PSY 9556B (March 26) MLM for Diary Data

Recall Distinction between “fixed” and “random” effects in MLM and LGM:

Fixed effect: single values that estimate of population parameters

* (e.g., aregression coefficient, a mean intercept or mean slope)

Random effect: provide information about the variation in the individual
regression coefficient or intercept parameters across the clustering units

(i.e., persons)

e (e.g., variance of intercepts and slopes in LGM or MLM)



Between and Within Person Variation

Between Person Variation
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Individual Scatterplots for Six Subjects

Notice the variation in the intercepts and the slopes
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Unconditional Means or Intercept-only MLM model

Level 1: Ya = Boi + 1

y,;is observation y at time t for individual i
Boi is the mean y for individual i based on the observations aggregated

across time
1¢; is the deviation of observation at time t for individual i from that

individual’s mean

Level 2:

Boi = Yoo + Hoi
Boi same as above
Yoo is the mean across individuals and p; is the deviation of an individual’s

mean from the total sample mean.

With substitution:

Yti = Yoo + Hoi + Tt



Unconditional Means or Intercept-only MLM model

Yti = Yoo +Hoi + Tti

var (Uo;)
var(po;) + var(ry)

p:




Adding a Time-Varying Covariate

Yi = Boi + BiXy + 1

Boi = Voo t Mo
Bi = V1o T 14

Yi = Yoo T Mo "‘(710 +/u1i)xti + 1
Yi =Yoo T 710X T Moi T i X T 1y

var of:

Hoi = T

My =11
2

Ii = Oy

COV/UOi i T1o

Time

varying cov \ipe

BETWEEN



Adding a Contextual Predictor (Level-2 Time-Invariant Covariate

Yo = Boi + BiXs + 1 Time P
varying cov Slope _ t
Boi = Voot Vou Wi + Lo
Bi = V1o T VW, + 14, + y
Yi = Voo T Vo Wi T My "‘(7/10 + 71aW, +:Uli)xti + 1
Yi =Yoo T VoW T 710X + VWi Xy + Ly +Mixgi_"_’_"ti_________________VYlT_l:”_N__
BETWEEN
00
Y00
Hoi = Too Vo1
_ . T10
var of: i 11 Contextual
2
I =0, var
COV/UOi/uii = Tlo 7/11
T1q

Y10



Example: Depression regressed on Drinking (26 time points)

Title: LGM Depression;
data: File is c:ihpaul\mplushdec0%\mplus_conti.dat;
Format is 1F4, 2F1, 26F6.2, 52F2, 1F8.2, 26F6.2, 1F6, 26F2, TO9F6.2;

data widetolong: When your data file is
wide = wldep-w2Zéede | wldr-wZ2edr | acl-acZé | hal-haZé; .
long = dep IT TI1T ° acad | harm; Structured |n the

idvariable = person;
repetition = time;
wvariakle: names are studid gender genderc

conventional one line per
wldep w2dep w3dep widdep widep wédep widep widep w9dep wlOdep

subject with repeated
wlldep wllZ2dep wl3dep wlddep wlSdep wledep wlidep wlBdep wlSdep w2Odep .
wZ2ldep wZ2dep wZ3idep wZ2ddep wiSdep wZedep measures on the same Ilne
wldepo wZzdepo w3depo w4depo widepo wedepo widepo widepo widepo wlOdepo
wlldepo wlZdepo wl3depo wlddepo wlidepo wlédepo wl7depo wlBdepo wl9depo w2O0depo
w2ldepo w2Z2depo w23depo wZ24depo w2idepo w2edepo
wldepd wZ2depd w3depd widdepd widepd wédepd wTdepd widepd widepd wlOdepd
wlldepd wlZ2depd wl3depd wlddepd wlSdepd wlédepd wl7depd wlBdepd wlSdepd w2O0depd
w2ldepd w2Zdepd w23depd wZd4depd w2idepd wZ2edepd
widr wldr wZdr w3idr wddr widr weéedr w7dr widr widr wll0dr wlldr wlZdr wl3dr
wlddr wlSdr wlédr wl7dr wl8dr wlSdr w20dr w2ldr w22dr w23dr w24dr w25dr wZéedr
g0dr gldr g2dr g3dr g4dr gSdr gédr g7dr g8dr gf9dr gl0dr glldr glZ2dr gl3dr
glddr glbdr gledr gl7dr gl8dr glSdr g20dr g2ldr g22dr g23dr gZ4dr g25dr gZedr
acl ac2 ac3 acd act act acT ac8 ach acl0 acll acl2 acl3 acld4 aclt acls
acl7 acl8 aclS acl20 ac2l ac?2?2 acl23 acld4 acli aclb
hal ha? ha3 had4 haS haé ha7 ha8 ha% hal0 hall halzZ hal3 hal4 hals halé
hal7 halB® hal% haZ20 haZl ha2? ha?3 haZ4 haZ5 hal?é
failure iscl aban mist edep ssac enme sali einh usta depe defe enti subj vuln
mngsoc mgcop mgenh mgoon bppa bpv bpa bph bptot esea espa esfi;
missing = blank;
USEVARIABLES ARE dep person;
CLUSTEE IS5 person;
LMNALYSIS:
TYPE IS5 TWOLEVEL RANDOM:
ESTIMATCOR IS ML:
model:
TWITHINS
dep;
IBETWEENZ
dep:
output: sSampstat:



Example: Depression regressed on Drinking (26 time points)
Intercept Only Model

SUMMRAEY COF DATZ
MODEL FIT INFORMATICH

Humber of mi=zsing data patterns 1
Humber of clusters 414
Number of Free Parameters 3
Average cluster =ize 21.225 . .
Loglikelihood
Estimated Imtraclass Correlations for the ¥ Variables )
HO Value -25899.075
H1 Value -25899.075

Intraclass
Variable Correlation

LDEFP 0.643

MODEL RESULTS

Two-Tailed

Eztimate 5.E. E=st./5.E. E-Value
Within Lewvel
A
CT‘ Variances
[ DEF 17.5926 0.277 64.683 0.000
Between Lewvel
v
/00 HMeans
DEF 5.372 0.284 18.832 0.000

Variances

I.DD DEF 32.352

331 13.

o
&2}
s

0.000

%]



Example: Depression regressed on Drinking (26 time points)
Level-1 Predictor (Fixed)

USEVARIABLES ARE dep drink person; ESTIMATED SAMPLE STATISTICS FOR WITHIN
CLUOSTER IS person;

WITHIN IS5 drink;]

DEFINE: MEEE;P DEINE
center drink (grandmean) ; )
ANALYSIS: 1 ~o.000 ~o.000
TYPE IS5 TWOLEVEL ERAaNDOM:
ESTIMATOR IS ML:;
model: Covariances
SWITHIN: DEF DEINE
dep on drink; —_—
3BETWEENS DEE 17.3954
DEINE 0.938 T74.149
dep:
outcput: sSampstat;
Correlations
DEE DEINE
DEE 1.000
DEINE 0.026 1.000
MODEL FIT INFCOEMATIOHN
Hunber of Free Parameters 4
Loglikelihood
HO Value -25836.717

Hl1 Value -25836.717



Example: Depression regressed on Drinking (26 time points)
Level-1 Predictor (Fixed)

HMCDEL RESULTS

Two-Tailed

Eztimate 5.E. Es=t./5.E. F-Value
Within Lewvel
V.
/10 DEE ON
DEINE 0.013 0.007 1.7897 0.072
2 Re=zidual Variances
CT} DEF 17.942 0.278 64.53% 0.000
Between Lewvel
}fﬂﬂ Means
DEF 5.374 0.284 18.930 0.000
r Variances
UU DEF 32.382 2.333 13.880 0.000



Example: Depression regressed on Drinking (26 time points)
Level-1 Predictor (Random slopes)

USEVLREIABLES AERE dep drink person;
CLUSTEE 15 person;

WITHIN IS5 drink:;

DEFINE:

center drink(grandmean) ;

RMNALYSIS:

TYPE IS5 TWCOLEVEL RANDCH:

ESTIMATCER IS HML:;

model:
FWITHIN:
2l |dep on drink:;
2EETWEENZ
dep sl1:;
dep with sl1;
output: =Sampstat;
2
(TI
T10
v
/ 00
V
/10
00

MCDEL FIT INFORMATICH

HNumber of Free Parameters

Loglikelihood

HO Value

MODEL RESULTS

Eztimate
Within Lewvel
Eesidual Variances
DEP 17.722 0.
Between Level
DEP WITH
51 0.1%90 0.
Means
DEP 5.38¢ 0
51 0.023 0
Variances
DEP 32.734 2
51 0.007 0.

3]
55}
=}

064

.010

. 368

003

Ezt./5.E.

63.

%]

ka0

13.8

%]

304

.554

Two-Tailed
F-Value

. 000

.003

. 000
023

. 000
. 009



Example: Depression regressed on Drinking (26 time points)
Level-2 Contextual Variable: Method 1 (conventional)

USEVARIABRLES ARE dep drink person tdrink;

CLUSTEER IS5 person;
WITHIN are drink;
BETWEEN are tdrink;
DEFINE:

center drink(grandmean) ;

tdrink = cluster mean (drink);
center tdrink(grandmean) s

BNALYSIS:

TYPE IS5 TWOLEVEL RANDOM;
ESTIMATOR IS5 ML:

model :

EWITHINS

sl |dep on drink;
2EBETWEENS

dep on tdrink;

dep with =1;

output: sampstat;

MODEL FIT INFORMATICHN

HNumber of Free Parameters

Loglikelihood

HO Value

ESTIMATED SAMPLE STATISTICS FOE WITHIN

Covariances
DEP DRINE TDRINE
DEP 17.956
DRINE 1.014 74.149
TDRINE 0.000 0.000 0.000
Correlations
CEP DRINE TDRINE
DEP 1.000
DRINE 0.028 1.000
TDRINE 0.000 0.000 0.000

ESTIMATED SAMPFLE STATISTICS FOR BETWEEN

Covariances
DEP DRINE TDRINE
DEP 32.383
DRINE 0.000 0.000
TDRINE -1.644 0.000 35.580
Correlations
CEP DRINE TDRINE
DEP 1.000
DRINE 0.000 0.000

TDRINK -0.048 0.000 1.000



Example: Depression regressed on Drinking (26 time points)
Level-2 Contextual Variable: Method 1 (conventional)

HMCDEL RESULTS

Two-Tailed

Eztimate S5.E. E=st./5.E. E-Value
Within Lewvel
2
a Besidual Variances
r DEE 17.720 0.280 £3.314 0.000
Between Lewvel
}/ DEE oM
01 TDRINE -0.050 0.048 -1.049 0.294
T DEP WITH
10 51 0.189 0.064 2.936 0.003
1f HMeans=
/10 51 0.022 0.010 2.240 0.025
1KDD Intercepts
/ DEE 5.386 0.285 18._.870 0.000
z' Variances
11 51 0.007 0.003 2.626 0.009
I' Eezidual Variances
00 DEP 32.625 2.361 13.820 0.000



Example: Depression regressed on Drinking (26 time points)
Level-2 Contextual Variable: Method 2 (Ludke et al. 2008)

Psychological Methods Copyright 2008 by the American Psychological Assi
2008, Vol 13, No. 3, 203-220 10R2-0ROMMESFI12.00 DM 10.1037¢0

The Multilevel Latent Covariate Model: A New, More Reliable
Approach to Group-Level Effects in Contextual Studies

Oliver Liidtke Herbert W. Marsh
Max Planck Institute for Human Development Oxford University
Alexander Robitzsch Ulrich Trautwein
Institute for Educational Progress Max Planck Institute for Human Development
Tihomir Asparouhov Bengt Muthén

Muthén & Muthén University of California, Los Angeles



Example: Depression regressed on Drinking (26 time points)
Level-2 Contextual Variable: Method 2 (Ludke et al. 2008)

ESTIMATED S&MPLE STATISTICS FOR WITHIHN
USEVARIABLES ARE dep drink person;

CLUSTER I5 person; Covariances

DEFIHNE: DEF DRINE
center drink(grandmean) ; -

LNALYSIS: DEP 17.950

TYPE IS TWOLEVEL RANDOM: DRINE 0.3582 42.387
ESTIMATCR IS5 ML;

mode}: Correlations

TWITHIND DEF DRINE
sl |dep on drink:;

$BETWEEN: DEE T oo

dep on drink; DRINK 0.021 1.000

dep with =1;
output: sampstat;
ESTIMATED SAMPLE STATISTICS FOER BETWEEHN

Covariances
MODEL FIT INFORMATION DEF DRINK
Mumker of Free Parameters 7 DEF 32.343
DEINE -1.247 33.113
Loglikelihood
HO Value -55262.266 Correlations
DEF DEINE
DEF 1.000

DRINE -0.038 1.000



Example: Depression regressed on Drinking (26 time points)
Level-2 Contextual Variable: Method 2 (Ludke et al. 2008)

MCDEL RESULTS

Eztimate
Within Lewvel
CTZ Eezsidual Variances
r DEF 17.720
Between Lewvel
}/ DEF CH
01 DRINE -0.054
T DEP WITH
10 51 0.18%9
1/ HMeans
/10 51 0.022
1{ Intercepts
4 00 DEF 5.3886
z- Variances
11 51 0.007
r Eezsidual Variances
UU DEF 32.614

%]

5.

E.

%]
&4}
[}

051

064

.010

%]
[R5}
i

003

361

Est./5.E.

683.

%]

%]

%]

13.1

314

. 054

.931

Two-Tailed
F-Value

0.000

0.003

0.000

0.008

0.000



Example: Depression regressed on Drinking (26 time points)
Level-2 Contextual Variable: Method 2 (Ludke et al. 2008)

Weekly 2
. O, 17.720
Drink Slope %
+ Depress
WITHIN
BETWEEN
y Tyo 32.614
00 5.386
r
Trait y 10 .189
drinking 01 -.054 n.s.
11 0.007*

V10 0.022*



MCDEL RESULTS

Within Lewvel

REesidual Variances

DEF

Between Lewvel

LEF CH
DRINE

LEF WITH
51

Means=
51

Intercepts
DEP

Variances
51

Residual Variances

DEFP

17.7

Estimate

054

.007

. 614

Standardizing
(Example p. 22 Table 2.4 Hox 2010)

coeff ., xsd

predictor

coeff, = r
S

outcome

Two-Tailed

S5.E. Est./5.E. E-Value
0.280 63.314 0.000
—054X5754 _ oo
<  5.687
0.051 -1.054 0.292
0.064 2.931 0.003 0.022 X6.511
4,237
.010 2.238 0.025
0.285 18.870 0.000
0.003 2.6286 o.009
2.361 13.815 0.000



Gender Differences

USEVARTLELES ARE dep drink person;
CLUSTER IS5 person:
grouping iz gender (l=male Z=female)

MCDEL FIT INFOEMATICH

Nunber of Free Parameters 14
DEFINE:
center drink(grandmean) ; Loglikelihood
AMBLYSIS:
TYPE IS TWOLEVEL RANDOM:; HO Value —54T8T.258
ESTIMATCR IS5 ML:
model :
IWITHINZ
sl|dep on drink: ESTIMATED SAMPLE STATISTICS FCOR MALE WITHIN ESTIMATED SAMPLE STATISTIICS FCR FEMARLE WITHIN
$BETWEENS .
B Covariances
dep on drink; DEP DRINE Covariances
dep with sl1; DEP DRINE
oUCpUL: Sampstat; LEF 15.478 _
DRINK 0.505 69.103 DEF 19.231
DRINE 0.618 28.395
Correlations
DEE DRINE Correlations
DEP DRINE
DEP 1.000 -
DRINEK 0.015 1.000 DEF 1.000
DRINE 0.026 1.000

ESTIMATED SAMPLE STATISTICS FOR MALE BETWEEN
ESTIMATED SAMPLE STATISTICS FCOR FEMALE BETWEEN

Covariances .
LEE DRINE Cowvariances
DEF DRINE
DEP 14.105 DED m
DRINK 2.075 52.99z2 _ ;
DRINE -0.508 18.232
Correlations .
DEP DRINK Correlations
- DEF DRINE
DEP 1.000 DED ~.000
DRINE 0.076 1.000

DRINE -0.018 1.000



Gender Differences

Two-Tailed
Eztimate 5.E. E=st./5.E. E-Value
sroup MALE Group FEMALE
fithin Level Within Level
Residual Variances Residual Variances
DEE 15.174 0.410 36.974 0.000 DED
jetween Level Between Level
DEF O DEP ON
DRINK 0.024 0.047 0.503 0.615 DRINE
DEE WITH .
51 -0.013 0.051 -0.254 0.800 DEF51 WITH
Means .
s1 0.007 0.013 0.541 0.588 sans
51
Intercepts
DEF 3_961 0.318 12._457 0.000 Intercepts
DEE
Variances i
s1 0.006 0.003 2.058 0.040 Variances
51
Besidual Variances
DEP 13.800 1.767 T7.811 0.000 Residual Variances

LEF

19.

40.

010

. 354

035

146

.010

902

L3370

036

104

.015

. 387

. 005

661

51.

k3

15.

;%]

11.

351

.401

3
o
w

473

171

. 000

[E)
[y
==

. 000

. 034

. 000



Measures within Persons: How to code Time in Mplus (MLM)

Title: PSYS555 Regression examples;
'note that two outliers of 0 were removed in average;
data: File i=s sem mplus2.dat;

Format i=s 1F4, 1Fl1, 1F2, 23F8.2, 1F11.3, T2F8.2:
data widetolong:
wide = drinkl drink? drink3 drink4;

long = drink;
idvariable = person;
repetition = time;

variable: names are studid gender age

bppa bpv bpa bph bptot

=sgl =sg2 =sg3 sg4 =sg5 =sg6 =597 =g =g% =gl0 =gll =gl2 =gl3 =sgl4 =sgls

es s pt es_fin grade

drinkl drink? drink3 drink4 episl epis?2 epis3 epis4d

stressl stress2 stress3 stress4d pleasedl pleased? pleased3 pleased4
enjoycl enjoyec? enjoyc3 enjoycd enjoyul enjoyu? enjoyu3 enjoyud

effortl effort?2 effort3 effort4 harml harm? harm3 harm4 depl dep?2 dep3 dep4d
drinklb drinkZb drink3b drinkd4b epislb episZb epis3kb episdb

stresslb stressZ2b stress3kb stress4db pleaselb pleaselb please3b pleasedb
enjoyclb enjoycZ2b enjoyc3b enjoycdb enjoyulb enjoyulb enjoyu3db enjoyudb
effortlb effort2b effort3kb effortd4b harmlb harmlb harm3kb harmidb

deplb dep2b dep3b dep4db:

missing = blank;

usevariables are drink person time;

cluster = person;
within = time;
analy=sis:

type = twolewvel random;
model :

fwithing

5 | drink on time;
tbetweend

g2 with drink;
output: sampstat techl;



Loglikelihood
HO Value
HO Scaling Correction Factor

for MLE

Information Criteria

Akaike (RIC)
Bavye=sian (BIC)
Sample-S5ize Adjusted BIC
m* = (n + 2) / 24)
MCDEL ERESULTS
Esztimate 5.E.
Within Lewvel
Reszidual Variances
DEINEKE 10.076 1.428
Between Level
5 WITH
DEINEKE -0.13%8 1.168
Means
DEINEKE 5.236 0.306
5 -0.118 0.085
Variances
DEINEKE 31.765 4.088
5 0.782 0.478

LGM as a MLM

-4756.126
3.5791 -
Time 10.076
(linear) Slope
9524,253 Z//
9556.568 i
9537.507 Drink
WITHIN
Two-Tailed @ _ _ o o o o o o o e e e e e e e e e e e e e e e
Est./5.E. B-Value
BETWEEN
7.056 0.000 Mean =5.236
Var = 31.765 Drink
(intercept)
—0.113 0.905
17.090 0.000
-1.396 0.163 Mean =-.118
Var =.782
7.763 0.000

1.636 0.102



LGM as a MLM

LGM
M =-0.119 ~14 M =5.238
Var = .0776 Var = 31.784
.78
Loo \0.00 oo
2.00 '1_00

%Y,

drink4 drink3 drink2
10.08 10.08 10.08

.00

drink1

T

10.08

MLM
Time 10.076
(linear) Slope
a
+ Drink
WITHIN
BETWEEN

Mean =5.236
Var = 31.765

Drink
(intercept)

Mean =-.118
Var =.782



Contextual Variable : Impact of Different Types of Centering

L2 variable grand-mean c.
L1 variable grand-mean c.

.

L2 variable grand-mean c.
L1 variable group-mean c.

mMplus—[vignette_aggregahe_B.out] =HACH X
ElEiIe Edit View Mplus Plot Diagram Window Help — | & =

D&M | | M | b | b foa |

| ?

Two-Tailed =

M, Mplus - [vignette_aggregate_3.cut] =RNCINL X
E|Ei|e Edit View Mplus Plot Diagram Window Help = || x
= "
D& M| ElTTES | ?
Two-Tailed =
Estimate Est./5.E. P-Value
Within Lewvel
Rezidual Variances
AVGDERSE 23.877 33.413 0.000
Between Lewvel
AVGDRSE CH
CLUSEFFA 1.1035 0.263
Means
51 0.182 10.5924 0.000
Intercepts
AVGDRSE 5.564 33.863 0.000
WVariances 3
51 0.000 0.157 0.875 |
Residual Variances
AVGDRSE 0.463 .22 2.081 0.0368 =
< [ r
Ready Lnl, Coll

Estimate 5.E. E=t./5.E. P-Value
Within Lewel
Residual Variances
AVGDRSE 23.974 a.719 33.344 0.000
Between Lewvel
AVGDRSE CH
CLUSEPEL 0.127 2.541 0.011
Means
51 0.017 10.724 0.000
Intercepts
AVGDRSE 5.564 0.164 33.8E59 0.000
Variances =
51 0.001 0.003 0.168 0.867 |
Residual Variances
AVGDRSE 0.464 0.221 2.085 0.036 -
4 [ r
Ready Lnl, Coll

see interpretation in Enders and Tofighi (2007) p. 131
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