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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 

approaches  

Note 

Aafjes-van 
Doorn et al. 
(2017) 

“To obtain standardized estimates of 
the within-person effects of 
our predictors in Models 2 and 3, we 

calculated  coefficients 

using the standard formula:  =B 
(SDx/SDy).” 

Global standardization. 

Armeli et al. 
(2014) 

“To aid in the evaluation of the 

strength of the effects, we calculated 

standardized coefficients as per Hox 

(2010).” 

Global standardization. 

Foshee et al. 
(2013) 

“Standardized regression coefficients 
were calculated by multiplying the 
estimate by the ratio of the standard 
deviations of the independent 
and dependent variables.” 

Global standardization. 

 

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

was used. 

Paper Descriptions on the standardization 

approaches  

Note 

Hill et al. 
(2015) 

“To allow for an easier way to 
interpret the coefficients, we 
standardized the outcome and 
predictor variables.” 
“Within-client days-in-clinic and 

Global standardization because if 
it’s within-person standardization, 
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 

approaches  

Note 

Braun et al. 
(2015) 

“the beta obtained for each predictor 
when the predictor was first 
standardized (M= 0, SD =1) prior to 
being entered in the model.” 

Global standardization on 
predictors and raw scores for 
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 
et al. (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 
et al. (2018) 
 

 Procedure and purpose of 
standardization were not 
described. 
Standardized coefficients of TVCs 
were reported. 

Conklin et al. 
(2015) 

“ is the estimate obtained in the 
same model when predictors were 
standardized to a mean of 0 and an 
SD of 1. These standardized estimates 

Procedure and purpose of 
standardization were not clearly 
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. 
(2016) 

 Procedure and purpose of 
standardization were not 
described. 
Standardized coefficients of TVCs 
were reported. 

Sasso et al. 
(2016) 

“We standardized raw, within-, and 
between-patient process scores to a 
M = 0 and SD = 1.” 

Procedure and purpose of 
standardization were not clearly 
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 

approaches  

Note 

Falkenström et 
al. (2013) 

“Because standardized estimates are 
not available for random coefficient 
models, only unstandardized 
estimates are reported.” 

No standardization because of its 
unavailability for random 
coefficient models. 
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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, xit and yit, as

xit = sxi × xPSit + xi.

yit = sxi × yPSit + yi.

, (1)

where xPSit and yPSit are WP standardized scores of X and Y respectively. Due to within-person

standardization, we have E(XPS
it |i) = E(Y PS

it |i) = 0 and σ(XPS
it |i) = σ(Y PS

it |i) = 1, indicating that for

each individual, the population within-person means of XPS and Y PS are 0 and the population

within-person standard deviations of XPS and Y PS are 1. Moreover, across all individuals and all time

points, we always have E(XPS) = E(Y PS) = 0 and σ(XPS) = σ(Y PS) = 1, indicating the overall

means are 0 and the overall standard deviations are 1 for both XPS and Y PS .

In Eq (1), xPCit = sxi × xPSit and yPCit = syi × yPSit are the person-mean centered scores of X and Y

respectively. Due to person-mean centering, we have E(XPC
it |i) = E(Y PC

it |i) = 0, indicating that for each

individual, the population within-person means of XPC and Y PC are 0.

The population correlation between person-mean-SD standardized variables XPS and Y PS

As defined in the main text, ρw,i is the population WP correlation between X and Y for individual i

and µρw is the population average WP correlation. Mathematically, ρw,i is also the the population

correlation between XPS and Y PS of individual i. When WP correlations are homogeneous across

individuals, we have ρw,i = µρw and thus µρw is also the homogeneous correlation between XPS and

Y PS . When WP correlations are heterogeneous across individuals, at the population level (T is infinity and

N is infinity), the correlation of stacked long data in XPS and Y PS is the population average WP

correlation µρw. Therefore, the population correlation of XPS and Y PS is µρw, regardless of whether the

WP correlations are homogeneous or heterogeneous.



The population correlation between raw variables X and Y

When σX , σY , XPS , and Y PS follow a joint multivariate normal distribution, the correlation

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

ρX,Y |normal =
(µσXµσY + σσX,σY )µρw + σµX,µY√

(µ2σX + σ2σX + σ2µX)(µ2σY + σ2σY + σ2µY )
=

(µσXµσY + σσX,σY )µρw + σµXσµY ρb√
(µ2σX + σ2σX + σ2µX)(µ2σY + σ2σY + σ2µY )

.

(2)

When the normality assumption is relaxed, we have

ρX,Y =
µσXµσY µρw + PROD4 + µσXPROD31 + µσY PROD32 + σµXσµY ρb√

(µ2σX + σ2σX + σ2µX)(µ2σY + σ2σY + σ2µY )
. (3)

PROD4 = E[(σX −E(σX))(σY −E(σY ))(XPS)(Y PS)], PROD31 = E[(σY −E(σY ))(XPS)(Y PS)],

and PROD32 = E[(σX − E(σX))(XPS)(Y PS)]. Under the joint normality assumption for σX , σY ,

XPS , and Y PS , PROD31 = PROD32 = 0 and PROD4 = σσX,σY µρw. When WX and WY are not

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

PROD4 = PROD31 = PROD31 = 0. The derivations are shown in Appendix A of this document.

From Eqs (2; under the normality assumption) and (3; relaxing the normality assumption), we can

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

average within-person correlation µρw and the between-person correlation ρb. Even when the average

within-person correlation µρw is 0, we have ρX,Y =
σµXσµY ρb√

(µ2σX + σ2σX + σ2µX)(µ2σY + σ2σY + σ2µY )
, which

may not equal the between-person correlation ρb. Thus, ρX,Y reflects neither the average within-person

correlation µρw nor the between-person correlation ρb. Instead, it measures a conflated and often

meaningless relation.

The population correlation between person-mean centered variables XPC and Y PC

The population correlation between person-mean centered variables (XPC and Y PC) with stacked

long data under the joint normality assumption is

ρCX,CY |normal =
(µσXµσY + σσX,σY )µρw√
(µ2σX + σ2σX)(µ2σY + σ2σY )

. (4)



It can be shown that
(µσXµσY + σσX,σY )√

(µ2σX + σ2σX)(µ2σY + σ2σY )
ranges between -1 and 1, inclusively (See Appendix B

of this document). Therefore, |ρCX,CY |normal| ≤|µρw|.

Relaxing the joint normality assumption, we have

ρCX,CY =
µσXµσY µρw + PROD4 + µσXPROD31 + µσY PROD32 + σµX,µY√

(µ2σX + σ2σX)(µ2σY + σ2σY )
. (5)

The derivations are shown in Appendix A of this document.

The population correlation between person-mean centered variables XPC and Y PC , ρCX,CY , is

shown in Eq 4 (under normality) and Eq 5 (relaxing normality) The expressions for ρCX,CY do not involve

any terms related to the within-person mean variables. Thus, person-mean centering successfully removes

the between-person correlation ρb from ρCX,CY . 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 σµX and σµY are 0 ). However, even after person-mean centering, ρCX,CY

is not always equal to the average within-person correlation µρw. For example, under normality, only when

(µσXµσY + σσX,σY )√
(µ2σX + σ2σX)(µ2σY + σ2σY )

= 1 and/or µρw = 0, ρCX,CY is equal to µρw. When the normality

assumption is relaxed, with µρw = 0, ρCX,CY is equal to µρw; whereas with µρw 6= 0, ρCX,CY is generally

not equal to µρw.

Summary of the population correlation derivation results

Our derivation results revealed that (1) ρX,Y , the population correlation between raw variables X

and Y , reflects neither the average within-person correlation µρw nor the between-person correlation ρb;

instead, it measures a conflated and often meaningless relation; (2) person-mean centering successfully

removes the between-person correlation ρb from the population correlation between person-mean centered

variables (XPC and Y PC), ρCX,CY ; however, ρCX,CY , is still generally not equal to the the average

within-person correlation µρw when µρw 6= 0; and (3) the population correlation between within-person

standardized variables (XPS and Y PS), ρWX,WY , is equal to µρw, 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 (µρw), 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 γPS10 in Eq (9) of

the main text under the homogeneous within-person relation condition is the sample correlation from

stacked long data in XPS and Y PS , rwx,wy. Therefore, when using the within-person standardized

variables XPS and Y PS 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, µρw.

Asymptotic performance of global standardization under the homogeneous WP relation condition

rcx,cy is the GLS estimate of γG3∗
10 from global standardization under the homogeneous

within-person relation condition (see Appendix C of this document). In addition, γ̂G3∗
10,homo = rcx,cy and

γ̂G1∗
10,homo asymptotically approach the same parameter, ρCX,CY . Earlier, we have shown that ρCX,CY

equals µρw only under strict conditions (e.g., µρw = 0) . Therefore, under the homogeneous within-person

relation condition, γ̂G3∗
10,homo or γ̂G1∗

10,homo are generally inconsistent estimators of µρw when µρw 6= 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 ρCX,CY and µρw. 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 γ̂G3∗
10,homo and γ̂G1∗

10,homo are consistent estimators of

µρw.

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

for either X or Y . In this case, we have σ2σX = σ2σY = 0, V ar(XPC) = µ2σX , V ar(Y PC) = µ2σY ,

Cov(XPC , Y PC) = µσXµσY µρw, and thus ρCX,CY = µρw. Therefore, under Scenario 1, γ̂G3∗
10,homo and

γ̂G1∗
10,homo are consistent estimators of µρw.

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 σ2σX = 0 but σ2σY 6= 0.

Then, ρCX,CY =
µσY µρw + PROD31√

(µ2σY + σ2σY )
. Therefore, under Scenario 2, ρCX,CY can be different from µρw

when µρw 6= 0. For example, under the normality assumption, we have ρCX,CY =
µσY µρw√

(µ2σY + σ2σY )
< µρw

when σ2σX = 0, σ2σY 6= 0, and µρw 6= 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 σ2σY = 0 but σ2σX 6= 0.

Then ρCX,CY =
µσXµρw + PROD32√

(µ2σX + σ2σX)
. Therefore, under Scenario 3, ρCX,CY can also be different from

µρw when µρw 6= 0. For example, under the normality assumption, we have

ρCX,CY =
µσXµρw√

(µ2σX + σ2σX)
< µρw when σ2σY = 0, σ2σX 6= 0, and µρw 6= 0.

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

(ρCX,CY − µρw) may not be 0 when µρw 6= 0. Thus, even under the ideal-case scenarios (Scenarios 2 and

3), γ̂G3∗
10,homo or γ̂G1∗

10,homo generally are inconsistent estimators of µρw when µρw 6= 0.

Furthermore, γ̂G2∗
10,homo in Eq (6) of the main text asymptotically approaches ρCX,CY

σCY
σY

, where



σCY and σY are the population standard deviation of person-mean centered outcome Y PC and original Y

using stacked long data, respectively. Because σCY ≤ σY , ρCX,CY
σCY
σY

is equal to µρw, also only under

strict conditions. Actually, even under Scenario 1, ρCX,CY
σCY
σY

generally does not equal µρw when

µρw 6= 0. Thus, even under the ideal-case scenarios (Scenarios 1, 2, and 3), γ̂G2∗
10,homo generally is an

inconsistent estimator of µρw when µρw 6= 0.

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

When the within-person relations are heterogeneous across individuals, u1i 6= 0 is true in reality and

thus u1i should be included in the multilevel models. Here, we consider a condition in which all

individuals have the same number of time points, Ti = 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 Ti = T , the GLS estimate of γPS10 has a very simple form (see Appendix

C for the derivation). That is,

γ̂PS10,GLS|Ti=T = γ̂PS∗10,GLS|Ti=T = rwx,wy, (6)

Again, rwx,wy is the sample correlation between the stacked long person-mean-SD standardized variables

and is a consistent estimate of the average within-person correlation between XPS and Y PS , µρw. 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 Ti = T , the GLS estimate of γ̂G3
10|Ti=T is given in Eq (10) of Appendix C.

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

for either X or Y . With Ti = T , γ̂G3
10,GLS = rwx,wy

scy
scx

and the standardized coefficient estimate

γ̂G3∗
10,GLS = rwx,wy

scy
scx

scx
scy

= rwx,wy (see Appendix C for the derivation). Therefore, asymptotically, we

have E(γ̂G3∗
10,GLS) = µρw. This indicates that the standardized coefficient estimate, γ̂G3∗

10,GLS , from global



standardization, is a consistent estimate of the average within-person relation µρw 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 Ti = T , we have γ̂G3
10,GLS = rcx,cy

scy
scx

and

the standardized coefficient estimate γ̂G3∗
10,GLS = rcx,cy (see Appendix C for the derivation). From the

previous section, we have known that rcx,cy generally is an inconsistent estimate of µρw under Scenario 2

when µρw 6= 0. Thus, even under this ideal-case scenario (no BP difference in WP SD for the predictor),

we have shown that γ̂G3∗
10,GLS generally is an inconsistent estimate of µρw when u1i is included/modeled in

the multilevel models for the heterogeneous within-person relation condition and µρw 6= 0.

γ̂G3∗
10,GLS and γ̂G1∗

10,GLS asymptotically approach the same parameter. So the above consistency results

apply to γ̂G1∗
10,GLS as well. With regard to γ̂G2∗

10,GLS in the heterogeneous within-person relation condition,

under Scenarios 1 and 2, γ̂G2∗
10,GLS asymptotically approaches to µρw

σCY
σY

and ρCX,CY
σCY
σY

respectively.

Therefore, under both Scenarios 1 and 2, γ̂G2∗
10,GLS generally is an inconsistent estimator of µρw when

µρw 6= 0 because of σCY ≤ σY and the strict conditions for ρCX,CY to equal µρw .

Summary of the consistency derivation results

Our derivation results revealed that regardless of whether within-person relations are homogeneous

or heterogeneous, global standardization (MG1 and MG3) generally yields inconsistent estimates of the

average within-person correlation (µρw) when (1) µρw 6= 0 and (2) there are between-person differences in

the WP standard deviations of one or both of the time-varying variables. For MG2, 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 µρw when the population grand SD of Y is different from that of

person-mean centered Y (σCY 6= σY ) and µρw 6= 0. In contrast, P-S yields consistent estimates of µρw.



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

Xit = σXi ×XPS
it + µXi

Yit = σY i × Y PS
it + µY i

.

Using the exact covariance of products of random variables derived by Bohrnstedt and Goldberger

(1969) and the fact that neither person mean variable µX nor person SD variable σX is correlated with WP

standardized variable XPS (and neither µY nor σY is correlated with Y PS , used later; note that µX and σX

are allowed to be correlated and µY and σY are allowed to be correlated), the grand variance of

person-mean centered X (XPC = σX ×XPS) is

V ar(XPC) = [E(σX)]2V ar(XPS) + [E(XPS)]2V ar(σX) + V ar(XPS)V ar(σX)

= µ2σX + 0 + σ2σX .

Similarly, V ar(Y PC) = µ2σY + σ2σY . 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 XPC = σX ×XPS and µX is

Cov(XPC , µX) = E(σX)Cov(XPS , µX) + E(XPS)Cov(σX , µX)

+ E[(σX − E(SX))(XPS − E(XPS))(µX − E(µX)) = 0

Thus, the grand variance of raw X is

V ar(X) = V ar(σX ×XPS) + 2Cov(σX ×XPS , µX) + V ar(µX)

= µ2σX + σ2σX + σ2µX .

Similarly, V ar(Y ) = µ2σY + σ2σY + σ2µY . 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(XPC , Y PC) = E(σX)E(σY )Cov(XPS , Y PS)

+ E[(σX − E(σX))(σY − E(σY ))(XPS − E(XPS))(Y PS − E(Y PS))]

+ E(σX)E[(σY − E(σY ))(XPS − E(XPS))(Y PS − E(Y PS))]

+ E(σY )E[(σX − E(σX))(XPS − E(XPS))(Y PS − E(Y PS))]

= µσXµσY µρw + PROD4 + µσXPROD31 + µσY PROD32.

PROD4 = E[(σX −E(σX))(σY −E(σY ))(XPS)(Y PS)], PROD31 = E[(σY −E(σY ))(XPS)(Y PS)],

and PROD32 = E[(σX − E(σX))(XPS)(Y PS)]. Because µY and σX are not correlated with XPS and

XPS is not correlated with µY , the covariance of stacked long X and Y is

Cov(X, Y ) = Cov(XPC , Y PC) + Cov(µX , µY )

= µσXµσY µρw + PROD4 + µσXPROD31 + µσY PROD32 + σµX,µY .

When σX , σY , XPS , and Y PS follow a joint multivariate normal distribution, applying Eq (13) in



Bohrnstedt and Goldberger (1969), we have

Cov(XPC , Y PC) = E(σX)E(σY )Cov(XPS , Y PS) + Cov(σX , σY )Cov(XPS , Y PS)

= µσXµσY µρw + σσX,σY µρw ,

and

Cov(X, Y ) = µσXµσY µρw + σσX,σY µρw + σµX,µY .

Appendix B: Inequality in the numerator and denominator of

(µσXµσY + σσX,σY )√
(µ2σX + σ2σX)(µ2σY + σ2σY )

Here, we study inequality in the numerator and denominator of
(µσXµσY + σσX,σY )√

(µ2σX + σ2σX)(µ2σY + σ2σY )
. For

the square of the numerator, we have

(µσXµσY + σσX,σY )2 = µ2σXµ
2
σY + σ2σX,σY + 2µσXµσY σσX,σY .

For the square of the denominator, we have

(µ2σX + σ2σX)(µ2σY + σ2σY ) = µ2σXµ
2
σY + µ2σXσ

2
σY + σ2σXµ

2
σY + σ2σXσ

2
σY .

Let ∆ = (µ2σX + σ2σX)(µ2σY + σ2σY )− (µσXµσY + σσX,σY )2. Then

∆ = (µσXσσY − σσXµσY )2 + 2µσXµσY σσXσσY (1− ρσX,σY ) + σ2σXσ
2
σY (1− ρ2σX,σY ). (7)

Clearly, ∆ ≥ 0 and thus the square of the denominator of
(µσXµσY + σσX,σY )√

(µ2σX + σ2σX)(µ2σY + σ2σY )
is always

greater than or equal to the squared numerator. Therefore, |
(µσXµσY + σσX,σY )√

(µ2σX + σ2σX)(µ2σY + σ2σY )
| ≤ 1.

Appendix C: GLS estimators of within-person effects and relations (γ10s and

γ∗10s) under various conditions

The GLS estimator of γC2
10 (e.g., Raudenbush & Bryk, 2002) in Eq (4) of the main text is

γ̂C2
10,GLS = {

∑
i

[σ2C,u+σ2C,e(CX
′
iCXi)

−1]−1}−1
∑
i

{[σ2C,u+σ2C,e(CX
′
iCXi)

−1]−1(CX ′iCXi)
−1CX ′iCYi},

(8)



where σ2C,e = V ar(eC2
it |i), σ2C,u = V ar(uC2

1i ), CXi = XPC
i , and CYi = Y PC

i . When the multivariate

normality assumption is met, the GLS estimator is also the ML estimator. When σ2C,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:

γ̂C2
10,GLS|σ2

C,u=0 = {
∑
i

(CX ′iCXi)
−1

∑
(CX ′iCYi) = rcy,cx

scy
scx

. (9)

When Ti = T , we have CX ′iCXi = (T − 1)× s2xi and CX ′iCYi = (T − 1)× ri × sxisyi. Define

Ai = Πi′ 6=i[(T − 1)σ2C,us
2
xi′ + σ2C,e]. Then Eq (8) can be reduced to

γ̂C2
10,GLS|Ti=T =

∑
i risxisyiAi∑
i s

2
xiAi

. (10)

Scenario 1: When Ti = T , sxi = scx, and syi = scy, we have Ai = [(T − 1)σ2uscx + σ2e ]
N−1 and

thus the coefficient estimate γ̂C2
10 = rwx,wy

scy
scx

and the standardized coefficient estimate

γ̂G3∗
10 = rwx,wy

scy
scx

scx
scy

= rwx,wy.

Scenario 2: When Ti = T , sxi = scx, and syi 6= scy, we have

γ̂C2
10 =

∑
i(risyi)/(Nscx) = rcy,cx

scy
scx

. The standardized coefficient estimate γ̂G3∗
10 = rcy,cx.

When V ar(CYit|i) = 1 and V ar(CXit|i) = 1 and thus the data have been person-mean-SD

standardized, we have CX ′iCXi = Ti − 1 and CX ′iCYi = (Ti − 1)ri. Then we have

γ̂PS10,GLS = {
∑
i

[σ2PS,u + σ2PS,e/(Ti − 1)]−1}−1
∑
i

{[σ2PS,u + σ2PS,e/(Ti − 1)]−1ri}

=
∑
i

wiri, (11)

where wi = (σ2PS,u + σ2PS,e/(Ti − 1))−1/[
∑

i(σ
2
PS,u + σ2PS,e/(Ti − 1))−1]. Thus γ̂PS10,GLS 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 Ti = T , regardless of the value for σ2PS,u and σ2PS,e, we have wi = 1/N and thus

γ̂PS10,GLS|Ti=T =
∑

i ri/N = rwx,wy, which is the sample correlation between the two stacked long



person-mean-SD standardized variables.

When σ2PS,u = 0, γ̂PS
10,GLS|σ2

PS,u=0
=

∑
i[(Ti − 1)/

∑
(Ti − 1)]ri= rwx,wy, which is also the sample

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 

 



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: µ̂ρw = .55. The sample correlation of the person-mean centered NA and the person-mean centered stress was .65

and can be calculated as below.

rcx,cy =
µ̂σX µ̂σY µ̂ρw + ˆPROD4 + µ̂σX ˆPROD31 + µ̂σY ˆPROD32√

(µ̂2
σX + σ̂2

σX)(µ̂2
σY + σ̂2

σY )

=
2.68× 3.44× .55 + 1.05 + 2.68× .18 + 3.44× .26√

(2.682 + 1.722)(3.442 + 1.292)

= .65.

The sample correlation between raw NA and raw Stress was .72 and can be calculated as below.

rx,y =
µ̂σX µ̂σY µ̂ρw + ˆPROD4 + µ̂σX ˆPROD31 + µ̂σY ˆPROD32 + σ̂µX,µY√

(µ̂2
σX + σ̂2

σX + σ̂2
µX)(µ̂2

σY + σ̂2
σY + σ̂2

µY )

=
2.68× 3.44× .55 + 1.05 + 2.68× .18 + 3.44× .26 + 19.62√

(2.682 + 1.722 + 4.362)(3.442 + 1.292 + 5.922)

= .72,

where ˆPROD4 =Mean[(SNA−2.68)×(SStress−3.44)×(StdNA)×(StdStress)], ˆPROD31 =Mean[(SStress−

3.44)× (StdNA)× (StdStress)], and ˆPROD32 =Mean[(SNA− 2.68)× (StdNA)× (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 µρw estimates whenN = 50. One predictor is included. MG1 : 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); MG3: the P-C model in Eq (4)

followed by global standardization in Eq (7);MPS : the P-S approach in Eq (9);MEB : 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 µρw Bias Coverage rates Bias Coverage rates

MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MG1 MG2 MG3 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 92.0% 92.0% 91.8% 93.7% 34.6% 0.00 0.00 0.00 0.00 95.5% 95.5% 92.3% 93.6%

50 10 0 0.00 0.00 0.00 0.00 0.00 93.3% 93.3% 93.9% 94.4% 58.2% 0.00 0.00 0.00 0.00 93.4% 93.4% 92.1% 94.2%

50 20 0 0.00 0.00 0.00 0.00 0.00 93.7% 93.7% 94.2% 94.6% 73.8% 0.00 0.00 0.00 0.00 94.0% 94.0% 93.4% 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% 93.4% 93.3% 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 93.4% 93.4% 93.3% 95.4%

50 5 -0.5 1.6% -49.2% 8.0% -8.6% -9.9% 92.8% 2.7% 93.8% 90.9% 66.7% -15.3% -57.5% -15.3% -9.2% 81.5% 0.0% 72.9% 87.2%

50 10 -0.5 12.5% -40.5% 15.9% -3.4% -11.3% 88.4% 4.5% 85.5% 93.6% 58.9% -15.4% -55.3% -15.4% -4.3% 56.8% 0.0% 52.3% 93.0%

50 20 -0.5 29.4% -29.7% 30.9% -1.5% -8.4% 61.0% 19.6% 58.0% 94.1% 73.2% -15.3% -53.9% -15.3% -1.7% 25.4% 0.0% 23.9% 95.2%

50 30 -0.5 38.2% -24.3% 39.1% -0.9% -6.5% 41.1% 32.5% 39.7% 94.5% 79.1% -15.2% -53.3% -15.2% -0.8% 11.9% 0.0% 11.3% 96.3%

50 56 -0.5 51.6% -15.5% 52.0% -0.7% -4.3% 21.4% 56.2% 21.5% 94.7% 88.1% -14.9% -52.9% -14.9% -0.3% 2.7% 0.0% 2.5% 96.6%

50 100 -0.5 62.6% -9.9% 62.8% 0.1% -2.2% 12.7% 67.1% 12.6% 94.2% 91.6% -15.0% -52.8% -15.0% 0.1% 0.2% 0.0% 0.2% 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 94.2% 94.2% 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 93.9% 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 94.4% 94.4% 94.5% 94.2% 67.8% 0.00 0.00 0.00 0.00 95.7% 95.7% 95.2% 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 94.8% 94.8% 94.9% 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% 94.2% 89.2% 0.00 0.00 0.00 0.00 96.5% 96.5% 96.5% 95.6%

50 5 -0.5 -3.5% -51.9% -3.4% -7.2% 13.9% 97.7% 0.0% 97.4% 92.4% 59.0% -4.2% -52.1% -4.2% -9.9% 96.1% 0.0% 93.0% 85.4%

50 10 -0.5 -4.1% -49.3% -4.1% -3.4% 5.5% 95.1% 0.0% 94.9% 93.1% 68.6% -3.8% -49.1% -3.8% -3.9% 95.6% 0.0% 94.5% 92.9%

50 20 -0.5 -4.4% -48.1% -4.4% -1.8% 2.2% 93.1% 0.0% 93.0% 93.2% 78.6% -3.7% -47.5% -3.7% -1.6% 91.8% 0.0% 91.1% 95.9%

50 30 -0.5 -3.8% -47.2% -3.8% -0.7% 2.0% 95.3% 0.0% 95.2% 94.7% 86.1% -3.5% -46.9% -3.5% -0.6% 91.0% 0.0% 89.9% 97.6%

50 56 -0.5 -4.4% -47.0% -4.4% -0.8% 0.6% 93.2% 0.0% 93.2% 94.1% 90.6% -3.7% -46.6% -3.7% -0.3% 81.6% 0.0% 81.2% 96.9%

50 100 -0.5 -3.9% -46.4% -3.9% 0.0% 0.8% 93.2% 0.0% 93.2% 92.9% 90.9% -3.7% -46.5% -3.7% 0.0% 67.0% 0.0% 66.8% 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 93.2% 93.2% 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 92.8% 92.8% 93.0% 94.1% 52.2% 0.00 0.00 0.00 0.00 96.6% 96.6% 95.3% 94.6%

50 20 0 0.00 0.00 0.00 0.00 0.00 94.5% 94.5% 94.4% 94.6% 70.7% 0.00 0.00 0.00 0.00 96.3% 96.3% 95.9% 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 94.7% 94.7% 94.7% 94.9% 88.8% 0.00 0.00 0.00 0.00 95.3% 95.3% 95.2% 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% 96.3% 96.2%

50 5 -0.5 0.1% -51.3% 0.0% -7.6% 7.4% 96.5% 0.0% 96.3% 92.4% 64.1% 0.2% -51.3% 0.2% -9.8% 97.0% 0.0% 95.6% 84.3%

50 10 -0.5 0.0% -48.4% 0.0% -3.3% 1.0% 96.9% 0.0% 97.1% 94.7% 69.7% 0.4% -48.1% 0.4% -3.9% 97.9% 0.0% 97.6% 94.2%

50 20 -0.5 -0.1% -47.2% -0.1% -1.6% -0.4% 94.9% 0.0% 95.0% 93.8% 80.2% 0.5% -46.7% 0.5% -1.5% 97.0% 0.0% 96.7% 96.0%

50 30 -0.5 -0.3% -46.7% -0.3% -1.2% -0.7% 94.7% 0.0% 94.7% 93.8% 83.1% 0.4% -46.5% 0.4% -0.9% 97.4% 0.0% 97.4% 97.3%

50 56 -0.5 -0.3% -46.1% -0.3% -0.8% -0.6% 94.2% 0.0% 94.2% 93.6% 88.2% 0.3% -46.3% 0.3% -0.4% 97.9% 0.0% 97.8% 96.5%

50 100 -0.5 -0.2% -46.3% -0.2% -0.5% -0.4% 95.5% 0.0% 95.5% 95.0% 93.4% 0.6% -45.8% 0.6% 0.2% 98.3% 0.0% 98.2% 98.0%



Table 2: Simulation results: Biases and coverage rates of µρw estimates when N = 300. One predictor is included. MG1 : 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); MG3: the P-C model in Eq

(4) followed by global standardization in Eq (7);MPS : the P-S approach in Eq (9);MEB : 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 µρw Bias Coverage rates Bias Coverage rates

MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MG1 MG2 MG3 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 93.5 93.5 93.5 94.7 27.2 0.00 0.00 0.00 0.00 92.3 92.3 87.8 91.0

300 10 0 0.00 0.00 0.00 0.00 0.00 95.1 95.1 94.3 93.1 45.4 0.00 0.00 0.00 0.00 93.8 93.8 91.5 94.5

300 20 0 0.00 0.00 0.00 0.00 0.00 94.8 94.8 94.6 95.6 65.7 0.00 0.00 0.00 0.00 92.1 92.1 91.4 94.1

300 30 0 0.00 0.00 0.00 0.00 0.00 93.7 93.7 94.0 94.7 75.0 0.00 0.00 0.00 0.00 93.3 93.3 92.9 95.3

300 56 0 0.00 0.00 0.00 0.00 0.00 94.4 94.4 94.4 94.6 87.3 0.00 0.00 0.00 0.00 93.3 93.3 93.2 95.7

300 100 0 0.00 0.00 0.00 0.00 0.00 95.8 95.8 95.9 94.8 91.1 0.00 0.00 0.00 0.00 91.7 91.7 91.3 94.6

300 5 -0.5 2.3 -49.4 9.5 -7.6 -9.1 93.7 0.0 78.6 69.2 33.6 -15.0 -58.0 -15.0 -8.9 15.9 0.0 10.3 48.9

300 10 -0.5 13.1 -40.7 16.4 -3.1 -11.2 50.6 0.0 34.0 86.7 7.8 -15.3 -55.6 -15.3 -3.6 0.2 0.0 0.1 77.0

300 20 -0.5 28.4 -30.7 29.9 -1.4 -8.6 0.8 0.0 0.3 92.1 15.6 -15.6 -54.5 -15.6 -1.6 0.0 0.0 0.0 88.1

300 30 -0.5 37.5 -25.1 38.4 -0.9 -6.7 0.0 0.5 0.0 92.7 31.2 -15.6 -54.1 -15.6 -0.8 0.0 0.0 0.0 91.1

300 56 -0.5 51.5 -17.0 51.9 -0.5 -4.2 0.0 10.2 0.0 95.3 62.7 -15.6 -53.7 -15.6 -0.2 0.0 0.0 0.0 95.0

300 100 -0.5 60.9 -11.6 61.1 -0.3 -2.6 0.0 35.2 0.0 94.8 79.6 -15.5 -53.6 -15.5 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 93.5 93.5 93.9 94.6 29.8 0.00 0.00 0.00 0.00 95.9 95.9 93.7 92.9

300 10 0 0.00 0.00 0.00 0.00 0.00 94.2 94.2 93.9 94.2 47.5 0.00 0.00 0.00 0.00 95.3 95.3 93.2 93.1

300 20 0 0.00 0.00 0.00 0.00 0.00 96.0 96.0 96.1 96.0 72.4 0.00 0.00 0.00 0.00 94.7 94.7 94.1 94.2

300 30 0 0.00 0.00 0.00 0.00 0.00 94.4 94.4 94.3 95.1 77.7 0.00 0.00 0.00 0.00 95.7 95.7 95.1 95.4

300 56 0 0.00 0.00 0.00 0.00 0.00 95.1 95.1 95.1 95.5 85.1 0.00 0.00 0.00 0.00 95.4 95.4 95.2 95.7

300 100 0 0.00 0.00 0.00 0.00 0.00 95.2 95.2 95.2 95.6 91.3 0.00 0.00 0.00 0.00 95.9 95.9 95.7 95.8

300 5 -0.5 -3.9 -52.6 -3.9 -7.4 13.9 91.8 0.0 92.0 71.0 14.8 -4.1 -52.6 -4.1 -9.6 89.9 0.0 83.9 41.6

300 10 -0.5 -4.4 -49.9 -4.4 -3.6 5.2 87.1 0.0 86.8 84.8 50.1 -3.7 -49.5 -3.7 -3.8 82.1 0.0 78.6 75.4

300 20 -0.5 -4.0 -48.3 -4.0 -1.4 2.8 83.8 0.0 83.9 92.2 75.1 -3.8 -48.1 -3.8 -1.7 59.0 0.0 57.1 87.0

300 30 -0.5 -4.0 -47.8 -4.0 -0.9 1.9 81.0 0.0 81.0 93.6 84.3 -3.7 -47.6 -3.7 -0.9 38.9 0.0 37.8 90.1

300 56 -0.5 -4.2 -47.5 -4.2 -0.5 1.0 76.4 0.0 76.4 93.9 90.5 -3.7 -47.3 -3.7 -0.2 12.5 0.0 12.5 95.7

300 100 -0.5 -4.1 -47.3 -4.1 -0.3 0.5 74.5 0.0 74.5 93.9 92.3 -3.7 -47.0 -3.7 0.2 0.9 0.0 0.9 96.3

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 95.2 95.2 95.2 94.6 29.8 0.00 0.00 0.00 0.00 94.3 94.3 91.4 91.7

300 10 0 0.00 0.00 0.00 0.00 0.00 93.8 93.8 93.9 93.5 51.9 0.00 0.00 0.00 0.00 95.1 95.1 94.0 95.0

300 20 0 0.00 0.00 0.00 0.00 0.00 94.6 94.6 94.7 95.3 70.0 0.00 0.00 0.00 0.00 94.6 94.6 94.1 94.0

300 30 0 0.00 0.00 0.00 0.00 0.00 94.2 94.2 94.2 94.0 79.0 0.00 0.00 0.00 0.00 94.4 94.4 94.0 94.6

300 56 0 0.00 0.00 0.00 0.00 0.00 94.6 94.6 94.6 94.6 87.3 0.00 0.00 0.00 0.00 94.9 94.9 94.9 95.2

300 100 0 0.00 0.00 0.00 0.00 0.00 95.2 95.2 95.2 95.0 91.3 0.00 0.00 0.00 0.00 94.7 94.7 94.6 94.6

300 5 -0.5 0.1 -52.0 0.0 -7.7 7.4 96.9 0.0 97.0 67.3 40.8 0.4 -51.7 0.4 -9.3 98.2 0.0 95.9 43.8

300 10 -0.5 0.0 -49.2 0.0 -3.4 0.9 95.7 0.0 95.6 84.3 62.7 0.6 -48.8 0.6 -3.6 97.8 0.0 97.2 76.9

300 20 -0.5 0.0 -47.7 0.0 -1.5 -0.3 95.5 0.0 95.5 91.4 77.5 0.5 -47.4 0.5 -1.5 98.0 0.0 97.5 88.3

300 30 -0.5 -0.1 -47.2 -0.1 -1.1 -0.5 93.0 0.0 93.0 90.3 80.0 0.4 -47.0 0.4 -0.9 97.8 0.0 97.6 90.9

300 56 -0.5 0.1 -46.7 0.1 -0.5 -0.3 96.4 0.0 96.4 94.9 88.8 0.4 -46.6 0.4 -0.3 97.2 0.0 96.9 94.1

300 100 -0.5 0.0 -46.6 0.0 -0.3 -0.2 95.0 0.0 95.0 95.0 92.0 0.5 -46.3 0.5 0.1 97.7 0.0 97.7 95.9



Table 3: Simulation results from the models with two predictors included when N = 50. MG1 : 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); MG3: the P-C model in Eq (4) followed by global

standardization in Eq (7);MPS : the P-S approach in Eq (9);MEB : the P-C model in Eq (2) with EB standardization.

X1 on Y (True value =0) X2 on Y (True value = -0.4)

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

MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB

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

Equal number of assessments across individuals

50 5 -0.02 0.00 -0.02 -0.02 -0.02 92.8 93.4 92.9 94.1 50.9 -5.3 -52.8 -2.0 -13.0 8.3 92.2 3.9 94.9 90.9 84.6

50 10 -0.01 0.00 -0.01 -0.01 -0.01 94.8 94.0 94.3 94.3 66.4 -1.6 -48.0 0.2 -6.9 -2.0 93.5 2.3 94.2 92.7 80.8

50 20 -0.01 0.00 -0.01 -0.01 -0.01 93.9 94.2 94.2 94.4 80.7 4.3 -43.2 4.7 -3.6 -3.5 94.6 5.0 95.2 94.4 88.0

50 30 -0.01 0.00 -0.01 0.00 0.00 92.5 92.6 92.7 92.8 86.4 8.5 -40.4 8.9 -1.9 -2.7 93.1 9.1 93.2 93.1 90.6

50 56 -0.01 0.00 -0.01 0.00 -0.01 93.7 94.1 93.7 94.2 91.9 10.9 -38.6 11.0 -1.8 -2.7 93.8 11.4 93.6 94.7 93.9

50 100 -0.01 0.00 -0.01 0.00 0.00 94.8 94.3 94.7 94.4 92.8 14.2 -36.6 14.3 -1.3 -1.8 92.8 17.9 92.7 96.2 96.6

Unequal number of assessments across individuals

50 5 -0.02 0.00 -0.01 -0.02 0.00 93.3 93.3 92.7 94.9 50.1 -0.7 -50.2 -0.8 -12.6 51.8 93.2 7.4 92.4 92.0 92.3

50 10 -0.01 0.00 -0.01 -0.01 -0.02 93.2 93.2 94.0 94.9 65.7 -2.5 -48.2 -1.1 -8.3 0.1 93.0 3.3 94.4 92.3 81.6

50 20 -0.01 0.00 -0.01 -0.01 -0.01 93.6 93.6 93.6 94.5 79.1 4.0 -43.4 4.7 -3.6 -3.7 94.0 6.1 93.7 93.5 86.4

50 30 -0.01 0.00 -0.01 0.00 0.00 93.6 93.6 93.7 93.4 84.7 8.4 -40.2 8.8 -1.7 -2.3 93.4 8.1 93.6 93.5 90.6

50 56 -0.01 0.00 -0.01 0.00 0.00 93.2 93.2 93.5 94.1 90.7 13.0 -37.6 13.1 -0.7 -1.2 92.4 13.0 92.4 95.0 94.8

50 100 -0.01 0.00 -0.01 0.00 0.00 94.1 94.1 94.3 94.5 93.1 14.2 -36.6 14.2 -0.4 -0.7 92.4 17.9 92.3 93.8 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 93.2 93.9 94.5 94.7 51.2 -4.1 -53.2 -3.4 -12.5 4.5 93.8 1.7 94.6 92.3 82.5

50 10 -0.01 0.00 -0.01 -0.01 -0.01 93.7 94.6 94.3 94.1 68.3 -3.3 -50.4 -3.2 -6.8 -1.8 93.3 0.3 93.5 93.3 81.3

50 20 -0.01 0.00 -0.01 -0.01 -0.01 93.3 93.9 93.4 93.6 81.0 -2.6 -48.2 -2.5 -4.1 -2.7 94.4 0.2 94.4 93.9 89.1

50 30 0.00 0.00 0.00 0.00 0.00 94.6 94.9 94.7 94.9 88.4 -1.5 -47.4 -1.4 -2.4 -1.7 94.2 0.1 94.5 94.7 92.0

50 56 0.00 0.01 0.00 0.00 0.00 94.0 93.8 93.9 93.8 91.0 0.1 -46.2 0.1 -0.4 -0.2 94.9 0.5 94.9 94.5 96.0

50 100 0.00 0.01 0.00 0.00 0.00 94.5 94.4 94.5 94.7 93.3 -0.5 -46.3 -0.5 -0.7 -0.7 94.1 0.6 94.1 93.9 94.9

Unequal number of assessments across individuals

50 5 -0.01 0.00 -0.01 -0.02 -0.05 94.2 94.4 94.6 94.2 53.5 -3.76 -52.88 -2.70 -12.42 40.45 94.8 2.2 95.5 93.0 88.0

50 10 -0.01 0.00 -0.01 -0.01 -0.01 93.5 93.5 93.7 93.5 66.2 -2.63 -49.80 -2.34 -6.71 0.25 93.2 0.7 93.5 92.2 83.7

50 20 0.00 0.00 0.00 0.00 0.00 92.9 93.1 92.8 92.4 79.4 -1.72 -47.81 -1.61 -3.48 -1.81 93.5 0.5 93.6 92.8 87.6

50 30 0.00 0.00 0.00 0.00 0.00 95.3 95.6 95.1 94.8 87.6 -1.66 -47.08 -1.60 -2.50 -1.82 95.2 0.1 95.3 94.3 91.8

50 56 0.00 0.01 0.00 0.00 0.00 94.9 94.6 94.9 95.1 92.1 -0.07 -46.12 -0.06 -0.49 -0.29 94.3 0.4 94.4 94.4 94.8

50 100 0.00 0.01 0.00 0.00 0.00 94.9 95.3 94.9 94.8 93.7 0.38 -45.70 0.38 0.17 0.24 94.8 0.2 94.8 94.3 96.5



Table 4: Simulation results from the models with two predictors included when N = 300. MG1 : 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); MG3: the P-C model in Eq (4) followed by global

standardization in Eq (7);MPS : the P-S approach in Eq (9);MEB : the P-C model in Eq (2) with EB standardization.

X1 on Y (True value =0) X2 on Y (True value = -0.4)

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

MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB

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 92.4 91.8 93.6 93.3 35.0 -7.1 -54.2 -2.5 -12.7 2.5 88.6 0.0 94.8 73.2 83.7

300 10 -0.01 0.00 -0.01 -0.01 -0.01 93.6 93.8 93.6 93.2 63.4 -1.9 -48.6 -0.2 -6.7 -4.2 94.3 0.0 94.4 83.9 67.4

300 20 0.00 0.00 0.00 0.00 0.00 95.8 94.7 95.9 95.7 83.1 4.9 -43.5 5.6 -3.0 -3.7 91.4 0.0 90.7 92.6 79.7

300 30 0.00 0.00 0.00 0.00 0.00 94.6 93.9 94.9 94.1 86.7 8.1 -41.3 8.5 -1.9 -3.0 84.2 0.0 83.2 93.8 84.9

300 56 -0.01 0.00 -0.01 0.00 0.00 94.2 93.8 94.3 94.2 90.5 12.4 -38.6 12.6 -1.1 -1.9 69.3 0.0 68.9 94.7 91.3

300 100 -0.01 0.00 -0.01 0.00 0.00 94.8 94.6 94.7 94.6 92.6 15.2 -36.7 15.2 -0.4 -1.0 56.8 0.0 56.6 94.5 94.9

Unequal number of assessments across individuals

300 5 -0.01 0.00 -0.01 -0.02 -0.02 94.0 94.0 94.0 92.4 40.6 -5.6 -53.4 -1.4 -12.7 39.3 92.8 0.0 95.1 74.9 98.3

300 10 -0.01 0.00 -0.01 -0.01 -0.01 94.2 94.2 94.2 94.3 58.9 -1.7 -48.5 -0.1 -7.1 -2.5 95.2 0.0 95.1 85.1 74.5

300 20 -0.01 0.00 -0.01 0.00 -0.01 93.3 93.3 93.7 93.8 80.8 3.9 -44.0 4.5 -3.7 -4.1 93.2 0.0 92.6 92.3 76.7

300 30 -0.01 0.00 -0.01 0.00 0.00 93.4 93.4 93.4 93.9 85.8 8.2 -41.3 8.5 -2.2 -3.1 83.2 0.0 82.1 93.3 85.3

300 56 -0.01 0.00 -0.01 0.00 0.00 94.2 94.2 94.4 95.7 91.2 12.6 -38.2 12.7 -1.0 -1.9 66.7 0.0 66.4 95.6 91.4

300 100 -0.01 0.00 -0.01 0.00 0.00 93.9 93.9 94.0 94.6 92.7 15.3 -36.7 15.4 -0.4 -0.9 56.5 0.0 56.5 95.1 94.2

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 94.6 95.3 94.9 93.3 41.1 -4.1 -54.0 -3.3 -12.9 4.1 94.9 0.0 96.0 69.9 87.2

300 10 -0.01 0.00 -0.01 -0.01 -0.01 94.7 95.5 95.3 93.4 66.3 -2.8 -50.6 -2.5 -6.6 -1.5 95.5 0.0 95.5 86.6 79.9

300 20 -0.01 0.00 -0.01 -0.01 -0.01 95.4 96.2 95.7 95.7 83.4 -1.8 -48.7 -1.7 -3.4 -1.9 94.3 0.0 94.7 92.3 87.4

300 30 0.00 0.00 0.00 0.00 0.00 94.6 93.6 94.6 94.2 85.8 -1.5 -48.0 -1.4 -2.4 -1.7 93.8 0.0 94.1 93.0 88.7

300 56 0.00 0.00 0.00 0.00 0.00 95.2 95.4 95.2 95.2 92.7 -1.0 -47.4 -1.0 -1.5 -1.3 97.9 0.0 97.8 97.0 95.3

300 100 0.00 0.01 0.00 0.00 0.00 95.2 94.6 95.2 95.2 93.5 -0.3 -46.8 -0.2 -0.5 -0.4 95.9 0.0 95.9 96.2 96.4

Unequal number of assessments across individuals

300 5 -0.01 0.00 -0.01 -0.02 -0.02 94.3 94.5 94.1 92.4 41.8 -4.06 -53.87 -3.37 -12.89 46.36 95.3 0.0 95.0 72.9 98.6

300 10 -0.01 0.00 -0.01 -0.01 -0.01 94.8 94.0 94.9 93.7 64.8 -3.09 -50.71 -2.81 -7.13 -0.24 94.4 0.0 94.7 84.4 82.1

300 20 0.00 0.00 0.00 -0.01 -0.01 94.2 93.4 94.4 94.8 80.4 -1.70 -48.55 -1.61 -3.35 -1.71 94.4 0.0 94.6 90.9 85.3

300 30 0.00 0.00 0.00 0.00 0.00 92.6 92.6 92.6 93.0 84.6 -1.83 -48.23 -1.77 -2.86 -2.13 94.4 0.0 94.7 93.2 88.5

300 56 0.00 0.00 0.00 0.00 0.00 94.6 93.9 94.5 94.7 90.7 -0.88 -47.30 -0.86 -1.39 -1.17 94.4 0.0 94.4 93.6 92.9

300 100 0.00 0.01 0.00 0.00 0.00 94.8 93.6 94.9 94.7 92.9 -0.33 -46.80 -0.32 -0.58 -0.51 95.2 0.0 95.2 95.0 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. MG1 : 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); MG3: the P-C model in Eq (4) followed by global standardization in Eq (7); MPS : the P-S approach in Eq (9); MEB :

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

µρw = −.40
Nper Ntime Bias Coverage rates (%)

MG1 MG2 MG3 MPS MEB MG1 MG2 MG3 MPS MEB

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

50 5 39.3% -61.2% 37.9% -3.9% 9.7% 71.3% 0.1% 76.1% 94.4% 81.8%

50 10 37.1% -59.2% 35.4% -2.1% 3.8% 69.7% 0.0% 74.6% 94.6% 89.5%

50 20 38.5% -58.2% 36.9% -1.0% 2.2% 68.9% 0.2% 73.1% 94.8% 92.1%

50 30 37.4% -57.8% 36.5% -0.2% 2.4% 69.5% 0.0% 73.0% 94.7% 92.4%

50 56 37.0% -57.6% 36.1% 0.2% 2.0% 69.1% 0.0% 70.4% 94.8% 93.3%

50 100 36.8% -57.9% 35.5% -1.0% 0.7% 67.5% 0.1% 70.1% 94.5% 93.9%

100 5 37.4% -62.4% 36.9% -5.4% 7.7% 51.5% 0.0% 58.7% 94.4% 83.4%

100 10 36.9% -60.2% 35.4% -2.9% 2.6% 48.8% 0.0% 54.9% 94.2% 89.8%

100 20 36.7% -58.8% 36.0% -0.8% 1.6% 46.3% 0.0% 48.9% 94.8% 91.5%

100 30 36.5% -58.5% 35.7% -0.8% 0.9% 44.2% 0.0% 47.2% 96.2% 94.8%

100 56 35.3% -58.7% 35.3% -0.9% 0.0% 46.8% 0.0% 48.1% 95.7% 94.8%

100 100 36.8% -58.0% 36.2% -0.1% 0.8% 43.0% 0.0% 44.5% 95.8% 94.8%

300 5 36.2% -62.5% 35.8% -5.4% 7.0% 11.3% 0.0% 15.3% 90.0% 76.5%

300 10 35.6% -60.5% 35.4% -2.6% 2.0% 6.7% 0.0% 8.2% 95.2% 92.1%

300 20 36.2% -59.3% 36.2% -1.1% 1.0% 4.7% 0.0% 5.1% 94.0% 91.6%

300 30 35.8% -59.1% 36.0% -0.8% 0.5% 5.8% 0.0% 5.2% 94.8% 93.4%

300 56 36.1% -58.5% 35.9% -0.3% 0.5% 3.2% 0.0% 3.6% 95.4% 94.3%

300 100 35.9% -58.4% 35.9% 0.0% 0.4% 3.8% 0.0% 3.7% 94.5% 93.9%
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