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ABSTRACT. The terms megiation and moderation are defined and clarified with particular emphasis on the
role of mediational and moderational analyses in developmental and behavioral pediatric research. The
article highlights the applicability of mediational and moderational analyses to longitudinal, intervention, and
risk and protective factor research, and it provides basic information about how these analyses might be
cenducted. Also included is a discussion of various ways that both mediator and moderator variables can be
incorporated into a single model. The article concludes with extended examples of both types of analyses
using a longitudinal pediatric study for illustration. The article provides recommendations for applying
mediational and moderational research in clinical practice. J Dev Behav Pediatr 25:56—-67, 2004. Index
terms: medliation, moderation, risk and protective factors, intervention research, pediatric research.

OVERVIEW

In recent years, researchers who study pediatric pop-
ulations have begun to posit complex theoretical models to
explain developmental and psychological phenomena of
interest. These models include longitudinal developmental
pathways, risk and protective factors, and cognitive ap-
praisal and coping processes.! This increase in theoretical
complexity has necessitated an increase in terminological
sophistication and the use of multivariate statistical strat-
egies. One of the authors of this paper has recently dis-
cussed applications (and misapplications} of two terms that
are frequently invoked by scholars who study children with
chronic illness, namely, mediation and moderation.”>
Research based on mediational and moderational models
has emerged as a critical method for testing competing
theories about developmental pathways and other concepts
central to developmental and behavioral pediatrics. The
current paper extends the discussions offered in earlier
papers by focusing on mediator and moderator effects in
longitudinal research, intervention and outcome studies, and
the study of risk and protective factors. Definitions of terms
and examples are provided, including a complete illustra-
tion of a three-way moderational interaction effect. We also
discuss situations in which the same variable may serve
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both a moderational and a mediational role. Finally, more
complex uses of these terms (e.g., moderated mediation,
mediated moderation) are discussed.

DEFINITIONS OF MEDIATION AND MODERATION
Mediators

A mediator is an explanatory link in the relationship
between two other variables (Figure 1 [See Table 1 for
definitions of all important terms.]). Often a mediator
variable is conceptualized as the mechanism through which
one variable (i.e., the predictor) influences another variable
(i.c., the criterion).>~* Suppose, hypothetically, that a re-
searcher finds that parental intrusive behavior is negatively
associated with child adherence to a medical regimen.
Although interesting, this finding does not tell us very much
about processes that underlie the relationship between
intrusiveness and adherence. By testing for mediational
effects, a researcher can explore whether a third variable
(e.g., child independence) might account for or explain
the relationship between these variables, Continuing with
the example, suppose that child independence mediates the
relationship between intrusiveness and adherence (more
intrusive parenting — less child independence — less
medical adherence). That is, parental intrusiveness impacts
negatively on level of child independence, which in tum
contributes to poor medical adherence (See a recerit article
by Holmbeck, Johnson, and colleagues for a similar
example.®)
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A » C
FIGURE 1. Mediated relationship among variables {A = predictor;
B = mediator; C = criterion/outcome).

1t is critical to note that a mediational model is, by its
nature, a causal model. Even if one’s data does not permit
causal conclusions (e.g., the data are cross-sectional and
nonexperimental), the theory that underlies such a model is
still inherently causal because it suggests a direction of
influence. It is important to distinguish between a causal
model and a temporal model.? In the past, investigators
have often provided graphical illustrations of pathways that
are temporal in nature (See the 1996 book by Thompson
and Gustafson for several examples of temporally-oriented
models.") For example, one might provide a “flow chart,”
whereby a stressor is followed in time by various coping
processes that are, in turn, followed by changes in
psychosocial adjustment (ie., stressor —* coping —
adjustment). Flow charts like these are temporal (rather than
mediational) in nature because they specify a time-based
sequence of events rather than a causal sequence of events.
For example, this type of model could illustrate how a
stressor, a coping process, and changes in psychosocial
adjustment are ail placed in time relative to each other. The
model only becomes causal (and mediational) if the
investigator posits causal associations among the variables.
The model just discussed would become mediational if the
investigator hypothesized that the stressor actually impacted
on or changed the way a person copes (e.g., the siressor
causes a person to use more avoidance coping) which, in
turn, irapacted on subsequent levels of adjustment. Because
researchers do not usually expect a stressor to influence the
style with which a person copes, coping is not usually
viewed as a mediational variable, However, it is often
viewed as a moderational variable, as will be illustrated in
more detail in the discussion of moderators below.

One additional clarification about mediator variables is
warranted: Typically, mediator mechanisms are proposed
only after a predictor — criterion effect has been fairly
well established in the literature (i.e., indicating that there
is, in fact, an effect to mediate). In other words, one does
not typically begin study in a new research area by
proposing mediational models. Such models are usually a
more natural extension of a well-established body of

Table 1. Definition of Terms

literature. Continuing with the earlier example, if one was
interested in examining variables that mediate the link
between parental intrusiveness and child medical adher-
ence, one would want to be very confident that this link
would be significant in one’s own data set, based on past
research conducted on the variables.

Moderators

Uniike a mediator, a moderator is a variable that influ-
ences the strength or the direction of a refationship between
a predictor variable and a criterion variable (Figure 2).
Suppose a researcher finds that familial stress (e.g., in the
context of a child’s chronic illness) is negatively associated
with child psychological adjustment. Although this finding
may be of interest to the researcher, it may be that the effect
becomes more or less robust in the presence of other
contextual variables. In fact, the researcher may develop
specific theories about conditions that determine the
strength of the relationship between stress and adjustment.
For example, the strength or the direction of the relationship
between stress and adjustment may depend on the type of
coping used by the family. That is, a significant association
may emerge only when a child copes in a maladaptive
manner. By testing coping style as a moderator of the
relationship between stress and outcome, the researcher can
specify certain conditions under which family stress
predicts child adjustment. This would not only allow for
more precise conclusions, but would likely have implica-
tions for future interventions.

B

A » C
FIGURE 2. Moderated refationship among varlables (A = predictor;
B = moderator; C = criterionfoutcome).

TESTING COMPETING MODELS: MEDIATOR
VERSUS MODERATOR

Interestingly, the same variable can serve as either a me-
diator or a moderator {or both), depending on the research
question. In a 1992 book chapter, Quittner provides a useful
example of how a single construct (i.e., social support) could

Term ] Definition
Mediator The variable or mechanism by which a predictor influences an outcome variable (Figure 1)
Moderator A variable that influences the strength or direction of a relationship between a predictor and an outcome (Figure 2)

Moderated mediation
Mediated moderation
Protective factor
Resource factor
Vuinerability factor
Risk factor

A mediational medel is significant only at certain Jevels of a moderator variable (Figure 3}

A moderational (or interaction) effect is mediated by another variable (Figure 4y

A variable that decreases the likehood of a negative outcome under adverse conditions (Figure 6)
A variable that positively influences outcorne, regardless of the presence of adversity (Figure 6)

A variable that increases the likelihoed of a poor outcome under adverse conditions (Figure 7)

A variable that negatively influences outcome regardless of the presence of adversity (Figure 7)
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potentially serve as either a mediator or a moderator.” She
proposed two competing theoretical models in an attempt to
study the role of social support in the relationship between
parenting-related stress and psychological distress in
parenis of children with hearing impairment and seizure
disorder. She reasoned that parenting stress is more likely to
have adverse effects on adjustment when parents have low
levels of social support {i.e., social support is a moderator),
On the other hand, it could also be that parenting stress
undermines one’s ability to garner social support, which in
turn impacts on parental adjustment (i.e., social support is
a mediator).

In her analyses, Quittner found that the relationship
between parental stress and psychological distress did not
vary as a function of level of social support.” Put another
way, social support did not moderate or alter the strength

or direction of the relationship between parental stress and °

psychological distress. Having rujed out social support as a
possible moderator, she tested social support as a mediator,
Initially, she found that parenting stress (the predictor) was
significantly associated with psychological distress (the
outcome). Parenting stress was also a significant predictor
of social support {(mediator). Specifically, those parents who
experienced more stress tended to have fewer social
contacts and perceive their selves as less supported.
Moreover, Quittner found a significant relationship between
social support (the mediator) and psychological distress (the
outcome), such that less social support was associated with
higher distress ratings. When she tested the relationship
between parental stress and psychological distress in the
presence of this mediator, the strength of this previously
significant relationship dropped significantly. She was able
to conclude that the relationship between stress and
psychological functioning is mediated by social support
(parenting stress — social support — psychological
disiress), and that reduced social support may be one
mechanism by which parental stress is linked with parental
psychological distress.

COMPLEX MODELS: MODERATED MEDIATION
AND MEDIATED MODERATION

Other types of theoretical models can be proposed that
include both mediational and moderational effects. For ex-
ample, with a “moderated mediational” model (Figure 3},
a researcher can test whether a mediational model is
significant only at certain levels of a moderator variable.
Building on the earlier mediational example (i.e., parental
intrusiveness — child independence — medical adher-
ence), we might hypothesize that the entire mediational
relationship will hold only for one gender and not the other. If
this were found to be the case, this mediational model would
be moderated by gender (i.e., moderated mediation).
Similarly, “mediated moderation™ is possible (Figure 4).
For example, suppose that the association between intru-
siveness and adherence is moderated by child gender (i.c.,
intrusiveness x gender — medical adberence [See dis-
cussion below regarding statistical methods for testing
moderator effects as interaction terms.]). The investigator
may then be interested in determining the mediational
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processes (e.g., child independence) that account for this
significant moderational effect. One then tests whether the
significant interaction (moderational) effect is mediated by
child independence. Although statistically similar, it is
important to note that moderated mediation and mediated
moderation are not equivalent hypotheses when viewed
conceptually. The former is based on the notion that an entire
mediational model is significant only at certain levels of a
moderator. The latter is based on the notion that a significant
moderational effect is mediated by some variable of interest.

MEDIATORS AND MODERATORS iN
DEVELOPMENTAL AND BEHAVIORAL
PEDIATRIC RESEARCH

Now that mediators and moderators have been defined
and differentiated, the next portion of this paper focuses on
the relevance and importance of mediator and .moderator
analyses in developmental and behavioral pediatric re-
search. Interestingly, the study of mediators and moderators
can be applied to a wide range of research programs.
Specifically, mediational and moderational processes can be
proposed in correlational and regression-oriented predictive
utility studies, group differences research, longitudinal in-
vestigations, complex model testing (with structural equation
modeling), studies of interventions including randomized
clinical trials, and temporal relationship models in which
“What precedes what?” questions are of interest. In this
section, we discuss the application of mediation and mod-
eration across three types of developmental and behavioral
pediatric research studies: longitudinal studies, risk and pro-
tective factor research, and infervention trials.

Mediators and Moderators in Longitudinal
Research

Longitudinal mediational analyses allow researchers to
test specific causal theories about time-ordered relationships
among variables, and the particular mechanism or pathway
by which a relationship occurs. Such analyses differ from
standard mediational analyses only insofar as they include
variables gathered at different points in time. For example,
mformation gathered using longitudinal data cap improve
what is known about the development of health behaviors,
psychopathology, and problem behavior by allowing re-
searchers to test the degree to which more immediate or
“proximal” eticlogical factors can explain links between
more remote or “distal” risk factors and adjustment,
thereby contributing to intervention and prevention efforts.®
Furthermore, longitudinal analyses allow for a lifespan
developmental perspective, which is helpful in understand-
ing variability in adjustment trajectories.” In recent years,
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FIGURE 3. Moderated mediation.
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FIGURE 4. Mediated moderation.

longitudinal mediational analyses have been used cre-
atively to explain developmental pathways to resilience or
maladjustment, beginning in early childhood and continu-
ing through late adolescence.'® Knowledge of high-risk
time points or critical transitional periods in child de-
velopment may also facilitate the development of more
effective treatments and interventions (a point that will be
discussed in more detail below).*

Unlike research that is based solely on cross-sectional
data, the use of mediational models with muitiple data points
enables the researcher to clarify the temporal sequencing of
causal processes by ruling out bidirectional pathways.’
Continuing with the mediational example discussed earlier,
an investigator can propose a longitudinal hypothesis by
arguing that high levels of parental intrusiveness are likely to
be associated with subsequent decreases in child indepen-
dence. The researcher might also hypothesize that low levels
of child independence are likely to be associated with
subsequent decreases in medical adherence. Longitudinal
data would not only permit an examination of these
hypotheses but would also allow the investigator to rule
out the possibility that lower levels of child independence or
lower levels of adherence are associated with subsequent
increases in parental intrusiveness (an equally plausible
scenario with a causal direction opposite from that which was
proposed in the original modet). Such hypotheses could not
be tested with cross-sectional data.

At a minimum, two data points are needed to begin testing
causal time-ordered mediational hypotheses (although, three
Of more are preferred).” To test the predictor — mediator
link, initia] Time 1 data are used for the predictor and Time 2
data are used for the mediator affer controlling for Time !
mediator data. More generally, partiailing out the Time 1
dependent variable data from the Time 2 dependent variable
data essentially converts the Time 2 dependent measure into
a residual change variable. That is, a given participant’s
residual score represents the change in rank for this
participant {relative to the other participants in the sample)
on the dependent measurc between Time 1 and Time 2.
Similarly, when examining the mediator — outcome link,
initial Time 1 data are used for the mediator and Time 2 data
are used for the criterion outcome, after controiling for the
Time | data on the criterion outcome.'' One continues in this
way when testing all pathways in the mediational model. Itis
important to note that if one has three waves of data, one
could use Time 1 data for the predictor, Time 2 data for the
mediator (controlling for Time 1 mediator data), and Time 3
data for the criterion outcome {(controiling for Time 2
criterion outcome data).

Longitudinal data can also be useful for testing moderator
effects within a longitudinal or developmental framework.
Once again, it is necessary to control for earlier levels of the
outcome variable when testing the relationship between a

predictor (or a predictor-moderator interaction) and a later
outcome. Finally, one can reduce common method variance
between predictor, mediator, and criterion by using different
respondents and/or methods for each variable in the model.?

Mediators and Moderators in Risk and Protective
Factor Research

Developmental and behavioral pediatric researchers often
posit mediational and moderational processes when con-
ducting studies of risk and protective factors. Generally,
research on risk and protective factors is focused on
understanding the adjustment of youth who are exposed to
varying levels of advessity. There is evidence that both
contextual factors (e.g., socioeconomic status, family-level
functioning, peer relationships) and developmental vana-
bles (e.g., cognitive skills, autonomy development) can
significantly influence outcomes for individuals living
under adverse conditions, and thus serve a moderational
role.'®1>-1¢ Risk and protective processes have been
explored in the study of “resilience,” a term used with
increasing frequency in developmental and pediatric
research. Resilience refers to the process by which youth
successfully navigate stressful situations or adversity and
attain developmentally relevant competencies. 17 Appropriate
application of the terms commonly used to identify
processes that influence the adjustment of youth exposed
to adversity is necessary to promote terminological consis-
tency. Thus, a brief description of several terms, and their
relevance to moderational analyses, is presented below
using hypothetical examples (presented in Figures 5 and 6).

Protective versus resource factors. A protective factor
either ameliorates negative outcomes or promotes adaptive
functioning. To isolate a true “protective factor,” however,
there must be a particular stressor that influences the sample
under investigation. The protective factor serves its pro-
tective role only in the context of adversity; a protective
factor does not operate in low adversity conditions.

Protective factors are contrasted with resource factors.
Specifically, a factor that has a positive impact on the sample
regardless of the presence or absence of a stressor is a
“resource factor.”'® For example, if a positive father-child
relationship reduces behavior problems only in children of

" depressed mothers, but has no impact for children of

nondepressed mothers, then the father-child relationship
would be conceptualized as a “protective factor” {Figure 5).
However, if the positive father-child relationship reduces
behavior problems in all children, regardless of mothers’
level of depression, then it would be conceptualized as a
“resource factor” (Figure 5).1¢ A model may also identify a
positive father-child relationship as both a protective and
resource factor if it reduces behavior problems in children
who have depressed mothers more than in children who have
nondepressed mothers and also produces a significant
reduction in behavior problems for ail children, regardless
of level of maternal depression. It is also important to note
that a protective factor represents a moderational effect (See
the statistically significant interaction effect in Figure 5; see
discussion below regarding statistical methods for testing
moderator effects as interaction effects.), whereas a resource
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factor represents an additive effect. Statistically, a resource
factor emerges as two main effects.

Risk versus vulnerability factors. “Risk” and “vulner-
ability” factors operate in the much same way as resource
and protective factors but in the opposite direction (Figure
6). A vulnerability factor is a moderator that increases the
chances for maladaptive outcomes in the presence of
adversity.'® Similar to a protective factor, a vulnerability
factor only operates in the context of adversity. By contrast,
a variable that negatively influences outcome regardless of
the presence or absence of adversity is a risk factor.'® For
example, witnessing violence in the home environment is
conceptualized as a vulnerability factor if it only increases
behavior problems in children who are also exposed to a
stressor, such as viewing extensive violence on television
(Figure 6). A vulnerability factor is a moderator and is
demonstrated statistically with a significant interaction

effect. Witnessing violence in the home can be concep- '

tualized as a risk factor if it results in an increase in child
behavior problems for all children, regardless of the amount
of television violence witnessed. As with resource factors, a
risk factor represents an additive effect (i.e., two main
effects). A model may also identify a factor as being both a
risk and vulnerability factor if it increases the chance of a
maladaptive outcome in samples with or without exposure
to a stressor, but increases the chances for maladaptive
functioning significantly more in the sample with the
SEressor.

To summarize, if a factor significantly promotes or
impairs the chances of attaining adaptive outcomes in the
face of a stressor then it operates via protective or
vulnerability mechanisms, respectively. In these cases, the
factor serves a moderational role. However, if a factor
significantly promotes or impairs the chance of attaining
adaptive outcomes without differentiating between the
presence or absence of a stressor, then it is conceptualized

Protective Factor:
Good relationship with father has
positive impact only in high stress

condition
-‘H
Child
Behavior
Problems
o
o— 2
| i
Low High
Stressor
Maternal Depression
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as operating via resource or risk mechanisms, respectively.
Given that new research in the field has found that predictor
— outcome effects may be moderated by developmental
and contextual factors, there is an impetus for investigating
these mechanisms at a more process-oriented level,

Mediators and Moderators in Intervention
Research

Research that involves a randomly-assigned intervention
as the predictor variable provides a particularly powerful
design for drawing conclusions about causal mediational
relationships.'® '® These types of models have three im-
portant strengths. First, significant mediational models that
involve interventions inform us about the mechanisms
through which treatments have their impact.”® ** Simply
put, with such models one is able to ask how and why an
intervention works.?’ Second, as noted by Collins and
colleagues,* if a manipulated variable (i.e., the randomly-
assigned intervention) is associated with change in the
mediator, which is in turn associated with change in the
outcome, there is significant support for the hypothesis that
the mediator is a causal mechanism. One is more justified
in invoking causal language when examining mediational
models in which the predictor is manipulated than in
mediational models in which no variables are directly
manipulated. Third, when one isolates a significant medi-
ational process, one has learned that the mediator may play
a role in the maintenance of the cutcome (e.g, problem be-
havior). In this way, knowledge about mediational pro-
cesses in the context of randomized clinical trials (RCTs)
informs us about etiological theories of disorders.”® It is
also important to note that when examining mediational
processes in RCTs, one needs to demonstrate (via the re-
search design and the timing of the data collections) that
changes in the mediator precede changes in the treatment
outcome.*

Resource Factor:
Good relationship with father has
positive impact in both low and high
stress conditions

l i
Low High

Stressor
Maternal Depression

!@-0 Poor relationship with father  @~—=@ Good relationship with father

FIGURE 5. Factors associated with favorable outcomes: Protective and resource tactors.
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FIGURE 6. Factors associated with unfavorable outcomes: Vulnerability and risk factors.

As an example of this strategy, Forgatch and DeGarmo
examined the effectiveness of a parenting-training program
for a large sample of divorcing mothers with sons.”> They
also examined several parenting practices as mediators of
the intervention — child outcome association (see Figure 7
for an example of this type of model). Compared to mothers
in the control sample, mothers in the intervention sample
showed improvement in parenting practices. Improvements
in parenting practices were linked with improvements in
child adjustment (Although, interestingly, the intervention
did not have a direct effect on child outcome.). As indicated
in Figure 7, such models not only allow one to test potential
mediators within an experimental design, but such moedels
also allow one to examine the differential utility of different
mediators. In other words, one can determine which
mediator best accounts for the effectiveness of a given
treatment. At a more complex level of analysis, one could
posit moderated mediational models. Such a model would
not only suggest processes by which a treatment has an
effect (i.e., a mediational process) but also which sub-
samples demonstrate the mediated treatment effects. Find-
ings based on such complex models would provide
important information that could be applied to modify the
intervention so that it targets relevant mediational processes
for specific subgroups of treatment participants.

Kraemer and colleagues have distinguished between
moderators and mediators in the context of RCTs.”
According to these authors, a moderator is present prior to
treatment and a mediator occurs during the treatment process.
For example, a moderator might be a pretreatment charac-
teristic of the individual (e.g., gender, inifial severity of
symptoms) or a contextual treatment variable (e.g., the
location or setting of the treatment). A mediator, on the other
hand, is a variable that is expected to change as a result of
treatment (e.g.. parenting behaviors). Given these definitions
in the context of RCTs, Kraemer and colleagues maintain that

the same variable cannot be both a moderator and a mediator
(because of their differential temporal refationship to the
treatment).”®

EXAMPLES OF MEDIATIONAL AND
MODERATIONAL MODELS FROM
PEDIATRIC PSYCHOLOGY

Now that the conceptual differences between mediators
and moderators have been clarified and their potential
application within pediatric and developmental research has
been addressed, the remaining portion of the paper is
devoted to a more complete discussion of how mediational
and moderational effects are tested statistically. Up to this
point, we have not discussed statistical methodology for
examining such effects. Thus, statistical strategies are
reviewed briefly here. For a more detailed overview of
statistical methods as well as Statistical Package for the
Social Sciences (SPSS) syntax, the reader is referred to
some relevant papers by Holmbeck.”™® We chose these
particular examples because they illustrate one of the points
made earlier, namely, that a variable (in these examples,
cognitive ability) may serve in either a mediational roleora
moderational role, depending on the proposed model.

Parental Consistency l
intervention: »| ¥ Positive Parenting Chiid Behavior
Parent Training vs. Reduction in Problems

Punitive Behavior

FIGURE 7. Mediators in intervention research: Parenting behaviors
as mediators of the relationship between parent training (interven-
fion) and child behavior (outcome).
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Examptle of a Mediational Model

In a study of parental overprotection and adjustment in
children with spina bifida, Holmbeck and colleagues found
that parents of children with spina bifida tended o be more
overprotective than parents of typically developing com-
parison children.® The authors reasoned that group-related
differences in the children’s cognitive ability might explain
or mediate the observed group differences in parenting style
because developmental and intellectual delays might elicit
more protective behavior from their parents. Specifically, it
was hypothesized that level of cognitive functioning would
mediate the relationship between group status and parental
overprotective behavior (Figure 8).

A mediational model is supported when four statistical
criteria are met; (1) the predictor variable is significantly
associated with the criterion outcome variable; (2) the

predictor variable is significantly associated with the me~

diator; (3) the mediator is significantly associated with the
outcome variable, after controlling for the predictor; and (4)
the previously significant predictor — outcome relation-
ship is significantly diminished when effects of the medi-
ator are controlled.””* These four conditions can be tested
with three-regression equations (with steps 3 and 4 being
tested with a single regression analysis).

In the current example, the first step involved demon-
strating that the predictor variable, group status (i.e., spina
bifida versus comparison sample), was significantly asso-
ciated with the outcome variable, overprotection. If the
predictor and outcome variables were not found to be
significantly associated, there would be no effect to mediate
and further testing would not be necessary. In support of
their hypothesis, Holmbeck and colleagues found that
group status significantly predicted parental overprotection,
as measured by self-report questionnaires and observer
ratings, so they proceeded to test condition 2 {the rela-
tionship between the predictor and the mediator).® As
expected, the second regression showed that the predictor
variable (group status) was significantly associated with
cognitive ability (as measured by the Peabody Picture
Vocabulary Test-Revised [PPVT—R]),26 thus supporting the
second criterion for mediation.

Regarding the third and fourth mediational criteria, it was
necessary to show that PPVT scores significantly predicted
parental overprotection when group status was held
constant (condition 3) and that the strength of the group
status — overprotection effect dropped significantly when
the mediator was controlled (condition 4). This was
achieved by using simultaneous entry (rather than hierar-
chical entry) to enter group status and PPVT scores as
predictors with parental overprotection as the dependent
variable. The results of the analyses provided the
information necessary to confirm the mediational effect.
First, it was observed that the mediator (PPVT) was a
significant predictor of overprotection, with group status
controlled (condition 3). Second, in support of condition 4,
it was shown that the relationship between group status and
overprotection dropped significantly in this last analysis
(when PPVT scores were controlled), as compared with the

strength of the relationship observed in the first regression
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model (when PPVT scores were not controlled). The
significance of the drop was tested using Sobel’s equa-
tion. 3?7 This suggests thai the mediator (PPVT score)
accounted for a significant portion of the variance in the
relationship between the predictor (group status) and the
outcome (overprotection),

Example of a Moderationai Model

The next example demonstrates how a moderational
effect can be tested using multiple regression analyses. Ina
conference presentation drawn from the data set described
above, the authors investigated the moderational influence
of cognitive ability on the longitudinal rejationship between
early parental psychological contro! and adjustment in
children with spina bifida fwo years later.2® Psychological
control, or the use of guilt induction and coercive behavior
as methods of influencing a child’s behavior, has been
shown to have detrimental effects on child adjustment
within many developmental contexts. However, it was
hypothesized that psychological control might be less
harmful within the context of spina bifida because children
with greater physical and/or cognitive impairment tend to
spend more time af home with their families and tend to be
more dependent on their parents for assistance with basic
needs. As a result, it is possible that they are less distressed
by more intense parental involvement. Moreover, the au-
thors predicted that intellectual ability (as approximated by
PPVT score) would moderate the relationship between
psychological control and adjustment, such that psycholog-
ical control would be less strongly predictive of psycho-
logical maladjustment (as measured by the Children’s
Depression Inventory [CDI])29 in children who were more
cognitively impaired. At the most complex level, it was
hypothesized that associations between psychological
control and adjustment would be the least strong among
those with spina bifida and those with low IQ and most
strong among those in an able-bodied comparison sample
and those with high IQ. Thus, 3-way interactions (i.e.,
moderated moderation) among psychological control, group
status, and PPVT scores were tested.

To demonstrate a moderational effect using multiple
regression, it is necessary to test the main effects and
inferaction effects of the predictor variables (ie., group,
psychological control, PPVT score) on the dependent var-
iable (CDI score). Before the regression apalyses are Tun, itis
recommended that all continuous predictor variables be
centered around zero. This helps to prevent mulsicollinearity

-20* [-.12) £ = -1.96"
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EIGURE 8. Mediational model: Cognitive ability as a mediator of the
relationship between group status {spina hifida vs. comparison
sample) and parental overprotection.
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among the predictors and the inferaction terms in the
equation and to allow for proper testing of simple slopes,
which will be addressed later. To do this, each predictor
variable is transformed by subtracting the sample mean for
that variable from all individual scores. Dichotomous
variables should be recoded as 0 or 1. To allow for the
testing of interaction terms, it is necessary to create new
variables consisting of all possible two-way and three-way
products of the centered and/or dichotomous predictor
variables. These new variables are tested as interaction
terms in the regression analyses. (It is important to note that
these types of variable transformations have no impact on
the significance or magnitude of the effects.)

Once this has been done, all predictor variables (i.e.,
group, psychological control, and PPVT) are entered in the
first step of the regression equation to test for main effects.
All possible two-way products of the predictors {i.e., group
% psychological control, group x PPVT, psychological
control x PPVT) are entered on the second step. Finally, if
a three-way interaction is being tested (in this case, group x
psychological control x PPVT), all possible three-way
products of the predictors are entered in the third step.

In the current example, contrary to expectation, there
were no significant two-way interactions between PPVT
and psychological control. In other words, PPVT did not
appear to moderate the relationship between parental
psychological control and child depression across the entire
sample. The other two-way interactions were also non-
significant. However, there was a significant three-way
interaction (group x PPVT x psychological control), in-
dicating that that there was a significant difference in the
interactions among the predictor variables (PPVT X
psychological control) for the two groups. Once significant
interactions are identified, simple regression slopes repre-
senting the predictor — outcome relationship at high and
low levels of the moderator variable can be plotted and
tested for significance (i.e., whether each slope differs
significantly from zero). Until this is done, it is not possible
to draw definitive conclusions about the significant
interaction effect. Post hoc probing of significant moderator
effects is explained in detail and demonstrated in Holm-
beck’s 2002 article (Also see Aiken and West’s 1991
text,).3‘30

In the current example, probing of the three-way inter-
action showed that the interaction between psychological
control and PPVT in the prediction of depression varied by
subsample. At this point, it is useful to plot findings
separately for each level of one of the independent variables
(e.g., group). Among children with spina bifida, the as-
sociation between psychological control and depression was
not significantly moderated by PPVT (Figure 9). In fact,
psychological control and depression were not significantly
related within this condition. However, among children in
the comparison sample, the interaction between psycholog-
ical control and PPVT was significant (Figure 9). Consistent
with the hypotheses, PPVT scores appeared to influence or
moderate the relationship between psychelogical control
and depression in this group. On the other hand, and
contrary to the hypotheses, tests of the simple slopes at two
Jevels of the moderator (high PPVT and low PPVT) showed

that there was a significant positive relationship between
psychological control and depression among children with
low PPVT scores. Among children with higher PPVT
scores, the relationship between psychological conirol and
depression was nonsignificant. Thus, it was concluded that
the effects of psychological control on depression were
moderated by condition status (i.e., psychological control
was not associated with depression in children with spina
bifida) and by level of inteilectual functioning (among
comparison children, higher intellectual ability appeared to
protect against the effects of psychological control on
depression}.

IMPLICATIONS OF MEDIATIONAL AND
MODERATIONAL RESEARCH FOR
CLINICAL PRACTICE

Now that the applications of mediational and modera-
tional analyses within the field of developmental and
behavioral pediatric research have been reviewed, it may be
helpful to address briefly the relevance of this type of
research to clinical practice. This paper has reviewed the
utility of mediational and moderational research for a
variety of purposes, including: confirming or refuting
theories about developmental pathways, identifying circum-
stances that promote or inhibit successful adaptation to
chronic healthy or life stressors, and identifying specific
mechanisms associated with positive outcomes following a
therapeutic or clinical intervention. These uses of mediation
and moderation are important not only for the researcher,
but also for the clinician seeking empirically validated
prevention or intervention techniques.

For example, suppose that a clinician is treating a young
child with a chronic illness (such as diabetes). The child
lives with a single parent who is suffering from major
depression and unable to provide consistent care. Media-
tional and moderational research can be of tremendous use
to a clinician treating a child living under these circum-
stances. First, mediational research involving random as-
signment to intervention conditions can provide information
about the relative efficacy of various (treatments or com-
binations of treatments (e.g., medication, dietary changes,
exercise, and all possible combinations of these). Media-
tional research can also clarify which specific aspects of
long-used or traditionally accepted treatments are most
responsible for observed changes, so that unnecessary
components of the treatment may be eliminated. Media-
tional research, such as this, allows the clinician to make
more informed decisions about treatment (e.g., which
treatment is best, based on the means by which the
ireatment is shown to operate) and also provides informa-
tion about critical points for infervention in a child’s
development.

Moderational research is also readily applicable to the
clinical setting. First, it can clarify whether a treatment is
equally effective when applied in the presence of various
demographic, genetic, and environmental factors {e.g., child
gender, family medical history, level of parental involve-
ment). For example, perhaps a treatment found to be most
effective in a sample of children in a rural setting is not very
effective when applied to children living in an urban area.
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Spina Bifida Sample:

The relationship between psychological
control and CD1 score is not moderated
by PPVT score (cognitive ability)

B=.1914
ar B =.0032
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Psychological Contrel
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Comparison Sample:

The relationship between psychological
contro} and CDI score is moderated by
PPVT score

B = .5358"

B =.00825
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FIGURE 9. Three-way moderational model: In children with spina bifida there was no relationship between parental psychological control and
child depressive symptoms. However, in the comparison sample, the relationship between psychological control and depressive symptoms was
moderated by cognitive ability of the child {i.e., the relationship was significantly positive among children with relatively low PPVT-R scores}.

Or perhaps risk and protective factor research suggests that
an intervention is only beneficial under partlcular conditions
or circurnstances. By considering these issues, moderational
research fine-tunes the conclusions drawn from typical
intervention studies. Through awareness of the variables that
moderate the appropriateness of a given treatment, a clinician
can tailor interventions to the individual, rather than
providing a “one size fits all” treatment.

CONCLUSIONS

In this paper, we provided definitions of mediated and
moderated effects and also discussed how such effects can
be examined in Iongitudinal intervention, and risk and
protective factor research. It is hoped that this paper, aiong
with its more statistically-focused companion papers,>~?
will encourage more widespread use of these concepts
and techniques to enhance the scientific contribution of
developmental and behavioral pediatric research. To con-
clude, we provide a list of ten important concepts pertaining
to mediational and moderational research. This list, which
incorporates the major points of this and earlier papers
focused on mediational and moderational research, is
intended to serve as a guide and inspiration point for future
mediational and moderational research.

(1) If a researcher is interested in examining a relationship
between two variables, the use of mediational and modera-
tional models can lead to deeper and more comprehensive
knowledge about the relationship by providing information
about the conditions under which the two variables will be
associated (moderation) and also about the intervening
processes that help to explain the association (mediation).

(2) The same variable can either mediate or moderate a
relationship between a predictor and an outcome, depending

on the nature of the research question and the role the
variable is thought to play in the relationship.

(3) Mediational models are usually proposed after an asso-
ciation between the variables is well established in the liter-
ature. If there is no established relationship, there is no need
to explain the pathway by which two variables are related.
(4) Mediational models are causal modeis that illustrate a
pathway of influence among variables. They are not just
temporal models.

(5) Risk, protective, vulnerability, and resource factors can
all be identified and illustrated with the use of a modera-
tional model.

{6) Mediational models are particularly informative and
compelling when they are tested with longitudinal data and/
or when they are tested within a randomized clinical
treatment research design.

(7) The statistical strategies used to test mediational and
moderational effects are distinet. The models differ both
conceptually and statistically.

(8) It is possible to propose complex theoretical models that
include mediated moderation and moderated mediation.
{9) Mediated and moderated models are not only useful to
researchers. Because they can provide information about
developmental pathways and conditions affecting treatment
efficacy, these models can be very useful to clinicians as well.
{(10) With the use of mediational and moderational models,
researchers can test competing theories about relationships
among variables of interest. By directly testing two or more
alternative models, a researcher can determine statistically
which theoretical model best captures or explains an
observed relationship among variables.
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