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(intensive longitudinal data: ILD)

Publications on ILD
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International Journal of Epidemiology, 2019, 1414-1414g

doi: 10.1093/ije/dyz033
Advance Access Publication Date: 16 March 2019
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(longitudinal structural equation modeling (SEM))
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Psychological Methods, 2015

"Comment on Pearl; Practical implications of theoretical results for

15000 causal mediation analysis'; Correction to Imai et al, (2014).
c— longitudinal data Pages ii. No authorship indicated. hitp://dx.doi.org/10.1037/met0000035
1 2 O O O v Abstract @ permissions +Add To My List PSYChO]OgICM
Methods
9000 Utilizing topology to generate and test theories of change.
Pages 1-25. Butner, Jonathan E.; Gagnan, Kyle T.; Geuss, Michael N.; Lessard, David A.; Story, T.
6000 Nathan, hip://d.doiorg/ 10.1037/20037602
3 O O O v Abstract @ permissions +Add To My List Editor
Lisa Harlow, PhD
0 An introduction to modeling longitudinal data with generalized additive  Impact Factor
models: Applications to single-case designs. 4667
1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 Pages 26-42, Sulivan, Kristynn 1.; Shadish, William R.; Steiner, Peter M. s ]
http://dx.dol.org/10.1037/met0000020 11
ear b Abstract Purchase [l © permissions  +Add To My List Years Covered
. _ . . y . . . - 1996-Present
*Web of SciencelZ T longitudinal research, longitudinal design7: & D g R
EREHEOT- °y Bk odeling latent growth with multiple indicators: A comparison of three 5,
EAZBLEOIRD [ My 7| OFEHH Modeling latent growth with multiple indicators: A fth
approaches.
8 O O Pages 43-62. Bishop, Jacob; Geiser, Christian; Cole, David A, http://dx.dol.org/10.1037/met0000018

v Abstract ENEEANE © permissions  +Add To My List

On disaggregating between-person and within-person effects with
longitudinal data using multilevel models,
Pages 63-83. Wang, Lijuan (Peqqy); Maxwell, Scott E. http://dx.doi.org/10.1037/met0000030

v Abstract  [LNGEReVl © parmissions  +Add To My List

Meaningful aspects of change as novel random coefficients: A general
method for reparameterizing longitudinal models,

—latent growth model
BIEMRR T T /L (Meredith
400 & Tisak, 1984, 1990)

200

600

O Pages 84-101, Preacher, Kristopher 1.; Hancock, Gregory R http://dx.doi.org/10.1037/met0000028
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*Web of SciencelZ T latent curve model, cross-lagged regression

) . . - . z » A critique of the cross-lagged panel model.,
(CO rrelatio n) 7?3: b)) F?g @}Eﬁ E.l:.{ H /é & 7(-: Hj—J': D |— kE Y 7 J D EZ H:'ll 'ﬁ:éﬁ Pages 102-116, Hamaker, Ellen L.; Kuiper, Rebecca M.; Grasman, Raoul P. P, B
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Hamaker (2023)

Publications on ILD
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It DEETE)
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FIE)

(3) Analysis of inter-relationships in change (22D Z
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(longitudinal structural equation modeling (SEM))
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BEREANET Y7 (SEM)

* SEM(Z 721d. H 7 BUSIS 72 T[covariance structure analysis:
CSA]) l&. DHTEDERE L 7ok 4 ifial 7 /L OHEE P FH
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F M ETIL R/ AENTE

v/ —37) . Mplus. Amos.
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\ =
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SR (F—2V 1T R) ICHEITHHR EE’]OD ) RH

Hamaker, Mulder, & van IJzendoorn (2020); F1E>=

ELSEVIER journal homepage I www.elsev ier.com/locate/dcn

Description, prediction and causation: Methodological challenges of
studying child and adolescent development

Ellen L. Hamaker ™", Jeroen D. Mulder ?, Marinus H. van l1Jzendoorn by e

aMc!fio(iulugy and Statistics, Fa(u!ty of Social and Behavioural Sciences, Utrechit University, The Netherlands

B Dcparnn f y cho 1 gy Education and Child Seudies, Erasmus
icine. University of Cambridge. UK

University Rotterdam. The Netherlands

. HELE’]Eﬁ (descriptive research)
/Eé 3 (F7/IFEA) OFEICOWTEEDH D T ENFEER,

TR T (predictive research)
f_a_ ER - BEDOT-HD) FEREDFANFE B,

3. StBHRIAT ST (explanatory research)
NADHRIZCET S, HREOAHZXLOREZIERT 5
Z ENEEM,
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1. BB A9 ZT (descriptive research)
-WRDEENIIEEREEEHICEDL S ICHRET B 7
- ZTDREANE - EFIZEORESE?

SNIBOH DAL & DAERERERIE 7

2. FRIRIAFSE (predictive research)

3R DFBEENE, 2EFOFE=ZEND O ENIITIEREICTET
EON MBI ED L D BEARERL AL, ED LS ITTFHT
DEWETILZEKRT 27D 7
CRBEDOEREETDYRINHIHNEZEDLSICX I —=
DA Y N

3. 5BARYAAZE (explanatory research)
- ADFHABDIEIIHEDOEEN = RENICSH DD 7
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Research goalsin 100 CID studies Combination of design and goals in 100 CID studies
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(Hamaker et al., 2020)
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BIERTET /L (atent growth model: ) HoNKIH

Yit AX A
Vie = Iit weS; + et

Gl R B& A

% ¢
Vit » FRtICH T HEANID R EE,

I; : AANiDY) A K F15 M (intercept factor score): Bz ¥ D FF R (t =1)IC 5

T A ENIOBMBEDE, E(I;) = w, V() = ¢f

Si c BEAIDE = [ %T%‘f—?_'\(slope factor score):@hﬁﬁ@'f@@ﬁ%}ﬁﬁaﬁ@’}{‘

CEZRRT 28, E(S) =us,V(S) = 9§, cov(l,S;) = ¢ys

we - BEREICEWNTSITHDBEH,

e : CHERECETILIDOERREDFEEZ MY 2) KE,
E(eir) =0, V(ei) = Pf, cov(ey, €)= cov(ey, e;r) = 0.
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Yil Yi2 Yi3 Yia Yi5
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* LGMOERHEEZ T (2)

AT OBIECPEA, AR ERZ DI & T, FRLABHARD
Hifa xR TE S (k)

%< DFaE. OFE ERAEZEDOHETICE LA BTN
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7 )L (latent growth mixture model; LGMM, #37K)
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BRI EICE AHE

c WHEE logL (F—RICLEEFRAMEZIRE)
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01}
J EATHAL L ) BEAT RS BRSBTS

u(0) s Y(0) . EosiEs
c ... B
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DT DZEIT (lavaan)

e SEMIC & 59 #713. Mplus, OpenMX R(lavaan, sem/¥ v 77— ),
Amos, Onyxfok ErRAIY 7 b 7D oEITAEE,

« 2Z TR IERDLLLABEE N, BOT7V-TETTES
lavaan(latent variable analysis; Rosseel, 2012) @ DI = RBITT b,

lavaan

latent variable analysis Aboutlavaan  Tutorial Resources  Version History

° N b B > ] Tutorial Another important type of latent variable models are latent growth curve models. Growth modeling is often used to analyze
a V aaIl / } :l Oveni longitudinal or developmental data. In this type of data, an outcome measure is measured on several occasions, and we
veriew want to study the change over time. In many cases, the trajectory over time can be modeled as a simple linear or quadratic
Before you start curve. Random effects are used to capture individual differences. The random effects are conveniently represented by

htt S . / / 1 aV aan u ent b e / Installation (continuous) latent variables, often called growth factors. In the example below, we use an artifical dataset called
] . . Demo.growth where a score (say, a standardized score on a reading ability scale) is measured on 4 time points. To fit a

Model syntax 1 linear growth model for these four time points, we need to specify a model with two latent variables: a random intercept,

A CFA example and a random slope:
A SEM example
Model syntax 2 # linear growth model with 4 timepoints

- .7 K Meanstruciures #linteriept an(: slope*with fixed coefficients
Y= a7 O— Kl e |
Growth curves
Categorical data In this model, we have fixed all the coefficients of the growth functions. To fit this model, the lavaan package provides a

https://lavaan.ugent.be/tutorial/tutorial.pdf (ZEEE) o= oo mim

Covariance matrix input

http://www.ec.kansai-u.ac.ijp/user/arakit/documents/lavaan Tutorial20170124 pdf (B A&
EHFEER (2014). B ESTTRE ERXE
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https://lavaan.ugent.be/tutorial/tutorial.pdf
http://www.ec.kansai-u.ac.jp/user/arakit/documents/lavaanTutorial20170124.pdf

T

- HAMEOERE (F1-33) Z2XWRICEBLA: 22
ENBT-DEET I — b] AE (2009-2013) (CHIT3
EIREE & HHNEROMET T — X, N=1067, T=6 (%4
75\H—JF'Eﬁ$ﬁL> i

- HEIREE (FB - kB OEREE[S] - AR - stIERRE)

- FERIER (GHQ[General Health Questionnaire]:0-12 2,15 = D 5
NES k= 2N RY

Matamura,M., Tochigi,M, Usami,S., Yonehara,H., Fukushima,M., Nishida,A., Togo,F., & Sasaki, T.
(2014). Associations between sleep habits and mental health status and suicidality in the longitudinal
survey of monozygotic-twin adolescents. Journal of Sleep Research, 23, 290-294.

BRNEE - FIEER - BEET - KRMAEE - LG - OHETE - £4AKF (2013). F 5L
DEERE B L FBENEROZENICE Y DMHMTIRET FRAREII, 55, 186-197.

ZEHEKRFE 2024/02/16 FhEEE 37/141




*EHEOAFR— D HY . FEAN (ERE) ICL > THE~NDSNERNEL 2,
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O— N (BEERERIICEIT 28 LGM)

Data<-read.csv("C:/Users/Satoshi } T—RD
Usami/Desktop/PUBLIC2/ExampleDataCedep2020.csv",header=T)< LA
library(MASS) <
1 ral ) lavaan®
require("lavaan")< AGNTND
LGMT6 <- '«
fRIZLGM D EE
Iy=~1%sleepl+1*sleep2+1*sleep3+1*sleepd+1*sleepS+1*sleep6< | 3., KERF#%
Sy=-0%*sleep1+1*sleep2+2*sleep3+3*sleepd+4*sleep5+5*sleep6e| < 7o Sleep
. . FEH A,
[y~muly*1;Sy~muSy* 1« P ORE.
sleep1~0*1:sleep2~0*1;sleep3~0*1;sleepd~0*1;sleep5~0*1;sleep6~0*1 ;}
'
e PNAHN0TH S
fit<-cfa(LGMT6,data=Data, missing="fiml")< }L GMOY < s f\: :g: g
summary(fit, it measures = TRUE)< \\ ()
DITFERDIFOH L
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oriER (1)

> summary (f1t, fit.measures = TRUE)
lavaan 0.6-7 ended normally after 219 iterations

. HEE DEARIEHR
Estimator
Optimization method NLMINB
Number of free parameters 11
Used
Number of observations 1066
Number of missing patterns 25
Model Test User Model: 7—.:‘11,0)1%#&
Test statistic 29,691

Degrees of freedom le
P-value (Chi-square) 0.020

WL (R—XF 4
V) %5-“1»@3%&

Model Test Baseline Model:

Test statistic
Degrees of freedom

P-value 0,000
User Model versus Baseline Model r"j:E

Comparative Fit Index (CFI) 0,977

Tucker-Lewis Index (TLI) 0.978

XZEEKRFE

2024/02/16 =FiEEE

Total
1067

Loglikelihood and Informatlon Crlterla

AEEE - RIRERE
Loglikelihood user model (HO) -16140.668
Loglikelihood unrestricted model (HI) -16125.823
Akaike (AIC) 32303.336
Bayesian (BIC) 32358.025
Sample-size adjusted Bayesian (BIC) 32323.087
Root Mean Square Error of Approximation:
RMSEA 0.028
90 Percent confidence interval - lower 0.011
90 Percent confidence interval - upper 0.044
P-value RMSEA <= 0.05 0.990
Standardized Root Mean Square Residual:
SRMR 0.060
Parameter Estimates:
Standard errors Standard
Information Observed
Observed information based on Hessian

40/141



DIiER (2)

Latent Variables: TSR Intercepts: RIEEIE SE ziE plE
Estimate Std.Err z-value P(>|z]) Estimate Std.Err z-value P(>[z])
Iy = RIEEME SE zfE plfb Iy (mu1y2.324 192,89 0,000
5leepl 1,000 Sy (muSyNz19.499 70,718 -21.577 0,000
sleep2 1.000 .5leepl 0.000
sleep3 1,000 .5leep? 0,000
sleepd 1,000 .5leep3 0.000
sleepd 1,000 .5leepd 0.000
sleepé 1,000 .5leeps 0.000
5y =~ .51eepé 0,000
5leepl 0,000
sleep? 1,000 Variances: RIEEME SE zfE pfE
sleep3 2,000 Estimate Std.Err z-value P(>|z])
sleepd 3.000 .51eepl 1683.689 215.299  7.820 0,000
sleep3 4,000 .51eep? 2474,201 210,036 11780  0.000
5leeps 2.000 .5leep3 2550.882 189.205 13.482  0.000
. .5leepd 1679.289 157.392 10.669  0.000
Covariances: .51eep’ 1686.675 160,075 10,537  0.000

Estimate Std.Err z-value P(>|z]) s]on - -

e .5leeps 2510,784 261,104 9,616 0,000
Iy RIEEE SE  zfE  pfE Iy 2345,50T~\237.825  9.862 0,000
Sy ~264,816 ) 75.832  -3.492 0,000 Sy 10507/ 71500 3.008 0000
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DTER (3) /YK

—264.82

44825, 2345 51 -15.50, 105 08
I; (19 - S (15 -

Feed

Sleep|  |Sleepd  [Sleepd  [Sleep|  Pleeps| — |Sleep

0,1683.69 0,2474.20 0,2550.88 0,1679.29 0,1686.69 0,2510.78

(745 - HE)
ZEBAS 2024/02/16 FEEE 42/141
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* =B DRI (1)

REFEOENAD/RZ BT ZTRT (F1) DFHH448.25(9),

VIR RF D08 e 14234551 (IBERZEIL48.43) . ERUEZRE L 75
&, FITOEFEDEEDZ < (%795%) (3448.25£2x4843 , DF V)
351.39H 5545 11(FU6-9RFFENDEIICE T ND L EZ b5,

B E A Fug DR
BEERFDOFEGH-15.500 7T, 1FES (1FER) BE8T 5 & FEHHICE
BH15.50 FH %, UHFDFEEHH4482575 DT, FI~F3D)EIC, E{ED

4515, 448.25, 432 75.417.25.401.75. 386.25.370.75 & 1 %
SEOESER (RIERTFEANOVAZ B UL A W E 0 2F)

HEREF DO EPS13105.08 (IBERZEIL10.25) TH o7z, FP+2xE
BREZTFMT 5 &, ZLDERDBEIZETH D EDDH 5,
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* =B DRI (2)

FIE - = RTS8,

UK - (BERFEEDEL264.82 EDE, DF Y. BYDOER
FFREIA R WAEEIZ EROERKEORY A KE VMERIZH 5,

- BEREE TR - BERFEHE R TFORERE X EE
AFDZBERE)DIZD HDEIRL LTV (BEABEELSEBTE
%) o MEEMREIX-0.533& 75,

TR EE
c BDREE (F1) OBRESBOHTEEIL1683.69 (FBERFEIL

41.03) , FIFOHBERTF (BN TRBATZ 2080EEG (R
TERED) 1£2345.51/(2345.51+1683.69)=0.582, FRENBID AKX & |4
FEBMTREDEWNIARL,
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s - EEEESEL

1
x
1
o

IR
R RE

i
x

F1EE - FEB5(2015)



M | FMIEZLGM & AF T ET L

- FRFLGM X (ﬁi’;ﬂ‘%i%_%ﬂ— HEEER ) —RF oM ET L,
S>KFF PR F ﬁéa—%mﬁéﬁbUQ\NX%@<*
%éﬂ)%am¢% ERAZTHOUED 0,

RALGM HF 547 E T L
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W BEREETIIVHLM ZZILEEMRET L) & DERK

- LGMOYFRF. EERFEEAIEZ, HHLMD 7 X LY R, 7~

XLMAZT B LV (BFazsXRd) MUyZRICZENZENTINT 5,

* 1D DAL ERTE 5

HLM  Y;; =— O + @gt T €t Cit ™ N(O7 o )
2

LM Yit = 1; + weS; + € Cit ™~ N(07 Ut)

- ZEEDRBEHCHEBRFEDIFNLASZ TH 5D IS
LGM(SEM)@%'J = (e.g., Curran, 2003; McNeish & Metta, 2018)

- LGMTITEITFELEEZBARNICET Y V7 TE. X5 IZSEM TIRE
SNTWBERAGHEEECEASEIRZNF BRI EE,

- —hH. LGM IZBEADT — AR LEATAFEFINLTWAE I &%
BERET AN (FFLRAELTESYZEIFTE3S) . HLM Tl
AITERF S PCRIMADMEAB TEH 5 —RIIRNE TH > TH AIEE,
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% B I51Z (multiple indicator) LGM

- L BEIEEAEN T A2HERFESOZLE R T 2LGM,
B ZSUCEETa xR O HE EITBSICER 5,

- BERRTRICAFSTET L (AFEH - WESE) =
RE L TEWHICET 2 AENZEEDIRETT D E,

T)yil T]eyi2 T)yi3 T)yia T]yi5

VitAl (YaiB\Yite| VoAl (YieB| (Vi2c| [YisA| |YisB| |\Visc| |YidA| (YiaB| |\Yisc| (YisA| |YisB| |YisC

R T R e e e e B e tam B e R tas
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25141 (conditional) LGM (B RZHIZ£0)

yio = Li + (T —1)S; + e

I = Bor + Birxs +dp; - S; = Bos + Piswi + dsg;

PR PEEZRERFEROME

ANEZ., (MR- HEFXA
) CAEHRAFRICE DK
LY H%:Z(’Z{\(time—invariant) SRANEN
e ZITE - 72EIFIC &
) EeBRd %,

AR B EBRXDY D
NRIIFRICE>TEL D
Z & Z R ISR,
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ERRET — 2 2> 7o 20

Sex: B¥=0, Z¥F=1

Ay Sexri_ 447
-22.84 (YIF)

Fr)

493.22 (Y]]
?\ @‘ ds;

(BREHE) . / (BEHE)

Sleep|  |Sleepy  |Sleepy  |Sleepf — Sleeps| | Sleens
D @ ® @ @ G
0,1987.92 0,2584.58 0,2525.39 0,1678.53 0,1655.02 0,2547.53
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* £ 58 ) AR IR

« BF(=0) DY F AFERDIFI=493.22, {EE A FERDFII=-
22.84,

ﬁ%( DYDY R R F15 R D F19=493.22-28.09=465.13, B = A F
18 5 DF=-22.84+4.47=-18.37,

MR TRBEBTELRVRTBROBAZE (=5EE) HEL
Z<{Ik->TW5%

%)
500 23

400

1l F2 H3 FZl &2 &3
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ZHTLGM (BERZE#)

yir = I + (t — 1)S; + By + ey

- BFFZ Y (time-varying) Z# & # Q @
BHEFIC K > CAEB % &Ltk

- BENZE O E A RN
SDOEAEZLGMTERIEL TWA,

- B RO ENE R & HBRE
FHOEBERET 5,
Li1

0w 0y 03 0y 0
ZHEBEAZE 2024/02/16 FEEZ




- 2B EL D ENER 7 Gk

q Z G &
D724k D [ D FE S ES .

%% 50,

- BFIC, BEEE
D HEHEY (FBEE) A
FTELEH

ZE) < ifna E/jfd\
TETILTHY ., B Y2 yiS Yia Yi5

PHOEEEFEE 11 -
THDTIEA L, ‘ ‘

* [B]— =B DIRZEMHE | ¢EB€?%T&E?—5 EHH 5,
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* Sy I 451

3.758 -1.007
95 50 2.119, 3.588 0.320,0.166 \ .,
447.61, 2367.40 -15.31, 105.81

\w




* e 5 R IR

cGHQO R AT DEFIIFFZEDHICONTLERT %,

+ PIOKR T, BREFEARWVEREEE D 1 ROBHIEE
ARV (GHQX A7 AMEW) {EMmIZH 5, HEIX-0.278,

M

EREEOBEZEFEAENAKEN (=E<EZERE) 1Z&
GHQMMEZRHFFRHELL, GHQRX A7 A E L 7w YT <L
(=F#HpIcER) . MBEI1Z-0.340,

ZEHEKRFE 2024/02/16 FhEEE 55/141



A D/INZ > DOHEE (ZEETIL)

« BEAN O BRI ICLGMZ BT 5,

/oL, ITRTOAHEHIEB TERLERETDHDOTIER L,

AN

%S

715 . E

5 A

AN

T () D REDHD D EOHAN

B0 Z2ERERNICHARNRTRIA N ETILERAZ T 5,
B 2 TORBEHIRL EREL-ET L,

0.7 0,3

0y3  0,9F 03 O 0,45 045 0, 0,43
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Zbxb. BEOZALD/NX VLHRIE 7

1

8

100

a0 -

T O 4N B T
5

TS =4 NEAI
o B 8 8 8

— ED —
-] o 4
T T T T T T T T T T T T
e 1 v 2 3 v g Hue 5 HuB (=2a=) el HJv2 v 3 v a4 v 5 v B (2=
1 S8 AFILbEA 2y HELEEAFIViEA
100 100

al

G0

EIVESS DR b
8

TS TN B
o B8 & & &

| v 2 3 v g v 5 === el v v 3 v a4 v 5 v B (Z2a=)
I HEEE A ISR T A AR A IS

FiEE - HE 58 (2015)

c FEMILBREAC DN Z >V 2= T D217
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g b
rTee [e—

E 25§ LCM B2 2%LCM ®29 &M LCM (i) E30 ¥¥%4FLGM

®27 B#fAKLCM ®28 2774~ LCM ®31 ¥XY4FLCM ®32 #EHLCM (FH¥)



\ 2°RLGM (quadratic LGM)

Yir = Li + WSy + wada; + € (wuzt—LE%ZU—iyj

yit/AéA —*——2

. ! ’

:/:///ﬁwm@ﬁw
BZ A

fyir = L; 40 x S1; 40 x Sy
fyio =L +1x 51 +1 x5 | yi . _ ,
fyis = Ii +2 X 515 +4 X S 1 1 1 1 1
fyia =Li+3 x 51, +9 % Sy
fyis = Ii + 4 x S1; +16 X Say 0,2 0, 2 0,02 0.7 002
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A 77 A4 >~ (linear+linear) LGM

Yir = I + w1 S1; + worSo; + €44

*AZA

//;///$ﬁ%a%%
BZ A

fyir = 1 + 0 x 515 + 0 X Sy
fyio =L +1 X 51 +0 X S| s
fuis=Li+2%x S;; +0x Sy |1
fyi4[z'+2><51r|-1><52i
fyis = LIi +2 X S1; +2 X Sy;| 0,41 0, y3 0, y3 0, Y? 0, 2
ZEHEKRFE 2024/02/16 FhEEE 60/141
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H B & /RLGM

Yir = Li + wS; + ey (wr = 0, wy = 1)

Pis

Vit
A A

()
//////ﬁﬁmamw
BZ A

O

\

t
Sfyir = I; +0 X 5;
Jyiz =1 +1 x5;
Jyiz = I; + w3z X .5; 1
fyia = I; +wyq X S}
Jyis = Li +ws X Si | 0,43 0, Y} 0,3 0Oy 0,12
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FELGM (InEEF L)

Yy = I; + |1 —exp(—a x (t — 1))]S; + ey

Vit

° Pis
oo AZA
)
///——_wﬂmamw

v
BXA
O
s

Jyir = I; +0 x 5;
fyiz = Ii + |1 — exp(

fyis = 1i + [1 — exp(—2a)] X 5
fyia = Ii + [1 — exp(—3a)] X 5
fyis = I + [1 — exp(—4a)] x S;

* (8 D IERR I H)#) (nonlinear -
constraints)H Hh &, 0,7 0, Y5 0, P13 0,
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2XLGM

DRDMEZERF(S)IE. [HREOZEDEN] = IR
%%O

[1,49,1625...] O (BEi1sias L) RBELANCEH, #Z
X 14,1,0,1,4...] L5744 Ba3aas L) XRIBDHAJEE,

B OFR D=2 134U EDOT — X A E,

A7 74 YLGM
- linear+quadratic® & O wfHAGHE H A,

- linear+linearD € T /L DIGE. BAIED =D ISR ED
T — & 7§§/\\g o
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HH&RLGM
w3 ld, BFRIDOFR2OZMEICEENT, FR1Dh oFFR3

DEALEIMAETHAIHA2FKT, MOEAICDOWVWTHEER,

3R EDE S A HEAID -0 ICHE,

W Ew, TR, wlwrZBTET DHEEDLHD (BRELADR
Wiz, BRI SEATOZLEICNTZEE) » B TIEEYIXELC,

o L. NER(eg, PEDBEOHEEE) DT WMER,

FEZLGM
- EE R FlIdtoodD & ZDFITNAZEEDKETIAEKRT,

SR RULDORRED BB DI DICBE,
ZERASE 2024/02/16 SE{EEL 64/141




SFE & ETILER

#10 #HMHoF—AIZBI2&LCM OESHE

T\
a5 2% /ﬁmgﬁ\ 2754
TuiL 952,602 135.067 10.762 930.202
_ df 10 6 7 6
#18 His5-oF—4% (N=944, T =5)
P 0.000 0.000 0.149 0.000
I Depd Depl Dep3 Dep6 Depl2
T 6 2 3 1 5 CFI 0.818 0.002 0.007 0.825
20 ! ! 0 y LL 10311274 -10252.011 | -10100.300 | -10304.574
3 4 10 6 6 B
41 0 0 0 0 AIC 20642.548 20533.822 20406.617 20637.147
5] ] 1 4 6 9
o 1 . , 1 BIC 20691.049 20601.724 20469.669 20705.049
- RMSEA 0.160 0.151 0.024 0.203
944 5 4 B 10 T
[0.144, 0.178]  [0.130, 0.174]  }0.000, 0.050) [0.181, 0.225]
SRMR 0.111 0.069 0.019 0.105

Y2954 LOM Tii. —S0SMOBEHAEICR 2 FREE L, CoTiRSEY

LUESEORREFCHRL TV .

AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion CFI: Comparative Fit Index;
RMSEA: root mean square error of approximation; SRMR: Standardized Root Mean Squared Residual
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c PTERY (eg, DikorFA) PETIILDOEESE - [EHRERLE,
S TROMBE R B EZETILERE LTLL,

EBREREOMEIEEL A, CFI, RMSEA, SRMRODIEHED
PR I LT U D (Kline, 2016)0 FREMEEDEETH BEE,

LU TIFE Y DENEFIICEEICEM L TETIL iTi:ﬁ@ (&
DERENEPCHEFREDEHTIOIEEEE) DY X7 HE

7f_ BREDIIULE L T, ﬁfd\%'f}iﬁ [CEDLCETIV (eg, BER
%5100)%'%'][7/QAUJ)#] LENBOEEHK) ZalT I &P
I IRE L7T=~"A XT& A AZ1T5 Z EAFEIT b5,

nmm uw

° blavaan (Merkle & Rosseel, 2018) _HHBSEMD XA X }VE /,EIJ ) j'};'/[ TA]

Hbo

» 75 5 9 H1f |EBollen & Curran (2006), Grimm et al (2016) % S8,
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FRHILGM (%)

yir = 1 + |1 —exp(—ay x (t —1))]S; + e

caDKE IHDEAICEKFET B,
STEAICE > TERICESTARENELR S,
° Ax s —Z DFE & DA HETE
. —% L ORFRBHDE

Vit

B A EOF %ﬁ%ﬁ%ﬁ(@M'ﬂ&v;t#%
© LW ZTD7=5HR Dnlme /Xy T —2 711 &
EREEENETTIILOHEE (%’*ﬁﬁ/x_ﬂl)
HEITCTEDY 7 b7 T7HE,

/_ TR s £ 5L D4 BUE LM Y |
)/6/‘

- FICEENRZIRET DEHDIEZ D I1Z
ENBERECIENED Y R IAEL, :TER
bR L5, N IHETFEDHFBRIBE,
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E-UN

cBERRETINVICLDZEICDENPFOET Y 7
c REIEIEE T IVEHIC K B EHE OHABEROHE
 SRIEHT T — % & BFERISEM
DD E BERRESET Y V7

« AT — X DAL

ZEHEKRFE 2024/02/16 FhEEE 68/141



* B4 7 [B%

- EME DOMEEIRIFR group-level relation
XMW AREZTWAIZE, yBREWLSTHIENRRIY S 5,

- EAAR (DHZ) BFfR within-person relation

(BBANHVT) XDRELBRDEYyDRETLBDHTTEARY 5 5,
- [KIEREJ1R causal relation (causality)
XD RELBDDoyb REL 5,

Hamaker(2023)

- ABERCIIEABOEEEGR S BAN
(DHEZE) BRIFICESZDH T,

Percentage of typos

Number of words per minute
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2B D AR =

T T — X DIGE
Yi = oo+ P + e
y; - WEE x;  WILE e : FRE

o HEBEUN D D & T DIFAL
Y, = o+ Bz + vl + ey
DEZZBFWVWTH, JHBDNELDH S H 7

5] - BUEIBRE (x) & R (y) DBIfRIE. FEOESEIECFim(l)
DEEZBRVTHRONSH?
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2 ﬁ/‘\% /7&;:\ %& (confounder)

« BIZIE, MEZHy MU ZHEXONFICEELXEZ D (%
=13, xIZ2DOWTIZMEEET %) T2,

/AN

X " Y
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T T 4 > (BREHH,—D) DIFH

HEwT T — X DIHE

Yio = & + Bxi + YY1 + ei

—FRIIODBEDEEOZ Yy, (BCERE) DNEELKIEEI
(BEDEHABEICEEALEZ TWAEWVWIFFN O ZDRTE)

(y LA D) SHEERUD B 555D EIFET IV

Yio = o + Bxi1 + Yy + nlin + e

B oESEOKR AL 5EARNER - A
NEBEERANDEE it T A > D X

D1,
vy FD1D Yi Y
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MEREBRIZDWNT DB %Y

cLDEFTELLEONBEHBANHAZIRD X A 712, HERNZ
TEH (F7213%ZEH) BES LOBERTH BHEEER
(reciprocal relation) (C D W T DHERIA D 5,

Bl 2 HEHEE [BOED S ffElﬂE’]TLF REEHZHD
AN FHIVERONENERBEICZEZLE5A 5D
AN % % WIEE 7T D

« ZOHERAIZ BRI E L TEICI1990FA A o IRE £ TLIEF
RIS EONTE/HETET VAR EEL/ N F L
£ 7 )L (cross-lagged panel model: CLPM)

SIEERRERET Y 7 (SEM) /HEDEUEE D HT(CSA)IC

K HHETE,
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S22 0.8
2 o.s} =
=] ad
o
— 0.4} =2_.
— —= 0.6
> =
= o= E
O 0.4
@) 50 100 O

McArdle (2009)

- BAEBRROENZ BN E LI2EB R, LEFR, EFERDMKETIZE
Tld, HEIWICH > 7Y A4 AN IZEEERIARE <(=100), BT
IX/hZ Uh(e.g., T=2,3.4)0



* CLPM®D =18

Vit = Qy¢ + Bytyi(t—l) HYydXie—1) T dyit
Xit = Oyt + BreXie—1) T|[Yatice—1) T Auit

- X1 X5 X3 X4
» V1 2 V2 Y3 VYa
1 t t

a:PR B BCEFRE v REELERK d:FRE
* 2 DODREEERBEE L THARRMEE S NS,
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* CLPM® pl|5R3H

Yit = Kyt T Vit ylt Bytyl(t T yytxl(t T dyit
Xit = Hye + X thxl(t—l) +Yxtyl(t—1) + dyit

Yh (o) oKDY ICEFAFE
(W ZBAT D, yj&x;ld
EH /i/__]f)\b@ﬂ:%o

I/

* RIBAZZ THROYDHET
RS gL SN SPAN AN
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72 38 RFEATEoMERFE. 5 2ER, stERE T — % (10,12,14.16 %
B T =4)

ID r1 Y I T I2 T3 Y3 I3 T4 Y4 l4
1 9.0 [ 21.5 8.5 0 22.0 6.5 0 24.5 6.0 0 25.5
2 9.5 & 21.5 9.0 10 22.0 95 1 22.0 7.5 12 24.0
3 9.0 1 22.0 9.0 1 21.5 9.0 9 22.0 6.5 2 23.5
4 8.5 [ 22.5 7.0 0 23.5 6.0 0 24.0 7.5 1 23.0
D 9.5 4 21.0 8.5 6 22.0 7.0 5 23.5 8.0 0 22.5

1294 9.5 1 21.0 9.5 0 21.0 8.0 1 23.0 7.0 0 25.0

© e BRARESRE (BA(E : BERY). y:Short Mood and Feelings Questionnaire (SMFQ) 2237

(BN 0 0. [ SRR (B IRp)



#* 40

MERRIRF[E] 7 — Z D TG R (AR AR L E TIV)

Est. se Est se
TwviL 74.614 az2  3.541  0.254
df 12 czz  2.866  0.248
p 0 aza  3.7500  0.210
CFI 0.960 Bzz  0.541  0.028
LL -19527.754 Bzz  0.560  0.029
AIC 39119.507 Bra  0.423  0.027
BIC 39284.803 vz2  0.008  0.005
RMSEA  0.064 [0.050,0.078] ez 0.008  0.006
SRMR 0.036 Yea  0.004  0.006
al, 1.929 1.270 w3,  0.407  0.016
al, 5.723 1.115  w?, 0575  0.023
aly 4.795 0.976 w2,  0.694  0.027
B3a 0.384 0.023  wgy2 -0.058  0.057
B2s 0.329 0.027  wgys -0.152  0.072
B4 0.444 0.030  wgysa -0.115  0.090
Vi 0.023 0.140| o*? 0401 0.016
Vo3 -0.391 0.131 | o037 15344  0.603
Ve -0.284 0125 | o7, 0.061  0.069
wys 10.218 0.402
w2 11.645 0.458
w2 14.955 0.588




© REEIEFRENy (2

DWT, SMFQ (y) @EIIEHXTIE, 14 &

BLOI6 mBEFR0EER (Ge., p3, nd) ICEWTZENZT N

ST

+ 16 T D

H

EXICEB 5 &,

145 BEF DSMFQ £ [F] C/KET

H, 4 BREOERBEAEWVWEREIZE ., 16 REDSMFQ @
O 77 AMEWERE],

7'7_ FEARAEFE (x) DB

aJe=LTld,. WINoRFZIcE WL

LEBIERBODEERRIIBEE LD -7,



DEFPRTRRE WD I L

« ZHE DA BEBRADEOIEE L,

RQ: BEDH BEH(X,_1) DAZTWIT EFEDFIDEL (Y,)H K
2N ?7BORER Yoy > X,) (X7

=l =1

A

ISIE DI ANDE

5 2.

+ —7H T, BARBEREBEAE EAFBER) 250
gL CREANERZR S ZE~DOELHEUL,

RQ:H 2 ENICHENT, BEDDH 2R (X—1) D
(EEELY) KELC KRB E, ZOEANIHITHH
FDRIDEE (Y)HKRELAZH?HDOERIT?

ZEHEKRFE 2024/02/16 F{hEEE 80/141




CLPM®D ﬂit\:lfl (Hamaker et al., 2015)

Psychological Methods © 2015 American Psychological Association
2015, Vol. 20. No. 1. 102-116 1082-9893X15/812.00 http//dx. do1.org/10.1037/a0038889

A Critique of the Cross-LLagged Panel Model

Ellen I.. Hamaker and Rebecca M. Kuiper Raoul P. P. P. Grasman

Utrecht University University of Amsterdam

The cross-lagged panel model (CLPM) is believed by many to overcome the problems associated with
the use of cross-lagged correlations as a way to study causal influences in longitudinal panel data. The
current article. however. shows that if stability of consfructs is to some extent of a trait-like. time-
invariant nature. the autoregressive relationships of the CLPM fail to adequately account for this. As a
result, the lagged parameters that are obtained with the CLPM do not represent the actual within-person
relationships over time. and this may lead to erroneous conclusions regarding the presence. predomi-
nance. and sign of causal influences. In this article we present an alternative model that separates the
within-person process from stable between-person differences through the inclusion of random inter-
cepts. and we discuss how this model is related to existing structural equation models that include
cross-lagged relationships. We derive the analytical relationship between the cross-lagged parameters
from the CLPM and the alternative model. and use simulations to demonstrate the spurious results that
may arise when using the CLPM to analyze data that include stable. trait-like individual differences. We
also present a modeling strategy to avoid this pitfall and illustrate this using an empirical data set. The
implications for both existing and future cross-lagged panel research are discussed.

Kevwords: cross-lagged panel. reciprocal effects. longitudinal model. trait—state models, within-person
dynamics

- CLPMO AR EEEFRE T, EAR7OEREBABREIEEL T
BY, MR EARNBERAELEL CFHETE U &,

—HE2RFEOHH 72 1T TIFEARNBERZ BT 5 EThRt+9,
—>—2D DA% & L Trandom-intercept CLPM (RI-CLPM) % 1225,

=

= 2024/02/16 =F{fEEE




CLPM®D ﬂit\:l:ll,l (Hamaker et al., 2015)

- 2024F1 BIRETZ DX D5 BEUL2500E 1L E,

- CLPM & RI-CLPMO I AE W I EL TH 5D, HHAEBER
DHAE (e.g, X2YNY=2XD) PHROKRE S, FE5F0OH
HAREENALIZLIERELCER S,

- RI-CLPM % & & 7= DTG R D LL B R T Dt & 4 380
(e.g., Usami, Todo et al., 2019; Orth, Clark, Donnellan, & Robins, 2021) o

EANOLEFCEIBERTY BANOHEEREGRO Nz
=X L 7-RI-CLPM DO ERESEBIHIE X TE 7=,

—ﬁﬁ@%%<e_kﬂﬁéﬁ&ét%uwﬁ%m<ﬂ%
éﬂ% M%%Tw TENRETILTLH, AAEEKRT
BIEZHNEGEND (KRERTIZAEK) |
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RI-CLPM (Hamaker et al., 2015)

Vit = Wy Hly; |+ Vie  Yit = Bytyzk(t—l) + Yytx;(t—l) + dyit
Xit = Myt T Lxi [+ xzkt x;t = thx;(t—l) + Yxtyi*(t—l) + dxit

pyt,pxt: =R Rt DEMT
Lyi, Lyt TIJ\i@fF%I‘éEﬁ% (fEANZExETE) E(I;) =EUy) =0
Xy, Vit NI DEIFFE (Wye + Ly, e + L) D b@{)ﬁ-ﬁa%

= x5, Vi TEAANZEEZRIEEEZOND.

- FERTFIERE LtTIA#%%’%T%é:ﬁHRéM\ ZDE
TIWOFEETBEN» o, EBARES & (FEHEEEREIND :

cov(ly;, yie)= cov(, yir i) =cov(Ly, yi)=cov(ly, x5) =0

BAEO B =AMl RERT) 28+ EARZH . DEXDE




y
Myzt Tyq oo 18l A A D ELHT

1,
b1 Cya.- W EFOTHEN LG

(EPNEI2k K

SEAOHYS (BEE) & EREOBRIEOHOT N
BARZED,
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CLPM RI-CLPM
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RI-CLPM & CLPM D #E E & R D L

S5 2EHELDEMR (Orthetal, 2021 JPSP)

Table 6
Structural Coefficients of the CLPM and RI-CLPM (Basic Version of Models)

CLPM RI-CLPM

Sample SE—=D D—SE SE—SE D—D SE—=D D—SE SE—SE D—D
BLS —.18" -.04 5" 37 —.06 —-.04 AT 04
CFP, children -.10" -.03 53" 42 -.09" -.07 26" 26"
CFP, mothers -.13" —.14" Sr* 46" .07 —.06 16" 137
FTP, children 11" =07 63" AT —-.02 -.03 29" 127
FTP, siblings —.147 -.09" 58" 42" —.08 -.13" 22" 197
FTP, mothers —.147 —.04 15" S5° .00 05 197 20
FTP, fathers —.10" —.08" 64 53" .06 —-.02 13" 13"
MWI —.18" —.08" 19" 607 .00 -1 197 26"
NLSY79 -.12" -.06" o1 38" -.05" —-.02 23" 127
YP =19 — 08" 15" 40° 10 —.02 247 04

Note. The table shows standardized coefficients. CLPM = cross-lagged panel model; RI-CLPM = random intercepts cross-lagged panel model; SE =
self-esteem; D = depression; BLS = Berkeley Longitudinal Study; CFP = California Families Project; FTP = Family Transitions Project; MWI = My
Work and I; NLSY79 = National Longitudinal Survey of Youth, 1979, Young Adults Section; YP = Your Personality.

“p < .05

MARBRICET 2HEEER GIRE - 5 - MerPIEv=
ETIICEL->TER S,

ZEEKRFE

*) W
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* RI-CLPM & CLPM D ¥ 4 8 ) L i

- BHFERTFO (F) DEOEBEEAKRZTWIIE., REELERIY
DHETEFRNETIILETER Y, F/-RI-CLPMDO AL S WE
YR AN

- B RFTHRA L 7-RBROEARNERZRETWS Z &2 IR
LT RI-CLPM® B 2 BE@RElz L V/h& < FRB0E
AELEAKRET RS (Mulder & Hamaker, 2021)
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-WHFEFZIUCETLE QEF) ETILERZIOND,

- FERTIC L DL, BAZERGEICK 26HZ BT %,
> FRIZBIR L TR ER D HNILHIRGES] T 2 2,

+ RI-CLPM OB ORI I2 1. 3F Sl EwmE, CLPMII2EFES T
B AIEE (LAa L., EROHE 0)%<75\23H¢£ Usami, Todo et al., 2019),

+ RI- CLPMC: A ELEDTHFEZIRE L7-FT/ (STARTS) & &
HH. NEEEDE LT L,

1 AMOBRRE IR BENRET N EZEZFIHEWA, W
ZHELEBED LY XY T ZiTo1cRBEEZOND (Bh)
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ZEBEEEZ O 5SS ; Mulder & Hamaker (2021)

= ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
(4b] S S S S S S Siia S S S S S
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e —
n O
© T
L O
=€ () (75, ()
1 1 1 :
F 3
(i) 1 1 1 1 1
WFS;; | WFSp e WF;‘} | WFSy —p | WFS,
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Between
KA
s

Measurement

model
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HE @ ODEBEREMETTREZETWAZ &

fRiRE1
e RI-CLPM®D & 5 | TIJ\WBS%MIJ\%%/\EU@“%Tfm—7163&
FRICEYDDH BN, WETLHRELDH RI-CLPM~ Dt

It B (Asendorpf, 2021; Orth et al., 2021; Harnaker 2023) .

[l B2

- B AANBERZHERT RIS, BETET L DOERRIZRI-CLPMIL
MZBHBEEICERA L H DA B 5 (GH4(%. Usami, Murayama et al., 2019;
SE 2022) o WOEDEFILE/ES NENIZ DAL HELER
TIGHEL D,

MROBERME & HEDH S [ERE,
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W #HE  RI-CLPMZ X - T

« Asendorpf(2021) (£33 1C £ 2@ KFFM (parental overevaluation) &
FEHDOBECE (narcissism) DR =EHIC. (EABEE LT
D) HOEBHENLRBRIEMHAETERRERN TENIREELENRED
FICRKMENEZREEDTHSEH 5. (CLPM O L5 7)) HEA
Blle & LI WETIILERTEDOMEMS % TR,

* INZT. Asendorpf(2021) °Orth et al. (2021) Tld. KR % KFH
ANVTRENELZE LIZEAABREIIFELAWV &% E5k,

« Hamaker(2023) |57 REF I3 < £ THEMAROATEHEANTOD
TELIZBRAZEHBAT S L EHIC. BENLRER L. READ
ARV TRTHO THWREELEMES (cross-lagged correlation)
NERINEGTELIZBAENFET S L (Fabb, REICE
%13 EREELEARBE N0 1S/ 5 EFITIRE L TULWACLPM [ENE
PThHd &) Z2BmNTWD,
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B AR & A EEEMRE OB (Hamaker, 2023)

Ficure 4
Correlations Plotted Against the Time Interval Between Measurements From the 10 Data Sets Used by
Ornth eral (2021)

Retest correlations for SE Retest correlations for DE

1 1
= =
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i) o L
0.6 :3 Be g £ 0.6 =
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a8 &8 8 8 =] a o o

% 0.2 s g 02 o 8 ° E g 8 , o
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Figure 5
Three Slopes From Different Models
CLPM slope RI=-CLPM within=person slope RI=CLPM between=person slope

Hamaker (2023)

- BAARBEFZRA &V EFRAICE
AN THERELTWBERERR
LTWBDIZX L., HERFED
BRI LY EIHDOR /N IZEDL
el sl BERZERIEL TW 5,
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DPM (dynamic panel model: 59/ LE T L)

Vit = Oy + Ayi + Byyi(t—l) + YyXi(t-1) + dyit
Xit = Oyt + Ay + Bxxi(t—l) T YxYie-1) T Ayt

-EAZhE (ERER) #XZITREFA (FHo) AEFEnsd,

S EREFOEB THEHICICHABAINDG (1272 L. BRZEH LRI
ZIRE L. —HROBEBREIRETIND Z EAZ W)

- RI-CLPM & (Z 24 Y [FIFOFICHRFHAE ET NS,

- RFAIFRAE~OBEZENRE EBENEOmALH Y, HHEFERD
ELAMENDEENREORRICHREET 5, —H. FIERTFILEER)
R D H,

- LU, BTFAZ ZREET E S,
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RI-CLPM DPM
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RI-CLPM & DPM

+ RI-CLPMICEWTHFHHERF EBAARZEFORICHEBEL H 5 &K
TE9 5 Z &b AJEE(predetermined RI-CLPM & FE.QY)

AR BRRBZIRET 5 &, y&EEDHRUDIEI
predetermined RI-CLPM & DPM® &) %% L UM(Andersen, 2021) ,

- predetermined RI-CLPM (Z. AIE(E D80 & BIAA & BAR DD
BUICERXRDE TEA L, RI-CLPM & (£ £/ 3 %51 248,

- ZDEHITEAE, AAEOEE S OFETAIERIE XK,
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predetermined RI-CLPM DPM

FAENBREERES 2 £ Z2DETIVIZRME
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CLPM [ *1 Ilix1| *2 ‘Mrz‘ s ‘st o Moy RI-CLPM X1 " | Xo m X3 L ;44
Il Il{ 1/ Il‘( 1 %11351 1 X2 1 X3 1 -

> TN ~ 5 A TS P TN 1
FEEQR022) (WK TN (e s e et

— — ~ Xy

"\

. ;;“ /;;\ /y—;\ f;;‘\) . I P P

\ L \ 2 \ 3 \, 4 2 Iy * / * : & ‘ I

T st /P A WSO

B E A N aa A e s [ [3e 2o |2 |
CLPM

RI-CLPM

predetermined RI-CLPM Dynamic panel
. IIlOdel (DPM) *1 ., X2 X3 Xa .




%A A

F T R O

CLPM RI-CLPM prefl-CLEM [FPM
[ e RS 23 RS [FE RS FFE.
Fost, ok Fst. ] Fost, ok Fsf. ] Fst. ] Fist. gk Fost, ok Fst. ]
Tt 245.6 746 1917 23.2 1811 8.9 [51.1 Ah
I A 10 i) 11 A0 Al i) 13
df 20 |2 23 b 14 O R O
L. -19613 -|9h2R -1 A5G -1 ah02 19581 -1 8485 - ah&] -1 54495
AlC 30262 30120 30215 39074 39212 S006H 39212 0067
HIC A0356 J0285 39323 30285 20341 30270 auddl 20260
i F| 0,860 0.960 0.8092 0.09] 0.804 (.9098 0.806 508
HASEA (1.08] (1064 0.075 (LIS (1.08] (.02 (1.0&1 002
FE .07z (1050 (1.066 (018 (0.071 (1,000 (0.071 N,
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* RI-CLPM & DPM O H

A ELFRBETERE () 8 ZRELIZBESIL.
predetermined RI- CLPM & DPM %2k (B& ZMEE;ELE) D HE
TERERNFL L,

o ¥ 7-. predetermined RI-CLPM & DPMIEHIC R ( [R97%] )
%#H EHICEET 2 &0 ) BHRTER Ji’%ﬁﬁ%ﬁ?‘%
ZEHRML T, RIICLPME Y b 5LV EEEZRL TWLW5,

o (BFZMAFHIZHEULT) DPMIZRI-CLPM A predetermined RI-

CLPMttt/\ —EB DS %LL%*&@%LJE’PQ A —E L 7R
LY,
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CRBERFOWT N
A EDIZETREE (g,

BT —AXFEE 7O AN ITEMERF
-

(F7-13@mA) PEENZ2DHLIFIF
Andersen, 2021; Usami, 2023) o

e RI-CLPM°DPM7R EBEDETIIL A IFL CTHEL LA S

H, BOEGBICOVWTHREESTE L CTHEEZITL., BE
EREELSB LA ETIILREIROEYECHERE OB
WA BT 5 DHAIRERH.
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EDOETILA? OFNIZ—IFZETH A o —

- MekT T Y A D EEAE S (Hamaker, 2023)

FrfE (time frame; A EFHICIRED Z L2252 D, Z2HALE
REEIRIA DY &2 H > TE2ERDDH)

KF o ohE (time interval)
I 240

s INLZBL THIEDEHE R /Y (time span) DNAESI NS, B
RIEDHERFER I TN O DEREITHRIFT S,

*RI-CLPM Z{£ 57235 REBIERROEEEIL I N D OFTE
ICHRFT %, (BRENLREORED T T) ElHEET LD
ﬂElJ}EH Lj:—/) ODS(TJ-MO

B DHBBEROTOLIAND, FDOLOARETCERTIZD
MBI LREBERFPNAMRE DS & T, RN/ ZEH L 5H
SEIBLT YA VA ERT B ENEE,
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cBERRETNICEAZEDEFOET Y 7
c REEILEETIIVEHIC L A ZHE OHEBE RO
 SRIEIT T — X & BN FHISEM
DD E BERRESET Y V7

« AT — X DAL
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TRAERT T — X & BIFHISEM

- OEBREFICE T BB T — 2 TR EXEIEA L Lw
E-Hiﬁ&m<\itf=&8&£tﬂﬁ%#m@m&47# F i,

EETIE, CAERMOm LIS T BRY VTV IICED R
HERr T — 2 (ILD) DUNEA M,

BRI TEERITAE WA, BEMICIE, BAOKILITTHRLSFAEDLT
Zlﬁﬁfﬁ§< F HEXFEREAE NS, Wi & D BRI L
7__:\'_&75:5 o

* Mplus THEfithi 7 — X D728 DE)FHISEM  (Dynamic SEM: DSEM,
Asparouhov, Hamaker, & Muthen 2018) DEY 2 —ILHVer.8 H HIEE,
SEM®D & 5 ([CIEM DB 24 & BEZMAREICRS LA TE B,

e DSEM TIIMCMCEICE DL R A IHEHAF BN 5,
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Dynamic SEM

=0 (4 Yi =Y1y+ Yo, + Y3, (1)

Rl W ETEANBERZ — Yi=w 4 Moy + KXo+ e (2)
R B 7= DREE, |

Nyi =02+ Bony; + 12X + & 3)

Between-level= v, — yi 4 Ayps, + KaXss + 63, (4)

model
Structural Equation Modeling: A Multidisciplinary Jowrnal, 25: 359-388, 2018 % Rout|edg( q}[ — a3 + B3 ’?3 r, + ]-_‘31?} + 53 e (5)

Copyright © Taylor & Francis Group, LLC N
ISSN: 1070-5511 print / 1532-8007 online Taylor &Francis Gr
DOI: https://doi.org/10.1080/10705511.2017.1406803

e

L L
) Check for up
Yiu=v+ E ANvmy i + E RiYyir
Dynamic Structural Equation Models =0 1=0

Tihomir Asparouhov,' Ellen L. Hamaker,” and Bengt Muthén'

lMuth’én ;fz Muthén, Los Angeles, CA . . + E Kl I-Xl _f,.’—f + 81 it (6)
Utrecht University Wlthln_level f_[:l

This article presents dynamic structural equation modeling (DSEM), which can be used to
study the evolution of observed and latent variables as well as the structural equation mox lq -

over time. DSEM is suitable for analyzing intensive longitudinal data where obmk .l':. .L

multiple individuals are collected at many points in time. The modeling framewar encom B Y

passes previously published DSEM models and is a comprehensive attempt to combine time- . = a R Q .

series modeling with structural equation modeling. DSEM is estimated with Bayesian methods q 1 N1 1 + 1 J’? 1 JL 0 —lJ + 1: 1 o --"_Ill
using the Markov chain Monte Carlo Gibbs sampler and the Metropolis-Hastings sampler. We
provide a detailed description of the estimation algorithm as implemented in the Mplus

software package. DSEM can be used for longitudinal analysis of any duration and with
any number of observations across time. Simulation studies are used to illustrate the frame-

work and study the performance of the estimation method. Methods for evaluating model fit
are also discussed. + r]_'fX]_‘j.f—f + E]_J'f.- (?)

_ 1=0
Asparouhov, T., Hamaker, E. L., & Muthén, B. (2018). Dynamic structural equation models. Structural
Equation Modeling: A Multidisciplinary Journal, 25, 359-388. doi: 10.1080/10705511.2017.1406803
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7|§ E Iz} E@T?R a T& //EIJ DT-HD T 7__\\} [/'fﬁ IJ (McNeish & Hamaker, 2020)

Within-level _ Yit — Lyi = &yi(Wice—1) — Lyi) + Byi(@i(e—1) — Loi) +eyir  eyie ~ N(0,07;)
Tit — loi = ‘f-f]ﬂ(mi(t—l} — L) + .Srt'(yi(t—l} — Iyi) + exit ezt ~ N(0,02;)

model

B Lyi = Yyoo + Uyoi
Dyi = Yy10 + Uyl

Byi = Vy20 + Uy2i BN R

Between-level o2, = exp(wyo + Uys;) SEEﬁE%ﬁﬁj\?ﬁ
e ZRE (9830 o
mOdel III = Ffl‘ﬂﬂ —|— Ui
(f)ri = Y10 + Uz1s
FE Bzi = Y220 + Uz
ST ;
Tz = exP(wz0 + Uszsi)

c BARERBREERE IWTIELIEZLIEFRENZRE) » BEICLED T4
LZENERET 5 & HAIEE,

- BEARBEROHERN DS (BEICLS) v v IH{T-oTW3E (Eid,
RI-CLPM &[] U FA8)

- BORBHRS. XEEBERYE., /H-ERESEHIMEAICKET S Z &5KRIER
(ZEMEETILE LT, INSAMOFEELHEEHETE)



7 52 B~ ofEE (URGE) &#l5-2 (DEP) 23 2 bt — %
(N =100,T = 50)

URGE DEP JS HS PERSON TIME
0.338045 0.430776 0.369423 0.569713 1 1
-0.47516 -0.68128 0.369423 0.569713 1 2
-4 437779 -1.490989  0.369423 0.569713 1 3

-4.188293  -0.736173  0.369423 0.569713 1 4
-0.911973  -0.520763  0.369423 0.569713 1 5
1.646669 0.677749  -0.159431  -0.442573 2 1
0.308476 1.4588078  -0.159431  -0.442573 2 2
0.462436 0.031332  -0.159431  -0.442573 2 3
-1.091857 -1.019932 -0.159431  -0.442573 2 4
1.66723 1.068367  -0.159431  -0.442573 2 5
-2.525208 -0.466692  -1.555758  0.343487 100 50

McNeish & Hamaker (2020)



JEFREE(L
Est. se
Yyoo(intercept) -0.012 0.088
vy10(auto) 0.175 0.022
~vy20(cross) 0.018 0.022
~vzoo (intercept) 0.010 0.016
vz10(auto) 0.010 0.019
Yz20(cross) -0.025 0.012
wyo(log) 0.663  0.075
w0 (log) 20.011  0.020
Tyoo (intercept) 0.622 0.107
Ty11 (auto) 0.021 0.006
Ty22(cross) 0.003 0.002
Ty33(log) 0.507  0.083
Tz00(intercept) 0.002 0.002
Tr11(auto) 0.003 0.003
Tr22(cross) 0.001 0.001
Tx33(log) 0.007 0.003
R?(URGE)

R?(Dep)

s yDIRZEDEXND IS
exp(0.663) =1.941,

« 1 X®DUrge H HDep IZXT 5
REBIERBDFIIIEIERT
HHH., WInoEFERXE R
BOIRERBUIRE < 7Ly,

« Within X 7= [£between D LN T 1
DL R (HDNEEE) D
DETREAT 5 D IFER,
BARICHETE S N7-FREDEL
AWz, [EAARERE L 7
RED I & DED KD b
% (ZZTIREE)



grand variance

¥l av. WP BF variance

¥2  lav. WP BP

[Ep]
AR o
- _|
—
« _|
. N .
= & =
e
— [ ]
par
(=
= T T T T T T T T T T T T T
00 0.1 0.2 0.3 0.4 0.5 0.0 0.2 0.4 0.6
¢’21 ¢21
o GS random S fixed = WPS random WPS fixed BFS random PS fixed
parameters effects parameters effects parameters effects
Figure I. Plots of simulated individual cross-lagged parameters and accom-

panying fixed effects, with sguares indicating grand standardized (GS) param-
eters, triangles indicating between-person standardized (BPS) parameters, and
circles indicating within-person standardized (WPS) parameters. The area
below the diagonal line implies that the association between v, with future v,
is the strongest, and the area above the diagonal line implies that the associ-
ation between y, with future v, is the strongest. When the ratios of the BP
variances, grand variances for v, and v-», and the WP variances for v, and vy, are
different, BP, grand, and WP standardization will result in different conclu-
sions. These ratios for the simulated data are depicted above each of the two
plots: The white rectangle indicates the average WP variance, and the gray
rectangle indicates the BP variance: the total of these rectangles is equal to the
grand variance. The fixed effects of the unstandardized parameters -y, ,, and
Y21 Were equal to .2 for both plots. The variances for &;,>, and &, were equal
to 005 for the first plot, and .01 for the second plot. av. WP — average
within-person variance; BP variance — between-person variance.
Schuurman et al (2016)
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cBERRETNICEAZEDEFOET Y 7
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AL DI/INR >V DDFE (75 R ZHHT)

REHD Y TR (F-ld, 77REX) ITL->THFET 5,
I Z X, FEREERN Y 7 XX > U FEDk-means
ST —XEOEMEBEECESIEIEEIRE L I-FH Bl 5%,

450

e RCldkmeansBFE2 N H 5

class1 44%; class2 12%; class3 44% \

400
|

sleep
—
_x/

350
|

Q= ZZy— N (y§ — p©)

300
|

EXFIHEE INR T T ROFEEHE T
Ay FLTWBLDTHBH, EERRICIL . l - - —
I ANICHLBEAENLH D Z EITEE, 3 il 2 i3

*h3-S3DRRRER O T — &
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(1) 7 7 ZA¥C %Egﬁﬁa BEANE TR LIZWT LD
7 2 XIZEY HT B,

) &7 7 RICFTE 7%ﬂkwﬁwm®¥ﬁ%%bf 75 R
DHFLRYT ML (p¢) &7 7 XFZE 5,

QueDHEEE=HAL. ZEADOERAENT bILyf & uDiE
AL & HIW oI TR EL T, EE

Q; =0 — TS — D RND YT T RIZEY HT B,

@muauMQ@xT/7%@Uﬁbf\%ﬁA@%E?%
77 ANEAL LIBEWGEERX, Q DEEN—TFEUT EH o7z
ZEICENER EHMT L TRT 3 5,

“RFEZH -0, BE. BROUPBEICE I CEZERLEELRD D
FEIRT 5 (multiple starts), U D FFE S B,



gﬁ’ﬂﬁ DI/INRZ > D58 (finite/Gaussian mixture model, JE & E 7 /L)

+ T —XICHET DT (e.g., ZREIERDM) ZIRET %,

« RTlImclust/ Xy = HREBTE 3, 77 XE - NODEFEDEIT
NS D W THRA L Hlf0 2 BREFIBE, 7o/ LANEREAE LT Ly,

+ k-means|Z EE R O XREFE A BLER *"“ﬁ%&.l
ERT DB 5 REMEL T g oS

2o
class1 80%; class2; 5%:; class3 15%.

400
|

\1
3/—,3\3

350
|

g 3
C b= |
fyilp.B) = wefelyilps. ) °
c=1
C 2
WC :_} 0" Z ﬂ-c - l I I T T T
c=1 h3 =} 52 53

ZEHEKRFE 2024/02/16 FhEEE 113/141




EM7/)L3Y) XL

(1) 77REBCcELEHIT, BV 7 ADOBEONEER E 5,

2) BEDEE (6, 26m,) OHETEEZEIZ, BEADE T T A
DIBHEZRZHTET 5,

wic‘:]- iwiczl ﬁ_cc i*cjzc
pwzﬂwmzﬂm%zﬂ )/ (yil ) _ _ {Tym n)ﬂf
fyi) EC*=1 e for(Ya| 1€, 2)
wi [ ZENID T 7 XclCE L TWAIHE
121 % & B X I —Z.

(3)(2) TROTEEDFBHER (p,) Z2EIT. 7 7 ADEHZH#
9 b,

N C
Z Zpic‘ ng chc({yi“-’tcﬂ EE)

i=1 c=1

(4) —EDPWNREENT/IZINDIET, Q) BLUVB)DRT Vv TD
RiE% Y IRT,



AL DI/NR > DDFE (BERERETET/L:; LGMM)

s LGMZ W TEY & DEFHDE A BEL L. BEODENER BEH
DERFD Y 7 A BT 5,

0 = 1O (115 + (- 17250 + 9

1
N C

LOly) = [ me(2m) 4120 exp |5 s = O 0)T[£90)] (3 — (0]
i=1 c=1 -
« PR - NEBENELCPT L

(IEC & 7L OIRRE, BRSSO/ o | | T8

CRERAEEG B, 25 AETELL | S
HOBEE CHFHEEBS=IRET 5775

it,rmchJl/ BIR54 K) TEHDOHEE ~ \

BT D EDNH D (McNeish et al., 2023)

400

380

300
—

/

% lineartquadratic s Z{L R E L 7= 3%4. 1
class1l 5%; class2 61%: class3 34% 3 i i 53
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T T7AR 7T ABDETE « IRE

* V7 RAXDATIE, 77 AZNEREFAM (SSE) O7 Ay bvxh
B E R T CH%%§+%(Calinski & Harabasz, 1974) 7% ENFAAIEE, BAETE
TITIHIERERENRD LFBEIN B,

o — rB)/(C—1) B 55 2aBMEAERTIL W...0 T AR
- tr(W)/(N = O) AT C...0 7RI

c [BRERETIIBICHARLLFAHINS A, TP A X007 T X
DNBEEDN /NS WGE, ZOMHEEIINT LHBE AL, FREARAEL
A (e.g., Usami, 2014) o AIC =T}, + 2m

BIC =1, + mlog N

N C
T hAE— EN(})) = — Z Zp?jc lmgp’ic

i=1 e=1

ICL.BIC = —2log L(0|y) + mlog N + 2EN (p)
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BEMRRESET ILOERA

# 63 FEIRAIZOWTOHIG7—% (N =300,T =5)

ID w1y w3 wa ys sex age sleep

o

1 2 3 il 6 7 1 60 il
2 2 3 5 5 6 1 22 7
3 2 1 5 6 8 1 45 8
4 1 4 5 7 8 1 43 7
5 3 3 5 6 8 1 36 1
300 3 1 1 3 5 1 38 5




FHEHIFIA D
7 o A RO ™EOLE  AIC BIC ssBIC  Entropy

C' =1 9 -2314.0 4646.0 4679.3 4650.8 -
C'=: 13 -1995.7  4017.3 4065.5 4024.2 0.909
C' =3 17 -1914.5 3863.1  3926.0 3872.1 0.883
C' =4 21 -1889.6 3821.2 3899.0 38324 0.825
C'=5 25 -1882.7  3815.3  3907.9 3828.6 0.800
C' =6 29 -1878.4 3814.8 3922.2 3830.2 0.780
FEHFIEL

75 2 BE OB MNEOLE  AIC BIC  ssBIC  Entropy
C' =1 9 -2314.0 4646.0 4679.3 4650.8 -
C'=2 19 -1977.7  3993.5 4063.8 4003.6 0.899
C'=3 29 -1889.7 3837.4 3944.9 3852.9 0.861

- BEBRRESET VIFEMplus®®Amos (N4 XHEFE) 74 ¥ TEITAL,

- RTIZ0penMx D, HLMZ RXR— X (IC L= REGET /LD
DLCMM/ X~ 7 — 2 H3F R 8E,




& 68 C =4 @ LGMM ANOEOHEEM (BREMA), *TIH T & iz
DITRUE 7 Z A [ETEEICHFY

BEEL c=1 c=2 c=3 c=4
T 0.27 0.34 0.21 0.18
pr 2716 (0.167)  1.851 (0.132)  2.567 (0.135) 3.404 (0.135)
fg1 0.243 (0.091)  0.048 (0.063)  0.627 (0.163)  0.842 (0.098)
fs2 0.032 (0.037)  -0.010 (0.011) 0.064 (0.029) 0.144 (0.022)
2 0.776 (0.087)  0.776 (0.087)  0.776 (0.087) 0.776 (0.087)
V2 0.297 (0.044)  0.297 (0.044)  0.297 (0.044) 0.297 (0.044)
03 0.193 (0.024)  0.193 (0.024)  0.193 (0.024)  0.193 (0.024)
»3  0.259 (0.030)  0.259 (0.030)  0.259 (0.030) 0.259 (0.030)
02 0.322 (0.042)  0.322 (0.042)  0.322 (0.042)  0.322 (0.042)
¥ 0.290 (0.057)  0.290 (0.057)  0.290 (0.057)  0.290 (0.057)
BRI DI A1 ROIDEHIE  BHOEHAHNC  RYORHANE
LW Z DR NI, £D P ZFDHD < ZFDHBRDEA
DEA I HIEE BDOEALH /I ZlHEREWT  HITRMTKE
DY 7 A W7 T X 7 X Wo 72X



T T7AR 7T ABDETE « IRE

« BT 7 RIIBEY AN DR E AR R ERAZE Sz AW ToT e
5ZE&HAEE (eg, BRAVRAT 4 v 70, T I TIEERK) ,

cHIEBEEINAYV T RAAEENLBDDEREZZH. T—XEHLT 3
BOBER S EY) IR 2 5D (Bauer & Curran, 2003,2004) o 7 — X %12
L5—DDRAFEEZ, FIIVT7ANDOT —XITEAELH D Z &
IFEE T NE,

cBERRESGETIIVOEADKRIL. SITBERCELITHEDR R,
T—XDMEBE+DICEFEFZEN O, k-meansIEEETIILOER
HEESR L, F1-KRAGEBEEZA LA oET S & LUy,

—>DIRE BT D (REIR/RHNRICE 2@ HEHDOY R 7) |
SHHE SN/ ZADNRERFNRMD 5 ED L S wMEZ 712
5T LHLDEON?

ZEHEKRFE 2024/02/16 FhEEE 120/141



30

[
=
i 1

Relative Frequency
S
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Figure 3. The sample histogram displays the relative frequency of values of variable x for
100 cases. Overlaid on the histogram are the probability distributions for a two-component
normal mixture (dashed line) and a lognormal distribution (solid line). Both functions appear
to fit the data well, but the population generating function was lognormal.

Bauer & Curran (2003)



M - IREN

F1E3E(2017)
MERI <0.5 M5 >=0.5

BEEARATFRE ==435| EERRRFE <435

n=164

EEERRST R >=295| EEERSFE <295

——
=122

1] I

=108 n=e
14-5 GHQ1-GHQ3 (CE DO ARKRDODOIHETFTFER

- EERAHE D L ICREMIET (=/ —F2plkd 3) DNRET D,

+ RTCl3rpartFEECmvpartBEE D FHTZ %,



e L REN

» (ZH®) FAZHD H D & &0, FEREH(GHQ)D T I FodE 74 &
IR & 7 DEAE(EE BRFEAICHE L, SEAZHD H 2 —ELU LK
mCHHINEREEICFAMEZEC. ARFICEAZDET 5,

. ﬁ%‘%ﬁﬂ?\‘%{ ERERAEBDEOBRMEIEEE (RT v 7)) BEHMTHRERES
TW5,

REREEYL L TEITHR (BF=0, LF=)PRIEN. TNExEITE
EeEx N, 2 L CEXFTIIERBEEZEECZDER S SICHE],
¥ T—HOERBEAE L 4350KHE) DEFEHNGHOA S L,

c ZDEDIT, HHIRAZLE (BERFFRE) OFRD - BAAODOKRE IH,
i DEREAZEL (5 ICBIFHKE (BF - &7F) HATERD I L,
JRHLRMPBERE DX EFROFEEBRT 5,
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b DNFE (BE AR E T I/LRTE K:semtree)

* Brandmaier et al. (2013,2014,2016)(C & > TOHIBFEHh HIBEIN/-ET L
/\\\_X@;\kﬁgjto

« TR OBERMEERATLIET L BIZIELGM) ZHREL. ETIL
NOBBMOERZHBPT 2HERHBZTHZHE L TRZEKT %,

N=400 p=0

@ TEER << yves )

N=236 p=0 N=164 p=0
REARASMN < 440 RN RS <8
- I ™ ¢ ™ .
Ww2=0.669 W 2=0.500 w2=0.316 w2=0.181
Ww2=1.229 Ww2=1.291 Ww2=0.408 Ww2=0.574
w3=0.254 Ww2=2.061 Ww2=0.211 w3=0.832
®2=0.669 ®2=0.500 ®2=0.316 ®2=0.181
® ., =0.076 ®.=0.477 ¢ .=0.123 ®.=0.127
®2=0.516 ®2=0.320 ®2=0.064 ®2=0.008
0i=0.559 ©i=0.617 0i=0.629 ©i=0.594
Os=1.162 L O0s=1.769 Y ©s=0.315 ) ©s=0.549
N=122 N=114 N=108 N=56 (E_F—'TE%, 2017)

MR - BEARAFME - EFRFREICX > TGHQOHB N EMRN D Z & AR LIZRER
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b DNFE (BE AR E T I/LRTE K:semtree)

e R Cldsemtree 75§7/|‘|J FATZ N Mplusf“ % %’T__fﬂﬁ%(%rang et al., 2022),

X7 0O— K . http://brandmaier.de/semtree/

. BATIHERHLLEIBEINTLEA) EBRTIZIND B DILHE
NERIF I NS & 2 A, B, LGMHREARE L TDsemtreeld
MAZ N — X T DERZEZERT 5 DITHRILD,

e =L, ZIADIIRICOWTES7-LGMZ H TlTONITER &

IH 75 )RR L 7= EEEZ R T RKDHEIND U X IADH 5
(e.g., Usami et al., 2017),
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KANE L 5HEH

1, [BIZEOEIRFEIC [HhrvhWn] AAgFnTunwsdae, RIEERIC
K AEH,

2, —EDFhpUA L THWEBTZ oNGEWR EEIE J:U)ﬁut'ﬁ’*’ﬁb‘%%%—
B o zlE, MAmAoBEL TWETA? ] W) BRAD[E

%\
/) o

3, (AIZEECHABED) T—XDLEANRNPC., T—XDOMPEBRED
AN&EY I X,

4, AIEERDRRE LTD, AE - ERFADEZTCEILAEDIE
A% L 3EE ﬁT(#tzi FIRIZDOWTOERBIXEIZEHTE
ST 23BENH D) ,

5, @%%UDEKE)@%WC?X L. AR - ERFEADODSINOMBEAEEIC L

6, T — ﬁ@ﬂéwu(ﬁm NHDELUEEDLHDEHEDDERDE
BoNBWES) BE., T—2DRIEREZOHEKAOE L DA,



- FFIIXA A S = X L ( MCAR, MAR, MNAR; Rubin, 1976)DIRETH 5 4

c JRAFTAX - R_R7 T4 XHIBRIFEARNICHERE I NA L,

c (AEOERFT—4DL512) MAREEZ O5NLDOE S, BRFEHRE
TLIHEEEFIML)® Z ER A EMDDH B DB RN,

- T— X DIERECRRIENBERAMRE I NARRATIE, o XiTlE
B CHERZ T ZENFBHANTULS (Lee & Shi, 2021) » SEM%Z LN T UL
5355 MARTHNIZFIMLZFEZ XL W (V7 by o 7old@EsEsE) |

+ MIIZ 2 W TR TIE Fully Conditional Specification (FCS) (Z&FD <
mice/¥ v 7 — P HFIAAIBE, $RA LET VIS L TOLBERICHI AR BE,

* MNARICE DK HEDLE DN H 5. fEUNICENT=AEIL%E <
FRATHEICEDPERZEERTHEEDNE L THWSD Z ENERS
N TW3 (e.g., Newsom, 2016; Enders, 2023)



Use of missing data methods in longitudinal studies:
the persistence of bad practices in developmental

psychology

Helena Jelici¢ 1, Erin Phelps, Richard M Lerner

Jeli¢i¢, H., Phelps, E., & Lerner, R. M. (2009). Use of
missing data methods in longitudinal studies:
PMID: 19586189 DOI: 10.1037/a0015665 The persistence of bad practices in
developmental psychology. Developmental
Psychology, 45, 1195-1199. doi:10.1037/a0015665

Affiliations + expand

Abstract

Developmental science rests on describing, explaining, and optimizing intraindividual changes and,
hence, empirically requires longitudinal research. Problems of missing data arise in most longitudinal
studies, thus creating challenges for interpreting the substance and structure of intraindividual
change. Using a sample of reports of longitudinal studies obtained from three flagship developmental
journals-Child Development, Developmental Psychology, and Journal of Research on Adolescence-we
examined the number of longitudinal studies reporting missing data and the missing data techniques
used. Of the 100 longitudinal studies sampled, 57 either reported having missing data or had
discrepancies in sample sizes reported for different analyses. The majority of these studies (82%) used
missing data techniques that are statistically problematic (either listwise deletion or pairwise deletion)
and not among the methods recommended by statisticians (i.e., the direct maximum likelihood
method and the multiple imputation method). Implications of these results for developmental theory
and application, and the need for understanding the consequences of using statistically inappropriate
missing data techniques with actual longitudinal data sets, are discussed.



- TE2T VX LRE 7 & LR FEZ X LR

(MCAR) (MAR) (MNAR)

Ex & WITNOT—XHX8 BRILA-T—42H2 X8 RALAEET—XZDHD
S CFEBEGRTHY, B IIKET S, 2Dz, BIHIEKEFET S, £ D
BADOHNETT—X T—R2ORANOBEES, 128, T—2OXEDH
DRAERAEZE LW, BALLET—XR%2FH F%2, RALLET—%%
MYICL THERITZE S, FANYICL THAITE
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CHEARR E BB, - 2RAEISEDRL - BIEREEIDETICLY
EIZEDRRX SHREORIEZT—2D BEANBEL L > TRES
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DRI A REIEREZ OBREBET—XICKEAE
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SEEFHRRAHE E(FIML)

*FIMLTI3 T — 25T d 5D TIEA <, BEANICH L THAIN
1eT =2 DAERWTEEEER L THERERILETET 5,

NI I DODWTERI SN TWBPED ADERIZH A B H L 7=~
7 FIVEYiopsys A DERRIT — X ICHISLICBERDAZELE
FILDOFHE & HOBHEE T NT Ny B £ FZyg & T2 L.
FIMLTCIZU T OLERBR# = &KL T 5,

N , 1

Ln(Oly) = H(QW)_%E?T(QN_? exp _§(yi(obs) — H-z‘.(g))—rzi(g)_l(yi(obs) — 11;(0))

« FIML TIZERH SN TWAZTHOMIAZ W, Thbb,. BEMEHT
?2t?%<®%ﬁ%%oﬁk?%%ﬁ8\ﬁgﬁﬁukéﬁ%g
*5 25,

e MAR DT TlE. ZHEIRIENLGEBRTHNIL. DA IELEMRT
HFIML ICE DK BELHEEIZT—EME2 D> &N TWS,



SITH)(MARIZ & 2 R BI&EEZE A (RE)

Ib 11, LUy Il LUy, 115 LUs 11, LU,
1 9 D 13 11 15 15 15 14

2 12 ) 14 13 20 18 23 21 15 R
3 0 6 10 10 12 0 :

LU: ;:Efiﬁﬁ
4 6 S 10 13 12 19
5 4 6 15 8 19 3

M LU1T 12 LU2 I3 LU3 14 Lu4
2000 13 12 19 12 28 16 31 17 1289

59

ID 1, LU, IlI, LU, 1IIs LUs 11, LU,
1 9 5 13 11 15 15 15 14

62

83

> 1208 1 13 20 18 NA NA 4
3 6 0 10 12 9

A6 8 7 5 10 13 12 19 ° :
5 4 6 8 9 15 NA NA NA ’

199 7

0 199 298 417 507 590 652 7113374

2000 13 NA NA NA NA NA NA NA
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paEnAICe

ZELGMZ H TlIH-5HE

AT — X MI FIML IEIEES
X2 18.314 23.323 25.116 26.812 \
p 0.687 0.384 0.202 0218 F*UX R A XTI
CFI 1 1 0.999 0099  H(ly (SBEFRE)
RMSEA 0 0.005 0.008 0.013 AT BN
0.000, 0.015]  [0.000,0.020]  [0.000, 0.021]  [0.000, 0.028] < 1/ s> s\ dtfr | —
SRMR | 0.011 . 0.014 . 0.014 o 0.016 | qzig\\*’éj\ﬁﬁ(tﬁ( Jac
br05.  0.555 (0.095) 0.598 (0.113) 0.595 (0.117) 0.531 (0.119) RINA T ANEL
brysy  0.616 (0.091) 0.626 (0.108) 0.652 (0.116) 0.446 (0.096) D o
brery  0.929 (0.107)  0.856 (0.124) 0.922 (0.122) 0.651 (0.115)
Ores, 0196 (0.074) 0.116 (0.085) 0.126 (0.084) 0.013 (0.081) *)\q] & FIML (4842
bsery  0.187 (0.076) 0.219 (0.092) 0.213 (0.102) 0.106 (0.085) L
bsesy  0.446 (0.055) 0.481 (0.064) 0.483 (0.068) 0.368 (0.061) °
. 6.981(0.049) 6.941 (0.057) 6.961 (0.053) 6.757 (0.060)
pse  2.058 (0.036) 2.000 (0.043) 2.087 (0.045) 1.0957 (0.044)
i, 9.952 (0.048) 9.974 (0.057) 9.973 (0.049) 9.318 (0.053)
psy 2018 (0.034) 1.983 (0.039) 1.987 (0.040) 1.741 (0.038)
¢2 1810 (0.187) 1.572 (0.218) 1.658 (0.213) 1.546 (0.229)
¢2.  1.700 (0.089) 1.710 (0.107) 1.714 (0.110) 1.664 (0.111)
¢, 1.684 (0.184) 1663 (0.220) 1.667 (0.222) 0.907 (0.193)
¢2.,  1.489 (0.082) 1.349 (0.094) 1.319 (0.097) 0.991 (0.083)
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fIMY) =p(M[Y)f(Y)

TARTF IR

70 LGM 2817 5 E 7 (Wu-Carroll Parameter-Dependent Ap- B 71 LGM ic172&#RE7 1 (Diggle-Kenward Approach;cf Newsom, 2015)
proach;cf Newsom, 2015)

OB LD HHEHRY ICET 50T ET L BEET L,
substantive model; f(Y)) & ZBIDOBEM = FR< 5 X HET
Ip(M|)ZBAEHET-H D,



ST (NMARIZ & 2 B8 B TE % R TE)

x5 RAOBZT—%2 (T=4)

ID I, II, II3 IIy mg md my
1 9 13 15 15 0 0 0
2 12 14 20 23 0 0 0
3 9 9 10 12 0 0 0
2! 6 7 10 12 0 0 0
5 1 8 15 19 0 0 0
6 14 NA NA NA 1 1 1
7 8 10 9 10 0 0 0
8 9 10 12 NA 0O 0 1
9 7 11 NA NA O 1 1

10 12 12 16 20 0 0 0

2000 13 NA NA NA 1 1 1
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SN (LGM%E % TlE o 7-184

EET =4 MI FIML DA P42 IR (FT7) R (R
2 4.289 4.735 3.963 5.859 - -
p 0.500 0.449 0.555 0.320 - -
CFI 1.000 1.000 1.000 1.000 - -
RMSEA 0.000 0.000 0.000 0.011 - -
[0.000, 0.029]  [0.000, 0.030]  [0.000, 0.032]  [0.000, 0.039] - -
SRMR 0.010 0.014 0.014 0.015
b1 s 0.609(0.092)  0.513(0.098)  0.512(0.102)  0.453(0.101) 0. "}{}[]([] 001) 0. um{n 106)
e 0.952(0.048)  9.930(0.052)  9.936(0.049)  9.675(0.055)  9.931(0.049)  9.944(0.053)
ISz 2.018(0.034)  1.877(0.036)  1.873(0.036)  1.809(0.037)  1.994(0.051)  1.995(0.065)
03 1L601(0.184)  1.523(0.199)  1.563(0.199)  1.408(0.206)  1.557(0.157)  1.609(0.198)
b2 1.498(0.083)  1.278(0.084)  1.258(0.088)  1.200(0.087)  1.364(0.084) 1.373(0.104)
)3 4.162(0.213)  4.341(0.238)  4.304(0.231)  4.330(0.250)  4.309(0.198)  4.254(0.226)
3 4.183(0.159)  4.077(0.172)  4.096(0.173)  4.029(0.179)  3.991(0.165)  4.042(0.175)
3 4214(0.198)  4.051(0.208)  4.109(0.219)  4.036(0.218)  4.046(0.225)  4.183(0.263)
7 3.0962(0.320)  4.041(0.349)  4.026(0.367)  4.125(0.367)  4.153(0.362)  3.968(0.396)
s R NT A ZERIENA T IAHKE L,

mﬂvHMchuf%l?ﬁﬁ R+

PEXDHETEIEDV/ NS LY,

+ ZDT—XTIE, FFEREVLEREKEDN E VS TOERET LD

TEDEL

IC < HKIFE T . BIhEKROETEFREEZRL TW5,



« KAIDERP A HZ XL, £ LTRET —22, 5 RITEDF
EVIREEKRLAA bRER T EZERL TWC I ENEE,

cFVBWTFT—XINEDTXZ2EZ 22 HLWME (KAZEHRLA
WBRDIZITAHY., FleRAETEOERBE TCRXADEEZRHTEZ D
REHEFTELINET 2L E)

*MAR D'VARILL TWA MDD WTHEEF 2155 DIFEEL LY, T DE
kT, MNAR ZIRE L 7catfizBESTE L TETTH I LIFE
EEN

BAETIEBERETILONRZ VBEEGETILOERIIZL DY 7 b
7 T 7 CERITAIBETH B D (e.g, Mplus) . TN o DF ALK
BRERY (Enders, 2023)

c RREDTDBRINDLBEHBLIDOTHERZRTOTHNIEX
AOEY ! WNINAIDFERICHE A S EEIS/NS WL D EfEmOT o
No, bLEBERVELG LD THNIE, FITENE D FERDOHZ
RY ZERENKDLBLN D,
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