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Part A. Review of standardization approaches reported in recent
empirical papers with time-varying covariates (TVCs)

The review was conducted in January of 2018. We focused on the empirical papers that (1)
cited Curran and Bauer (2011) and reported standardization approaches for predictors,
outcomes, and/or standardized fixed-effects estimates; or (2) cited Schuurman et al. (2016) and
reported standardization approaches for predictors, outcomes, and/or standardized fixed-
effects estimates (in the tables and reference list, they are italized).

1. Global standardization clearly described and used.

Paper Descriptions on the standardization Note

approaches
Aafjes-van “To obtain standardized estimates of | Global standardization.
Doorn et al. the within-person effects of
(2017) our predictors in Models 2 and 3, we

calculated B coefficients

using the standard formula: 3 =B

(SDx/SDy).”
Armeli et al. “To aid in the evaluation of the Global standardization.
(2014) strength of the effects, we calculated

standardized coefficients as per Hox

(2010).”
Foshee et al. “Standardized regression coefficients | Global standardization.
(2013) were calculated by multiplying the

estimate by the ratio of the standard

deviations of the independent

and dependent variables.”

2. Global standardization vaguely described and we suspect that global standardization

was used.
Paper Descriptions on the standardization Note
approaches
Hill et al. “To allow for an easier way to Global standardization because if
(2015) interpret the coefficients, we it’s within-person standardization,

standardized the outcome and
predictor variables.”
“Within-client days-in-clinic and

no group mean centering is
needed.




within-therapist days-in-clinic were
centered around the group mean”

3. Global standardization done on predictors and raw scores for outcomes

Paper Descriptions on the standardization Note

approaches
Braun et al. “the beta obtained for each predictor | Global standardization on
(2015) when the predictor was first predictors and raw scores for

standardized (M= 0, SD =1) prior to
being entered in the model.”

outcomes.

Wurpts (2016)

“Unlike in OLS linear regression, the
formulae for calculating standardized
regression coefficients are not as
straightforward. However, one can
obtain pseudo-standardized
coefficients by multiplying the
unstandardized coefficient by its
sample standard deviation and
dividing it by the residual variance of
Y at its level.”

Global SD of X was used for the
numerator and level-1 residual
standard deviation was used for
the denominator for standardizing
within-person effects.

4. Within-person standardization clearly described and used

Paper

Descriptions on the standardization
approaches

Note

Ramseyer et al.
(2014)

Idiographic modeling
“averaging the standardized
regression weights across individuals

”

Idiographic modeling (not
multilevel modeling) with within-
person standardization

Dejonckheere
etal (2017)

“Variables were within-person
standardized (Schuurman et al., 2016)”

Within-person standardization was
implemented on the variables and
then multilevel modeling was
conducted on the WP standardized
variables.

Dejonckheere et
al. (2018)

“For comparison, we estimated all
reported relationships also using
multilevel models with within-person
standardized outcome and predictor
(both PA on NA and NA on PA) and
report the results in the Supplementary

Within-person standardization was
implemented on the variables and
then modeling was conducted on
the WP standardized variables.




Materials (Tables 1-3). All models
replicate our correlational findings,
showing robustness across approaches.

“”

Lydon-Staley
(2018)

“Both outcome and predictor variables
were withinperson

standardized before the analysis to
minimize the extent to which
associations between symptoms of
depression and network density were
driven by individual differences in
emotion variance (Pe et al., 2015). A
second motivation for using
withinperson standardized variables
was to render the coefficients
representing different edges

in the network comparable to one
another, as raw regression coefficients
are sensitive to scale and variance
differences across variables (see
Bringmann et al., 2016; Bulteel et al.,
2016; Pe et al., 2015; Schuurman et al.,
2016 for further discussions of this
approach).”

Within-person standardization was
implemented on the variables and
then modeling was conducted on
the WP standardized variables

5. Within-person standardization done on predictors and raw scores for outcomes

Paper

Descriptions on the standardization
approaches

Note

Berenson et al.
(2011)

“Because momentary perceived
rejection showed significant
diagnostic group differences in both
mean and variance, we standardized
it within each individual to enable
equating within-person momentary
fluctuations in this variable across the
entire sample (Std rejection).”

Within-person standardization on
predictors and raw scores for
outcomes.

Miller et al.
(2017)

“Within-person deviations in (Level 1)
depression and strain were calculated
as a given assessment’s value minus a
girl’s unique person mean across all
visits divided by the girl’s unique

Within-person standardization on
predictors and raw scores for
outcomes. Unstandardized
coefficients were reported.




standard deviation (i.e., person-
standardized).”

Wilson (2017)

“we mean-standardized (i.e., z-
scored) PTSD severity to statistically
partial out effects of within-person
daily PTSD symptoms opposed to
overall, between-person PTSD
symptoms over the entire monitoring
period. Within-person PTSD severity
was person-mean standardized (PMS)
to capture the extent to which PTSD
symptoms deviated from each
participant’s personal mean on each
day of monitoring. In other words,
PMS PTSD reflects how mild/severe
the participants’ PTSD symptoms
were each day compared with their
own personal average.”

Within-person standardization on
predictors and raw scores for
outcomes. Unstandardized
coefficients were reported.

6. Procedure and purpose of standardization were not clearly described

Paper

Descriptions on the standardization
approaches

Note

Ambwani et al.
(2016)

“All self-efficacy variables were
standardized to facilitate
interpretation.”

Procedure and purpose of
standardization were not clearly
described. Only unstandardized
coefficients were reported

Berry et al.
(2017)

Procedure and purpose of
standardization were not
described.

Standardized coefficients of TVCs
were reported.

Buyukcan-Tetik

Procedure and purpose of

et al. (2018) standardization were not
described.
Standardized coefficients of TVCs
were reported.

Conklin et al. “B is the estimate obtained in the Procedure and purpose of

(2015) same model when predictors were standardization were not clearly

standardized to a mean of 0 and an
SD of 1. These standardized estimates

described. Not sure how the
predictors were standardized and




show the change in BDI points
associated with a one SD increase in
the predictor (at each session).”

whether the outcomes were
standardized.

Standardized coefficients of TVCs
were reported.

Freeman et al.
(2017)

“All predictors were standardized
before analysis for interpretation of
effect sizes. Standardization permits
us to interpret effect sizes without
changing the nature or the pattern of
significance of the estimated effects”

Not sure how the predictors were
standardized and whether the
outcomes were standardized.

Gills Jr. et al. Procedure and purpose of

(2016) standardization were not
described.
Standardized coefficients of TVCs
were reported.

Sasso et al. “We standardized raw, within-, and Procedure and purpose of

(2016) between-patient process scores to a | standardization were not clearly

M=0andSD=1."

described. Not sure how the
predictors were standardized and
whether the outcomes were
standardized.

Standardized coefficients of TVCs
were reported.

Solmeyer et al.
(2014)

Procedure and purpose of
standardization were not
described.

Standardized coefficients of TVCs
were reported.

Zilcha-Mano et
al. (2017)

Procedure and purpose of
standardization were not
described.

A standardized interaction effect
between two time-varying
variables was reported.

Zuroff et al.
(2012)

“Self-Criticism was standardized prior
to the analysis.”

Procedure and purpose of
standardization were not clearly
described.

7. Others




Paper Descriptions on the standardization Note
approaches

Falkenstrom et | “Because standardized estimates are | No standardization because of its
al. (2013) not available for random coefficient unavailability for random
models, only unstandardized coefficient models.

estimates are reported.”
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Part B: Technical materials for the derivations
Deriving the population correlations

Using the within-person means and standard deviations defined in the main text, we can express raw
data, z;; and y;;, as
— PS
Tit = Sz X Ty + x4,

Yit = Sgzi X yﬁs + Yi.

where xﬁ S and yﬁ S are WP standardized scores of X and Y respectively. Due to within-person
standardization, we have E(X}°|i) = E(Y;IS|i) = 0 and o(X} i) = o(Y;F'¥|i) = 1, indicating that for
each individual, the population within-person means of X** and Y'©’% are 0 and the population

YPS

within-person standard deviations of X% and are 1. Moreover, across all individuals and all time

points, we always have E(X7%) = E(Y"5) = 0 and 0(X ) = ¢(Y"%) = 1, indicating the overall
means are 0 and the overall standard deviations are 1 for both X% and Y 7.
In Eq (1), ajgc = Sy X xﬁs and yﬁ ¢ = Syi X yﬁ S are the person-mean centered scores of X and Y

respectively. Due to person-mean centering, we have E(X ;¢ i) = E(Y;FC|i) = 0, indicating that for each

individual, the population within-person means of X*¢ and Y are 0.
The population correlation between person-mean-SD standardized variables X% and Y5

As defined in the main text, p,, ; is the population WP correlation between X and Y for individual ¢
and /1, is the population average WP correlation. Mathematically, p,, ; is also the the population
correlation between X % and Y of individual i. When WP correlations are homogeneous across
individuals, we have p,, ; = f1,, and thus p,,, is also the homogeneous correlation between X PS and
Y PS. When WP correlations are heterogeneous across individuals, at the population level (7" is infinity and

N is infinity), the correlation of stacked long data in X and Y75

is the population average WP
correlation fi,,,. Therefore, the population correlation of X PS and YPS is p pw» regardless of whether the

WP correlations are homogeneous or heterogeneous.



The population correlation between raw variables X and' Y

When oy, oy, X PS and Y5 follow a joint multivariate normal distribution, the correlation

between stacked long raw variables (X and Y) at the population level is

P | . (ILLO'XMO’Y + UoXpY)Mpw +oux,uy - (I'LUX:U’O'Y + O-UX,UY)/’L/)’UJ + ouxouy Po
X,Y |normal — - .
\/(ng +oix F o) (ly 0ty + o0y \/(N?rx +oix H o) (ly o)y + 0Ty
(2)

When the normality assumption is relaxed, we have

_ HoX Moy fow T PRODA4 + (1o x PROD31 + 15y PROD32 + 0, x 0,y 3)

pxY 2 2 2 2 2 2

\/(MO'X + Osx + UMX)(MUY + Oy + UMY)

PROD, = E[(cx — E(ox))(oy — E(ay))(XT%)(YF5)], PROD31 = E[(cy — E(oy))(X) (Y9,

and PROD32 = E[(ox — E(ox))(XP%)(YT9)]. Under the joint normality assumption for ox, oy,

XP3 and YPS, PROD31 = PROD32 = 0 and PROD4 = 04X 5y fipw- When WX and WY are not

correlated, we have 1, = 0 (average within-person correlation is 0) and

PROD4 = PROD31 = PROD31 = 0. The derivations are shown in Appendix A of this document.
From Eqgs (2; under the normality assumption) and (3; relaxing the normality assumption), we can

see that px y, the population correlation between raw variables X and Y, is a combination of both the

average within-person correlation 1,,, and the between-person correlation py,. Even when the average
OuXouy Pb

2 2 2 2 2 2
(IU“UX + Osx + O-,uX)(MoY + 05y + O-,U,Y)
may not equal the between-person correlation py,. Thus, px y reflects neither the average within-person

, which

within-person correlation 1, is 0, we have pxy =

correlation fi,,, nor the between-person correlation py. Instead, it measures a conflated and often

meaningless relation.
The population correlation between person-mean centered variables X ¢ and Y€

The population correlation between person-mean centered variables (X ¢ and Y 7'¢) with stacked

long data under the joint normality assumption is

(/’LO'XILLO'Y + O'UX,UY),Ufpw

PCX,CY|normal = 5 5 5 S
\/(:“ax +05ox) oy + 05y)

“)




(NUXNO’Y + JUX,O'Y)

(H2x +02x) 5y +02y)
of this document). Therefore, |pcx,cv |normatl <|tpwl-

It can be shown that

ranges between -1 and 1, inclusively (See Appendix B

Relaxing the joint normality assumption, we have

BoX oY Hp, T PROD4 + ,U,UXpROD?)l + /LgyPROD?)Q + oux,uy

®)

pPCX.CY = 5 5 5 5
\/('UJX + UUX)(MJY + UUY)
The derivations are shown in Appendix A of this document.

The population correlation between person-mean centered variables X ¢ and Y7¢, po X,CY 518
shown in Eq 4 (under normality) and Eq 5 (relaxing normality) The expressions for pcx ¢y do not involve
any terms related to the within-person mean variables. Thus, person-mean centering successfully removes
the between-person correlation p;, from pox ¢y . This also indicates that if one wants to disaggregate
between- and within-person relations, person-mean centering is necessary unless there are no individual

differences in WP means (both 0, x and o,y are 0 ). However, even after person-mean centering, pcx,cy

is not always equal to the average within-person correlation i,,,. For example, under normality, only when
(MO’X”O’Y + UUX,UY)

\/(ng + o) (Wey +03y)
assumption is relaxed, with p,,, = 0, pcx,cy is equal to ji,,,; Whereas with y1,,, # 0, pcx,cy is generally

= 1 and/or pip = 0, pox,cy is equal to f1,,,. When the normality

not equal to /1.
Summary of the population correlation derivation results

Our derivation results revealed that (1) px y, the population correlation between raw variables X
and Y, reflects neither the average within-person correlation 11, nor the between-person correlation py;
instead, it measures a conflated and often meaningless relation; (2) person-mean centering successfully
removes the between-person correlation p;, from the population correlation between person-mean centered
variables (X ¢ and Y7©), pc x,cv; however, pcx cy, is still generally not equal to the the average
within-person correlation fi,,, when /i, # 0; and (3) the population correlation between within-person

standardized variables (X% and Y'7%), pyy/ X, WY is equal to i), regardless of whether the data are



normally distributed or not and whether the within-person correlations are homogeneous or heterogeneous.
In addition, we did not assume the covariances between a person mean variable and a person SD variable to
be zero in the derivations and those covariances do not appear explicitly in the population correlation

formulas.

Asymptotic performance of global standardization and P-S for estimating

within-person relations

In this section, we analytically evaluate the asymptotic performance of global standardization and
P-S for estimating the average within-person relations (44,,,), under homogeneous or heterogeneous

within-person relation conditions.

Asymptotic performance of P-S under the homogeneous WP relation condition

Appendix C shows that with within-person standardization, the GLS estimator of yﬁ)s in Eq (9) of
the main text under the homogeneous within-person relation condition is the sample correlation from
stacked long data in X©% and Y% | Twz,wy- Lherefore, when using the within-person standardized
variables X% and Y in multilevel modeling (Eq 9 of the main text), the GLS estimate is a consistent

estimate of the homogeneous within-person correlation between the two variables, £, .

Asymptotic performance of global standardization under the homogeneous WP relation condition

Tex,ey 18 the GLS estimate of 71%3* from global standardization under the homogeneous

within-person relation condition (see Appendix C of this document). In addition, ’AylG()?:,’; omo = Tex,cy and
’3/%1;'; omeo asymptotically approach the same parameter, po x,cy . Earlier, we have shown that pc x cy
equals f1,,, only under strict conditions (e.g., jtpw = 0) . Therefore, under the homogeneous within-person

relation condition, 4% or 4Gl are generally inconsistent estimators of /1, When f1,,, # 0. Now

we discuss three specific scenarios for understanding how between-person differences in within-person



standard deviations play a role in the difference between pcx,cy and pi,,,. Note that the three scenarios are
ideal cases, under which for at least one of the time-varying variables, there are no individual differences in

the within-person standard deviations. We determine under these ideal-case scenarios and under the

homogeneous within-person relation condition, whether f?ﬁ)?’f;omo and ‘yﬁf;omo are consistent estimators of

Hpw-

Scenario 1: There are no between-person differences in the within-person standard deviations

for either X or Y. In this case, we have 02 = 02y, = 0, Var(XTY) = 12, Var(YTY) = 12y,

Cov(XFC YyPC) = Mo X Moy Mpw, and thus pox.cy = fipw. Therefore, under Scenario 1, &ﬁf’;omo and

&10017,’; omeo Are consistent estimators of 11,

Scenario 2: There are between-person differences in the within-person standard deviations for

the outcome, but no such differences for the predictor. In this case, we have 0% = 0 but 0% # 0.

PROD31
Then, pcx,cy = Hay Fow + . Therefore, under Scenario 2, pcx,cy can be different from g1,

(Hoy + 02y
HoY Hpw

when 1, # 0. For example, under the normality assumption, we have pox,cy = —F———r < llpw
(Hay +05y)

when 02 =0, 0%y # 0, and 1, # 0.
Scenario 3: There are between-person differences in the within-person standard deviations for

the predictor, but no such differences for the outcome. In this case, we have o2, = 0 but 02 . # 0.

Then pox,cy = . Therefore, under Scenario 3, pcx,cy can also be different from
\/ (H3x +07x)

How When fi,, # 0. For example, under the normality assumption, we have
X
pex,cy = ,u,; Mpr < ppw When o2y = 0,02 0, and iy, # 0.
\/ (MUX + UUX)
The derivation results under Scenarios 2 and 3 clearly show that even when every person has the

same WP standard deviation in one (not both) of the time varying variables, the asymptotic difference in

(pcx,cy — Ipw) may not be O when fi,,, # 0. Thus, even under the ideal-case scenarios (Scenarios 2 and

3), ’Ay%?,’;; omo OF ﬁ%{z omeo Zenerally are inconsistent estimators of fi,,, when (i, 7 0.

. . . . o
Furthermore, 'ylGOQ;fL omo 10 Eq (6) of the main text asymptotically approaches pcx cy ﬂ, where
bl O’Y



ocy and oy are the population standard deviation of person-mean centered outcome Y 7'¢

and original Y’
. . acy .
using stacked long data, respectively. Because ocy < oy, pcx,cy —— is equal to 1, also only under
oy
. .. . ocy
strict conditions. Actually, even under Scenario 1, pc X0Y generally does not equal f1,,, when
Y
tow # 0. Thus, even under the ideal-case scenarios (Scenarios 1, 2, and 3), ’yﬁ?}iamg generally is an

inconsistent estimator of f1,,, When 11, 7 0.

Asymptotic performance of global standardization and P-S under the heterogeneous WP relation condition

When the within-person relations are heterogeneous across individuals, u1; # 0 is true in reality and
thus u1; should be included in the multilevel models. Here, we consider a condition in which all
individuals have the same number of time points, 7; = T'. We focused on this scenario because the
derivation results are simple and clear for one to easily evaluate the estimation performance of the
standardization approaches. When 7; = T', the GLS estimate of fyﬁ)s has a very simple form (see Appendix
C for the derivation). That is,

’AYS?GL&TFT = ﬁ/ﬁféLS\Ti:T = Twa,wy> (6)
Again, 7y, .y 1s the sample correlation between the stacked long person-mean-SD standardized variables

and is a consistent estimate of the average within-person correlation between X% and Y75

s Hpw- Now we
use two of the previously discussed special scenarios to show that global standardization may not
accurately estimate the average within-person relation under the heterogeneous within-person relation
condition either. The third scenario was not included here because its results do not have a simple form.
When T; = T, the GLS estimate of ’AYIG(’)?TZ-:T is given in Eq (10) of Appendix C.

Scenario 1: There are no between-person differences in the within-person standard deviations

. . “ S . . .
for either X or Y. With T} = T, 4334, ¢ = Twa,wy— and the standardized coefficient estimate
’ Scx
~G3x* Scy Scx . . . .
Noens = Tweawy— —— = Twz,wy (se€ Appendix C for the derivation). Therefore, asymptotically, we
’ Scx Scy

have E(’ylGO:SEv 1) = Hpw- This indicates that the standardized coefficient estimate, ’ylco?* 15> from global



standardization, is a consistent estimate of the average within-person relation 1., when there are no
individual differences in the WP standard deviations for either of the variables.

Scenario 2: There are between-person differences in the within-person standard deviations for
the outcome, but no such differences for the predictor. With 7; = T', we have ’}/%?G Ls = rcx,cy% and
the standardized coefficient estimate ‘yl%?g 1§ = Tex,cy (se€ Appendix C for the derivation). From the
previous section, we have known that 7., ., generally is an inconsistent estimate of 1.,,, under Scenario 2
when (i, 7 0. Thus, even under this ideal-case scenario (no BP difference in WP SD for the predictor),
we have shown that f“yl%% 1. generally is an inconsistent estimate of 11, when wy; is included/modeled in
the multilevel models for the heterogeneous within-person relation condition and /1., # 0.

&1%‘?5 g and @1%1,5 1.5 asymptotically approach the same parameter. So the above consistency results
apply to ’y%{é 1.5 as well. With regard to &1%275 1. 1n the heterogeneous within-person relation condition,
under Scenarios 1 and 2, 'Aylcffg 1.5 asymptotically approaches to upw?—yy and pox,cy % respectively.
Therefore, under both Scenarios 1 and 2, f?ﬁfg 1.5 generally is an inconsistent estimator of f4,,, when

tow 7 0 because of ooy < oy and the strict conditions for pox,cy to equal fi,y, -

Summary of the consistency derivation results

Our derivation results revealed that regardless of whether within-person relations are homogeneous
or heterogeneous, global standardization (Mg and M¢3) generally yields inconsistent estimates of the
average within-person correlation (f1,,,) When (1) f1,,, 7 0 and (2) there are between-person differences in
the WP standard deviations of one or both of the time-varying variables. For M9, even under the ideal
case that there are no BP differences in the WP standard deviations of either variables, the standardized
estimates are generally inconsistent for /1,,, when the population grand SD of Y is different from that of

person-mean centered Y (ocy # oy) and fi,, 7 0. In contrast, P-S yields consistent estimates of 11, .



Note that the normality assumption was not used in the derivations. Under the heterogeneous
within-person relations, the derivations were based on the condition in which all individuals have the same
number of time points so that simple-form results can be obtained. In the next section, we evaluated the
performance of the standardization methods for estimating and inferring within-person relations under both
equal and unequal number of assessments conditions.

The aforementioned derivation results apply to the multilevel models with only one time-varying
predictor or bivariate within-person relations. With two or more predictors, the standardized coefficients
are functions of the relevant bivariate correlations. When the bivariate within-person relations are
inconsistently recovered by a global standardization approach, one can infer that the standardized
coefficient estimates from global standardization for multilevel models with two or more predictors are

generally inconsistent estimates of the multivariate within-person relations.
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Appendix A: Deriving the population correlations between raw variables or
between person-mean centered variables
For raw variables, we have
Xip = oxi x X[° + pxi

P
Yie = oy X ;P9 + pyy

Using the exact covariance of products of random variables derived by Bohrnstedt and Goldberger
(1969) and the fact that neither person mean variable p x nor person SD variable o x is correlated with WP
standardized variable XS (and neither Wy nor oy is correlated with Y PS used later; note that px and ox
are allowed to be correlated and iy and oy are allowed to be correlated), the grand variance of
person-mean centered X (X7¢ = ox x XP%)is

Var(XPC) = [E(ox)]*Var(XT®) + [E(XTH*Var(ox) + Var(XP9)Var(ox)
= pzx + 0+ 0.
Similarly, Var(YP%) = 12, + o2,.. Thus, there are two sources for the grand variance of a person-mean

centered variable: the average of the person standard deviations and the variance in the person standard



deviations. The covariance of stacked long X PC — 5y x XP5 and Wx 1s
Cov(X"C, px) = E(ox)Cou(X"%, px) + BE(X"*)Couv(ox, px)
+ El(ox — B(SX))(X"S — E(X"$))(ux — B(ux)) =0
Thus, the grand variance of raw X is
Var(X) = Var(ox x X)) +2C00ov(ox x X5, ux) + Var(ux)
= pox + ooy + Uix
Similarly, Var(Y') = 2y + 05y + 07y This expression indicates that there are three sources for the
grand variance of a raw variable: the average of the person standard deviations, the variance in the person
standard deviations, and the variance in the person means. Applying Eq (11) in Bohrnstedt and Goldberger
(1969), with many of the terms being 0, we have
Cov(XTC, YPO) = E(ox)E(oy)Cov(XT9 Y19
+ El(ox — E(ox))(oy — BE(oy)) (X" = E(X")(y " — E(Y"))]
+ E(ox)El(oy — E(oy))(X"S — B(XP9))(YPS - E(YP9))]
+ E(oy)Bl(ox — E(ox))(X" = E(X") (Y — B(Y™))]
= loX oY tp, + PROD4A 4 1o x PROD31 + pioy PROD32.
PROD,4 = E|(ox — E(ox))(oy — E(oy))(XP%)(YP5)), PROD31 = E[(oy — E(oy))(XP%) (Y9,
and PROD32 = E[(ox — E(ox))(XT%)(YT5)]. Because uy and ox are not correlated with X% and
X PS5 is not correlated with py, the covariance of stacked long X and Y is
Cov(X,Y) = Cou(XPC, YFO) + Cov(ux, py)

= UoX Moy Mp, + PROD4 + ,LLC,)(PRODEH + ngPROD32 +oux,py-

When ox, oy, X%, and Y follow a joint multivariate normal distribution, applying Eq (13) in



Bohrnstedt and Goldberger (1969), we have
Cov(XTC YPC) = E(ox)E(oy)Cov(XT% VTS + Cov(ox,oy)Cov(XTS Y T9)

= Uo X HaY Hpy, + OoX,0Y Hpy s

and

COU(X, Y) = UoX HoY Hpy T OcX oY Hpy T Opx,uy -

Appendix B: Inequality in the numerator and denominator of
(,UJX,UUY + UUX,UY)

\/(Ngx + ng)(ﬂgy + Ugy)

(,U'UXNUY + UUX,UY)

Here, we study inequality in the numerator and denominator of . For
\/(ﬂgx +orx) oy +0y)
the square of the numerator, we have
2_ .2 2 2
(MUXMO’Y + UO’X,O’Y) = Mo xMey + O-O'X,UY + QMUX,U/O'YUO'X,O'Y‘
For the square of the denominator, we have
(uox + 05x) oy +0oy) = HaxHay + Hox oy + Tox oy + 0oxTay-
Let A = (u7x + 05x) 5y +05y) = (Hox oy + 0x,0v)?. Then
A= (MUXUUY - UUX,UJY)2 + QNJXMUYUJXUJY(I - PJX,JY) + ngUgy(l - ng,oY)' @)
g g O-O' g .
Clearly, A > 0 and thus the square of the denominator of Wox oy + Tox.0v) is always

</‘¢27X + ng)(ﬂgy + Ugy)
(,U‘O'X/J'O'Y + Uch,aY)

\/(N?;X + ng)(ﬂgy + Ugy)

greater than or equal to the squared numerator. Therefore, | | <1

Appendix C: GLS estimators of within-person effects and relations (v1s and

vioS) under various conditions

The GLS estimator of 71002 (e.g., Raudenbush & Bryk, 2002) in Eq (4) of the main text is

ioars = 1D [0t 02 (CXIOX) T Y (ot 08, (CX[CX:) ™7 CX]OX:) T CX[CYi},

(3 3

®)



where ace = Var(e$?|i), a%,u = Var(uf?), CX; = X', and CY; = Y;'C . When the multivariate
normality assumption is met, the GLS estimator is also the ML estimator. When U% » = 0, the GLS
estimator is the same as the OLS estimator, which is a function of the sample correlation between the two

stacked long person-mean centered variables:

~ _ Se
,716(;2GLS|UC {Z<CX1/CXZ) ! Z(CXZ/CY;) = Tcy,crsi- (9)

Ccx

When T; = T, we have CX/CX; = (T — 1) x s2, and CX/CY; = (T — 1) X r; X Sy;yi. Define

A =y [(T — 1)0%,@;331" + O‘ée]. Then Eq (8) can be reduced to

. > i TiSwiSyi A
NoGLsim—r = —Z N (10)

le

Scenario 1: When T; = T, s =S¢z, and sy; = 8¢y, we have A; = [(T — 1)02s¢, + 02]V ! and

Sey
thus the coefficient estimate 710 = Twzwy— Y and the standardized coefficient estimate
Scx

AG3% Scy Scx

Y10 = Twzwy = Twzx,wy-

Scx Scy
Scenario 2: When T; = T, 5;; = Scz, and sy; # Sy, We have
. Sey
71002 = > :(risyi)/(NScx) = Tey,co—- The standardized coefficient estimate ’Ylo = Tey,ca-
SC.Z’

When Var(CY;|i) = 1 and Var(CX;|i) = 1 and thus the data have been person-mean-SD

standardized, we have CX/CX; = T; — 1 and CX/CY; = (T; — 1)r;. Then we have

Mocrs = {Z [0bsu +0pse/(Ti— 1]} Z{ 050+ 0pse/(Ti — 1)) 'ri}
= Zwm, (11)
where w; = (0%, + O'PSE/( — 1))/ [Ei(ohsa + 0123576/(711' —1))71]. Thus '?ﬁfGLS is a weighted

average of the intra-individual correlations and the weight is a function of the number of time points of an
individual.
When T; = T, regardless of the value for 0123 g, and a?p 5> W€ have w; = 1 /N and thus

’yﬁfG LS| Ti=T = > i 7i/N = Twa.wy. which is the sample correlation between the two stacked long



person-mean-SD standardized variables.

When o2 => N(T;—1 T; — 1)|r;= rwz.wy, Which is also the sample
PSu 7 YWy p

_ 4PS
=0, T10,GLS|0% g =0

correlation between the two stacked long person-mean-SD standardized variables.



Part C. The distribution of the number of time points under different
Poisson distributions (meanT =sdT =5, 10, 20, 30, 56, or 100) for the
simulation study
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Part D. Applying the derived formulas to calculate the sample correlations

for the empirical example

The sample correlation between the within-person standardized NA and the within-person standardized Stress was
.55: fipw = .55. The sample correlation of the person-mean centered NA and the person-mean centered stress was .65

and can be calculated as below.
S fioX floy fipw + PRODA + [i,x PROD31 + fi;y PROD32
o \/(/l?rX + 63X)(ﬂZY + 6c2rY)
2.68 x 3.44 x .55+ 1.05 + 2.68 x .18 + 3.44 x .26
V/(2.68% + 1.722)(3.442 + 1.292)

= .65.

The sample correlation between raw NA and raw Stress was .72 and can be calculated as below.
fio X flo ftpw + PRODA + fiyx PROD31 + fi;y PROD32 + &,,x v
VU x + 625 +625) (i2y + 62y +62y)

2.68 x 3.44 x .55+ 1.05+ 2.68 x .18 4+ 3.44 x .26 + 19.62
V/(2.682 + 1.722 + 4.36%)(3.442 + 1.292 + 5.922)

Tey =

=.72,
where PROD4 = Mean[(SN A—2.68)x (S Stress—3.44) x (StdN A) x (StdStress)], PROD31 = Mean|(SStress—

3.44) x (StdN A) x (StdStress)], and PROD32 = Mean[(SNA — 2.68) x (StdN A) x (StdStress)].



Part E. Simulation results when N = 50 or N = 300 or when the standardized

coefficients are nonnormally distributed



Table 1: Simulation results: Biases and coverage rates of /1., estimates when N = 50. One predictor is included. M : the person-mean centering (P-C) model
in Eq (2) followed by global standardization in Eq (5); Mg2: the P-C model in Eq (2) followed by global standardization in Eq (6); M gs: the P-C model in Eq (4)

followed by global standardization in Eq (7); M ps : the P-S approach in Eq (9); M g g : the P-C model in Eq (2) with EB standardization.

Individual differences in within-person relations exist No individual differences in within-person relations
Nper  Ntime Bias Coverage rates Bias Coverage rates
Mgy Mg Mgz Mps  Mgp Mg Mgz Mgz Mps Mges Mgy Mg Mgz  Mps Mg Mgz Mgz  Mps
Between-person differences in within-person standard deviations of X and Y exist
50 5 0 0.00 0.00 0.00 0.00 0.00 920% 92.0% 91.8% 93.7% 34.6% 0.00 0.00 0.00 0.00 95.5% 955% 923% 93.6%
50 10 0 0.00 0.00 0.00 0.00 0.00 933% 93.3% 93.9% 94.4% 58.2% 0.00 0.00 0.00 0.00 93.4% 934% 92.1% 94.2%
50 20 0 0.00 0.00 0.00 0.00 0.00 937% 93.7% 942% 94.6% 73.8% 0.00 0.00 0.00 0.00 94.0% 94.0% 934% 95.5%
50 30 0 0.00 0.00 0.00 0.00 0.00 93.0% 93.0% 93.4% 94.0% 75.7% 0.00 0.00 0.00 0.00 93.8% 93.8% 93.5% 96.2%
50 56 0 0.00 0.00 0.00 0.00 0.00 94.9% 94.9% 94.6% 94.3% 88.8% 0.00 0.00 0.00 0.00 93.4% 934% 933% 95.3%
50 100 0 0.00 0.00 0.00 0.00 0.00 94.6% 94.6% 94.6% 94.4% 93.4% 0.00 0.00 0.00 0.00 934% 934% 933% 95.4%
50 5 -05 | 1.6% -492% 80% -8.6% -9.9% 928% 27% 93.8% 90.9% 66.7% -153% -57.5% -153% -9.2% 81.5% 0.0% 729% 87.2%
50 10 -0.5 | 125% -40.5% 15.9% -3.4% -11.3% 88.4% 45% 85.5% 93.6% 58.9% -154% -553% -154% -4.3% 56.8% 0.0% 523% 93.0%
50 20 -0.5 1 294% -297% 30.9% -1.5% -8.4% 61.0% 19.6% 58.0% 94.1% 73.2% -153% -53.9% -153% -1.7% 254% 00% 239% 952%
50 30 -0.5 | 382% -243% 39.1% -09% -6.5% 41.1% 32.5% 39.7% 94.5% 79.1% -152% -533% -152% -0.8% 119% 00% 11.3% 96.3%
50 56 -0.5 | 51.6% -155% 52.0% -0.7% -4.3% 214% 562% 21.5% 94.7% 88.1% -149% -52.9% -149% -0.3% 27%  00% 2.5% 96.6%
50 100 -05 | 626% -99% 628% 0.1% -22% 127% 67.1% 12.6% 942% 91.6% -15.0% -52.8% -150% 0.1% 02% 00% 02% 98.1%
Between-person differences in within-person standard deviations of Y exist but of X do not exist
50 5 0 0.00 0.00 0.00 0.00 0.00 942% 942% 94.0% 94.4% 40.2% 0.00 0.00 0.00 0.00 95.7% 95.7% 93.1% 92.7%
50 10 0 0.00 0.00 0.00 0.00 0.00 939% 93.9% 94.1% 94.5% 50.8% 0.00 0.00 0.00 0.00 96.1% 96.1% 94.4% 94.8%
50 20 0 0.00 0.00 0.00 0.00 0.00 944% 944% 945% 942% 67.8% 0.00 0.00 0.00 0.00 957% 957% 952% 94.8%
50 30 0 0.00 0.00 0.00 0.00 0.00 94.5% 94.5% 94.4% 93.8% 76.5% 0.00 0.00 0.00 0.00 96.2% 96.2% 95.7% 94.5%
50 56 0 0.00 0.00 0.00 0.00 0.00 948% 94.8% 949% 95.1% 86.0% 0.00 0.00 0.00 0.00 95.1% 95.1% 95.0% 94.7%
50 100 0 0.00 0.00 0.00 0.00 0.00 94.6% 94.6% 94.5% 942% 89.2% 0.00 0.00 0.00 0.00 96.5% 96.5% 96.5% 95.6%
50 5 -0.5 | -35% -51.9% -34% -12% 13.9% 97.7% 0.0% 974% 92.4% 59.0% -42%  -521% -42% -9.9% 96.1% 0.0% 93.0% 85.4%
50 10 -0.5 | -41% -493% -41% -34% 55% 951% 0.0% 949% 93.1% 68.6% -3.8% -49.1% -3.8% -3.9% 95.6% 0.0% 94.5% 92.9%
50 20 -0.5 | -44% -481% -44% -18% 22% 93.1% 0.0% 93.0% 932% 78.6% -37% -415% -3.7% -1.6% 91.8% 0.0% 91.1% 959%
50 30 -05 | -38% -4712% -38% -07% 2.0% 953% 0.0% 952% 94.7% 86.1% -3.5% -469% -3.5% -0.6% 91.0% 0.0% 89.9% 97.6%
50 56 -0.5 | -44% -410% -44% -08%  0.6% 932% 0.0% 932% 94.1% 90.6% -37% -46.6% -3.7% -0.3% 81.6% 0.0% 812% 96.9%
50 100  -05 | -39% -464% -39% 0.0% 0.8% 932% 00% 932% 929% 90.9% -37% -46.5% -3.7%  0.0% 67.0% 0.0% 668% 97.6%
Between-person differences in within-person standard deviations of X and Y do not exist

50 5 0 0.00 0.00 0.00 0.00 0.00 932% 932% 93.9% 95.1% 41.0% 0.00 0.00 0.00 0.00 96.0% 96.0% 93.3% 92.5%
50 10 0 0.00 0.00 0.00 0.00 0.00 928% 92.8% 93.0% 94.1% 52.2% 0.00 0.00 0.00 0.00 96.6% 96.6% 953% 94.6%
50 20 0 0.00 0.00 0.00 0.00 0.00 945% 94.5% 94.4% 94.6% 70.7% 0.00 0.00 0.00 0.00 96.3% 96.3% 959% 95.8%
50 30 0 0.00 0.00 0.00 0.00 0.00 94.5% 94.5% 94.5% 94.4% 79.9% 0.00 0.00 0.00 0.00 94.1% 94.1% 93.9% 94.4%
50 56 0 0.00 0.00 0.00 0.00 0.00 947% 94.7% 94.7% 94.9% 88.8% 0.00 0.00 0.00 0.00 953% 953% 952% 95.7%
50 100 0 0.00 0.00 0.00 0.00 0.00 95.0% 95.0% 95.0% 95.1% 90.6% 0.00 0.00 0.00 0.00 96.4% 96.4% 963% 96.2%
50 5 -0.5 | 0.1% -513% 0.0% -7.6% 7.4% 96.5% 0.0% 963% 92.4% 64.1% 0.2% -51.3% 02% -9.8% 97.0% 0.0% 95.6% 84.3%
50 10 -0.5 | 0.0% -484% 00% -33% 1.0% 96.9% 00% 97.1% 94.7% 69.7% 04%  -48.1% 04% -39% 97.9% 0.0% 97.6% 94.2%
50 20 -05 | -0.1% -472% -0.1% -1.6% -04% 949% 0.0% 950% 93.8% 80.2% 05% -46.7% 05% -1.5% 97.0% 0.0% 96.7% 96.0%
50 30 -0.5 | -03% -46.7% -03% -12% -0.7% 94.7% 0.0% 94.7% 93.8% 83.1% 04%  -46.5% 04% -0.9% 97.4% 0.0% 97.4% 97.3%
50 56 -05 | -03% -46.1% -03% -0.8% -0.6% 942% 0.0% 942% 93.6% 88.2% 03% -463% 03% -0.4% 97.9% 0.0% 978% 96.5%
50 100 -05 | -02% -463% -02% -0.5% -04% 955% 0.0% 955% 95.0% 93.4% 0.6% -458% 0.6% 02% 983% 0.0% 982% 98.0%




Table 2: Simulation results: Biases and coverage rates of f1,,, estimates when N = 300. One predictor is included. Mg : the person-mean centering (P-C)
model in Eq (2) followed by global standardization in Eq (5); M g2: the P-C model in Eq (2) followed by global standardization in Eq (6); M c3: the P-C model in Eq

(4) followed by global standardization in Eq (7); M ps : the P-S approach in Eq (9); M g : the P-C model in Eq (2) with EB standardization.

Individual differences in within-person relations exist No individual differences in within-person relations

Nper Ntime 50 Bias Coverage rates Bias Coverage rates
Mg Mg2 Mgz Mps Mgs Me1 Mgz Mgz Mps Mgp Mg1 Mgas Mgz Mps Mei Mg2 Mgz Mps

Between-person differences in within-person standard deviations of X and Y exist
300 5 0 0.00  0.00 0.00 0.00 0.00 935 935 935 947 272 0.00 0.00 0.00 0.00 923 923 878 91.0
300 10 0 0.00 0.00 0.00 0.00 0.00 951 951 943 931 454 0.00 000 0.00 0.00 938 938 915 945
300 20 0 0.00 0.00 0.00 0.00 0.00 948 948 946 956 657 0.00 0.00 0.00 0.00 92.1 921 914 941
300 30 0 0.00 0.00 0.00 0.00 0.00 937 937 940 947 750 0.00 000 0.00 0.00 933 933 929 953
300 56 0 0.00  0.00 0.00 0.00 0.00 944 944 944 946 873 0.00 0.00 0.00 0.00 933 933 932 957
300 100 0 0.00 0.00 0.00 0.00 0.00 958 958 959 948 911 0.00 000 0.00 0.00 91.7 917 913 946
300 5 05| 23 -494 95 -7.6 9.1 937 0.0 786 692 336 -15.0 -58.0 -150 -89 159 0.0 103 489
300 10 -05 | 13.1 -40.7 164 -31 -11.2 506 0.0 340 86.7 7.8 -153 -55.6 -153 3.6 0.2 0.0 0.1 71.0
300 20 -0.5 | 284 -30.7 299 -14 86 0.8 0.0 03 921 15.6 -15.6 545 -156 -1.6 0.0 0.0 0.0 881
300 30 -05 | 375 -251 384 -09 -67 0.0 0.5 00 927 312 -156 -541 -15.6 -0.8 0.0 0.0 00 911
300 56 -0.5 | 51.5 -17.0 519 -05 4.2 00 102 00 953 627 -15.6 -53.7 -156 -0.2 0.0 0.0 0.0 950
300 100 -05 | 609 -116 61.1 -03 2.6 00 352 00 948 79.6 -155 536 -155 0.1 0.0 0.0 0.0  96.0
Between-person differences in within-person standard deviations of Y exist but of X do not exist
300 5 0 0.00  0.00 0.00 0.00 0.00 935 935 939 946 298 0.00 0.00 0.00 0.00 959 959 937 929
300 10 0 0.00 0.00 0.00 0.00 0.00 942 942 939 942 475 0.00 000 0.00 0.00 953 953 932 93.1
300 20 0 0.00  0.00 0.00 0.00 0.00 96.0 960 96.1 96.0 724 0.00 0.00 0.00 0.00 947 947 941 942
300 30 0 0.00 0.00 0.00 0.00 0.00 944 944 943 951 717 0.00 000 0.00 0.00 957 957 951 954
300 56 0 0.00 0.00 0.00 0.00 0.00 95.1 951 951 955 851 0.00 0.00 0.00 0.00 954 954 952 957
300 100 0 0.00 0.00 0.00 0.00 0.00 952 952 952 956 913 0.00 000 0.00 0.00 959 959 957 9538
300 5 05| -39 -526 -39 74 139 91.8 0.0 920 71.0 148 41 =526 -41 -9.6 899 00 839 416
300 10 05| 44 -499 -44 36 52 87.1 0.0 868 848 50.1 -37 495 37 38 82.1 00 786 754
300 20 -0.5 | 40 -483 40 -14 2.8 838 00 89 922 751 -38 481 -38  -1.7 590 00 57.1 870
300 30 05| 40 -478 -40 -09 1.9 81.0 0.0 810 936 843 37 476 37 -09 389 0.0 37.8 90.1
300 56 05 | 42 475 42 -05 1.0 764 0.0 764 939 905 -37 473 37 -02 125 00 125 957
300 100 05| 41 -473 -41 -03 0.5 745 00 745 939 923 -37 470 37 0.2 0.9 0.0 09 963
Between-person differences in within-person standard deviations of X and Y do not exist

300 5 0 0.00 0.00 0.00 0.00 0.00 952 952 952 946 298 0.00 000 0.00 0.00 943 943 914 917
300 10 0 0.00 0.00 0.00 0.00 0.00 938 938 939 935 519 0.00 000 0.00 0.00 951 951 940 950
300 20 0 0.00 0.00 0.00 0.00 0.00 946 946 947 953 700 0.00 000 0.00 0.00 946 946 941 940
300 30 0 0.00 0.00 0.00 0.00 0.00 942 942 942 940 79.0 0.00 000 000 0.00 944 944 940 946
300 56 0 0.00  0.00 0.00 0.00 0.00 946 946 946 946 873 0.00 0.00 0.00 0.00 949 949 949 952
300 100 0 0.00 0.00 0.00 0.00 0.00 952 952 952 950 913 0.00 000 0.00 0.00 947 947 946 946
300 5 05| 01  -520 0.0 =11 74 969 0.0 970 673 408 04 -51.7 04 -9.3 982 0.0 959 438
300 10 05| 00 -492 00 -34 0.9 957 00 956 843 627 06 -488 0.6 -3.6 978 00 972 769
300 20 05| 00 -477 0.0 -1.5 -0.3 955 0.0 955 914 775 05 -474 05 -1.5 98.0 0.0 975 883
300 30 05| -0.1 -472 -01 -1.1 -0.5 93.0 0.0 930 903 800 04 -470 04 -0.9 978 00 976 909
300 56 05| 01 -467 0.1 -0.5 -0.3 9.4 0.0 964 949 888 04 -466 04 -0.3 972 0.0 969 94.1
300 100 -05 | 0.0 -46.6 0.0 -0.3 -0.2 95.0 0.0 950 950 920 05 -463 05 0.1 977 00 977 959




Table 3: Simulation results from the models with two predictors included when N = 50. M1 : the person-mean centering (P-C) model in Eq (2) followed by
global standardization in Eq (5); Mg2: the P-C model in Eq (2) followed by global standardization in Eq (6); M3: the P-C model in Eq (4) followed by global

standardization in Eq (7); M ps : the P-S approach in Eq (9); M g p : the P-C model in Eq (2) with EB standardization.

X1 onY (True value =0) X5 onY (True value =-0.4)
Nper Ntime Bias Coverage rates (%) Relative bias (%) Coverage rates (%)
Mg Mgz Mgz Mps Mgg Mci Mgz Mgz Mps Mgg Mgy Mgz Mgz Mps Mg Mg Mgz Mgz Mps Mgp

Between-person differences in within-person standard deviations of X and Y exist

Equal number of assessments across individuals

50 5 -0.02 000 -0.02 -0.02 -0.02 928 934 929 941 509 -53 528 20 -13.0 83 922 39 949 909 846
50 10 -0.01  0.00 -0.01 -0.01 -0.01 948 940 943 943 664 1.6 480 02 -6.9 -2.0 935 23 942 927 808
50 20 -0.01  0.00 -0.01 -0.01 -0.01 939 942 942 944 807 43 -43.2 4.7 -3.6 -3.5 946 50 952 944 880
50 30 -0.01  0.00 -0.01 0.00 0.00 925 926 927 928 864 85 -40.4 8.9 -1.9 -2.7 93.1 9.1 932 931 906
50 56 -0.01  0.00 -0.01 0.00 -0.01 937 941 937 942 919 109 -386 11.0 -1.8 -2.7 93.8 114 936 947 939
50 100 | -0.01 0.00 -0.01 0.00 0.00 948 943 947 944 928 142 -36.6 143 -1.3 -1.8 928 179 927 962  96.6
Unequal number of assessments across individuals
50 5 -0.02 0.00 -0.01 -0.02 0.00 933 933 927 949 501 -0.7  -502 -08 -126 518 932 74 924 920 923
50 10 -0.01 000 -0.01 -0.01 -0.02 932 932 940 949 657 25 482 -1 -8.3 0.1 930 33 944 923 816
50 20 -0.01  0.00 -0.01 -0.01 -0.01 936 936 936 945 791 4.0 -434 47 -3.6 -3.7 940 6.1 93.7 935 864
50 30 -0.01 0.00 -0.01 0.00 0.00 93.6 936 937 934 847 84 -40.2 8.8 -1.7 -2.3 934 8.1 936 935 906
50 56 -0.01 000 -0.01 0.00 0.00 932 932 935 941 907 130 376 13.1 -0.7 -1.2 924  13.0 924 950 948
50 100 | -0.01 000 -0.01 0.00 0.00 941 941 943 945 931 142 -36.6 142 -0.4 -0.7 924 179 923 938 96.6

Between-person differences in within-person standard deviations of X and Y do not exist

Equal number of assessments across individuals

50 5 -0.01  0.00 -0.01 -0.02 -0.01 932 939 945 947 512 -41 532 34 -125 45 938 1.7 946 923 825
50 10 -0.01 0.00 -0.01 -0.01 -0.01 93.7 946 943 941 68.3 -3.3 -50.4 -3.2 -6.8 -1.8 93.3 0.3 935 933 81.3
50 20 -0.01 0.00 -0.01 -0.01 -0.01 933 939 934 936 81.0 -2.6 -48.2 -2.5 -4.1 2.7 94.4 0.2 944 939 89.1
50 30 0.00 0.00 0.00 0.00 0.00 946 949 947 949 884 -5 474 -14 2.4 -1.7 942 0.1 945 947 920
50 56 0.00 0.01 0.00 0.00 0.00 940 938 939 938 91.0 0.1 -46.2 0.1 -0.4 -0.2 94.9 0.5 949 945 96.0
50 100 0.00 0.01 0.00 0.00 0.00 945 944 945 947 93.3 -0.5 -46.3 -0.5 -0.7 -0.7 94.1 0.6 94.1 939 949
Unequal number of assessments across individuals
50 5 -0.01  0.00 -0.01 -0.02 -0.05 942 944 946 942 535 2376 -52.88  -2.70 -12.42 4045 948 22 955 930 880
50 10 -0.01 0.00 -0.01 -0.01 -0.01 93,5 935 937 935 66.2 -2.63 -49.80 -234 -6.71 0.25 932 0.7 935 922 83.7
50 20 0.00 0.00 0.00 0.00 0.00 929 931 928 924 794 -1.72 -47.81 -1.61 -348 -1.81 93.5 0.5 93.6 928 87.6
50 30 0.00 0.00 0.00 0.00 0.00 953 956 951 948 876 -1.66 -47.08 -1.60 -2.50 -1.82 952 0.1 953 943 918
50 56 0.00 0.01 0.00 0.00 0.00 949 946 949 951 92.1 -0.07 -46.12 -0.06 -049 -0.29 94.3 0.4 944 944 948

50 100 0.00 0.01 0.00 0.0 0.00 949 953 949 948 937 038 -4570 038 0.17 0.24 948 02 948 943 965




Table 4: Simulation results from the models with two predictors included when N = 300. Mg : the person-mean centering (P-C) model in Eq (2) followed
by global standardization in Eq (5); M g2: the P-C model in Eq (2) followed by global standardization in Eq (6); Mg3: the P-C model in Eq (4) followed by global

standardization in Eq (7); M ps : the P-S approach in Eq (9); M g p : the P-C model in Eq (2) with EB standardization.

X1 onY (True value =0) X5 onY (True value =-0.4)

Nper Ntime Bias Coverage rates (%) Relative bias (%) Coverage rates (%)

Mg Mgz Mgz Mps Mgg Mci Mgz Mgz Mps Mgg Mgy Mgz Mgz Mps Mg Mg Mgz Mgz Mps Mgp

Between-person differences in within-person standard deviations of X and Y exist
Equal number of assessments across individuals
300 5 -0.01  0.00 -0.01 -0.02 -0.01 924 918 936 933 350 <71 5420 250 -127 2.5 886 00 948 732 837
300 10 -0.01  0.00 -0.01 -0.01 -0.01 93.6 938 936 932 634 -9 486 02 -6.7 -4.2 943 0.0 944 839 674
300 20 0.00 0.00 0.00 000 0.00 958 947 959 957 831 49 -435 5.6 -3.0 -3.7 914 00 907 926 79.7
300 30 0.00 0.00 000 000 0.00 946 939 949 941 86.7 8.1 -41.3 8.5 -1.9 -3.0 842 00 832 938 849
300 56 -0.01  0.00 -0.01 0.00 0.00 942 938 943 942 905 124 -386 126 -1.1 -1.9 693 00 689 947 913
300 100 | -0.01 0.00 -0.01 0.00 0.00 948 946 947 946 926 152 -367 152 -0.4 -1.0 568 0.0 566 945 949
Unequal number of assessments across individuals
300 5 -0.01 000 -0.01 -0.02 -0.02 940 940 940 924 406 5.6  -534  -14  -127 393 928 00 951 749 983
300 10 -0.01  0.00 -0.01 -0.01 -0.01 942 942 942 943 589 -1.7 485 -0.1 7.1 -2.5 952 00 951 851 745
300 20 -0.01  0.00 -0.01 0.00 -0.01 933 933 937 938 808 3.9 -440 45 -3.7 -4.1 932 00 926 923 767
300 30 -0.01 0.00 -0.01 0.00 0.00 934 934 934 939 858 8.2 -41.3 85 -2.2 -3.1 832 00 821 933 853
300 56 -0.01 000 -0.01 0.00 0.00 942 942 944 957 912 126 -382 127 -1.0 -1.9 667 0.0 664 956 914
300 100 | -0.01 0.00 -0.01 0.00 0.00 939 939 940 946 927 153 -367 154 -0.4 -0.9 565 00 565 951 942
Between-person differences in within-person standard deviations of X and Y do not exist
Equal number of assessments across individuals
300 5 -0.01  0.00 -0.01 -0.02 -0.01 946 953 949 933 411 -41 540 -33  -129 4.1 949 0.0 960 699 872
300 10 -0.01  0.00 -0.01 -0.01 -0.01 947 955 953 934 663 28  -50.6 25 -6.6 -1.5 955 00 955 866 799
300 20 -0.01  0.00 -0.01 -0.01 -0.01 954 962 957 957 834 -1.8 487  -1.7 -3.4 -1.9 943 00 947 923 874
300 30 0.00  0.00 0.00 000 0.00 946 936 946 942 858 -1.5 480  -14 -2.4 -1.7 93.8 00 941 930 887
300 56 0.00 0.00 000 000 0.00 952 954 952 952 927 1.0 474 -10 -1.5 -1.3 979 00 978 97.0 953
300 100 0.00 0.01 000 000 0.00 952 946 952 952 935 -03 468 02 -0.5 -0.4 959 0.0 959 962 964
Unequal number of assessments across individuals

300 5 -0.01 000 -0.01 -0.02 -0.02 943 945 941 924 418 -4.06 -53.87 -337 -12.89 46.36 953 0.0 950 729 986
300 10 -0.01  0.00 -0.01 -0.01 -0.01 948 940 949 937 648 -3.09 -50.71 -2.81 -7.13 -0.24 944 00 947 844 821
300 20 0.00 0.00 0.00 -0.01 -0.01 942 934 944 948 804 -1.70 4855 -1.61 -335 -1.71 944 00 946 909 853
300 30 0.00  0.00 0.00 000 0.00 926 926 926 930 846 -1.83 4823 -1.77 -286 -2.13 944 00 947 932 885
300 56 0.00 0.00 0.00 000 0.00 946 939 945 947 907 -0.88 -47.30 -0.86 -139 -1.17 944 00 944 936 929
300 100 0.00 0.01 000 000 0.00 948 936 949 947 929 -0.33 4680 -032 -0.58 -0.51 952 00 952 950 96.1




Table 5: Simulation results from the models with one predictor included and the unstandardized coefficients are normally distributed but the standardized coefficients

are nonnormally distributed. M1 : the person-mean centering (P-C) model in Eq (2) followed by global standardization in Eq (5); Mg2: the P-C model in Eq (2)

followed by global standardization in Eq (6); M gs: the P-C model in Eq (4) followed by global standardization in Eq (7); M pg : the P-S approach in Eq (9); Mg5B :

the P-C model in Eq (2) with EB standardization.

How = —.40

Nper Ntime Bias Coverage rates (%)

Mgi Mgz Mgz Mps Mgs Mgi  Mgs Mgz Mps Mgs
Between-person differences in within-person standard deviations of X and Y exist
50 5 393% -612% 37.9% -39% 9.7% 713% 01% 76.1% 94.4% 81.8%
50 10 37.1% -592% 354% -2.1% 3.8% 69.7% 0.0% 74.6% 94.6% 89.5%
50 20 385% -582% 369% -1.0% 22% 689% 02% 73.1% 94.8% 92.1%
50 30 374% -578% 365% -02% 2.4% 69.5% 0.0% 73.0% 94.7% 92.4%
50 56 37.0% -57.6% 36.1% 02% 2.0% 69.1% 0.0% 704% 94.8% 93.3%
50 100 | 36.8% -579% 355% -1.0% 0.7% 67.5% 01% 70.1% 94.5% 93.9%
100 5 374% -624% 369% -54% 1.7% 51.5% 0.0% 58.7% 94.4% 83.4%
100 10 36.9% -60.2% 354% -2.9% 2.6% 48.8% 0.0% 549% 942% 89.8%
100 20 36.7% -58.8% 36.0% -0.8% 1.6% 463% 0.0% 48.9% 94.8% 91.5%
100 30 36.5% -58.5% 357% -0.8% 0.9% 442% 00% 472% 96.2% 94.8%
100 56 353% -58.7% 353% -09% 0.0% 46.8% 0.0% 48.1% 957% 94.8%
100 100 | 36.8% -58.0% 362% -0.1% 0.8% 43.0% 0.0% 44.5% 958% 94.8%
300 5 36.2% -62.5% 358% -54% 7.0% 11.3% 0.0% 153% 90.0% 76.5%

300 10 356% -60.5% 354% -2.6% 2.0% 6.7% 00% 82% 952% 92.1%
300 20 362% -59.3% 362% -11% 1.0% 47% 0.0% 51% 94.0% 91.6%
300 30 358% -59.1% 36.0% -0.8% 0.5% 58% 00% 52% 94.8% 93.4%
300 56 36.1% -585% 359% -03% 0.5% 32% 00% 3.6% 954% 94.3%

300 100 | 359% -58.4% 359% 0.0% 0.4% 38% 00% 37% 945% 93.9%
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