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Abstract: The objective of the present study was to examine whether different methods for dealing with dependency in meta-analytic
structural equation modeling (MASEM) lead to different results. Four different methods for dealing with dependent effect sizes in MASEM
were applied to empirical data, including: (1) ignoring dependency; (2) aggregation; (3) elimination; and (4) a multilevel approach. Random-
effects two-stage structural equation modeling was conducted for each method separately, and potential moderators were examined using
subgroup analysis. Results demonstrated that the different methods of dealing with dependency in MASEM lead to different results. Thus, the
decision on which approach should be used in MASEM-analysis should be carefully considered. Given that the multilevel approach is the only
approach that includes all available information while explicitly modeling dependency, it is currently the theoretically preferred approach for
dealing with dependency in MASEM. Future research should evaluate the multilevel approach with simulated data.
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Meta-analytic structural equation modeling (MASEM) is an
increasingly popular technique for summarizing findings
from multivariate correlational research (Becker, 1992;
Cheung & Chan, 2005; Viswesvaran & Ones, 1995). The
goal of MASEM is to fit and interpret structural equation
models in order to explain the (synthesized) correlations
between variables. For most MASEM methods, the first
step involves the estimation of a synthesized correlation
matrix based on the studies’ observed correlation matrices.

An important assumption related to synthesizing effect
sizes is that each effect size is independent of the other
(e.g., Cheung, 2019). In MASEM, this implicates that each
study may only provide one correlation coefficient for each
cell (each relationship between variables) in the correlation
matrix. This assumption often does not hold as dependence
among effect sizes can occur for a variety of reasons (e.g.,
Ahn et al., 2012). For instance, multiple informants (e.g.,
mother- and father-report on parenting practices) or multi-
ple measurement occasions (e.g., pre-and post-test mea-
sures) will lead to multiple correlation coefficients for the
same relationship in a study. Failure to properly deal with
dependency can lead to over- or underestimation of the
available information, which has important implications
for the statistical inferences (Cheung, 2019; Moeyaert
et al., 2017; Wilson et al., 2016).

Dependency of effect sizes is a common issue in meta-
analytic research (Cheung, 2019; Moeyaert et al., 2017).

There have been several (methodological) reviews on the
occurrence of dependent effect sizes. A recent review of
28 meta-analyses from educational research found that
57% of the studies reported dependent effect sizes (Rios
et al., 2020). This is similar to the findings of Ahn and col-
leagues (2012), who found that of the 56 meta-analyses on
educational research they reviewed, 62% reported multiple
(dependent) effect sizes, and a review of 44 meta-analyses
on randomized controlled trials reported that 70% of the
studies included dependent effect sizes (Page et al., 2015).

Over time, several (ad hoc) solutions have arisen to over-
come the issue of dependency in MASEM, which have not
always been justified or well-examined for their statistical
properties (Wilson et al., 2016). The objective of the present
study was to examine whether applying different methods
for dealing with dependent effect sizes to empirical data
leads to different results when conducting MASEM analy-
sis. Four methods were compared, including: (1) ignoring
dependency; (2) aggregation; (3) elimination; and (4) a
recently developed multilevel approach by Wilson and col-
leagues (2016), further referred to as the WPL-approach.

The next section describes the concept of MASEM in
more detail. The section thereafter further elaborates on
the issue of dependency and provides descriptions of the
four methods for dealing with dependency, including a dis-
cussion of their (dis)advantages. The final section describes
the application of the different methods for dealing with
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dependency to empirical data, including a comparison of
the results.

Meta-Analytic Structural Equation
Modeling

MASEM combines meta-analysis (MA) and structural equa-
tion modeling (SEM) and thereby overcomes some of the
disadvantages of the separate techniques. SEM allows for
testing more complex research questions, and MA provides
sufficiently large samples to test these complex theories in
SEM with sufficient statistical accuracy. There are many
different ways to combine MA and SEM, but it mostly con-
sists of two stages: (1) effect sizes from primary studies are
synthesized to obtain a pooled correlation matrix; and (2) a
structural equation model is fitted to the pooled correlation
matrix from Stage 1 (e.g., Cheung & Chan, 2005; Jak, 2015;
Viswesvaran & Ones, 1995). MASEM can be conducted
using two-stage structural equation modeling (TSSEM).
TSSEM was first developed for fixed-effects models (Che-
ung & Chan, 2005) and later extended to fit random-effects
models by including study-specific random-effects (Che-
ung, 2014a), which is very similar to the GLS-approach by
Becker (1992, 1995). Nowadays, random-effects models
are preferred because fixed-effects models assume homo-
geneity of effect sizes which is often unrealistic (e.g., Che-
ung, 2014a; Yuan, 2016).

In Stage 1 of TSSEM, the correlation coefficients are
weighed by their sampling variance (vi) and study-level
variance (τ2). The random-effects model for the correlation
vectors ri = vechs(Ri) in the ith correlation matrix Ri is

ri ¼ ρRandom þ ui þ ɛi; ð1Þ
with ρRandom as a vector of the means of the correlation
coefficients over studies, ui describing the study-specific
random effects in study i, and ɛi the sampling deviation
study i from its study-specific population coefficients, with
Cov(ui) = T2 representing the estimated between-study
variance and Cov(ɛi) = Vi representing the sampling covari-
ance matrix in the ith study (Cheung, 2014a). The model is
fitted using maximum likelihood (ML) estimation.

In Stage 2, the structural equation model is fitted to the
pooled correlation matrix R (consisting of the estimates of
ρRandom) of Stage 1 using weighted least squares (WLS) esti-
mation. The weight matrix used in WLS-estimation is the
inverse asymptotic covariance matrix of the Stage 1 esti-
mates (Cheung & Chan, 2005). These weights ensure that
correlation coefficients based on more information (on
more studies and/or studies with larger sample sizes) get
more weight in the estimation of the Stage 2 parameters.
Since the between-studies variance is filtered out at Stage
1, it does not play a direct role at Stage 2 (Cheung, 2014a).

Different Methods for Dealing With
Dependent Effect Sizes in MASEM

There are different ways of dealing with the dependency of
effect sizes in MASEM. When not properly dealt with,
dependent effect sizes may lead to under-or overestimation
of standard errors (SEs) of the average effect sizes, which
could result in inflation of Type I errors or reduced statisti-
cal power (Cheung, 2019; López-López et al., 2017). In the
following section, the (potential) advantages and disadvan-
tages of four different approaches for dealing with depen-
dent effect sizes are described, including: (1) ignoring
dependency; (2) aggregation; (3) elimination; and (4) the
WPL-approach.

Ignoring Dependency of Effect Sizes
Ignoring dependency is a known-to-be incorrect strategy
that is likely to bias results, to the extent that it threatens
the validity of the inferences (Moeyaert et al., 2017;
López-López et al., 2018). For one, studies with just one
effect size will have a smaller influence on the resulting
average effect size than studies with multiple effect sizes,
which may result in biased estimates (Cheung, 2014b;
Van den Noortgate et al., 2013). Second, simulation studies
showed that the estimated SEs of the average effect sizes
are underestimated, resulting in an increased likelihood of
significant results (i.e., inflation of Type I errors; López-
López et al., 2017; Moeyaert et al., 2017). One might incor-
rectly assume that the estimates are very precise and statis-
tical inferences are more likely to be wrong (Cheung, 2019).
The approach of ignoring dependency is a non-acceptable
practice in meta-analysis and is merely presented in the
current study to emphasize its inappropriateness and
underline its (negative) implications.

Aggregation of Effect Sizes
Aggregation is a commonly used approach that involves
averaging dependent effect sizes within a study before pool-
ing effect sizes across studies (Cheung & Chan, 2004; Che-
ung, 2014b; Marín-Martínez & Sánchez-Meca, 1999). There
are different ways to aggregate effect sizes. One option is
simple aggregation, which involves calculating the arith-
metic mean. Simple aggregation may be appropriate when
sample sizes are (close to being) equal and when it is likely
that population effect sizes are the same (Marín-Martínez &
Sánchez-Meca, 1999; Moeyaert et al., 2017). However, in
practice, this is often unrealistic.

Another option involves weighted aggregation. Here, effect
sizes are averaged using some weighting scheme (e.g., by
the inverse of the sampling variance; Marín-Martínez &
Sánchez-Meca, 1999; Moeyaert et al., 2017). Weighted aggre-
gation essentially involves cell-by-cell sub-meta-analyses.
For each study that contributes multiple (dependent)
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effect sizes per cell, a pooled correlation matrix is esti-
mated with a single pooled estimate within each cell (Wil-
son et al., 2016). An advantage of weighted aggregation –

over simple aggregation – is that more weight is assigned
to more precise estimates and less weight to less precise
estimates.

An advantage of aggregation – both simple and weighted
– is that it is a relatively intuitive and simple procedure.
Disadvantages of aggregation are that it ignores within-
study variability (López-López et al., 2018), and the loss
of information limits the possibility to examine characteris-
tics that can be used to evaluate effect size variability (Wil-
son et al., 2016). Also, a recent simulation study showed
that the aggregation approach is too conservative, especially
when the level of dependency is relatively low (Moeyaert
et al., 2017). Their results showed that SEs are overesti-
mated, which could lead to an inflation of Type II errors.

Thus, even though the aggregation approach is appealing
and intuitive, given its disadvantages, it is not considered a
state-of-the-art approach for dealing with dependent effect
sizes (López-López et al., 2018; Moeyaert et al., 2017;
Wilson et al., 2016).

Elimination of Effect Sizes
With elimination, one effect size per study is randomly
picked or chosen based on some a priori decision rule,
resulting in independent effect sizes (Cheung, 2014b; Che-
ung, 2019; Wilson et al., 2016). Randomly picking one
effect size could be appropriate when effect sizes are
assumed to be truly equivalent. However, this is a very
strong assumption that rarely holds in practice. To test
the assumption, one could conduct sensitivity analyses to
compare results from the initial randomly picked effect
sizes to another set of effect sizes (López-López et al.,
2018).

Elimination based on an a priori decision rule may be
appropriate when there are substantive (or validity) consid-
erations for preferring one effect size over the other. For
example, if a study includes multiple measurements of
child delinquency, if reliability is higher for self-reported
delinquency than for parent-reported child delinquency,
the effect size pertaining to the self-report measure may
be preferred. The disadvantages of elimination are similar
to those of aggregation in that it affects statistical power
and excludes the possibility to examine study characteris-
tics that can be used to evaluate effect size variability.

Additionally, if the effect size is chosen based on some a
priori decision rule, the fixed-effect estimates will likely
show some bias towards the characteristics of the decision
rule (Cheung, 2019). For example, choosing only the first
measurement from longitudinal studies may bias the results
to samples of younger ages. This may – depending on the
specific association of interest – lead to systematically larger

or smaller effects for the specific associations. Still, both
with randomly picking or choosing an effect size, the result-
ing effect sizes will be less efficient because the information
is lost. Thus, elimination may be appropriate when relevant
to the research question, but it is an inappropriate method
for solving dependency issues (Cheung, 2014b).

The WPL-Approach
Wilson and colleagues (2016) developed an approach to
deal with dependency in MASEM, which combines three-
level meta-analysis and TSSEM. A three-level random-
effects meta-analysis is used to account for dependency
in which participants (Level 1) are nested within effect sizes
(Level 2) and effect sizes within clusters (Level 3; Van den
Noortgate et al., 2013). Information from all available (de-
pendent) effect sizes per study is incorporated in the pooled
correlation matrix, and dependency is explicitly modeled.

The most important advantage of the WPL-approach is
that all available information is incorporated, thus it does
not reduce statistical power. Additionally, both within-
and between cluster variance are taken into account, allow-
ing for examination of heterogeneity at different levels
(Cheung, 2014b; Cheung, 2019). One potential disadvan-
tage is that the approach is somewhat more complex and
not yet widely used, thus may pose more of a challenge
for researchers. However, examples of studies that incorpo-
rated the WPL-approach are available (e.g., Graf-Drasch
et al., 2019; Loignon & Woehr, 2018).

Empirical Application

The empirical application examined whether using the four
different methods for dealing with dependency in MASEM
would lead to different results. In case no (or minor) differ-
ences are found, one could conclude that the differences
are mainly theoretical with no important practical implica-
tions. Then, deciding on how to deal with dependency
may be based on personal preferences. However, if (large)
differences are found that affect statistical inferences, the
decision on which method to use for dealing with depen-
dency in MASEM is an important one and should be care-
fully considered.

The next section describes the empirical application in
further detail. To start, some background information is
provided on the empirical data consisting of a meta-analysis
on the intergenerational continuity of criminal behavior.

Background

The intergenerational continuity of criminal behavior has
been well established. For instance, a meta-analysis found
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that children of criminal parents are at two times higher risk
for criminal behavior themselves than children of non-crim-
inal parents (Besemer et al., 2017). Explanatory mecha-
nisms are not yet well studied, but from the literature,
potential explanations can be derived. A potential mecha-
nism through which criminal parents affect their children
may be that criminal parents use less efficient (or even
problematic) parenting practices. Evidence for this comes
from a longitudinal study that found that mothers with a
history of antisocial behavior show increased odds for prob-
lematic parenting behaviors, when compared to mothers
without a history of antisocial behavior (Johnson et al.,
2004). Finally, these problematic parenting practices are
associated with child delinquency, with moderate associa-
tions between both behavioral control and parental support
and child delinquency (Hoeve et al., 2009).

The empirical application examined the underlying
mechanisms through which parental crime is associated
with child delinquency. It was hypothesized that the effect
of parental crime on child delinquency was fully mediated
by parental support and behavioral control. The hypothe-
sized full mediation model was compared to a partial medi-
ation model in which a direct effect of parental crime on
child delinquency was added. Given that the hypothesized
model involved a path model, MASEM was necessary for
the analyses.

Procedure

Sample of Studies and Selection Criteria
The selection of studies was derived from a meta-analysis
on the relation between parenting practices and child delin-
quency (Hoeve et al., 2009), and an additional selection of
studies (Silva Pinho, 2018; Van den Berg, 2018), which are
part of a larger project ‘The potential mediating role of par-
enting on the intergenerational continuity of criminal beha-
viour’. The coding of studies and the manual search are still
in progress; therefore, a subset of studies was included in
this study.

Studies were selected using the following criteria: studies
had to (1) focus on child delinquency, parental crime, and
parenting behavior; (2) involve Western samples; and (3)
report on bivariate associations. Child delinquency and par-
ental crime were operationalized as all behavior prohibited
by law. Broadly, parenting behaviors were defined such that
all behaviors had to be directed at the child. Parental sup-
port includes all behaviou of the parent towards the child
that makes the child feel comfortable and accepted. Behav-
ioral control includes supervision, regulation, and active
monitoring (excluding child disclosure and parental knowl-
edge). Note that studies including negative support (e.g.,
rejection), and negative behavioral control (e.g., low super-
vision) were also included.

The articles were screened and coded for effect sizes on
(1) parental crime and parenting behaviors, (2) parental
crime and child delinquency, and (3) parenting behaviors.
A more elaborate description of the search strategy, selec-
tion criteria, and the coding procedure can be found in
the original meta-analysis of Hoeve and colleagues
(2009) and the PRISMA flow diagram included in the Elec-
tronic Supplementary Material (ESM 1, Figure E3).

Classification and Computation of Effect
Sizes

The Pearson product-moment correlation coefficient (r),
further referred to as the correlation (coefficient), was used
as the input effect size for the analyses because this is the
only effect size suitable for conducting MASEM. Primary
studies often report on a variety of effect sizes, be it due
to different reporting standards across disciplines or differ-
ing nature of the variable included in the study (e.g., contin-
uous versus categorical). The raw (non-correlation) effect
sizes were converted to correlation coefficients using meth-
ods and formulae provided by Lipsey and Wilson (2001)
and Borenstein and colleagues (2009). A total of 18 effect
sizes were converted.

The directions of effect sizes were coded such that a pos-
itive effect indicated higher levels (e.g., more occurrences,
increased severity) of child delinquency or parental crime.
In case primary studies reported effect sizes that were not
in line with the hypothesis of the current study, the effect
sizes were reversed. For example, when support and behav-
ioral control were negatively formulated, the effect sizes
were reversed to indicate a negative association between
parenting behavior and child delinquency.

Statistical Analyses

Evaluation of Publication Bias
Publication bias was evaluated using three-level funnel
plots (Fernández-Castilla et al., 2020). The three-level fun-
nel plot provides two graphs from which to evaluate publi-
cation bias: (1) a graph in which all effect sizes are plotted;
and (2) a graph which plots the study-specific effects (i.e.,
amount of effect sizes reported per study, including their
variability) against their meta-analytic standard errors.

Dealing With Dependent Effect Sizes
The procedures of the four approaches for dealing with
dependency are described in the following section.

Ignoring Dependency
With ignoring dependency, no additional adjustments of
the data or calculations were required. All effect sizes were
included and treated as independent.
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Aggregation
With simple aggregation, the arithmetic mean was calcu-
lated (i.e., the average of all effect sizes within a study).
With weighted aggregation, the dependent effect sizes
within a study were weighed using the inverse of the sam-
pling variance (Cheung, 2014b). The sampling variance (vi)
was estimated using

vi ¼
1� r2i
� �2

ni
; ð2Þ

with ri representing the observed correlation coefficient of
study i, and ni representing the sample size of study i
(Olkin & Siotani, 1976). Using the effect sizes and sam-
pling variances, submeta-analyses were performed,
resulting in one (weighted) effect size per study.

Elimination
With the elimination approach, one effect size per study
was chosen based on a set of a priori decision rules. In case
of multiple measurement occasions, only the effect size
from the first measurement of child delinquency was
included. In the case of both a boy and a girl sample, the
girl sample was chosen because boys were overrepresented
in the current sample of studies. In case of multiple samples
or multiple informants, the sample or informant with the
highest reliability was chosen. If no distinction could be
made based on the described criteria, the first effect size
that was reported was chosen.

WPL-Approach
With the WPL-approach, the synthesized correlation matrix
was estimated using a three-level hierarchical model,
thereby accounting for the statistical dependencies (Van
den Noortgate et al., 2013; Wilson et al., 2016). Each unique
effect size is coded with a unique effect size ID, and the
effect sizes are nested within studies. Wilson and colleagues
(2016) provide a nice illustration of how a dataset with such
structure may be organized.

A random-effects no-intercept model was estimated
using maximum likelihood (ML) estimation to synthesize
correlations in each of the cells. Input required for the ran-
dom-effects no-intercept model was the unique effect sizes
and the variances of the effect sizes, which were calculated
using simple sample size weighing (Schmidt & Hunter,
2014). Using a no-intercept model allows interpreting the
regression coefficients as synthesized correlation coeffi-
cients, which are necessary for Stage 2 of the analysis. Also,
the asymptotic covariance matrix of the pooled correlation
matrix is available, which provides information on the pre-
cision of the pooled correlations (Wilson et al., 2016).

Random-Effect TSSEM Analysis
The hypothesized model was tested using random-effects
TSSEM (Cheung, 2014a) and was overidentified with 1 df.

For the WPL-approach, Stage 1 involved estimating a ran-
dom-effects no-intercept model using ML estimation in
which the effect sizes were nested within studies (Wilson
et al., 2016). For the remaining approaches, a pooled corre-
lation matrix was estimated in Stage 1 using ML estimation
(Cheung, 2014a). The hypothesized model includes four
variables, resulting in a pooled correlation matrix with six
cells. Each cell contains a pooled estimate representing
one of the associations of interest. In case the model did
not reach convergence, the between-studies variance (τ2)
was fixed at zero for the associations that seemed to lack
heterogeneity.

The degree of heterogeneity was qualified using I2, which
typically estimates how much of the total variance of effect
sizes is due to between-study heterogeneity. Due to its
three-level nature, the WPL-approach has the additional
benefit of evaluating heterogeneity on both the within-
and between-study level. The following rules of thumbs
are used, with an I2 of .25, .50, and .75 indicating low, med-
ium, and high levels of heterogeneity, respectively (Higgins
et al., 2003).

At Stage 2, the hypothesized model was fitted on the
pooled correlation matrix obtained at Stage 1 using
weighted least squares (WLS) estimation (Cheung,
2014a). Model fit was evaluated using the chi-squared dif-
ference (Δw2) test, using an α = .05 criterion for indicating
a significant discrepancy between the (saturated) partial
mediation model and the (more parsimonious) full media-
tion model. Note that with the evaluation of model fit in
SEM, it is common to report alternative fit indices (e.g.,
RMSEA, CFI) because the Δw2-tests are known to be very
sensitive to small discrepancies when working with large
sample sizes (e.g., Barret, 2007). Therefore, the RMSEAs
(including their 95% CIs) are reported, using the following
guidelines for adequate- to a good fit, respectively: RMSEA
� .08 and � .05 (Hu & Bentler, 1998).

Finally, the parameter estimates of the retained model
were interpreted. Criteria used to evaluate the size of the
effects were based on the guidelines provided by Funder
and Ozer (2019, p. 166), with an r of .05 indicating a very
small effect, r of .10 a small effect, r of .20 a medium effect,
r of .30 a large effect, and r of .40 a very large effect. These
guidelines were originally developed for interpreting
the size of correlations coefficients but are deemed appro-
priate for the interpretation of standardized parameter
estimates.

Moderator Analysis
The (hypothesized) moderator involved the type of sample
on which the effect size was based, being either a sample
from the general community or a high-risk sample (e.g., a
sample coming from high-crime neighborhoods, an offen-
der sample). The moderator analyses were conducted using
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subgroup analysis (Jak & Cheung, 2018), which tests
whether the parameter estimates are equal across groups.

The retained model was fitted to the pooled correlation
matrices of each group separately. To test for subgroup dif-
ferences, a model in which the parameter estimates were
constrained to equality across groups was compared to a
model without equality constraints. In the case of a signifi-
cant Δw2-test, the constrained model fits significantly worse
than the model without the equality constraints which indi-
cates that there are significant subgroup differences.

Software

Analyses were performed using R (version 3.5.1.; R Core
Team, 2020) with the metafor package (version 2.4.0.;
Viechtbauer, 2010) for Stage 1 of the WPL-approach, and

the metaSEM package (version 1.2.4.; Cheung, 2015) for
the MASEM and the subgroup analyses.

Results

Study Descriptives

The current sample of studies consisted of 140 manu-
scripts, with 114 unique samples and a total sample size
of N = 163,709. Of the studies, 72.1% (k = 101) reported
multiple (dependent) effect sizes. The studies contained a
total of 764 effect sizes (see Table 1 for the number of effect
sizes and the total sample sizes per association). There was
an almost equal number of longitudinal (k = 68) and cross-
sectional (k = 72) studies. Most studies were conducted with

Figure 1. Pooled correlations including their 95% CIs for each association per approach of dealing with dependency. IGN = ignoring dependency;
SAGG = simple aggregation; WAGG = weighted aggregation; ELIM = elimination; WPL = WPL-approach. (A) Parental Crime – Support; (B) Parental
Crime – Behavioral Control; (C) Parental Crime – Child Delinquency; (D) Support – Behavioral Control; (E) Support – Child Delinquency; (F)
Behavioral Control – Child Delinquency.
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samples from North America (75%), with fewer studies
conducted with European (22.9%) and Australian/
New Zealand (2.1%) samples. With regard to sample type,
70.7% were general community samples, 22.9% were
high-risk or delinquent samples, and 6.4%were other types
of samples (e.g., combined samples of delinquents and
non-delinquent). The studies included in the meta-analysis
are listed in Table E1 (ESM 1), including some of their
characteristics.

Comparison of Results From the Different
Approaches for Dealing With Dependency

TSSEM Analysis
Stage 1 analyses were conducted to allow for the evaluation
of the heterogeneity of effect sizes and to obtain the pooled
correlation matrices needed for Stage 2 (see Figure 1). With
the simple- and weighted aggregation approaches, running
the Stage 1 model led to some convergence issues, which
were likely due to the lack of heterogeneity in the associa-
tions between parental crime and support and parental
crime and behavioral control. Thus, with the aggregation
approaches, it seemed that the loss of information con-
tributed to a lack of heterogeneity, leading to convergence
issues, which was not the case with the other approaches.

Evaluation of I2 indicated large levels of heterogeneity
(I2 = .94 to I2 = .97) for all approaches, with only small dif-
ferences of .01 to .03. A benefit of the WPL-approach is the
possibility to divide the overall heterogeneity into within-
and between-cluster (i.e., studies) heterogeneity. Under
the WPL-approach, 15% of the total variance was estimated
to be due to between-study heterogeneity, and 81% due to
within-study heterogeneity (with the remaining 4% due to
random sampling variance). Note that under the other
approaches, one may incorrectly infer that variability of
effect sizes is mainly due to differences between studies,
whereas the WPL-approach shows that most variability of
effect sizes is due to differences within studies.

Next, the pooled correlation matrices for all approaches
were compared, which are presented in Table E2 (ESM 1).
Some differences were found in the size of the estimated
pooled correlations. For example, with the simple aggrega-
tion approach, there is a large to the very large association
between support and behavioral control (r = .37), which is
small to moderate with the WPL-approach (r = .15). Also,
there were differences regarding the significance of the
associations. For example, the association between parental
crime and behavioral control was non-significant with the
WPL-approach but significant for the other approaches.
Figure 1 presents the pooled correlation estimates, including
their 95% confidence intervals (CIs) per approach. The
width of the CIs of the ignoring dependency approach seems
to be consistently smaller than the width of the CIs of the

other approaches. In line with expectations, the ignoring
dependency approach seems to overestimate the precision
of the estimates, whereas the aggregation- and elimination
approaches seem to underestimate their precision. Note that
with the WPL-approach, the CIs of the associations coming
from a larger number of effect sizes are also quite narrow
and wider in association coming from less effect sizes. This
is to be expected since a larger number of effect sizes should
contribute to the precision of the estimates.

In Stage 2, both the hypothesized full mediation model
and the partial mediation model were fitted to the pooled
correlation matrices obtained at Stage 1. Inferences regard-
ing model comparison were similar for all approaches.
Model comparison showed significant differences between
the full mediation model and the partial mediation model,
indicating that the (more parsimonious) full mediation
model fit significantly worse than the (saturated) partial
mediation model, with Δw2 = 47.33, Δdf = 1, p < .001, for
the ignoring dependency approach, Δw2 = 25.17, Δdf = 1, p
< .001, for the simple aggregation approach, Δw2 = 28.23,
Δdf = 1, p < .001, for the weighted aggregation approach,
Δw2 = 19.56, Δdf = 1, p < .001, for the elimination approach,
and, lastly, Δw2 = 156.01, Δdf = 1, p < .001, for the WPL-
approach. Each approach of dealing with dependency
showed good fit of the full mediation model with RMSEAs
ranging from .01 to .03, with RMSEA = .01, 95% CI [.01,
.01] for the ignoring dependency approach, RMSEA = .01,
95% CI [.01, .02], for the simple aggregation approach,
RMSEA = .01, 95% CI [.01, .01] for the weighted aggrega-
tion approach, RMSEA = .01, 95% CI [.01, .02], for the
elimination approach, and RMSEA = .03, 95% CI [.03,
.03] for the WPL-approach. Note that even though conclu-
sions regarding model comparison are the same across
approaches, the values of Δw2-tests show seemingly large
differences across approaches. Given the statistical power
of the Δw2-test, it may be that studies with smaller sample
sizes would lead to different conclusions across the differ-
ent approaches.

Next, the parameter estimates of the partial mediation
model were compared, which are presented in Table E3
(ESM 1). Overall, the parameter estimates were quite simi-
lar in size across the approaches. Small differences in the

Table 1. Number of effect sizes and total sample sizes per
association

1 2 3 4

1. Parental crime 6,773 6,695 30,137

2. Support 20 53,081 108,720

3. Behavioral control 11 171 87,275

4. Child delinquency 40 286 244

Note. Number of effect sizes are shown below the diagonal, and sample
sizes above the diagonal.
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point estimates were found, ranging from 0.003 to 0.071.
For example, the effect of parental crime on child delin-
quency was small to moderate with the ignoring depen-
dency approach (β = 0.16) and moderate with the
weighted aggregation approach (β = 0.21). Also, differences
were found regarding the statistical significance of the
effects. For example, the effect of parental crime on support
was non-significant with the weighted aggregation- and the
WPL-approach but significant with the other approaches.
This may be explained by this effect coming from the least
amount of information (i.e., coming from the smallest num-
ber of effect sizes) and because of the relatively large
amount of within-study heterogeneity, which is only
accounted for by the WPL-approach. Thereby, the precision
of the estimates may be smaller than portrayed by the other
approaches.

Figure 2 presents plots of the parameter estimates,
including their 95% CIs. It seems that with ignoring depen-
dency, the CIs of the parameter estimates are consistently
smaller, which is in line with expectations. The CIs of the
simple- and weighted aggregation-, and elimination
approaches seem consistently larger than, except for the
CIs of the effects of the parenting behaviors on child delin-
quency (which come from the largest amount of effect sizes
and largest sample sizes). Similar to the comparison of the
pooled correlations, these results are somewhat in line with
expectations. Again, it seems that the differences between
the approaches are larger for effects coming from a smaller
amount of information than for effects coming from a lar-
ger amount of information. This suggests that using the
aggregation and/or elimination approach does not affect
results as much if there is a sufficiently large dataset
because then there will still be enough power.

The differences found in the parameter estimates across
methods are also reflected in the residual variances. The
residual (co)variances of the partial mediation model are
presented in Table E4 (ESM 1). The variance in child delin-
quency explained by the partial mediation model was 6.7%,
10.1%, 9.3%, 7.7%, and 8% across the ignoring depen-
dency-, simple aggregation-, weighted aggregation-, elimi-
nation-, and the WPL-approach, respectively. Figure 3
presents the final model estimated under the WPL-
approach.

Comparison of Results From the
Moderator Analyses

Moderator analyses were conducted using subgroup analy-
sis with sample type (i.e., general community vs. high-risk)
as the moderator. With the simple aggregation approach, it
was impossible to conduct moderator analyses due to the
lack of information on the association between parental
crime and behavioral control for the general community

subgroup. There were convergence issues when using the
ignoring dependency approach for the high-risk subgroup.
Additionally, with the weighted aggregation approach, there
were convergence issues for both subgroups. In both cases,
the between-studies variances (τ2) for the associations
between parental crime and support and parental crime
and behavioral control were fixed to zero.

Subgroup analyses showed similar results across
approaches, except for the ignoring dependency approach,
Δw2 = 15.37, Δdf = 5, p = .009. With the weighted aggrega-
tion-, Δw2 = 4.12, Δdf = 5, p = .532, elimination-, Δw2 = 9.20,
Δdf = 5, p = .101, and the WPL-approach Δw2 = 2.10, Δdf = 5,
p = .836, results showed no significant differences between
the regression coefficients from the general community
versus the high-risk subgroup.

Evaluation of Publication Bias With the
WPL-Approach

Evaluation of publication bias was conducted using three-
level funnel plots, which are presented in Appendix C
(ESM 1). Figure E1 (ESM 1) shows the graph in which all
effect sizes are plotted. Visual inspection of the effect size
plot shows one effect size in the lower-right part of the
graph, whereas there is no result with similar precision at
the lower-left part of the graph, which may be a sign of
publication bias. Figure E2 (ESM 1) shows the plot in which
the study-specific effects are plotted against their meta-ana-
lytic standard errors. The study-funnel plot shows some
signs of asymmetry, especially at the bottom of the graph.
Concluding from both graphs, there may be some signs
of publication bias, which should be taken into account
when interpreting the meta-analytic results.

Discussion

The aim of this study was to examine whether applying dif-
ferent methods for dealing with dependency to empirical
data leads to different results when conducting MASEM
analysis. The empirical application demonstrated that the
different approaches for dealing with dependency in
MASEM are not only theoretically different but also lead
to different results with important practical implications.
An overview of the (dis)advantages of the four approaches
is presented in Table 2.

The most important differences lie in the SEs of the
parameter estimates. The SEs of the parameter estimates
with the ignoring dependency approach seemed consis-
tently smaller, and the SEs of the aggregation- and elimina-
tion approaches seemed consistently larger. The SEs of the
WPL-approach did not seem consistently higher or lower
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across the different associations but, as one would expect,
seemed to depend on both the amount of information avail-
able and the level of within- and between-study variability.

Under- or overestimation of the SEs has important implica-
tions for statistical inferences. For instance, in the present
study, with the WPL-approach, the effect of parental crime
on parent support is not significant and therefore may be
removed from the model, whereas this effect was signifi-
cant with the other approaches.

Results from the subgroup analysis were also affected by
the use of the different approaches for dealing with depen-
dency. For one, with the simple aggregation approach, it
was not possible to conduct subgroup analyses due to the
lack of information available on the variable of interest.
Second, with the ignoring dependency approach, significant
differences were found between the subgroups. Given that
this was the only approach showing significant differences,
this may have been the result of overestimated precision of
the estimates. Thus, using different methods for dealing
with dependency in MASEM also has important practical

Figure 2. Parameter estimates of the partial mediation model including their 95% CIs for each effect per approach of dealing with dependency.
IGN = ignoring dependency; SAGG = simple aggregation; WAGG = weighted aggregation; ELIM = elimination; WPL = WPL-approach. (A) Parental
Crime – Support; (B) Parental Crime – Behavioral Control; (C) Parental Crime – Child Delinquency; (D) Support – Child Delinquency; (E) Behavioral
Control – Child Delinquency.

Figure 3. Partial mediation model with parameter estimates including
their 95% CIs. Standardized parameter estimates are presented, with
their corresponding 95% CIs between the brackets. *p < .05; **p < .01;
***p < .001.
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implications with regard to the evaluation of (potential)
moderators.

These findings are in line with previous research. By
ignoring dependency, the available information was overes-
timated, thereby increasing the likelihood of Type I errors
(Cheung, 2019; López-López et al., 2017; Moeyaert et al.,
2017). Hereby, one may incorrectly infer that the estimates
are very precise and important subgroup differences.
Therefore, ignoring dependency is deemed non-acceptable
in meta-analytic research.

With aggregation- and elimination of effect sizes, a lot of
information was lost by reducing the available information
to one effect size per study. Even though the parameter
estimates seemed to show no specific bias, the standard
errors were consistently larger in comparison to the other
approaches. Overestimation of the standard errors is prob-
lematic because it affects statistical power, thereby increas-
ing the likelihood of Type II errors (Cheung, 2014b;
Moeyaert et al., 2017). Given that most parameter estimates
were significant in the current study, the loss of information
did not seem to affect statistical inferences. However, this
study had a relatively large dataset to work with. It may
be the case that in meta-analyses with a smaller number

of studies, the lack of statistical power does affect results
and fails to identify a potential effect. Thus, using aggrega-
tion- and elimination of effect sizes may not be problematic
if there is sufficient number of studies and the level of
dependency is relatively low (Moeyaert et al., 2017). Still,
aggregation- and elimination of effect sizes, even though
simple and intuitive, is deemed suboptimal for dealing with
dependency in MASEM because these are less efficient
approaches.

The WPL-approach showed no consistently higher or
lower SEs across associations. One explanation for this
may be the amount of within-study variability of effect
sizes, which is not accounted for by the other approaches.
The ability to account for within-study variability is another
important benefit of the WPL-approach, as it gives a more
accurate representation of the data. Accounting for both
within- and between-study variability of effect sizes can
lead to different inferences than when one can only exam-
ine between-study variability. In this study, with the ignor-
ing dependency-, aggregation-, and elimination approaches,
one would infer that there is large significant variability in
effect sizes due to between-studies differences. However,
theWPL-approach paints a very different picture and shows

Table 2. Overview of the (dis)advantages of different approaches for dealing with dependent effect sizes in MASEM

Short description Advantages Disadvantages

Ignoring
Dependency

Each effect size is treated as independent – Standard errors are underestimated (affecting
Type I errors; López-López et al., 2017; Moeyaert
et al., 2017);
Studies with less effect sizes contribute less to
the resulting pooled estimate, than those with
multiple effect sizes (Cheung, 2014b; Van den
Noortgate et al., 2013).

Aggregation Simple: Calculate the arithmetic
mean.

Relatively simple and
intuitive approach.

Standard errors are overestimated (affecting
Type II errors; Moeyaert et al., 2017);

Weighted: Average the effect size
using some weighting
scheme.

Advantage of weighted-over
simple aggregation is that
more weight assigned to
more precise estimates
than less precise estimates.

Loss of information limits the ability to examine
effect size variability;
Too conservative when level of dependency is
relatively low (Moeyaert et al., 2017);

Ignores within-study variability (López-López
et al., 2018).

Elimination One effect size per study is randomly picked or
chosen based on some a priori decision rule.

Elimination based on an a
priori decision rule may be
appropriate when there are
substantive (or validity)
considerations.

Similar to those of aggregation;
Elimination based on an a priori decision rule is
likely to result in some bias towards the
characteristics of the decision rule (Cheung,
2019).

WPL-approach Thee-level random-effects meta-analysis
allows for effect sizes to be nested within
studies.

All available information is
incorporated;

Approach is somewhat more complex;

Dependency is explicitly
modelled;

More research needed to identify the strengths
and weaknesses of the approach;

Examination of effect size
variability is possible at
both the within- and
between-study level
(Cheung, 2019).

Moderator analysis only available for grouping
variables.
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that most of the heterogeneity is due to within-study differ-
ences, with a moderate amount due to between-study
differences.

The WPL-approach is the only approach where all avail-
able information is included while also explicitly modeling
dependency by nesting the effect sizes within studies
(Van den Noortgate et al., 2013; Wilson et al., 2016).
Because all the available information is used, statistical
power is not affected. By nesting effect sizes within studies,
the dependency is properly accounted for, and therefore the
precision of the estimates is not overestimated. Limitations
of theWPL-approach are that is has not been evaluated in a
simulation study and that it is not yet frequently used in
practice. However, the paper by Wilson and colleagues
(2016) describes the procedure extensively and provides
the syntax in the supplementary materials. Also, some
examples are available (e.g., Graf-Drasch et al., 2019;
Loignon & Woehr, 2018). Based on the findings of the cur-
rent study, the WPL-approach is the theoretically preferred
approach for dealing with dependency in MASEM analysis.

Strengths, Limitations, and Future
Directions

A strength of the current study is that – to the author’s
knowledge – this study is the first to compare frequently
used (ad hoc) methods for dealing with dependency in
MASEM to the relatively new WPL-approach using empiri-
cal data. Additionally, this study aspires to facilitate the
reproducibility of the analyses. Given that the WPL-
approach may be viewed as somewhat more complex, the
authors have provided the data (incl. the code book; Stol-
wijk et al., 2021a) and the R-script (Stolwijk et al., 2021b)
for the WPL-approach in PsychArchives. Combined with
the extensive description of the procedure by Wilson and
colleagues (2016), this should aid interested researchers
in conducting MASEM-analysis using the WPL-approach
to handle dependency. Lastly, this study gives a compre-
hensive overview of commonly used approaches for dealing
with dependency and shows its pitfalls. Providing an over-
view of the (dis)advantages hopefully aids researchers to
decide on an appropriate method.

The current study is limited in that it offers a comparison
based solely on empirical data, and inferences can stretch
not much further than to the specifics of the current dataset.
However, from this practical application, there is a basis
from which to conduct a simulation study in order to exam-
ine the robustness of the WPL-approach under ideal and
non-ideal conditions (e.g., Hallgren, 2013). For instance, it
would be interesting to examine the effects of differences
in the amount of overall heterogeneity that can be attributed
to within-versus between-studies differences. Additionally,

the level of dependency may be altered to evaluate the
impact on the performance of the WPL-approach, relative
to other approaches. Also, the minimum number of studies
necessary to conduct the WPL-approach should be
examined.

Conclusion

In summary, dependency is a non-avoidable issue in meta-
analytic research. This study demonstrated that using dif-
ferent approaches for dealing with dependency in MASEM
leads to different results, which can have important practi-
cal implications. Thus, the decision on which approach
should be used in MASEM-analysis should be one that is
carefully considered. Given that the WPL-approach is the
only approach that includes all available information while
explicitly modeling dependency, it is currently the theoret-
ically preferred approach for dealing with dependency in
MASEM. Future research should evaluate the multilevel
approach with simulated data.

Electronic Supplementary Material

The electronic supplementary material is available with the
online version of the article at https://doi.org/10.1027/
2151-2604/a000485
ESM 1. Table E1: Characteristics of the studies included in
the meta-analysis. Table E2: Pooled correlation matrices for
all variables. Table E3: Parameter estimates of the Partial
Meditation Model. Table E4: Residual (co)variances of
the Partial Meditation Model. Figure E1: Funnel plot of all
effect sizes. Figure E2: Study-funnel plot. Figure E3:
PRISMA flow diagram.
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