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Additional Materials to Support the paper “Dynamic Factor Analysis with
Multivariate Time Series of Multiple Individuals: An Error-Corrected

Estimation Method”

The document includes (1) the R code of the error-corrected (EC) method and a
Naive method for estimating dynamic factor analysis with multiple individuals, (2) the R
code of simulating data to assess different methods of estimating the model, and (3) tables
for summarizing results of the simulation study.

Appendix [A] contains the R code of the EC method.

Appendix [B| contains the R code of generating data in the simulation studies.

Appendix [C]includes 13 tables that summarize results of the simulation study. More
details are given next.

Table reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights a;; and a12) in the condition of normal variables and n = 50
individuals.

Table reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights a;; and a;2) in the condition of ¢ distributions and n = 50
individuals.

Table reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights a1 and a2) in the condition of normal variables and n = 100
individuals.

Table reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights a;; and a12) in the condition of ¢ distributions and n = 100

individuals.
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Table reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights ay; and ag) in the condition of ¢ distributions and n = 100
individuals.

Table [CO| reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights a1 and aj2) in the condition of normal variables and n = 200
individuals.

Table [C7] reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights as; and ass) in the condition of normal variables and n = 200
individuals.

Table [C§ reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights a;; and a12) in the condition of ¢ distributions and n = 200
individuals.

Table [C9| reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights ay; and ag) in the condition of ¢ distributions and n = 200
individuals.

Table [CI0| reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights a1; and a;5) in the condition of normal variables and n = 500
individuals.

Table reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two

within-individual AR weights ao; and ags) in the condition of normal variables and n = 500
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individuals.

Table reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights a;; and a;3) in the condition of ¢ distributions and n = 500
individuals.

Table reports the point estimates and standard error estimates of six
between-individual parameters (intercepts, slopes, and variances of the two
within-individual AR weights ay; and ag) in the condition of ¢ distributions and n = 500
individuals.

Appendix [D] includes six figures that summarize results of the simulation study.
More details are given next.

Figure depicts empirical coverage rates of 95% confidence intervals of the
intercepts, slopes, and the variances of a1; and a2, normal variables.

Figure depicts empirical coverage rates of 95% confidence intervals of the
intercepts, slopes, and the variances of a1, and aqo, T variables.

Figure depicts empirical coverage rates of 95% confidence intervals of the
intercepts, slopes, and the variances of as; and ag, T variables.

Figure [D4] depicts empirical rejection rates of the intercepts, slopes, and the
variances of ay; and aqo, normal variables.

Figure depicts empirical rejection rates of the intercepts, slopes, and the
variances of a7 and a1, T variables.

Figure [D€| depicts empirical rejection rates of the intercepts, slopes, and the

variances of ao; and agq, T variables.
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Appendix A
R code of implementing the EC Method and the Naive Method
The first step is to download all the relevant files at https://drive.google.com/file/d/
1BVP1830mN9S82KOP60wZBWL2choHcXox/view?usp=sharing.

# Set up the working fold that include the data files,
# executabdble file, the batch file, and R functions
setwd ("C:/TempFiles/")

# The EC method
# Conduct the bootstrap analystis
system ("PANAS81b.bat")

# Select AR weights and their estimation error

source (’RFunctions20240502.txt’)

TestA = Select.A (filename = "PANAS81b")

# Read in the time invariant trait ’depression’

Depression = t(array( scan("Depression.txt"),dim=c(2,81)))
n = 81

p =4

depression_mean = mean (Depression[1l:n,2])

Total.A.M.c = array(rep (NA,p*p*2*n),dim=c(p,p*2,n))

# the design matriz with centered predictor

for (i in 1:mn) {
Total.A.M.c[1l:p,1:p,i] = diag(p)
Total.A.M.c[1l:p,(p+1):(2%p),i] =


https://drive.google.com/file/d/1BVP183OmN9S82K0P60wZBWL2choHcXox/view?usp=sharing
https://drive.google.com/file/d/1BVP183OmN9S82K0P60wZBWL2choHcXox/view?usp=sharing
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diag( rep((Depression[i,2] - depression_mean) ,p))

}

MBB.c.EM = SynMP.0 (BetaStar=TestA$Point,TotalDesign=Total.A.M.c,

TotalCMatrix=TestA$VError, Iter.EM = 80, estimation=’EM’)

round (MBB.c.EM$beta ,3) # point estimates of the fized effects
round (MBB.c.EM$SE.beta ,3) # SE of the fized effects

round (MBB.c.EM$Sigma ,3) # point estimates of the random effects
round (MBB.c.EM$SE.Sigma ,3) # SE of the random effects

# The Naive method

# Make the data set appropriate for lavaan
Point = cbind(TestA$Point, (Depression[l:n,2] - depression_mean))
colnames (Point) <- c("AR11","AR12","AR21","AR22" ,"cesdT_1")

D.Point <- as.data.frame(Point)

library(lavaan)

# Specify the Naive method as a SEM model

model .mreg <- ’

AR11 ~ cl1l1 * cesdT_1 + il11 =* 1

R

AR12 cl2 *cesdT_1 + il12 * 1

AR21

b}

c21 * cesdT_1 + i21 =* 1
AR22 ~ c22 * cesdT_1 + i22 * 1 °

# Estimate the model
mreg.res<-sem(model.mreg, data=D.Point)

summary (mreg.res)
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Appendix B
R code of generating simulation data

library (GPArotation)

library (EFAutilities)

# load a workspace file of parameters

load (’parameters.RData’)

high.loading = rep(rep(NA, 7), 82)
low.loading = rep(rep(NA, 7), 82)

for (i in 1:82){
high.loading [(1+7*(i-1)): (7+7*(i-1))] =
c(lambda82[1:4,1,i],lambda82[5:7,2,1i])
low.loading [(1+7%(i-1)): (7+7%(i-1))] =
c(lambda82([1:4,2,i],lambda82[5:7,1,1i])

# load a function to generate simulation data

scan(’Gen_Samp.txt’)

# Gemerate an individual time series of T = 1000 under the condition of normal wvariabdbl

set.seed (1)

X = rnorm(1, 0, sd(X_d))

dat = Gen_Samp(seed = 1, X = X, TS = 1000)
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Appendix C
Additional Tables
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Table C1

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series length; 0:

normal variables, and 50 individuals.

the true value; 0: the mean of point estimates; “ESE”: empirical standard error; o: the

mean of standard error estimates.



10

APPENDICES OF DFA WITH MULTIPLE INDIVIDUALS

0000 0000 2000 2000 OO0 8000 €000 OO0 9T0°0 9000 9000 SZO0 0000  eouELIEA Elp
2000 €00°0 OT0'0 €000 F00'0 9T0°0 G000 G000 €200  L000 L0O'0 €E00 6000 eoueLres I
2100 ZI00 0000 9200 LZ00 T00°0- LE0°0 8ED'0 T00°0- SPO'0 0S0°0 T00°0- 00000  odofs &
6200 €00 6E0°0  9L0'0 8EO'0 8ED'0  FRO0 FFO'0 9£00 TG00 €500 FEO0 Op00  odofs o
9000 9000 1000- €L0°0 €100 S00°0- SI00 8100 8000- F200 €200 110°0- 0000 dodwour &l
FIO0 GTO'0 8ZE0 8100 8T00 OIE0 1200 Gg0'0 0620 9200 9200 0920 €£e0 1doosonur Mo
o dsd ¢ o dsd ¢ 2 dsd ¢ o dsd 4 0

0001 = .L 00z = I 00T = I 95 =L

POYIOUL GATEN] T,

1000 0000 0000  ¥00°0 T00°0 1000 L000 OO0 2000 €100 FO0'0 G000 0000 OdUBLIEA D
£00°0 €000 600°0  F0O0'0 F0OO'0 6000  L00°0 FOO0 600°0 OL0'0 G000 OLO0 GO0  ooueLIEeA I
1100 gI0°0 0000 8200 S20°0 1000~ 800 LE0°0 0000 1500 6FO'0 2000~ 0000  odofs &p
8200 TE0'0 600 8E0'0  LED' LD 9FO'0 €FO0 LED'D PG00 TG00 GEO0  OPO'0  odofs I
9000 900°0 T00°0- €100 ZI00 S00°0- 6100 LTI0'0 800°0- 9200 €200 T10°0- 0000 1deosonur &l
¢I0'0 G100 6260 8I00 8100 GIE0 2Z00 1200 8620 LZ00 200 89Z0  £ee0  ydoowour I
o dsd ¢ o dsd ¢ o dsd ¢ o dsd 4 0

0001 = I 002 = .L 00T = .L 96 =L

poyjou DF oY,

Table C2

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series

t-distribution variables, and 50 individuals.

length; 0: the true value; 6: the mean of point estimates; “ESE”: empirical standard error;

the mean of standard error estimates.

o:
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Table C3

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series length; 0:

normal variables, and 100 individuals.

the true value; 0: the mean of point estimates; “ESE”: empirical standard error; o: the

mean of standard error estimates.
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Table C4

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series

t-distribution variables, and 100 individuals.

length; 0: the true value; 6: the mean of point estimates; “ESE”: empirical standard error;

the mean of standard error estimates.

o:
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Table C5

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series

t-distribution variables, and 100 individuals.

length; 0: the true value; 6: the mean of point estimates; “ESE”: empirical standard error;

the mean of standard error estimates.

o:
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Table C6

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series length; 0:

normal variables, and 200 individuals.

the true value; 0: the mean of point estimates; “ESE”: empirical standard error; o: the

mean of standard error estimates.
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the true value; 0: the mean of point estimates; “ESE”: empirical standard error; 5: the

“EC”: error corrected; T': the time series length; 0:

The point estimates and standard error estimates of sixz between-individual parameters,

normal variables, and 200 individuals.

mean of standard error estimates.

Table C7
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Table C8

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series

t-distribution variables, and 200 individuals.

length; 0: the true value; 6: the mean of point estimates; “ESE”: empirical standard error;

the mean of standard error estimates.

o:
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Table C9

The point estimates and standard error estimates of sixz between-individual parameters,

t-distribution variables, and 200 individuals.“EC”: error corrected; T': the time series

length; 0: the true value; 6: the mean of point estimates; “ESE”: empirical standard error;

the mean of standard error estimates.
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Table C10

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series length; 0:

normal variables, and 500 individuals.

the true value; 0: the mean of point estimates; “ESE”: empirical standard error; o: the

mean of standard error estimates.
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Table C11

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series length; 0:

normal variables, and 500 individuals.

the true value; 0: the mean of point estimates; “ESE”: empirical standard error; o: the

mean of standard error estimates.
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Table C12

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series

t-distribution variables, and 500 individuals.

length; 0: the true value; 6: the mean of point estimates; “ESE”: empirical standard error;

the mean of standard error estimates.

o:
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Table C13

The point estimates and standard error estimates of sixz between-individual parameters,

“EC”: error corrected; T': the time series

t-distribution variables, and 500 individuals.

length; 0: the true value; 6: the mean of point estimates; “ESE”: empirical standard error;

the mean of standard error estimates.

o:
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Appendix D

Additional Figures
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Figure D1
Empirical coverage rates of 95% confidence intervals of the intercepts, slopes, and the

variances of a;; and a2, normal variables.
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Figure D2
Empirical coverage rates of 95% confidence intervals of the intercepts, slopes, and the

variances of a;; and ayo, T variables.
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Figure D3
Empirical coverage rates of 95% confidence intervals of the intercepts, slopes, and the

variances of as; and ase, normal variables.
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Figure D4

Empirical rejection rates of the intercepts, slopes, and the variances of a11 and a2, normal

variables.
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Figure D5

Empirical rejection rates of the intercepts, slopes, and the variances of a11 and ayo, T

variables.
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Figure D6
Empirical rejection rates of the intercepts, slopts, and the variances of as; and as, normal

variables.



