. 2
_ Uoj1 _ 040 001
=Var uc| = 2
1 Op1 Oyt

ZENROASEAERELT. BE7 4 v b2EITLET,

mixed weight week || id: week, covariance(unstructured)

<> LightStone’ #za#F1bAM=>
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Performing EM optimization:

Performing gradient-based optimization:

Iteration 0: log likelihood = -868.96185
Iteration 1: log likelihood = -868.96185
Computing standard errors:
Mixed-effects ML regression Number of obs = 432
Group variable: id Number of groups = 48
Obs per group:
min = 9
avg = 9.0
max = 9
Wald chi2(1) = 4649.17
Log likelihood = -868.96185 Prob > chi2 = 0.0000
weight Coef. Std. Err. z P>|z| [95% Conf. Interval]
week 6.209896  .0910745 68.18 ©0.000 6.031393 6.388399
_cons 19.35561 .3996387 48.43 0.000 18.57234 20.13889
Random-effects Parameters Estimate Std. Err. [95% Conf. Interval]
id: Unstructured
var(week) .3715251  .0812958 .2419532 .5704859
var(_cons) 6.823363 1.566194 4.351297 10.69986
cov(week,_cons) -.0984378 .2545767 -.5973991 .4005234
var(Residual) 1.596829 .123198 1.372735 1.857505
LR test vs. linear model: chi2(3) = 764.58 Prob > chi2 = 0.0000

Note: LR test is conservative and provided only for reference.

TEHREEANT, ZENROHSROSH L2 ET L E BENENMMUIAETLOE T
FYUERLELET, BRNICHEL-ET LI F FTRIRTEEL T,

lrtest . randslope

Likelihood-ratio test LR chi2(1) = 0.15
(Assumption: randslope nested in .) Prob > chi2 = 0.6959

o EERNL. I [HENE=0] IFFHTE XA, £> T EEWNRIMIIRET ILDOFK

R EnEzd,




- sTata.

amEn iR R : _ BT .

3LRILETFIL

@ 2O0DLNILDY ZRAENAMNTIRICA ST, 3LRNLETILAEZFT,

Z9u® +70u? + ¢, (@)

Yik = XjkB + ik Uik

uP~N(O0,55); WP ~N(0,%);  €~N(0,021)

u,(f)\ u(z) € |3IRIL

Jk >
i LAL 1l (=208 k) i=1,..., ny
j L~JL2 (ZI—T#: k) j=1,..., M
k L3 (=78 M) k=1,...,. M
Z].(z) L ~JL 3ZEER u,(f) D nye X qs DT FA 175
Z].(,f) L~ 2 BESHE uk) D nye X q, DT HA 175

BIE 4 Z o ZLYPFDO3LNLETIL

® Baltagi, Song, and Jung (2001)1Z. 7 X U A EREEINDIEEICE T 2 REERD
HEM A FA~D Cobb-Douglas BIAEREMAHTE L £ L7,

® 4U8MEIODIIL—TITHF, 1970~1986 FIChi=> TT — XA LN E L7,

TRty bEAVE-FLTHRZHERLET,

use https://www.stata-press.com/data/rl6/productivity

describe

5P LightStone” #zse7 1 Ab—> TTTINET
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Contains data from https://www.stata-press.com/data/rl6/productivity.dta
obs: 816 Public Capital Productivity
vars: 11 29 Mar 2018 10:57
(_dta has notes)

storage display value
variable name type format label variable label
state byte %9.0g states 1-48
region byte %9.0g regions 1-9
year int %9.0g years 1970-1986
public float %9.0g public capital stock
hwy float  %9.0g log(highway component of public)
water float %9.0g log(water component of public)
other float %9.0g log(bldg/other component of
public)
private float %9.0g log(private capital stock)
gsp float %9.0g log(gross state product)
emp float %9.0g log(non-agriculture payrolls)
unemp float %9.0g state unemployment rate
Sorted by:
T—ROBEIIRODLIITHR>TWET,
Rg‘l o e e e e e RgM U’\)b3(7)b—7ﬁM)
: ~N i L—
st |[se |[sB | === [ 80 | === [ster |[ 56 | PNV200—7m0
TR ] T bR tasn—ss

=YD T—45jE)

® state | region NICEEMN57-%, region L ~JL & region A state L ~IL DM
T, FVELYREFOILNVBEETLEZ74 v FLET,

o EFLMAWD LY BLUZE % nyx1 OFFICHELTHEALES, 53=02 B4
N 3=02 IEIXHT7—TT,

T4y hEETLET,

mixed gsp private emp hwy water other unemp || region: || state:

SETTTTTI LIl .. <>LlightStone’ #=tanF4hAR—"
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Performing gradient-based optimization:

1430.5017
1430.5017

Iteration o:
Iteration 1:

log likelihood
log likelihood =

Computing standard errors:

Mixed-effects ML regression Number of obs = 816
No. of Observations per Group
Group Variable Groups Minimum Average Maximum
region 9 51 90.7 136
state 48 17 17.0 17
Wald chi2(6) =  18829.06
Log likelihood = 1430.5017 Prob > chi2 = 0.0000
gsp Coef. Std. Err. z P>|z| [95% Conf. Interval]
private .2671484 .0212591 12.57 0.000 .2254814 .3088154
emp .754072 .0261868 28.80 0.000 .7027468 .8053973
hwy .0709767 .023041 3.08 0.002 .0258172 .1161363
water .0761187  .0139248 5.47 ©.000 .0488266 .1034109
other -.0999955 .0169366 -5.90 0.000 -.1331906 -.0668004
unemp -.0058983  .0009031 -6.53 0.000 -.0076684  -.0041282
_cons 2.128823 .1543854 13.79 0.000 1.826233 2.431413
Random-effects Parameters Estimate  Std. Err. [95% Conf. Interval]
region: Identity
var(_cons) .0014506  .0012995 .0002506 .0083957
state: Identity
var(_cons) .0062757  .0014871 .0039442 .0099855
var(Residual) .0013461 .0000689 .0012176 .0014882
LR test vs. linear model: chi2(2) = 1154.73 Prob > chi2 = 0.0000
Note: LR test is conservative and provided only for reference.

° %%#6\
L.
9,

NHERDSR
NI R ER

<> LightStone’ #zxanFMbAM=>

FEEKEOBRIIMNEEICBEEIC S 7 ADEELA 5 X
FOMDBERITYAFRADODBEE L -5
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70y 7 BNARSEEE

® ETTIILANOEENROHENEITIOF T 3 ‘/Lii%(A)@i%_U T, INnzEAsrebh
YT LVEMLTO Y 7HINARESBUBE T £ L. DERD ISR RVICHIN 2R T
ZENTEET,

BIE S BYVBELOSLLANLEFERL TRy VENARESEESEEZ KD 2
® region L ~LD hwy B L unemp O 7 v X LFREEZEZ £9, ZHILETESREDOHE

EEICOTHBREELLISEZABVDT, DB DITFELET,

74y b EEITLET,

mixed gsp private emp hwy water other unemp || region: hwy unemp ||

state:, nolog nogroup nofetable

Mixed-effects ML regression Number of obs = 816
Wald chi2(6) = 17137.94
Log likelihood = 1447.6787 Prob > chi2 = 0.0000
Random-effects Parameters Estimate  Std. Err. [95% Conf. Interval]

region: Independent
var(hwy) .0000209  .0001103 6.71e-10 .6506971
var(unemp) .0000238 .0000135 7.84e-06 .0000722
var(_cons) .0030349 .0086684 .0000112 .8191302

state: Identity

var(_cons) .0063658 .0015611 .0039365 .0102943
var(Residual) .0012469  .0000643 .001127 .0013795
LR test vs. linear model: chi2(4) = 1189.08 Prob > chi2 = 0.0000

Note: LR test is conservative and provided only for reference.

HERRICEZAZM T TRFELES,

estimates store prodrc

° Z@%f%ﬂ;%?»@ﬂ)é?%1%X3®ﬁﬂLﬁitt%®ﬁ?ﬁmim%wmm\

<> LightStone’ #zxanFMbAM=> T




tIF18), 7 7 4 /L k@ Independent IS A EHT 2 & = 3,

hwy unemp

o? 0
;=10 o
0 0

® state LNILODOZEE
AhHhT7—ETT,

g0 DBBREE

_cons

IERD LD

- sTata.,

Y ET,

ShEMRKIIEEH Y T A, L, T state LD T VX LYFD

@ TDETNLEHBELADETILOLELBRERERNIS. 2007 X LGB EESDHD T &

NEFINET,
® HEIN/LD
—?—o J: ) T\ 23

IRDESITHY £,

hwy unemp

o CZORRD ¥, AU7OvIRAELTRS L
9, BYOT Oy TIE, BRIITHO 2 %2 &,

T, RCCBEAUTID IX1ETT,

L ~JLIETEABYRT &L,

PEER DD 5. hwy 5 LT unemp D T > X LRELD S

_cons

MUTELWLEWR E

LY. ZOEREPERT I LT

TAy JENARSREBRELET,

Y2, T, 2 DBIERNT—

cov(identity) || region:

mixed gsp private emp hwy water other unemp |

|| state:, nolog nogroup nofetable

region: hwy unemp,

<> LightStone’ #za#F1bAM=>
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Mixed-effects ML regression Number of obs = 816
Wald chi2(6) = 17136.65
Log likelihood = 1447.6784 Prob > chi2 = 0.0000
Random-effects Parameters Estimate Std. Err. [95% Conf. Interval]

region: Identity
var(hwy unemp) .0000238 .0000134 7.89e-06 .0000719

region: Identity
var(_cons) .0028191 .0030429 .0003399 .023383

state: Identity

var(_cons) .006358  .0015309 .0039661 .0101925
var(Residual) .0012469 .0000643 .001127 .0013795
LR test vs. linear model: chi2(3) = 1189.08 Prob > chi2 = 0.0000

Note: LR test is conservative and provided only for reference.

® region L ~ULIZ2DDRAEBEL X L7,
1. hwy BEL P unemp ® 7 > X LRI DT, H9E% Identity ICEHTE
2. TVE LYK _cons ICDOWT HDEIL—RITTTH D728, 7 7 #+ /L b T Identity
1272 %
® nmixed L2 DHETE(EZ var(hwy unemp) & L T7 ~UL{FIF L. hwy & unemp DA D
FUELRBICHBTHD ZEERLTLET,

WHEAERTEIL. 4N EETAPEEI LS 74y b T EHZEERLTVWET,

lrtest . prodrc

Likelihood-ratio test LR chi2(1)
(Assumption: . nested in prodrc) Prob > chi2

0.00
0.9784

Note: The reported degrees of freedom assumes the null hypothesis is not on
the boundary of the parameter space. If this is not true, then the
reported test is conservative.
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TEHUEERHE

o oy /ANAHNSEBESLEZEMNROREL NILEEEFERL T, BFEDL NILT
DEENREOTNENEMEET I T H T EATEETT,

BIE 6: ETNOREDEIEICIRYIBLDOH S L NIILEFERT 5

¢ EEHMIIa2ZT 4 TRA4LE. BLZBRENG 2THBOEBOT Y T ANDFHT
LDT—XENNLET, T—Xt v hE, Goldstein (1986) # & OF Prosser, Rasbash,
and Goldstein (199)IC K > THWT SNz T VKLY > TILT—RTH,

TRty bEAVR— L TABREZHRLET,

use https://www.stata-press.com/data/rl6/childweight

describe

Contains data from https://www.stata-press.com/data/rl6/childweight.dta
obs: 198 Weight data on Asian children
vars: 5 23 May 2018 15:12
(_dta has notes)

storage display value
variable name type format label variable label
id int %8 .0g child identifier
age float %8.0g age in years
weight float %8.0g weight in Kg
brthwt int %8.0g Birth weight in g
girl float %9.0g bg gender

Sorted by: id age

FhEHABEOBREMRCEIC7 T 7L ET,

graph twoway (line weight age, connect(ascending)), by(girl) xtitle(Age

in years) ytitle(Weight in kg)

<> LightStone’ #za#F1bAM=>
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boy girl

20
|

156
|

Weight in kg

10
|

Age in years

Graphs by gender

o FLw, HIOEBEMELT, jEBOTHD i HEOHEBI OV TROETIL
EhmL . £¢@$ﬁﬁ§%$%@2ﬁﬁttf%?wmu\%ﬁﬂﬁmzo@
TENREATEILET,

weight;; = By + Brage;; + Bragef; + wjo + ujrage;; + €;;

Ujo VR LR, 20 (B) honEFHOEES T FEXRT,
Uj1 7 VX LBFHOBEE, EOFERTREE (B) o OREHREER
28 FHOREEZRT,

T4y bEETLES,

mixed weight age c.age#tc.age || id: age, nolog

5P LightStone” #zse7 1 Ab—> TTTITEIT
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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) = 1863.46

Log likelihood = -258.51915 Prob > chi2 = 0.0000

weight Coef. Std. Err. z P>|z| [95% Conf. Interval]

age 7.693701 .2381076 32.31 0.000 7.227019 8.160384

Cc.age#c.age -1.654542 .0874987 -18.91 0.000 -1.826037 -1.483048

_cons 3.497628  .1416914 24.68 0.000 3.219918 3.775338

Random-effects Parameters Estimate  Std. Err. [95% Conf. Interval]

id: Independent

var(age) .2987207  .0827569 .1735603 .5141388

var(_cons) .5023857 .141263 .2895294 .8717298

var(Residual) .3092897  .0474887 .2289133 .417888

LR test vs. linear model: chi2(2) = 114.70 Prob > chi2 = 0.0000

Note: LR test is conservative and provided only for reference.

® R, 2N ATHRREROETELUINR., BLOWR & FROBEERZRHZ L
kY. ETLOEEEDICHERNMREEAL £,

® ibn.girl & noconstant 4 7> a VEFEEL T EREERL, BFELFORI4D
R Z#EE L £7,

® nofvlabel 77/ 3 VAIREL THET ~ILDRH Y ICEH girl DEEFREICERL
9,

74y b EERITLET,

mixed weight ibn.girl i.girl#c.age c.age#c.age, noconstant nofvlabel ||

id: age, nolog
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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(5) = 6583.73
Log likelihood =  -253.182 Prob > chi2 = 0.0000
weight Coef. Std. Err. z P>|z| [95% Conf. Interval]
girl
(7] 3.754275  .1726404 21.75 ©0.000 3.415906 4.092644
1 3.243808 .174255 18.62 0.000 2.902274 3.585341
girl#c.age

(%] 7.806765  .2524583 30.92 0.000 7.311956 8.301574
1 7.577296 .2531318 29.93 0.000 7.081166 8.073425
c.agettc.age -1.654323  .0871752 -18.98 0.000 -1.825183  -1.483463
Random-effects Parameters Estimate  Std. Err. [95% Conf. Interval]

id: Independent
var(age) .2772846  .0769233 .1609861 .4775987
var(_cons) .4076892 .12386 .2247635 . 7394906
var(Residual) .3131704 .047684 .2323672 .422072
LR test vs. linear model: chi2(2) = 104.39 Prob > chi2 = 0.0000

Note: LR test is conservative and provided only for reference.

YR DOELEL 5% L NILTEETIT A, MRl EFMOEEERIZERTIEH Y T A,

test O.girl#c.age = 1.girl#ic.age

( 1) [weight]ebn.girl#c.age - [weight]l.girl#fc.age = ©

chi2( 1) = 1.66
Prob > chi2 = 0.1978
o FTHLT, BFEILFLIVENTTD., FHUBREREXRIIBEICERY £HA,
0 |FEDETLTIE, FHURERICUROFEAEBA LFE LT, £/, ZOFHALHDF
HEEDREDCDEFHIL, BFELFTCRILTHLERELFE LTe ZOREEERT
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i, STETA,

st BBDRRR RS 1IRT

=01, ETILOS X LBERICUAEALET,

T4y bEERTLET,

mixed weight ibn.girl i.girl#c.age c.age#c.age, noconstant nofvlabel ||

id: ibn.girl i.girl#c.age, noconstant nolog nofetable

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(5) = 7319.20

Log likelihood = -248.94752 Prob > chi2 = 0.0000

Random-effects Parameters Estimate  Std. Err. [95% Conf. Interval]

id: Independent

var(e.girl) .3161091 .1557911 .1203181 .8305061

var(l.girl) .5798676  .1959725 .2989896 1.124609

var(e.girlt#age) .4734482 .1574626 .2467028 .9085962

var(1.girltage) .0664634 .0553274 .0130017 .3397538

var(Residual) .3078826 .046484 .2290188 .4139037

LR test vs. linear model: chi2(4) = 112.86 Prob > chi2 = 0.0000

Note: LR test is conservative and provided only for reference.

HERRICEZRZM T TRELET,

estimates store heteroskedastic

® LETIH ETLOEEMNRES L FIRDETLEHEVEDLBR WD, Freil
HLTWExT (nofetable # 7> 3 ),
® FIEDETILDESMROLIRIIRDEY T,
|| id: age
SEDOETILTIERD LD BERRICE>TLE T,
|| id: ibn.girl i.girl#c.age, noconstant
® FIHEEIFEMDT VALK ESVELRAA—TEHETILL, TRTOFHE 1 D0

<> LightStone’ #za#F1bAM=> TTITTITITT




BERIM DT X LY TLELTHRVET, BEDBEMICHLCTT VX LRY)

FETUVRLBRMBEEABELZT TN, 70X LARTUR EMEZOZEHEIEIBEFELFD

FTEAYFEFT (EICLZ2ZEENROTESELE).

noconstant & 7> a v EBHRT L. 2RNG T VX LYRZBFICEBEOL D E X
ICEBDLDICHEBETEET,

INEFTOEREHLI O BIEREXROZECIZ. UWRAAKECRHEL TWAEEZONE
T, 2DODETILALERE CHEBELET,

lrtest homoskedastic heteroskedastic

Likelihood-ratio test LR chi2(2)
(Assumption: homoskedastic nested in heteroskedas~c) Prob > chi2

e <> LightStone” mxauFMbRAM—2

8.47
0.0145

Note: The reported degrees of freedom assumes the null hypothesis is not on

the boundary of the parameter space. If this is not true, then the
reported test is conservative.

o EERNL, NESHUEENREF OHMLLET LA INET,
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NEDHMRERE

& NETOFETIE. L1 DOKERE (ET/ILADe) 1ML T, HDE0ZDIER D
WIS ERELTEE L, mixed IV FRITEOEEHREREIC
var(Residual) & 7 L SN/ BE—DEEREDED RSN TWET,

o ENEUCIRERE DM DREZEMT 2RI, residuals()F 7> 3 v =B
Lxd,

BIRE 7 1 MILAEDEIEGE

® \West, Welch, and Gafecki (2015, chap. 7)i1x. RA+LZ I v /B OB AN DREE
ICRIFTEEOMRET — R EDH Ln\i@: T—XIE 12 ADEED 55 ztsa)f%c:é'%
T25HDTT,

— Xty bEA v R—bLTABZEZL £,

use https://www.stata-press.com/data/rl6/veneer, clear

describe

Contains data from https://www.stata-press.com/data/ri6/veneer.dta
obs: 110 Dental veneer data
vars: 7 24 May 2018 12:11
(_dta has notes)

storage display value
variable name type format label variable label
patient byte %8.0g Patient ID
tooth byte %8.0g Tooth number with patient
gcf byte %8 .08 Gingival crevicular fluid (GCF)
age byte %8.0g Patient age
base_gcf byte %8 .0g Baseline GCF
cda float %9.e0g Average contour difference after
veneer placement
followup byte %9.0g t Follow-up time: 3 or 6 months

Sorted by:

® WEIIHOTTOWmBICTEALT T 2LIICHEBEBINTLET, BIBOEL (B
cda) WEADEEICED LD ICHET HMNITEBELET,

o HANOEBEEOREICIZZEOEIESH K (gingval crevicular fluid: GCF) &% 1E
ALET, "= 74> (Z#base_gcf) HLV2RDBEE®R7+O—T v 7 BH

5P LightStone” #zse7 1 Ab—> g
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A%, 6 A% TAELET,
® ZHgcfld7+RA—7 v 7D GCF OREEk, £ followup &7+ A—7 v 72 A L

T9,
0 EE-NIIODZEHOEBERNDHY  F/-ZHITOWT2HORENTHND - X
@io&ng%@Bv«w%7w€¢ﬂbi¢

1. BELANLCOVAA—T v TRZALOZ X LYRET VX LZO—
2. HLANILTOS R LR
kEBORED jJEBOED iEEDAERREEZROLSICETMELET,

gcfijx = Bo + Bifollowup, . + Brbase_gcf;j, + Bscdayjy + Baage;jx + uok + Uy, followup; ji

+ Vok + Eijk

COET I A mixed AV RT7 4y FLET,

mixed gcf followup base gcf cda age || patient: followup, cov(un) ||

tooth:, reml nolog

5P LightStone” #zse7 1 Ab—> TTTITEIT
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Mixed-effects REML regression Number of obs = 110
No. of Observations per Group
Group Variable Groups Minimum Average Maximum
patient 12 2 9.2 12
tooth 55 2 2.0 2
Wald chi2(4) = 7.48
Log restricted-likelihood = -420.92761 Prob > chi2 = 0.1128
gcf Coef. Std. Err. z P>|z| [95% Conf. Interval]
followup .3009815 1.936863 0.16 0.877 -3.4952 4.097163
base_gcf -.0183127  .1433094 -0.13 0.898 -.299194 .2625685
cda -.329303 .5292525 -0.62 0.534 -1.366619 .7080128
age -.5773932 .2139656 -2.70 0.007 -.9967582 -.1580283
_cons 45.73862 12.55497 3.64 0.000 21.13133 70.34591
Random-effects Parameters Estimate  Std. Err. [95% Conf. Interval]
patient: Unstructured
var(followup) 41.88772 18.79997 17.38009 100.9535
var(_cons) 524.9851  253.0205 204.1287 1350.175
cov(followup,_cons) -140.4229 66.57623 -270.9099  -9.935904
tooth: Identity
var(_cons) 47.45738 16.63034 23.8792 94.3165
var(Residual) 48.86704  10.50523 32.06479 74.47382
LR test vs. linear model: chi2(4) = 91.12 Prob > chi2 = 0.0000
Note: LR test is conservative and provided only for reference.
o HUTIUYAIHNE WD, REML (HIIT & OB ERE) (C& 2#HEEZTVE
L7z
® RENBGZIZA88T LHEIN, ETNMIEREN—TEDHE (FoEUE) Tzl TWL
HERELTWEZEITFRLET,
o gcf AIEDIREIRKEOREE &EHICET 2RIEMEAD L7, LREZEELT2D

—Tv ) EHELET,

- sTata.,

residuals(independent, by(followup))7T7‘/ 3 A AWT, REREDOMI R
BE2D. E740—T v 7T RALIZOVWTREDEREAZHFATL T,
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T4y hEETLET,

mixed gcf followup base gcf cda age || patient: followup, cov(un) ||
tooth:, residuals(independent, by(followup)) reml nolog
Mixed-effects REML regression Number of obs = 110
No. of Observations per Group
Group Variable Groups Minimum Average Maximum
patient 12 2 9.2 12
tooth 55 2 2.0 2
Wald chi2(4) = 7.51
Log restricted-likelihood = -420.4576 Prob > chi2 = 0.1113
gcf Coef. Std. Err. z P>|z| [95% Conf. Interval]
followup .2703944  1.933096 0.14 0.889 -3.518405 4.059193
base_gcf .0062144 .1419121 0.04 0.965 -.2719283 .284357
cda -.2947235  .5245126 -0.56 0.574 -1.322749 .7333023
age -.5743755 .2142249 -2.68 0.007 -.9942487 -.1545024
_cons 45.15089  12.51452 3.61 ©0.000 20.62288 69.6789
Random-effects Parameters Estimate Std. Err. [95% Conf. Interval]
patient: Unstructured
var(followup) 41.75169 18.72989 17.33099 100.583
var(_cons) 515.2018 251.9661 197.5542 1343.595
cov(followup,_cons) -139.0496 66.27806 -268.9522  -9.146943
tooth: Identity
var(_cons) 47.35914  16.48931 23.93514 93.70693
Residual: Independent,
by followup
3 months: var(e) 61.36785 18.38913 34.10946 110.4096
6 months: var(e) 36.42861 14.97501 16.27542 81.53666

LR test vs. linear model: chi2(5) = 92.06

Prob > chi2 = 0.0000

Note: LR test is conservative and provided only for reference.

® REREDENH/ NENFELRE L 2 DOETLEALEMRETCHRYT &, EE
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